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This is an amendment to 19.21.2 NMAC, Section 9, effective xx/xx/20xx. 
 
19.21.2.9 LIST OF NEW MEXICO STATE ENDANGERED PLANT SPECIES:  The following list of 
plants constitutes the New Mexico state endangered plant species list.  Listed are the plant's scientific name, its 
common name, and the criterion for inclusion by the subsection in 19.21.2.8 NMAC: 
 

Aliciella formosa (Aztec gilia) Subsection B of 19.21.2.8 NMAC 
Allium gooddingii (Goodding’s onion) Subsection B of 19.21.2.8 NMAC 
Amsonia tharpii (Tharp's bluestar) Subsection B of 19.21.2.8 NMAC 
Argemone pleiacantha subsp. pinnatisecta (Sacramento prickle-poppy) Subsection A of 19.21.2.8 NMAC 
Astragalus humillimus (Mancos milkvetch) Subsection A of 19.21.2.8 NMAC 
Peniocereus greggii (night-blooming cereus) Subsection B of 19.21.2.8 NMAC 
Cirsium vinaceum (Sacramento Mountains thistle) Subsection A of 19.21.2.8 NMAC 
Cirsium wrightii (Wright’s marsh thistle) Subsection B of 19.21.2.8 NMAC 
Cleome multicaulis (slender spiderflower) Subsection B of 19.21.2.8 NMAC 
Coryphantha scheeri var. scheeri (Scheer’s pincushion cactus) Subsection B of 19.21.2.8 NMAC 
Cylindropuntia viridiflora (Santa Fe cholla) Subsection B of 19.21.2.8 NMAC 
Cypripedium parviflorum var. pubescens (golden lady's slipper) Subsection B of 19.21.2.8 NMAC 
Echinocereus fendleri var. kuenzleri (Kuenzler's hedgehog cactus) Subsection A of 19.21.2.8 NMAC 
Erigeron hessii (Hess' fleabane) Subsection B of 19.21.2.8 NMAC 
Erigeron rhizomatus (Zuni fleabane) Subsection A of 19.21.2.8 NMAC 
Eriogonum gypsophilum (gypsum wild buckwheat) Subsection A of 19.21.2.8 NMAC 
Escobaria duncanii (Duncan's pincushion cactus) Subsection B of 19.21.2.8 NMAC 
Escobaria organensis (Organ Mountain pincushion cactus) Subsection B of 19.21.2.8 NMAC 
Escobaria sneedii var. leei (Lee's pincushion cactus) Subsection A of 19.21.2.8 NMAC 
Escobaria sneedii var. sneedii (Sneed's pincushion cactus) Subsection A of 19.21.2.8 NMAC 
Escobaria villardii (Villard's pincushion cactus) Subsection B of 19.21.2.8 NMAC 
Hedeoma todsenii (Todsen's pennyroyal) Subsection A of 19.21.2.8 NMAC 
Helianthus paradoxus (Pecos sunflower) Subsection A of 19.21.2.8 NMAC 
Hexalectris nitida (shining coralroot) Subsection B of 19.21.2.8 NMAC 
Hexalectris spicata (crested coralroot) Subsection B of 19.21.2.8 NMAC 
Ipomopsis sancti-spiritus (Holy Ghost ipomopsis) Subsection A of 19.21.2.8 NMAC 
Lepidospartum burgessii (gypsum scalebroom) Subsection B of 19.21.2.8 NMAC 
Lilium philadelphicum (wood lily) Subsection B of 19.21.2.8 NMAC 
Mammillaria wrightii var. wilcoxii (Wilcox pincushion cactus) Subsection B of 19.21.2.8 NMAC 
Opuntia arenaria (sand prickly pear) Subsection B of 19.21.2.8 NMAC 
Pediocactus knowltonii (Knowlton's cactus) Subsection A of 19.21.2.8 NMAC 
Pediomelum pentaphyllum (Chihuahua scurfpea) Subsection B of 19.21.2.8 NMAC 
Polygala rimulicola var. mescalerorum (San Andres milkwort) Subsection B of 19.21.2.8 NMAC 
Puccinellia parishii (Parish's alkali grass) Subsection B of 19.21.2.8 NMAC 
[Sclerocactus cloveriae subsp. brackii (Brack's cactus) Subsection B of 19.21.2.8 NMAC] 
Sclerocactus mesae-verdae (Mesa Verde cactus) Subsection A of 19.21.2.8 NMAC 
Spiranthes magnicamporum (lady tresses orchid) Subsection B of 19.21.2.8 NMAC 

[10/29/1985, 12/23/1991, 8/31/1995; 19.21.2.9 NMAC - Rn & A, 19 NMAC 21.2.9, 11/30/2006; A, xx/xx/20xx] 
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ABSTRACT 

 Castilleja tomentosa A. Gray, described from Sonora, Mexico, appears to be a bona 
fide species readily distinguished from several morphologically similar and presumably 
related Castilleja species of the southwestern USA and northwestern Mexico.  First records 
of this rare species for the USA are presented, along with a key and photographs for 
separating it from species with which it might be confused.  Comments on its conservation 
status are provided.  
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Castilleja tomentosa A. Gray was first published in 1859 in the Botany of the Boundary 
Survey (A. Gray 1858), wherein Gray also described Castilleja lanata A. Gray and Castilleja integra 
A. Gray, two of the three species of the inland southwestern United States and northwestern Mexico 
with which it might be confused. The third is Castilleja stenophylla M.E. Jones, a species of 
northwestern Mexico described much later (Jones 1908).  Aside from the Latin diagnosis, Gray 
remarked in the protologue that C. tomentosa was distinguished from C. lanata and from the 
Californian species Castilleja foliolosa Hook. & Arn. by its pubescence, with "the wool less dense 
and floccose than in C. lanata" and in the calyx being "… different, and apparently fully as long as 
the galea."  In the Latin diagnosis, Gray mentioned several features key to its identification, 
"...floralibus (=bracts) trifidis superne coloratis..."  and ''calycis sunequaliter bifidi lobis semibifidid 
lanceolatis acutis...."  Gray based his description of C. tomentosa on two herbarium sheets from a 
single collection obtained by George Thurber on "dry hillsides" near Mabibi, Sonora in June 1851.  
Mabibi is a small community located in the eastern Sierra Madre Occidental in northeastern Sonora 
about 40 km south of the USA-Mexico border.  Four years later Gray (1862) changed his mind and 
reduced C. tomentosa to synonymy under C. integra, noting that the later should include "my C. 
tomentosa, from Mabibi, Arizona (sic), Thurber, appears to be a more tomentose state of the same 
species, the flowers of the specimen not well developed."  While Gray was correct in rejecting his 
original diagnosis of the calyces being "apparently fully as long as the galea," he missed completely 
an important and consistent difference between C. tomentosa and C. integra, the characteristics of the 
distal leaves and especially the floral bracts. 
 
 Following Gray's reduction of Castilleja tomentosa to synonymy under C. integra, this entity 
and Thurber's collection of it were almost completely forgotten in the botanical literature or were 
routinely listed or annotated in synonymy, as in Eastwood's revision of Castilleja in Mexican (1909).  
T.I. Chuang (1993-1994) annotated the GH sheets of Thurber 438 as C. lanata, which is clearly 
incorrect in the structure of the calyces alone.  G.L. Nesom, who worked with Mexican Castilleja 
species in the early 1990's, was undecided about C. tomentosa and annotated the holotype (1992) only 
with the type name, not referring it to another species.  Boufford and Nesom (1993) designated the 
holotype (Fig. 1) and an isotype for C. tomentosa, based on the two sheets of Thurber 438 at GH.  
Neither in this paper nor in Nesom's several subsequent papers on Mexican Castilleja species was the 
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Figure 1.  Holotype of Castilleja tomentosa A. Gray, GH. My annotation agreeing with the identification 
of the specimen as C. lanata from 1996-1997 is incorrect.  
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identity of C. tomentosa discussed in print.  However, in a personal communication to me in the late 
1990's Nesom mentioned that the type material of C. tomentosa seemed very close to C. stenophylla.  
 

On 26 August 1994, while conducting fieldwork in the Animas Valley of Hidalgo Co., New 
Mexico, I encountered several plants of an unusual Castilleja near the headquarters building of the 
Animas Ranch.  I documented these plants with photos and a unicate collection (Egger 677, WTU, 
Fig. 2), but I dismissed them at the time as variant C. integra.  Though I continued to wonder about 
this population for a number of years, I did not pursue the matter further, likely since I had not yet 
seen any material from the type collection of C. tomentosa.  
 

Then, starting around 2007, I became involved in the writing of a Castilleja treatment for the 
Flora of the Four Corners Region, Vascular Plants of the San Juan River Drainage. (in press) and 
corresponded with Ken Heil of SJNM, the editor and a primary author of the flora.  He brought my 
attention to a collection of C. tomentosa he made in 1997 (Heil 11,249 SJNM).  Eventually, I 
compared this and later collections by Heil and associates with the type of C. tomentosa and realized 
their congruity as well as the fact that they also matched the characters of the plants I encountered in 
1994 (Fig. 3).  
 

 
Figure 2.  Castilleja tomentosa, Egger 667, WTU, live plants and specimens, first USA collection. 
 
Conservation status 
 Castilleja tomentosa is only known from the type locality in Mexico and from four collection 
sites in and near the Animas Valley in southern Hidalgo Co., New Mexico, in the USA.  The known 
collection sites are all within 40-50 straight-line km of each other.  I have not conducted an 
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exhaustive search of southwestern herbaria for mislabeled specimens, though there may well be such 
collections to be identified.  In any case, C. tomentosa should be regarded as a globally endangered 
species, at least until further research can be conducted to evaluate its true abundance.  It is also 
interesting to note that C. tomentosa closely shares the distribution of another very rare Castilleja 
species, C. ornata Eastw., which is also known only from a handful of sites in Mexico and from small 
populations in the southern Animas Valley, New Mexico (McIntosh, 1994), and which is similarly 
endangered.  
 

Figure 3.  Isotype of Castilleja tomentosa A. Gray, NY (L); C. tomentosa, Egger 667, WTU (R). 
 
Verified collections of Castilleja tomentosa 
 MEXICO: Sonora.  Dry hillside, Mabibi, Jun 1851, Thurber 438 (holotype: GH!; isotypes: 
F!, GH!, NY!).  USA: New Mexico. Hidalgo Co.: Animas Valley, dry, grassy meadow along NM 
Hwy 338, ca. 1/4 mi. S of Animas Ranch headquarters, 26 Aug 1994, Egger 677 (WTU); North of 
Fitzpatrick's Ranch House, Gray Ranch, Alkali sacaton community; 31°21.354' N, 108°51.928' W, 
T32S, R20W, S.27, SE1/4, SW1/4, 4990', 7 Aug 1997, Heil 11,294 (SJNM); Diamond A Ranch 
(Gray Ranch), 0.7 mi. SW of Fitzpatrick's Camp, 31°23.479' N, 108°52.040' W, 5220', 30 Jul 2010, Heil 
& O'Kane 32664 (GH, SJNM, TEX, US, WTU[2]); Clanton Draw Road, side road just W of Forest 
Service boundary, 31.52630° N, 108.9774° W, 5430', 16 Sep 2010, Heil & Penn 33070 (SJNM, WTU). 
 
Identificaton of Castilleja tomentosa 
 Castilleja tomentosa is readily separated from other similar Castilleja species of the region in 
which it occurs by the following key.  A visual guide to representative live specimens of each species 
addressed in the keys is also presented below (Figs. 4–7).  A full description of C. tomentosa will be 
provided in the Castilleja treatment in the Flora of North America (in prep). 
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A key to the Castilleja species of southern Arizona and New Mexico and adjacent Sonora and 
Chihuahua having lanate to tomentose stems  

 
1. Bracts usually entire to less often with one pair of short, lanceolate lateral lobes, almost always 
originating from the middle of the blade or above; bracts proximally greenish.   
 

2. Bracts almost always entire, clearly lanceolate and distally acute; leaves usually linear and 
strongly differentiated from the bracts; not known to occur north of the Mexican border   
 ........................................................................................................... Castilleja stenophylla 
2. Bracts usually entire and distally broadly rounded but often some with a pair of short, lanceolate 
lateral lobes; leaves linear to linear-lanceolate and not as strongly differentiated from the floral 
bracts; common in appropriate habitats north of the USA-Mexico border, extending into extreme 
NE Sonora and northern Chihuahua, Mexico ...................................................... Castilleja integra 

 
1. Bracts usually deeply divided with one pair of much longer, narrowly oblanceolate to less often 
lanceolate to linear-lanceolate lobes, usually originating from well below the middle of the blade; 
bracts proximally grey-green to greenish tinged with pale root-beer brown.   
 

3. Primary lobes of calyces entire and rounded, emarginate, or shallowly cleft into obtuse to 
rounded lobes; stem pubescence usually densely lanate, with branched or unbranched hairs  
 ...................................................................................................................  Castilleja lanata 
3. Primary lobes of calyces much more deeply cleft into linear-lanceolate secondary lobes; stem 
pubescence usually less dense and tomentose with unbranched hairs ............. Castilleja tomentosa 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Castilleja stenophylla. Woodland shade form, Sierra La Raspadura, Chihuahua, Mexico, 18 Aug 
1998, Egger 1050 (L); open meadow form, SW of La Junta, Chihuahua, Mexico, 18 Aug 1998, Egger 1044 (R). 
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Figure 5.  Castilleja integra.  Form with entire bracts, NW of Flagstaff, Coconino Co., Arizona, 27 Aug 1994, 
Egger 674 (L); form with lobed bracts, near Elizabethtown, Colfax Co., NM, 31 Jul 2001, Egger 1173 (R) 

 
 
   

Figure 6.  Castilleja lanata. E of Van Horn, Pecos Co., Texas, 19 Apr 1997, Egger 842. 
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Figure 7.  Castilleja tomentosa. Mature plant, near Animas Ranch Headquarters, Animas Valley, Hidalgo Co., 
New Mexico, 26 Aug 1994, Egger 677 (L); young plant and different color form, SW of Fitzpatrick's Camp, 
Animas Valley, Hidalgo Co., New Mexico, 30 Jul 2010, Heil & O'Kane 32664 (R). 
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INTRODUCTION 
 

Leoncita false- foxglove (Agalinis calycina) is an annual 
hemiparasitic herb in the broomrape family (Orobanchaceae).  It is 
an obligate wetland species occurring in perennially moist 
alkaline/saline/calcareous soils in aridland ciénegas of the 
southwestern Unites States and northern Mexico (NMRPTC 1999).  
It is only known to occur in two locations in the United States and 
two historic locations in Mexico.  In the United State it occurs at 
Bitter Lake National Wildlife Refuge in Chaves County, NM, and at 
the Diamond Y Spring Preserve in Pecos County, TX.  There are 
some taxonomic questions about the identity of the specimens 
from Coahuila in Mexico (Sivinski 2011).  In addition, urban and 
agricultural development surrounding the habitat of the species in 
Mexico may be jeopardizing the existence of the species in Mexico.  
NatureServe ranks Leoncita false- foxglove (critically imperiled 
(G1/S1).  Leoncita false- foxglove is a NM Rare Plant Conservation 
Strategy species, which gives the species an overall conservation 
status of ‘weakly conserved’ due to rarity and threats to its habitat 
(EMNRD-Forestry Division 2017). It is proposed for State listing on 
the New Mexico State Endangered Species list and is considered a 
Species of Greatest Conservation Need in the Texas Parks and 
Wildlife Department State Conservation Action Plan (2012).  
Leoncita false- foxglove was petitioned for listing under the federal 
Endangered Species Act in 2012 by the NM Native Plant Society and 
is currently evaluated for potential listing by the USFWS, following 
a positive 90-day finding in 2016 (81 FR 14058 14072).   

 

 

METHODS  
 

Existing data for the Texas location at the Diamond Spring Preserve in Pecos County was provided by the 
Texas Natural Diversity Database and the Nature Conservancy of TX.  Suitable habitat was surveyed 
throughout the entire Diamond Y Spring Preserve and the Sandia Springs Preserve near Balmorhea.  
Both preserves are owned and managed by the Nature Conservancy.  Occupied habitat was mapped by 
walking a polygon around a population and visually estimating the number of plants within a polygon, 
using the Collector App on a Samsung Galaxy S2 tablet.  Small patches of plants were documented with 
waypoints. The USFWS surveyed the population at the Bitter Lake NWR in Chaves County, New Mexico, 
in September of 2018, using similar methods.  Results of the New Mexico survey were provided by the 
USFWS and are also presented here.  



 

RESULTS 
 
New Mexico 
Surveys performed on September 11, 2018, documented an estimated 307,403 plants to occur in 38 
polygons distributed in 4 general areas over a distance of approximately 2 miles (Figure 1).  In addition, 
15 waypoints documented an additional 16 individuals scattered in the vicinity of the southernmost 
polygons.  Total occupied habitat at the Bitter Lake NWR was estimated at 3.59 acres.  Previous surveys 
in 2009 and 2010 documented plants from 4 mapped polygons, each containing several hundred plants 
and a number of plants from three individual waypoints (Sivinski 2011). Total occupied habitat was 
estimated at approximately 5 acres.  

 
Figure 1.   Distribution of Leoncita false-foxglove at the Bitter Lake NWR in Chaves County, NM. 



 

Texas 
No plants were found at the Sandia Springs Preserve near Balmorhea.  Therefore the only known Texas 
population of Leoncita false-foxglove is located at the Diamond Y Springs Preserve, ca. 8 miles north of 
Fort Stockton (Figure 2).  Previous documentation on the distribution of the species on the Preserve was 
limited and previous population estimates were only available for one general area (Figure 3). In 2019 
surveys were performed on September 18, 19, and 20, when plants were in full flower. 

Figure 2.  Location of the Diamond Y Spring Preserve in Pecos County, TX (map courtesy of the Nature       
Conservancy). 



 

 
Figure 3.  2019 distribution of Leoncita false-foxglove (red polygons, yellow stars) and previously 

documented location (green triangles). 

 

The number of plants at the Diamond Y Spring Preserve was estimated to be between 4,416 and 7,416 
individuals in 2019, distributed in 11 distinct habitat polygons (Figure 3).  An additional 19 plants were 
documented from 4 scattered waypoints.  Occupied habitat covered 2.58 acres of the Preserve and 
plants were only found along the wettest areas, usually along shallow drainages and seeps. All Leoncita 
false-foxglove populations were associated with extensive stands of the federally listed threatened 



 

Pecos sunflower (Helianthus paradoxus), which appeared to grow in somewhat drier areas.  More than 
90% of plants were flowering during the survey period.  Observed disturbances included oil & gas 
development and associated infrastructure, including access roads and oil wells, and habitat destruction 
caused by feral pigs (Figures 3, 4 and 5).  Some tamarisk (Tamarix sp.) was observed growing in the 
vicinity of plant populations. 

  
Figure 4.  Feral pig wallow in the habitat of 
Leoncita false-foxglove 

Figure 5.  Oil pump jack at the Diamond Y Spring 
Preserve, in the immediate vicinity of Pecos 
sunflowers (Helianthus paradoxus). 

 

 

DISCUSSION 
 
Spring ciénega habitats are regionally rare and limited in extent and many species that rely exclusively 
upon them are also rare (Sivinski 2011). Many wetland habitats in arid regions are severely impacted by 
human use, climate change and exotic species. Therefore, some obligate wetland plant species are 
threatened or endangered. 
The New Mexico population of Leoncita false-foxglove is significantly larger than the Texas population, 
although occupied habitat only differed in size by approximately 1 acre.  Although large numbers of 
these annual plants were documented in 2018 and 2019, the total worldwide distribution of the species 
covered approximately 6.17 acres of occupied habitat in New Mexico and Texas.  Like most rare plant 
species, only a fraction of suitable habitat was occupied. Leoncita false-foxglove is an annual herb and 
therefore abundance and local distribution may differ significantly from one year to the next, depending 
on rainfall amounts during the active growing season.  However, differences in estimated plant numbers 



 

at Bitter Lake NWR between 2009/2010 and 2018 may also be attributed to survey effort and surveyor 
error. 

The two populations occur in seemingly protected areas, one on National Wildlife Refuge lands and the 
other on a Nature Conservancy preserve. However, neither hold water or subsurface rights, therefore 
limiting the amount of protection that can be provided.  Management at the Bitter Lake NWR is 
complicated by the presence of several other rare and endangered plants and animals as well as water 
management for the benefit of waterfowl (Sivinski 2011).  Habitat requirements are still poorly 
understood and it is unclear whether current water management practices benefit the species.   

Little active management or monitoring of Leoncita false-foxglove has occurred on the Diamond Y Spring 
Preserve. Previous and current management include some tamarisk control projects, the exclusion of 
livestock, and the permitting of feral pig hunting within the Preserve. No comprehensive surveys 
throughout the habitat have been conducted on the Preserve prior to the 2019 surveys.  Casual 
observational counts since 2001 have estimated plants in the thousands (Carr 2001a & b). One area 
previously surveyed had actual plant counts, estimating the population at 2,123 individuals in 2013 
(Figure 3). This site was estimated to have 1000 to 2000 plants in 2019.  

Direct and indirect impacts of oil & gas development may be the largest threats to the Texas population.  
Several gas wells and associated access roads are located within a few hundred feet of existing 
populations.  While oil spills are generally small and quickly cleaned up, occupied habitat of Leoncita 
false-foxglove is less than 3 acres and therefore may be significantly impacted by oil & gas development 
activities, potential oil spills, or other accidents.  Feral pigs are considered among the most destructive 
invasive species in the United States (Smithsonian 2011).  In 2011 it was estimated that two to six million 
feral pigs roam in 39 states, half of them in Texas.  Feral pigs are known to wallow in mud pits during the 
hot months, which is the active growing season of Leoncita false-foxglove, which germinates and 
establishes during that time.  Pig wallows occur in the primary habitat of the species. Several feral pigs 
were chased off during the 2-day surveys and pig wallows were observed throughout the Preserve.  
Although observed pig wallows were relatively small in size, considering the small area of occupied 
habitat at the Preserve, feral pigs have the potential to significantly impact populations. 
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INTRODUCTION 
 
Relatively recent recognition by botanists of the rarity and ecological significance of aridland springs in 
southwestern North America has resulted in closer scrutiny of some plant species that occupy spring 
ciénegas – wet meadows in otherwise arid landscapes (Hendrickson and Minckley 1985; Stevens and 
Meretsky 2008, Sivinski and Tonne 2011). Since spring ciénega habitats are regionally rare and limited 
in extent, the species that rely exclusively upon them are also rare. Many wetland habitats in arid regions 
are severely impacted by human use, climate change and exotic species so the plants that rely 
exclusively upon them may likewise, be threatened or endangered. Examples of ciénega plants at risk 
are Spiranthes delitescens Sheviak (Canelo Hills ladies-tresses orchid), listed federally endangered in 
1997 (FR Vol. 62, No. 3:665-689); Helianthus paradoxus Hieser (Pecos sunflower), listed federally 
threatened in 1999 (FR Vol. 64, No. 202:56582-56590); and Cirsium wrightii A. Gray (Wright’s marsh 
thistle), federal listing as threatened or endangered determined to be warranted by USDI-Fish and 
Wildlife Service (USDI-FWS 2010). 
 
Agalinis calycina Pennell (Leoncita false-foxglove) is another ciénega plant that has been identified as a 
rare species by the Texas Parks and Wildlife Department (Poole et al. 2007) and New Mexico Rare Plant 
Technical Council (Bleakly 2010). This rare plant sometimes grows sympatrically in ciénega habitats 
with Helianthus paradoxus and Cirsium wrightii, but is currently known from fewer collections and 
locations than either of those rare and endangered species. Agalinis calycina has been seen so few times 
by botanists that little is known about its conservation status. This report gathers all the known 
information about this species to compare it with better known species occupying similar habitat. 
 
 
TAXONOMIC STATUS AND DESCRIPTION 
 
The genus Agalinis is a large genus of herbaceous plants in the warm-temperate climates of North 
America and South America. Originally described in the Scrophulariaceae, this genus has been 
transferred to the Orobanchaceae (APG, 2003). Barringer (2010) recognizes 60 species in Agalinis and 
gives the following taxon details for the Leoncita false-foxglove. 
 

Agalinis calycina Pennell, Proc. Acad. Nat. Sci. Philadelphia 81: 141. 1929. TYPE: USA: 
Texas. Brewster Co., Leoncito Springs. J. M. Bigelow (Mexican Boundary Survey) 785 
(Lectotype: GH. Isotype: US). 
 syn=Gerardia calycina (Pennell) Pennell, Acad. Nat. Sci. Philadelphia Monogr. 1: 427. 1935. 

Agalinis calycina was first discovered and collected in west Texas in 1852 by John Milton Bigelow who 
was employed as a surgeon and botanist for the U.S. and Mexican boundary survey. Torrey’s (1859) list 
of the plants collected during this survey identifies Bigelow’s specimen as a variant of Gerardia 
heterophylla: 
 
“GERARDIA HETEROPHYLLA, Nutt.? var. pedunculis calyce dimidio brevioribus; foliis plerisque 
ultra-pollicaribus. Leone Spring, Texas; Bigelow.” 
 
Several decades later Pennell (1929) described the new species Agalinis calycina from the two Bigelow 
785 specimens and indicated the National Herbatium (US) specimen as the type for the taxon. 
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Barringer’s (2010) checklist of Agalinis appears to make the duplicate Gray Herbarium (GH) specimen 
the taxon lectotype, which would make the US specimen of A. calycina an isolectotype. The GH 
specimen might be the preferable lectotype of the two because the label includes a location, collector’s 
name and number. The US specimen simply has a standard, printed boundary survey label inaccurately 
stating the specimen was collected under the direction of W.H. Emory (Boundary Survey 
Commissioner) “chiefly in the Valley of the Rio Grande below Doñana” and without additional 
collection information. Lectotypification however, is uncalled for since Pennell clearly made the US 
specimen the type for A. calycina and it must be taken as the holotype. Pennell’s (1929) A. calycina 
description also has a Yale Herbarium (Y) paratype specimen from Coahuila, Mexico (Rich bottoms at 
Don M. Ibarra’s near Parras, 2 Aug 1848, Dr. Edwards s.n.), but he includes a footnote of the 
morphological differences that make the Parras specimen “possibly a distinct species”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Bleakly (2010)  and Poole et al. (2007) describe A. calycina as a hemiparasitic annual, somewhat 
succulent, glabrous (except floral parts), to about 50 cm tall, with numerous divergent, ascending 
branches, green or purplish, drying blackish; leaves mostly opposite (especially below), linear, entire, 
stem leaves 2-4 cm long, 1-1.5 mm wide; inflorescences racemose, bracteate, 4 to 12-flowered, pedicels 
ascending, glabrous, 5-7 (-13) mm long; calyx tube 5–6 mm long, campanulate, calyx lobes narrowly 
triangular to nearly linear, 5-7 (-15) mm long, finely puberulent within [and sometimes pustulate on the 

      

Figure 1.  Several Agalinis calycina growing closely together at Bitter Lake National Wildlife Refuge, NM. In 
flower and in fruit. 
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margins]; corolla somewhat irregular, pink [with darker pink speckles in the tube], 20-25 mm long, tube 
17-21 mm long, [pubescent or glabrous outside,] lobes 3-5 mm long, rounded-truncate, ciliate, 
pubescent outside; stamens 4, in two pairs of unequal length, anthers and usually filaments lanate; style 
about 15 mm long, pubescent [with septate hairs]; fruit a capsule about as long or slightly longer than 
the calyx lobes, apex rounded and mucronate; seeds numerous. [Bracketed words in the forgoing 
description were added for this report.] 
 
 
DISTRIBUTION AND ABUNDANCE 
 
The type locality of Agalinis calycina is ambiguous because “Leone Spring” is not a current 
geographical name. Pennell’s (1929) original description says the Leone Spring location of Bigelow’s 
collection was “probably Leoncito Spring, Brewster County, Texas”. Pennell gave no explanation of 
why “Leone Spring” should be “Leoncito Spring”. That spring is currently called Leoncita Spring 
(30.64673° -103.44103° WGS84). Spring flow there may still be extant and flowing on private property, 
but it has not been botanically surveyed by any more recent botanists (Karges 2011). Bigelow also 
collected plant specimens at Leon Springs in Pecos County, Texas in September 1852 and Torrey (1859) 
clearly lists those specimen locations as “Leon Springs” or “near Leon Springs”. Leon Spring itself is 
now extinct, but the large Diamond Y Spring, a tributary to the Leon Creek spring run, is still flowing 
and supports the only known extant population of A. calycina in Texas. Poole et al. (2007) believe Leon 
Spring is the more likely type locality, but the question of whether Bigelow found A. calycina at 
Leoncita Spring or Leon Spring may finally be answered only by checking the sequence of specimen 
collections in Bigelow’s personal field notes. If it is not, or never was, at Leoncita Spring, the vernacular 
name ‘Leoncita false-foxglove’ will be an unfortunate choice. 
 
Diamond Y Spring is one of the last remaining large spring ciénegas in the Chihuahuan Desert of Trans-
Pecos Texas (Brune 1981, Poole et al. 1993). It is about seven miles NNW of Fort Stockton (31.00113° 
-102.92414° WGS84) and is owned by the Nature Conservancy (TNC) of Texas as a preserve to protect 
several rare and endangered plants, fish, and invertebrate animals – including five species that are 
federally listed as threatened or endangered (CDNC 2007). TNC made a partial 2001 assessment of the 
preserve for A. calycina (Carr 2001) and have subsequently determined that the Diamond Y Preserve has 
several hundred to thousands in the population – depending on the year (Karges 2011).  
 
Roger Peterson (2000) discovered that A. calycina also occurrs in the ciénegas of Bitter Lake National 
Wildlife Refuge in Chaves County, New Mexico (33.46035° -104.40137° WGS84). New Mexican 
botanists did not realize the rarity of this species until the publication of a guide to the rare plants of 
Texas (Poole et al. 2007). Field surveys of Bitter Lake NWR in 2009 and 2010 found several hundred to 
a few thousand individuals on the refuge (depending on the year) in small groups on widely scattered 
remnant pieces of the original ciénega. Botanical surveys of similar gypseous ciénega habitats in 
southeastern New Mexico failed to locate any additional populations of A. calycina (Milford et al. 2001, 
Sivinski and Tonne 2011). The only known extant population for New Mexico is at Bitter Lake NWR. 
 
There are two old historic collections of A. calycina from Coahuila, Mexico. The first was the 1848 
Edwards collection from Parras that Pennell (1929) thought might be sufficiently different to be a 
distinct species. Parras was originally named Parras de la Fuente (25.43457° -102.17415° WGS84) and 
built at the site of a complex of springs in the Chihuahuan Desert. Recent aerial imagery (Google Earth 
2006) of Parras and its surroundings shows a region of almost complete urban and agricultural 



4 

 

development with no obvious remnants of natural wetland habitat. If the Agalinis population at Parras is 
a distinct species, it may have become extinct before it could be named. 
 
The second Coahuila collection is a specimen at the University of Texas-Austin Herbarium (TEX) 
labeled “Coahuila, MX, Muzquiz Swamp, 15 Sep 1936, Ernest G. Marsh, Jr. 920”. This is a scanty 
specimen of a single branch with one open flower and is somewhat dissimilar to the New Mexico plants 
– the only other specimens available for study. The leaves and calyx lobes of the Muzquiz plant are 
more acuminate and slightly longer. Its corolla throat is also slightly broader and exterior corolla tube is 
pubescent, which is not the case in New Mexico where it is glabrous. Judith Hilliker (2011) however, 
assures that this range of variation is not unusual in some species of Aglainis. Muzquiz is another city 
constructed at a large spring. Muzquiz Spring (27.86309° -101.53037° WGS84)  is developed and 
highly impacted at its source, but the spring run does create a wooded marsh before flowing into the 
urban area and there are also some remnant natural wetlands northeast of the city. There have been no 
recent observations of A, calycina at Muzquiz and the status of this species and its habitat at that 
location is unknown. 
 
 
HABITAT AND BIOLOGY 
 
Agalinis calycina is an obligate wetland species. At this time, A. calycina habitat can only be described 
from the two known extant populations at Diamond Y Spring and Bitter Lake. Both are similar in that 
they are associated with large spring features in the Chihuahuan Desert Region. Both also have alkaline 
soils derived from gypsum and limestone that are permanently saturated in the root zone by ground 
water surfacing at spring seeps or spring runs. Salt concentrations vary throughout the habitat, but are 
usually high enough to form evaporate deposits on the soil surface and lower stems of the vegetation. 
This biotic community can be called an inland saltmarsh (Van Auken et al. 2007), but in the 
southwestern U.S. and northern Mexico is its more often called a ciénega, which is a lush wet meadow 
or marsh supported by permanent spring flow in an otherwise arid environment (Hendrickson and 
Minckley 1985, Sivinski and Tonne 2011).  
 
Similarities in dominant associated plant species at Diamond Y and Bitter Lake include a dominant 
cover of Distichlis stricta var. spicata (inland saltgrass) and Schoenoplectus americanus (chairmaker’s 
bulrush) with patches or individuals of Helianthus paradoxus (Pecos sunflower), Eustoma exaltatum 
(prairie gentian), Juncus arcticus var. balticus (Baltic rush) and Suaeda calceoliformis (low seepweed). 
Additional species at Diamond Y that are not associated within the Bitter Lake A. calycina population 
are Samolus ebracteatus var. cuneatus (limey brookweed), Flaveria chlorifolia (clasping yellowtops), 
Eleocharis palustris (marshy spikerush) and Limonium limbatum (southwestern sea-lavender) (Carr 
2001, Van Auken et al. 2007). Additional common associates only at Bitter Lake are Cirsium wrightii 
(Wright’s marsh thistle), Muhlenbergia asperifolia (alkali muhly), Fimbristylis puberula var. interior 
(hairy fimbry), Phragmites australis subsp. americanus (common reed), Typha domingensis (southern 
cattail), Bolboschoenus maritimus (saltmarsh bulrush), Symphyotrichum ericoides (white heath aster), 
Symphyotrichum subulatum var. ligulatum (New Mexico aster), Pluchea odorata (sweet-scent), 
Eleocharis rostellata (beaked spikerush) and Triglochin maritimum (seaside arrowgrass). Both are 
marshy, wet meadow habitats that lack woody vegetation except for an occasional saltcedar (Tamarix 
chinensis) at Bitter Lake. The habitat is usually too wet for this exotic tree. 
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Reference to A. calycina habitats being in mountains (Williams and Henrickson 1997) is an error and 
probably an assumption influenced by too little information. The Parras location is at about 5,100 feet in 
a low range of mountains, but the other known and historic habitats are at relatively low elevations 
(<3,500 feet) in the valleys and hills of the Chihuahuan Desert. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Agalinis calycina often grows in association with the federally threatened sunflower Helianthus 
paradoxus at the Diamond Y Spring ciénega in Texas and the Unit 5 and Unit 6 ciénegas at Bitter Lake 
NWR in New Mexico. These rare plants are occasionally found side by side, but more often A. calycina 
prefers wetter soil than does H. paradoxus. They usually grow in very similar habitat, but slightly 
separated by small differences in ground water hydrology. Agalinis calycina can also occur in the same 
habitat (Bitter Lake Units 5 and 6) as does the endangered thistle Cirsium wrightii. Both plants are 
obligate wetland species with similar soil water requirements and may grow side by side. Agalinis 
calycina is much less abundant than H. paradoxus and occupies less ciénega habitat at both Diamond Y 
Spring and Bitter Lake. It has the same habitat distribution at Bitter Lake as C. wrightii, but is also 
numerically less abundant than the rare thistle. In a few cases, all three of these rare ciénega plants grow 
side by side at Bitter Lake (Figure 3). 

    

Figure 2.  Agalinis calycina at Bitter Lake NWR, Unit 3. Left photo is wet Distichlis ciénega near Typha domingensis. 
Right photo is wet Distichlis ciénega near Tamarix chinensis and Bulboschoenus maritimus in background. 
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Figure 3.  Agalinis calycina (small pink flowers in foreground) growing with Helianthus paradoxus (yellow 
flowers in background) and Cirsium wrightii (large leaf rosettes on right and pink heads on top) at Bitter 
Lake NWR, Unit 5. Several stems of Phragmites australis are also visable. 
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Figure 4.  Agalinis calycina distribution at Bitter Lake NWR Units 3 and 5 
in 2009 (top) and 2010 (bottom). Yellow polygons contain a few hundred 
plants. 
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Total area of ciénega habitat occupied by A. calycina at the Diamond Y Spring TNC Preserve in Texas 
has not been determined. Ciénega habitats at Bitter Lake NWR in New Mexico were surveyed for A. 
calycina by the author in 2009 and partially surveyed again in 2010. Total area of ciénega habitat 
occupied by A. calycina at Bitter Lake NWR in 2009 was about 5 acres (Figures 4 and 5). Bitter Lake 
ciénegas were wetter in 2010 than 2009, which resulted in a habitat shift and fewer plants at the northern 
part of the refuge. Unit 3 plants were further north of the dike on slightly higher ground in 2010 and the 
plants in Unit 5 south of the dike in 2009 were completely absent in 2010 (Figure 4). This yearly 
variation in location is very similar to the annual H. paradoxus, which often occurs in patches at 
different locations in the ciénega from year to year in response to slight annual variations in soil water 
hydrology. 
 
The species thus far studied in the genus Agalinis have all been found to be hemiparasites (Mann and 
Musselman 1981, Yoder 1999) and it is a reasonable assumption the entire genus is hemiparasitic. Some 
are however, facultative parasites capable of growing and maturing without a host, but become larger 

 
Figure 5.  Agalinis calycina at Bitter Lake, Unit 6 in 2009. Yellow polygons each contain a few 
hundred plants. 
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and more robust when attached to the roots of a host plant (Mann and Musselman 1981). Agalinis 
calycina plants were occasional seen growing at Bitter Lake in pure stands of Distichlis stricta var. 
spicata, which would be the only available host species. If A. calycina is not host specific to saltgrass, it 
would also have frequent opportunities to parasitize several other associated plants in the root zone of 
the densely vegetated ciénega. 
 
Agalinis calycina is an annual plant that is entirely dependent on seed production to perpetuate its 
populations. It flowers in August and September. The ephemeral flowers open at about 9:00 AM and are 
withered and falling from the plant by 5:00 PM the same day. The floral syndrome of a pink, long tube, 
wide throat, and irregular corolla limb is suitable for bee or butterfly pollination. Specific pollinators for 
this plant have not been identified. Most of the plants in the Bitter Lake population successfully made 
fruit in 2009 so there were enough pollinators available to this population (or it is capable of self-
pollination). The mature capsules open in October and each release numerous small seeds. 
 

The only obvious predator on the Bitter Lake population of 
A. calycina was larvae of the butterfly Junonia coenia 
(common buckeye) (Figure 6.). Larval hosts for the 
common buckeye are usually plants in the Orobanchaceae, 
Plantaginaceae and Acanthaceae and the larvae are known 
to use other species of Agalinis. Only one or two caterpillars 
can do significant damage to the leaves and flowers of an 
individual A. calycina. The level of predation during 2009 
and 2010 however, was slight with less than 1% of the 
population being injured by butterfly larvae. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
CONSERVATION STATUS AND MANAGEMENT 
 
Federal, State, and Conservation Organization Status 
 
The only formal legal status with regulatory protection for Agalinis calycina is under the Convention on 
International Trade in Endangered Species (CITES) adopted by the World Conservation Union (IUCN). 
Agalinis calycina was placed on the Red List of Threatened Plants (page 548) by the IUCN in 1997. 

 
Figure 6. Common buckeye butterfly 
caterpillar feeding on A. calycina. 
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Trade in specimens of this species is permitted by member countries only in exceptional circumstances. 
Since there is absolutely not trade in A. calycina its CITES is more symbolic than useful. 
 
NatureServe (2011) ranks A. calycina as a G1 species. The G1 (Global) rank indicates a species that is 
“Critically imperiled globally because of extreme rarity or because of some factor(s) making it 
especially vulnerable to extinction. Typically 5 or fewer occurrences or very few remaining individuals 
(<1,000) or acres (<2,000) or linear miles (<10)”. Affiliated Natural Heritage Programs in Texas and 
New Mexico have each given A. calycina a State ranking of S1, which indicates a species “Critically 
imperiled in the state because of extreme rarity or because of some factor(s) making it especially 
vulnerable to extirpation from the state. Typically 5 or fewer occurrences or very few remaining 
individuals (<1,000)”. 
 
Agalinis calycina has been informally acknowledged as a “Species of Concern” by the USDI-Fish & 
Wildlife Service (NMRPTC, 1999). The Fish & Wildlife Service defines a Species of Concern as “A 
taxon for which further biological research and field study are needed to resolve their conservation 
status OR are considered sensitive, rare, or declining on lists maintained by Natural Heritage Programs, 
State wildlife agencies, other Federal agencies, or professional/academic scientific societies”. 
 
The State of New Mexico through its Energy, Minerals and Natural Resources Department-Forestry 
Division has also informally identified A. calycina as a “Species of Concern” (NMRPTC 1999). 
EMNRD-Forestry defines a Species of Concern as “A New Mexico plant species, which should be 
protected from land use impacts when possible because it is a unique and limited component of the 
regional flora”. 
 
The State of Texas includes A. calycina on its list of rare plants (Poole et al. 2010). This status in Texas 
and the Species of Concern status in New Mexico are for informational purposes only and provide no 
statutory authority or policy for protection of this species or its habitat. 
 
Threats – Five Factors 
 
1.  Present or Threatened Destruction, Modification, or Curtailment of the Species’ Habitat or Range.  
 
Groundwater:  The most significant threat to southwestern ciénega ecosystems and A. calycina is 
alteration of the hydrology of rare aridland springs. Aquifer depletion for agriculture and urban use have 
dried-up several large historic springs in the distributional range of A. calycina (Brune 1981) and 
continue to threaten some of the few remaining spring flows in Trans-Pecos Texas. Leon Spring (near 
Diamond Y Spring) historically flowed at 12,540 gallons/minute. Flow from Leon Spring declined 
steadily from groundwater pumping until it completely ceased to flow in 1958 (Brune 1981). A recent 
proposal to pump 47,418 acre feet of water per year to urban areas from the Middle Pecos Groundwater 
Conservation District would continue to draw down the depleted aquifer that used to flow from the 
famous, and now also extinct, Comanche Springs in Fort Stockton. Tom Beard, owner of Leoncita 
Ranch, testified to the Conservation District that his springs already weaken during irrigation season and 
further withdrawal of groundwater for urban use would adversely impact the Leoncita springs (MPGCD 
2011). This groundwater pumping proposal was denied by the Conservation District, but it is a persistent 
idea that will likely be heard again as urban demand for water continues to increase. 
  
Changes in groundwater hydrology at Bitter Lake NWR and the Roswell Artesian Basin have been 
thoroughly documented in the recovery plan for four endangered spring-dwelling invertebrates adopted 
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by the New Mexico Department of Game and Fish (NMDGF) in 2005. In summary, several large spring 
runs and seeps in the Roswell area ceased flowing by 1931 from agricultural use and further pumping 
for irrigation continued to lower the regional level of groundwater until 1970. Well metering was 
required in the 1960s and between 1975 and 1995 groundwater levels recovered several meters to 
current levels. Yet the depleted springs have not resumed flowing. Surface water flows at Bitter Lake 
NWR were diminished by groundwater pumping however, springs that provide habitat for the four 
endangered invertebrates (and A. calycina) did not stop flowing through the 1950s and 1970s despite 
drought conditions during these decades. The State Engineer’s Office hydrologist cited in the NMDGF 
(2005) recovery plan believes that under current pumping levels the spring flows at Bitter Lake NWR 
would be threatened only under extreme drought conditions exceeding those historically observed. 
 
The uplands around both Diamond Y Spring and Bitter Lake NWR are significantly impacted by oil and 
gas development. The impacts of these activities, if any, on the quantity and quality of groundwater 
supporting A. calycina habitats are not currently evident or predictable. Below ground aquifer 
contamination at an oil or gas well site is a rare event in New Mexico (NMDFG 2005). Groundwater 
however, may also be contaminated by surface or near surface incidents, which are more likely, 
including spills from petroleum holding tanks, faulty valves, pipeline leaks, and improperly handled 
drilling fluids and cuttings. 
 
Exurban development on the west side of Bitter Lake NWR relies entirely on individual household 
septic systems that may readily leach contaminants to groundwater in the highly fracture Karst geology 
of the area. Discharges into Bitter Lake ciénegas of groundwater contaminated with domestic sewage 
containing plant nutrients such as nitrates and phosphates may encourage proliferation of perennial plant 
biomass that could crowd-out annual species like A. calycina, which persist only as seeds that must have 
suitable habitat for germination of each new generation. 
 
Muzquiz Spring in Coahuila is in an urban area, but still discharging a significant amount of water to a 
spring run and bald cypress swamp (Google Earth 2003). The location of the A. calycina population 
there, if it still exists, is unknown as is the condition of its habitat. 
 
Spring flows at Parras have ceased or are completely captured for urban and agricultural use. No natural 
wetlands are visible in aerial images of Parras and the surrounding area (Google Earth 2006). The Parras 
Valley contained magnificent spring systems before the twentieth century. Development of extensive 
agricultural and factory operations and associated pollution modified and depleted the springs to such an 
extent the three endemic fish species there were made extinct by the 1930s (Miller et al. 1989). Mining 
operations also contributed to the cessation of spring flows in the Parras Basin (Imlay 1936). If the 
Agalinis population found near Parras in 1848 was A. calycina, it is unlikely that it still exists at that 
location. 
 
Habitat: Ciénegas are not only vulnerable to drying from cessation of spring flow, but may also be 
severely impacted land use or modification of the natural plant community. Both U.S. populations of A. 
calycina occur within habitats that are formally designated as nature preserves and usually managed for 
ecosystem health and species diversity. 
 
Bitter Lake NWR has only recently learned of the A. calycina population within its ciénega habitat. The 
refuge has historically been managed for wildlife, especially waterfowl, and only started considering 
rare plant species in its management activities in 1995 when the Pecos sunflower was proposed for 
federally listing as a threatened species. Before that time, numerous dikes, water impoundments, drains 
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and water conveyance ditches were constructed for fish and wildlife habitat without consideration for 
the ciénega ecosystem, which has been severely impacted by refuge operations. For instance, the dike 
between Units 3 and 5 was constructed through the middle of the A. claycina population at north end of 
the refuge (Figure 4). Not only was the A. calycina habitat and population reduced by the width of the 
dike, but another large area of habitat was eliminated by the resulting water impoundment. The 
extensive water management systems at Bitter Lake NWR have significantly reduced and fragmented 
the natural ciénegas on the refuge and only very small portion of the remnant ciénega is currently 
suitable for, and occupied by, A. calycina. Most of the cienegas on Bitter Lake NWR are created by a 
complex system of natural springs, seeps, and spring runs that certainly existed before they were 
diminished by construction of the water conveyance and impoundment system on the refuge. The notion 
that the cienegas were created by the man-made impoundments (USDI-FWS 2010) is in error. 
 
Proliferation of Phragmites australis at Bitter Lake NWR is a recent phenomenon and potential threat to 
the ciénega habitats for H. paradoxus, Cirsium wrightii and rare invertebrates (USDI-FWS 2010; Jeff 
Sanchez, Bitter Lake NWR Biologist, personal communication, 2010; Brian Lang, NMDGF Invertebrate 
Biologist, personal communication, 2010). Density and extent of P. australis have been noticeably 
increasing over the last decade, possibly in response to climate changes in temperature and drought 
intensity. This tall (2-3 m) grass is capable of forming dense rhizomatous patches that can shade and 
crowd-out other shorter species of plants and invertebrates in the understory. Presence of the more 
aggressive, exotic genotype of P. australis was initially suspected, but examination of Bitter Lake 
specimens by a taxonomic expert found only the native subspecies (Jeff Sanchez, Bitter Lake NWR 
Biologist, personal communication, 2010). Agalinis calycina grows in association with P. australis in 
the Bitter Lake ciénegas, but only in low densities of this tall grass (Figure 3). Siginficant increases in 
common reed density could render some parts of the already small habitat areas occupied by A. calycina 
at Bitter Lake unsuitable for that species. Phragmites does not yet occur in the A. calycina habitat at 
Diamond Y Preserve in Texas (Carr 2001, Van Auken et al. 2007) and nothing is known of the habitat 
species composition in Muzquiz, Coahuila. 
 
Exotic weeds, especially Tamarix chinensis (salt cedar) and Elaeagnus angustifolia (Russian olive), are 
significant threats to some ciénega habitats in the southwest and Mexico. Salt cedar does occur in Bitter 
Lake NWR ciénegas, but is absent or at very low density within the habitat occupied by A. calycina. 
That habitat is apparently too wet for this weed tree. Tamarix does not yet occur in the A. calycina 
habitat at Diamond Y Preserve in Texas (Carr 2001, Van Auken et al. 2007) and nothing is known of the 
habitat species composition in Muzquiz, Coahuila. There are currently no herbaceous non-native plant 
species occurring in A. calycina habitats at the two U.S. populations (Carr 2001, Van Auken et al. 2007, 
personal observations at Bitter Lake NWR). 
 
2.  Overutilization for commercial, recreational, scientific, or educational purposes. 
 
This is not a relevant factor.  There are no commercial uses for A. calycina at this time and only a few 
scientific collections have been made to voucher population locations. Future collections for scientific 
purposes at the Diamond Y Preserve will require permission by TNC, which will scrutinize the 
collection proposal for potential damage to the population. Bitter Lake NWR also requires scientific 
collections to be permitted by the refuge biologist and manager. 
 
3.  Disease or predation. 
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Agalinis calycina has only recently begun to be studied in its natural habitat. There are no observations 
of diseases on these plants and a very small fraction of population is fed upon by the larvae of native 
butterflies. There are currently no exotic weeds from the Orobanchaceae in North America that have 
caused the introduction of biocontrol agents that might threatened any native species of  Agalinis. 
Theorectically, biocontrol agents such as Calophasia lunula (toadflax moth) commonly released to 
control exotic species of Linaria (toadflax) might be able to move from the Plantaginaceae to an 
alternate host in the Orobanchaceae, which is a related family. Fortunately, weedy toadflaxes do not in 
the Chihuahuan Desert or its wetlands so these exotic biocontrol agents are unlikely to be released in the 
vicinity of any Agalinis calycina populations. 
 
4.  The inadequacy of existing regulatory mechanisms. 
 
Other than the 1997 CITES listing, which has no practical value, A. calycina has no federal or state 
statutory status that acknowledges the imperiled nature of this species. Its informal status as a Species of 
Concern by USDI-Fish and Wildlife Service and the State of New Mexico does mean that it will be 
considered in Environmental Assessments of federal or federally funded activities within its habitats, but 
plant Species of Concern rarely receive adequate governmental attention or funding towards their 
recovery or research needs. Therefore, the current status of A. claycina as a Species of Concern is 
inadequate to begin the recovery of this species which is apparently rarer and more imperiled than other 
species within its habitat that are already federally and state listed as threatened and endangered. 
 
The fact that A. calycina occurs in two U.S. wetlands that are already federally designated critical 
habitats does give it a great amount of protection simply by proximity to other federally listed threatened 
and endangered plant, fish and invertebrate species. Each species however, will likely have its own 
specific needs for recovery and its own period of peril. For instance, the threatened H. paradoxus is 
relatively widespread, numerous within its habitat, and very close to being recovered. It may soon lose 
its federal threatened status and critical habitat and then could not serve as a protective umbrella over A. 
calycina. The threatened and endangered species associated with serve its protection and possibly it 
recovery to some extent, but not entirely. 
 
5.  Other natural or manmade factors affecting its continued existence. 
 
Livestock grazing is not allowed in Bitter Lake NWR or the TNC Diamond Y Preserve. Ciénega 
habitats are wetlands that annually produce significantly more vegetative biomass than the adjacent drier 
uplands. In the absence of large herbivores this biomass can accumulate into a dense thatch of dead plant 
material that covers the soil surface. For instance, saltgrass meadows at Bitter Lake NWR frequently 
have a dense thatch of living and dead stems >1 dm thick. A few rhizomatous perennial species can 
persist in these conditions, but overall species diversity may gradually decrease in productive 
ecosystems in the absence of large herbivores (Kodric-Brown and Brown 2007). Van Auken and Bush 
(2006) demonstrated with potted plants in a greenhouse that the annual H. paradoxus can, after 
germination, effectively compete with Distichlis spicata in the same root space. They did not however, 
study the effect of many years of biomass accumulation in a ciénega, which may actually decrease 
opportunities for annual plant germination and establishment. 
 
Prescribed fire may be used to simulate the effects of large herbivore grazing in ciénega habitats where 
livestock have been excluded. For example, after the ungrazed Blue Hole Ciénega in Santa Rosa 
prescription fire in December 2007 both numbers and within habitat distributions of the annual plants H. 
paradoxus, Suaeda calceoliformis and Eustoma exaltatum were visibly increased during first three post-
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burn growing seasons (personal observations). The response of A. calycina in burned habitat has not yet 
been studied and should be. Prescribed fire may be necessary to recover and perpetuate the known 
populations of A. calycina in ungrazed ciénegas. 
 
 
Special Considerations:  Most of the similar ciénega habitats in both Trans-Pecos Texas and 
southeastern New Mexico have either been destroyed or surveyed by botanists without additional 
populations of A. calycina being discovered (Brune 1989, Sivinski and Tonne 2011). Cienega habitats in 
northern Mexico are less well botanically known, but the associated Mexican springs are frequently no 
better protected from destruction or significant impact by land use, diversion of surface flow or aquifer 
depletion than those in the U.S. There is a large area of similar ciénega habitat associated with numerous 
aridland springs in the Cuatro Ciénegas Biosphere Reserve in Coahuila. Botanists have frequently 
visited this area without finding A. calycina. These ciénegas there are extensive and not yet thoroughly 
surveyed. Yet even if there are small undetected populations of A. calycina at Cuatro Cienegas, those  
wetlands are also currently threatened by water withdrawals and aquifer depletions (Unmack and 
Minckley 2008). 
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INTRODUCTION 

Constraints in the form of stipulations are conditions included in a lease when environmental and planning 

analyses have demonstrated that additional and more stringent environmental protection is needed.  
Stipulations are provisions that modify the standard lease rights and are attached and made part of the 
lease. The operator will be expected to comply with the stipulations specific to resource concerns that are 

attached to a lease. 

TYPES OF STIPULATIONS 

No Surface Occupancy (NSO): Use or occupancy of the land surface is prohibited to protect identified 
resource values. The NSO stipulations includes stipulations that may have been worded as “No Surface 
Use/Occupancy,” “No Surface Disturbance,” “Conditional NSO,” and “Surface Disturbance or Surface 

Occupancy Restriction (by location).” 

Timing Limitation or Seasonal Restriction (TL): Prohibits surface use during specified time periods to protect 
identified resource values. This stipulation does not apply to the operation and maintenance of production 
facilities unless the findings of analysis demonstrate the continued need for such mitigation and that less 

stringent, project-specific mitigation measures would be insufficient. 

Controlled Surface Use (CSU): Use and occupancy is allowed (unless restricted by another stipulation), but 
identified resource values require special operational constraints that may modify the lease rights. CSU is 

used for operating guidance, not as a substitute for the NSO or timing stipulations.  

WAIVERS, EXCEPTIONS, OR MODIFICATIONS 

If circumstances or relative resource values change or if the lessee demonstrates that operations can be 
conducted without causing unacceptable impacts, a stipulation may be waived, excepted, or modified by the 
Authorized Officer if such action is consistent with the provisions of the applicable Land Use Plan, or if not 

consistent, through a planning amendment and associated National Environmental Policy Act analysis document. 

An applicant may request an exception, modification, or waiver of a stipulation, as defined below. 

• Waiver: A waiver is a permanent exemption from a lease stipulation. When a waiver is granted, the 
stipulation no longer applies anywhere within the leasehold. 

• Exception: An exception is a one-time exemption for a particular site within the leasehold. 

Exceptions are determined on a case-by-case basis. The stipulation continues to apply to all other 
sites within the leasehold. 

• Modification: A modification is a change to the provisions of a lease stipulation, either temporarily or 

for the term of the lease. Depending on the specific modification, the stipulation may or may not 

apply to all sites within the leasehold to which the restrictive criteria are applied.  

The person requesting the exception, modification, or waiver is encouraged to submit information that might 
assist the authorized official in making a decision. The Authorized Officer reviews information submitted in 

support of the request and other pertinent information. The Authorized Officer may modify, waive, or grant  
an exception to a stipulation if: 

• The action is consistent with federal laws. 

• The action is consistent with the RMP. 

• The management objectives that led the BLM to require the lease stipulation can be met  

• Without restricting operations in the manner provided for by the stipulation given changes in the condition. 

• The action and the impacts that would result are acceptable to the Authorized Officer based on a 
review of the environmental consequences. 

If the Authorized Officer determines that the waiver, exception, or modification is substantial, the waiver,  
exception, or modification will be subject to a 30-day public review period. Any changes to this stipulation 

will be made in accordance with the land use plan and/or the regulatory provisions for such changes. 
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Stipulation # Stipulation Exception, Modification, Waiver 

 Soils  

C-1 No Surface Occupancy Stipulation – Open Dunes 

No surface occupancy on open dunes. 

For the purpose of: Protecting sensitive soils to maintain or enhance biological and physical 

functions and stability of soils that may be otherwise impacted by accelerated wind or water 

erosion, non-point source pollution, and physical or chemical degradation resulting from 

surface use activities.  

Exception: None 

Modification: None 

Waiver: None 

C-2 Controlled Surface Use Stipulation – Slopes and Sensitive Soils 

Surface occupancy or use is subject to the following requirements:  

• Surface disturbance will not be allowed on sensitive soils, including but not limited to 
gypsum and limestone and slopes over 20 percent.  

• All disturbances on slopes greater than 10 percent must have an engineered plan including 

exact specifications of the project to be constructed. 

• A spill prevention and leak detection plan and appropriate equipment (leak detection and 

automatic shutoff system) is required for all wells, facilities and pipelines in soils difficult 

to reclaim such as gypsum and limestone. 

• Earthen fluid retention ponds or reserve pits are not allowed within soils difficult to 

reclaim. 

For the purpose of: Protecting soils to maintain or enhance biological and physical functions 

and stability of soils that may be otherwise impacted by accelerated wind or water erosion 

and physical or chemical degradation resulting from surface use activities. 

Exception: If the operator can show that operations can 
be conducted without adversely affecting the protected 

resources, surface occupancy may be authorized. The 

exception request will also include a plan that includes: 

• An erosion control strategy 

• A survey and engineered plan of all surface 

disturbance designed by a certified engineer. 

• A plan addressing the maintenance of road integrity, 
slope stability, and soil erosion/runoff minimization. 

Modification: None 

Waiver: None 

 Water and Riparian  

C-3 Controlled Surface Use Stipulation – Domestic Freshwater Wells  and Monitoring Wells 

No surface occupancy within 984 feet of domestic freshwater wells  and monitoring wells. A 

spill prevention and leak detection plan and appropriate equipment (leak detection and 
automatic shutoff system) is required for all wells, facilities, and pipelines within 0.25 mile of 

domestic water wells and monitoring wells. 

For the purpose of: Maintaining or improving water quantity and quality of surface and 

subsurface water sources.  

Exception: An exception may be granted when 

engineering and the best available science have 

demonstrated that the same amount of protection can 
be applied with a lesser buffer or if the operator can 

show that operations can be conducted without 

adversely affecting the protected resources.  

Modification: None 

Waiver: None 
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Stipulation # Stipulation Exception, Modification, Waiver 

C-3A Pits containing oil, tank bottoms, or other hydrocarbons, salt water, or any toxic substance 

will not be allowed within 0.25 mile of riparian areas, perennial springs, and seeps.  
Exception: None 

Modification: None 

Waiver: None 

C-4 Controlled Surface Use Stipulation – Riparian-wetland and Aquatic Areas 

Surface occupancy or use is subject to the following requirements:  

• Surface disturbance or occupancy, including temporary and permanent pipelines, 

will not be allowed within 656 feet of the outer-edge of 100-year floodplains. 

• No surface disturbance within 984 feet of springs or seeps or downstream riparian 

areas, with the exception of riparian enhancement projects. Reclamation and 

rehabilitation would be required to reduce sedimentation. 

• Closed loop systems are required for drilling within 0.25 mile of riparian areas.  

• A spill prevention and leak detection plan and appropriate equipment (leak 

detection and automatic shutoff system) is required for all wells, facilities, and 

pipelines within 0.25 mile of riparian-wetland areas.  

• All noise except vehicular traffic noise must be muffled with a hospital-grade 

muffler to at most 49 decibels not to exceed 10 decibels above ambient noise level 

measured at 30 feet from the source of the noise. 

• Earthen fluid retention ponds or reserve pits are not allowed within 0.25 mile of 

riparian areas, perennial springs and seeps.  

Riparian-wetland and aquatic areas include but are not limited to perennial, ephemeral, or 

intermittent streams; springs, seeps, lakes, ponds, reservoirs, playas, downstream riparian 

areas created by flows from a spring or seep or resulting from riparian area management, and 

adjacent riparian areas created as a result of the presence of the river or stream. Protected 

areas will be identified by surface hydrology or a combination of hydrology, hydric soils and 
hydric vegetation. Floodplains will be identified by geomorphic indicators. The BLM 

Authorized Officer has final authority on identification of these protected areas. 

For the purpose of: Protecting and maintaining the integrity of riparian-wetlands, aquatic 

areas, and floodplains. 

Exception: Exceptions will be made for the temporary 

placement of surface pipelines carrying fresh water. 

Additionally, an exception may be granted if, after an 

assessment, the Authorized Officer determines that the 
topographical grade is sufficiently steep to create a 

diversion of liquids away from the protected resource 

and the operator can show that operations can be 

conducted without adversely affecting the integrity of 

the water resources such as ensuring that natural flow, 

water quality and banks are protected. 

On a case by case basis, some infrastructure may be 

permitted if it falls within an existing corridor for the 
purposes of crossing the floodplain or riparian area 

only. For example, a pipeline may be permitted if it is 

bored beneath the area in question and next to an 

existing pipeline.  

Modification: A modification may be granted if the 

operator can provide scientific data supporting that a 

lesser decibel level would adequately minimize 

impacts from noise to riparian-wetland and aquatic 

areas.  

Waiver: A waiver may be granted if it is determined 

that the area does not qualify as a riparian area or a 

wetland. 

 Riparian and Playas  

C-5 Controlled Surface Use Stipulation – Playas 

Surface occupancy or use is subject to the following requirements:  

• No surface disturbance or surface occupancy within 656 feet of the playa edge. At the 

time of the proposed action, the proposed location may be moved in addition to the 656 

feet to avoid terrain, slope or other features. 

• No reserve pits, saltwater pits, or frac ponds directly uphill or within 0.25 mile of the 

playa. 

Exception: An exception may be granted on a case-by-
case basis if a playa is found to be a low productivity 

playa and a plan is developed to protect vegetative 

cover, allow surface runoff into the playa, and protect 

the integrity of the playa bottom. 

Modification: None 
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• Noise from permanent (>90 days) structures within 0.25 mile of the playa edge must be 
muffled with a hospital grade muffler to at most 49 decibels not to exceed 10 decibels 

above ambient noise level measured at 30 feet from the source of the noise. 

• Electric lines must be buried within 0.25 mile of the edge of the playa. 

• Water and/or oil storage tanks must be located at least 0.25 mile from the edge of the 

playa. 

• All produced water and oil storage tanks (e.g., tank batteries) directly uphill from the 

playa must have a spill prevention and leak detection plan, a liner for secondary 
containment and automatic shut off, check valves, or similar systems installed for 

pipelines and tanks. 

• All well pads uphill and within 0.25 mile from the playa must be bermed with an 

impervious material around the entire pad at least 12 inches high. 

For the purpose of: Protecting sensitive riparian and wildlife habitat and groundwater 

recharge points. All playas will be considered highly productive playas until playa 

assessment and inventory are complete.  

Waiver: None 

 Cave and Karst  

C-6 Controlled Surface Use Stipulation – Cave and Karst Resources 

Surface occupancy/disturbance will not be allowed within up to 984 feet of all known cave 

entrances, passages or aspects of significant caves, or significant karst features. Closed loop 

systems are required for drilling in high karst potential occurrence zones. A spill prevention 

and leak detection plan and appropriate equipment (leak detection and automatic shutoff 

system) is required for all new hydrocarbon and saltwater pipelines, wells, and facilities in 

high karst potential occurrence zones. 

For the purpose of: Protecting cave and karst features , and biological, and cultural resources.  

Exception: An exception may be considered on a case 

by case basis when there isn’t a suitable surface 

location within the lease due to numerous resource 

conflicts. The operator would be required to 

demonstrate that operations can be conducted without 

adversely affecting the integrity of the cave entrance, 

passages, karst features or other aspects of the cave. 

Modification: None 

Waiver: None 

C-7 No Surface Occupancy Stipulation – Cave Resources ACEC 

All or a portion of the lease is within the boundary of the Cave Resources Area of Critical 

Environmental Concern (ACEC). A portion of this ACEC is designated as no surface 

occupancy (NSO) for oil and gas operations. Surface occupancy for oil and gas lease 
development is prohibited within these designated areas or as described at the time of lease 

issuance.  

For the purpose of: Protecting the relevant and important resource and natural values 

identified within the Cave Resources ACEC. 

Exception: None 

Modification: None 

Waiver: None 
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C-8 Lease Notice – Potential Cave or Karst Occurrence Area 

All or a portion of the lease is located in a potential cave or karst occurrence area. Within this 

area, caves or karst features such as sinkholes, passages, and large rooms may be encountered 

from the surface to a depth of as much as 2,000 feet, within surface areas ranging from a few 

acres to hundreds of acres. Due to the sensitive nature of the cave or karst systems of this 

area, special protective measures may be developed during environmental analyses and be 

required as part of approvals  for drilling or other operations on this lease. These measures 

could include: changes in drilling operations; special casing and cementing programs; 

modifications in surface activities; or other reasonable measures to mitigate impacts to cave 

or karst values. These measures may be imposed in accordance with 43 CFR 3101.1-2; 43 

CFR 3162.5-1; Onshore Oil and Gas Order No. 1; and Section 6 of the lease terms.  

Third-party karst clearances (surveys) may be required for all new disturbance in all high 

karst potential occurrence zones. As various geophysical techniques are proven useful for 

cave detection and become generally available for use, they may be required on a case-by-

case basis as a means of locating unrecorded cave or karst features. 

 

C-9 Controlled Surface Use – Cave Resources ACEC  

Surface occupancy or use is subject to the following requirements:  

A plan of development (POD) for the entire lease must be submitted for review and approval 

by the Bureau of Land Management (BLM) prior to approval of the first surface disturbing 

activities proposed within the lease. The POD must indicate planned access to well facilities 

(roads, pipelines, power lines, etc.), and the approximate location of well s ites. Should it 

become necessary to amend the POD, the amendment must be approved prior to approval of 

subsequent development actions. Deviations from a current POD are not authorized until an 

amended POD has been approved by the BLM. 

For the purpose of: Maintaining karst landscapes in un-fragmented natural form and for the 

enhancement of groundwater recharge and protection. 

Exception: None 

Modification: None 

Waiver: None 
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 Wildlife and Fish  

C-10 Controlled Surface Use Stipulation – Prairie Dog Towns 

Surface occupancy or use is subject to the following requirements:  

Surface disturbance will not be allowed within 0.25 mile of known prairie dog town 

boundaries. 

For the purpose of: Protecting occupied prairie dog colonies and the wildlife species that 

depend on the colonies.  

Exception: An exception may be granted if the 
applicant submits a plan demonstrating that operations 

can be conducted without adversely affecting the 

prairie dog towns and habitat. An exception may be 

considered on a case by case basis when due to the size 

of the prairie dog town there isn’t a suitable surface 

location within the lease to develop the lease and avoid 

prairie dog colonies. 

Modification: A modification may be granted if 

portions of the lease no longer contain prairie dog 
habitat or active colonies are not found to exist outside 

the current defined areas for prairie dog towns. 

Waiver: A waiver may be granted if it is determined 

that habitat no longer exists. 

C-11 Controlled Surface Use Stipulation – Habitat Improvement Projects  

Surface disturbance will not be allowed within 656 feet of wildlife habitat improvement 

projects, such as but not limited to wildlife water catchments. 

For the purpose of: Protecting wildlife habitat improvement projects which have been 

installed to support natural wildlife diversity, reproductive capability, and populations of 

wildlife and fish species.  

Exception: An exception may be granted in cases in 
which the operator relocates the habitat improvement 

project or otherwise provides adequate forms of 

mitigation as determined by a BLM wildlife biologist.  

Modification: None 

Waiver: None 

C-12 Controlled Surface Use Stipulation – Bat Roosts 

Surface disturbance and occupancy will not be allowed within 1,312 feet of all bat roosts. 

This distance is subject to current USFWS standards and subject to change. A roost is 

defined as a feature supporting 30 or more bats of any species, or any number of special 

status species bats. 

For the purpose of: Protecting bat roosts, preventing roost abandonment and limiting human 

access to bat roosts to minimize the spread of White-nose Syndrome to bat populations.  

Exception: None 

Modification: None 

Waiver: None 
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C-13 Controlled Surface Use Stipulation – Raptor Nests 

Surface occupancy or use is subject to the following requirements:  

• Surface disturbance and occupancy will not be allowed within 656 feet of all active raptor 

nests. 

• During construction operations, if any active raptor nests are encountered within 656 feet 

of the project, operations will cease and the BLM will be contacted, and surface disturbing 

activities will be delayed until the nest fledges. Biological monitoring will be required to 

determine when a raptor nest has fledged and operations may resume.  

• No raptor stick nests, either active or inactive, will be destroyed.  

• Surface disturbing activities are not allowed within 50 feet of an inactive raptor nest.  

• All nests, including both active passerine bird nests as well as active and inactive raptor 

nests and the structures they occupy will be avoided by all vehicles and will be maintained 

in their existing condition. 

For the purpose of: Protecting passerine and raptor rearing habitat to support natural wildlife 

diversity, reproductive capability, and healthy, self-sustaining populations of raptors and 

passerines.  

Exception: Exceptions may be considered for portions 
of the stipulation if the nests which were active at the 

time of the project approval become inactive prior to 

surface disturbing activities. A raptor nest may be 

declared inactive after being unoccupied for 2 years. 

An exception may be granted by the BLM to remove 

specific nests, if surveys indicate that nests are inactive 

and similar nesting habitat is available in the 

immediate area.  

Modification: A modification to the spatial buffer may 
be granted if upon completion of a site-specific 

assessment by a qualified biologist it is determined the 

proposed modification would not adversely affect nest 

success or the suitability of the site for future nesting.  

If the modification were granted, then a monitoring and 

mitigation strategy will be developed by a BLM 

biologist, or other qualified biologist to determine if the 

modifications were implemented as approved and were 
adequate to protect the nest site. If during monitoring 

of an activity, adverse impacts to the nest are 

occurring, the BLM will follow an appropriate course 

of action, which may include monitoring, cessation or 

modification of activities, to avoid, minimize or 

mitigate the impact. 

Waiver: None 

C-14 Timing Limitation Stipulation – Heronries 

From February to July, no surface-disturbing activities will be allowed within 3,281 feet 

around heronries. From August to January, surface-disturbing activities will be reduced to a 

1,312-foot buffer. Surface-disturbing activities include drilling, mineral development, earthen 

industrial ponds, reserve pits, recreational use (including motorized), and seismic use. 

In addition, noise from permanent ( >90 days) structures within 3,281 feet of any heronry 

must be muffled with a hospital-grade muffler to at most 49 decibels not to exceed 10 

decibels above ambient noise level measured at 30 feet from the source of the noise. 

For the purpose of: Protecting and enhancing habitat for herons in southeast New Mexico, 

and supporting natural wildlife diversity, reproductive capability, and populations of wildlife 

and fish species. 

Exception: None 

Modification: None 

Waiver: None 
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 Special Status Species  

C-15 Lease Notice – Special Status Plant Species 

BLM Special Status Plant Species known occupied, suitable and/or potential habitats have been 

identified within this lease parcel.  

Botanical surveys may be required to be completed by a qualified field botanist for projects 

involving surface occupancy, soil disturbance and/or alteration to biological and physiographic 

landscape features within or adjacent to BLM Special Status Plant Species’ known occupied 

habitats, suitable habitats and potential habitats. If necessary, an on-site field assessment will be 
conducted to determine if a survey is required. If required, the survey(s) will be conducted 

during the special status species plant(s) blooming season. To determine whether or not surveys 

are required, the timing of the blooming season and the extent of the area to be surveyed, the 
project proponent must consult with a BLM botanist/biologist. The extent of the area to be 

surveyed will include all of the project area and a buffer around the outer edge of disturbance. 

If BLM Special Status Plants Species, as listed at the time of the proposed project, are found 
within the vicinity of proposed disturbance areas, the Lessee will be required to implement such 

measures as are determined by the Authorized Officer to protect the identified species and the 

occupied, suitable or potential habitat. Such measures may include avoidance buffers within 

which surface disturbance would be prohibited.  

Possible mitigation strategies may include the following:  

1) Restricting development within 984 feet of occupied habitat 

2) Adjusting the location of the disturbance to be at least 984 feet from the edge of occupied 
or suitable habitat and ideally outside of the plant consideration area 

3) Minimizing the area of disturbance 

4) Using dust abatement measures 
5) Using signs, fencing, and other deterrents to reduce possible human disturbance 

6) Requiring construction to occur outside of the blooming season (i.e., construction could 

occur November through March), involving possibly delaying the project by more than 60 
days 

7) Requiring specialized reclamation procedures (e.g., separating soil and subsoil layers with 

barriers to reclaim in the correct order and additional emphasis on forbs in seed mixes to 
promote pollinator habitat) 

8) Conducting long-term monitoring of the species and/or habitat 

9) Using a qualified, independent third-party contractor to provide general oversight and 

assure compliance with project terms and conditions 
10) Conducting non-native or invasive species monitoring and control. These measures may 

also be applied to projects near suitable habitat that may hold special value or to provide 

protection to suitable habitat that may allow for species’ expansion 
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C-16 No Surface Occupancy Stipulation – Federal Listed Plant Species habitat  

No surface occupancy or disturbance will be allowed within 984 feet of occupied and 

suitable habitat for federally listed, proposed, and candidate plant species, including any new 

habitat mapped as a result of future surveys. 

For the purpose of protecting federally listed, proposed, and candidate plant species and 

designated critical habitat from direct and indirect impacts, including loss and degradation of 

habitat due to dust transport, weed invasion, chemical and produced-water spills; and 

reducing impacts to important pollinators and their habitat. 

Exception: None  

Modification: A modification may be granted to areas 

greater than 1,640 feet from identified potential, 

suitable and occupied habitats from no surface 

occupancy if the Authorized Officer determines that no 

negative impact would result to the species or the 

habitats upon which it depends .  

Waiver: A waiver may be granted in situations where 

association of a species within the lease has been made 

in error. Waivers will be granted where BLM 
determines, on the basis of biological data or other 

relevant facts and circumstances, the identified listed 

species do not occur, historically or currently, within 

the leased area. 

C-17 No Surface Occupancy Stipulation – Pecos Bluntnose Shiner Habitat 

This lease either contains or falls within occupied and/or des ignated Pecos Bluntnose Shiner 

critical habitat. No surface occupancy or use is allowed within occupied or designated critical 

habitat and within 656 feet of the outer edge of the 100-year floodplain of the Pecos River.  

For the purpose of: Protecting occupied and designated critical habitat for the Federally listed 

species Pecos Bluntnose Shiner.  

Exception: None 

Modification: None 

Waiver: None 

 Lesser Prairie-Chicken Stipulations  

C-18 Controlled Surface Use Stipulation – Lesser Prairie-Chicken Habitat Areas (HAs) 

Surface occupancy or use is subject to the following requirements: 

• New utility lines (including cable and communication) and overhead power lines will be 

buried within 0.25 mile of the boundary of HAs and within 3 miles distance of active 

lesser prairie-chicken leks. 

• A spill prevention and leak detection plan and appropriate equipment (leak detection and 

automatic shutoff system) is required for all new hydrocarbon and saltwater pipelines, 

wells, and facilities in HAs. 

For the purpose of: Enhancing, restoring, and/or maintaining habitat conditions  and migration 
corridors for endangered, threatened, and special status species, and preventing all avoidable 

habitat fragmentation and loss of habitat. 

Exception: None 

Modification: None 

Waiver: None 
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C-19 Timing Limitation Stipulation – Lesser Prairie-Chicken Habitat 

All or portions of the lease area contain lesser prairie-chicken (LPC) mating and nesting 

habitat. Timing and noise restrictions are in effect to accommodate LPC mating and nesting 

activities. Oil and gas activities including 3-D geophysical exploration, and drilling will not 

be allowed in LPC habitat during the period from March 1st through June 15th annually. 

During this period, activities that produce noise or involve human activity, such as the 

maintenance of oil and gas facilities, geophysical exploration other than 3-D operations, and 

pipeline, road, and well pad construction, will not be allowed between the hours of 3:00.a.m -

9:00 a.m. The 3:00 to 9:00 a.m. restriction will not apply to normal, around-the-clock 

operations such as venting, flaring, or pumping, which do not require a human presence 

during this period. Normal vehicle use on existing roads will not be restricted.  

In addition, all noise except vehicular traffic noise must be muffled with a hospital grade 

muffler to at most 49 decibels not to exceed 10 decibels above ambient noise level measured 

at 30 feet from the source of the noise. 

This stipulation applies in the following areas: 

• The LPC Primary Population Area (PPA) and/or where the species is present 

• The LPC Isolated Population Area (IPA), including Habitat Areas (HAs) 

• Any new areas identified as proposed LPC Habitat Areas that meet or exceed the 

evaluation criteria 

• Areas with any new leks or individual sightings  

For the purpose of: Preventing disruption of lesser prairie-chicken mating and nesting 

activities. 

Exception: Exceptions will be evaluated and 

determined by a BLM biologist on an annual basis.  

In addition to the exceptions granted annually, 

exceptions to these requirements may be considered for 

areas of no or low LPC booming activity, unoccupied 

habitat, including historic leks. Emergency situations 

may include instances such as mechanical failures. 

Potential drill rig loss, drill rig scheduling, or the 

potential loss of a lease are not emergency situations. 

An exception will only be considered if the lessee is 
actively participating in a USFWS conservation 

protocol. 

Exceptions will not be granted if the BLM determines, 

on the basis of biological data or other relevant facts or 

circumstances, that the granting of an exception would 

disrupt LPC booming activity during the breeding 

season or in the following areas: 

• The CMA or PPA and/or where the species is 
present. 

• The IPA within 3 miles of a lek that has been active 

for one out of the last 5 years. 

• The IPA within 3 miles of sightings within the past 

5 years. If LPCs are not sighted by the end of the 

fifth year, exceptions would be considered for the 

area. 

• Proposed LPC Habitat Areas that do not meet or 

exceed the criteria in Chapter 2 Special Status 

Species Wildlife section.  

Modification: None 

Waiver: None  
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C-20 Controlled Surface Use Stipulation – Lesser Prairie-Chicken Habitat 

The lease is located within lesser prairie-chicken (LPC) Isolated Population Area (IPA) and 

is subject to the following constraints: 

• No surface disturbance within up to 656 feet of historical leks known at the time of 

permitting.  

• Above-ground structures, including enduring surface disturbance, such as pads and roads, 

must avoid active leks by 3 miles .  

• Infrastructure associated with development of a well (including roads, power lines , utility 
lines and pipelines) are to be constructed within the same corridor. 

• Power lines and utility lines (including cable and communication) must be buried within 3 

miles of occupied LPC habitat, within 3 miles of an active lek in suitable habitats (see 

Table 2-6, Robel Impact Distances, Monitoring and Implementation). In cases where 

overhead power lines already exist, new power lines may be constructed immediately 

adjacent to an existing line but only to the extent of the existing overhead power lines. 

Where sections of the new power line cannot follow the existing line, it must be buried.  

• A low profile marker will be required for a plugged or abandoned wells and shall be 
installed below ground level on a plate containing the pertinent information for the 

plugged well. The well marker must contain the operator’s name, lease name, well 

number, and location, including unit letter, section, township and range. This information 

must be welded or stamped or otherwise permanently engraved into the metal of the 

marker. 

For the purpose of: Enhancing, restoring, and/or maintaining habitat conditions and migration 

corridors and availability for endangered, threatened, and special status species, and 

preventing all avoidable habitat fragmentation and loss of habitat. 

Exception: None 

Modification: None 

Waiver: None 

C-21 No Surface Occupancy Stipulation – Lesser Prairie-Chicken Habitat Areas (HAs)  

All or a portion of the lease is within habitat that has met the criteria for a Habitat Area (HA) 

for lesser prairie-chicken. No surface occupancy or disturbance is allowed.  

For the purpose of enhancing, restoring, and/or maintaining habitat conditions and migration 

corridors and availability for endangered, threatened, and special status species, and 

preventing all avoidable habitat fragmentation and loss of habitat. 

Exception: Exceptions may be granted on a case-by-

case basis in the event that the lesser prairie-chicken is 

no longer listed as a BLM special status species.  

Modification: None 

Waiver: None 
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 Dunes sagebrush lizard Stipulations  

C-22 Controlled Surface Use Stipulation – Dunes Sagebrush Lizard Habitat 

Surface occupancy or use is subject to the following requirements: 

• Surface disturbance will not be allowed in dune complexes, occupied dunes sagebrush 

lizard (DSL) habitat and within 656 feet of suitable DSL habitat.  

• A spill prevention and leak detection plan and appropriate equipment (leak detection and 

automatic shutoff system) is required for all new hydrocarbon and saltwater pipelines, 

wells, and facilities within DSL habitat. 

For the purpose of enhancing, restoring, and/or maintaining habitat conditions and migration 

corridors and availability for endangered, threatened, and special status species, and 

preventing all avoidable habitat fragmentation and loss of habitat. 

Exception: An exception to this restriction may be 
considered when an on-site evaluation of habitat 

extent, available species occurrence data, the proposed 

surface use, and proposed mitigations indicate the 

proposal will not adversely affect the local DSL 

population. 

Modification: None 

Waiver: None 

C-23 Lease Notice – Dunes Sagebrush Lizard Habitat 

This lease may encompass suitable and occupied habitat of the dunes sagebrush lizard (DSL) 

(Sceloporus arenicolous). All or portions of the lease may contain suitable or occupied 

habitat for dunes sagebrush lizard (DSL), Sceloporus arenicolous, and may be subject to the 

following requirements:  

• A survey, conducted by a qualified biologist or herpetologist approved by the BLM, may 

be required to determine the occurrence of DSL (peak activity is May – August).  

• The proposed action may be limited to areas outside of suitable or occupied habitat , if the 

proposed action is found to adversely impact suitable or occupied habitat .  

• A Plan of Development (POD) may be required for the lease. A POD must indicate 

planned access to well facilities (roads, pipelines, power lines), and the approximate 

location of well sites. Should it become necessary to amend the POD, the amendment 
must be approved prior to approval of subsequent development actions. Deviations from a 

current POD are not authorized until an amended POD has been approved by BLM.  

 

 Lesser Prairie-Chicken and Dunes Sagebrush Lizard Stipulation  

C-24 Controlled Surface Use Stipulation – Plan of Development for Lesser Prairie-Chicken and 

Dunes Sagebrush Lizard Habitat 

A plan of development (POD) for the entire lease must be submitted for review and approval 

by the BLM prior to approval of the first surface disturbing activities proposed within the 
lease. The POD must indicate planned access to well facilities (roads, pipelines, power lines), 

and the approximate location of well sites. Should it become necessary to amend the POD, 

the amendment must be approved prior to approval of subsequent development actions. 

Deviations from a current POD are not authorized until an amended POD has been approved 

by BLM. 

For the purpose of: Managing blocks of unfragmented habitat suitable for the lesser prairie-

chicken and/or dunes sagebrush lizard.  

Exception: None 

Modification: None 

Waiver: None 
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 Aplomado Falcon-specific stipulations  

C-26 Controlled Surface Use Stipulation – Northern Aplomado Falcon Habitat/Hope Grassland 

Within the Eagle Draw portion of the Hope, NM leases containing habitat that has been 

determined to be highly suitable for northern aplomado falcon will be subject to the 

following restrictions:  

• A plan of development (POD) for the entire lease must be submitted to the BLM 

Authorized Officer (AO) for approval prior to approval of the first surface disturbance 

activities proposed within the lease. 

• Well pad size within grasslands will not exceed an aggregate size of 2.6 acres (unless 

multiple wells are drilled from the same well pad and approved by the AO in the POD). 

• If feasible, utilize existing well pads and corridors to locate new wells and associated 

infrastructure when location is within a grassland. 

• Earthen pits for drilling and disposal are prohibited; steel tank circulation system must be 

used.  

• All yuccas and/or other nesting structure greater than 5 feet in height must be avoided by 

164 feet. 

• Inactive raptor and raven nests will be avoided by a minimum of 656 feet, and active 
raptor and raven nests will be avoided by a minimum of 1,312 feet, and activities may be 

delayed for up to 120 days or until nest fledging. 

• All noise except vehicular traffic noise must be muffled with a hospital grade muffler to at 

most 49 decibels not to exceed 10 decibels above ambient noise level measured at 30 feet 

from the source of the noise. 

• Remove all caliche from well pads and roads associated with unused portions of 

producing wells and wells that are abandoned. 

• All unused portions of producing well pads/pit area and abandoned wells will be 
reclaimed using a seed mixture specified by the BLM. 

For the purpose of: Enhancing, restoring, and/or maintaining habitat conditions and, 

migration corridors and availability for endangered, threatened, and special status species, 

and preventing all avoidable habitat fragmentation and loss of habitat. 

Exception: None 

Modification: None 

Waiver: The restriction on earthen pits for drilling and 

disposal may waived by the BLM Authorized Officer 

if it is determined that these structures have been 

sufficiently netted for wildlife protection.  

 Cultural Resources  

C-27 No Surface Occupancy Stipulation – Archaeological Districts and Sites  

No surface occupancy or disturbance within the ______. 

For the purpose of: Protecting the cultural values within the Maroon Cliffs, Boot Hill, 

Laguna Plata, and Pope’s Well Archeological Districts. 

Exception: None 

Modification: None 

Waiver: None 
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C-28 Lease Notice – Cultural Resources And Tribal Consultation 

This lease may be found to contain historic properties and/or resources protected under the 

National Historic Preservation Act (NHPA), American Indian Religious Freedom Act, 
Native American Graves Protection and Repatriation Act, Executive Order 13007, or other 

statutes and executive orders. The BLM will not approve any ground-disturbing activities 

that may affect any such properties or resources until it completes its obligations (e.g., State 

Historic Preservation Officer (SHPO) and tribal consultation) under applicable requirements 
of the NHPA and other authorities. The BLM may require modification to exploration or 

development proposals to protect such properties, or disapprove any activity that is likely to 

result in adverse effects that cannot be successfully avoided, minimized, or mitigated.  

 

 Paleontological Resources  

C-29 Controlled Surface Use Stipulation – Protection of Paleontological Resources 

Surface occupancy or use is subject to the following requirements: 

• Restrict vehicles to existing roads and trails. 

• A pedestrian survey must be conducted for paleontological material, using a qualified 

permitted paleontologist determined by the BLM as part of the permit application for the 
proposed lease activity in geologic units that are classified on the BLM’s Potential Fossil 

Yield Classification (PFYC) scale as a PFYC U – unknown, 4 or 5. The survey and report 

will be used to determine the presence of paleontological material exposed at the surface, 
and if necessary, the appropriate mitigation of ground disturbing activities such as 

monitoring, avoidance and/or project re-design. 

• The lessee shall immediately notify the BLM Authorized Officer (AO) of any 
paleontological resources discovered as a result of approved surface disturbing operations. 

The lessee shall suspend all activities in the vicinity of such discovery until notified to 

proceed by the AO and shall protect the discovery from damage or looting. The AO will 

evaluate, or will have evaluated, such discoveries after being notified and determine, after 
consultation with the operator and the BLM Regional Paleontologist, the appropriate 

measures to mitigate adverse effects to significant paleontological resources. Upon 

approval of the AO, the operator will be allowed to continue construction through the site , 
or will be given the choice of either  

o following the AO’s instructions for stabilizing the fossil resource in place and avoiding 

further disturbance to the fossil resource, or  
o following the AO’s instructions for mitigating impacts to the fossil resource  prior to 

continuing construction through the project area. The lessee is responsible for any cost 

associated for mitigating paleontology resources discovered as a result of their 
activities. 

For the purpose of: Protecting paleontological resources to ensure that significant fossils are 

not inadvertently damaged, destroyed, or removed from public ownership as a result of 

approved land uses such as surface disturbance, recreation, or land exchanges. 

Exception: None 

Modification: None 

Waiver: None 
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 Visual Resource Management  

C-30 Controlled Surface Use Stipulation – Visual Resource Management (VRM) III 

The objective of this VRM class is to partially retain the existing character of the landscape. 

The level of change to the characteristic landscape should be moderate. Management 

activities may attract attention but should not dominate the view of the casual observer. 

Changes should repeat the basic elements found in the predominant natural features of the 

characteristic landscape. Therefore, surface activities in this parcel are subject to, but not 

limited to, the following restrictions to minimize visual impacts during construction, drilling 

and production operations: 

• The proposed pad size must be reduced to the minimum necessary for safe drilling 
operations. Final well pad dimensions will be determined during the permit approval 

process.  

• Vehicle travel outside approved surface disturbance areas is prohibited and not authorized. 

• All above ground facilities, structures, appurtenances, and pipelines must be low profile 

(less than 8 feet in height) unless concealed behind landscape features and determined not 

to impact the viewshed.  

• All above ground facilities, structures, appurtenances, and pipelines will be painted with a 

site-specific non-reflective (flat) paint color. 

• Upon completion of the well and installation of the production facilities (if the well is a 

producer) the pad will be reclaimed back to a size necessary for production operations 

only. The edges will be recontoured and the extra caliche and pad material (excluding top 

soil) will be hauled off-site. 

• Reclaimed areas will be grid rolled and reseeded. 

• All noise disturbance associated with lease operations including, but not limited to, noise 

from engines, generators, or compressors on the well site or production facility must be 
muffled with a hospital grade muffler to at most 49 decibels not to exceed 10 decibels 

above ambient noise level measured at 30 feet from the source of the noise. 

Additional mitigation needed to meet VRM Class III management objectives will be 

determined on a case-by-case basis for each proposed lease activity. 

For the purpose of: Maintaining scenic values and visual qualities of public lands by reducing 

the visual and related resource impacts on public lands during the exploration, development, 

and production of fluid minerals resources. 

Exception: None 

Modification: None 

Waiver: None 

C-31 No Surface Occupancy Stipulation – Visual Resource Management (VRM) Class II  

The objective of this VRM class is to retain the existing character of the landscape. The level 

of change to the characteristic landscape should be low. Management activities may be seen, 

but should not attract the attention of the casual observer. Any changes must repeat the basic 

elements of form, line, color, and texture found in the predominant natural features of the 

characteristic landscape. 

Exceptions: None 

Modifications: None 

Waivers: None 
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Therefore, no surface occupancy is allowed within VRM Class II areas for protection of 

highly sensitive visual areas. 

For the purpose of: Maintaining scenic values and visual qualities of public lands  by reducing 

the visual and related resource impacts on public lands during the exploration, development, 

and production of fluid minerals resources. 

 Minerals – Leasables  

C-32 Controlled Surface Use Stipulation – Oil And Gas Development Within The Designated 

Potash Area  

This lease is located within the Secretary of the Interior’s Designated Potash Area. It is 

subject to Secretarial Order No. 3324, signed December 3, 2012. Pursuant to applicable laws; 

the terms, conditions and attached stipulations to the Lease; the Secretary of the Interior’s 

formal orders; and regulations; this lease is subject to the following requirements. 

The lessee agrees that: 

1) Drilling for oil and gas shall be permitted only in the event that the lessee establishes to 

the satisfaction of the Authorized Officer, Bureau of Land Management, that such 

drilling will not interfere with the mining and recovery of potash deposits, or the interest 
of the United States will best be served by permitting such drilling. 

2) No wells shall be drilled for oil or gas at a location which, in the opinion of the 

Authorized Officer, would result in undue waste of potash deposits or constitute a hazard 

to or unduly interfere with mining operations being conducted for the extraction of 

potash deposits. 

3) When the Authorized Officer determines that unitization is necessary for orderly oil and 

gas development and proper protection of potash deposits, no well shall be drilled for oil 

or gas except pursuant to a unit plan approved by the Authorized Officer. 

4) The drilling or the abandonment of any well on said lease shall be done in accordance 
with applicable oil and gas operating regulations (43 CFR 3160), including such 

requirements as the Authorized Officer may prescribe as necessary to prevent the 

infiltration of oil, gas or water into formations containing potash deposits or into mines 

or workings being utilized in the extraction of such deposits. 

5) Drilling for and production of oil and gas will be subject to applicable laws; the terms, 

conditions and attached stipulations; the Secretary of the Interior’s formal orders in effect 

as of lease issuance, including Secretarial Order No. 3324; any subsequent revisions and 

orders of the Authorized Officer thereunder; and to regulations and formal orders 

hereafter promulgated.  

For the purpose of: More orderly co-development of oil, gas, and potash deposits owned by 

the United States within the Designated Potash Area through safe, concurrent operations.  

Exception: None 

Modification: None 

Waiver: None 
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C-33 Lease Notice – Oil And Gas Development Within The Designated Potash Area 

This lease is located within the Secretary of the Interior’s Designated Potash Area. It is 

subject to Secretarial Order No. 3324, signed December 3, 2012, the Federal Land Policy and 

Management Act (FLPMA), the Mineral Leasing Act (MLA) and regulations, orders, and 

directives of the Bureau of Land Management. The Order provides procedures and guidelines 

for more orderly co-development of oil, gas and potash deposits owned by the United States 

within the Secretary’s Potash Area. 

Pursuant to applicable laws; the terms, conditions and attached stipulations to the Lease; the 

Secretary of the Interior’s formal orders; and regulations; drilling of an oil and gas well from 

a surface location within the Designated Potash Area will only be permitted if drilling occurs 
under the following conditions:  

1) Drilling Island associated with a Development Area established under this Order or a 

Drilling Island established under a prior Order;  

2) Barren Area and the Authorized Officer (AO) determines that such operations will not 

adversely affect active or planned potash mining operations in the immediate vicinity of 

the proposed drill-site; or 

3) Drilling Island, not covered by (1) above, or single well site established under this Order 

by the approval and in the sole discretion of the AO, provided that such site was jointly 
recommended to the AO by the oil and gas lessee(s) and the nearest potash lessee(s).  

In addition, the lessee may be required to participate in an approved Development Area. A 

Development Area is an area established by the BLM within the Designated Potash Area in 

consideration of appropriate oil and gas technology such that wells can be drilled from a 

Drilling Island capable of effectively extracting oil and gas resources while managing the 

impact on potash resources. A Development Area typically will contain a single Drilling 

Island from which all new oil and gas wells that penetrate the potash formations will be 

drilled. Drilling Islands will not be allowed within one mile of any area where approved 

potash mining operations will be conducted within three years consistent with a three-year 

mine plan without the consent of the affected potash lessee(s). 

Leases within a Development Area will be unitized or subject to an approved 

communitization agreement unless there is a compelling reason for another operating system. 

In addition, the drilling of new wells will be subject to safety Buffer Zones of ¼ mile for oil 

wells and ½ mile for gas wells from the perimeter of existing underground open mine 

workings within which oil or gas operations will generally not be allowed unless the Buffer 

Zones are adjusted in an individual case by the AO or revised by the BLM Director.  

Leases will be subject to applicable laws; the terms, conditions and attached stipulations; the 

Secretary of the Interior’s formal orders in effect as of lease issuance; and to regulations and 

formal orders hereafter promulgated. 
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Prior to submitting an application for permit to drill or to re-enter an existing well bore, the 
lessee should contact the Field Office to determine if a Development Area has been 

established for the area that includes this lease. 

C-34 Controlled Surface Use Stipulation – City of Carlsbad Capitan Water Supply Field  

Surface occupancy or use within the City of Carlsbad Capitan Water Supply Field area is 

subject to the following requirements: 

If an APD is filed, Consultation with the City of Carlsbad for all proposed projects within the 
City of Carlsbad Capitan Water Supply Field area is required. The BLM and the City of 

Carlsbad will determine the appropriate well and infrastructure location and mitigation 

measures. In addition, blasting during well site and road construction may not be allowed, 

and special well casing may be required.  

For the purpose of: Protecting the Capitan Water Supply Field in order to maintain or 

improve the chemical, physical, and biological integrity of subsurface water resources. 

Exception: None 

Modification: None 

Waiver: None 

C-35 No Surface Occupancy Stipulation – City of Carlsbad Capitan Water Supply Field Proper 

No surface occupancy or use allowed within the City of Carlsbad Capitan Water Supply 

Field Proper. 

For the purpose of: Protecting the Capitan Water Supply Field Proper in order to maintain or 

improve the chemical, physical, and biological integrity of subsurface water resources. 

Exception: None 

Modification: None 

Waiver: None 

C-36 No Surface Occupancy Stipulation – Sensitive Receptors, Occupied Structures and 

Dwellings  

All or a portion of the lease contains dwellings or structures occupied by one or more 

persons. No surface disturbance or occupancy within 0.25 mile from human occupied 

permanent structures including sensitive receptors. Sensitive receptors as defined by the EPA 

include, but are not limited to, hospitals, schools, daycare facilities, elderly housing and 

convalescent facilities. All noise except vehicular traffic noise must be muffled with a 

hospital grade muffler to at most 49 decibels not to exceed 10 decibels above ambient noise 

level measured at 30 feet from the source of the noise. 

For the purpose of: Ensuring public health and safety by lessening the impacts caused by 

mineral resource development on a place of residence and/or sensitive receptor and the 

occupants within. 

Exception: An exception may be granted if written 

consent is received from the owner/occupant of the 

structure or dwelling. 

Modification: None 

Waiver: None 
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C-37 Controlled Surface Use Stipulation – Recharge Areas for the Capitan Aquifer West of the 

Pecos River 

Surface use or occupancy is subject to the following requirements:  

• Closed loop systems are required for drilling 

• A spill prevention plan, leak detection plan and appropriate equipment (leak detection and 

automatic shutoff system) is  required for all wells, facilities and pipelines within recharge 

areas for the Capitan aquifer west of the Pecos River. 

For the purpose of: Protecting sensitive groundwater recharge areas . 

 

C-38 Controlled Surface Use Stipulation – Eastern Guadalupe Escarpment 

All or a portion of the lease falls within the Eastern Guadalupe Escarpment and is subject to 

the following restrictions:  

No surface occupancy or use within 1,312 feet of:  

• Existing and proposed wildlife watering sites; 

• Riparian areas, wetlands, springs, water wells, playas, and ephemeral, intermittent, or 

perennial streams; and  

• Raptor nest sites 

For the purpose of: Enhancing, restoring, and/or maintaining habitat conditions, migration 

corridors and availability for endangered, threatened and special status species, and 

preventing all avoidable habitat fragmentation and loss of habitat. 

Exception: None 

Modification: None 

Waiver: None 

 Recreation  

C-39 Controlled Surface Use Stipulation – Recreation Areas 

Controlled surface use restrictions apply within the following areas:  

• Hackberry Lake Off-Highway Vehicle (OHV) Area;  

• La Cueva Trails;  

• Alkali Lake Trails;  

• Alkali Lake Extensive Recreation Management Area (ERMA);  

• Hay Hollow Equestrian Extensive Recreation Management Area (ERMA);  

• Square Lake Extensive Recreation Management Area (ERMA);  

• Square Lake Dunes; 

• Pecos River Equestrian Extensive Recreation Management Area (ERMA); 

• Hay Hollow Equestrian Extensive Recreation Management Area (ERMA). 

Within these areas the following restrictions apply:  

• Pipelines shall be buried a minimum of 24 inches under all roads, "two-tracks,” and trails. 
Burial of the pipe will continue for 20 feet on each side of each crossing.  

• Power poles and associated ground structures (poles, guy wires) will not be placed within 

20 feet of recreation trails. Guy wires must be equipped with a sleeve, tape or other 
industry approved apparatus that is highly visible during the day and reflective at night.  

Exception: None 

Modification: None 

Waiver: None 
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• Appropriate safety signage will be in place during all phases of the project.  

• Roads and the intersection of roads with trails will be maintained to ensure that no bumps 

or dips are formed that significantly deteriorate the condition and inhibit use of the 
road/trail for recreational use. 

For the purpose of: Protecting recreation activities and visitor services  within public lands, 

and maintaining the existing recreation setting characteristics that support the area.  

C-40 No Surface Occupancy Stipulation – Pecos River Corridor SRMA 

No surface occupancy or use on the land(s) described below.  

All lands within the Pecos River Corridor SRMA.  

For the purpose of: Protecting recreation activities and visitor services  within public lands, 

and maintaining the existing recreation setting characteristics that support the area.  

Exception: An exception may be granted only for 

infrastructure if essential infrastructure required for 

lease operations cannot be located outside of the lease, 

and the infrastructure can be constructed within 

existing corridors. 

Modification: None 

Waiver: None 

C-41 No Surface Occupancy Stipulation – Delaware River – Segment 1 

No surface occupancy or use within the following area: Delaware River – Segment 1 

For the purpose of: Maintaining and/or improving river course so that 100 percent of the 

Delaware River’s riparian area continues at minimum of proper functioning condition (PFC), 
and for protecting high-probability paleontological areas from surface-disturbing activities.  

 

C-42 No Surface Occupancy Stipulation – Conoco Lake SRMA 

No surface occupancy or use within the following area: Conoco Lake SRMA. 

For the purpose of: Managing the Conoco Lake SRMA for recreational activities such as 

fishing, picnicking, photography and wildlife viewing. 

Exception: None 

Modification: None 

Waiver: None 

 Land Use Authorizations  

C-43 No Surface Occupancy Stipulation – Carlsbad Municipal Shooting Range 

No surface occupancy or use is allowed on the Carlsbad Municipal Shooting Range and 

associated use of the range area including a Hunter Safety trail system, a model plane airport, 

an archery range/trail system and a public Go-Cart track.  

For the purpose of: Ensuring accessibility of recreation sites and facilities while ensuring 

public health and safety. 

Exception: None 

Modification: None 

Waiver: None 

C-44 Controlled Surface Use Stipulation – Lease Reclamation Exception: An exception will be considered when 

wells, roads, and/or facilities that were not plugged, 

removed and/or reclaimed to current standards have a 
pending final abandonment notice and/or are in the 

process of being plugged and/or reclaimed by the prior 

lease owner and/or operator.  
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The subject properties contain wells, roads and/or facilities (well, pad, road, powerline, 

pipeline, etc.) that were not plugged, removed and/or reclaimed to current standards. Unless 

the facilities are put to a beneficial and direct use under the new leas e, the lessee shall plug, 
remediate and reclaim the facilities within two years of lease issuance. If an extension is 

requested, the lessee must submit a detailed plan (including dates) prior to the two year 

deadline. All plugging, remediation, and reclamation shall be performed in accordance with 

Bureau of Land Management requirements and be approved in advance by the Authorized 

Officer. 

The well(s) to be plugged and reclaimed are as follows:    

The facilities to be reclaimed are as follows:______________  

For the purpose of: Reclamation and remediation of oil and gas facilities  to achieve healthy, 

sustainable ecosystems that support resource values such as but not limited to wildlife habitat 

and functional watersheds. 

Modification: None  

Waiver: None 

 Special Designations   

C-45 No Surface Occupancy Stipulation – Pecos River Canyons Complex ACEC  

All or a portion of the lease is within the boundary of the Pecos River Canyons Complex 

Area of Critical Environmental Concern (ACEC). A portion of this ACEC is designated as 
no surface occupancy (NSO) for oil and gas operations. Access for oil and gas lease 

development is prohibited within these designated areas or as described at the time of lease 

issuance. 

For the purpose of: Protecting the scenic and natural system values within the Pecos 
River/Canyons Complex. 

Exception: None 

Modification: None 

Waiver: None 

C-46 No Surface Occupancy Stipulation – Seven Rivers Hills ACEC 

All or a portion of the lease is within the boundary of the Seven Rivers Hills ACEC. A 

portion of this ACEC is designated as no surface occupancy (NSO) for oil and gas 

operations. Access for oil and gas lease development is prohibited within these designated 

areas or as described at the time of lease issuance. 

For the purpose of: Protecting the scenic and fish and wildlife resources, natural system or 

process, and natural hazard values within the Seven Rivers Hills ACEC. 

Exception: None 

Modification: None 

Waiver: None 

C-47 No Surface Occupancy Stipulation – Pope’s Well ACEC 

No surface occupancy or disturbance within the Pope’s Well ACEC. 

For the purpose of: Protecting cultural and paleontological resources within the Pope’s Well 
ACEC. 

Exception: None 

Modification: None 

Waiver: None 
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C-48 Controlled Surface Use Stipulation – Gypsum Soils ACEC 

All or a portion of the lease is within the boundary of the Gypsum Soils Area of Critical 

Environmental Concern (ACEC). A portion of this ACEC is designated as controlled surface 
use (CSU) for oil and gas operations. The following restrictions apply within these 

designated areas or as described at the time of lease issuance: 

• Surface disturbance or occupancy is not allowed within 984 feet of surface waters 
including but not limited to outer edge of 100-year floodplain or defined features (i.e. 

named drainages, large arroyos, karst features, etc.).  

• No surface disturbance allowed on slopes 10% or greater.  

• Surface disturbance and occupancy including but not limited to the well, related 

infrastructure and roads, must be confined to established corridors and existing surface 

disturbance if such exists within the lease. 

• All noise except vehicular traffic noise must be muffled with a hospital grade muffler to at 
most 49 decibels not to exceed 10 decibels above ambient noise level measured at 30 feet 

from the source of the noise. 

• Closed loop systems are required for drilling 

• A spill prevention and leak detection plan and appropriate equipment (leak detection and 

automatic shutoff system) is required for all wells, facilities and pipelines . A secondary 

containment liner is required for all facilities. 

• Proposed development must incorporate erosion control methods, leak detection systems 

and dust abatement methods into all plans, including surface use plans for well pads. 

• A Plan of Development (POD) is required for leases within the ACEC boundary. On a 
case by case basis, a Master Development Plan (MDP) may be required prior to the 

development of the lease. PODs must include at a minimum: 

o Plans for all lease-related projects including but not limited to wells, well pads, access 
roads, pipelines, power lines, tank batteries and other facilities, and water disposal 

methods.  

o Plans minimizing surface disturbance. 
o Plans maximizing the use of existing disturbances and corridors. 

o Plans for erosion control and dust abatement.  

o Plats for all proposed surface disturbing activities that have been staked and surveyed. 

The plats need to be certified by a registered surveyor.  

For the purpose of: Protecting the historical, cultural, scenic, fish and wildlife resources, and 

natural systems or processes, and eliminating or reducing natural hazards within the Gypsum 

Soils ACEC. 

Exception: None 

Modification: None 

Waiver: The POD may be waived when only one well 

is planned within the lease. 

C-49 No Surface Occupancy Stipulation – Lands with Wilderness Characteristics (LWC) 

All or a portion of the lease is within Lands with Wilderness Characteristics  (LWC). This 
area is designated as no surface occupancy (NSO) for oil and gas operations. Access for oil 

and gas lease development is prohibited within these designated areas or as described at the 

Exception: None 

Modification: None 

Waiver: None 
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time of lease issuance. 

For the purpose of: Managing certain lands with wilderness characteristics to retain their size, 

naturalness, and outstanding opportunities for solitude or primitive recreation. 

 Controlled Surface Use Stipulation – Lands with Wilderness Characteristics (LWC) 

Surface activities in this parcel are subject to, but not limited to, the following restrictions to 

minimize impacts during construction, drilling and production operations: 

• A plan of development (POD) for the entire lease must be submitted for review and 

approval by the Bureau of Land Management (BLM) prior to approval of the first surface 

disturbing activities proposed within the lease. The POD must indicate planned access to 

well facilities (roads, pipelines, power lines, etc.), and the approximate location of well 
sites. Should it become necessary to amend the POD, the amendment must be approved 

prior to approval of subsequent development actions. Deviations from a current POD are 

not authorized until an amended POD has been approved by the BLM. 

• The proposed pad size must be reduced to the minimum necessary for safe drilling 

operations. Final well pad dimensions will be determined during the permit approval 

process.  

• Vehicle travel outside approved surface disturbance areas is prohibited and not authorized. 

• All above ground facilities, structures, appurtenances, and pipelines must be low profile 
(less than 8 feet in height) unless concealed behind landscape features and determined not 

to impact the viewshed.  

• All above ground facilities, structures, appurtenances, and pipelines will be painted with a 

site-specific non-reflective (flat) paint color. 

• Upon completion of the well and installation of the production facilities (if the well is a 

producer) the pad will be reclaimed back to a size necessary for production operations 

only. The edges will be recontoured and the extra caliche and pad material (excluding top 

soil) will be hauled off-site. 

• Reclaimed areas will be grid rolled and reseeded. 

• All noise except vehicular traffic noise must be muffled with a hospital grade muffler to at 

most 49 decibels not to exceed 10 decibels above ambient noise level measured at 30 feet 

from the source of the noise. 

For the purpose of: Managing certain lands with wilderness characteristics to retain their size, 

naturalness, and outstanding opportunities for solitude or primitive recreation. 
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Table D.1. Raptor Breeding Season and Spatial Buffers 

Species Nesting Begins Fledge Spatial Buffer (miles) 

Aplomado Falcon February June 0.50 

Barn Owl Mid-March June 0.25 

Burrowing Owl Mid-March Late June 0.25 

Common Black-Hawk Late March July 0.25 

Cooper's Hawk April Early July 0.50 

Flammulated Owl Early May Early July 0.25 

Golden Eagle Early February July 0.50 

Gray Hawk March July 0.25 

Great Horned Owl March (eggs laid) Early May 0.25 

Harris's Hawk April June 0.50 

Long-eared Owl Mid-April June 0.25 

Mexican Spotted Owl Late February June 0.50 

Mississippi Kite May July 0.25 

Northern Harrier Mid-March June 0.50 

Other Owl or Raptor March July 0.25 

Peregrine Falcon March Early July 1.00 

Prairie Falcon March Mid-June 0.25 

Red-tailed Hawk Mid-March Late May 0.50 

Sharp-shinned Hawk April July 0.50 

Swainson's Hawk April Early August 0.50 

Turkey Vulture March August 0.25 

Western Screech Owl March May 0.25 

Zone-tailed Hawk March July 0.25 

Sources: Cartron (2010); Fuller (2013); Romin and Muck (2002) 
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Air Resources Technical Support Document Supplement 

Carlsbad Field Office 

Oil and Gas Resource Management Plan 

November 2015 

This supplement to the final Air Resources Technical Support Document (ARTSD) for the Carlsbad Field 
Office Oil and Gas Resource Management Plan dated April 2013 was prepared because of the October 
1, 2015 strengthening of the National Ambient Air Quality Standard (NAAQS) for ground-level ozone by 
the U.S. Environmental Protection Agency (EPA). Based on extensive scientific evidence about ozone’s 
effects on public health and welfare, the primary standard was lowered from 75 parts per billion (ppb) to 
70 ppb. The secondary standard was also lowered to 70 ppb. The Carlsbad Field Office planning area 
design value for the 3-year average from 2012 through 2014 is 71 ppb according to EPA data; however, 
according to informal communications with the New Mexico Environment Department, the estimated 
design value for the 3-year average from 2013 through 2015 is below 70 ppb. Because designations 
typically occur 2 to 3 years from the date a standard is finalized, counties in the Carlsbad Field Office 
planning area will likely be designated based in part on 2014 through 2016 monitoring data. It is unclear 
at this time whether any counties in southeastern New Mexico will be designated nonattainment. EPA is 
expected to issue new guidance on the designation process in early 2016. Although it is not yet known 
whether the counties within the Carlsbad Field Office planning area will attain the new standard, the 
Carlsbad Field Office can still supplement the ARTSD by providing information on how this change to the 
ozone NAAQS affects the air quality analysis completed for the Resource Management Plan (RMP) and 
the conclusions of the analysis.  

The new standard does not affect the scope, goals, and study area outlined in the ARTSD; and, because 
no other standards or values have changed except the ozone NAAQS, comparison of other modeling 
results to thresholds and standards remains the same as documented in the ARTSD. The air quality 
modeling protocol and procedures used to guide the analysis are still valid for all pollutants analyzed 
because the EPA has not issued any guidance that would invalidate the analysis approach in the ARTSD. 
The ARTSD notes (p. 4-23) that the 2008 ozone primary and secondary NAAQS were being reconsidered 
at the time the ARTSD was drafted and finalized. The future design values modeled for monitors in the 
Carlsbad Field Office areas (Carlsbad, Carlsbad Caverns National Park and Hobbs-Jefferson) all show 
expected exceedance of the new ozone NAAQS. Under the previous standard, the Hobbs-Jefferson 
monitor predicted design value would have been less than the 75 ppb ozone NAAQS (72 ppb under both 
scenarios). As noted in the ARTSD, predicted absolute ozone concentrations should be interpreted 
carefully because an absolute ozone concentration above 70 ppb at a specific grid cell on an individual 
day does not indicate that the area would be classified as nonattainment; designations are based on a 3-
year average of the 4th highest daily maximum 8-hour average monitored concentration. As well, 
photochemical grid model predictions are not exact due to uncertainties in meteorological, emissions 
inventory, and other model input data. The conclusion in the ARTSD on page 4-41 remains valid despite 
the change in the ozone standard: the modeling analysis found that ozone impacts attributable to the 
Carlsbad Field Office RMP and cumulative emissions are not predicted to cause or contribute to 
violations of the ozone NAAQS. The projected design values for reasonably foreseeable development 
with controls required by current regulations and reasonably foreseeable development with controls 
beyond what is currently required show little change from the future year-base case. The ARTSD 
conclusions do not change as a result of the new ozone NAAQS. 
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Table F.1. CFO Current Allotment Grazing Permits 

Allotment 
Allotment 

Name 

Livestock 

Kind 

Livestock 

# 

Begin 

Date 

End 

Date 

Active 

AUMs 

Public 

Land % 

76001 Collum Cattle 1 3/1 2/28 12 100 

76002 Gladiola Cattle 1 3/1 6/30 4 100 

76004 Sand Trap Cattle 28 3/1 2/28 336 100 

76006 Pumpjack South Cattle 248 6/1 2/28 1,758 79 

76007 Maljamar South Cattle 178 3/1 2/28 1,452 68 

76008 Querecho Plains Cattle 115 3/1 2/28 1,339 97 

76009 Buckeye North Cattle 4 3/1 2/28 48 100 

76010 Golf Course Cattle 4 3/1 2/28 48 100 

76011 Laguna Tonto Horse 12 3/1 2/28 85 59 

76011 Laguna Tonto Cattle 288 3/1 2/28 2,039 59 

76011 Buckeye South Horse 4 3/1 2/28 34 70 

76011 Buckeye South Cattle 408 3/1 2/28 3,427 70 

76011 Salt Lake Horse 10 3/1 2/28 100 83 

76011 Salt Lake Cattle 620 3/1 2/28 6,175 83 

76012 Monument Draw Cattle 1 3/1 4/30 2 100 

76013 Record Cattle 3 3/1 2/28 36 100 

76014 White Breaks Cattle 3 3/1 2/28 36 100 

76015 Nadine Cattle 25 3/1 2/28 300 100 

76016 Jones City - North Cattle 6 3/1 2/28 72 100 

76017 Eunice Cattle 20 3/1 2/28 240 100 

76018 S. Monument Draw Cattle 5 3/1 2/28 60 100 

76019 Monument - SW Cattle 10 5/1 2/28 100 100 

76020 Lea Townsite Cattle 466 3/1 3/15 172 75 

76020 Lea Townsite Cattle 466 5/15 2/28 3,332 75 

76021 Halfway Horse 4 3/1 2/28 40 83 

76021 Halfway Cattle 359 3/1 2/28 3,576 83 

76022 Laguna Toston Cattle 67 3/1 2/28 804 100 

76022 Laguna Toston Horse 3 3/1 2/28 36 100 

76023 Bilbry Basin Cattle 75 3/1 2/28 792 88 

76024 Jones City Cattle 1 3/1 2/28 12 100 

76025 Oil Center North Cattle 25 3/1 2/28 300 100 

76026 Oil Center South Cattle 11 3/1 2/28 132 100 

76027 San Simon Cattle 168 3/1 2/28 2,016 100 

76028 Swag Cattle 160 3/1 2/28 1,805 94 

76029 Playa Dunes Cattle 131 3/1 2/28 1,163 74 

76030 Deep Wells Cattle 70 3/1 2/28 647 77 

76031 East Rattlesnake Can Cattle 1 3/1 8/31 6 100 

76032 Jal – Northwest Cattle 4 3/1 2/28 48 100 

76033 E. Rattlesnake Flat Horse 4 3/1 2/28 36 75 

76033 E. Rattlesnake Flat Cattle 296 3/1 2/28 2,664 75 

76035 Medlin-Wells Cattle 180 3/1 2/28 1,771 82 

76036 Ochoa - Northwest Cattle 1 3/1 6/30 4 100 

76037 Red Tank Cattle 871 3/1 2/28 4,076 39 

76038 Fairview Cattle 322 3/1 2/28 3,400 88 

76038 Fairview Horse 7 3/1 2/28 74 88 

76039 Bobcat Draw Cattle 113 3/1 2/28 1,112 82 

76039 Bobcat Draw Horse 7 3/1 2/28 69 82 

76040 Penn Tank Cattle 80 3/1 2/28 883 92 

76041 Old Baldy Cattle 7 3/1 2/28 84 100 

76042 Tobosa Flats Cattle 92 3/1 2/28 927 84 
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Allotment 
Allotment 

Name 

Livestock 

Kind 

Livestock 

# 

Begin 

Date 

End 

Date 

Active 

AUMs 

Public 

Land % 

76043 Javelina Basin Cattle 310 3/1 2/28 2,269 61 

76043 Javelina Basin Horse 10 3/1 2/28 73 61 

76045 Cotton Place Horse 1 3/1 2/28 8 67 

76045 Cotton Place Cattle 53 3/1 2/28 426 67 

76046 Goedeke Grazing Cell Cattle 92 3/1 2/28 894 81 

76047 Monument-Jal Oilfield Cattle 32 3/1 2/28 384 100 

76048 San Simon Swale Cattle 66 3/1 2/28 792 100 

76049 Hart Ranch Cattle 117 3/1 2/28 379 27 

76050 Cerca Cattle 1 3/1 2/28 12 100 

76051 Andrews Flat Cattle 200 3/1 2/28 2,040 85 

76052 Mexico Wells Horse 10 3/1 2/28 110 92 

76052 Mexico Wells Cattle 160 3/1 2/28 1,766 92 

76053 Ruth Ross Place Horse 1 3/1 2/28 9 78 

76053 Ruth Ross Place Cattle 184 3/1 2/28 1,722 78 

76054 Southeast Jal Goat 5 3/1 2/28 12 100 

76055 West Jackson Cattle 3 3/1 2/28 36 100 

76056 Brookin West Cattle 2 3/1 2/28 24 100 

76057 Jackson East Cattle 10 3/1 2/28 120 100 

76058 Eddy 13 Cattle 81 3/1 2/28 885 91 

76060 Ironhouse Draw Cattle 1 3/1 6/30 4 100 

76061 Sand Dune Cattle 50 3/1 2/28 600 100 

76063 Main Canal Cattle 10 3/1 2/28 66 55 

76064 Avalon Hills Cattle 22 3/1 2/28 150 57 

76104 Sand Trap II Cattle 7 3/1 2/28 84 100 

76106 Pumpjack South II Cattle 4 3/1 2/28 48 100 

76107 Maljamar South II Cattle 2 3/1 2/28 24 100 

76120 Lea Townsite II Cattle 5 3/1 2/28 60 100 

76128 Swag II Cattle 7 3/1 2/28 84 100 

76137 Red Tank II Cattle 29 3/1 2/28 348 100 

77001 Seco Snake Cattle 45 3/1 11/30 252 62 

77002 Lake Arthur East Cattle 4 3/1 2/28 48 100 

77003 Taylor Peak Cattle 75 3/1 2/28 567 63 

77004 Loco Hills Cattle 175 3/1 2/28 1,806 86 

77005 Johnson Draw Cattle 33 3/1 2/28 277 70 

77006 Chalk Bluff Cattle 65 3/1 2/28 655 84 

77007 Sand Hill Cattle 85 3/1 2/28 714 70 

77008 Cedar Lake Cattle 200 3/1 2/28 1,872 78 

77009 Burton North Cattle 8 3/1 2/28 96 100 

77010 Hiline Cattle 20 3/1 2/28 204 85 

77011 Dipper Allotment Cattle 160 3/1 2/28 922 48 

77012 Twin Wells North Cattle 840 3/1 2/28 8,266 82 

77012 Twin Wells North Horse 5 3/1 2/28 49  82 

77013 Clayton Basin Cattle 985 3/1 2/28 10,047 85 

77013 Clayton Basin Horse 15 3/1 2/28 153 85 

77014 Burton South Cattle 105 3/1 2/28 970 77 

77015 Angell Draw Cattle 151 3/1 2/28 1,595 88 

77015 Angell Draw Horse 4 3/1 2/28 42 88 

77016 Dagger Draw Cattle  110 3/1 2/28 1,320 100 

77017 Avalon Cattle 8 3/1 2/28 96 100 

77018 Railroad Cattle 36 3/1 2/28 432 100 

77019 Keystone Horse 1 3/1 2/28 7 55 
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Allotment 
Allotment 

Name 

Livestock 

Kind 

Livestock 

# 

Begin 

Date 

End 

Date 

Active 

AUMs 

Public 

Land % 

77019 Keystone Cattle 19 3/1 2/28 125 55 

77020 Alkali Lake Cattle 236 3/1 2/28 2,634 93 

77020 Alkali Lake Horse 4 3/1 2/28 45 93 

77021 West Bilbry Cattle 121 3/1 2/28 1,176 81 

77022 Maroon Cliffs Cattle 208 3/1 2/28 1,972 79 

77024 Alacran Hills Cattle 14 3/1 2/28 69 41 

77025 Indian Flats Cattle 78 3/1 2/28 636 68 

77025 Indian Flats Horse 3 3/1 2/28 24 68 

77026 Quahada Ridge Cattle 50 3/1 2/28 564 94 

77027 Livingston Ridge Horse 20 3/1 2/28 178 74 

77027 Livingston Ridge Cattle 710 3/1 2/28 6,305 74 

77028 Old Indian Draw Horse 2 3/1 2/28 20 85 

77028 Old Indian Draw Cattle 128 3/1 2/28 1,306 85 

77031 Brushy Knob Cattle 280 3/1 2/28 2,890 86 

77032 Antelope Ridge Cattle 950 3/1 2/28 9,576 84 

77033 Nash Draw Cattle 150 3/1 2/28 1,422 79 

77034 Remuda Basin Cattle 110 3/1 2/28 752 57 

77035 Harroun Lake Cattle 12 3/1 2/28 144 100 

77036 Pierce Canyon Cattle 177 3/1 2/28 1,997 94 

77037 Rustler Breaks Cattle 281 3/1 2/28 3,102 92 

77038 La Huerta Cattle 2 3/1 2/28 12 50 

77039 Sun Wells Cattle 230 3/1 2/28 2,429 88 

77040 Phantom Banks Cattle 670 3/1 2/28 7,477 93 

77041 Lower Tucker Draw Cattle 150 3/1 2/28 756 42 

77042 Twin Wells Cattle 710 3/1 2/28 6,646 78 

77043 Little Lake Cattle 80 3/1 2/28 691 72 

77044 Burton Flats Cattle 60 3/1 2/28 698 97 

77045 Lindsey Lake Cattle 100 3/1 2/28 924 77 

77046 East Tell Talebluff Cattle 30 3/1 2/28 68 19 

77047 Harroun Crossing Cattle 31 3/1 10/31 60 24 

77048 Fenton Draw Cattle 69 3/1 2/28 811 98 

77049 Mimosa Horse 1 3/1 2/28 11 90 

77049 Mimosa Cattle 255 3/1 2/28 2,754 90 

77075 South Turkey Track Cattle 1,580 3/1 2/28 7,584 40 

77075 South Turkey Track Horse 20 3/1 2/28 96 40 

77112 Greenwood Lake Cattle 360 3/1 2.28 3,931 91 

78001 Crooked Canyon Cattle 32 3/1 2/28 261 68 

78001 Crooked Canyon Sheep 1,135 3/1 2/28 1,852 68 

78001 Crooked Canyon Horse 5 3/1 2/28 41 68 

78001 Feliz River Cattle 292 3/1 2/28 1,717 49 

78001 Cottonwood Cattle 678 3/1 2/28 2,604 32 

78001 Squaw Canyon Sheep 2,400 3/1 2/28 2,362 41 

78001 Squaw Canyon Horse 14 3/1 2/28 69 41 

78001 Squaw Canyon Cattle 361 3/1 2/28 1,776 41 

78001 Ox Yoke Cattle 160 3/1 2/28 1,171 61 

78001 Ox Yoke Sheep 4,800 3/1 2/28 7,027 61 

78001 Feliz River North Cattle 523 3/1 2/28 4,205 67 

78003 El Rancho Grande Cattle 59 3/1 2/28 326 46 

78004 Cottonwood Acres Cattle 22 3/1 2/28 214 81 

78006 Cottonwood Creek Cattle 260 3/1 2/28 1,373 44 

78007 Brangus Ranch Cattle 118 3/1 2/28 623 44 
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Allotment 
Allotment 

Name 

Livestock 

Kind 

Livestock 

# 

Begin 

Date 

End 

Date 

Active 

AUMs 

Public 

Land % 

78009 Crow Cattle 38 3/1 2/28 287 63 

78011 Tumbleweed Draw Cattle 12 3/1 2/28 144 100 

78011 Tumbleweed Draw Cattle 105 3/1 2/28 416 33 

78012 Dry Chaparral Cattle 65 3/1 2/28 538 69 

78013 Road Bend Cattle 80 3/1 2/28 797 83 

78014 West Catclaw Cattle 133 3/1 2/28 1,277 80 

78016 West Johnson Draw Cattle 154 3/1 2/28 665 36 

78017 Hope Canal Cattle 45 3/1 2/28 459 85 

78020 Cottontail Cattle 50 3/1 2/28 540 90 

78020 Cottontail Horse 5 3/1 2/28 54 90 

78020 Cottontail Sheep 400 3/1 2/28 864 90 

78024 Atoka Cattle 3 3/1 2/28 36 100 

78025 Dayton Cattle 6 3/1 2/28 72 100 

78026 Antelope Sink Horse 2 3/1 2/28 18 76 

78026 Antelope Sink Cattle 234 3/1 2/28 2,134 76 

78027 Rock Tank Cattle 4 3/1 2/28 48 100 

78028 Hope Hill Cattle 21 3/1 2/28 252 100 

78031 North Hope Cattle 1 3/1 10/31 8 100 

78036 Penasco River Farm Cattle 3 3/1 2/28 36 100 

78038 East Hope Cattle 15 3/1 2/28 135 75 

78040 Sinkhole Flat Horse 2 3/1 2/28 19 78 

78040 Sinkhole Flat Cattle 134 3/1 2/28 1,254 78 

78041 Siegrest Draw Horse 5 3/1 2/28 29 49 

78041 Siegrest Draw Cattle 950 3/1 2/28 5,586 49 

78042 Gardener Draw Cattle 17 3/1 2/28 204 100 

78043 McKittrick Draw Cattle 49 3/1 2/28 465 79 

78043 McKittrick Draw Horse 4 3/1 2/28 38 79 

78046 Seven Rivers North Horse 2 3/1 2/28 17 69 

78046 Seven Rivers North Cattle 93 3/1 2/28 770 69 

78048 Deer Canyon Cattle 438 3/1 2/28 4,573 87 

78048 Deer Canyon Horse 6 3/1 2/28 63 87 

78048 Deer Canyon Goat 150 3/1 2/28 313 87 

78048 Deer Canyon Sheep 5 3/1 2/28 10 87 

78049 Collier Tank Cattle 297 3/1 2/28 3,208 90 

78050 Texas Hill Horse 10 3/1 2/28 101 84 

78050 Texas Hill Cattle 715 3/1 2/28 7,207 84 

78050 Texas Hill Sheep 1,950 3/1 2/28 3,931 84 

78051 Box Canyon Horse 1 3/1 2/28 9 77 

78051 Box Canyon Sheep 5 3/1 2/28 9 77 

78051 Box Canyon Goat 10 3/1 2/28 19 77 

78051 Box Canyon Cattle  235 3/1 2/28 2,171 77 

78052 Black Muhley Cattle 275 3/1 2/28 1,518 46 

78052 Gyp Waterhole Cattle 65 3/1 2/28 390 50 

78053 Seven Rivers South Cattle 52 3/1 2/28 393 63 

78055 Seven Rivers Hill Horse 4 3/1 2/28 28 59 

78055 Seven Rivers Hill Cattle 184 3/1 2/28 1,303 59 

78056 Brantley Dam Cattle 8 3/1 2/28 96 100 

78057 Three Twins North Cattle 55 3/1 2/28 541 82 

78058 Rock House Cattle 105 3/1 2/28 1,126 92 

78058 Rock House Horse 3 3/1 2/28 33 92 

78060 Wadcutter Draw Horse 2 3/1 2/28 18 77 
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Allotment 
Allotment 

Name 

Livestock 

Kind 

Livestock 

# 

Begin 

Date 

End 

Date 

Active 

AUMs 

Public 

Land % 

78060 Wadcutter Draw Cattle 153 3/1 2/28 1,414 77 

78061 Indian Basin Cattle 223 3/1 2/28 2,382 89 

78061 Indian Basin Horse 2 3/1 2/28 21 89 

78062 Little Box Canyon Cattle 180 3/1 2/28 1,858 86 

78062 Little Box Canyon Horse 8 3/1 2/28 83 86 

78062 Little Box Canyon Goat 10 3/1 2/28 21 86 

78063 Burro Hill Cattle 370 3/1 2/28 3,996 90 

78064 Cawley Draw Cattle 460 3/1 2/28 4,858 88 

78065 Indian Hills Horse 1 3/1 2/28 10 81 

78065 Indian Hills Cattle 369 3/1 2/28 3,587 81 

78066 Rocky Arroyo Cattle 15 3/1 2/28 131 73 

78068 Three Twins Cattle 150 3/1 2/28 1,152 64 

78069 Golden Eagle Horse 4 3/1 2/28 7 15 

78069 Golden Eagle Cattle 71 3/1 2/28 128 15 

78070 Soapberry Draw Cattle 1 3/1 2/28 12 100 

78071 Dolomite Horse 1 3/1 2/28 3 25 

78071 Dolomite Cattle 55 3/1 2/28 165 25 

78073 Hackberry Hills Cattle 55 3/1 2/28 310 47 

78075 Airport Cattle 95 3/1 2/28 559 49 

78075 Airport Horse 5 3/1 2/28 29 49 

78076 Gopher Hills Horse 6 3/1 2/28 50 69 

78076 Gopher Hills Cattle 56 3/1 2/28 464 69 

78077 McGruder Hill Cattle 130 3/1 2/28 1,388 89 

78077 McGruder Hill Horse  6 3/1 2/28  64  89 

78079 Beardon Canyon Cattle 150 3/1 2/28 1,476 82 

78079 Beardon Canyon Horse 4 3/1 2/28 39 82 

78079 Beardon Canyon Sheep 130 3/1 2/28 256 82 

78080 Azotea Mesa Sheep 845 3/1 2/28 1,541 76 

78080 Azotea Mesa Cattle 120 3/1 2/28 1,094 76 

78080 Azotea Mesa Horse 10 3/1 2/28 91 76 

78081 Three Forks Canyon Cattle 1,140 3/1 2/28 8,071 59 

78081 Three Forks Canyon Horse 10 3/1 2/28 71 59 

78082 Bandanna Point Cattle  158 3/1 2/28 1,517 80 

78083 Kuykendall Draw Cattle 285 3/1 2/28 2,770 81 

78084 Dark Canyon Horse 10 3/1 2/28 70 58 

78084 Dark Canyon Cattle  427 3/1 2/28  2,972 58 

78084 Lower Guad Ridge Cattle  182 3/1 2/28 1,769 81 

78086 Cass Draw Cattle 5 3/1 2/28 60 100 

78087 Big Hackberry Draw Cattle 285 3/1 2/28 1,676 49 

78088 Harkey Crossing Cattle 120 3/1 2/28 317 22 

78089 Threemile Draw Cattle 60 3/1 2/28 475 66 

78090 Blue Spring Cattle 6 3/1 2/28 72 100 

78091 Forehand Crossing Horse 2 3/1 2/28 24 100 

78091 Forehand Crossing Cattle 28 3/1 2/28 336 100 

78092 Flume Draw Hills Cattle 20 3/1 2/28 194 81 

78094 China Draw Cattle 47 3/1 2/28 564 100 

78095 Kelly Well Cattle 39 3/1 2/28 215 46 

78096 Salt Draw Horse 5 3/1 2/28 10 16 

78096 Salt Draw Cattle 170 3/1 2/28 326 16 

78097 Willow Lake Cattle 44 3/1 2/28 290 55 

78098 Otis Cattle 7 3/1 2/28 84 100 
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Allotment 
Allotment 

Name 

Livestock 

Kind 

Livestock 

# 
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Date 

End 

Date 

Active 

AUMs 

Public 

Land % 

78099 Herradura Bend Cattle 19 3/1 2/28 228 100 

78100 Mosley Canyon Cattle 119 3/1 2/28 643 45 

78100 Mosley Canyon Cattle 2 3/1 2/28 24 100 

78101 Red Bluff Draw Cattle 6 3/1 2/28 72 100 

78102 Lower Reed Well Horse 2 3/1 2/28 21 89 

78102 Lower Reed Well Cattle 63 3/1 2/28 673 89 

78103 Tecolote Peak Cattle 110 3/1 2/28 1,056 80 

78103 Tecolote Peak Horse 5 3/1 2/28 48 80 

78104 Cottonwood Hills Cattle 145 3/1 2/28 1,549 89 

78106 Cottonwood Springs Cattle 163 3/1 2/28 1,584  83 

78106 Cottonwood Springs Horse 1 3/1 2/28 10  83 

78106 Cottonwood Springs Cattle 17 3/1 2/28 169 83 

78107 Hay Hollow Cattle 125 3/1 2/28 1,200 80 

78108 Jumping Springs Cattle 190 3/1 2/28 1,801 79 

78109 Lobo Cattle 204 3/1 2/28 1,567  64 

78110 Nuevo Canyon Horse 2 3/1 11/30 15 85 

78110 Nuevo Canyon Cattle 44 3/1 11/30 338 85 

78111 White City Cattle 40 3/1 2/28 202 42 

78115 Serpentine Bends Cattle 68 3/1 2/28 571 70 

78115 Serpentine Bends Horse 2 3/1 2/28 17 70 

78116 Last Chance Canyon Horse 1 3/1 2/28 11 90 

78116 Last Chance Canyon Cattle  277 3/1 2/28 2,992 90 

78117 West Hess Hills Cattle 23 3/1 2/28 276 100 

78118 Hackberry Canyon Cattle 26 3/1 2/28 312 100 

78119 Rattlesnake Canyon Cattle 45 3/1 2/28 373 69 

78120 Black River Cattle 25 3/1 2/28 174 58 

78121 Double Canyon Cattle 75 3/1 2/28 513 57 

78121 Double Canyon Horse 1 3/1 2/28 7 57 

78122 Grapevine Draw Cattle 95 3/1 2/28 650 57 

78124 Stetson Seep Cattle 198 3/1 2/28 1,188 50 

78126 Lower Double Canyon Cattle 4 3/1 7/31 20 100 

78126 Lower Double Canyon Cattle 21 3/1 2/28 239 95 

78130 Grapevine Spring Cattle 6 3/1 2/28 72 100 

78130 Grapevine Spring Horse 7 3/1 2/28 84 100 

78131 Thurman Draw Cattle 110 3/1 2/28 792 60 

78136 Lazy U T Springs Cattle 235 3/1 2/28 2,312 82 

78138 Slaughter Canyon Cattle 66 3/1 2/28 404 51 

78138 Slaughter Canyon Horse 4 3/1 2/28 24 51 

78141 Lower Delaware River Cattle 70 3/1 2/28 538 64 

78142 Delaware River-West Cattle 42 3/1 2/28 504 100 

78144 C P Hill Cattle 290 3/1 2/28 2,993 86 

78145 Pecos River Horse 5 4/1 10/31 14 40 

78146 Rain Springs Cattle 135 3/1 2/28 1,150 71 

79001 Eagle Creek Cattle 543 3/1 2/28 3,258 50 

79001 Eagle Creek Horse 7 3/1 2/28 42 50 

79001 Eagle Creek Sheep 5 3/1 2/28 6 50 

79002 Feliz Sheep 1,910 3/1 2/28 2,613 57 

79002 Feliz Horse 5 3/1 2/28 34 57 

79002 Feliz Cattle 100 3/1 2/28 684 57 

79005 Salt House Draw Cattle 350 3/1 2/28 2,520 60 

79005 Salt House Draw Cattle 3 3/1 2/28 36 100 
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79005 Salt House Draw Sheep 1,650 3/1 2/28 2,376 60 

79007 Manning Dome Cattle  35 3/1 2/28  420 100 

79008 Browning Canyon Cattle 20 3/1 2/28 240 100 

79010 Telephone Canyon Cattle 7 3/1 2/28 84 100 

79011 Burnt Canyon Cattle 16 5/1 11/30 113 100 

79012 Sixteen Springs Cattle 6 3/1 2/28 72 100 

79013 McDonald Flats Cattle 52 3/1 2/28 624 100 

79016 Penasco Canyon Sheep 100 3/1 2/28 240 100 

79016 Penasco Canyon Cattle 26 3/1 2/28 312 100 

79017 Flying H Cattle 262 3/1 2/28 503 16 

79018 Cherry Flat Sheep 100 3/1 2/28 240 100 

79018 Cherry Flat Cattle 10 3/1 2/28 120 100 

79019 Penasco River Sheep 3,065 3/1 2/28 3,237 44 

79019 Penasco River Horse 12 3/1 2/28 63 44 

79019 Penasco River Cattle 210 3/1 2/28 1,109 44 

79020 Big Cherry Canyon Cattle 42 3/1 2/24 498 100 

79021 Penasco School Cattle 202 3/1 2/28 1,091 45 

79022 Penasco Cattle 55 3/1 2/28 660 100 

79023 Cherry Allotment Cattle 5 3/1 2/28 60 100 

79024 Cuevo East Cattle 275 3/1 2/28 1,980 60 

79025 Cuevo West Cattle 35 3/1 2/28 420 100 

79027 Penasco East Cattle 100 3/1 2/28 1,200 100 

79028 Pretty Bird Hills Cattle 1,334 3/1 2/28 9,125 57 

79028 Pretty Bird Hills Horse 1 3/1 2/28 7 57 

79028 Pretty Bird Hills Sheep 100 3/1 2/28 137 57 

79029 Sixteen Tank Cattle 267 3/1 2/28 2,179 68 

79030 Encino Draw Sheep  5 3/1 2/28  8 70 

79030 Encino Draw Cattle  534 3/1 2/28  4,486 70 

79030 Encino Draw Horse 5 3/1 2/28 42 70 

79031 Acres Lake Cattle 423 3/1 2/28 4,061 80 

79032 Long Canyon Cattle 550 3/1 2/28 5,214 79 

79032 Long Canyon Sheep 200 3/1 2/28 379 79 

79032 Long Canyon Horse 10 3/1 2/28 95 79 

79033 Buckhorn Cattle 127 3/1 2/28 991 65 

79033 Buckhorn Horse 4 3/1 2/28 31 65 

79034 South Long Canyon Cattle 17 3/1 2/28 204 100 

79036 Woodland Cattle 80 3/1 2/28 470 49 

79037 4 Mile Canyon Cattle 9 3/1 2/28 108 100 

79038 North Long Canyon Cattle 12 3/1 2/28 144 100 

79039 Champion Canyon Cattle 115 3/1 2/28 635 46 

79040 Sixteen Mile Draw Cattle 493 3/1 2/28 2,189 37 

79041 Pinon Cattle 11 3/1 2/28 132 100 

79042 Barclay Draw Cattle 35 3/1 2/28 420 100 

79043 Juniper Cattle 21 3/1 2/28 252 100 

79044 Wright Well Draw Cattle 74 3/1 2/28 506 57 

79045 Bear Canyon Cattle 165 3/1 2/28 1,386 70 

79046 Crooked Creek Cattle 485 3/1 2/28 4,190 72 

79046 Crooked Creek Horse 10 3/1 2/28 86 72 

79048 Upper Segrest Draw Cattle 159 3/1 2/28 1,584 83 

79049 Upper Packsaddle Can Cattle 24 3/1 2/28 288 100 

79050 Cherry Canyon Cattle 26 3/1 2/28 312 100 
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Allotment 
Allotment 

Name 

Livestock 

Kind 

Livestock 

# 

Begin 

Date 

End 

Date 

Active 

AUMs 

Public 

Land % 

79051 Thimble Canyon Cattle 32 3/1 2/28 384 100 

79054 Stevens Draw Cattle 1 3/1 2/28 12 100 

79054 Stevens Draw Sheep 12 3/1 2/28 29 100 

79054 Stevens Draw Horse 1 3/1 2/28 12 100 

79056 Rim Sheep 85 3/1 2/28 204 100 

79109 Crooked Canyon - II Cattle 10 3/1 2/28 120 100 

79127 Cox Canyon - II Cattle 4 3/1 2/28 48 100 

79129 4 Mile Canyon - II Cattle 2 3/1 2/28 24 100 

79225 Cox Canyon Cattle 37 3/1 2/28 444 100 

79226 Cox Canyon - E Cattle 27 3/1 2/28 324 100 

79228 4 Mile Canyon - E Cattle 25 3/1 2/28 300 100 

79326 Cuevo Cattle 165 3/1 2/28 950 48 

79327 Dunken Cattle 175 3/1 2/28 1,428 68 

0944 Anchor Bar Cattle 169 3/1 2/28 933 46 

0944 Anchor Bar Horse 4 3/1 2/28 22 46 

09061 Stevens Lake Cattle 9 3/1 2/28 108 100 
Note: For those designated as 100% public land it is because there is a small amount of percentage of BLM public 
land. The BLM does not set the stocking rate for the entire allotment, but only bills the lessee for the number of 
animals the public land can support.  

Table F.2. CFO Suspended AUMs by Allotment 

Allotment Allotment  Name Suspended AUMs 

76001 Collum 0 

76002 Gladiola 1 

76004 Sand Trap 22 

76006 Pumpjack South 593 

76007 Maljamar South 0 

76008 Querecho Plains 116 

76009 Buckeye North  596 

76010 Golf Course 42 

76011 Laguna Tonto  708 

76012 Monument Draw  10 

76013 Record 38 

76014 White Breaks 17 

76015 Nadine 0 

76016 Jones City - North 122 

76017 Eunice 0 

76018 S. Monument Draw 59 

76019 Monument - SW  170 

76020 Lea Townsite 0 

76021 Halfway 0 

76022 Laguna Toston 96 

76023 Bilbry Basin  160 

76024 Jones City 11 

76025 Oil Center North 217 

76026 Oil Center South 53 

76027 San Simon  672 

76028 Swag 456 

76029 Playa Dunes 0 

76030 Deep Wells 0 

76031 East Rattlesnake Can 85 
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Allotment Allotment  Name Suspended AUMs 

76032 Jal – Northwest 166 

76033 E. Rattlesnake Flat  720 

76035 Medlin-Wells  20 

76036 Ochoa - Northwest  20 

76037 Red Tank  310 

76038 Fairview 0 

76039 Bobcat Draw 1,399 

76040 Penn Tank 648 

76041 Old Baldy 0 

76042 Tobosa Flats 0 

76043 Javelina Basin 0 

76045 Cotton Place 0 

76046 Goedeke Grazing Cell 0 

76047 Monument-Jal Oilfield  106 

76048 San Simon Swale 0 

76049 Hart Ranch  340 

76050 Cerca 0 

76051 Andrews Flat 264 

76052 Mexico Wells 1,152 

76053 Ruth Ross Place 917 

76054 Southeast Jal 0 

76055 West Jackson 24 

76056 Brookin West 6 

76057 Jackson East  120 

76058 Eddy 13 0 

76060 Ironhouse Draw 4 

76061 Sand Dune 0 

76063 Main Canal 0 

76064 Avalon Hills 0 

76104 Sand Trap II 0 

76106 Pumpjack South II 0 

76107 Maljamar South II 24 

76120 Lea Townsite II 0 

76128 Swag II 0 

76137 Red Tank II 0 

77001 Seco Snake 118 

77002 Lake Arthur East 0 

77003 Taylor Peak 0 

77004 Loco Hills 0 

77005 Johnson Draw 0 

77006 Chalk Bluff 0 

77007 Sand Hill 0 

77008 Cedar Lake  0 

77009 Burton North 0 

77010 Hiline 143 

77011 Dipper Allotment 0 

77012 Twin Wells North  0 

77013 Clayton Basin 0 

77014 Burton South 0 

77015 Angell Draw 0 

77016 Dagger Draw 0 

77017 Avalon 0 
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Allotment Allotment  Name Suspended AUMs 

77018 Railroad 0 

77019 Keystone 0 

77020 Alkali Lake 19 

77021 West Bilbry 145 

77022 Maroon Cliffs  310 

77024 Alacran Hills  20 

77025 Indian Flats 0 

77026 Quahada Ridge 0 

77027 Livingston Ridge 0 

77028 Old Indian Draw 0 

77031 Brushy Knob 0 

77032 Antelope Ridge  3,660 

77033 Nash Draw 531 

77034 Remuda Basin  50 

77035 Harroun Lake 0 

77036 Pierce Canyon 1,562 

77037 Rustler Breaks 0 

77038 La Huerta 0 

77039 Sun Wells 528 

77040 Phantom Banks  1,450 

77041 Lower Tucker Draw 63 

77042 Twin Wells  1,605 

77043 Little Lake 242 

77044 Burton Flats  104 

77045 Lindsey Lake 0 

77046 East Tell Talebluff 0 

77047 Harroun Crossing 0 

77048 Fenton Draw 0 

77049 Mimosa 0 

77075 South Turkey Track 0 

77112 Greenwood Lake 0 

78001 Feliz River 0 

78003 El Rancho Grande 0 

78004 Cottonwood Acres 0 

78006 Cottonwood Creek 0 

78007 Brangus Ranch 0 

78009 Crow 0 

78011 Tumbleweed Draw 0 

78012 Dry Chaparral 0 

78013 Road Bend 0 

78014 West Catclaw 0 

78016 West Johnson Draw 0 

78017 Hope Canal 0 

78020 Cottontail 0 

78024 Atoka 0 

78025 Dayton 0 

78026 Antelope Sink 0 

78027 Rock Tank 0 

78028 Hope Hill 0 

78031 North Hope 0 

78036 Penasco River Farm 0 

78038 East Hope 0 
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Allotment Allotment  Name Suspended AUMs 

78040 Sinkhole Flat 0 

78041 Siegrest Draw 0 

78042 Gardener Draw 0 

78043 McKittrick Draw 0 

78046 Seven Rivers North 0 

78048 Deer Canyon 0 

78049 Collier Tank 0 

78050 Texas Hill 0 

78051 Box Canyon 0 

78052 Black Muhley 0 

78053 Seven Rivers South 0 

78054 Gyp Waterhole 0 

78055 Seven Rivers Hill 0 

78056 Brantley Dam 0 

78057 Three Twins North 0 

78058 Rock House 0 

78060 Wadcutter Draw 0 

78061 Indian Basin 0 

78062 Little Box Canyon 0 

78063 Burro Hill 0 

78064 Cawley Draw 0 

78065 Indian Hills 0 

78066 Rocky Arroyo 0 

78068 Three Twins 0 

78069 Golden Eagle 0 

78070 Soapberry Draw 0 

78071 Dolomite 0 

78073 Hackberry Hills 0 

78075 Airport 0 

78076 Gopher Hills 0 

78077 McGruder Hill 0 

78079 Beardon Canyon 0 

78080 Azotea Mesa 0 

78081 Three Forks Canyon 0 

78082 Bandanna Point 0 

78083 Kuykendall Draw 0 

78084 Dark Canyon 0 

78086 Cass Draw 0 

78087 Big Hackberry Draw 0 

78088 Harkey Crossing 0 

78089 Threemile Draw 0 

78090 Blue Spring 0 

78091 Forehand Crossing 0 

78092 Flume Draw Hills 0 

78094 China Draw 0 

78095 Kelly Well 0 

78096 Salt Draw 0 

78097 Willow Lake 0 

78098 Otis 0 

78099 Herradura Bend 0 

78100 Mosley Canyon 0 

78101 Red Bluff Draw 0 
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Allotment Allotment  Name Suspended AUMs 

78102 Lower Reed Well 0 

78103 Tecolote Peak 0 

78104 Cottonwood Hills 0 

78106 Cottonwood Springs 0 

78107 Hay Hollow 0 

78108 Jumping Springs 0 

78109 Lobo 0 

78110 Nuevo Canyon 0 

78111 White City 0 

78112 Ewing Place 0 

78113 Upper Jurnigan Draw 0 

78115 Serpentine Bends 0 

78116 Last Chance Canyon 0 

78117 West Hess Hills 0 

78118 Hackberry Canyon 0 

78119 Rattlesnake Canyon 0 

78120 Black River 0 

78121 Double Canyon 0 

78122 Grapevine Draw 0 

78124 Stetson Seep 0 

78126 Lower Double Canyon 0 

78130 Grapevine Spring 0 

78131 Thurman Draw 0 

78136 Lazy U T Springs 0 

78138 Slaughter Canyon 0 

78141 Lower Delaware River 0 

78142 Delaware River-West 0 

78144 C P Hill 0 

78145 Pecos River 0 

78146 Rain Springs 0 

79001 Eagle Creek 0 

79002 Feliz 766 

79005 Salt House Draw 0 

79007 Manning Dome 0 

79008 Browning Canyon 0 

79010 Telephone Canyon 0 

79011 Burnt Canyon 0 

79012 Sixteen Springs 0 

79013 McDonald Flats 0 

79016 Penasco Canyon 0 

79017 Flying H 0 

79018 Cherry Flat 0 

79019 Penasco River 0 

79020 Big Cherry Canyon 0 

79021 Penasco School 0 

79022 Penasco 0 

79023 Cherry Allotment 0 

79024 Cuevo East 0 

79025 Cuevo West 0 

79027 Penasco east 0 

79028 Pretty Bird Hills 356 

79029 Sixteen Tank 0 
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Allotment Allotment  Name Suspended AUMs 

79030 Encino Draw 1,269 

79031 Acres Lake 0 

79032 Long Canyon 0 

79033 Buckhorn 0 

79034 South Long Canyon 0 

79036 Woodland 0 

79037 4 Mile Canyon 0 

79038 North Long Canyon 0 

79039 Champion Canyon 0 

79040 Sixteen Mile Draw 0 

79041 Pinon 0 

79042 Barclay Draw 0 

79043 Juniper 0 

79044 Wright Well Draw 0 

79045 Bear Canyon 0 

79046 Crooked Creek 0 

79048 Upper Segrest Draw 0 

79049 Upper Packsaddle Can 168 

79050 Cherry Canyon 0 

79051 Thimble Canyon 0 

79054 Stevens Draw 0 

79056 Rim 0 

79109 Crooked Canyon - II 0 

79127 Cox Canyon - II 0 

79129 4 Mile Canyon - II 0 

79225 Cox Canyon 0 

79226 Cox Canyon - E 0 

79228 4 Mile Canyon - E 0 

09044 Anchor Bar 0 

09061 Stevens Lake 0 

79326 Cuevo 0 

79327 Dunken 0 

Table F.3. Grazing Allotments Closed under the No Action Alternative 

Allotment Allotment 

Name 

Acres Open 

to Grazing 

Acres Closed 

to Grazing 

78120 Black River 1,307 2 

78122 Grapevine Draw 5,550 0.004 

78108 Jumping Spring 12,354 425 

78109 Lobo Ranch 10,104 35 

78141 Lower Delaware River 8,706 117 

77041 Lower Tucker Draw 7,566 3 

78110 Nuevo Canyon HQ 2,664 0.4 

77040 Phantom Banks 53,901 81 

77039 Sun Wells 17,414 3 
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Table F.4. Grazing Allotments Closed under Alternative A 

Allotment Allotment 

Name 

Acres Open 

to Grazing 

Acres Closed 

to Grazing 

79031 Acres Lake 0 13,619 

78026 Antelope Sink 0 10,001 

77017 Avalon 630 0.004 

76064 Avalon Hills 1,150 91 

78080 Azotea Mesa 13,560 487 

63063 Barbary Hills 328 5,870 

79045 Bear Canyon 0 4,270 

79020 Big Cherry Canyon 818 727 

78087 Big Hackberry 11,769 404 

78052 Black Muhley 1,620 6,664 

78120 Black River 0 1,309 

78051 Box Canyon 5,206 4,237 

78007 Brangus Ranch 84 2,694 

77031 Brushy Knob 22,833 1,084 

79033 Buckhorn 0 3,044 

78063 Burro Hill 16,740 1,242 

9006 Cauhape 5,200 6,540 

78064 Cawley Draw 20,777 1,298 

77006 Chalk Bluff 3,306 294 

78094 China Draw 2,920 63 

78049 Collier Tank 0 11,274 

78020 Cottontail 0 4,487 

78004 Cottonwood Acres 0 883 

78006 Cottonwood Creek 0 5,428 

64075 Cottonwood Creek Dam 199 18 

78104 Cottonwood Hills 462 9,175 

78106 Cottonwood Springs 8,282 3,281 

78001 Cottonwood Unit 926 1,759 

78144 CP Hill 0 20,835 

79109 Crooked Canyon II 88 263 

78001 Crooked Canyon Unit 69 6,043 

79046 Crooked Creek 0 12,238 

79024 Cuevo East 5,335 432 

78025 Dayton 163 240 

78048 Deer Canyon 5,317 13,388 

78142 Delaware River West 0 4,293 

78012 Dry Chaparral 205 2,182 

79001 Eagle Creek 312 12,702 

78003 El Rancho Grande 32 1,188 

79030 Encino Draw 0 17,131 

79002 Felix 1,082 11,883 

79017 Flying H 448 903 

78042 Gardener Draw 320 497 

78122 Grapevine Draw 2,814 2,736 

78118 Hackberry Canyon 1,572 177 

77047 Harroun Crossing 0 326 

77035 Harroun Lake 678 59 

78107 Hay Hollow 0 8,751 

78099 Herradura Bend 270 564 

78028 Hope Hill 0 756 
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Allotment Allotment 

Name 

Acres Open 

to Grazing 

Acres Closed 

to Grazing 

78061 Indian Basin 11,500 495 

77025 Indian Flats 5,937 563 

78065 Indian Hills 18,418 468 

77005 Johnson Draw 1,577 309 

78108 Jumping Spring 0 12,779 

78109 Lobo Ranch 1,358 8,780 

79032 Long Canyon 0 17,473 

78141 Lower Delaware River 0 8,823 

78126 Lower Double Canyon 2,268 57 

78102 Lower Reed Well 3 4,041 

77041 Lower Tucker Draw 5,804 1,763 

76063 Main Canal 240 0 

77022 Maroon Cliffs 15,509 360 

63062 Monument Twin Butte 222 3,235 

78001 North Unit 173 1,494 

78110 Nuevo Canyon East 0 240 

78110 Nuevo Canyon HQ 2,490 175 

78098 Otis 423 154 

78001 Ox Yoke Unit 315 24,195 

78145 Pecos River 0 121 

79027 Penasco East 751 2,905 

79019 Penasco River 350 12,844 

79021 Penasco School 4,478 30 

77040 Phantom Banks 46,884 7,095 

77036 Pierce Canyon 22,934 529 

79028 Pretty Bird Hills 5,502 32,186 

76006 Pump Jack South 17,029 7 

78146 Rain Springs 6,109 0 

78119 Rattlesnake Canyon 874 1,538 

78101 Red Bluff Draw 0 403 

78013 Road Bend 395 3,731 

77037 Rustler Breaks 13,933 6,532 

78096 Salt Draw 3,027 656 

79005 Salt House Draw 4,197 10,374 

79026 Sam Elkins 410 6,455 

79046 Sargent 0 2,094 

77001 Seco Snake 832 1 

78046 Seven Rivers North 445 3,439 

78041 Siegrest Draw 3 21,731 

78040 Sinkhole Flat 7,244 174 

79040 Sixteen Mile Draw 791 6,579 

79029 Sixteen Tank 40 7,722 

78001 South Unit 148 5,391 

78001 Squaw Canyon Unit 3,408 6,367 

77039 Sun Wells 11,674 5,743 

78103 Tecolote Peak 0 7,328 

78050 Texas Hill 19,486 11,370 

65175 Thomas Trap 1,879 63 

78081 Three Forks Canyon 19,122 13,642 

65075 Turkey Track 131,694 78 

Unknown Unknown 0 3 
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Allotment Allotment 

Name 

Acres Open 

to Grazing 

Acres Closed 

to Grazing 

78014 West Catclaw (North) 0 3,362 

78016 West Johnson Draw 131 2,526 

78097 Willow Lake 1,945 1,518 

Table F.5. Grazing Allotments Closed under Alternative B 

Allotment Allotment 

Name 

Acres Open 

to Grazing 

Acres Closed 

 to Grazing 

77017 Avalon 630 0.004 

78080 Azotea Mesa 13,922 126 

78087 Big Hackberry 11,341 833 

78120 Black River 114 1,195 

78090 Blue Spring 612 23 

78007 Brangus Ranch 2,778 0.04 

78063 Burro Hill 16,740 1,242 

78064 Cawley Draw 20,777 1,298 

78094 China Draw 2,973 10 

77013 Clayton Basin 47,138 3,257 

78104 Cottonwood Hills 6,530 3,110 

78106 Cottonwood Springs 8,195 3,380 

78144 CP Hill 17 20,818 

78142 Delaware River West 3,095 1,197 

78122 Grapevine Draw 2,963 2,587 

78118 Hackberry Canyon 1,720 29 

78107 Hay Hollow 5,362 3,389 

78061 Indian Basin 11,842 153 

77025 Indian Flats 4,812 1,688 

78065 Indian Hills 18,700 187 

78108 Jumping Spring 2,499 10,279 

78109 Lobo Ranch 3,642 6,496 

78141 Lower Delaware River 3,288 5,534 

78126 Lower Double Canyon 2,323 3 

78102 Lower Reed Well 2,506 1,537 

77041 Lower Tucker Draw 201 7,348 

77022 Maroon Cliffs 9,100 6,769 

76052 Mexico Wells 13,554 1,658 

78110 Nuevo Canyon East 130 111 

78110 Nuevo Canyon HQ 2,653 12 

77040 Phantom Banks 22,456 31,521 

77036 Pierce Canyon 23,439 24 

76006 Pump Jack South 17,029 7 

78119 Rattlesnake Canyon 2,077 336 

77037 Rustler Breaks 18,617 1,848 

76053 Ruth Ross Place 10,205 202 

76011 Salt Lake 69,103 7,165 

77039 Sun Wells 12,053 5,364 

78103 Tecolote Peak 7,257 71 

78050 Texas Hill 22,469 8,386 

65175 Thomas Trap 1,879 63 

78081 Three Forks Canyon 19,122 13,642 

Unknown Unknown 2 1 
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Allotment Allotment 

Name 

Acres Open 

to Grazing 

Acres Closed 

 to Grazing 

78097 Willow Lake 3,127 336 

Table F.6. Grazing Allotments Closed Under Alternative C 

Allotment Allotment 

Name 

Acres Open 

to Grazing 

Acres Closed 

 to Grazing 

77017 Avalon 630 0.004 

78080 Azotea Mesa 13,922 126 

78120 Black River 1,307 2 

78007 Brangus Ranch 2,778 0.04 

78106 Cottonwood Springs 11,524 52 

78144 CP Hill 20,834 1 

78142 Delaware River West 3,095 1,196 

78122 Grapevine Draw 5,512 39 

78118 Hackberry Canyon 1,720 29 

78107 Hay Hollow 8,617 134 

78061 Indian Basin 11,842 153 

78065 Indian Hills 18,700 187 

78108 Jumping Spring 12,370 409 

78109 Lobo Ranch 9,974 166 

78141 Lower Delaware River 6,938 1,885 

77041 Lower Tucker Draw 7,566 3 

78110 Nuevo Canyon HQ 2,664 0.4 

77040 Phantom Banks 53,901 81 

76006 Pump Jack South 17,029 7 

78119 Rattlesnake Canyon 2,238 175 

77039 Sun Wells 17,414 3 

78103 Tecolote Peak 7,277 51 

65175 Thomas Trap 1,879 63 

Table F.7. Grazing Allotments Closed Under Alternative D 

Allotment 
Allotment 

Name 

Acres Open 

to Grazing 

Acres Closed 

to Grazing 

77017 Avalon 630 0.004 

78120 Black River 1,307 2 

78007 Brangus Ranch 2,778 0.04 

78122 Grapevine Draw 5,550 0.004 

78141 Lower Delaware River 8,706 117 

77041 Lower Tucker Draw 7,566 3 

78110 Nuevo Canyon HQ 2,664 0.4 

77040 Phantom Banks 53,901 81 

76006 Pump Jack South 17,029 7 

77039 Sun Wells 17,414 3 

65175 Thomas Trap 1,879 63 
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BLM NEW MEXICO SUPPLEMENTARY RULES 
(The Bureau of Land Management [BLM] New Mexico administers the programs in Texas, Oklahoma, and 
Kansas) 

Unless otherwise authorized by the BLM, on all BLM public lands within the State of New Mexico, no person 
shall do the following: 

Amarillo Field Office 
• Enter the Cross Bar by members of the public without a permit authorization

Public Lands - General 
• Construct/maintain pit toilet lasting more than 14 days/within 100 feet of any permanent water

source
• Dump/dispose of sewage except at facilities provided
• Camp longer than 14 days in any 28 day period within 25 mile radius
• Park any motor vehicle longer than 30 minutes or camp within 300 yards of any natural/manmade

water source
• Park/leave unattended a vehicle or camp at trailhead in violation of posted instructions
• Dispose of any burning/smoldering material except at facilities provided
• Violate terms/conditions/stipulations of any permit or use authorization Fail to show permit/use

authorization to BLM employee upon request
• Camp/occupy or build fire in/on any historic/prehistoric structure/ruin/site
• Operate an off-road vehicle without approved spark arrester and muffler
• Operate/park or leave unattended a motorized vehicle in violation of posted restrictions or in such

a manner or location to:
- Create a safety hazard
- Interfere with other authorized users or uses
- Obstruct/impede normal or emergency traffic movement
- Interfere/impede administrative activities
- Interfere with the parking of other vehicles

• Park more than 300 feet from an existing or designated Route
• Operate a vehicle in violation of state law/regulation
• Failure to display state off-highway vehicle (OHV) registration
• Possess/use fireworks
• Sell or make a gift of an alcoholic beverage to person under 21 years
• Possess alcoholic beverage, persons under 21 years
• Ignite/burn any material containing/producing hazardous/toxic material
• Carry concealed weapons in violation of state law
• Discharge firearm or any implement capable of taking a human life/causing injury/damaging

property within150 yards of residence/building/campsite/developed recreation site/occupied area
On/from/across a developed road/within fenced right-of-way within 40 feet of unfenced road/across
body of water/recklessly/carelessly if any person/property is exposed to injury/damage

• Use weapons in violation of state law within developed campsites/picnic areas or within 150 yards
of developed recreation sites/areas

Disorderly Conduct 

• Fail to prevent pet from harassing/molesting/injuring/killing humans/domesticated
animals/wildlife/livestock

• Fail to comply with state boating regulations
• Enter cave without safety helmet and three sources of light
• Possess glass container where prohibited
• Cut/remove/transport woody materials
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• Remove/transport any mineral resources without permit
• Annoy/disturb bats/raptors/reptiles including nesting sites or areas, or other protected species
• Violate any state conservation/natural resource protection law/regulation
• Unattended campfire/fail to extinguish

Developed Recreation Areas and Sites/Special Recreation Management 
Areas 

On all BLM managed developed recreation areas and sites within the State of New Mexico no person shall: 
• Reserve camping space, except at group facilities
• Camp longer than 7 days in 28 day period; must move 25 miles and not return within 30 days
• Park more than two 4-wheeled vehicles or five 2- or 3-wheeled vehicles and occupy site with more

than 15 individuals except at group sites
• Park more than two motorized vehicles and/or 10 individuals at any one approved site not

designated for group use or parking
• Park vehicles off existing/designated roads/trails unless on facilities provided for such use
• Park/occupy a parking space posted or marked for handicapped use without displaying official

identification tag/plate
• Camp/occupy between 10 p.m. – 6 a.m. at Black Rock Spring, County Line, John Dunn Bridge,

Lover’s Lane, Manby Hot Springs, Quartzite, La Ventana Natural Arch, Tent Rocks, Bluewater
Canyon, Canon Tapia, Guadalupe Ruin and community, Ward Ranch Recreation area./sites, Wild
Rivers Bear Crossing and Chawalauna Overlooks, Orilla Verde gauging station picnic site

• Failure to maintain quiet hours between 10 p.m. and 6 a.m.
• Engage in noncommercial floatboating without the following items for each person/boat/group:

Approved U.S. Coast Guard Type I, III or V life preserver which must be worn at all times while on
rivers

• First aid kit for each group
• Other items required by permit for use of a river segment Build/tend/use a campfire except in places

provided for
• Build/tend/use a campfire in Tent Rocks Recreation Area
• Ride a horse/bicycle in areas/trails posted closed to such use
• Launch/take out boats, except in an emergency, at any site within Orilla Verde Recreation Area not

designated for such use
• Use motorized craft within Rio Grande Wild & Scenic River, Lower Gorge Special Recreation

Management area between County Line and Velarde Diversion Dam, Rio Chama Wild & Scenic
River

• Operate non-street legal motorized vehicles within boundaries of all recreation areas/sites
• Operate motor vehicles within Ignacio Chavez Grant or Elk Springs during seasonal closures
• Operate motor vehicle within San Ysidro Trails Limited Area except as authorized by special use

permit
• Park a vehicle other than in areas established for such use or further than 25 feet from designated

roads along wilderness area boundaries
• Cut/gather green trees or parts/remove down or standing dead wood for any purpose
• Collect other natural resources/minerals/cultural/historic artifacts that require permits Climb/walk

on “Tent Rock Formation” in Tent Rocks Recreation Area

• Participate in technical rock climbing within La Ventana Natural Arch area
• Use mechanized equipment for “highbanking”

• Fail to immediately remove/dispose of in a sanitary manner all pet fecal matter/trash/
garbage/waste

• Bring a pet on any nature/interpretive trail/cave/freshwater spring signed as closed to pets.
Handicap assistance animals are exempt

• Failure to physically restrain pet at all times within developed campsites and picnic areas
• Post/distribute any signs/posters/printed material/commercial advertisement without written

authorization from authorized officer
• Use/display/carry weapons within developed campsites/picnic areas
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• Bring equine stock/llamas/cattle/livestock within campgrounds/picnic area unless facilities have
been specifically provided for such use

• Discharge firearms/other weapons/hunt/trap within developed recreation areas or within ½ mile of
developed recreation site

• Discharge firearms/other weapons/hunt/trap within developed recreation areas or within 150 yards
of developed recreation site

• Be publicly nude at Wild Rivers, Orilla Verde or Santa Cruz Lake recreation areas, Lower Gorge
SRMA or John Dunn Bridge

• Shower/bathe at any improved/developed water source not designated for such purpose
• Not adhering to fire danger ratings issued by the Government
• Entering the following caves between 1 November and 15 April:
• Fort Stanton, Torgac, Torgac Annex, Crockett, Crystal, Big-Eared Cave, Bat Hole, Malpais

Madness, Tres Ninos and Feather. Authorized persons and emergency responders are exempt
• Dispose of any grey or waste water except in facilities provided for such.

OHV Use  

In addition to New Mexico State laws and regulations OHV use is governed by the following: 

43 CFR 8341.1 – Regulations governing use. 

(a) The operation of off-road vehicles is permitted on those areas and trails designated as open to off-
road vehicle use.  
(b) Any person operating an off-road vehicle on those areas and trails designated as limited shall 
conform to all terms and conditions of the applicable designation orders.  
(c) The operation of off-road vehicles is prohibited on those areas and trails closed to off-road vehicle 
use.  
(d) It is prohibited to operate an off-road vehicle in violation of State laws and regulations relating to 
use, standards, registration, operation, and inspection of off-road vehicles. To the extent that State laws 
and regulations do not exist or are less stringent than the regulations in this part, the regulations in this 
part are minimum standards and are controlling.  
(e) No person may operate an off-road vehicle on public lands without a valid State operator's license 
or learner's permit where required by State or Federal law.  
(f) No person shall operate an off-road vehicle on public lands: 

(1) In a reckless, careless, or negligent manner; 
(2) In excess of established speed limits; 
(3) While under the influence of alcohol, narcotics, or dangerous drugs; 
(4) In a manner causing, or likely to cause significant, undue damage to or disturbance of the soil, 
wildlife, wildlife habitat, improvements, cultural, or vegetative resources or other authorized uses of 
the public lands; and  
(5) During night hours, from a half-hour after sunset to a half-hour before sunrise, without lighted 
headlights and taillights.  

(g) Drivers of off-road vehicles shall yield the right-of-way to pedestrians, saddle horses, pack trains, 
and animal-drawn vehicles.  
(h) Any person who operates an off-road vehicle on public lands must comply with the regulations in 
this part, and in § 8341.2 as applicable, while operating such vehicle on public lands.  
[44 FR 34836, June 15, 1979, as amended at 45 FR 47843, July 17, 1980] 
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VEGETATION MANAGEMENT 

Goal: Manage resources to maintain or improve vegetation with the emphasis on watershed protection and 
forage for wildlife.  

General management objectives: the composition of plant communities identified as a desired plant 
community (DPC), and practices proposed for use in meeting the management objectives and DPC are 
described below. An ecological site is a distinctive kind of land with specific characteristics that differ from 
other kinds of land in its ability to produce a distinctive kind of vegetation. These differences are based on 
unique soils, topography, climate and vegetation. Several of these ecological sites have been grouped 
together into a plant community, and thresholds have been described for the DPC.  In all cases, an 
ecological site must be capable of attaining the DPC through natural succession, management action, or 
both. The percentage-ranges of the various components shown in the following tables are guidelines. The 
accuracy of those ranges must be confirmed through use over a period of years and in a variety of pastures. 

The objectives in site-specific management plans will determine whether or not one or more components 
of the DPC are met. Successful management will concentrate on meeting at least one, but not necessarily 
both, of the vegetative community objectives (percent cover or cover by percent composition). Seeding 
mixtures for a DPC will emphasize the use of county-native plant species, as per the of U.S. Department 
of Agriculture, as well as locally sourced native plant materials (produced within 300 miles of the Carlsbad 
Field Office planning area), and will exclude the use of  noxious weeds and exotic species.   

Watershed, wildlife and livestock management objectives for each community are to improve vegetation 
composition and production in areas that currently do not meet the vegetation condition objectives, and to 
maintain vegetation condition in areas that do.  

The standard practices that could be employed to meet a DPC will be based on thresholds and vegetation 
condition objectives described below for each community type. The specific practices to be used and the 
numbers of acres affected will be determined during activity planning, based on the results of resource 
monitoring. During activity planning, specific resource condition objectives will be developed for a distinct 
area (e.g., an allotment) based on the planned use of the area and the more general vegetation condition 
objectives developed in this RMP.  

The standard practices that will be employed to meet management objectives in each community are as 
follows:  

• Implementing interim reclamation and reclamation.

• Avoiding disturbing rare habitats, native trees, and > 5-foot-tall yucca (Yucca ssp.).

• Collocating new projects with existing disturbances, when feasible.

• Employing utilization levels not exceeding 45% of annual plant production. Utilization levels will be
determined prior to green-up and measured on key forage species.

• Employing projects such as fences, exclosures, water developments, erosion control structures,
and reseedings.

• Employing grazing treatments such as rest, changes in season of use, class of livestock, and
stocking rates.

• Employing vegetation treatments, including prescribed fire or prescribed natural fire, and biological,
chemical, and mechanical controls.

• Treating saltcedar as conditions warrant. Considerations in determining whether to treat include
location and density of saltcedar stands, available budget and staff to conduct treatment, and
objectives of proposed treatment.

Constraints on treatments for each community are as follows: 

• Native, deciduous tree species such as hackberry, black walnut, New Mexico walnut, and desert
willow, will be protected from vegetation treatments and surface disturbance.

• Treatments in suitable and occupied habitats for BLM Special Status Species will be evaluated for
impacts to those species prior to treatment.
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Grassland Community 

Refer to Table H.1 for Grassland Community vegetation condition objectives. Vegetation treatments to 
influence DPC will be considered at the following threshold levels:  

• Mesquite 50 plants/acre

• Cholla 100 plants/acre

• Catclaw 50 plants/acre

• Creosote 20% of the vegetative canopy

• Lechuguilla 20% of the vegetative canopy

• Tarbush 20% of the vegetative canopy

• Broom snakeweed 25% by weight of vegetative production
Pinon/juniper 50 trees/acre

Table H.1. Desired Plant Community for Grassland 

Cover Type Percent Cover Vegetative Cover by Percent Composition 

Grass/Forbs 15%–52% – 

Grasses – 3%–85% 

Forbs – 10%–15% 

Shrubs/Trees 3%–12% – 

Shrubs – 1%–10% 

Bare Ground 14%–60% – 

Small Rock/Large Rock 0%–30% – 

Litter 8%–44% – 
Note: An objective of vegetation composition management would be to include 10 genera of annual and perennial fall forbs 

preferred by pronghorn in pastures that support pronghorn or meet the Viability Index for transplants.  

Shinnery Oak-Dune Community 

Refer to Table H.2 for Shinnery Oak-Dune Community vegetation condition objectives. Vegetation 
treatments to influence DPC in the shinnery oak-dune community will be considered at the following 
threshold:  

• Mesquite 50 plants/acre

• Shinnery Oak 40% of vegetative cover by composition

Table H.2. Desired Plant Community for Shinnery Oak-Dune 

Cover Type Percent Cover Vegetative Cover by Percent Composition 

Grass/Forbs 16%–40% – 

Grasses – 50%–70% 

Forbs – 10%–15% 

Shrubs/Trees 3%–17% – 

Shrubs – 25%–40% 

Bare Ground 5%–20% – 

Small Rock/Large Rock 0%–1% – 

Litter 25%–70% –
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Pinon-Juniper Grassland Community  

Refer to Table H.3 for Pinon-Juniper grassland vegetation condition objectives. 

A mosaic of different vegetation structure and composition is needed to enhance wildlife habitat in this 
community type. Vegetation treatments to influence DPC in the pinon-juniper grassland community will be 
considered at the following threshold levels:  

• Mesquite 50 plants/acre

• Cholla 100 plants/acre

• Broom snakeweed 25% by weight of vegetative production

• Pinon/juniper 50 trees/acre or when junipers encroach on drainages

Constraints on treatments in the pinon-juniper community are: 

• Removal of trees will be done to create edge and mosaic patterns.

Table H.3. Desired Plant Community for Pinon-Juniper Grassland 

Cover Type Percent Cover Vegetative Cover by Percent Composition 

Grass/Forbs 15%–35% – 

Grasses – 30%–40% 

Forbs – 3%–15% 

Shrubs/Trees 10%–25% – 

Shrubs – 20%–35% 

Trees – 30%–40% 

Bare Ground 125%–24% – 

Small Rock/Large Rock 5%–35% – 

Litter 10%–20% – 

Mixed Desert Shrub Community  

Refer to Table H.4 for Mixed Desert Shrub Community vegetation condition objectives. 

Vegetation treatments to influence DPC in the mixed desert shrub community will be considered at the 
following threshold levels:  

• Mesquite 50 plants/acre

• Cholla 100 plants/acre

• Catclaw 50 plants/acre

• Creosote 20% of the vegetative canopy

• Lechuguilla 20% of the vegetative canopy

• Tarbush 20% of the vegetative canopy

• Broom snakeweed 25% by weight of vegetative production

• Pinon/juniper 50 trees per acre

Table H.4. Desired Plant Community for Mixed Desert Shrub 

Cover Type Percent Cover Vegetative Cover by Percent Composition 

Grass/Forbs 11%–28% – 

Grasses – 55%–75% 

Forbs – 10%–20% 

Shrubs/Trees 6%–15% – 

Shrubs – 15%–20% 

Trees – 1%–10% 

Bare Ground 10%–40% – 

Small Rock/Large Rock 15%–35% – 

Litter 1%–12% –
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Drainages, Draws and Canyons Community  

Refer to Table H.5 for Drainages, Draws and Canyons Community vegetation condition objectives. 

Vegetation treatments to influence DPC in the drainages, draws and canyons community will be considered 
at the following threshold levels:  

• Mesquite 50 plants/acre

• Cholla 100 plants/acre

• Catclaw 50 plants/acre

• Creosote 20% of the vegetative canopy

• Lechuguilla 20% of the vegetative canopy

• Tarbush 20% of the vegetative canopy

• Broom snakeweed 25% by weight of vegetative production

Constraints on treatments in the drainages, draws, and canyons community are as follows: 

• Preferred forage will be protected.

• Riparian-wetland vegetation will be protected by methods such as developing riparian pastures,
establishing upland waters, and conducting saltcedar control.

• Aerial herbicide treatments will be excluded from drainages, draws and canyons.

Table H.5. Desired Plant Community for Drainages, Draws and Canyons 

Cover Type Percent Cover 

Grass/Forbs 15%–45% 

Shrubs/Trees 3%–20% 

Bare Ground 0%–60% 

Small Rock/Large Rock 0%–40% 

Litter 4%–43% 

Riparian-Wetlands Community 

There is no current management objective based on Ecological Range Site Goals for the riparian-wetlands 
community. Riparian management objectives require more specific plant community prescriptions to meet 
these goals. Current Natural Resource Conservation Service range site descriptions do not adequately 
describe potential plant communities for riparian-wetland areas. Nevertheless, management would be 
directed toward achieving proper functioning condition. 
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NATIVE SEED APPLICATION FOR RECLAMATION OF 

SURFACE DISTURBANCE 

Table H.6. Native Seed Mixes for Reclamation of Surface Disturbance 

Family 
Scientific 

Name 

Common 

Name 

Seeds per 

Pound 

Mix 

Percentage 

PLS (lb) 

per Acre 
Comments 

Seed Mixture: Steppe 

Soil Types: Gypsum, Sandy, Loamy & Shallow (Primarily Shallow) 

Application Timing: Fall 

Asteraceae 
Helianthus 

annuus 

Common 

sunflower 
59,800 15% 8.7 

Use conservation seed varieties; 

do not use ornamental and 

production varieties. 

Malvaceae 
Sphaeralcea 

coccinea 

Scarlet 

globemallow 
500,000 5% 0.3 

Scarification improves 

germination.  

Poaceae 
Aristida 

purpurea 

Purple 

threeawn 
250,000 15% 2.1 

De-awning may reduce seed 

viability. 

Poaceae 
Bouteloua 

curtipendula 

Sideoats 

grama 
191,000 10% 1.8 

Use “Haskell” cultivar. Ours is 

var. caespitosa. Removing 

floral parts from caryopses 

improves germination.  

Poaceae 
Bouteloua 

gracilis 
Blue grama 825,000 10% 0.4 Use “Hachita” cultivar. 

Poaceae 

Disakisperma 

dubium 

(Leptochloa 

dubia) 

Green 

sprangletop 
538,00 10% 0.6 – 

Poaceae 
Sertaria 

marcrostachya 

Plains 

bristlegrass 
293,000 10% 1.2 

Use “Stevan” cultivar (Setaria 

leucopila). 

Poaceae 
Sporobolus 

airoides 
Alkali sacaton 1,758,000 15% 0.3 Use “Saltalk” cultivar 

Poaceae 
Sporobolus 

cryptandrus 

Sand 

dropseed 
5,298,000 15% 0.1 

Scarification improves 

germination.  

Seed Mixture: Mixed Desert 

Soil Types: Gypsum, Sandy, Loamy & Shallow (Primarily Shallow) 

Application Timing: Fall 

Malvaceae 
Sphaeralcea 

coccinea 

Scarlet 

globemallow 
500,000 5% 0.3 

Scarification improves 

germination.  

Asteraceae 
Helianthus 

annuus 

Common 

sunflower 
59,800 5% 2.9 

Use conservation seed varieties; 

do not use ornamental and 

production varieties. 

Asteraceae 
Verbesina 

encelioides 

Golden 

crownbeard 
387,000 10% 0.9 – 

Poaceae 
Aristida 

purpurea 

Purple 

threeawn 
250,000 20% 2.8 

De-awning may reduce seed 

viability. 

Poaceae 
Bouteloua 

curtipendula 

Sideoats 

grama 
191,000 10% 1.8 

Use “Haskell” cultivar. Ours is 

var. caespitosa. Removing 

floral parts from caryopses 

improves germination.  

Poaceae 
Setaria 

macrostachya 

Plains 

bristlegrass 
293,000 10% 1.2 

Use “Stevan” cultivar (Setaria 

leucopila). 

Poaceae 
Sporobolus 

airoides 
Alkali sacaton 1,758,000 15% 0.3 Use “Saltalk” cultivar 
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Family 
Scientific 

Name 

Common 

Name 

Seeds per 

Pound 

Mix 

Percentage 

PLS (lb) 

per Acre 
Comments 

Poaceae 
Sporobolus 

cryptandrus 

Sand 

dropseed 
5,298,000 15% 0.1 

Scarification improves 

germination.  

Poaceae 
Panicum 

obtusum 

Vine 

mesquite 
145,000 10% 2.4 – 

Seed Mixture: Upland Scrub 

Soil Types: Gypsum, Shallow, Loamy & Sandy (Primarily Sandy) 

Application Timing: Fall 

Asteraceae 
Helianthus 

annuus 

Common 

sunflower 
59,800 15% 8.7 

Use conservation seed varieties; 

do not use ornamental and 

production varieties. 

Malvaceae 
Sphaeralcea 

coccinea 

Scarlet 

globemallow 
500,000 5% 0.3 

Scarification improves 

germination.  

Poaceae 
Aristida 

purpurea 

Purple 

threeawn 
250,000 20% 2.8 

De-awning may reduce seed 

viability. 

Poaceae 
Bouteloua 

curtipendula 

Sideoats 

grama 
191,000 10% 1.8 

Use “Haskell” cultivar. Ours is 

var. caespitosa. Removing 

floral parts from caryopses 

improves germination.  

Poaceae 
Setaria 

macrostachya 

Plains 

bristlegrass 
293,000 15% 1.8 

Use “Stevan” cultivar (Setaria 

leucopila). 

Poaceae 
Sporobolus 

airoides 
Alkali sacaton 1,758,000 15% 0.3 Use “Saltalk” cultivar 

Poaceae 
Sporobolus 

cryptandrus 

Sand 

dropseed 
5,298,000 20% 0.1 

Scarification improves 

germination.  

Seed Mixture: Chihuahuan Sandhill Steppe 

Soil Type: Gypsum, Shallow, Loamy & Sandy (Primarily Sandy) 

Application Timing: Fall 

Asteraceae 
Helianthus 

annuus 

Common 

sunflower 
59,800 5% 2.9 

Use conservation seed varieties; 

do not use ornamental and 

production varieties. 

Plantaginac

eae 

Penstemon 

ambiguus 

Gilia 

beardtongue 
250,000 5% 0.7 – 

Malvaceae 
Sphaeralcea 

coccinea 

Scarlet 

globemallow 
500,000 5% 0.3 

Scarification improves 

germination.  

Asteraceae 
Verbesina 

encelioides 

Golden 

crownbeard 
387,000 5% 0.5 – 

Poaceae 
Aristida 

purpurea 

Purple 

threeawn 
250,000 10% 1.4 

De-awning may reduce seed 

viability. 

Poaceae 
Bouteloua 

curtipendula 

Sideoats 

grama 
191,000 10% 1.8 

Use “Haskell” cultivar. Ours is 

var. caespitosa. Removing 

floral parts from caryopses 

improves germination.  

Poaceae 
Bouteloua 

gracilis 
Blue grama 825,000 10% 0.4 Use “Hachita” cultivar. 

Poaceae 
Schizachyrium 

scoparium 

Little 

bluestem 
260,000 15% 2.0 

Use “Pastura” or “Aldous” 

cultivars. 

Poaceae 
Setaria 

macrostachya 

Plains 

bristlegrass 
293,000 10% 1.2 

Use “Stevan” cultivar (Setaria 

leucopila). 



Draft Resource Management Plan/Environmental Impact Statement Appendix H 
Desired Plant Community for Vegetation 

BLM Carlsbad Field Office H-9  

Family 
Scientific 

Name 

Common 

Name 

Seeds per 

Pound 

Mix 

Percentage 

PLS (lb) 

per Acre 
Comments 

Poaceae 
Sporobolus 

airoides 
Alkali sacaton 1,758,000 10% 0.2 

Use “Saltalk” cultivar. 

Substitute Sporobulus 

contractus (spike dropseed) or 

Sprobolus flexuosus (mesa 

dropseed) when available. 

Poaceae 
Sporobolus 

cryptandrus 

Sand 

dropseed 
5,298,000 15% 0.1 

Scarification improves 

germination.  

Seed Mixture: High Plains Sandhill Steppe 

Soil Type: Loamy, Shallow & Sandy (Primarily Sandy) 

Application Timing: Fall 

Asteraceae 
Helianthus 

annuus 

Common 

sunflower 
59,800 5% 2.9 

Use conservation seed varieties; 

do not use ornamental and 

production varieties. 

Plantaginac

eae 

Penstemon 

ambiguus 

Gilia 

beardtongue 
250,000 5% 0.7 – 

Malvaceae 
Sphaeralcea 

coccinea 

Scarlet 

globemallow 
500,000 5% 0.3 

Scarification improves 

germination.  

Asteraceae 
Verbesina 

encelioides 

Golden 

crownbeard 
387,000 5% 0.5 – 

Poaceae Andropogon 

hallii 

Sand 

bluestem 

113,000 10% 3.1 Use "Elida" cultivar. 

Poaceae 
Aristida 

purpurea 

Purple 

threeawn 
250,000 10% 1.4 

De-awning may reduce seed 

viability. 

Poaceae 
Bouteloua 

curtipendula 

Sideoats 

grama 
191,000 10% 1.8 

Use “Haskell” cultivar. Ours is 

var. caespitosa. Removing 

floral parts from caryopses 

improves germination.  

Poaceae 
Bouteloua 

gracilis 
Blue grama 825,000 10% 0.4 Use “Hachita” cultivar. 

Poaceae 
Schizachyrium 

scoparium 

Little 

bluestem 
260,000 10% 1.3 

Use “Pastura” or “Aldous” 

cultivars. 

Poaceae 
Setaria 

macrostachya 

Plains 

bristlegrass 
293,000 10% 1.2 

Use “Stevan” cultivar (Setaria 

leucopila). 

Poaceae 
Sporobolus 

airoides 
Alkali sacaton 1,758,000 10% 0.2 

Use “Saltalk” cultivar. 

Substitute Sporobulus 

contractus (spike dropseed) or 

Sprobolus flexuosus (mesa 

dropseed) when available. 

Poaceae 
Sporobolus 

cryptandrus 

Sand 

dropseed 
5,298,000 10% 0.1 

Scarification improves 

germination.  
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Figure H.1. BLM Reclamation Seed Mix Application Zones 
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HISTORIC NATIVE FISH SPECIES 

Table I-1. Pecos River Fishes, including Delaware and Black Springs 

Species Status River/Spring 

American Eel NS P 

Arkansas River Shiner* Threatened P 

Bigscale Logperch* BLM Sensitive P, B 

Black Bullhead NS All 

Black Crappie NS All 

Blue Catfish NS P 

Blue Sucker NS D, P 

Blue Sucker* BLM Sensitive All 

Bluegill NS All 

Channel Catfish NS All 

Common Carp NS All 

Fathead Minnow NS All 

Flathead Catfish NS All 

Gizzard Shad NS All 

Golden Shiner NS P 

Grass Carp NS All 

Gray Redhorse* BLM Sensitive D, P, B 

Green Sunfish NS All 

Greenthroat Darter* BLM Sensitive P 

Headwater Catfish* BLM Sensitive D 

Inland Silverside NS All 

Largemouth Bass NS All 

Longear Sunfish NS All 

Longnose Dace NS P 

Longnose Gar NS All 

Mexican Tetra* BLM Sensitive All 

Mosquito Fish NS All 

Pecos Bluntnose Shiner Threatened P 

Pecos Gambusia* Endangered P, B 

Pecos Pupfish* BLM Sensitive P 

Plains Killfish NS All 

Plains Minnow* BLM Sensitive P 

Rainbow Trout NS B, P 

Rainwater Killfish NS All 

Red Shiner NS All 

Rio Grande Shiner* BLM Sensitive P 

River Carpsucker NS All 

Rock Bass NS All 

Roundnose Minnow NS P 

Sand Shiner NS P 

Smallmouth Buffalo NS All 

Speckled Chub NS All 
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Species Status River/Spring 

Spotted Bass NS All 

Threadfin Shad NS All 

Walleye NS P 

Warmouth NS All 

White Bass NS P 

White Crappie NS All 

White Sucker NS P 

Yellow Perch NS P 

Note: NA = no status 

P = Pecos, B = Black, D = Delaware 
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HABITAT SUITABILITY CRITERIA FOR LESSER PRAIRIE 
CHICKEN 
The 17 Habitat Areas are located in the Isolated Population Area (IPA)  (see Map 3.9 in Appendix B). The 
Habitat Areas were established to serve as potential habitat building blocks for expansion of the lesser 
prairie-chicken.  This species is considered nearly extirpated in Lea and Eddy Counties and would be high 
priority for expanded surveys, habitat improvement, and reserve site establishment.  In addition, any areas 
where lesser prairie-chicken populations face imminent threats of habitat conversion or fragmentation by 
development would be considered highest priority for strategies aimed at preventing habitat loss or 
minimizing developmental impacts.   

The following criteria have been developed to determine habitat suitability and guide management 
strategies (primarily leasing) for the 17 Habitat Areas identified in the Working Group Strategy.  These 
criteria were set forth for the following parameters in relation to the year-round habitat needs of the lesser 
prairie-chicken within the IPA. Habitat areas that contain 320 acres or more and contain 40 percent or more 
of suitable habitat (factoring in impact radii) would not be leased, or leased with a no surface occupancy 
stipulation. Leasing with the no surface occupancy requirement would mean there are acceptable drilling 
locations outside the lease that would not adversely impact lesser prairie-chicken habitat. Reclamation on 
adjacent areas should receive high priority due to the size and level of influence these blocks have on 
habitat connectivity. 

If there are birds within the Habitat Areas, then the recommendation provided for the IPA in Alternatives A 
and B of this amendment would be implemented. 

Note: Most of the Federal minerals have been leased within these habitat areas and are in some level of 
development. One assumption to be made is that once it is leased there is a likelihood of some level of 
development. 

Criteria 
1) Occupancy of lesser prairie-chicken - If there is evidence of LPC within the last 5 years and/or
documented historic sightings. 

2) Vegetation - Areas must be within the shinnery oak-dune plant community and provide the vegetative
composition necessary for seasonal habitat requirements (i.e. nesting, brood rearing and winter thermal 
cover). If composition of vegetation is sufficient but may lack standing biomass then address those issues 
in coordination, consultation, and cooperation with the permittee. 

3) Development and Fragmentation - The area being evaluated must contain a minimum “patch” size of 320
acres of Federal minerals that is not affected by fragmentation which is defined by impact radii. Studies in 
Kansas showed that lesser prairie-chickens seldom nest within 200 yards (0.1 mile) of oil and gas well heads, 
400 yards (0.25 mile) of power lines, 860 yards (0.5 mile) of improved roads, and 1,370 yards (0.75 mile) of 
large structures. Areas surrounding the “patch” (within 1 mile) may have some development but with a 
probability that reclamation will be completed in the near future (within 1 to 5 years). The probability of 
reclamation depends upon the life of the wells or the field at the time of evaluation. Impact distances are 
subject to change based on best available science. 

Data needed for evaluation: 
• Presence or absence of lesser prairie-chickens (last 5 years)
• Percent vegetative composition (i.e., shrubs, grasses, forbs)
• Vegetative Condition (Range condition, Visual Obstruction readings, and production)
• Range site description
• Are there areas within the poly that are larger than 320 acres
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• Estimate level of development (low, mid, high) within and adjacent to habitat polygon
• Evaluate the amount of Robel impact radii on suitable habitat (pads, roads, powerlines, compressors)
• Documented historic lekking activity (yes)

For areas to be considered Habitat Areas, the area needs to meet the occupancy criteria or the vegetation 
and development/fragmentation criteria or all three.  

These criterion were designed for the 17 Habitat Areas, but may be used in areas that have suitable habitat 
along with successful reclamation.  When these criteria are used in areas other than the Isolated Population 
Area, the evaluator should consider that other plant species may fulfill the role of shinnery-oak.  This is 
particularly evident in the transition zone between the Chihuahuan Desert and the Southern Great Plains. 
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AREAS OF CRITICAL ENVIRONMENTAL CONCERN 

Area of Critical Environmental Concern (ACEC) designations highlight areas where special management attention 
is needed to protect, and prevent irreparable damage to, important and relevant values. The ACEC designation 
indicates to the public that the Bureau of Land Management (BLM) recognizes that an area has significant values 
and has established special management to protect those values. Designation of ACECs occurs through the 
resource management planning process. The Federal Land Management Policy Act (FLPMA) states “Sec. 201. [43 
U.S.C. 1711] (a) The Secretary shall pre-pare and maintain on a continuing basis an inventory of all public lands 
and their resource and other values (including, but not limited to, outdoor recreation and scenic values), giving 
priority to areas of critical environmental concern.” 

Nomination 

Areas considered for ACEC evaluation include existing ACECs, external nominations, internal nominations, areas 
identified through inventory and monitoring, and areas adjacent to designations of other federal and state agencies. 
The following special management areas from the 1988 Carlsbad Resource Management Plan (RMP) were 
considered as outlined in Table K.1.  

Table K.1. Special Management Areas Considered for ACEC Evaluation 

Special Management Area Reason for Designation 

Bear Grass Draw SMA Cultural 

Blue Springs ACEC Riparian, federally listed fish species 

Bluntnose Shiner Habitat SMA Riparian, federally listed fish species 

Cave Resources SMA 8 caves, non-renewable geologic, biological, paleontological, 

hydrologic, recreational, educational studies 

Chosa Draw ACEC Caves, riparian, sensitive soils, recreation, education, scientific 

studies 

Dark Canyon ACEC Visual, natural resource values, caves, threatened and 

endangered plant species  

Dark Canyon Scenic Area Visual 

Dry Cave RNA Paleontological research 

Guadalupe Escarpment Scenic Area Visual 

Laguna Plata SMA Cultural 

Little McKittrick Draw RNA Hydrological, federally proposed snail 

Lonesome Ridge ONA ACEC Natural values, recreation, wildlife, scenic 

Maroon Cliffs SMA Cultural 

Pecos River/Canyons Complex RNA ACEC Cultural, scenic, research opportunities, wildlife habitat 

Pecos River Corridor SMA Riparian, recreation, sensitive soils 

Phantom Banks Heronries SMA Colonial bird habitat 

Poco Site SMA Cultural 

Pope’s Well SMA Historical site 

Potash Bull Wheel SMA Historical, site no longer exists 

Seven Rivers Hills SMA Sensitive soils, sensitive plant species 

South Texas Hill Canyon RNA Protected plant species, habitat 

Springs Riparian Habitat SMA Habitat, endangered species, riparian, hydrological 

Yeso Hills RNA Fragile soils, federally listed species 
SMA: Special Management Area; RNA: Research Natural Area; ONA: Outstanding Natural Area.  
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The following external nominations listed in Table K.2 were received: 

Table K.2. Externally Nominated ACECs 

Name Proposed Relevant and Important Values 

Birds of Prey Grasslands Wildlife 

Carlsbad Chihuahuan Desert Rivers Cultural, fish, wildlife, natural systems or process 

Desert Heronries Wildlife 

Salt Playas Cultural, wildlife 

Six Shooter Scenic, wildlife, natural system or process 

Evaluation 

To be considered as a potential ACEC and analyzed in RMP alternatives, an area must meet the following relevance 
and importance criteria. 

Relevance 

An area meets “relevance” criterion if it contains one or more of the following: 

• A significant historic, cultural, or scenic value (including but not limited to rare or sensitive
archeological resources and religious or cultural resources important to Native Americans).

• A fish and wildlife resource (including but not limited to habitat for endangered, sensitive, or threatened
species, or habitat essential for maintaining species diversity).

• A natural process or system (including but not limited to endangered, sensitive, or threatened plant
species; rare, endemic, or relic plants or plant communities that are terrestrial, aquatic, or riparian, or rare
geological features).

• Natural hazards (including but not limited to areas of avalanche, dangerous flooding, landslides,
unstable soils, seismic activity, or dangerous cliffs). A hazard caused by human action may meet the
relevance criteria if it is determined through the resource management planning process that it has
become part of a natural process.

Importance 

The value, resource, system, process, or hazard must have substantial significance and values. This generally 
means it is characterized by one or more of the following: 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

• Has been recognized as warranting protection in order to satisfy national priority concerns or to carry out
the mandates of FLPMA.

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.

• Poses a significant threat to human life and safety or to property.

Incorporation 

ACEC nominations that meet the relevance and importance criteria are incorporated in appropriate RMP 
alternatives. Management is developed for each potential ACECs and it is included as a recommended ACEC in at 
least one RMP alternative. 
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BIRDS OF PREY GRASSLAND 

Nominated ACEC: Birds of Prey Grassland ACEC 

Nominated by: New Mexico Wilderness Alliance 

Size: 349,355 acres 

Fish or Wildlife Resource 

Relevance 

The Chihuahuan semi-desert grassland within the nominated ACEC contains a highly diverse population of birds 
of prey (raptors) and other grassland birds. The habitat in the area provides the necessary food, water, shelter, and 
space for the recognized avian diversity because the cliffs provide ideal nesting sites, while the grasslands support 
large populations of small mammal and grassland bird prey species. The area supports grasses, forbs, and shrubs, 
which in turn sustain many small mammals, birds, reptiles, and invertebrates. The co-occurrence of abundant 
nesting sites and food supplies is the chief factor in the area functioning as year-round avian habitat. In addition, a 
substantial number of birds migrate through the ACEC each spring and fall season. The nominated ACEC is located 
between two principal routes of the Central Flyway, which is one of four flyways in North America. 

Importance 

• Has more than locally significant qualities which give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Systems or Processes 

Relevance 

This area contains Kuenzler's hedgehog cactus (Echinocereus fendleri var. kuenzleri). 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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BOOT HILL DISTRICT 

Nominated ACEC: Boot Hill District ACEC 

Nominated by: BLM 

Size: 1,065 acres  

Cultural Value 

Relevance 

The nominated Boot Hill ACEC contains a number of significant sites eligible for listing on the National Register of 
Historic Places. Significant cultural remains such as pronghorn (Antilocapra americana), bison (Bison antiquus), 
and other faunal remains have been documented, giving us a window into the past for understanding the 
subsistence (dietary) strategies of the prehistoric occupants. In addition, several of the sites within the nominated 
ACEC are associated with surface semi-circular rock-lined structures located on the periphery of the site overlooking 
the landscape. The function of these structures is not yet understood. The ceramic assemblage has intrusive wares, 
which is indicative that the past occupants were in contact with other groups outside southeastern New Mexico. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Systems or Processes 

Relevance 

Fossil remains frequently occur in this area, as evidenced by the presence of a mammoth tusk found eroding from 
an arroyo wall and observations of other paleontological remains in the area. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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CARLSBAD CHIHUAHUAN DESERT RIVERS 

Nominated ACEC: Carlsbad Chihuahuan Desert Rivers ACEC 

Nominated by: New Mexico Wilderness Alliance 

Size: 108,474 acres 

Historic Value 

Historic activities in the area include Captain John Pope’s 1854 expedition to find a route for the Transcontinental 
Railroad. John Pope surveyed a route along the thirty-second parallel through Texas that was of interest to the 
Southern population. Historic sites associated with this encampment include possible tent platforms and rock cairns 
relating to surveying activities.  

The 1883 General Land Office survey plats of the area along the Delaware River show that this was one of the 
earliest regions of settlement in Eddy County. Five ranches, a house, and a corral are noted along the river on the 
1883 plats. The dam, irrigation ditches and associated infrastructure were built later and were designed to collect 
and distribute water to agricultural parcels along the river. A recent cultural resource survey of the Delaware River 
recorded 13 historic sites comprising a historic homesteading district along the Delaware River. As a whole, the 13 
sites form a cohesive set representing the range of activities associated with the small, independent homesteads 
of the pre-Depression era. These sites are being formally nominated for listing on the National Register of Historic 
Places as a Historical District.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Cultural Value 

Relevance 

This area contains prehistoric archaeological sites and areas of traditional cultural importance to Native American 
tribes. Archaeological sites have been recorded along the portion of the Delaware River on BLM-administered lands. 
The archaeological sites are characterized by flaked stone and ceramic artifacts, bedrock mortars, thermal features, 
and small stone enclosures.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.



Draft Resource Management Plan/Environmental Impact Statement Appendix K 
Areas of Critical Environmental Concern

BLM Carlsbad Field Office K-10   

Scenic Value 

Relevance 

Portions of the Pecos, Black, and Delaware Rivers provide unique scenic values that are enhanced by topographic 
and riparian diversity not commonly found in the planning area. Riparian landscapes display dramatic transitions 
from stark, white gypsum soils and sparsely vegetated sandy flats to rolling hills and deep drainages. Riparian areas 
feature sedge (Carex sp.), hemlock (Conium maculatum), desert willow (Chilopsis sp.), cattail (Typha sp.), and 
large cottonwood (Populus sp.) trees that provide an unexpected vegetative density with noticeable visual contrast 
in the line, form, color, and texture of the Chihuahuan Desert environment. Mature trees along the river banks 
appear as green ribbons meandering through a dry, desert environment of muted tans, browns, grays, and drab 
greens. The Guadalupe Escarpment provides a dramatic background with sheer, rugged peaks that extend 2,000 
feet above the desert floor. Unique soils, geology, and hydrogeological processes give the Black River an aqua 
blue color that is not seen elsewhere in southeastern New Mexico.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Fish or Wildlife Resource 

Relevance 

There are several species within the nominated ACEC that are either threatened, endangered, or considered to be 
species of concern by either the BLM or the State of New Mexico. Some of these include allthorn (Koeberlinia sp.), 
Texas hornshell (Popenaias popeii), bigscale logperch (Percina macrolepida), gray redhorse (Moxostoma 
congestum), blue sucker (Cycleptus elongatus), Mexican tetra (Astyanax mexicanus), roundnose minnow (Dionda 
episcopa), headwater catfish (Ictalurus lupus), Pecos pupfish (Cyprinodon pecosensis), barking frog (Craugastor 
augusti), western river cooter (Pseudemys concinna), plainbelly watersnake (Nerodia erythrogaster), bald eagle 
(Haliaeetus leucocephalus), ferruginous hawk (Buteo regalis), peregrine falcon (Falco peregrinus), yellow-billed 
cuckoo (Coccyzus americanus), and Bell’s vireo (Vireo bellii). A single cave swallow (Pterochelidon fulva) colony 
on the edge of the area was the first recorded lowland, non-cave site in southeastern New Mexico.  

In dry climates with little rainfall, desert rivers are used as breeding, feeding, and sheltering grounds for most of the 
species that exist near them. These rivers are significant stops along the seasonal migratory path of birds. The 
Delaware River has been designated an Important Birding Area by the Audubon Society and is either a home or a 
rest stop for hundreds of species.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Natural System or Process 

Karst Resources 

Relevance 

This nominated ACEC contains hydrologically important gypsum karst. It has significant caves, sinking streams, 
springs, and numerous sinkholes. The area is sensitive to soil erosion and surface-disturbing activities. The cave 
resources provide recreational opportunities, as well as habitat for cave-adapted animal species and point sources 
for groundwater recharge. 

The southern gypsum escarpment area contains several hundred caves and other karst features. Parks Ranch 
Cave falls within the nominated ACEC. At 4.2 miles in length, Parks Ranch Cave is the longest gypsum cave on 
federal lands in the United States. Parks Ranch Cave is also the most visited cave within the planning area.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Paleontological Resources 

Relevance 

Pleistocene mammoth and bison bones have been recovered along the eroding banks of the Delaware River. In 
1999, paleontologists from the BLM and the New Mexico Museum of Natural History removed a 10,000 to 20,000 
year old mammoth tusk from the bank of the Delaware River. Other paleontology exposures along the river have 
also been reported 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning, distinctiveness,
or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Riparian Areas 

Relevance 

Riparian areas in New Mexico, especially those in the Chihuahuan Desert, are some of the most biologically rich 
areas in temperate regions. Most of the organisms on the New Mexico list of threatened and endangered species 
are either riparian dependent or are high users of riparian areas. Riparian areas in the nominated ACEC include 
the Delaware, Pecos, and Black Rivers. In 1992, the Nature Conservancy, in conjunction with the BLM, conducted 
a field study of the riparian areas along the Delaware River. This study revealed a large number of species, including 
several rare or protected species.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Soils 

Relevance 

This area is an excellent representative of the uniquely exposed Castile formation within the Chihuahuan Desert 
ecosystem. Most of the area consists of bare steep slopes and deep eroded arroyos covered by microbiotic soil 
crusts, a rare and very fragile soil cover. Microbiotic soil crust is a highly specialized community of mosses, lichen, 
and cyanobacteria. In addition to covering the surface of the soil, it also serves to break down rock material, absorb 
water, slow soil erosion, and provide an environment in which other plants germinate. Microbiotic soil crusts are 
extremely fragile. While found across the proposed ACEC, this soil type is best demonstrated in the western portion 
of the area, the old Yeso Hills Research Natural Area.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Special Status Plants 

Relevance 

The area contains gypsum wild buckwheat (Eriogonum gypsophilum), a federally threatened species. The area also 
contains three species of concern: gypsum milkvetch (Astragalus gypsodes), gypsogenus ringstem (Anulocaulis 
leiosolenus var. gypsogenus), and Yeso Hills linum (Linum allredii). All of these species are found on gypsum soils 
and are sensitive to loss or alteration of the habitat. This is especially important because this soil type is slow to 
recover and reclamation efforts are often less than ideally successful.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors. In addition, several of the caves in the Chosa Draw areas contain 
steep pit entrances posing a hazard to surface users. These areas are also subject to sudden surface collapse, 
which can be triggered by surface use or by natural processes. Gypsum caves are subject to flash flooding, creating 
a drowning hazard to cave visitors. Harmful waterborne bacteria is also present in some gypsum caves. 

Importance 

• Poses a significant threat to human life and safety or to property.
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CAVE RESOURCES 

Nominated ACEC: Cave Resources ACEC 

Nominated by: BLM 

Size: 19,625 acres 

Boyd’s Cave 

Historic Value 

Relevance 

Boyd’s Cave has been investigated by the professional and amateur archaeology community over a long time 
period. R.M. “Bill” Burnet and C.T.R. Bohannon had crews doing extensive work in Boyd’s Cave as early as 1936. 
In the 1930s, E.B. Howard conducted excavation for the University of Pennsylvania. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Cultural Value 

Relevance 

This cave has cultural significance to native tribes. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazard 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight 
passages, slippery surfaces, and unstable and uneven floors.  

Importance 

• Has qualities which warrant highlighting in order to satisfy public or management concerns about safety
and public welfare.
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Burton Flats 

Fish or Wildlife Resource 

Relevance 

Almost every large cave entrance in the Burton Flats Cave Complex is used as a nesting site by barn (Tyto alba) 
or great horned owls (Bubo virginianus). Very few in-cave biological surveys have been conducted in Burton 
Flats. It is suspected, as is the case in Sinkhole Flats Caves, that obligate cave species exist in the. The presence 
of water in these systems provides high probability of the presence of cave-adapted invertebrates. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural System or Process 

Relevance 

While all of Burton Flats is composed of a gypsum karst terrain, three particular areas contain a high 
concentration of known significant caves. These caves often appear as dramatic surface collapses with little 
indication of their presence. All of these caves reach a local water table that has been tested and shown to be 
relatively fresh. Some caves within the Burton Flats area contain rare gypsum speleothems. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazard 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight 
passages, slippery surfaces, and unstable and uneven floors. In addition, several of the caves in the Burton Flats 
areas contain steep pit entrances, posing a hazard to surface users. These areas are also subject to sudden 
surface collapse, which can be triggered by surface use or by natural processes. Gypsum caves are subject to 
flash flooding, creating a drowning hazard to cave visitors. Harmful waterborne bacteria is also present in some 
gypsum caves.  

Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.
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Chosa Draw Caves 

Natural System or Process 

Relevance 

Several hundred gypsum caves are located within the nominated ACEC. Parks Ranch Cave is the longest at 4.2 
miles in length. The cave contains 21 known entrances and is the most visited cave in the planning area. It is also 
the longest gypsum cave on federal lands in the United States and the second longest gypsum cave in North 
America. Generally, overland water flow enters cave and karst features, traveling for several miles in some cases, 
and is discharged back to the surface in Chosa Draw, resulting in sensitive riparian areas in an otherwise dry 
desert environment. Documentation of karst features in the Chosa Draw area has shown that it is the most dense 
karst terrain in terms of features per area in the United States.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors. In addition, several of the caves in the Chosa Draw area contain 
steep pit entrances, posing a hazard to surface users. These areas are also subject to sudden surface collapse 
which can be triggered by surface use or by natural processes. Gypsum caves are subject to flash flooding, creating 
a drowning hazard to cave visitors. Harmful waterborne bacteria is also present in some gypsum caves.  

Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.

Fence Canyon Caves 

Fish or Wildlife Value 

Relevance 

Biological inventories in the caves of Fence Canyon were done as part of a wider study in caves throughout the 
Guadalupe Mountains. A possible new species of scorpion was discovered in Jurnigan Cave #1. Vejovis sp. was 
found to exhibit reduced eye structure and color pattern, although found in the same area as those with normal 
eyes and color pattern. A harvestman was found in Jurnigan Cave #1 and Doc Brito Cave. This species, Texella 
sp., has only been documented in five caves within the Guadalupe Mountains and may represent one or more new 
species. A pseudoscorpion, Aphrastochthonius pachysetus, documented in caves in California, was identified by a 
sole species in Doc Brito Cave and has not been documented in other Guadalupian caves. The proximity of Wind 
Cave and Jurnigan Cave #2 suggest that these species may also be present at these locals. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Natural System or Process 

Relevance 

This area contains five known significant caves. Doc Brito Cave, Jurnigan Cave #2, KFF Caverns, and Wind Cave 
all receive regular recreational visitation. Jurnigan Cave #1 is open for research only due to the presence of a rare 
cave-adapted invertebrate. Recent discoveries in Wind Cave have expanded the mapped portion of the cave to 
over 3 miles in length and greatly extended its footprint. Passage size and morphology in areas of Wind Cave are 
extremely similar to those in Lechuguilla Cave. KFF Cavern was not discovered and explored until the 1980s. 
Limited visitation has maintained an almost pristine condition of the cave. Delicate speleothem displays are present. 
Airflow in back portions of the cave indicate more passages yet to be discovered. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors.  

Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.

Lost Cave 

Historic Value 

Relevance 

Lost Cave is unique in that contains high quality replications of early-man rock art from famous rock art cave sites 
in France and Spain (Altamira Cave, Lascaux Cave, and Chauvet Cave), and miscellaneous Apache rock art. These 
replications were made for a television documentary and are easily viewed by cave visitors. These replications 
occur in one large panel spanning the walls and ceiling of a 30-foot section of Lost Cave. 

In 1989, Pioneer Frontier Explorations and Researchers, a research group from Ancona, Italy, in conjunction with 
NASA, conducted a solitary space-temporal isolation experiment within Lost Cave. The experiment involved placing 
a volunteer within the cave for more than 4 months to study the effects of isolation that might be experienced by 
humans on deep space travels.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors.  
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Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.

Manhole/Mudgett’s Caves 

Historic Value 

Relevance 

Mudgett’s Cave is historically known for its guano mine. Mining began around 1909 and historic mining artifacts 
associated with the cave include a guano cart and wooden tracks. These rare cultural legacies document early 
historic cave exploration in southeast New Mexico. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural System or Process 

Relevance 

Big Manhole Cave is currently the site of an ongoing dig to discover a new cave system. Air movements out of the 
breakdown in the cave in excess of 40 miles per hour, lineament studies, drilling logs, and geophysical studies 
showing the presence of large anomalies indicate existence of a large cave system. Recent airflow studies suggest 
that Big Manhole Cave is part of the Lechuguilla Cave system. Extensive paleontological resources have been 
found and documented in Big Manhole Cave. Little Manhole Cave is slightly bigger than that current known in Big 
Manhole Cave. Little Manhole Cave contains a wide variety of delicate, active speleothems. Several soda straw 
formations in excess of 6 feet in length are present. Mudgett’s Cave is located on a steep exposed cliff face 
overlooking Serpentine Bends. The cave has extensive deposits of calcite speleothems, including stalactites, 
stalagmites, helictites, columns, and pool features. Some pool features include u-loops, a biothem (or formation 
formed with the aid of microbial communities), which are of specific interest to researchers. Delicate gypsum 
needles, gypsum hair, and gypsum cotton can be found in the less disturbed side passages.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors. Both Little Manhole and Big Manhole Caves have vertical 
entrance pits that require vertical rope climbing techniques to enter. The first several hundred feet of Mudgett’s 
Cave contains fine, easily disturbed silt from burned goat manure and bat guano that can interfere with visitors 
breathing.  

Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.
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McKittrick Hill Caves 

Historic Value 

Relevance 

Endless and McKittrick Caves have unique early historic signatures that date from the late 1800s to the early 1900s, 
including one signature with a date of 1894. These signatures include historic graffiti that gives the date, person, 
and often the hometown of the individual. A historic structure constructed by Robert G. Brookshire is situated outside 
one of the entrances of McKittrick that dates between 1910 and 1913. Native American rock middens are located 
outside both McKittrick and Endless Caves. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Fish or Wildlife Resource 

Relevance 

McKittrick, Sand, and Endless Caves are all important summer bat roost sites. McKittrick Cave houses a bachelor 
roost of cave myotis (Myotis velifer), while Endless Cave houses the corresponding maternity roost. A small roost 
of hoary bats (Lasiurus cinereus) uses Sand Cave. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural System or Process 

Relevance 

McKittrick Hill contains 12 known significant caves that range from 50 feet to more than 12 miles in length. The 
caves of McKittrick Hill offer the best example of hypogenic, multi-level maze cave development in New Mexico. 
Several areas within these caves contain significant displays of delicate speleothems. Conservation efforts have 
helped newly discovered areas in some of the caves remain in near pristine condition. Paleontological deposits 
have been excavated and documented in several of the caves.  

Excavations beginning in the 1930s and continuing into the 1980s have led to the discovery of the largest 
Pleistocene-aged faunal deposit sites within the planning area. Remains of nearly 150 different vertebrate species 
have been documented from the site. Twenty-three of these species are extinct, while many more are not found in 
the desert Southwest at present.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors. The caves of McKittrick Hill are exceptionally mazy.  

Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.

Sinkhole Flats 

Fish or Wildlife Resources 

Relevance 

An extensive biological survey of the caves of Sinkhole Flats was conducted in the early 1990s. Several rare 
invertebrates were documented in the caves of Sinkhole Flats. Some of these species were endemic only to the 
planning area, while others represented the first documentations in the state of New Mexico. A biological inventory 
performed 1993 identified several species of interest, including:  

• A previously undescribed mermithid nematode.

• A comb-footed spider (Achaearanea canionis) not previously documented in New Mexico.

• Ixodes conepati (Ixodes conepati), a tick only known to exist in Eddy County, New Mexico, and Brewster
and Culberson Counties in Texas.

• The first report of Belonuchus sp. from a cave in southeastern New Mexico.

• Rhadine longicollis Benedict, a beetle only known from caves near Carlsbad and Artesia in New Mexico
and Gyp Joint in Culberson County, Texas.

• Trox carinatus Loomis, a scarab beetle, otherwise known only from Texas.

• Batman Cave contained an active cave myotis maternity colony with a population estimate of 10,000
individuals.

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors. In addition, several of the caves in the Sinkhole Flats area 
contain steep pit entrances posing a hazard to surface users. These areas are also subject to sudden surface 
collapse, which can be triggered by surface use or by natural processes. Gypsum caves are subject to flash flooding, 
creating a drowning hazard to cave visitors. Harmful waterborne bacteria is also present in some gypsum caves.  

Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.
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Yellowjacket 

Fish or Wildlife Resource 

Relevance 

Yellowjacket Cave is maternity roost containing over 4,000 bats. Lair Cave, located on private land, houses the 
male bat population that corresponds with the maternity roost found in Yellowjacket Cave. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural System or Process 

Relevance 

Yellowjacket Cave is a significant cave more than 1.5 miles in length. It is the best example of a rectilinear maze 
cave on BLM-administered lands in New Mexico. Several passages form along a geological fold in bedding planes 
known as teepee structures. The cave contains extensive examples of velvet calcite speleothems. Velvet calcite is 
not common and is also very delicate. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors. Yellowjacket Cave is exceptionally mazy.  

Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.
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DESERT HERONRIES 

Nominated ACEC: Desert Heronries ACEC 

Nominated by: New Mexico Wilderness Alliance 

Size: 48,708 acres 

Fish or Wildlife Resource 

Relevance 

Great blue heron (Ardea Herodias) nest colonies (heronries) have been documented in western soapberry 
(Sapindus saponaria) tree stands east of the Pecos River within the planning area since the 1970s. With a limited 
amount of suitable nesting trees along the Pecos River, these herons are forced to nest several miles away from 
the river, which is their typical foraging habitat.  

The stands of western soapberry, associated with ephemeral draws and playas, are essential for the nesting herons, 
as well as for the survival of a host of other avian species in the area, such as neotropical migrants and other heron 
species. These tree stands also provide a limited amount of foraging habitat for the herons as small mammals, 
reptiles, and even amphibians inhabit the area around the tree stands due to the shade and higher humidity.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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GYPSUM SOILS 

Nominated ACEC: Gypsum Soils ACEC 

Nominated by: BLM 

Size: 65,562 acres 

Historic Value 

Historic activities in the area include Captain John Pope’s 1854 expedition to find a route for the Transcontinental 
Railroad. John Pope surveyed a route along the thirty-second parallel through Texas that was of interest to the 
Southern population. Historic sites associated with this encampment include possible tent platforms and rock cairns 
relating to surveying activities.  

The 1883 General Land Office survey plats of the area along the Delaware River show that this was one of the 
earliest regions of settlement in Eddy County. Five ranches, a house, and a corral are noted along the river on the 
1883 plats. The dam, irrigation ditches, and associated infrastructure were built later and were designed to collect 
and distribute water to agricultural parcels along the river. A recent cultural resource survey of the Delaware River 
recorded 13 historic sites comprising a historic homesteading district along the Delaware River. As a whole, the 13 
sites form a cohesive set representing the range of activities associated with the small, independent homesteads 
of the pre-Depression era. These sites are being formally nominated for listing on the National Register of Historic 
Places as a Historical District.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Cultural Value 

Relevance 

This area contains prehistoric archaeological sites and areas of traditional cultural importance to Native American 
tribes. Archaeological sites have been recorded along the portion of the Delaware River on BLM-administered lands. 
The archaeological sites are characterized by chipped stone and ceramic artifacts, bedrock mortars, thermal 
features, and small stone enclosures.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Scenic Value 

Relevance 

Portions of the Pecos, Black and Delaware Rivers provide unique scenic values that are enhanced by topographic 
and riparian diversity not commonly found in the planning area. Riparian landscapes display dramatic transitions 
from stark, white gypsum soils and sparsely vegetated sandy flats to rolling hills and deep drainages. Riparian areas 
feature sedge, hemlock, desert willow, cattail, and large cottonwood trees that provide an unexpected vegetative 
density with noticeable visual contrast in the line, form, color and texture of the Chihuahuan Desert environment. 
Mature trees along the river banks appear as green ribbons meandering through a dry, desert environment of muted 
tans, browns, grays, and drab greens. The Guadalupe Escarpment provides a dramatic background with sheer, 
rugged peaks that extend 2,000 feet above the desert floor. Unique soils, geology and hydrogeological processes 
give the Black River an aqua blue color that is not seen elsewhere in southeastern New Mexico.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Fish or Wildlife Resource 

Relevance 

There are several species within the nominated ACEC that are either threatened, endangered, or considered to be 
species of concern by either the BLM or the State of New Mexico. Some of these include allthorn, Texas hornshell, 
bigscale logperch, gray redhorse, blue sucker, Mexican tetra, roundnose minnow, headwater catfish, Pecos pupfish, 
barking frog, western river cooter, plainbelly watersnake, bald eagle, ferruginous hawk, peregrine falcon, yellow-
billed cuckoo, and Bell’s vireo. A single cave swallow colony on the edge of the area was the first recorded lowland, 
non-cave site in southeastern New Mexico.  

In dry climates with little rainfall, desert rivers are used as breeding, feeding, and sheltering grounds for most of the 
species that exist near them. These rivers are significant stops along the seasonal migratory path of birds. The 
Delaware River has been designated an Important Birding Area by the Audubon Society and is either a home or a 
rest stop for hundreds of species.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Natural System or Process 

Karst Resources 

Relevance 

This nominated ACEC contains hydrologically important gypsum karst. It has significant caves, sinking streams, 
springs, and numerous sinkholes. The area is sensitive to soil erosion and surface-disturbing activities. The cave 
resources provide recreational opportunities, as well as habitat for cave-adapted animal species and point sources 
for groundwater recharge. 

The southern gypsum escarpment area contains several hundred caves and other karst features. Parks Ranch 
Cave falls within the nominated ACEC. At 4.2 miles in length, Parks Ranch Cave is the longest gypsum cave on 
federal lands in the United States. Parks Ranch Cave is also the most visited cave within the planning area.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Paleontological Resources 

Relevance 

Pleistocene mammoth and bison bones have been recovered along the eroding banks of the Delaware River. In 
1999, paleontologists from the BLM and the New Mexico Museum of Natural History removed a 10,000 to 20,000 
year old mammoth tusk from the bank of the Delaware River. Other paleontology exposures along the river have 
also been reported 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Riparian Areas 

Relevance 

Riparian areas in New Mexico, especially those in the Chihuahuan Desert, are some of the most biologically rich 
areas in temperate regions. Most of the organisms on the New Mexico list of threatened and endangered species 
are either riparian dependent or are high users of riparian areas. Riparian areas in the nominated ACEC include 
the Delaware, Pecos, and Black Rivers. In 1992, the Nature Conservancy, in conjunction with the BLM, conducted 
a field study of the riparian areas along the Delaware River. This study revealed a large number of species, including 
several rare or protected species.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Soils 

Relevance 

This area is an excellent representative of the uniquely exposed Castile formation within the Chihuahuan Desert 
ecosystem. Most of the area consists of bare steep slopes and deep eroded arroyos covered by microbiotic soil 
crusts, a rare and very fragile soil cover. Microbiotic soil crust is a highly specialized community of mosses, lichen, 
and cyanobacteria. In addition to covering the surface of the soil, it also serves to break down rock material, absorb 
water, slow soil erosion and provide an environment in which other plants germinate. Microbiotic soil crusts are 
extremely fragile. While found across the proposed ACEC, this soil type is best demonstrated in the western portion 
of the area, the old Yeso Hills Research Natural Area.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Special Status Plants 

Relevance 

Several BLM special status plant species rely on habitats within this ACEC, including gypsum wild buckwheat, 
gypsum milkvetch, Yeso Hills linum, Tharp's bluestar (Amsonia tharpii), and broadpod jewelflower (Streptanthus 
platycarpus). This area also supports many other specialized, unique and rare endemic gypsophilic flora, such as 
gypsum ringstem and frosted mint, and sand fiddleleaf. All of these species are found on gypsum soils and are 
sensitive to loss or alteration of the habitat. This is especially important because this soil type is slow to recover and 
reclamation efforts are often less than ideally successful. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves contain some hazards, including total darkness, loose rocks, low ceilings, low tight passages, 
slippery surfaces, and unstable and uneven floors. In addition, several of the caves in the Chosa Draw areas contain 
steep pit entrances posing a hazard to surface users. These areas are also subject to sudden surface collapse, 
which can be triggered by surface use or by natural processes. Gypsum caves are subject to flash flooding, creating 
a drowning hazard to cave visitors. Harmful waterborne bacteria is also present in some gypsum caves. 

Importance 

• Poses a significant threat to human life and safety or to property.
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LAGUNA PLATA 

Nominated ACEC: Laguna Plata ACEC 

Nominated by: BLM 

Size: 4,496 acres 

Cultural Value 

Relevance 

The nominated ACEC contains a complex of many sites with surface and subsurface cultural materials. This 
demonstrates that the area was used repeatedly over a lengthy time period. The nominated ACEC is located in a 
diverse environmental setting or landscape that is significant in understanding cultural adaptations and changes 
through time. The area is still essentially undisturbed despite some salt mining on the playa bottom and Mississippi 
Chemical Corporation's use of Laguna Plata for emergency brine water disposal. Historically, playas attracted 
Native Americans during wet periods, as evidenced by the large number of sites surrounding the salt playas. Shells 
from freshwater clams, brought from the nearby Pecos River, have been found on the edges of the playas. Salt 
playas were also prime hunting sites due to the freshwater springs found along the edges. Fish from the springs 
may also have served as a food source. The Laguna Plata Archaeological District is listed on the National Register 
of Historic Places. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Fish or Wildlife Resource 

Relevance 

The nominated ACEC contains known nesting habitat for the western snowy plover (Charadrius alexandrines 
nivosus). The western snowy plover is a small, sparrow-sized shorebird in the family Charadriidae. The species 
breeds on the Pacific Coast from southern Washington to southern Baja California, Mexico, and in interior areas of 
Oregon, California, Nevada, New Mexico, and several other western states. The western snowy plover is regarded 
as a Species of Greatest Conservation Need for the state of New Mexico. In The U.S. Shorebird Conservation Plan, 
it receives a maximum vulnerability score due to its small population size. In New Mexico, snowy plovers breed on 
barren or sparsely vegetated ground, usually on alkali lake flats. The alkali lake flats found within the planning area 
provide wintering habitat for the species. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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LONESOME RIDGE 

Nominated ACEC: Lonesome Ridge ACEC 

Nominated by: BLM 

Size: 3,021 acres 

Scenic Value 

Relevance 

The nominated ACEC is located along the southern end of the Guadalupe Escarpment in New Mexico and adjoining 
National Forest and National Park Service lands in New Mexico and Texas. The limestone escarpment is part of 
the Capitan Reef Complex, considered the world’s foremost example of a Permian-age fossil reef. Lonesome Ridge 
provides some of the most rugged terrain in the Guadalupe Escarpment. The area features spectacular scenery 
with sheer limestone canyon walls over 1,500 feet high. Transition from diverse native desert vegetation to mature 
trees is observable with changes in elevation. The ability to observe fossils, rock composition, geological structures, 
vegetation, and topography draws visitors and researchers from all over the world. Breathtaking views, unique 
geological features, diverse flora and fauna, proximity to other federally protected lands, and unobstructed views of 
nature add to the visual impact of the area.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Fish or Wildlife Resource 

Relevance 

The nominated ACEC is an ecological transition zone from limestone mountains and piñon-juniper habitat on the 
Lincoln National Forest to the lower elevation shrub-grass habitat on BLM-administered land. This unique dissected 
landscape and escarpment provides habitat heterogeneity in the nominated ACEC, which, in turn, increases the 
biodiversity in the area. The cliff faces and caves located on the escarpment provide shelter and optimal nesting 
habitat for many avian species, such as peregrine falcon and cave swallow. The largest nesting population of Cave 
Swallows in New Mexico is located nearby in the Carlsbad Caverns. The peregrine falcon is a U.S. Fish and Wildlife 
Service species of concern and is a threatened species for the State of New Mexico. The dense vegetation in the 
canyon bottoms and along arroyos provide nesting habitat for many species, including Bell’s vireo, a U.S. Fish and 
Wildlife Service species of concern and threatened species for the State of New Mexico. Bell’s vireo occurs in dense 
shrubland and woodland along lowland stream courses or riparian areas. Approximately 90% of New Mexico’s 
populations of Bell’s Vireo nests are located nearby in Carlsbad Caverns National Park, Rattlesnake Springs.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Natural System or Process 

Geology 

Relevance 

The nominated ACEC is part of the Capitan Reef Complex, the world's foremost example of a Permian-age fossil 
reef. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Karst Resources 

Relevance 

There are six known significant caves within the nominated ACEC. Due to their remoteness, these caves have very 
limited visitation and remain in near pristine condition. Swallow Hole Cave, the largest known cave entirely within 
the nominated ACEC, is home to a large population of cave swallows. It is also the only known cave within the 
planning area formed within the Capitan Reef limestone. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Special Status Plants 

Importance 

Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique, endangered, 
threatened, or vulnerable to adverse change 
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MAROON CLIFFS 

Nominated ACEC: Maroon Cliffs ACEC 

Nominated by: BLM 

Size: 8,659 acres  

Cultural Value 

Relevance 

A wide range of prehistoric site types and activities are represented within the Maroon Cliffs Archaeological District. 
The Maroon Cliffs area is topographically diverse, providing a variety of exploitable environments for prehistoric 
peoples. Recorded archaeological sites include open campsites dating from the Archaic period (5000 B.C.) to the 
Jornada Mogollon period (A.D. 900–1450). The area provides opportunities for research of environmental 
conditions, water sources, diet, and social networking that can contribute significantly to the understanding of 
prehistoric inhabitants’ lifeways within southeast New Mexico. The nominated ACEC is eligible for listing on the 
National Register of Historic Places as an Archaeological District. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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PECOS BLUNTNOSE SHINER 

Nominated ACEC: Pecos Bluntnose Shiner Habitat ACEC 

Nominated by: BLM 

Size: 201 acres  

Fish or Wildlife Resource 

Relevance 

The Pecos River within the nominated ACEC contains populations of the federally threatened Pecos bluntnose 
shiner (Notropis simus pecosensis). The designated critical habitat for this species is divided into two separate 
reaches, designated as upper and lower critical habitat. The lower critical habitat reach occurs within the planning 
area and is a 37-mile segment of the Pecos River extending from Hagerman to Artesia. This area was designated 
as critical habitat because the river has a flow consisting of clean, permanent water; a main river channel with sandy 
substrate; and low water.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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PECOS RIVER CANYONS COMPLEX 

Nominated ACEC: Pecos Rivers Canyons Complex ACEC 

Nominated by: BLM 

Size: 4,115 acres  

Scenic Value 

Relevance 

The nominated ACEC contains Pierce and Cedar Canyons, 30- to 40-foot limestone and sandstone canyons, which 
serve as intermittent tributaries to the Pecos River. These canyons provide dramatic transitions in color and form 
as the tan, loamy upland soils give way to the reddish, sandy soils of the canyon walls and bottom. The canyon 
walls and other fragile erosional features provide dramatic contrast to the flat plateaus of the uplands. The canyons 
vary in width from 200 feet to more than 1,000 feet. At the widest points, one can view the rows of plateaus that 
make up the canyon walls on the opposite side. Green shrubs dot the landscape of both the uplands and canyons. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural System or Process 

Relevance 

The canyons provide habitat for Tharp’s bluestar, a U.S. Fish and Wildlife Service species of concern, BLM Special 
Status Species, and State of New Mexico endangered species. They also contain Scheer’s beehive cactus 
(Coryphantha robustispina var. scheeri). Tharp’s bluestar is a perennial suffrutescent herb with stems from a woody 
rootstock and pale-blue or greenish white flowers. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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POPE’S WELL 

Nominated ACEC: Pope’s Well ACEC 

Nominated by: BLM 

Size: 81 acres 

Historic Value 

Relevance 

Pope’s Well is a unique and rare historic-era cultural site that represents early American exploration in southeastern 
New Mexico. This nominated ACEC contains artesian well drill sites and stone remains of the army camp used by 
Captain John Pope in the mid-1850s. The camp and wells were constructed while trying to establish reliable water 
sources for the proposed southern route of the transcontinental railroad. This site is eligible for listing on the National 
Register of Historic Places. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.



Draft Resource Management Plan/Environmental Impact Statement Appendix K 
Areas of Critical Environmental Concern

BLM Carlsbad Field Office K-42   



Draft Resource Management Plan/Environmental Impact Statement Appendix K 
Areas of Critical Environmental Concern

BLM Carlsbad Field Office K-43   

SALT PLAYAS 

Nominated ACEC: Salt Playas ACEC 

Nominated by: New Mexico Wilderness Alliance 

Size: 49,772 acres 

Cultural Value 

Relevance 

Historically, playas attracted Native Americans during wet periods, as evidenced by the large number of sites 
surrounding the salt playas. Shells from freshwater clams, brought from the nearby Pecos River, have been found 
on the edges of the playas. Salt playas were also prime hunting sites due to the freshwater springs found along the 
edges. Fish from the springs may also have served as a food source.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Fish or Wildlife Resource 

Relevance 

Salt playas are important to local plant and animal communities. They serve as essential stops for migratory shore 
birds and as water recharge areas which accumulate rain and snow. Most of the salt playas contain water year-
round and many have a spring system associated with them. They provide specialized habitat for invertebrates, 
vertebrates, and birds.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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SERPENTINE BENDS 

Nominated ACEC: Serpentine Bends ACEC 

Nominated by: BLM 

Size: 5,019 acres  

Historic Value 

Relevance 

The area contains historic-era sites associated with early guano mining. These sites are considered eligible for 
listing on the National Register of Historic Places. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Scenic Value 

Relevance 

This area contains highly sensitive visual resource values, including deep rugged canyons with sheer limestone 
cliffs. The geological composition of steep, winding canyons and mountain draws provides striking contrasts in 
topography. Cave openings and rock shelters dot the benched canyon walls. This area borders the scenic 
backcountry of Carlsbad Caverns National Park. 

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Fish or Wildlife Resource 

The nominated ACEC is habitat associated with gray-banded kingsnake (Lampropeltis alterna) and two subspecies 
of rock rattlesnakes, banded rock rattlesnake (Crotalus lepidus klauberi) and mottled rock rattlesnake (Crotalus 
lepidus lepidus). The gray-banded kingsnake is listed as endangered and a Species of Greatest Conservation Need 
in New Mexico. The habitat of this species appears to be restricted to steep to precipitous hills and mountains 
between approximately 4,000 and 5,700 feet in elevation, below the juniper zone. The banded rock rattlesnake is 
listed as rare or uncommon by the State of New Mexico and as a Species of Greatest Conservation Need. The 
mottled rock rattlesnake is currently recognized as sensitive by U.S. Fish and Wildlife Service and threatened by 
the State of New Mexico, as well as a Species of Greatest Conservation Need. These two species are secretive 
rattlers known to utilize karst features as a means of movement to avoid detection by predators. While habitat may 
range from pine-oak forest to scrub flatland, they are most often associated with rock outcrops where they lie in 
wait as ambush predators.  

The sheer rock faces and ledges of the nominated ACEC serve as potential nesting spots for large raptors, including 
but not limited to owls, hawks, and eagles. Eagle nest sites typically occur on cliff faces, rock ledges, or large trees 
and include at least one perch with a clear view of the open terrain where the eagles usually forage. Golden eagles 
(Aquila chrysaetos) usually return to the same nest annually. 
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Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural System or Process 

Relevance 

Nine special status plants are documented in the area. One, Lee’s pincushion cactus (Escobaria sneedii var. leeiii), 
is a federally threatened and state endangered species. Two, button cactus (Epithelantha sp.) and White Mountain 
beard tongue (Penstemon scariosus), are state endangered species. The other six, mammillaria cactus 
(Mammillaria sp.), hedgehog cactus (Echinocereus engelmannii), pincushion cactus (Coryphantha sp.), Nama 
(Boraginaceae), rock daisy (Perityle quinqueflora), and great sage (Salvia summa) are state sensitive species.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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SEVEN RIVERS HILLS 

Nominated ACEC: Seven Rivers Hills ACEC 

Nominated by: BLM 

Size: 1,027 acres 

Scenic Values 

Relevance 

This area exhibits extraordinary scenic values with drastic changes in topography and gypsum rills. The contrast of 
the soil colors in the area are visible to travelers driving between Artesia and Carlsbad.  

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Fish or Wildlife 

Relevance 

Five caves contain known bat roosts. Counts at Billy the Kid Cave have shown an established population of over 
30,000 cave myotis bats. This is the largest known roost in the planning area.  

Importance 

• Has more than locally significant qualities that give it special worth, consequence, meaning,
distinctiveness, or cause for concern, especially compared to any similar resource.

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Systems or Processes 

Karst Resources 

Relevance 

This area is known to have the densest collection of large dramatic sinkholes in the planning area. The size and 
depth of these sinkholes indicate the collapse of large cave passages. The caves in the area play a critical role in 
the recharging of local groundwater. Contaminates entering caves and karst features in the area can quickly find 
their way to fresh water. This area includes Seven Rivers Sinks, Adobe Cave, Billy the Kid Cave, Little Outlaw Cave, 
and Rusty Hinge Cave. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.
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Special Status Plants 

Relevance 

"This area of striking gypsum exposures is the type locale for gypsum wild buckwheat, a threatened, endemic, 
conservation-dependent species. One of three essential areas for gypsum wild buckwheat's persistence, this area 
is federally designated as critical habitat, and establishing this critical habitat as an ACEC fulfills recovery criteria 
within the Gypsum Wild-buckwheat Recovery Plan. This area also supports many other specialized, unique and 
rare endemic gypsophilic flora, such as gypsum ringstem, broadpod jewelflower, and sand fiddleleaf. All of these 
species are reliant on rare gypsum exposures and are sensitive to loss or alteration of the habitat. This is especially 
important because this soil type is slow to recover and reclamation efforts are often less than ideally successful." 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Soils 

Relevance 

Gypsum soils have a very limited organic component. With such very limited fertility, plant growth is very sparse. 
Most of the area consists of steep, sparsely vegetated slopes and deep eroded arroyos covered by cryptogamic 
soils, a rare and very fragile soil cover. Cryptogamic soils are a highly specialized community of mosses, lichen, 
and cyanobacteria. In addition to covering the surface of the soil. Cryptogamic soils also serve to break down rock 
material, absorb water, slow soil erosion, and provide an environment in which other plants germinate. 

Importance 

• Has qualities or circumstances that make it fragile, sensitive, rare, irreplaceable, exemplary, unique,
endangered, threatened, or vulnerable to adverse change.

Natural Hazards 

Relevance 

All undeveloped caves, by their very nature, contain hazards, including total darkness, loose rocks, low ceilings, 
low tight passages, slippery surfaces, and unstable and uneven floors. Gypsum caves are subject to flash flooding, 
a drowning hazard to cave visitors. Harmful waterborne bacteria is also present in some gypsum caves.  

Importance 

• Has qualities that warrant highlighting in order to satisfy public or management concerns about safety and
public welfare.
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SIX SHOOTER CANYON ACEC 

Nominated ACEC: Six Shooter Canyon ACEC 

Nominated by: The Nature Conservancy (November 1991); mention in Las Cruces District Office nomination, New 
Mexico Wilderness Alliance/wilderness society (August 2006)  

Location: Near the southeast area of the planning area in Sections 18 and 19, Township 25 South, Range 21 East 
and Sections 13 and 24, Township 25 South, Range 20 East. The site overlaps both Otero and Eddy Counties, thus 
including both Las Cruces Field Office and Carlsbad Field Office resource areas.  

Size: 735 acres 

Scenic Value 

Relevance 

This area draws attention because of spectacular rugged scenery with narrow, steep-walled limestone arroyos. 
Pink sandstone substrate dominates the topographic landscape 

Importance 

This area draws attention because of spectacular rugged scenery with narrow, steep-walled limestone arroyos. 
Pink sandstone substrate dominates the topographic landscape. 

Fish or Wildlife Resource 

Relevance 

Cliff swallow nesting. 

Importance 

Cliff swallows nest in the area. 

Natural System or Process 

Relevance 

Geological Significance 

The boundary of the Six Shooter Canyon Proposed ACEC encompasses three Permian age geologic formations: 
the San Andres Formation, the Queen Formation, and the Grayburg Formation. They are all members of the 
Guadalupian Series. All three of these are considered to be back reef or shelf facies. The Guadalupian Series 
encompasses three distinct depositional settings: clastic sedimentation in the Delaware Basin and on the Eastern 
shelf, carbonate reefs along the margins, and the mixed carbonate and evaporate deposition on platforms and 
shelves other than the Eastern Shelf. The thick massively bedded limestones along the margins of the basins grade 
shelfward into thin bedded dolomites creating steep slopes. The San Andres is mainly dolomite with minor limestone 
near its base and some chert, sandstone, and reddish mudstone. 

The basal Grayburg and Queen consist of dolomites and sandstone to the south, grading into gypsum, mudstone 
and dolomite to the north. The Queen Formation is distinguished from the underlying Grayburg by its much greater 
abundance of clastics and red mudstones. All three members of the Guadalupian Series present in the proposed 
ACEC are cliff forming units.  
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Vegetation 

Xeric-riparian vegetative community with Mexican orange (Choisya sp.), Apache plume (Fallugia paradoxa), hairy 
and littleleaf sumac (Rhus microphylla), and bricklebush (Brickellia sp.). Many large, vigorous Guadalupe mescal 
bean (Dermatophyllum guadalupense), a New Mexico State species of concern and BLM sensitive species, occur 
in this canyon and in the canyon to the north. The Six Shooter Canyon area populations of Guadalupe mescal bean 
were determined to be the most concentrated on public land in the Brokeoff Mountains study area. The limestone 
canyons at the site also support populations of two other rare plants, five-flower rock daisy (Perityle quinqueflora) 
and Guadalupe needlegrass (Stipa curvifolia). 

Importance 

Geological Significance 

The boundary of the Six Shooter Canyon Proposed ACEC encompasses three Permian age geologic formations: 
the San Andres Formation, the Queen Formation, and the Grayburg Formation. They are all members of the 
Guadalupian Series. All three of these are considered to be back reef or shelf facies. The Guadalupian Series 
encompasses three distinct depositional settings: clastic sedimentation in the Delaware Basin and on the Eastern 
shelf, carbonate reefs along the margins, and the mixed carbonate and evaporate deposition on platforms and 
shelves other than the Eastern Shelf. The thick massively bedded limestones along the margins of the basins grade 
shelfward into thin bedded dolomites creating steep slopes. The San Andres is mainly dolomite with minor limestone 
near its base and some chert, sandstone, and reddish mudstone. 

The basal Grayburg and Queen consist of dolomites and sandstone to the south, grading into gypsum, mudstone 
and dolomite to the north. The Queen Formation is distinguished from the underlying Grayburg by its much greater 
abundance of clastics and red mudstones. All three members of the Guadalupian Series present in the proposed 
ACEC are cliff forming units.  

Vegetation 

Xeric-riparian vegetative community with Mexican orange, Apache plume, hairy and littleleaf sumac and 
bricklebush. Many large, vigorous Guadalupe mescal bean plants, a New Mexico State species of concern and 
BLM sensitive species, occur in this canyon and in the canyon to the north. The Six Shooter Canyon area 
populations of Guadalupe mescal bean were determined to be the most concentrated on public land in the Brokeoff 
Mountains study area. The limestone canyons at the site also support populations of two other rare plants, the five-
flower rock daisy and Guadalupe neddlegrass. 
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IMPLEMENTATION LEVEL DECISIONS 

The following decisions would be implemented regardless of which alternative is chosen.  

Soils 

1. No Surface Occupancy (NSO) on open dunes would be allowed. 

2. To attain no net loss, the BLM would avoid, minimize, rectify, reduce, or eliminate impacts over 
time, and compensate for remaining unavoidable impacts.  Compensatory site mitigation would go 

to areas such as NSO, ACECs, and gypsum soils. Compensatory mitigation would be first applied 

to the nearest suitable area. 

3. Projects located within the soil mapping units that are mostly gypsum (GA, GC, GR): the BLM 

Carlsbad Field Office (CFO) would require an operator to directionally drill from outside these 
mapping units if technically and economically feasible. However, if limitations exist that prevent the 
operator from doing so as part of a Plan of Development (POD) at the Application for Permit to Drill  

(APD) level alternatives would be developed with BLM guidance. All infrastructure for new wells 
would need to be located along existing disturbed corridors (roads, pipeline corridors) where 

corridors exist.  

4. NSO would be implemented on slopes greater than 20%. All disturbances on slopes greater than 

10% must have an engineered plan (see Map 3.37 in Appendix B) 

5. Reclamation of disturbed sites in sensitive areas may include, in addition to standard procedures,  

the following special procedures, as appropriate: 

• special site-specific seed mixtures; 

• removal of caliche or other surface material; 

• soil amendments, soil treatments, and fertilizers; 

• planting trees and shrubs; 

• mulching; 

• watering; 

• erosion control and land treatments; 

• fencing; and  

• special seedbed preparation and seeding methods. 

Water 

1. Flood hazards would be evaluated in planning for facilities, land disposals, and other proposals to 

reduce the risks of flood loss. 

2. Construction activities in rivers, wetlands, or streams would require a Clean Water Act Section 404 

permit from the U.S. Army Corps of Engineers. 

3. Watershed management plans would be developed for all accelerated erosion, salinity, riparian,  

and other water quality improvement areas and would detail specific management goals and action.  

4. Pipeline boring would be prohibited within the 656-foot floodplain buffer. 

5. Water rights would continue to be acquired or perfected as necessary to carry out public land 
management through state law and administrative claim procedures, except as otherwise 

specifically mandated by Congress.  

6. No injection would be permitted in formations that are hydrologically connected to the Capitan Reef 

aquifer. 

7. Buffers on freshwater wells would be based on the best science and engineering available;  
however, a standard minimum 984-foot buffer would be applied as a general rule to all oil and gas 

facilities. 
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8. The BLM would encourage industrial activities to use saline Capitan Reef water found in the 
Capitan Reef formation east of the Pecos River where water transport is technically and 

economically feasible. If other saline groundwater sources are available, the BLM would encourage 

industrial activities to use this saline groundwater instead of fresh groundwater. 

9. Saltwater injection wells would have to inject below the level of the Capitan Reef formation.  

10. Commercial water sales stations (transferring in addition water above the 72-12-1 process) would be 
authorized pending New Mexico Office of the State Engineer (NMOSE) approval for water transfers 
and acquiring proper ROW authorization from the BLM. The applicant would be required to drill a new 

well. Before BLM approval, a hydrologic model will be required to ensure that nearby water wells, 

springs, riparian areas etc. are not impacted by the requested withdrawal of groundwater 

11.  If it is temporary use, 72-12-1 then permission to use water well for commercial use would be 

allowed on a case-by-case basis, which could be up to one to three times per year depending on 
site-specific analysis. Before BLM approval, a hydrologic model will be required to ensure that 
nearby water wells, springs, riparian areas etc. are not impacted by the requested withdrawal of 

groundwater 

12.  Surface water quality data would be collected in order for the BLM to predict stream quality trends 

in the future.  

13.  Unless otherwise authorized, surface use or occupancy would be excluded within 656 feet (buffer) 
of the 100-year floodplain as identified through the use of Federal Emergency Management Agency 
(FEMA) Flood Insurance Rate Maps or flood hazard boundary maps; published maps or information 

available from the U.S. Army Corps of Engineers, NRCS, U.S. Geological Survey, or other 
agencies; and analysis of flood data, field inspections, or other methods. Enhancement projects 
within the 656-foot buffer and the 100-year floodplain may be permitted on a case-by-case basis 

upon the completion of proper analysis. 

Cave and Karst 

1. The BLM would follow BLM Instruction Memorandum (IM) 2010-181 and/or subsequent national 
guidance for closures of caves and decontamination for prevention of the spread of white-nose 

syndrome.  

2. The applicant-committed and BLM environmental protection measures for cave and karst 
resources would be required as outlined in the HB Solution Mining Record of Decision (ROD) (BLM 

2012) and are as follows:  

a. The proponent would coordinate with the BLM on final layout of all facilities and pipelines within 
high cave/karst potential occurrence zones. Any facilities that cross major karst features, as 

defined by BLM staff during field inspection, would be moved or modified before final approval 

for construction is given.  

b. Monitoring the stability of facilities (pipelines, wells, roads) in karst terrain would be performed 

on a regular basis to identify and minimize the risk of damage to facilities from ongoing karst 

development and to protect cave resources.  

c. A BLM-approved groundwater monitoring plan would be developed to check groundwater 

fluctuations in critical karst areas. Implementation of the plan would include a biological 
inventory of species in three caves designated by the BLM before groundwater pumping 
begins, with subsequent monitoring to determine the extent of impacts on cave water from 

pumping. Adaptive management strategies would be planned and implemented to mitigate 

groundwater drawdown that would adversely affect the water supply supporting cave species.  

3. A map of karst potential would be maintained for reference when evaluating surface and subsurface 

activities and to provide the public with current information about the likelihood of the presence of 
karst resources. The map would primarily serve as an indicator of the potential for encountering 
caves or other karst features for which special practices could be required, following National 

Environmental Policy Act (NEPA) analysis, to mitigate impacts from surface- and subsurface-

disturbing activities.  
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4. Three zones of karst potential occurrence have been identified and categorized: high, medium, and 
low. In addition, a Critical Karst Resource Zone has been identified. The zones are defined as the 

following: 

a. Critical Karst Resource Zone – Karst areas with a high density of significant cave systems 
and/or bedrock hydraulic fracturing and other karst features that lead to the rapid recharge of 

karst groundwater aquifers from surface runoff. These areas provide critical drinking water 
supplies for major communities, ranching operations, and springs that support rivers and vital 
riparian habitat. These areas include the Capitan Reef and associated Capitan Aquifer west of 

the Pecos River, as well as the surface outcropping of the Castile gypsum formation in southern 

Eddy County. 

b. High Karst Potential Occurrence Zone  – Areas occurring in known soluble rock types and 
containing a high frequency of significant caves and karst features such as sinkholes, bedrock 

hydraulic fracturingtures that provide rapid recharge of karst aquifers, and springs that provide 

riparian habitat. 

c. Medium Karst Potential Occurrence Zone  – Areas in known soluble rock types that exist at 
surface level or within 300 feet of the surface but may have a shallow insoluble overburden or 

soils that mask surface features. These areas may contain isolated karst features such as 
caves and sinkholes. Groundwater recharge may not be wholly dependent on karst features 

but the karst features still provide the most rapid aquifer recharge in response to surface runoff.  

d. Low Karst Potential Occurrence Zone  – Areas that do not have soluble bedrock within 300 

feet of the surface. Occasional features, such as breccia pipes, may occur within these areas 
related to karst at depth. There may also be pseudo-karst features due to soil piping and other 
natural or human-made processes that may present construction hazards but are not related 

to groundwater recharge. 

e. These zones were identified using geologic maps and existing information on caves and karsts. 
These zones may be increased or decreased, at the discretion of the BLM, in size as new 

information from drilling, cave exploration, or other sources becomes available.  

f. The cave or karst potential occurrence zones have been further divided into smaller geographic  

areas to provide an additional means of identifying a specific area. An estimate has been made 
for each of these areas as to the lowest likely depth at which caves or other karst features 

might be expected.  

g. The practices described below would be applied across the planning area to ensure that the 

potential impacts of surface- or subsurface-disturbing activities and projects in karst areas 

would be minimized according to the following process:  

i. Detect potential karst resources.  

ii. Avoid karst resources. 

iii. Mitigate impacts to karst resources that cannot be avoided.  

5. The results of any detection efforts would be addressed in the NEPA analysis, and appropriate 

mitigations would be developed as part of the analysis.  

6. The primary detection method would be the review of the BLM or other records on the presence of 
caves or karst features in the area of interest, in conjunction with a field exam by a BLM employee 
or cave inventory contractor to determine the presence of unrecorded cave or karst features.  

Depending on the results of initial detection efforts and a determination of potential significance by 
the BLM, cave exploration could be employed to gain additional information. As various geophysical 
techniques are proven useful for cave detection and become generally available for use, they may 

be considered on a case-by-case basis as a means of locating unrecorded cave or karst features.  

7. Depending on the results of detection, avoidance would be considered as the primary means of 
mitigating potential impacts. In most cases, avoidance would be accomplished by relocation of the 

proposed project or activity, which is often done in consultation with the proponent at the time of a 
field examination. Since moving a project away from a karst feature does not remove the project  
from the karst potential occurrence area and since unknown subsurface features may be present,  

additional mitigation measures such as Conditions of Approval (COAs) and stipulations would, in 

many cases, still be applied to the project or activity after relocation. 
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8. The BLM may review data held by companies on wells drilled in karst areas to gain information 
about impacts to caves and karst. This information would be used to categorize lost -circulation 

zones on the basis of depth, volume, and severity, and to evaluate and compare the relative 
success or failure of different remedies attempted to combat lost-circulation problems while drilling 
and cementing casing in these zones. This information also would be used to update information  

about the occurrence of karst features. 

9. The BLM would develop a CFO cave and karst resources management plan for those significant caves 

that are not covered by other activity or Area of Critical Environmental Concern (ACEC) plans. 

10.  The BLM would increase the standard for casing if in critical karst resource zones and high karst 

potential occurrence zones (see cave/karst casing requirements appendix).  

The BLM would designate the Cave Resources ACEC. Please see the Special Designations ACEC section 

in the RMP for details.  

All karst features would be avoided by at least 984 feet. Avoidance areas larger than this may be 

implemented if rationalized through the NEPA process for site specific projects.  Waiver of this agreement 

would be considered for projects that enhance or protect renewable natural resource values.  

Third-party karst clearances (surveys) would be required for all new disturbance linear projects that are 
over 0.62 mile in length or consisting of 6 or more acres of disturbance (generally three or more standard 
sized well pads) in all high karst potential occurrence zones. As various geophysical techniques are proven 

useful for cave detection and become generally available for use, they may be considered on a case-by-

case basis as a means of locating unrecorded cave or karst features. 

Vegetative Communities 

1. All trees with nests for threatened or endangered bird species would be protected from disturbance 
and provisions regarding the same would be executed per the Memorandum of Understanding 

(MOU) with the U.S. Fish and Wildlife Service (USFWS). 

2. Vegetation treatments would be done according to the 2008 Special Status Species Resource 

Management Plan Amendment (RMPA).  

3. Herbicides would be used as indicated in the Final Vegetation Treatments Using Herbicides 
Programmatic Environmental Impact Statement (BLM 2007). Buffer distances may be adjusted on 
a case-by-case basis. Avian nest surveys would be required for all sprays and would adhere to all 

tenants of the Migratory Bird Treaty Act (MBTA). 

4. Rangeland restoration and vegetation treatments would continue to be implemented to improve or 
maintain the plant community needed to achieve multiple-use management goals. These goals  
would address watershed management, wildlife habitat, and rangeland health. Plant communities  

in the CFO planning area are based on the Natural Resources Conservation Service (NRCS) 
ecological site descriptions and are described in the Roswell Field Office by the desired plant  
community (DPC) listed in Appendix 11 of the 1994 Draft Roswell Resource Management Plan 

(RMP). Brush encroachment from mesquite (Prosopis sp.) and catclaw acacia (Acacia greggii ) 
would be a primary target to restore native grassland ecosystems with a focus on lesser prairie-
chicken (Tympanuchus pallidicinctus; LPC) habitat types. Growing season rest for 2 years after 

treatment would be required, unless earlier grazing use or a longer deferment is needed to make 

progress towards meeting the vegetative standard. 

5. Within the planning area, any habitat that is currently designated as unsuitable for LPC or dunes 
sagebrush lizard (Sceloporus arenicolus; DSL), but has potential to become suitable, would be 

identified and targeted for treatment. Methods to achieve this potential would include, but not be 
limited to, vegetative treatments and rehabilitation of pads, roads, and rights-of-way (ROWs), and 
would be designed to improve habitat, enhance connectivity, reduce fragmentation, and move 

towards DPC. Not all areas designated as unsuitable habitat, however, can be converted to suitable 
since the soils in some of these areas are not capable of producing the necessary vegetation for 

LPC or DSL habitat. 
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6. Mesquite encroachment into sand shinnery and sand sagebrush (Artemis filifolia) ecosystems 
reduces the amount of vegetation and creates habitat that is unsuitable for LPC nesting or brood 

rearing. Mesquite control may be used to improve rangeland health in areas not used by LPCs, 
thereby reducing grazing pressure in nesting areas. This also could help offset vegetation losses 
due to initiation of conservative grazing on other ranchlands that are important LPC habitat. Thus,  

mesquite control would be considered a valuable management tool.  

7. Vegetative treatments would include chemical, mechanical, and burning. Brush species such as 
mesquite, catclaw acacia, and noxious/invasive weeds would be targeted, and treatment would be 
site specific based on habitat requirements and site potential. Standard BLM s tipulations regarding 

buffer areas and growing season rest would be applied. Treatments would be in accordance with 
the New Mexico Standards for Public Land Health and Guidelines for Livestock Grazing (BLM 

2001) for the three categories: upland sites, biotic communities, and riparian sites. 

8. Current management would continue as identified in each field office RMP, including brush control 

methods. Brush control would be implemented to achieve the New Mexico Standards for Public Land 
Health and Guidelines for Livestock Grazing (BLM 2001) and meeting DPC objectives. Reclamation 
efforts on abandoned pads, roads, and caliche pits would continue to address and reduce habitat 

fragmentation, restore native habitat, and promote LPC and DSL expansion opportunities.  

9. All applications of herbicides would be under the supervision of a certified herbicide applicator and 

would be carried out in compliance with state and federal law. 

10. Constraints on treatments for each community are native, deciduous tree species such as hackberry  
(Celtis occidentalis), black walnut (Juglans nigra), New Mexico walnut (J. major), and desert willow 

(Chilopsis sp.) would be protected from vegetation treatments and surface disturbance to the extent 
possible. Treatments in suitable and occupied habitats for BLM Special Status Species will be 

evaluated for impacts to those species prior to treatment. 

11.  General management objectives are to improve vegetative composition, cover, and production in 

areas that currently do not meet the vegetation condition objectives, and to maintain vegetation 
condition in areas that meet vegetation condition objectives. The DPC concept of the Roswell Field 
Office, described in Appendix 11 of the Roswell Resource Area Draft RMP/Environmental Impact  

Statement (EIS) (September 1994) and implemented by the 1997 Approved Roswell RMP, would 

be adopted in the CFO. 

12.  A site may provide suitable vegetative composition but lack the vertical structure required for 
successful LPC nesting and concealment. Sampling transects of pastures using the Robel method 

in the late fall to early spring (November 1 to February 28 prior to the leafing out of shinnery oak 
and immediately prior to nesting) provides a standardized measure of the average height of res idual 
grasses favored by LPCs for nest placement. The vegetative objective would be that at least 10% 

of all survey points should provide a Robel visual obstruction reading of at least 13 inches and a 

minimum average of 4 inches. 

13. In compliance with Executive Order (EO)13112 and BLM Manual 1745, and subject to future revisions 
to BLM policy and guidance, where restoration, rehabilitation, or reclamation efforts (including BLM-

authorized actions such as ROWs) require reseeding activities, or use of other plant materials (such 
as potted plants, poles, etc.), only native plant species will be used.  USDA Plants county-native plant 
species will be prioritized for use. If plant materials for county-native plant species are not readily 

available in sufficient quantities, care would be taken to supplement plant materials with regionally 
native plant species that are not likely to become invasive. Plant materials produced within 300 miles 
of the Carlsbad Resource Area will be prioritized for use when commercially available. If insufficient 

plant materials for regionally native plant species is available at the time of reclamation, non-native 
species will not be substituted. Instead, natural regeneration, potentially assisted by barricading and 
weed-free mulching, will be the default reclamation strategy. If insufficient native plant materials are 

available for restoration, rehabilitation, or reclamation projects, the BLM, through the Bureau Plant 
Conservation Program and partner organizations, would work to identify and provide for future native 
plant materials needs. Operators would be required to provide an annual report that discloses the 

target species, area treated, chemical used, and preferably photo documentation of noxious weed 

treatments and the status of their development.  
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14.  Operators would be required to provide seed tags to the Authorized Officer for approval prior to 

reseeding disturbed areas. Seed mixes would be required to be certified weed free.  

15.  The BLM would follow the management prescriptions provided for in the Final Vegetation 

Treatments Using Herbicides Programmatic Environmental Impact Statement (BLM 2007).  

16.  Information that is developed for the Chihuahuan Desert Rapid Ecological Assessment (REA) 

would be incorporated/considered for this RMP.  

17.  The Technical Protocol for the Collection, Study and Conservation of Seeds from Native Plant 
Species for Seeds of Success would be followed for native plant materials collected under the 

auspices of the BLM.  

18. Require all surface-disturbing activities to have a plan for the control of noxious weeds and invasive 

species. Extend the requirement for integrated pest management plans to all surfacing-disturbing activities 

19.  In mesquite, catclaw acacia, riparian, playa, and piñon-juniper, nest surveys would be conducted 

prior to any vegetation treatments. 

20.  Mechanical and aerial herbicide treatments in the mesquite, catclaw acacia, riparian, playa and 

piñon-juniper would not be allowed within 656 feet of active nests (definition for active nests would 
include nests that are being actively built or maintained or contain eggs or hatchlings).  During 

nesting season birds are protected under the MBTA. 

21.  In Special Status Plant Species potential habitats, special status plant surveys would be conducted 

prior to any vegetation treatments.  

22. Aerial and ground spraying (with the exception of spot application) of herbicide would be prohibited 

within 100 feet of the entrances of caves to maintain the vegetative cover of the entrance of the cave.  

23.  Mechanical treatment of saltcedar (Tamarix sp.) would not be conducted if it is in known occupied 

southwestern willow flycatcher (Empidonax traillii extimus) habitat. 

Best Management Plan for Noxious Weeds  

The following management actions from the 2005 ROD for Implementation of a Wind Energy Development 

Program would be put into effect: 

1. Operators would develop a plan for control of noxious weeds and invasive species, which could 
occur as a result of new surface disturbance activities at the site. The plan would address 

monitoring, education of personnel on weed identification, the manner in which weeds spread, and 

methods for treating infestations.  

2. If trucks and construction equipment are arriving from locations with known invasive vegetation 

problems, a controlled inspection and cleaning area would be established to visually inspect 
construction equipment arriving at the project area and to remove and collect seeds that may be 

adhering to tires and other equipment surfaces. 

3. If pesticides are used on the site, an integrated pest management plan would be developed to 
ensure that applications would be conducted within the framework of BLM and U.S. Department of 

the Interior (USDI) policies and entail only the use of U.S. Environmental Protection Agency (EPA)-
registered pesticides. Pesticide use would be limited to non-persistent, immobile pesticides and 
would only be applied in accordance with label and application permit directions and stipulations 

for terrestrial and aquatic applications. Access roads and newly established utility and transmission 
line corridors should be monitored regularly for invasive species establishment, and weed control 
measures should be initiated immediately upon evidence of invasive species introduction. Fill 

materials that originate from areas with known invasive vegetation problems should not be used. 

4. Habitat restoration activities and invasive vegetation monitoring and control activities should be 

initiated as soon as possible after construction activities are completed.  

5. Access roads and newly established utility and transmission line corridors should be monitored 
regularly for invasive species establishment, and weed control measures should be initiated 
immediately upon evidence of invasive species introduction. Fill materials that originate from areas 

with known invasive vegetation problems should not be used. 

6. Habitat restoration activities and invasive vegetation monitoring and control activities should be 

initiated as soon as possible after construction activities are completed.  

7. All areas of disturbed soil should be reclaimed using weed-free native shrubs, grasses, and forbs. 
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8. Pesticide use should be limited to non-persistent, immobile pesticides and should only be applied 
in accordance with label and application permit directions and stipulations for terrestrial and aquatic  

applications. 

Mitigation during Operation 

For mitigating fuel spills and exposure to site-related chemicals, the following measures may be 

implemented to minimize the potential for exposure of biota to accidental spills:  

1. Drip pans should be used during refueling to contain accidental releases.  

2. Pesticide use should be limited to non-persistent, immobile pesticides and herbicides and should 
only be applied in accordance with label and application permit directions and stipulations for 

terrestrial and aquatic applications. 

3. Spills should be immediately addressed per the appropriate spill management plan, and soil 

cleanup and removal initiated, if needed. 

Mitigating Establishment of Invasive Vegetation  

The following measure may be implemented to minimize the potential establishment of invasive vegetation 

at the site and its associated facilities: 

Access roads, utility and transmission line corridors, and tower site areas should be monitored regularly for 
invasive species establishment, and weed control measures should be initiated immediately upon evidence 

of invasive species introduction. 

Vegetation treatments to influence DPC would be considered when the following threshold levels are exceeded: 

• Mesquite: one-third of the shrub cover composition 

• Cholla (Cylindropuntia sp.): 100 plants/acre 

• Catclaw acacia: 5% vegetative cover 

• Creosote bush (Larrea tridentata): 20% of the vegetative canopy 

• Lechuguilla (Agave lechuguilla): 20% of the vegetative canopy 

• Tarbush (Flourensia cernua): 20% of the vegetative canopy 

- Broom snakeweed (Gutierrezia sarothrae): 25% by weight of vegetative production 

- Piñon-juniper: 12% vegetative cover 

• No hollow, whether live or decadent, junipers would be removed. 

• No herbicide treatment within 100 feet of known special status snake species  dens. 

• Monitor all treated areas and prioritize treatments to maintain DPC. 

• Herbicide application would be prohibited within 656 feet of boundaries of known populations of 

threatened and endangered plant species. 

Riparian 

1. Conduct annual biological surveys to assess riparian health. 

2. Prioritize riparian area restoration on an as needed basis.  

3. Establish native riparian plant communities. 

4. As additional seeps, springs, creeks, or other water sources are identified on public land,  

incorporate them into the riparian habitat management plan (HMP). 

5. Prohibit pipeline boring within riparian surface buffer. 

6. Implement a buffer of no surface disturbance within 984 feet of spring or seep or downstream 
riparian areas except for riparian enhancement projects. Reclamation and rehabilitation would be 

required to reduce sedimentation. 

7. Equestrian traffic would be limited to existing trails in the riparian area on the Pecos, Delaware, and 
Black Rivers and perennial springs and seeps, with the exception of the Black River, which would 

be closed. 
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Playas 

Playa Management Prescriptions: 

1. No surface disturbance or surface occupancy within 656 feet of the playa edge. This distance may 

increase due to terrain, slope, or other features. 

2. Noise from permanent (>90 days) structures within 0.25 mile of playa edge must be muffled to at 
most 49 decibels not to exceed 10 decibels above ambient noise level measured 30 feet from the 

source of the noise. 

3. Electric lines must be buried within 0.25 mile of the outer edge of the playa. 

4. Water and/or oil storage tanks must be at least 0.25 mile from the edge of the playa.  

5. All produced water and oil storage tanks (e.g., tank batteries) directly uphill from the playa must 
have an additional liner for secondary containment, leak detection and automatic shut off, check 

valves, or similar systems would be installed for pipelines and tanks to prevent spills and leaks.  

6. Pipelines transporting non-freshwater fluids will require leak detection and automatic shutoff systems. 

7. All well pads uphill and/or within 0.50 mile from the playa must be lined and bermed with an 

impervious material around the entire pad at least 12 inches high.  

8. No reserve pits, saltwater pits, or saltwater disposal wells would be directly uphill or within 0.25 

mile of the playa. 

9. No hydraulic fracturing ponds within 0.25 mile of the playa. 

10.  No boring under a playa will be permitted. 

11.  Ensure surface-disturbing activities within 1 mile of a Salt Playa would not impede natural overland 

flow regimes (i.e., erosion). 

Wildlife and Fish 

1. Actions would adhere to the MBTA standards for roosts and nests and the MOU between the BLM 

and the USFWS to promote the conservation of migratory birds. 

2. All fish-bearing streams would be maintained or improved so that their associated riparian areas 

remain or are moving toward properly functioning condition in the life of the plan.  

3. Measures to preserve, protect, and if necessary, restore the natural functions of floodplains and 
wetlands would be included in all applicable management proposals. Such measures are required 

by EOs 11988 and 11990 and BLM policy. 

4. In cooperation with the New Mexico Department of Game and Fish (NMDGF), identify sections of 

river systems as areas where the BLM would manage for native species only.  

5. The BLM would coordinate with the NMDGF in support of the Comprehensive Wildlife Conservat ion 

Strategy throughout the planning area, subject to the NEPA process.  

6. Habitat improvement projects would be implemented where necessary to stabilize and/or improve 
unsatisfactory or declining habitat conditions. Such projects would be identified through HMPs or 

CMPs for grazing allotments. 

7. Stipulations would be attached (to environmental assessments [EAs]) as appropriate to assure that 

projects are compatible with management objectives in this RMP for fish and wildlife habitat.  

8. The Phantom Banks Heronries would be closed to mineral material disposal within a 0.25-mile 

circumference of an active heronry. 

9. Surface disturbances would be restricted, including hunting and camping activities in Phantom 

Banks Heronries. 

10. In order to promote a movement corridor for wildlife between the Delaware and Black Rivers, the 
following prescriptions would be applied to the corridors: allow mechanical seeding only, plant yuccas, 

impose lower speed limits, work actively to restore habitat, and minimize surface disturbance.  
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11.  The re-introduction of historic native fish species (see Appendix I) would be prioritized to springs 
and water courses within the planning area in cooperation with the NMDGF and in compliance with 

BLM Manual 1745 Introduction, Transplant, Augmentation, and Reestablishment of Fish, Wildlife, 

and Plants and BLM 745 Native Plant Materials manual. 

12.  Wildlife corridors would be created or enhanced within the CFO boundaries to ensure and/or 

establish connectivity between various habitat types and to promote emigration and immigration 

throughout the planning area and neighboring lands. 

13.  HMPs covering 125,000 acres would principally be developed and implemented in piñon-juniper 

grass mountain, mixed shrub hill, and mule deer (Odocoileus hemionus) habitat. 

14.  HMPs covering 114,500 acres would principally be developed and implemented in grass flat, mixed 

shrub rolling upland, and riparian pronghorn antelope habitat 

15.  HMPs covering 96,000 acres would principally be developed and implemented in mesquite sand 

dune and sand shinnery oak game bird habitat. 

16.  A 1.5-million-acre raptor HMP would be developed and implemented in the planning area to 

improve overall nesting, prey base, and seasonal use habitat.  

17.  An HMP covering 33,200 acres would be developed and implemented to protect and improve 
habitat for great blue heron (Ardea herodias), black-crowned night heron (Nycticorax nycticorax),  

little blue heron (Egretta caerulea), tricolored heron (E. tricolor), snowy egret (E. thula), and cattle 
egret (Bubulcus ibis). The HMP would outline specific prescriptions needed to improve heronry  

habitat. 

During the months of February–July no surface-disturbing activities will be allowed within a 3,281 feet  
around heronries. During August-January surface-disturbing activities will be reduced to a 1,312-foot buffer.  
Surface disturbing activities include but are not limited to: drilling, mineral development, earthen industrial 

(frac) ponds, reserve pits, recreational use (including motorized), and seismic use. Noise from permanent  
( >90 days) structures within 3,281 feet of any heronry will be limited to 49 decibels, not to exceed 10 

decibels above ambient noise level measured 30 feet from the source of the noise.  

Placement of fish habitat structures in river systems would be done on an as needed basis to promote an 

increase in native fish species. 

All bat roosts that occur in caves (>30 bats of any species or any number of special status bats) would be 
buffered and avoided by 1,312 feet. Exceptions for projects that enhance or protect natural resources would 

be made on a case-by-case basis. 

An HMP would be developed for pronghorn (Antilocapra americana). 

Special Status Species 

1. The NMDGF, the New Mexico Energy, Minerals, and Natural Resources Department, and the 
USFWS would be consulted prior to implementing projects  that may affect threatened and 

endangered species habitats. 

2. State listed species would be protected through cooperative agreements with the NMDGF and New 

Mexico Energy, Minerals, and Natural Resources Department.  

3. Activities are not permitted in endangered, threatened, special status and/or sensitive species' 
habitats that would jeopardize their continued existence and the habitat characteristics that they 

are dependent on. 

4. Prioritize re-introduction or supplemental populations of special status species. Prioritization of 
species would be based on site-specific needs and funding. All re-introductions would adhere to 

the BLM 6840 Manual guidance and be in coordination with the NMDGF. 
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Special Status Species – Fish 

Pecos bluntnose shiner (Notropis simus pecosensis) critical habitat (200 acres) would be managed 
according to USFWS recovery plan guidelines (USFWS 1992). This would include livestock adjustments  

and restricted surface disturbance. 

Special Status Species – Plants 

1. Avoid vegetation treatments adjacent to special status plant species. 

2. Prohibit cactus collection within known Kuenzler’s hedgehog cactus (Echinocereus fendleri var.  

kuenzleri) population areas. 

3. Prohibit collection of plants within 1 mile of known populations of special status plants.  

4. Maintain existing projects and construct additional projects where needed for the protection of 

gypsum wild buckwheat. 

5. All surface-disturbing projects that plan to occur in occupied, suitable, or potential habitat for special 

status plant populations are required to complete an appropriate clearance survey for special status 
plant species prior to disturbance. If populations are found, they would be recorded and avoided 
by the project appropriately. The project may be subject to a more than 60-day delay, so that 

construction occurs outside the blooming season, or relocation of operations of more than 660 feet.  

6. Prior to approving surface-disturbing or potentially impacting activities within known (occupied),  
suitable, or potential habitat for federal listed, proposed, candidate species, and BLM sensitive 

species a plant inventory conducted by a qualified botanist and an environmental analysis would 
be required for the proposed action. Based on the results of the plant survey, Section 7 consultation 
with FWS may be necessary, and appropriate conservation measures may be required to avoid or 

minimize impacts on federally listed species. Typically, Section 7 consultation would be required 
prior to surface disturbing and similar activities within occupied habitat for federally listed. Surveys 
may need to occur during specific seasons as determined by a BLM biologist. The survey 

requirements would be 100 m from the edge of disturbance for BLM sensitive species and 300 m 

for FWS listed species. 

7. As special status plant populations recover and expand their territory, the new areas would be 

protected in the same manner as the current population areas. 

8. All vegetation treatment projects that plan to occur in potential habitat for special status plant  
populations are required to survey for special status plant species prior to treatment.  If populations 

are found, they would be recorded and avoided by the project appropriately.  

9. Off-road motorized vehicle travel for oil and gas activities (including pre-construction survey work) 

would be limited in the following circumstances: 

10.  Within 990 feet of occupied, suitable or potential habitats for gypsum wild-buckwheat (Eriogonum 

gypsophilum). 

11. Within 660 feet of occupied, suitable or potential habitats for federally listed, proposed, and candidate 

species. 

12.  Within 330 feet of occupied, suitable or potential habitats for BLM sensitive species.  

Special Status Species – Wildlife 

1. Herbicides would be used as indicated in the Final Vegetation Treatments Using Herbicides 

Programmatic Environmental Impact Statement (BLM 2007). Buffer distances may be adjusted on 
a case-by-case basis. Avian surveys would be required for all sprays and would adhere to the 

tenants of the MBTA. 

2. Recovery plans for species federally listed as threatened or endangered would be implemented 
under the authority of the Endangered Species Act. The reintroduction or relocation of native 
special status species in suitable areas on public land would be in compliance BLM Manual 1745 

and in coordination and cooperation with local governments. 
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3. Existing HMPs would be revised, as needed, to incorporate changes resulting from decisions made 
in this RMP update. Modifications in existing HMPs would include public participation and review 

through the NEPA process. Actions in existing HMPs would continue to be implemented. 

4. Surface disturbance would not be allowed on public land within known prairie dog (Cynomys sp.) 
towns or towns identified in the future. Exceptions to this requirement would be considered for 

maintaining existing structures or facilities. Prairie dog control would not be authorized on public  

land, except in emergency situations involving public health.  

5. Surface disturbance would not be allowed within 656 feet of active raptor nests on special, natural 

habitat features, such as trees, large brushes, cliff faces, and escarpments. Surface disturbance 

would not be allowed within up to 656 feet of playas and alkali lakes. 

6. The BLM would continue reclamation practices on historical oil and gas for the betterment of 

rangeland health and wildlife species. These efforts would enhance distribution of special status 
species in appropriate habitats over the long term. The BLM would support the propagation of the 
LPC and transplant efforts throughout the planning area, with an emphasis that the habitat  

parameters necessary for survival be in place prior to reintroduction, unless identified and needed 

for research projects. 

7. In order to provide opportunities for expansion of LPC habitat within the planning area and to reduc e 

the impacts of electric power lines, applicants for electric power lines ROWs could participate in a 
power line removal credit (PLRC) program. Under this program, applicants could remove 1.5 miles 
of idle power lines (wire and poles) within LPC habitat management units (Primary Population Area 

[PPA] and Isolated Population Area [IPA]) and habitat types (occupied or suitable/potentially  
suitable) before receiving authorization to construct 1.0 mile of new power line in a similar or lower 
value habitat type. The PLRC program would not be applicable in unsuitable habitat, regardless of 

the management unit (PPA and IPA). 

8. Within DSL habitat (see Map 3.10), new surface disturbance in dune complexes would not be 
authorized. Exceptions to this requirement would be considered based on the proposed surface 

use and proposed mitigations indicating the proposal would not adversely affect DSL habitat.  

Wildlife habitat management prescriptions delineated in existing RMPs would continue in the planning area.  

These prescriptions include: 

Other mitigation measures that would be considered include, but are not limited to, those shown below. 

These mitigation measures are ranked in order of effectiveness of reducing impacts from power lines:  

1. Burying new distribution power lines within 3 miles of occupied LPC habitat (measured from the 
lek) and in suitable LPC habitat within 3 miles of an active lek. See Table 2-4, Robel Impact  

Distances, Monitoring and Implementation. 

2. Using internal combustion engines to power equipment at the well. Such engines would be muffled 

to 49 decibel (dB) measured at 30 feet from the source. 

3. Constructing new power lines in locations, which avoid occupied and suitable LPC habitat.  

4. In cases where overhead power lines already exist in occupied or suitable LPC habitat, new power 
lines could be constructed immediately adjacent to an existing line but only to the extent of the 
existing overhead power lines. Where sections of the new power line cannot follow the existing line, 

it would have to be buried, or mitigated according to the PLRC program described above. 

5. Constructing all infrastructure supporting development of a well (including roads, power lines and 

pipelines) within the same corridor. 

The BLM would continue to require oil and gas lessees to conduct operations in a manner that would 
minimize adverse impacts to resources, land uses, and other users. To that end, the BLM would continue 

to apply reasonable mitigating measures to all oil and gas activities.  

Requirements that have been issued in orders or notices to lessees (NTLs) concerning environmental and 
other factors associated with the drilling of oil and gas wells would continue to be enforced, as would future 

orders and NTLs. 
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Open-top tanks, disposal pits, or other open pits would be required to be covered with a fine mesh netting 
(no larger than a 1-inch square) to make them inaccessible to birds, bats, and other wildlife.  The mesh 

would be supported in such a manner that the net remains above the liquid contained in the tank.  

Lands available for leasing in LPC and DSL habitat would have stipulations attached that require orderly  
lease development with the least surface impacts possible. PODs and COAs would contain various 
strategies for minimizing impacts associated with new development and for rec laiming developed areas.  

Methods to achieve this would include, but not be limited to, vegetative treatments, rehabilitation of pads, 
roads, and ROWs and reduction of infrastructure needed to support the lease. See Appendix C, Best 
Management Practices, for a list of development tools that could be used to minimize impacts. They would 

be designed to improve habitat, enhance connectivity, reduce fragmentation, and move towards DPC.  

Within the planning area, timing (March 1–June 15, from the hours of 3:00–9:00 a.m.) and noise stipulations 
(year-round) would be applied. These stipulations are intended to prevent disruption of mating and nesting 
by activities associated with energy exploration and development. Stipulations would be imposed in areas 

where the species is present. 

Exceptions to these (timing) requirements would be considered in emergency situations such as 
mechanical failures. Potential drill rig loss, drill rig scheduling, or the potential loss of a lease are not 

emergency situations.  

Exceptions would not be granted after March 15, or during the March 1 to March 15 period, if the BLM 

determines, on the basis of biological data or other relevant facts or circumstances, that the granting of an 

exception would disrupt LPC booming activity during the breeding season.  

Requests for exceptions on a non-emergency basis may also be considered for the period of March 1 to 
June 15, but these exceptions would not be granted if the BLM determines that there is LPC habitat, LPC 

sightings, historic leks, and/or active leks within 3 miles of the proposed location, or any combination of the 

above mentioned criteria.  

No timing exceptions would be granted until an appropriate NEPA or environmental review document is 

completed. 

Exceptions to the timing stipulation/COA would not be granted in the following areas: 

1. The PPA. 

2. The IPA within 3 miles of a lek that has been active for one out of the last 5 years.  

3. The 17 HAs before and during the habitat evaluation process. Once the evaluation of the 17 HAs 

is complete, the HAs that do not meet the criteria would be considered for exceptions. No 

exceptions would be granted in the HAs that meet or exceed the criteria in Chapter 2. 

4. Any new areas identified as HAs that were not in the original 17 HAs but meet or exceed the 

evaluation criteria. 

Exceptions to the timing stipulation would also be subject to other applicable regulatory and environmental 
compliance requirements. The BLM reserves the right to impose other stipulations in the same area of this 

leasehold if an exception is granted. 

Unitization may be utilized on new leases in the planning area to ensure protection of special status species 

habitat, as allowed by lease notices. Existing lessees would be encouraged to join these units.  

Within the planning area, coordinated efforts to reclaim and restore habitat in previously developed areas 
would be carried out when and where opportunities arise. Priority locations are areas in the HAs, IPA, 

SSPA, and around LPC reserves where restoration can help restore connectivity between isolated habitat  
blocks. The goal is to reclaim 2 previously disturbed acres for every 1 acre of new disturbance. To achieve 
this goal, the BLM would consider employing off-site mitigation on a “case-by-case” basis with priority given 

to performance of on-site mitigation. 

If new LPC leks are discovered in the future within the planning area, a 3-mile radius around the lek would 
be considered occupied habitat and the prescriptions of this alternative would apply to proposed actions in 

and around that habitat. 
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As per the 2008 RMP amendment, this plan revision adopts, with some modifications, the Robel impact 
distances in mapping and calculating the extent of habitat available to the LPC. Distances used in the 

calculation of habitat impacts surrounding different development features are shown in Table 3. These 
distances are used to evaluate impacts of potential projects and were applied to existing infrastructure as 

part of the definition of suitable and potentially suitable LPC habitat.  

PPA 

Areas designated as occupied, suitable and potentially suitable habitat within the PPA are shown on Map 

5. Table 4 shows the unleased mineral acreage by habitat type in the PPA.  

PPA - New Oil and Gas Leasing: 

1. Areas designated as occupied or suitable LPC habitat would be closed to new leasing. Certain 
exceptions would be considered on a limited, case-by-case basis as needed for pooling or drainage 
protection purposes, and if leasing and subsequent development would not impact habitat. In these 

cases, an NSO stipulation would be applied to the occupied or suitable portions of the lease.  

2. Areas designated as potentially suitable LPC habitat would be available for new oil and gas leasing.  
If leasing and development in these areas would impact suitable habitat,  then areas designated as 

potentially suitable habitat would be closed to new oil and gas leasing. Areas of potentially suitable 
habitat where lands can be used to “block up" larger surrounding areas of suitable habitat would 

also be closed to new leasing. 

3. Federal minerals within the NMDGF-owned LPC area would be closed to new oil and gas leasing.  
For pooling purposes or drainage protection, new leasing with an NSO stipulation may be allowed 
within an LPC area provided exploration and development does not impact suitable habitat. The 

BLM would consider opening the PPA to oil and gas leasing when the special status species are 

not considered for listing as a threatened or endangered species.  

4. New oil and gas leasing would be allowed in areas designated as unsuitable habitat unless 

development in unsuitable LPC habitat or potentially suitable LPC habitat would extend an 
impact/avoidance zone into suitable LPC habitat. The BLM would determine if habitat is suitable or 
unsuitable prior to issuing a new oil and gas lease. Unsuitable habitat would be open to new oil and 

gas leasing, generally with standard lease terms. 

5. The BLM would consider new leasing in suitable habitat within the PPA when there is a calculated 
two to one ratio of reclaimed acres to disturbed acres within the entire PPA and after interagency 

coordination with the USFWS is conducted. The calculation would be conducted at 5-year 
increments from the approval of the RMP/EIS. In addition to meeting the two to one ratio, other 
considerations factoring into a decision for new leasing include, but are not limited to, the site 

characteristics of a tract nominated for leasing such as its proximity to occupied habitat, surface 
ownership, and the density of existing infrastructure. If new leases are offered in suitable habitat  
as a result of recalculation, conditions would be attached that would preclude contributing to the 

need to list the LPC as threatened or endangered. 

6. The BLM would consider new oil and gas leasing in occupied habitat within the PPA at such time 
the LPC is no longer considered for listing as a threatened or endangered species. If new leases 

are offered in occupied habitat, conditions would be attached that would preclude the need to return 

the LPC to the list of special status species. 

PPA - Existing Oil and Gas Leasing: 

1. For existing leases, PODs would be required unless waived by the Authorized Officer. Subsequent  
COAs may also be required. Included in PODs and COAs would be specifications for various 

strategies for minimizing impacts associated with new development and for reclaiming disturbed 
areas. A POD would incorporate applicable BMPs and disclose all future well locations; the location 
and arrangement of well infrastructure (e.g., tank batteries, compressors, power lines, and poles),  

road locations, and ROWs. 
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IPA - Existing Oil and Gas Leasing: 

1. For existing leases, PODs would be required unless waived by the Authorized Officer. Subsequent  

COAs may also be required as described for the PPA section above.  

IPA - HAs: 

1. Occupied LPC habitat (e.g., within 3 miles from an active lek) would be closed to new leasing. New 
leasing with an NSO requirement may be allowed where this is determined to be appropriate. In 
the future, new leasing in occupied LPC habitat would be linked to the status of the s pecies or 

habitat in New Mexico, as identified in the annual USFWS candidate notice of review or other 
periodic agency review. If new leasing is considered, conditions would be attached that would 

preclude listing the special status species as threatened or endangered.  

2. Habitat suitability analyses would be conducted in the 17 HAs. These areas would be prioritized for 
reclamation potential and for potential to re-established connectivity to adjacent isolated habitat  
blocks. Until the evaluation of an area is complete, new oil and gas leasing would be deferred. It 

may be determined, through the suitability analysis process, that these areas would be 
discretionarily closed to future oil and gas leasing. Criteria for closing these areas or making them 
available for lease can be found in Appendix 3. Lessees of existing oil and gas leases would be 

required to provide a POD unless waived by the Authorized Officer.  

3. Deferment of leasing in the 17 HAs would continue until the habitat suitability analysis is complete,  

pending available funding and partners willing to work with the BLM. 

DSL - New Oil and Gas Leasing: 

1. Tracts nominated for lease within the DLS habitat boundary (see Map 1) would be evaluated by 
the BLM for DSL habitat suitability. Depending on the results of that evaluation, leasing of the tract 
may be deferred until occupancy surveys can be completed, or the tract may be offered for lease 

with an NSO stipulation, a DSL habitat survey stipulation, or other appropriate stipulations including 

standard stipulations. 

2. New leases would require PODs, which would incorporate the results of the habitat surveys. The 
purpose of a POD is to assist the operator and the BLM with planning for orderly development as 

a means to reduce or eliminate impacts to special status species habitat. A POD would also 
incorporate applicable BMP and disclose all future well locations to the fullest extent possible; the 
location and arrangement of well infrastructure (e.g., tank batteries, compressors, power lines, and 

poles), road locations, and ROWs. 

3. Should a tract be leased with the conditions described above, the lessee would be responsible for 
any subsequent occupancy surveys within the lease. Surveys for occupied DSL habitat would 

follow scientific protocol and be conducted by personnel approved by the BLM. Surveys would 

follow the protocol outlined in the following section, DSL - Existing Oil and Gas Leases. 

4. If, after acquiring a federal mineral lease with an NSO stipulation or any other stipulation, the lessee 

can demonstrate through the use and application of peer-reviewed science that the rationale behind 
the stipulation is no longer necessary, waivers, exceptions, or modifications to the lease would be 
considered by the Authorized Officer. The lease would be subject to the Pecos Dis trict land use 

plans in effect at the time of consideration. Granting of a waiver, exception, or modification is a 

discretionary action, which the operator should not routinely expect.  

5. See Chapter 2, Monitoring and Implementation, for details for the steps  necessary to obtain 

waivers, exceptions, and modifications. 

6. Waivers, exceptions, and modifications would also be subject to other applicable regulatory and 
environmental compliance requirements. The BLM reserves the right to impose other stipulations 

in the same area of this leasehold if a waiver, exception, or modification is granted.  

7. Should occupied DSL habitat be found outside the DSL habitat boundary (shown on Map 3.9) but 
within the planning area, the management prescriptions described above would be applied to new 

oil and gas leasing. Note: The DSL habitat map will be continually updated throughout the life of 

this RMP.  
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DSL - Existing Oil and Gas Leasing: 

1. For existing leases within the DSL boundary (see Map 1), the lessee would be responsible for 
occupancy and habitat suitability surveys required prior to permitting surface-disturbing activities.  
Surveys would be considered COAs and conducted by BLM employees or BLM-approved 

contractors and personnel. Depending on the results of the survey, proposed well sites may not be 
available to be developed and directional drilling may be necessary to develop all spacing units 
within a lease. Shinnery oak (Quercus havardii) flats adjacent to dune complexes are the preferred 

location for proposed well sites. 

2. Surveys for occupied DSL habitat would follow scientific protocol. The recommended time period for 
DSL surveys is June 1 through September 30 between the hours of 9:00 a.m. and 5:00 p.m., but 

avoiding the heat of midday. Since surveys must be completed before any surface-disturbing activities 
would be approved, lessees that do not complete surveys in the proper time frame would have to wait 
up to 8 months, October 1 through May 31, before conducting surveys. Depending on the results of 

the surveys, prospective well locations may be moved up to 656 feet to avoid DSL habitat. 

3. Existing leases would require PODs, when requested, which would incorporate the result s of the 
habitat surveys. The purpose of a POD is to assist the operator and the BLM with planning for 

orderly development as a means to reduce or eliminate impacts to special status species habitat. 
A POD would also incorporate applicable BMPs and disclose all future well locations to the fullest  
extent possible; the location and arrangement of well infrastructure (e.g., tank batteries,  

compressors, power lines, and poles), road locations, and ROWs. 

4. If the lessee can demonstrate through the use and application of peer-reviewed science that the 
rationale behind a stipulation is no longer necessary, waivers, exceptions, or modifications to the 

lease may be considered by the Authorized Officer. The lease would be subject to the Pecos District 
land use plans in effect at the time of consideration. Granting of a waiver, exception, or modification 

is a discretionary action, which the operator should not routinely expect.  

5. Waivers, exceptions, modifications would also be subject to other applicable regulatory and 
environmental compliance requirements. The BLM reserves the right to impose other stipulations 
in the same area of this leasehold if a waiver, exception, or modification is granted.  Should occupied 

DSL habitat be found outside the DSL habitat boundary (shown on Map 3.10 Appendix B) but within 
the planning area, the management prescriptions described above would be applied to existing oil 

and gas leasing. 

6. For expansion of an existing habitat area, the expansion area has to meet the criteria of 
unfragmented acreage connected to the existing habitat area, and that this habitat has appropriate 
vegetative components. Expansion can only occur in intervals containing a minimum of 40-acre 

quadrants. 

New Habitat Area Criteria 

1. Occupancy of LPC: If there is evidence of LPC within the last 5 years and/or documented historic 

sightings. 

2. Vegetation: Areas must be within the shinnery oak-dune plant community and provide the 
vegetative composition necessary for seasonal habitat requirements (i.e., nesting, brood-rearing,  
and winter thermal cover). If composition of vegetation is sufficient but may lack standing biomass, 

then address those issues in coordination, consultation, and cooperation with the permittee.  

Development and Fragmentation  

1. The areas being evaluated must contain a minimum “patch” size of 320 acres of federal minerals  

that is not affected by fragmentation which is defined by impact radii.  

2. No new overhead power lines in habitat areas; all new proposed power lines in habitat area would 
be required to be buried. Existing overhead power lines would be required to be buried at the time 

of their ROW renewal 
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3. Require operators (this includes third-party contractors like pipeline companies, electric line 
companies, etc.) of a BLM oil and gas lease accessing minerals inside the habitat area to develop 

new wells using existing well pads unless technically infeasible or not present.  Use existing 
disturbance where possible. Additionally, if the lease extends beyond the habitat area, operators  
are required the operators to access subsurface minerals inside the habitat area from wells pads 

outside the habitat area. 

4. Within HAs or suitable DSL habitat require operators to submit a POD.  Plans must include the 
option of horizontal drilling to develop the lease and the use of one pad to drill multiple wells. If an 

operator cannot do this for economic reasons, they must show evidence in a report that it is 

infeasible.  

5. In DSL habitat, hydraulic fracturing ponds would be fenced. The fence would have a silt fence 

installed around the base to prevent reptiles from entering the pond area. The fence would be 
positioned at the base of the hydraulic fracturing pond. Escape ramps would be placed 
approximately every 50 feet within the hydraulic fracturing ponds. The escape ramp would be 

placed within the hydraulic fracturing pond in such a matter that the base of the ramp would be in 
contact with surface bottom and extend 1 foot past the full capacity mark.  The ramp would be a 

minimum of 6 inches in width. Escape ramps would not be made of metal. 

6. The construction of fence exclosures or barriers would be considered in habitat of special status 
species (including federal threatened or endangered, federal candidate, or state listed wildlife and 
plant species) to protect all or portions of a specific habitat, specific populations, or to provide for 

scientific research on a species and its habitat. Fenced exclosures would also be considered to 
protect special habitat features such as wildlife waters, springs, or to provide for scientific research 
on a species and its habitat. The intent of using fences in this manner is to protect small areas (less 

than 10 acres), as opposed to fencing out large areas of public land. It is expected that exclosures 
or barriers, if used, would be small in size and associated with specific sites. If it is determined to 
be necessary, mitigation measures such as anti-perching structures and fence markers would be 

used. 

Wildland Fire Management 

1. Continue current fire management strategies in the planning area. See the 2004 Resourc e 
Management Plan Amendment for Fire and Fuels Management on Public Land in New Mexico and 

Texas (BLM 2004). 

2. Adhere to the 2009 Guidance for Implementation of Federal Wildland Fire Policy as per IM No. 

2009-112.  

3. Update and amend the CFO Fire Management Plan (2012), as necessary, to meet the direction 

and objectives of the RMP/EIS. 

4. Continue to participate in the Pecos Zone Operating Plan established under the Joint Powers  

Agreement between the State of New Mexico, the U.S. Department of Agriculture (USDA), and the 
USDI. This agreement provides for reciprocal fire protection services among participating agencies 

with wildland fire protection responsibilities. 

5. Use wildland fire to protect, maintain, and enhance resources and, when possible, would be 

allowed to function in its natural ecological role.  

6. Use hazardous fuels reduction treatments to restore ecosystems; protect human, natural, and 

cultural resources; and reduce the threat of wildfire to communities.  

7. Use fire suppression would prioritize firefighter and public safety, as well as benefits and values to 

be protected that are consistent with resource objectives.  

8. Establish fire management objectives for every area with burnable vegetation, based on sound 

science and consideration of other resource objectives.  

9. Use adaptive management to allow for proper rest and recovery of burned areas.  
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10.  Work together with partners and other affected groups and individuals  to reduce risks to 

communities and restore ecosystems.  

a. Ensure management activities do not degrade the planning area’s air resources by working the 
New Mexico Air Quality Bureau and complying with the New Mexico Smoke Management 

Program.  

b. Work collaboratively with communities to maintain county-wide Community Wildfire Protection 

Plans that include risk reduction implementation plans.  

c. Do not allow retardant drops within 300 feet of open water. Water drops from planes would be 

allowed over open water.  

d. Wash all equipment used for fire suppression or fuels treatments to prevent the introduction of 

invasive species. 

e. Limit retardant use in areas with known rock art sites. 

f. Use target treatment acres from the Fire Fuels Management Plan for New Mexico EIS 2004 

(Appendix A.4).  

g. Within the planning area, treat approximately 19,500 acres per year with prescribed fire. The 

amount of area to be treated may vary depending on annual rainfall.  

h. Annually or as needed, update the CFO Fire Management Plan to ensure wildfire suppression,  

fuels treatments, emergency stabilization and rehabilitation, and community assistance RMP 

decisions are being implemented 

i. When assigning suppression priorities, base the decision on relative values to be protected 

commensurate with fire management costs. 

j. When conducting prescribed fires, use an approved burn plan. 

k. Design, develop, and implement hazardous fuels reduction projects identified in or consistent 

with the goals of community wildfire protection plans. 

l. Use rehabilitation and emergency stabilization to mitigate the adverse effects of fire on the soil, 
vegetation, and water resources in a cost-effective manner. These activities would be 

consistent with emergency stabilization and rehabilitation priorities and protocols.  

m. Use non-fire fuel management strategies to meet various resource objectives, such as 
maintaining or improving vegetative trend for range management, improving forage quality and 

quantity, and managing for specific cover/forage ratios to benefit wildlife and weed eradication 

and return to native vegetation. 

11.  Continue ongoing saltcedar eradication and invasive species treatments, and use prescribed for 

fire for maintenance and reduced fuel loading.  

12.  Do not assign prescribed fire an assigned buffer in riparian or floodplain areas; however, applied 
management prescriptions would not take vegetation to soil or completely consume the vegetation 

if it is in a riparian area or floodplain.  

13. Manage fire suppression activities in accordance with travel prescriptions within special designations.  

14.  Cooperatively work with federal, state, and local partners to identify high priority areas for fuels  

treatments to reduce potential loss from wildfires. 

15.  Establish a 0.25-mile buffer around the Delaware River railroad bridge to ensure that no fuel piles 

are established and/or burned within that buffer regardless of the time of year.  

16.  Restrict prescribed fire within 0.5 mile of bat roosts from March through August based on wind 
direction and barometric pressure. When barometric pressure is steady or rising, then the buffer 
could be reduced based on site-specific conditions. No fires allowed within 1,312 feet of roost 

entrance. Maintain green vegetation line and exclude area back 1,312 feet from roost. Outside the 
timing window there would be no assigned buffer to the artificial roost site for prescribed burning,  

but prescribed burning would still be subject to biological clearance.  
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Cultural Resources 

1. Do not allow surface-disturbing equipment within the boundaries of the Maroon Cliffs, Laguna Plata, 
Boot Hill, or Pope’s Well without prior management approval, unless to protect life or property.  

2. Continue to implement the Permian Basin Programmatic Agreement by developing targeted data 
recovery projects that enhance the understanding of past lifeways in southeast New Mexico and 
that identify types of significant cultural resources for protection and management and placement 
into BLM use categories: scientific use (allow appropriate research, including data recovery), public  
use (open to interpretation, education, or recreation), experimental use (analyze impacts or 
protection measures for long-term management), conservation for future use (protection 
measures/special designations to safeguard against incompatible land and resource use), 
traditional use (consult with tribes and determine limitations), and discharge from management 
(remove protective measures after recordation (check on applicability of language regarding 
discharge from management). 

3. Provide for scientific, educational, and, where appropriate, public use.  

4. Conduct appropriate Native American consultation to identify subjects of interest and concern to 
the tribes (historic properties, areas of traditional and religious use, sacred sites, culturally and 
spiritually sensitive resources and landscapes). 

5. Develop cultural resource management plans as needed to address preservation actions for 
cultural resource complexes or individual sites identified as high risk for adverse impacts. These 
would include but not be limited to Maroon Cliffs, Laguna Plata, Boot Hill, and Pope’s Well.   

6. Identify priority geographic areas for future inventory based on the probability of unrecorded 
significant resources, and conduct inventories independent of specific land use actions in 
accordance with Section 110 of the National Historic Preservation Act.  

7. Nominate eligible sites for the National Register of Historic Places (NRHP) on a case-by-case basis. 

8. Manage historic properties for their local, regional, or national significance. If natural or human-
caused deterioration cannot be prevented, the BLM would consult with the tribes and the State 
Historic Preservation Office (SHPO), as appropriate, to resolve the adverse effects. 

9. Actively solicit researchers to identify, monitor, and gather data on cultural resources, including 
archaeological, historic, ethnographic, and non-intrusive research. Develop cooperat ive 
agreements and partnerships with tribes, historical societies, and colleges to encourage research 
and assist with monitoring. 

Paleontological Resources 

1. The BLM would complete/require assessment and mitigation for paleontological resources for 
proposed actions, including but not limited to, land disposal actions, surface-disturbing activities,  
and OHV open areas. Actions may include inventories, monitoring, or data recovery.  

2. The BLM would apply regulations implementing Public Law 111-11, the Omnibus Public Lands Act, 
and Paleontological Resource Preservation Act to all alternatives.  

3. The BLM would use the Potential Fossil Yield Classification system and existing locality data of 
known fossil localities to identify criteria or use restrictions to ensure that areas containing or that 
areas likely to contain vertebrate or noteworthy occurrences of invertebrate plant fossils are 
identified and evaluated prior to authorizing surface-disturbing activities. 

4. Vertebrate and other scientifically significant fossils may be collected (surface collection or 
excavation) only by qualified individuals under a permit issued by the BLM New Mexico State 
Office. Vertebrate fossils include bones, teeth, eggs, and other body parts of animals with 
backbones such as dinosaurs, fish, turtles, and mammals. Vertebrate fossils also include but are 
not limited to trace fossils, such as footprints, burrows, gizzard stones, and dung.  

5. Fossils collected under a permit would remain the property of the federal government and must be placed 
in an approved repository (such as a museum or university) identified at the time of permit issuance.  

6. Where fossil locations are known or where scientifically significant fossils are discovered, a 
qualified paleontologist would perform a literature and records search, conduct a field survey, and 
report the findings to the BLM prior to the authorization of surface disturbance. 
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Lands with Wilderness Characteristics 

1. Limit motorized travel for fire suppression activities to existing routes  

2. Close lands managed to protect wilderness characteristics to plant collection. 

3. Allow chemical vegetation treatments; mechanical treatments would be allowed within stipulations 
within the first 5 years of ROD signing; lands with wilderness characteristics would be closed to 

firewood collection. 

Visual Resource Management 

Zone 1 of the Guadalupe Escarpment Scenic Area would have an NSO stipulation on oil and gas leases, 
sale of mineral materials would not be allowed, and a limited off-highway vehicle (OHV) designation would 

be implemented. ROW exclusion or avoidance would be determined on a case-by-case basis.  

All dry hole markers in Visual Resource Management (VRM) Class II and III would be capped and cut off 

flush with the ground. 

Require non-temporary facilities and structures to be screened, painted, and designed to blend with the 

surrounding landscape except where safety indicates otherwise.  

Air Resources 

There are no implementation level decisions for air resources.  

Minerals – All 

All surface-disturbing activities would be staked in the field prior to the cultural resources inventory; this 

includes road lead out ditches, turnouts, equipment staging areas, soil stockpiles, etc.  

Minerals – Leasables 

1. A Notice of Intent (NOI) must be filed with the Area Manager before entry onto public lands to 
conduct geophysical exploration. Upon receipt of an NOI, special mitigative measures or 
restrictions would be applied as necessary. The surface use and occupancy requirements and OHV 

use designations also would be applied to geophysical exploration, when necessary. The 
processing of geophysical NOIs would include NEPA compliance. A Notice of Completion, as 
specified in 43 Code of Federal Regulations (CFR) 315, must also be filed upon cessation of any 

exploration. 

2. The terms and conditions for geophysical NOIs and the COAs for geophysical exploration are listed 

in Appendix C, Stipulations, Conditions of Approvals, and Best Management Practices.  

3. Open-top tanks, reserve pits, disposal pits, or other open pits would be required to be equipped to 

deter entry by birds, bats, other wildlife, and livestock. 

4. The BLM would encourage the use of practices such as off-lease measurement, unit agreements ,  

field development plans, communitization agreements, consolidated batteries, and other innovat ive 
approaches to reduce the extent of surface disturbance and to mitigate other forms of impacts. 

These practices must conform to Onshore Oil and Gas Orders No. 4 and 5 and state requirements .  

5. If the use of plastic pipe is approved, the pipe must meet American Petroleum Insti tute (API) 

specifications. 

a. The BLM would continue to require oil and gas lessees to conduct operations in a manner that 

would minimize adverse impacts to resources, land uses, and users. To that end, the BLM 
would continue to apply reasonable mitigation measures. These would typically include, at a 
minimum, relocating proposed operations by no more than 656 feet or prohibiting new surface 

disturbance for a period of no more than 60 days. Mitigations of impacts involving moves 
greater than 656 feet or delays greater than 60 days could result from project-specific NEPA 

analysis. 
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b. Requirements that have been issued in orders or NTLs concerning environmental and other 
factors associated with the drilling of oil and gas wells would continue to be enforced, as would 

future orders and NTLs. 

c. The portions of the 497,000-acre Potash Area open to future leasing for oil and gas would 
continue to be leased pursuant to the Secretary's 2012 Potash Order, or subsequent revisions 

of the order.  

d. Lease notices covering protection of potential cave or karst occurrence zones, protection of 
threatened or endangered or sensitive plant or animal species, and the use of the Alkali Lake 

and Hackberry Lake OHV areas would remain in effect. Additional lease notices would be 

developed as needed. 

e. Because the identification of cave or karst occurrence zones is only informational, the 

mitigations described in the 1997 RMP Amendment for oil and gas, Appendix 3, pg. AP3-4-7,  
would be applied, when and where appropriate, irrespective of any identified zone of cave or 
karst potential. However, the emphasis of management would be on caves presently  

designated significant or on those designated in the future as significant, and on significant  

karst features. 

f. A Controlled Surface use (CSU) restriction would be applied when needed as a COA for APDs 

for oil or gas wells proposed in the City of Carlsbad’s municipal water well field or within 3 miles 
of the field. If an APD is filed in that area, the BLM would consult with the City of Carlsbad to 
determine the appropriate action to take. Prohibitions on blasting during well site construction 

and special casing requirements would be the restrictions most often applied. This CSU 
restriction would apply to an area of about 26,800 acres of public surface and minerals, and 
about 2,720 acres of federal mineral estate under other surface ownerships. Also see the 

mineral allocation section for specific prescriptions for the Water Well Protection Area.  

g. As standard practice, ephemeral and perennial drainages, playas, springs and seeps, and 
wetland/riparian areas would be avoided as locations for oil and gas related facilities, including 

drilling locations, production facilities, roads, and pipelines.  

Mitigation of Drilling Impacts 

1. The primary detection method would be the review of BLM or other records on the presence of 
caves or karst features in the area of interest, in conjunction with a field exam by a BLM employee 

or cave inventory contractor to determine the presence of unrecorded cave or karst features.  
Depending on the results of initial detection efforts and a determination of potential significance by 
the BLM, cave exploration could be employed to gain additional information. As various geophysical 

techniques are proven useful for cave detection and become generally available for use, they may 

be considered on a case-by-case basis as a means of locating unrecorded cave or karst features.  

2. Practices for oil and gas drilling as operations in cave and karst occurrence zones: The need to 

relocate drilling locations to avoid cave or karst resources, and any special drilling or production 
practices employed to mitigate impacts to caves or karst, would be determined during the NEPA 

analysis of APDs or other applications. 

Detection Methods:  

1. The BLM may review data held by companies on wells drilled in cave or karst occurrence zones to 
gain information about impacts to caves and karsts. This information would be used to categorize lost 

circulation zones on the basis of depth, volume, and severity,  and to evaluate and compare the 
relative success or failure of different remedies attempted to combat lost circulation problems while 
drilling and cementing casing in these zones. This information also would be used to update 

information about the occurrence of cave and karst features. Information concerning cave resources 
gathered during drilling would be submitted, as well, to be retained by the BLM in accordance with 

the Roswell District Cave Management Plan and the regulations implementing the FCRPA.  

2. Practices to minimize potential impacts from reserve pit spills or leakages would include the use of 

closed loop systems. 
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3. The ROD for the Dark Canyon EIS would guide the management of oil and gas resources in a 
portion of Dark Canyon just north of Carlsbad Caverns National Park. The actions mandated by 

the ROD are summarized below: 

a. The entire EIS study area (about 8,320 surface acres) would be closed to future oil and gas 

leasing. 

b. Existing leases in the EIS study area subject to an NSO stipulation would remain subject to the 

restriction. 

c. Producing or producible wells in the EIS study area may continue to produce and be maintained 

for that purpose. 

d. Existing leases in the EIS study area outside the cave protection zone (about 3,280 surface 
acres) that are available for surface occupancy and development would be subject to mitigation 

measures prescribed in the EIS. 

e. Existing leases or portions of existing leases inside the Cave Protection Zone (CPZ) (about  
9,760 surface acres) would not be available for surface occupancy, but may be developed 

using directional drilling from outside the CPZ. 

4. The BLM would continue to process NOIs to conduct geophysical exploration on public lands on a 
case-by-case basis. Geophysical exploration may be an appropriate, temporary surface use in 

areas that are closed to oil and gas leasing or that have restricted surface use, such as NSO leasing 

stipulations. 

5. The BLM would encourage industry to develop water conservation measures to reduce 

consumption and treatment of produced water for reuse other than disposal. 

6. Surface Operating Standards and Guidelines for Oil and Gas Exploration and Development – the 
Gold Book and BLM’s Production Operations Best Management Practices for Fluid Minerals (2006) 

would be followed.  

7. If the BLM deems it necessary based on project risks or environmental concerns observed at the 
site-specific implementation level, a third-party compliance monitor for oil and gas construction 

activities and reclamation would be required at the operator's expense. Third-party monitor would 

be approved by the agency. 

8. Third-party compliance on oil and gas construction activities would be required at the operator's  

expense if operator has a documented history of non-compliance. Three violations (during 
construction activities) of COAs or application permit within a 3-month period would trigger a third-
party compliance monitor requirement on construction for future activities.  Third-party compliance 

monitoring for construction activities would last 1 year. If violations do not diminish at the end of the 
1 year, the third-party monitor COA would continue until violations diminish. Third-party monitoring 

would be approved by the BLM. 

9. Four string casing would be required in the designated Capitan Reef boundary.   

Information concerning water supply, such as rivers, creeks, springs, lakes, ponds, and wells, may be 
shown by quarter-quarter section on a map or plat, or may be described in writing. The operator must 

identify the source, access route, and transportation method for all water anticipated for use in drilling the 
proposed well. The operator must describe any newly constructed or reconstructed access roads crossing 
federal or Native American lands that are needed to haul the water. The operator must indicate if it plans 

to drill a water supply well on the lease and, if so, the operator must describe the location, construction 
details, and expected production requirements, including a description of how water would be transported 

and procedures for well abandonment. 

The requirement for wireless seismic would be considered on a case-by-case basis in areas deemed 

sensitive to the use of conventional seismic.  

The following restrictions would apply to geophysical exploration:  

1. Activities must comply with travel designations. 

2. Nest searches may be required prior to laying of lines. 

3. Yuccas (Yucca sp.) 5 feet or taller would be avoided. 
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4. Plans demonstrating minimum impact and the prevention of noxious weeds would be required.  

5. Surveys in high density cave/karst occurrence zones would be required. 

6. Terra tires, heliports, or other minimum impact tools may be required in sensitive areas.  

7. No motorized vehicles would be permitted within playas. 

8. Geophysical exploration would avoid trees.  

Vehicles would be required to cross steep, wide drainages using existing routes and use tiered 

development.  

Geophysical activities would be required to stay on existing roads when crossing the following drainages:  

• Hay Hollow 

• Owl Draw 

• Ben Slaughter Draw 

• Cottonwood Draw 

• Red Bluff Draw 

• Chosa Draw 

• Perennial riparian areas, including dry parts of the Black River 

• Pierce and Cedar Canyons 

Unless roads are present, crossing of drainage would be limited to one to two designated crossings that 
would be defined at the project level. Stacking of shots would be required for drainages to limit number of 

crossings. If there are no existing roads temporary drainage crossings would be designated at the site-

specific level and limited to bank slopes of 20% or less.  

All surface-disturbing activities would be staked in the field; this includes road lead out ditches, turnouts,  

equipment staging areas, soil stockpiles, etc. 

No surface disturbance or occupancy within 0.25 mile from human-occupied permanent structures and 
sensitive receptors would be permitted. Future leases would be issued NSO when parcels are within the 

0.25-mile radius of sensitive receptors.  

Earthen hydraulic fracturing ponds would not be allowed within the following sensitive areas: 

1. In soils difficult to reclaim such as gypsum and limestone (Ector). Waivers to this may be granted 

for project designs that provide for efficient reclamation. 

2. Within floodplains or drainages. 

3. On slopes greater than 10%. 

4. Within 0.25 mile of riparian areas, perennial springs and seeps.  

No disposal of produced water would be allowed in lined pits. No unlined pits would be allowed. 

Earthen pits for recycling produced or flowback water would be allowed on a case-by-case basis. Pits must 
be netted. Pits can only hold recycled or flowback water intended for reuse.  Pits must have two minimum 

60-mil high-density polyethylene liners. Construction must be in accordance with NM Pit rule No. R-13506-

D (J).  

The operator would implement the following minimum netting requirements:  

1. Construct a rigid structure made of steel tubing or wooden posts with cable strung across the pit at 

no more than 7-foot intervals along the X- and Y-axes to form a grid of 7-foot squares. 

2. Suspend netting a minimum of 4 to 5 feet above the fluid surface.  

3. Use a maximum netting mesh size of 1.5 inches to exclude most birds.  
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4. Cover the top and all sides of the netting support frame with netting and secure the netting at the 
ground surface around the entire pit to prevent wildlife entry at the netting edges (note: hog wire 

panels or other wire mesh panels or fencing used on the s ides of the netting support frame is 

ineffective in excluding small wildlife and birds unless covered by the smaller mesh netting).  

5. Monitor and maintain the netting sufficiently to ensure the netting is functioning as intended, has 

not entrapped wildlife, and is free of holes and gaps greater than 1.5 inches. 

Tank battery liners in the secondary containment area would be required on all new or modified facilities. 
At least a 40-mil plastic liner would be required. Secondary containment would be required for all existing 
facilities. Proposed production facilities such as storage tanks and other vessels would have a secondary  
containment structure that is constructed to hold the capacity 1.5 times the largest tank or 24-hour 

producing volume, whichever is greater, plus freeboard to account for precipitation unless more stringent  

protective requirements are deemed necessary. 

Secondary containment for tank batteries could be either earthen or non-earthen material. All earthen material 

secondary containment would be fenced to prevent berm degradation throughout the planning area. 

Spill prevention and leak detection plan and appropriate spill prevention and leak detection methods (detect 
and auto shutoff valves, etc.) would be required for all new (and existing facilities where spills have already 
occurred) wells, facilities, and pipelines in the following sensitive areas:  

1. High and medium karst potential occurrence zones. 

2. Within 0.25 of riparian areas, residential areas, rivers, water wells, perennial springs, and seeps.  

3. In soils difficult to reclaim such as gypsum and limestone (Ector).  

There would be raptor nest spatial buffers and timing limitations for all surface-disturbing activities (see 
Appendix D). Buffers would be for active nests. A nest can be declared inactive after being unoccupied for 

2 years. 

Permanent pipelines (+120 days) greater than 4 inches in nominal diameter or greater than 125 pounds 
per square inch (psi) must be buried. Exceptions may be made where burial in certain soil types (Limestone 

Hills, Shallow Sites) would create greater resource damage as shown through the NEPA process.   

Surface lines would be laid within 15 feet of existing lease roads, unless proven by the operator to be not 

economically feasible. If a surface pipeline crosses a road, it needs to be buried at least 24 inches below 

the road. All unused surface pipelines would be removed within 120 days of non-use. 

Any surface pipelines longer than 1 mile would bury a 20-foot segment or provide some sort of crossing 
ramp every 0.5 mile to allow for wildlife and livestock passage. The passage would be in the same place 

for all pipelines along the road. 

All purging of hydraulic fracturing lines would have to be done in a containment system or a hydraulic  

fracturing pond.  

All engines, generators, or compressors on the well site or production facility must be muffled to 49 dB at 
30 feet from noise source in the following areas: 

1. VRM Class I, II, and III areas. 

2. Within 1 mile of occupied dwellings or other sensitive receptors (schools, hospitals, camp sites, etc.). 

3. Within 0.25 mile of rivers and springs. 

4. LPC habitat. 

Pumps for water transfer pipelines would be put on visqueen matting and/or a containment structure. 
Pumps and fittings would be maintained to prevent excessive water loss. See Appendix C – Fluid Mineral 

Lease Stipulations and Appendix O - COAs and BMPs.  

Hydraulic fracturing pond water would require testing to document that it meets the standards of 43 CFR 

3160.0-5 definition of freshwater. Freshwater: water containing not more than 10,000 parts per million (ppm) 
of total dissolved solids, provided that such water does not contain objectionable levels of any constituent 
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that is toxic to animal, plant or aquatic life, unless otherwise specified in applicable notices or orders. If 
hydraulic fracturing pond water is determined to not meet this criterion, applicant must dispose of hydraulic  

fracturing water in accordance with New Mexico State discharge permitting requirements. COA for testing 

by third-party monitoring of water. 

A POD requirement would be applied on a case-by-case basis to protect sensitive resources. The POD 

must have an erosion control plan.  

BMP: Recycle caliche from interim reclamation/from local pads.  Location of origin for surfacing material for 

well pads must be addressed in APDs.  

Production: Local current contact numbers of operators would be posted at well locations for immediate 

response to production issues. 

All permanent (120+ days) surface lines would be labeled at beginning and end, at road crossings, entrance 
and exit from public land, no greater than a 0.25 mile apart, with serial number, API number, and well name.  

Label must be attached to pipeline.  

All temporary (<120 Days) surface lines be labeled at beginning and end, at road crossings, entrance and 
exit from public land, no greater than 0.25 mile apart,  with an operator, contact number, and labeled 

“temporary.” Label must be attached to pipeline.  

Interim reclamation must be completed within 6 months of well completion.  This means that caliche must 

be pulled and the area is reseeded and recountoured within six months of a well completion. Interim 
reclamation can be postponed if another well is going to be drilled on the existing pad within 2 years.  If 
postponed interim reclamation is granted, the operator must take proper measures to increase the viability  

of the topsoil in the stockpile such as flattening the stockpile, dividing the one stockpile of topsoil into several 

stockpiles along the pad, and then seeding the stockpile.  

Temporary and permanent pipelines would not be allowed within 984 feet of springs. 

The BLM’s high priority for substandard abandoned well and road reclamation in order would be in areas 
of past development within: 

1. Sand shinnery habitat and DSL habitat. 

2. The Pecos River valley, the Pecos River Corridor Potential Special Recreation Management Area 

(SRMA)/Extensive Recreation Management Area (ERMA), and Bluntnose Shiner ACEC.  

3. M-18 Sensitive Soils and M-2 (Chosa Draw). 

4. M-3 Guadalupes, M-2 Eastern Guadalupe Escarpment, M-4 Guadalupe Escarpment Zone 2, M-5 

Guadalupe Escarpment Zone 1, and M-1 Serpentine Bends. 

5. M-13 Hope Grasslands, M-14 Chaves Bootheel  

All new leases that have a substandard abandoned well pad would have a lease stipulation to properly  
reclaim the well pad(s) within 2 years or put the well pad to beneficial use (i.e., a new well location or tank 

battery). 

For all current leases that do not have the substandard abandoned well stipulation, when a new well is 

proposed on a lease with substandard abandoned well(s), a POD would be required.  The POD must 

address beneficial use of the abandoned well or reclamation of the well pad.  

Closed loop systems would be required for drilling in the following areas:  

1. Critical karst resource zones and high karst potential occurrence zones.  

2. Within 0.25 mile of riparian areas, residential areas, water wells, perennial springs,  and seeps. 

3. Above the Capitan aquifer west of the Pecos River. 

4. Within floodplains and ephemeral drainages. 

If reserve pits are permitted, they must be lined with at least a 40-mil plastic. 
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Within the areas listed below, the operator is required to show that it would use techniques such as 
directional drilling, horizontal drilling, and collocating wells on a single pad to develop the lease or, if not, 

the limitations preventing them from doing that as part of the POD at the APD level. These techniques 
would be required if technically and economically feasible. All infrastructure for new wells would be located 

along existing disturbed corridors (roads, pipeline corridors) where corridors exist  

1. Habitat areas. 

2. Suitable/Occupied DSL habitat. 

3. Critical karst resource zones and high karst occurrence zones. 

4. Pecos River Valley, M-33 (Pecos River Corridor Potential SRMA/ERMA), and M-25 (Bluntnose 

Shiner).  

5. Gypsum M-37 (Sensitive Soils).  

6. M-19 (Chaves Bootheel) and M-22 (Hope Area Grasslands).  

New well pads would require berms in high/critical cave/karst zones; in all other areas, berms would be 

used on a case-by-case basis. 

Sites for saltwater disposal wells would be handled on a case-by-case basis. 

Within the M-19 (Chaves Bootheel) and M-22 (Hope Area Grasslands), minimum lease size would be at 

least 1,280 continuous acres. 

Hooded lighting would be required in the Guadalupe Escarpment Scenic Area on drilling rigs and lighted 

production facilities. Lights must be pointed down. 

A waiver of the requirement to bury a pipeline would be considered in the following situations:  

1. Where rock outcrops at the surface make the burial of a pipeline impractical, such as when 
unreasonable and unreclaimable surface disturbance would result. Where the pipeline is exposed,  

painting may be required in accordance with the painting policy for VRM areas and NTL 87-1, New 
Mexico. Waiver of the requirement for painting would be considered when short distances are 
involved, when a pipeline is not readily visible because of screening, or in areas that are not visually  

sensitive. 

2. Where the surface ownership along the pipeline route is mixed, and the majority of surface 
ownership is not public. In those cases, installation of pipelines on public land would conform to the 

practice to be employed on the remainder of the pipeline, unless special resource management 

concerns dictate strict adherence to this policy. 

Unless otherwise authorized, surface use or occupancy would be excluded in the 25,600-acre East 

Guadalupe Escarpment Habitat Management Area (HMA) as follows: 

1. Within 1,312 feet of existing and proposed wildlife watering sites, riparian areas, wetlands, springs, 
water wells, and ephemeral, intermittent, or perennial streams; raptor nests that have been active 

for the past 2 years. 

2. NSO on slopes over 10% in gypsum areas, NSO on slopes over 20% in the remainder of the HMA 

3. The 100-year floodplain as identified through the use of Federal Emergency Management Agency 
(FEMA) Flood Insurance Rate Maps or flood hazard boundary maps; published maps or information 

available from the U.S. Army Corps of Engineers, NRCS, U.S. Geological Survey, or other 

agencies; analysis of flood data, field inspections, or other methods.  
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Minerals – Non-Energy Solid Leasables 

1. Monitoring wells/programs would be required to determine groundwater contaminations/salinity  

risks to the Pecos River and any other natural water systems.  

2. Criteria for construction of new tailings impoundments (not approved by RMP ROD date) would 

include: 

a. Require lined impoundments, piles, and ponds with leak detection systems (unless the operator 

proves beyond a reasonable doubt that liners are not necessary).  

b. Transfer of any post-refinement materials to be in pipelines or lined trenches with leak detection 

systems.  

c. Create reclamation plans accompanied by sufficient bonding. 

d. Develop a storm water management plan that keeps mine waters and meteoric waters separate 

in accordance with H-3042-1.  

e. Document that mine life was considered in the evaluation to reduce total footprint/impacts to 

all resources. 

3. In the case of a tailings impoundment found to be leaking fixing existing leaking ponds could include 
submittal of a professionally engineered plan to stop the leakage in accordance with best current  
management practices. The plan would be evaluated, mitigations added as necessary, and 

enforced by the Authorized Officer. 

4. Abandoned tailings piles would be closed to access and evaluated for reclamation possibilities such 

as capping. New technology may allow for tailings with low proportions of insolubles to be mined 

at a later date. 

5. An updated mine operations and closure plan would be required to be submitted to the BLM every  
10 years, when the operation changes ownership, or when the cumulative liabilities from mine plan 

modifications reach $2 million, whichever comes first.  

6. The special stipulation applied to potash leases on 3.360 acres in the Laguna Plata CRMA would 

be continued. 

7. Sulfur exploration and development guidance is described in the Regional Environmental Analysis 
Record for Sulfur Exploration in South-Central Eddy County, New Mexico, which is incorporated 

into this RMP by reference (BLM 1976). 

8. The Potash Stipulation1 [SENM-S-1 Potash (R3100-13)], which reflects the BLM's administration 

of the potash area, would be applied to new leases. 

9. In abandoning wells drilled under the Potash Stipulation [SENM-S-1 Potash (R3100-13)], infiltration 

of oil, gas, or water into potash deposits, mines, or workings must be prevented. 

Permanent pipelines (+120 days) greater than 4 inches in nominal diameter or greater than 125 psi must 
be buried. Exceptions may be made where burial in certain soil types (Limestone Hills, Shallow Sites) would 

be impractical and would create greater resource damage as shown through the NEPA process.  

Minerals – Locatables 

1. BLM staff would determine whether locatable mineral plans of operation cause unnecessary and 

undue degradation to resources. 

2. The BLM would coordinate with New Mexico Abandoned Mine Programs and follow federal 
abandoned mine lands regulations, etc., to continue to locate, inventory, and close abandoned 

mines. 

                                                 
1 The Potash Stipulation states, “This lease is located within the Secretary of the Interior’s Designated Potash Area. It 
is subject to Secretarial Order No. 3324, signed December 3, 2012. This lease is subject to specific requirements to 
prevent interference with the mining and recovery of potash deposits.” 
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Minerals – Salables 

1. Closure and rehabilitation of existing pits in these areas would be completed on a case-by-case basis. 

2. In the LPC PPA, no new mineral material sites would be authorized in occupied or suitable LPC habitat. 

In the IPA, no new mineral material sites would be authorized within 3 miles of an active lek. 

3. New caliche pits would be permitted only when existing pit locations are not close enough to support  

multiple-use needs. 

4. The majority of the planning area would be open to salable mineral development subject to site-

specific NEPA analysis, stipulations, and 43 CFR 3600 regulations. 

5. Pits that have been or are being reclaimed would not be reopened for materials disposal without  

the authorization of the Field Office Manager.  

Renewable Energy 

There are no implementation level decisions for renewable energy.  

Livestock Grazing 

1. The standard practices that would be employed to meet management objectives in each community 
are: utilization levels not exceeding 45% of annual plant production. Utilization levels would be 
determined prior to green-up and measured on key vegetation species and overall utilization. 

Projects such as fences, exclosures, water developments, erosion control structures, reseedings,  
or vegetative sales would be utilized. Grazing treatments such as rest, changes in season of use, 

class of livestock, or stocking rates would also be employed. 

2. When livestock use adjustments are implemented by decision, each would be based on operator 

consultation, range survey data, and resource monitoring. 

3. Livestock Use: The extent, location, and timing of range improvements would be based on the 

allotment-specific management objectives adopted through the CMP process, interdisciplinary  
development and review of proposed actions, contributions from operators and others, and BLM 

funding capability. 

4. Special Status Species: Currently, a total of 192,125 animal unit months (AUMs) are permitted 
either by grazing permit or grazing lease. Any adjustments to a permit or lease, whether an increase 
or a decrease, would be made based on monitoring data, Standards Assessments, and through 

consultation, as discussed in 43 CFR 4100. 

5. Special Status Species: In total, 386 long-term range monitoring studies have been established on 
84 allotments in the planning area. These studies collect data on livestock use, vegetation 

production and utilization, climatic data, and ecological condition and trend. The intensity and 
frequency of monitoring efforts vary with selective management categories, with “I” category  
allotments monitored at a greater intensity and frequency than “M” and “C” allotments. (See the 

“allotment categories” Glossary.) Other monitoring data includes more recent Robel pole studies, 
photo trend plots, and rangeland health evaluations. These data would continue to be collected 

within the planning area. 

6. Special Status Species: Management prescriptions would be applied as needed across the 
planning area with the intent of achieving landscape goals and objectives. Actions would be 
accomplished via consultation, cooperation, and coordination with federal, state, and local 

agencies, grazing permittees/lessees, and interested publics. Special status species populations 
and their needs, whether known or found during monitoring, would be addressed using adaptive 

management to allow livestock grazing while enhancing habitat for these species.  

7. Special Status Species: Any new fence constructed in occupied or suitable LPC habitat would 
include spikes or other anti-perching devices on fence posts and fence flags to reduce collisions. 

When determined to be a hazard to LPCs, existing fences would be retro-fitted with these devices.  
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8. Special Status Species: Range improvement projects would not be allowed if it is determined that 
the project could have negative impacts to habitat. An example would be a water trough, or any 

activity, that would concentrate livestock at the edge of a dune complex that has occupied or 
suitable habitat for DSL. Concentrating animals in such an area could break down the dune and 

reduce or eliminate the ability of DSL to survive. 

9. Rangeland improvements: These would be planned and implemented in accordance with priorities  
established through benefit/cost analysis and must meet design specifications and standard 
operating procedures. Higher priority for rangeland improvements would be given to “allotments  

that do not meet the Standards for Public Land Health and Guidelines for Livestock Grazing.” 
Contributions for improvements in the form of labor, material, equipment, or money are to be 
encouraged and are a factor in determining priority ranking for allocating funds. Vegetation 

treatments would be conducted to control undesirable vegetation, and the basis for treatment  
should be to move the current site to the ecological site description or increase desirable vegetation 
consistent with multiple-use objectives. Areas potentially suitable for treatment have been identified 

in the planning area and would be refined during site-specific analysis.  

10.  Standards for Public Land Health and Guidelines for Livestock Grazing: There are different  
indicators that provide a measure of resource quality and functioning condition upon which the 

standards for public land health would be assessed. These indicators describe attributes of soil and 
site stability, watershed function, and biotic (plant and animal) integrity. The assessment process 
is a combination of qualitative and quantitative techniques that use observations and 

measurements made in the field to assign numeric values or rankings to each indicator. The 
indicators are rated relative to the degree of departure from what a healthy site would look like. For 
instance, if a healthy site is described as having no or few rills and the assessed site has few rills, 

then it is rated as none to slight departure. Conversely, if the assessed site has many rills, the site 
is rated as having severe departure. Once each of these indicators has been rated, these rankings 
are combined to determine soil and site stability, watershed function, and biotic integrity. Some 

indicators are used in all three of these categories, some in two of the three, and some in only one 

specific category. The CFO uses 21 different indicators. 

11.  Standards for Public Land Health and Guidelines for Livestock Grazing: The assessment process 

is based on the ecological site description and is done on a watershed basis. The CFO and Roswell 
Field Office have schedules in place to determine the order in which each watershed area is 
assessed. These schedules were established based on input from other federal and state agencies 

and various public comments. The indicators are rated against the soil, vegetation, and animals  
described as typically present in that ecological site. During the rating process, site capability and 
current weather patterns are considered. Site capability is a measure of expected conditions such 

as degree of erosion or pounds per acre of vegetative production. If a site has been degraded over 
time, from whatever type of disturbance, it would be rated based on its current capacity. Similarly, 
if a site has experienced abnormal precipitation, either very dry or very wet, then these weather 

conditions would be factored into the indicator ratings. 

12.  Standards for Public Land Health and Guidelines for Livestock Grazing: In addition to these 
indicators, the CFO has more than 25 years of rangeland monitoring data collected at permanently  

established study plots. These data provide information about range condition, amount of annual 
vegetative production, composition and cover of vegetation, utilization amounts, and precipitation.  
The data would be used along with the assessment process to determine if the Standards for Public 

Land Health are being met. 

13.  The BLM would avoid placing livestock infrastructure in archaeological districts. Fences may be 
allowed to cross segments of archaeological districts in areas where previous disturbance has 

occurred after consultation with the SHPO. 

Appropriate BLM standard strand-wire fences should be used in place of any net wire fence for new or 
replaced fences. In cases where the permittee requests net wire, a determination would be made on the 
site-specific basis as to the need for net wire based on the type of livestock permitted and/or wildlife 

concerns in the allotment. 
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Permitted AUMs may need to be adjusted on grazing allotments where oil and gas activity has greatly  

reduced the amount of vegetation available to livestock use. 

Increased vegetation should be allocated from restoration efforts to watershed and wildlife use in aplomado 
falcon (Falco femoralis) grasslands, DSL, LPC, and riparian areas. In all other areas, vegetation would go 

to livestock use. 

There are currently 16,660 AUMs that are inactive or in suspension; these units would be made available,  

once again, to the authorized permittee when resource conditions and vegetation monitoring show that 

these numbers can be supported. 

Any AUMs retired in the LPC and DSL areas would be allocated to wildlife use and no longer available for 

livestock grazing. 

An appropriately sized cattle guard sufficient to carry out the project would be installed and maintained 
where access roads cross a fence line. The cattle guard would have a 100-foot straight and perpendicular 
road on either side of the cattle guard (this may require modifying the fence line angle near the cattle guard).  

The fence would be braced and tied off on both sides of the passageway with H-braces prior to cutting. The 
operator would notify the private surface landowner or the grazing allotment holder prior to crossing any 

fence(s).  

Cattle guards must be set on timber, pre-cast concrete, or cast-in-place concrete bases at right angles to 

the roadway. Backfill around cattle guards must be thoroughly compacted.  

Any existing cattle guard(s) on the access road would be repaired or replaced if they are damaged or have 
deteriorated beyond practical use. The operator would be responsible for the condition of the existing cattle 

guard(s) that are in place and are utilized to access the project.  

In areas that are under road maintenance agreements would be repaired and maintained using the 

agreement funds and contractor responsible for keeping the roads in good repair. Agreement number would 

be bead welded on every cattle guard. 

If AUMs are retired in the Hope Study area, those AUMs would not be reissued to benefit wildlife and 

watershed health. 

Livestock use would be deferred for a minimum of two growing seasons following all treatments.  However,  

if monitoring criteria are met then the pasture could be grazed towards the latter part of the growing season. 

Travel Management 

There are no implementation level decisions for travel management.  

Recreation 

General Recreation 

No campfires and no firewood collection would be allowed within the Delaware River polygon and Black 

River Management Area, except in designated grills. Fires and firewood collection would be allowed on the 

Pecos River. 

The boat ramp at the Red Bluff Reservoir would be maintained to promote dispersed recreational 

opportunities along the Pecos River Corridor. 

The Hackberry Lake Intensive OHV Use Area (new boundary minus habitat area) would be managed to 

ensure that other land and resource uses would not significantly interfere with organized recreational OHV 

use.  
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The main emphasis for interpretation would be placed on the Hackberry Lake Intensive OHV Area,  
Guadalupe Backcountry Byway, and Cottonwood Day Use Area. Tools used to accomplish these objectives 

may include interpretive trails, exhibits, literature, kiosks, environmental education, special populations 
programs, visitor and information stations, auto tours, special programs and/or events, campfire talks, and 

guided walks. 

The following areas would be the priority areas for interpretation and education activities: 1) Black River 

SRMA, 2) Hackberry Trails and Dune Complex, and 3) Guadalupe Backcountry Byway. The following areas 
would be secondary targets for interpretation and education activities: 1) Conoco Lake, 2) La Cueva Trails  
(pending development), 3) Parks Ranch Cave, 4) Six Mile Dam, 5) Red Bluff, and 6) other areas such as 

appropriate cultural and historical sites. 

Prohibit trucks and licensed off-road vehicles that weigh more than 1800 lbs. on the dunes. (200 acres).  

SRMAs 

Alkali Lake SRMA 

• For safety purposes, require flags required on all OHVs.  

• Geophysical activities would comply with travel management. 

• Bury all pipelines within the ERMA. 

• Adhere to COAs for any ROWs proposed in the ERMA (see Appendix C).  

• Build faculties such as a parking lot, trash cans, and a toilet if conditions warrant.  

• Add signage about the hazards of H2S and also posted on the BLM CFO website. 

Black River SRMA 

• Coordinate with the NMDGF to disallow spear fishing and trotlines for public health and safety.  

• Allow swimming and the use of life preservers in the SRMA.  

• Petition to close the river to motorized or non-motorized boats/rafts or other flotation devices 

(Boating would not be allowed because of lack of access).  

• Designate trails within the SRMA, including extending trials to Ladder Hole from the parking area.  

These trails would be for non-motorized use only, i.e., mountain bikes and hiking. 

Conoco Lake SMRA 

• Only day use would be allowed in the SRMA. 

• No spear fishing would be allowed (the BLM would consult with the NMDGF to change its 

proclamation that allows for spear fishing in this area). 

• No glass containers in water would be allowed. 

• No trapping or trotlines would be allowed (the BLM would consult with the NMDGF to change its 

proclamation that allows for tapping or trotlines in this area).  

• Fishing would be subject to all NMDGF rules/regulations and limits. 

• Only non-motorized boating would be allowed. 

• All pets must be leashed.  

• No firewood collection would be allowed and fires would be permitted in grills only (subject to fire 

restrictions).  

• Pump jack mufflers would be required for all compressors within 1 mile of the SRMA boundary. 

• Facility development (e.g., toilets, tables, shading structures) would be considered on an as needed 

basis. 

• Do not allow swimming and the use of flotation devices. 
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Hackberry SRMA 

• Make other uses subject to the existing COAs in place to protect the OHV user recreational 

experience (e.g., burying surface pipelines under existing trails).   

• Create new trails and facilities for the OHV user experience. 

• Geophysical will comply with travel management 

Hackberry-Dunes Recreation Management Zone 

• For safety purposes, flags would be required on all OHVs.  

• H2S alarms would be required for new leases.  

• Signage about H2S would be posted in the area and posted on a BLM website.   

Hackberry Trails Recreation Management Zone 

• There would be a requirement to bury pipelines 24 inches under all roads and trails and 20 feet to 

each side within the SRMA.  

• COAs would be applied to new and existing leases to keep off dunes. This would allow for a buffer 

to accommodate dune movement. 

• For safety purposes flags would be required on OHVs. 

• H2S alarms would be required for new leases. 

• Signage about H2S would be posted in the area and posted on the BLM CFO website.  

La Cueva SRMA 

• Do not allow overnight commercial vehicle parking in trailhead parking areas. 

• Geophysical activities will comply with travel management.  

Pecos River Corridor SRMA 

• Prioritize area for brush control and weed treatments. 

• Exclude surface lines from crossing the river. 

• Work on developing easements on private or state land. 

• Establish artificial nesting structures. 

• Designate existing two track trails and restore those that are not designated.  

ERMAs 

Alkali Lake ERMA 

• For safety purposes, require flags required on all OHVs.  

• Geophysical activities would comply with travel management. 

• Bury all pipelines within the ERMA. 

• Adhere to COAs for any ROWs proposed in the ERMA (see Appendix C).  

• Build faculties such as a parking lot, trash cans, and a toilet if conditions warrant.  

• Add signage about the hazards of H2S and also posted on the BLM CFO website. 

West Wells Dune ERMA 

None. 
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Pecos River Equestrian ERMA 

• Bury all pipelines. 

• Require Special Recreation Permits for groups over 20. 

• Designate/Construct a new trail in combination with existing trails, excluding the Delaware River 

portion. 

• Do not allow motorized or mechanized use on single-track portions of the equestrian trail. 

• Do not include a trail along the Delaware River portion and Pecos River portion of the trail where 
restoration is occurring and the ERMA trail boundary would go from the Pocket Pasture parking 

area (128) to the Pecos River. 

• In the Pecos River Equestrian Trail ERMA, use existing trails that would be managed or rerouted 

as needed based on observed resource impact. 

Hay Hollow Equestrian ERMA 

• Require Special Recreation Permits for groups over 20 (endurance rides). 

• Require pipelines to be buried 24 inches under all roads and trails and 20 feet to each side within 

the ERMA.  

• Locate power poles at least 20 feet off of the trail. Guy wires would have to have reflective markers .  

• Safe signage and safety procedures would be applied for any projects.  

• Apply COAs for ROWs (see Appendix C). 

Square Lake ERMA 

• Restrict noise from generators to LPC decibel timing restrictions in or near the ERMA (2008 Special 

Status Species RMPA). 

• Close the ERMA to camping during the LPC breeding season (March 1–June 15, 3–9 a.m.). 

• Require pipelines to be buried 24 inches under all roads and trails and 20 feet to each side within 

the ERMA.  

• Develop facilities (e.g. toilets, picnic tables, shade devices) and a parking lot on an as needed 

basis. 

• Limit OHVs to designated routes between dunes. 

Land Use Authorizations 

All surface-disturbing activities would be staked in the field prior to the cultural resources inventory; this 

includes road lead out ditches, turnouts, equipment staging areas, soil stockpiles, etc.  

1. The following communication site management plans for the CFO would be incorporated by 

reference: 1) Maroon Cliffs, 2) Indian Hills, 3) Big Eddy, 4) Antelope Ridge, and 5) Alacran Hills.  

2. Land use authorizations involving withdrawn lands administered by other agencies would be 
consistent with the BLM’s MOUs with those respective agencies (e.g., Waste Isolation Pilot Plant 

[WIPP], FLETC).  

3. Lands revoked from other agency withdrawals would be returned to BLM jurisdiction and would be 

managed in the same manner as the adjoining public lands. 

4. ROWs would be granted only after site-specific analysis. 

5. Terms and conditions of ROW grants would depend on the sensitivity of the affected resources and 

applicable laws and regulations established to protect them. 

6. The BLM would make a reasonable effort to provide access to private landowners and public land 

users when such access would not cause significant adverse impacts to other resources.  
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7. Within DSL habitat, new surface disturbance in dune complexes would not be authorized.  
Exceptions to this requirement would be considered based on the proposed surface use and 

proposed mitigations indicating the proposal would not adversely affect DSL habitat.  

8. Whenever possible, facilities would be confined to existing alignments, minimizing width 

requirements and maximizing multiple-occupancy. 

9. No advertising signs would be permitted on public land. 

10.  Directional signs must be authorized by the BLM and meet BLM specifications.  

11.  Unauthorized uses of public land are considered as trespass and would be resolved as quickly as 

possible. 

12.  Public lands are generally available for linear facility development; however, ROW applicants would 

be encouraged to locate projects within the designated corridors. 

13.  In order to comply with Section 368 of the Energy Policy Act of 2005, the Pecos District would 
designate utility corridors for major projects such as interstate electric transmission lines, pipelines,  

and communications lines for interstate use.  

14.  Major interstate corridors would be no more than 3,500 feet wide and their compatible uses 
(pipelines only or electric transmission lines only or both uses) are shown in Map U-1 in the 1988 

RMP. 

Corridors that would be authorized for use for powerlines, pipelines or flowline development are identified 

in Hay Hollow and shown in Map 2.63. 

Permanent pipelines (+120 days) greater than 4 inches in nominal diameter or greater than 125 psi must 
be buried. Exceptions may be made where burial in certain soil types (Limestone Hills, Shallow Sites) would 

create greater resource damage as shown through the NEPA process.  

Third-party compliance on ROW construction activities would be required if an operator has a documented 
history of non-compliance, or if the BLM deems it necessary based on project risks or environmental 

concerns observed at the site-specific implementation level. Three violations (during construction activities) 
of COAs or application permit within a 6-month period would trigger a third-party compliance monitor 
requirement on construction for future activities. Third-party compliance monitor for construction activities  

would last for 1 year. If violations do not diminish at the end of the 1 year, the third-party monitor COA would 

continue until violations diminish. 

All permanent (120+ days) surface lines would be labeled at beginning and end, at road crossings, and at 
entrance and exit from public land, no greater than a 0.25 mile apart, with serial number, API number, and 
well name. The label must be attached to the pipeline. During retroactive labeling, all non-used pipelines 

would be removed. 

All temporary (<120 days) surface lines would be labeled at beginning and end, at road crossings, and at 

entrance and exit from public land, no greater than 0.25 mile apart, with an operator, contact number, and 

labeled "temporary." The Label must be attached to the pipeline.   

Currently, restrictions on surface pipelines are applied to oil and gas development. This management would 
be extended to surface lines related to potash mining activities. Considerations would be given to 
designated areas where burial is not necessarily feasible due to terrain or soil conditions. State safety 

regulations for buried and surface pipelines would be factored into decisions.  

Require burial of power lines in the following designated areas: 

1. Within 0.25 mile of the boundary of LPC habitat areas. 

2. VRM Class I and II areas (unless overhead power lines would meet the VRM objectives of the 

area). 

3. Within 3 miles distance of active leks. 

4. Riparian areas of the Delaware, Pecos, and Black Rivers. 

5. Communication site uses would be located on existing towers where feasible.  
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Leak detection and automatic shutoff equipment/systems would be required on all hydrocarbon and 

saltwater pipelines/storage facilities in the following areas: 

1. Critical karst resource zones and high karst potential occurrence zones.  

2. Threatened and endangered species habitat. 

3. Habitat areas. 

4. Within 0.25 mile of riparian areas, residential areas, rivers, water wells, perennial springs, and 

seeps. 

5. Above the Capitan aquifer. 

6. DSL habitat. 

7. Within floodplains and ephemeral drainages. 

Special Designations – ACECs 

Lonesome Ridge ACEC 

• Do not allow bolted routes, permanent anchors, or fixed hardware associated with rock climbing 

activities without prior coordination with the CFO.  

• Restrict fire suppression and geophysical exploration to conform with OHV closures.  

• Do not allow fossil collecting outside research purposes (in such a case, a permit is needed).  

• Prohibit plant and landscape rock collection permits and put up signage indicating trails, 

boundaries; no collecting allowed (fossils, rocks, plants, etc.).  

• Prohibit alteration of natural vegetation with the exception of approved management actions.  

• Do not use retardant lines for fire suppression activities that would discolor the geological features.  

Water or other non-staining surfactants would be used 

• Prioritize for easement acquisition for agency access. Reciprocity agreements could be sought for 

private inholdings. 

• Establish and maintain corridors for immigration and emigration of species. 

• Exclude from renewable energy development.  

Pecos River/Canyons Complex ACEC 

• Avoid obstructing or disrupting the natural channel of ephemeral drainages from all activities.  

• Do not allow pipeline crossings (temporary or permanent) to cross the river within the boundary.  

• Restrict fire suppression and geophysical exploration would conform to travel management. 

• Prioritize funding to create riparian pastures for exclusion of livestock grazing from the river corridor.   

• Require plant inventory before surface-disturbing activities in suitable habitat for Tharp’s bluestar  

(Amsonia tharpii). 

• Require total avoidance of identified plant species (Tharp’s bluestar) populations  

Birds of Prey Grasslands ACEC 

• Require BMPs such as locating infrastructure in corridors or along existing disturbances, utilizing 

existing disturbances, and minimizing surface disturbances where appropriate.  

• Muffle noise for oil and gas development activities to no more than 49 dB at 30 feet from noise 

source  

• Restrict the amount of disturbance per lease to 10% disturbance  

• Require Master Development Plans (MDPs) for leases within the grasslands boundary, and must 

be developed prior to exploration on the lease. 
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• MDPs must include:  

- Plans to fully develop the federal lease by using the least amount of disturbance feasible.  

- Plans to utilize existing disturbances where appropriate.  

- All surface disturbances associated with full development must be survey staked and platted.  

- Plans for production must outlined such as gas pipelines, tank batteries, produced water,  

electricity, etc. 

- Water usage must be outlined. 

• Conduct a raptor nest survey for proposed surface-disturbing projects prior to application approval.  
The area to survey would be 0.25 mile outside the exterior boundary of the surface-disturbing 

activity.  

• Limit new leases issued to no less than 640 contiguous acres. To avoid drainage, exceptions may 

be granted if adjacent contiguous mineral ownership is non-BLM or already under a federal lease. 

• Within this grasslands boundary, surface disturbance caused by the operator (this includes third-
party contractors like pipeline companies, electric line companies, etc.) of a federal oil and gas 
lease for the development of the lease cannot exceed 3% of the entire lease acreage or a maximum 

of 7 acres for the entire lease, whichever is greater.  (A waiver can be granted for surface 
disturbance greater than 3% of the entire lease or 7 acres if wells are collocated on one lease to 

develop an adjoining lease.) 

No yuccas or trees over 5 feet in height would be damaged by vehicular use or any other activity associated 

with projects.  

• Default to new raptor nest avoidance requirements. 

• Avoid all inactive raptor nests by a minimum of 656 feet by all activities. 

• For final reclamation, remove all surfacing material from well pads and roads that are plugged and 

abandoned. 

• Reclamation would consist of disking, mulching, seeding with a drill, and application of water to 

encourage seed germination. 

• Do not allow well pad size to exceed 300 × 390 feet (unless multiple wells are drilled from the same 

well pad).  

• Reclaim all unused portions of the well pad associated with producing wells using the following 

seed mixture: 

- Buffalograss (Bouteloua dactyloides) – 4 pounds/acre 

- Blue grama (Bouteloua gracilis) – 1 pounds/acre 

- Cane bluestem (Bothriochloa barbinodis) –5 pounds/acre 

- Sideoats grama (Bouteloua curtipendula) – 5 pounds/acre 

- Plains bristlegrass (Setaria macrostachya) – 6 pounds/acre 

• Do not allow reserve pits for drilling and disposal unless the pit can be effectively netted to the 

satisfaction of the BLM. A steel tank circulation system must be used if the reserve pit is not netted.  

• Place a sign stating “This Pipeline Corridor is Closed to Vehicular Traffic Due to Reclamation Efforts  
in Progress” where the pipeline crosses any road (both sides of the road), and at the beginning and 

end of the pipeline route on BLM-administered lands.  

• Do not allow any roads associated with well development to exceed 30 feet in width. 

• Subject prescribed fire to the 2004 Fire Management Plan and any subsequent amendments.  



Draft Resource Management Plan/Environmental Impact Statement  Appendix L 
Implementation Level Decisions 

BLM Carlsbad Field Office  L-36  

Chihuahuan Desert Rivers ACEC 

• Minimize surface-disturbing activities, i.e. collocate pads, establish corridors, etc.  

• Surface disturbance or occupancy would not be allowed within 984 feet (unless in a defined 
corridor) of surface waters or defined features (i.e. named drainages, large arroyos, karst features,  

etc.). 

• Avoid obstructing or disrupting the natural channel of ephemeral drainages.  

• NSO will be allowed in 100-year floodplains. 

• Require incorporation of erosion control methods, leak detection systems and dust abatement in 

surface use plans. 

• Low profile infrastructure (not over 8 feet) within identified visual areas to protect scenic values. 

• Muffle noise for oil and gas development activities to no more than 49 decibels 30 feet from noise 

source. 

• MDPs will be required for leases within the ACEC and must be developed prior to exploration on 

the lease. They must include:  

- Plans to fully develop the federal lease by using the least amount of disturbance feasible.  

- Plans to utilize existing disturbances where appropriate.  

- All surface disturbances associated with full development must be survey staked and platted.   

- Plans for production must outlined such as gas pipelines, tank batteries, produced water,  

electricity, etc.  

- Water usage must be outlined. 

• Exclude all forms of surface disturbance within 984 feet of riparian areas (e.g. springs and river 

systems). 

• Exclude all forms of surface disturbance on slopes 10% or greater. Exceptions may be made for 
range improvement or habitat enhancement projects. Area will have limited OHV designation 

including: 

- Motorized vehicles limited to existing routes (including seismic, recreation, etc.).  
- Future travel management plan would prioritize closure of routes in riparian areas and limiting 

some routes to administrative uses only. 

- Non-motorized travel (e.g., equestrian, mountain bikes) will be primitive use only. No 

designated trails will be established. 

• Issuance for new leases will be no less than 640 contiguous acres. To avoid drainage, exceptions 

may be granted if adjacent contiguous mineral ownership is non-BLM, or already under a lease. 

• Surface disturbance confined to established corridors. 

• Prioritize reclamation in sensitive karst, gypsum, and riparian areas.  

• Withdraw karst, gypsum, and riparian areas from solid mineral extraction and disposal.  

• Limit camping to designated area (default to New Mexico recreation supplemental rules).  

• Close to firewood gathering. Does not apply to fuels projects. 

• No reserve pits in ACEC. 

Cave Resources ACEC 

All Units 

• Restrictions of geophysical methods such as blasting would also be imposed to prevent damage 
to fragile cave formations. 
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McKittrick Hill Unit 

• Range improvement projects and practices that would encourage the congregation of livestock in 
one area will be placed a minimum of 984 feet from cave entrances, known passages, and 
established visitor camping or parking areas within the ACEC boundary. Established 

camping/parking areas include the constructed parking area for Endless Cave, the abandoned well 
pad on top of McKittrick Hill, and the parking area near the fence cross over ladder for McKittrick 

and Sand Caves. 

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use, 

scientific research, and other cave related projects. 

Chosa Draw Unit 

• Range improvement projects and practices that would encourage the congregation of livestock in 
one area will be placed a minimum of 984 feet from cave entrances, known passages, and 

established visitor camping or parking areas within the ACEC boundary.  

• When developing surface disturbance buffers for caves and other karst features, any surface 
drainages leading into these features will be considered part of the feature and buffered accordingly  

unless the project is specifically designed to enhance the protection of natural resources. 

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use, 

scientific research, and other cave-related projects. 

Sinkhole Flats Unit 

• Exclude oil and gas geophysical exploration within the ACEC boundary .  

• Range improvement projects and practices that would encourage the congregation of livestock in 
one area will be placed a minimum of 984 feet from cave entrances and known cave passages 

within the ACEC boundary. 

• When developing surface disturbance buffers for caves and other karst features, any surface 
drainages leading into these features will be considered part of the feature and buffered accordingly  

unless the project is specifically designed to enhance the protection of natural resources. 

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use, 

scientific research, and other cave related projects. 

Burton Flats Unit 

• Existing oil and gas leases falling partially within the ACEC will be developed from outside the 

ACEC boundary. Existing oil and gas leases falling entirely within the ACEC boundary will be 
developed from outside the ACEC boundary, along the edges of the ACEC boundary, immediately  
adjacent to existing lease roads within the ACEC boundary, or from existing locations within the 

ACEC boundary. Core holes drilling will follow the same prescriptions.  

• Require master development plans for existing oil and gas leases.  

• Exclude oil and gas geophysical exploration within 984 feet of known caves and other karst 

features. Limit to walk only actions within 656 feet.  

• Range improvement projects and practices that would encourage the congregation of livestock in 
one area will be placed a minimum of 984 feet from cave entrances or known passages within the 

ACEC boundary. 

• When developing surface disturbance buffers for caves and other karst features, any surface 
drainages leading into these features will be considered part of the feature and buffered accordingly  

unless the project is specifically designed to enhance the protection of natural resources.  

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use, 

scientific research, and other cave related projects. 
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Fence Canyon Unit 

• Existing oil and gas leases falling partially within the ACEC will be developed from outside the 
ACEC boundary. Existing oil and gas leases falling entirely within the ACEC boundary will be 
developed from outside the ACEC boundary, along the edges of the ACEC boundary, immediately  

adjacent to existing lease roads within the ACEC boundary, or from existing locations within the 

ACEC boundary. 

• Require master development plans for existing oil and gas leases.  

• Exclude oil and gas geophysical exploration within the ACEC unit boundary . 

• Range improvement projects and practices that would encourage the congregation of livestock in 
one area will be placed a minimum of 984 feet from cave entrances or known passages within the 

ACEC boundary. 

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use, 

scientific research, and other cave related projects. 

Yellow Jacket Unit 

• Existing oil and gas leases falling partially within the ACEC will be developed from outside the 

ACEC boundary. 

• Require master development plans for existing oil and gas leases. 

• Exclude oil and gas geophysical exploration within the ACEC boundary.  

• Range improvement projects and practices that would encourage the congregation of livestock in 

one area will be placed a minimum of 984 feet from cave entrances, known passages, and 
established visitor camping or parking areas within the ACEC boundary. Manage for VRM Class II 

objectives within the ACEC boundary. 

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use, 

scientific research, and other cave related projects. 

Boyd’s Cave Unit 

• Require master development plans for existing oil and gas leases.  

• Exclude oil and gas geophysical exploration within the ACEC boundary.  

• Range improvement projects and practices that would encourage the congregation of livestock in 
one area will be placed a minimum of 984 feet from cave entrances, known passages,  

archaeological sites and established visitor camping or parking areas within the ACEC boundary  

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use, 

scientific research, and other cave related projects. 

• Manage for VRM Class II objectives within the ACEC boundary with KOPs being any place within 

the boundary.  

Lost Cave Unit 

• Existing oil and gas leases falling partially within the ACEC will be developed from outside the 

ACEC boundary. 

• Require master development plans for existing oil and gas leases.  

• Exclude oil and gas geophysical exploration within the ACEC boundary. 

• Range improvement projects and practices that would encourage the congregation of livestock in 

one area will be placed a minimum of 984 feet from Lost Cave. 

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use, 

scientific research, and other cave related projects. 
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Manhole/Mudgetts Unit 

• Exclude oil and gas geophysical exploration within the ACEC boundary.  

• Range improvement projects and practices that would encourage the congregation of livestock in 
one area will be placed a minimum of 984 feet from cave entrances, known passages, and 

established visitor camping or parking areas within the ACEC boundary.  

• Develop a comprehensive ACEC management plan to direct the management of cave visitor use,  

scientific research, and other cave related projects. 

Desert Heronries ACEC 

• Prioritize exclosures in heronry areas. 

• Allow prescribed burns for fuels reduction where needed. Seasonal restrictions would apply.  

• Within the ACEC all noise disturbance will be limited to 49 dB at 30 feet from source (5 state plans).  

• Current pits restricted to seasonal use.  

• No reserve pits or earthen industrial (hydraulic fracturing) ponds within 3,281 feet of heronries. 

• Place road closed signs on two-track roads that are not authorized for use.  

• No surface-disturbing activity within 820 feet of a heronry boundary. 

• No surface-disturbing activity within 3,281 feet of an active heronry from February-July. Surface 
disturbance activities includes drilling, mineral development, recreational use (including motorized),  

and seismic activity. 

Gypsum Soils ACEC 

• Minimize surface-disturbing activities, i.e. collocate pads, establish corridors, etc.  

• Surface disturbance or occupancy would not be allowed within 984 feet (unless in a defined 
corridor) of surface waters or defined features (i.e. named drainages, large arroyos, karst features,  

etc.). 

• Avoid obstructing or disrupting the natural channel of ephemeral drainages.  

• NSO will be allowed in 100-year floodplains. 

• Require incorporation of erosion control methods, leak detection systems and dust abatement in 

surface use plans. 

• Low profile infrastructure (not over 8 feet) within identified visual areas to protect scenic values.  

• Muffle noise for oil and gas development activities to no more than 49 decibels 30 feet from noise 

source. 

• MDPs will be required for leases within the ACEC and must be developed prior to exploration on 

the lease. They must include:  

- Plans to fully develop the federal lease by using the least amount of disturbance feasible.  

- Plans to utilize existing disturbances where appropriate.  

- All surface disturbances associated with full development must be survey staked and platted.   

- Plans for production must outlined such as gas pipelines, tank batteries, produced water,  

electricity, etc.  

- Water usage must be outlined. 

• Exclude all forms of surface disturbance within 984 feet of riparian areas (e.g. springs and river 

systems). 
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• Exclude all forms of surface disturbance on slopes 10% or greater. Exceptions may be made for 
range improvement or habitat enhancement projects. Area will have limited OHV designation 

including: 

- Motorized vehicles limited to existing routes (including seismic, recreation, etc.). 

- Future travel management plan would prioritize closure of routes in riparian areas and limiting 

some routes to administrative uses only. 

- Non-motorized travel (e.g., equestrian, mountain bikes) will be primitive use only. No 

designated trails will be established. 

• Issuance for new leases will be no less than 640 contiguous acres. To avoid drainage, exceptions 

may be granted if adjacent contiguous mineral ownership is non-BLM, or already under a lease. 

• Surface disturbance confined to established corridors. 

• Prioritize reclamation in sensitive karst, gypsum, and riparian areas.  

• Withdraw karst, gypsum, and riparian areas from solid mineral extraction and disposal.  

• Limit camping to designated area (default to New Mexico recreation supplemental rules). 

• Close to firewood gathering. Does not apply to fuels projects.  

• No reserve pits in ACEC. 

Laguna Plata ACEC 

• Restrict fire suppression and oil and gas geophysical exploration to conform with CTTMP decisions 

for travel. 

• All the planning decisions in the district designation package would be adopted. 

Maroon Cliffs ACEC 

• Adopt all the planning decision in the district designation package. All the following prescriptions 

below will be in conformance with district decisions. 

• Travel designations will be limited to designated routes. (CTTMP after implementation will utilize 

the travel inventory already completed by Lone Mountain.) 

• Restrict fire suppression and geophysical exploration to conform with CTTMP decisions for travel.  

Restrict placement of infrastructure (troughs, pipelines).  

• Any surface-disturbing actions (potash core holes, ROWs, APDs, temporary pipelines, range 

improvement projects, etc.) must be coordinated with the SHPO. 

• Restrict maintenance on existing infrastructure that would require replacement of power lines or 

pipelines. Look to reroute historical ROWs that were placed in the district prior to designation.  

• Restrict fire suppression and oil and gas geophysical exploration to conform with CTTMP decisions 

for travel. 

Pecos Bluntnose Shiner Habitat ACEC 

• Continue with general management prescriptions for floodplain by limiting surface-disturbing 

activities to 656 feet. 

• Maintain exclosure fencing. 

• Restrict fire suppression and geophysical operations to comply with OHV designations.  

• Restrict surface disturbance including plant collections and camping within the area.  
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Pope’s Well ACEC 

• Restrict fire suppression and oil and gas geophysical exploration to conform with CTTMP decisions 

for travel. 

• Maintain fence around the area boundary. 

• Prioritize for funding trail and interpretive kiosk. 

Salt Playas ACEC 

• For purposes of nesting activity, avoid activities that would cause an abrupt change to water level 

(storm water discharge). 

• Categorize the ACEC by zones developing a range of restrictions based on zone. 

- Interior zones would be more restrictive. 

- Power poles would be excluded within the interior zone of the ACEC. 

- Power poles within the exterior zone of that ACEC would employ raptor proof construction.  

- Waivers would be issued for structures that would enhance the resource values. 

• During nesting season (May 1 – August 31) the noise level would not exceed 49 dB at 30 feet within 

interior zone of the ACEC.  

• Ensure surface-disturbing activity within 1 mile of ACEC boundary, would not impede natural 

overland flow regimes associated with a playa (i.e. erosion).  

• Buffer surface-disturbing activities from the playa edges and/or floodplain by 656 feet. 

• Avoidance of Sheer’s pincushion cactus (Coryphantha robustispina ssp. scheeri) individual species 

by 656 feet. 

• No reserve pits in ACEC.  

• Require leak detection and automatic shut-off devices for equipment storing or transporting non-

freshwater fluids (pipelines, tank batteries, etc.). 

• Motorized/non-motorized flotation devices, (kayaks, inner tubes, boats, etc.) would not be allowed.  

• Establish long-term biological inventory and monitoring program. 

Serpentine Bends ACEC 

• Require BMPs such as locating infrastructure in corridors or along existing disturbances to minimize 

impacts where appropriate.  

• Exclude all forms of surface disturbance on slopes 10% or greater. Exceptions may be made for 

range improvement (e.g., surface water lines, fences) or habitat enhancement projects.  

• Fire suppression activities would not utilize retardant lines that would discolor the geological 

features. Water or other non-staining surfactants will be utilized. 

• No bolted routes, permanent anchors, or fixed hardware associated with rock climbing activities  

would be allowed without prior coordination with the CFO.  

• Restrict fire suppression and geophysical exploration to conform with OHV closure.  

• Restrict geophysical exploration to conform to OHV designation. 

• Prohibit plant and landscape rock collection permits except for research purposes.  

• For snake dens: 

- Require snake (rock rattlesnake [Crotalus lepidus], mottled rattlesnake [C.l. lepidus], gray 
banded kingsnake [Lampropeltis alterna]) den surveys in suitable habitat for surface-disturbing 

actions. 
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- Buffer surface-disturbing activities for known snake (rock rattlesnake, gray banded kingsnake,  

mottled rattlesnake) den sites and basking areas up to 450 feet (on a case-by-case basis).  

- Prohibit chemical and pesticide vegetation treatments and buffer known dens up to 450 feet to 

protect rock rattlesnake, gray banded kingsnake, mottled rattlesnake.  

• For eagle nests: 

- Default to new Raptor Nest Spatial Buffers, in compliance with the MBTA.  

- Require surveys for surface-disturbing actions on stick nests within 0.5 miles. 

- Require timing restrictions during breeding season.  

• Development would be in accordance with the Dark Canyon EIS.  

• Require surveys for special status species for all surface-disturbing actions. Follow prescriptions in 

the listing package. 

Seven River Hills ACEC 

• Restrict fire suppression and geophysical operations to comply with OHV designation (limited to 

designated).  

• No collecting of plant or rocks.  

• No camping behind barricades or where habitat exists. 

Six Shooter ACEC 

• Limit future range improvements (authorize on a case-by-case basis to protect at-risk resources). 

- Prohibit plant and rock collection. 

- Carry forward BMPs 2005 amendment for wind development. 

Backcountry Byways 

Guadalupe Backcountry Byway 

1. Develop educational brochures.  

2. Install signage and kiosks in appropriate areas to promote public safety and enhance facility and 

resource protection. 

3. Work in partnership with the State of New Mexico and counties to enhance visitor use and safety.  

4. Monitor the byway for changes in use in order to prevent impacts.  

5. New surface disturbance or facilities installed outside existing disturbed area would require BLM 
cultural resource surveys prior to authorization. If any cultural features were identified during 

surveys, additional consultation to determine NRHP eligibility and mitigation would be required. 

6. Adhere to Special Operating Procedures for Facility Construction concerning seed mixtures, power 

lines and pipelines as outlined in Appendix D of the Byway Plan.   
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KEY RECREATION PLANNING TERMS AND DEFINITIONS 
Special Recreation Management Area 
Definition. The special recreation management areas (SRMAs) are administrative units where the existing 
or proposed recreation opportunities and recreation setting characteristics are recognized for their unique 
value, importance, and/or distinctiveness, especially as compared to other areas used for recreation.  

Management Focus. The SRMAs are managed to protect and enhance a targeted set of activities, 
experiences, benefits, and desired recreation setting characteristics. The SRMAs may be subdivided into 
recreation management zones (RMZ) to further delineate specific recreation opportunities. Within SRMAs, 
recreation and visitor services (R&VS) management is recognized as the predominant land management 
focus, where specific recreation opportunities and recreation setting characteristics are managed and 
protected on a long-term basis.  

Requirements. The SRMAs/RMZs must have measurable outcome-focused objectives. Supporting 
management actions and allowable use decisions are required to: 1) sustain or enhance recreation 
objectives, 2) protect the desired recreation setting characteristics, and 3) constrain uses, including non-
compatible recreation activities, that are detrimental to meeting recreation or other critical resource 
objectives (e.g., cultural resources or threatened and endangered species).  

A1. Supporting Information (Rationale for SRMA Designation) – Documentation of the rationale for 
consideration of the SRMA in the planning process and, if selected, designation of the SRMA in the record 
of decision.  

A2. SRMA/RMZ Outcome Objective – The outcome objective is a clear, measurable, and agreed-upon 
guide for decision making and evaluation of management effectiveness. SRMA/RMZ objectives must define 
the specific recreation opportunities (i.e., activities, experiences, and benefits derived from those 
experiences) which become the focus of R&VS management.  

A3. Recreation Outcomes – Recreation outcomes consist of experiences and benefits and are defined 
as:  

• Experiences. Recreation experiences are immediate states-of-mind resulting from participation in 
recreation opportunities that result in benefits. 

• Benefits. Recreation benefits accrue from having a satisfying recreation experience that leads to 
an 1) improved condition or 2) maintenance of a desired condition. These accrue from recreation 
participation, and are both short and long term and are realized on- and off-site. Benefits are 
identified in one of four categories and are described as:   
o Personal/Individual Benefits: Recreation and leisure contributes to personal well-being and 

human development. It contributes to better physical and mental health for all individuals.  
o Social/Community Benefits: Recreation contributes to the quality of life within communities 

by encouraging positive lifestyle choices, building social skills, reducing crime, and fostering a 
sense of community pride.  

o Economic Benefits: Investments in recreation represent an investment in our economies 
through diversifying our economies, by attracting new businesses, and by generating 
employment opportunities.  

o Environmental Benefits: Participation in recreation and outdoor education programs can help 
protect the quality of the environment through improved understanding and stewardship of our 
natural, cultural, and historic resources.  

A4.  Proposed Recreation Setting Characteristics – Proposed (or desired) recreation setting 
characteristics (RSCs) are a description of the physical, social, and operational characteristics that define 
an SRMA’s function and condition in the future. The desired RSCs may currently exist and be maintained, 
or may be a target toward which management of the SRMA or RMZ is to be directed that takes years to 
reach. Three recreation setting components and their RSCs are considered: 1) the physical qualities of 
nature and the landscape defined by remoteness, naturalness, and facilities; 2) the social qualities 
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associated with use defined by group size, contacts, and evidence of use; and 3) the operational conditions 
to manage recreation use defined by type of access, visitor services, and management controls. The 
Bureau of Land Management (BLM) establishes these criteria in the land use plan to guide management 
action and allowable use decisions as well as the identification of site-specific use levels for activities during 
plan implementation (BLM H-1601-1, Page 13). These are initial allocations unless otherwise stated. 
Monitoring and evaluation may cause recreation managers to adjust the RSCs over the life of the plan to 
meet recreation objectives. 

Extensive Recreation Management Area 
Definition. The extensive recreation management areas (ERMAs) are administrative units that require 
specific management consideration in order to address recreation use, demand, or R&VS program 
investments. 

Management Focus. The ERMAs are managed to support and sustain the principal recreation activities 
and the associated qualities and conditions of the ERMA. Management of ERMAs is commensurate with 
the management of other resources and resource uses. 

Requirements. The ERMAs must have measurable objectives. Supporting management actions and 
allowable use decisions must facilitate visitors’ ability to participate in outdoor recreation activities and 
protect the associated qualities and conditions. Non-compatible uses, including some recreation activities, 
may be restricted or constrained to achieve interdisciplinary objectives. 

B1. ERMA Objective - ERMA objectives must define the recreation activities and the associated qualities 
and conditions which become the focus for R&VS management. 

Supporting Management Action and Allowable Use Decisions 
Management actions and allowable use decisions are generally described as land use planning (LUP)-level 
decisions needed to achieve program objectives or constrain non-compatible land uses. Supporting 
management action and allowable use decisions are selected in terms of their ability to help achieve the 
recreation objectives (i.e., recreation opportunities), maintain or enhance the recreation settings, or guide 
recreation implementation. 

Implementation-level Decisions Included in this Recreation Area 
Management Plan Revision 
Implementation decisions allow site-specific (on-the-ground) actions needed to achieve land use plan 
decisions (see Land Use Planning Handbook H-1601-1, p. 30-31 and Code of Federal Regulations [CFR] 
8365.1-6 Supplementary Rules). If implementation-level decisions are included in the land use planning 
document to achieve R&VS program objectives, they must be clearly distinguished as implementation 
decisions that are appealable to the Interior Board of Land Appeals. 

Best Management Practices to Guide Implementation-level 
Management 
Recreation management areas with complex implementation issues may require a subsequent 
implementation-level recreation area management plan (RAMP) tiered to land use plan decisions. 
Subsequent site-specific National Environmental Policy Act (NEPA) analysis would be required to 
implement some types of actions. Other actions that involve education, information, interpretation, and 
monitoring may not require site-specific NEPA analysis. The subsequent best management practices for 
implementation-level planning guidance are presented to illustrate opportunities for active stakeholder 
collaboration and to provide a suite of possible implementation-level actions that could be adaptively 
performed to ensure management effectiveness in meeting recreation and visitor services goals and 
objectives. 
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Existing and Proposed Recreation Management Areas 
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Summary of Existing and Proposed Recreation Management Area Designations by Alternative 
Area No Action 

Alternative 
Alternative  

A 
Alternative  

B 
Alternative  

C 
Alternative  

D 
Pecos River 
Corridor 

SRMA SRMA Same as 
Alternative A 

SRMA Same as 
Alternative C 

Hackberry Lake SRMA SRMA Same as 
Alternative A 

SRMA Same as 
Alternative C 

Black River 
(Cottonwood Day 
Use Area) 

SRMA SRMA Same as 
Alternative A 

SRMA Same as 
Alternative C 

Conoco Lake – SRMA Same as 
Alternative A 

SRMA Same as 
Alternative C 

La Cueva Trails – SRMA Same as 
Alternative A 

SRMA Same as 
Alternative C 

Alkali Lake – SRMA Same as 
Alternative A 

ERMA  

Square Lake South – ERMA ERMA ERMA – 
Hay Hollow 
Equestrian Trail 

– – ERMA – – 

Pecos River 
Equestrian Trail 

– – ERMA ERMA ERMA 

West Well Dunes – – ERMA ERMA ERMA 
Note: SRMA = special recreation management area; ERMA = extensive recreation management area. 
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MANAGEMENT FRAMEWORK FOR SPECIAL 
RECREATION MANAGEMENT AREAS 
SRMAs are administrative units where the existing or proposed recreation opportunities and recreation 
setting characteristics are recognized for their unique value, importance, and/or distinctiveness, especially 
compared to other areas used for recreation. 

ERMAs are an administrative unit that requires specific management consideration in order to address 
recreational use, demand, or R&VS program investments. 

Alkali Lake Special Recreation Management Area 
This area is close to the town of Carlsbad, has trails through the dune vegetative area, and is largely 
undeveloped.  

Recreation Objective 
Participants in visitor assessments report an average 4.0 realization of the targeted experience and benefit 
outcomes listed below (on a probability scale where 1 = not at all realized to 5 = totally realized). 

Activities: Off-highway motorcycle riding. 

Experiences: Developing skills and abilities, enjoying risk-taking adventure, sharing hobbies and interests 
with others, reducing stress, spending time with friends and family, engaging in physical activity. 

Benefits: Improving mental well-being, developing greater self-reliance, creating closer relationship with 
natural world (photography, hiking), increasing motor skills (using off-highway vehicles [OHVs]), increasing 
local tourism revenue. 

Land Use Plan Management Actions 
• Open to grazing 
• No surface occupancy (NSO) on active dunes to protect wildlife/special-status species 
• Apply oil and gas stipulations to protect OHV trails and camping areas 
• Manage for full unplanned wildland fire suppression 
• Adhere to Conditions of Approval (COAs) for any rights-of-way (ROWs) proposed in the SRMA 

(see Appendix C) 
• Bury all pipelines within the SRMA, 24 inches under all roads and trails and 20 feet to each side of 

all roads and trails 

Best Management Practices and Guidance for Implementation 
• Develop a RAMP for the SRMA to further define implementation actions to meet recreation 

objectives 
• Adhere to current New Mexico’s OHV Statutes and Safety Rules. For safety purposes, flags will be 

required on OHVs. All OHV use on public lands must be registered according to state law and 
regulation. 

• Geophysical activities would comply with travel management 
• Build facilities such as a parking lot, trash cans, and a toilet if conditions warrant 
• Add signage about the hazards of hydrogen sulfide (H2S) and post on the BLM Carlsbad Field 

Office (CFO) website 
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Alkali Lake Special Recreation Management Area 
Physical Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Remoteness (approximate distance from routes)  
More than 0.5 mile from 
either mechanized or 
motorized trails/routes. 

Within 0.5 mile of 
mechanized trails/routes. 

Within 0.5 mile of four-
wheel drive vehicle, all-
terrain vehicles, and 
motorcycle routes. 
(Bureau of Land 
Management [BLM] 
identified “Primitive 
Roads” and “Motorized 
Trails”) 

Within 0.5 mile of low-
clearance or passenger 
vehicle routes (BLM 
identified “Roads”) 
(includes unpaved county 
roads and private land 
routes). 

Within 0.5 mile of 
paved/primary roads and 
highways. 

Within 0.5 mile of streets 
and roads within 
municipalities and along 
highways. 

Naturalness (landscape texture form, line, color) 
Undisturbed natural 
landscape. 

Natural landscape with 
modifications in harmony 
with surroundings and 
not visually obvious 
(e.g., stock ponds, habitat 
treatments, historic 
structures). 

Character of the natural 
landscape retained. A 
few modifications 
contrast with character of 
the landscape (e.g., 
fences, ditches). 

Character of the natural 
landscape partially 
modified but none 
overpower natural 
landscape (e.g., 
structures, utilities). 

Character of the natural 
landscape considerably 
modified (i.e., 
agriculture, residential, 
airstrips or industrial 
alterations). 

Urbanized developments 
dominate landscape. 

Visitor Facilities  
No structures. Foot/horse 
and water trails only. 

Trails made mostly of 
native materials such as 
log bridges. Structures 
are rare and isolated. 

Maintained and marked 
trails, rustic trailhead 
developments. 

Basic facilities such as 
campsites, restrooms, 
trailheads, and 
interpretive displays. 

Modern facilities such as 
campgrounds, group 
shelters, boat launches, 
and occasional exhibits. 

Elaborate full-service 
facilities such as laundry, 
restaurants, and 
groceries.  

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Alkali Lake Special Recreation Management Area 
Social Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Contacts (average of other groups) 
Fewer than 6 encounters 
on travel routes 

7–15 encounters/day on 
travel routes 

16–29 encounters/day on 
travel routes 

30 or more encounters/day 
on travel routes 

People seem to be 
generally everywhere 

Busy place with other 
people constantly in view 

Group Size (average – other than you own)  
Fewer than or equal to 3 
people per group 

4–6 people per group 7–12 people per group 13–25 people per group 26–50 people per group Greater than 50 people 
per group 

Evidence of Use  
No alteration of the 
natural terrain. Footprints 
only observed. Sounds of 
people are rare. 

Areas of alteration 
uncommon. Little surface 
vegetation wear 
observed. Sounds of 
people infrequent. 

Small areas of alteration. 
Surface vegetation 
showing wear with some 
bare soils. Sounds of 
people occasionally 
heard. 

Small areas of alteration 
prevalent. Surface 
vegetation gone with 
compacted soils observed. 
Sounds of people regularly 
heard. 

A few large areas of 
alteration. Surface 
vegetation absent with 
hardened soils. Sounds of 
people frequently heard. 

Large areas of alteration 
prevalent. Some erosion. 
Constantly hear people. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Alkali Lake Special Recreation Management Area 
Operational Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Public Access (types of public travel allowed)  
Foot, horse, and non-
motorized float boat 
travel. 

Mountain bikes and 
perhaps other 
mechanized use, but all is 
non-motorized. 

Four-wheel drive 
vehicles, all-terrain 
vehicles, dirt bikes, or 
snowmobiles in addition 
to non-motorized, 
mechanized use. 

Two-wheel drive 
vehicles predominant, but 
also four-wheel drive 
vehicles and non-
motorized, mechanized 
use. 

Ordinary highway 
automobile and truck 
traffic is characteristic. 

Wide variety of street 
vehicles and highway 
traffic is ever-present. 

Visitor Services and Information  
No maps or brochures 
available on-site. Staff 
rarely present to provide 
on-site assistance. 

Basic maps, staff 
infrequently present (e.g., 
seasonally, high use 
periods) to provide on-
site assistance. 

Area brochures and 
maps. Staff occasionally 
present (e.g., most 
weekends) to provide on-
site assistance. 

Information materials 
describe recreation area 
and opportunities. Staff 
periodically present (e.g., 
weekdays and/or 
weekends). 

Information materials 
described to the left. Staff 
regularly present (e.g., 
almost daily). 

Information materials 
described to the left. 
Regularly scheduled on-
site outdoor 
demonstrations and 
clinics.  

Management Controls and Regulations  
No on-site posts/signs of 
visitor regulations, 
interpretive info, or 
ethics. Few use 
restrictions. 

Basic user regulations at 
key access points. 
Minimum use 
restrictions. 

Some regulatory and 
ethics signs. Moderate 
use restrictions (e.g., 
camping, human waste). 

Rules, regulations, and 
ethics clearly posted. Use 
restrictions, limitations, 
and/or closures. 

Regulations strict and 
ethics prominent. Use 
may be limited by permit, 
reservation, etc. 

Enforcement in addition 
to rules to reduce 
conflicts, hazards, and 
resource damage. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Black River Special Recreation Management Area (Includes 
Cottonwood Day Use Area) 
This area is a riparian transition zone from the Black River to the foothills of the Guadalupe Mountains. 
There is karst terrain with sinking streams where the river flows on the surface and proceeds underground. 
The area has picnic shelters, tables, a vault toilet, hiking trails, interpretive kiosks, and a wildlife viewing 
deck.  

Recreation Objective 

Participants in visitor assessments report an average 4.0 realization of the targeted experience and benefit 
outcomes listed below (4.0 on a probability scale where 1 = not at all realized to 5 = totally realized). 

Activities: Enjoying the area’s wildlife, photography, hiking, swimming, and fishing. 

Experiences: Developing skills and abilities, sharing hobbies and interests with others, reducing stress, 
spending time with friends and family, engaging in physical activity. 

Benefits: Improving mental well-being, developing greater self-reliance, creating a closer relationship with 
natural world (photography, hiking). 

Land Use Plan Management Actions 
• Allow natural resource research (e.g., fish, soils, bats) 
• Manage as a ROW exclusion area 
• Manage as Visual Resource Management (VRM) Class II (currently a VRM III area) 
• Close to all mineral development 
• Allow no OHV or equestrian use 
• Allow only day use 
• Require Special Recreation Permits for large groups (e.g., groups over 20) 
• Close to grazing 

Best Management Practices and Guidance for Implementation 
• Coordinate with NMDGF as needed to address rule changes related to public health and safety. 
• Designate trails within the SRMA, including extending trails to Ladder Hole from the parking area. 

These trails would be non-motorized use only, i.e., for mountain bikes and hiking. 
• Develop a RAMP for the SRMA to further define implementation actions to meet recreation 

objectives. 
• Promote natural resource interpretation and use volunteers 
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Black River Special Recreation Management Area (Includes Cottonwood Day Use Area) 
Physical Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Remoteness (approximate distance from routes)  
More than 0.5 mile from 
either mechanized or 
motorized trails/routes. 

Within 0.5 mile of 
mechanized trails/routes. 

Within 0.5 mile of four-
wheel drive vehicle, all-
terrain vehicle, and 
motorcycle routes. 
(Bureau of Land 
Management [BLM] 
identified “Primitive 
Roads” and “Motorized 
Trails”) 

Within 0.5 mile of low-
clearance or passenger 
vehicle routes (BLM 
identified “Roads”) 
(includes unpaved county 
roads and private land 
routes). 

Within 0.5 mile of 
paved/primary roads and 
highways. 

Within 0.5 mile of streets 
and roads within 
municipalities and along 
highways. 

Naturalness (landscape texture form, line, color)  
Undisturbed natural 
landscape. 

Natural landscape with 
modifications in harmony 
with surroundings and 
not visually obvious 
(e.g., stock ponds, habitat 
treatments, historic 
structures). 

Character of the natural 
landscape retained. A 
few modifications 
contrast with character of 
the landscape (e.g., 
fences, ditches). 

Character of the natural 
landscape partially 
modified but none 
overpower natural 
landscape (e.g., 
structures, utilities). 

Character of the natural 
landscape considerably 
modified (i.e., 
agriculture, residential, 
airstrips or industrial 
alterations). 

Urbanized developments 
dominate landscape. 

Visitor Facilities  
No structures. Foot/horse 
and water trails only. 

Trails made mostly of 
native materials such as 
log bridges. Structures 
are rare and isolated. 

Maintained and marked 
trails, rustic trailhead 
developments. 

Basic facilities such as 
campsites, restrooms, 
trailheads, and 
interpretive displays. 

Modern facilities such as 
campgrounds, group 
shelters, boat launches, 
and occasional exhibits. 

Elaborate full-service 
facilities such as laundry, 
restaurants, and 
groceries.  

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Black River Special Recreation Management Area (Includes Cottonwood Day Use Area) 
Social Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Contacts (average of other groups 
Fewer than 6 encounters 
on travel routes 

7–15 encounters/day on 
travel routes 

16–29 encounters/day on 
travel routes 

30 or more encounters/day 
on travel routes 

People seem to be 
generally everywhere 

Busy place with other 
people constantly in view 

Group Size (average – other than you own)  
Fewer than or equal to 3 
people per group 

4–6 people per group 7–12 people per group 13–25 people per group 26–50 people per group Greater than 50 people 
per group 

Evidence of Use  
No alteration of the 
natural terrain. Footprints 
only observed. Sounds of 
people are rare. 

Areas of alteration 
uncommon. Little surface 
vegetation wear 
observed. Sounds of 
people infrequent. 

Small areas of alteration. 
Surface vegetation 
showing wear with some 
bare soils. Sounds of 
people occasionally 
heard. 

Small areas of alteration 
prevalent. Surface 
vegetation gone with 
compacted soils observed. 
Sounds of people regularly 
heard. 

A few large areas of 
alteration. Surface 
vegetation absent with 
hardened soils. Sounds of 
people frequently heard. 

Large areas of alteration 
prevalent. Some erosion. 
Constantly hear people. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Black River Special Recreation Management Area (Includes Cottonwood Day Use Area) 
Operational Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Public Access (types of public travel allowed)  
Foot, horse, and non-
motorized float boat 
travel. 

Mountain bikes and 
perhaps other 
mechanized use, but all is 
non-motorized. 

Four-wheel drive 
vehicles, all-terrain 
vehicles, dirt bikes, or 
snowmobiles in addition 
to non-motorized, 
mechanized use 

Two-wheel drive 
vehicles predominant, but 
also four-wheel drive 
vehicles and non-
motorized, mechanized 
use 

Ordinary highway 
automobile and truck 
traffic is characteristic. 

Wide variety of street 
vehicles and highway 
traffic is ever-present. 

Visitor Services and Information  
No maps or brochures 
available on-site. Staff 
rarely present to provide 
on-site assistance. 

Basic maps, staff 
infrequently present (e.g., 
seasonally, high use 
periods) to provide on-
site assistance. 

Area brochures and 
maps. Staff occasionally 
present (e.g., most 
weekends) to provide on-
site assistance. 

Information materials 
describe recreation area 
and opportunities. Staff 
periodically present (e.g., 
weekdays and/or 
weekends) 

Information materials 
described to the left. Staff 
regularly present (e.g., 
almost daily) 

Information materials 
described to the left. 
Regularly scheduled on-
site outdoor 
demonstrations and 
clinics.  

Management Controls and Regulations  
No on-site posts/signs of 
visitor regulations, 
interpretive info, or 
ethics. Few use 
restrictions. 

Basic user regulations at 
key access points. 
Minimum use 
restrictions. 

Some regulatory and 
ethics signs. Moderate 
use restrictions (e.g., 
camping, human waste). 

Rules, regulations, and 
ethics clearly posted. Use 
restrictions, limitations, 
and/or closures. 

Regulations strict and 
ethics prominent. Use 
may be limited by permit, 
reservation, etc. 

Enforcement in addition 
to rules to reduce 
conflicts, hazards, and 
resource damage. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Conoco Lake Special Recreation Management Area  
Conoco Lake is an artificial lake in an area with abundant oil and gas activity. This lake is stocked with fish 
by the NMDGF and the fishing is managed by NMDGF rules and regulations. This riparian area contains 
mature cottonwood trees, sedges, and reeds. The area is fenced and is surrounded by roads. 

Recreation Objective 

Participants in visitor assessments report an average 4.0 realization of the targeted experience and benefit 
outcomes listed below (4.0 on a probability scale where 1 = not at all realized to 5 = totally realized). 

Activities:  Wildlife viewing, photography, fishing, and picnicking. 

Experiences: Escaping crowds, interacting with the environment, developing skills and abilities, reducing 
stress, spending time with friends and family. 

Benefits: Improving mental well-being, developing greater self-reliance, creating closer relationship with 
the natural world (photography, fishing).  

Land Use Plan Management Actions 
• Only day use would be allowed in the SRMA 
• ROW exclusion area, closed to all mineral development  
• Manage as VRM Class IV 
• Closed to grazing 
• Manage travel as closed 

Best Management Practices and Guidance for Implementation 

• R&VS Program: Adhere to New Mexico’s OHV Statutes and Safety Rules as outlined on NMDGF 
OHV website: http://www.wildlife.state.nm.us/ohv/ohv.html and 43 CFR 8341.1. For safety 
purposes, flags will be required on OHVs. All OHV use on public lands must be registered according 
to state law and regulation. A validation decal must be displayed on all OHVs used on public lands. 

• No glass containers allowed in the area 
• No trapping or trotlines allowed (the BLM would consult with the NMDGF to change its proclamation 

that allows for trapping or trotlines in this area) 
• Fishing would be subject to all NMDGF rules/regulations and limits 
• Only non-motorized boating would be allowed 
• All pets must be on a leash 
• Fires only permitted in grills (subject to fire restrictions) 
• Facility development (e.g., toilets, tables, shading structures) would be considered on an as-

needed basis 
• Swimming not allowed 

http://www.wildlife.state.nm.us/ohv/ohv.html%20and%2043%20CFR%208341.1


Draft Resource Management Plan/Environmental Impact Statement Appendix M 
 Recreation and Visitor Management Framework for SRMAs and ERMAs 

BLM Carlsbad Field Office M-16  

Conoco Lake Special Recreation Management Area  
Physical Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Remoteness (approximate distance from routes)  
More than 0.5 mile from 
either mechanized or 
motorized trails/routes. 

Within 0.5 mile of 
mechanized trails/routes. 

Within 0.5 mile of four-
wheel drive vehicle, all-
terrain vehicle, and 
motorcycle routes 
(Bureau of Land 
Management [BLM] 
identified “Primitive 
Roads” and “Motorized 
Trails”). 

Within 0.5 mile of low-
clearance or passenger 
vehicle routes (BLM 
identified “Roads”) 
(includes unpaved county 
roads and private land 
routes). 

Within 0.5 mile of 
paved/primary roads and 
highways. 

Within 0.5 mile of streets 
and roads within 
municipalities and along 
highways. 

Naturalness (landscape texture form, line, color) 
Undisturbed natural 
landscape. 

Natural landscape with 
modifications in harmony 
with surroundings and 
not visually obvious 
(e.g., stock ponds, habitat 
treatments, historic 
structures). 

Character of the natural 
landscape retained. A 
few modifications 
contrast with character of 
the landscape (e.g., 
fences, ditches). 

Character of the natural 
landscape partially 
modified but none 
overpower natural 
landscape (e.g., 
structures, utilities). 

Character of the natural 
landscape considerably 
modified (i.e., 
agriculture, residential, 
airstrips or industrial 
alterations). 

Urbanized developments 
dominate landscape. 

Visitor Facilities  
No structures. Foot/horse 
and water trails only. 

Trails made mostly of 
native materials such as 
log bridges. Structures 
are rare and isolated. 

Maintained and marked 
trails, rustic trailhead 
developments. 

Basic facilities such as 
campsites, restrooms, 
trailheads, and 
interpretive displays. 

Modern facilities such as 
campgrounds, group 
shelters, boat launches, 
and occasional exhibits. 

Elaborate full-service 
facilities such as laundry, 
restaurants, and 
groceries.  

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Conoco Lake Special Recreation Management Area 
Social Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Contacts (average of other groups) 
Fewer than 6 encounters 
on travel routes 

7–15 encounters/day on 
travel routes 

16–29 encounters/day 
on travel routes 

30 or more encounters/day 
on travel routes 

People seem to be 
generally everywhere 

Busy place with other 
people constantly in view 

Group Size (average – other than you own 
Fewer than or equal to 3 
people per group 

4–6 people per group 7–12 people per group 13–25 people per group 26–50 people per group Greater than 50 people 
per group 

Evidence of Use 
No alteration of the 
natural terrain. 
Footprints only observed. 
Sounds of people are 
rare. 

Areas of alteration 
uncommon. Little 
surface vegetation wear 
observed. Sounds of 
people infrequent. 

Small areas of 
alteration. Surface 
vegetation showing 
wear with some bare 
soils. Sounds of people 
occasionally heard. 

Small areas of alteration 
prevalent. Surface 
vegetation gone with 
compacted soils observed. 
Sounds of people regularly 
heard. 

A few large areas of 
alteration. Surface 
vegetation absent with 
hardened soils. Sounds of 
people frequently heard. 

Large areas of alteration 
prevalent. Some erosion. 
Constantly hear people. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Conoco Lake Special Recreation Management Area 
Operational Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Public Access (types of public travel allowed)  
Foot, horse, and non-
motorized float boat 
travel. 

Mountain bikes and 
perhaps other 
mechanized use, but all is 
non-motorized. 

Four-wheel drive 
vehicles, all-terrain 
vehicles, dirt bikes, or 
snowmobiles in addition 
to non-motorized, 
mechanized use. 

Two-wheel drive 
vehicles predominant, but 
also four-wheel drive 
vehicles and non-
motorized, mechanized 
use. 

Ordinary highway 
automobile and truck 
traffic is characteristic. 

Wide variety of street 
vehicles and highway 
traffic is ever-present. 

Visitor Services and Information  
No maps or brochures 
available on-site. Staff 
rarely present to provide 
on-site assistance. 

Basic maps, staff 
infrequently present (e.g., 
seasonally, high use 
periods) to provide on-
site assistance. 

Area brochures and 
maps. Staff occasionally 
present (e.g., most 
weekends) to provide on-
site assistance. 

Information materials 
describe recreation area 
and opportunities. Staff 
periodically present (e.g., 
weekdays and/or 
weekends). 

Information materials 
described to the left. Staff 
regularly present (e.g., 
almost daily). 

Information materials 
described to the left. 
Regularly scheduled on-
site outdoor 
demonstrations and 
clinics.  

Management Controls and Regulations  
No on-site posts/signs of 
visitor regulations, 
interpretive info, or 
ethics. Few use 
restrictions. 

Basic user regulations at 
key access points. 
Minimum use 
restrictions. 

Some regulatory and 
ethics signs. Moderate 
use restrictions (e.g., 
camping, human waste). 

Rules, regulations, and 
ethics clearly posted. Use 
restrictions, limitations, 
and/or closures. 

Regulations strict and 
ethics prominent. Use 
may be limited by permit, 
reservation, etc. 

Enforcement in addition 
to rules to reduce 
conflicts, hazards, and 
resource damage. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Hackberry Lake Special Recreation Management Area  
This area would be considered front country and is heavily developed for oil, gas and potash. It is within 
the Secretary’s Potash Order area. Drill islands are located within this area. Numerous access points are 
available to the recreation area. Trails are heavy intermingled with lease roads. 
The annual Desert 100 race is held here in April and draws approximately 100-plus competitors, their 
family, and friends. A reclaimed caliche pit provides an additional 8 acres of camping/parking area for the 
racing event.  

Recreation Objective 
Participants in visitor assessments report an average 4.0 realization of the targeted experience and benefit 
outcomes listed below (4.0 on a probability scale where 1 = Not at all realized to 5 = totally realized). 

Activities: OHV riding. 

Experiences: Developing skills and abilities, enjoying risk-taking adventure, sharing hobbies and interests 
with others, reducing stress, spending time with friends and family, engaging in physical activity. 

Benefits: Improving mental well-being, developing greater self-reliance, increasing motor skills (OHV), 
increasing local tourism revenue. 

Land Use Plan Management Actions 
• Special Recreation Permits would be required for competitive events 
• ROW exclusions on dunes and ROW avoidance in surrounding portions of SRMA 
• Manage as VRM III 
• Manage travel as OHV limited  
• Manage as an avoidance area for renewable energy development (geothermal, solar, wind) 

Best Management Practices and Guidance for Implementation 
• Develop a RAMP for the SRMA 
• Adhere to New Mexico’s OHV Statutes and Safety Rules as outlined on NMDGF OHV website: 

http://www.wildlife.state.nm.us/ohv/ohv.html and 43 CFR 8341.1. For safety purposes, flags will be 
required on OHVs. All OHV use on public lands must be registered according to state law and 
regulation. A validation decal must be displayed on all OHVs used on public lands. 

• Focus on OHV riding and safety training, opportunities for environmental education, and enlist 
volunteers (e.g., camp host) 

• Create new trails and facilities for the OHV user experience 

http://www.wildlife.state.nm.us/ohv/ohv.html%20and%2043%20CFR%208341.1
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Hackberry Lake Special Recreation Management Area 
Social Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Contacts (average of other groups)  
Fewer than 6 encounters 
on travel routes 

7–15 encounters/day on 
travel routes 

16–29 encounters/day on 
travel routes 

30 or more 
encounters/day on travel 
routes 

People seem to be 
generally everywhere 

Busy place with other 
people constantly in view 

Group Size (average – other than you own)  
Fewer than or equal to 3 
people per group 

4–6 people per group 7–12 people per group 13–25 people per group 26–50 people per group Greater than 50 people 
per group 

Evidence of Use  
No alteration of the 
natural terrain. Footprints 
only observed. Sounds of 
people are rare. 

Areas of alteration 
uncommon. Little surface 
vegetation wear 
observed. Sounds of 
people infrequent. 

Small areas of alteration. 
Surface vegetation 
showing wear with some 
bare soils. Sounds of 
people occasionally 
heard. 

Small areas of alteration 
prevalent. Surface 
vegetation gone with 
compacted soils 
observed. Sounds of 
people regularly heard. 

A few large areas of 
alteration. Surface 
vegetation absent with 
hardened soils. Sounds of 
people frequently heard. 

Large areas of alteration 
prevalent. Some erosion. 
Constantly hear people. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Hackberry Lake Special Recreation Management Area  
Physical Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Remoteness (approximate distance from routes)  
More than 0.5 mile from 
either mechanized or 
motorized trails/routes. 

Within 0.5 mile of 
mechanized trails/routes. 

Within 0.5 mile of four-
wheel drive vehicle, all-
terrain vehicle, and 
motorcycle routes 
(Bureau of Land 
Management [BLM] 
identified “Primitive 
Roads” and “Motorized 
Trails”). 

Within 0.5 mile of low-
clearance or passenger 
vehicle routes (BLM 
identified “Roads”) 
(includes unpaved county 
roads and private land 
routes). 

Within 0.5 mile of 
paved/primary roads and 
highways. 

Within 0.5 mile of streets 
and roads within 
municipalities and along 
highways. 

Naturalness (landscape texture form, line, color 
Undisturbed natural 
landscape. 

Natural landscape with 
modifications in harmony 
with surroundings and 
not visually obvious 
(e.g., stock ponds, habitat 
treatments, historic 
structures). 

Character of the natural 
landscape retained. A 
few modifications 
contrast with character of 
the landscape (e.g., 
fences, ditches). 

Character of the natural 
landscape partially 
modified but none 
overpower natural 
landscape (e.g., 
structures, utilities). 

Character of the natural 
landscape considerably 
modified (i.e., 
agriculture, residential, 
airstrips or industrial 
alterations). 

Urbanized developments 
dominate landscape. 

Visitor Facilities  
No structures. Foot/horse 
and water trails only. 

Trails made mostly of 
native materials such as 
log bridges. Structures 
are rare and isolated. 

Maintained and marked 
trails, rustic trailhead 
developments. 

Basic facilities such as 
campsites, restrooms, 
trailheads, and 
interpretive displays. 

Modern facilities such as 
campgrounds, group 
shelters, boat launches, 
and occasional exhibits. 

Elaborate full-service 
facilities such as laundry, 
restaurants, and 
groceries.  

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Hackberry Lake Special Recreation Management Area 
Operational Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Public Access (types of public travel allowed)  
Foot, horse, and non-
motorized float boat 
travel. 

Mountain bikes and 
perhaps other 
mechanized use, but all is 
non-motorized. 

Four-wheel drive 
vehicles, all-terrain 
vehicles, dirt bikes, or 
snowmobiles in addition 
to non-motorized, 
mechanized use. 

Two-wheel drive 
vehicles predominant, but 
also four-wheel drive 
vehicles and non-
motorized, mechanized 
use. 

Ordinary highway 
automobile and truck 
traffic is characteristic. 

Wide variety of street 
vehicles and highway 
traffic is ever-present. 

Visitor Services and Information  
No maps or brochures 
available on-site. Staff 
rarely present to provide 
on-site assistance. 

Basic maps, staff 
infrequently present (e.g., 
seasonally, high use 
periods) to provide on-
site assistance. 

Area brochures and 
maps. Staff occasionally 
present (e.g., most 
weekends) to provide on-
site assistance. 

Information materials 
describe recreation area 
and opportunities. Staff 
periodically present (e.g., 
weekdays and/or 
weekends) 

Information materials 
described to the left. Staff 
regularly present (e.g., 
almost daily) 

Information materials 
described to the left. 
Regularly scheduled on-
site outdoor 
demonstrations and 
clinics.  

Management Controls and Regulations  
No on-site posts/signs of 
visitor regulations, 
interpretive info, or 
ethics. Few use 
restrictions. 

Basic user regulations at 
key access points. 
Minimum use 
restrictions. 

Some regulatory and 
ethics signs. Moderate 
use restrictions (e.g., 
camping, human waste). 

Rules, regulations, and 
ethics clearly posted. Use 
restrictions, limitations, 
and/or closures. 

Regulations strict and 
ethics prominent. Use 
may be limited by permit, 
reservation, etc. 

Enforcement in addition 
to rules to reduce 
conflicts, hazards, and 
resource damage. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Dunes Recreation Management Zone  
Recreation Objective 
Manage the Dunes RMZ for the activities, experiences, benefits, and settings identified below. 

Participants in visitor assessments report an average 4.0 realization of the targeted experience and benefit 
outcomes listed below (4.0 on a probability scale where 1 = Not at all realized to 5 = totally realized). 

Activities: Off-highway vehicle riding, camping, sand sledding, photography, hiking. and picnicking. 

Experiences: Developing skills and abilities, enjoying risk-taking adventure, sharing hobbies and interests 
with others, reducing stress, spending time with friends and family, engaging in physical activity. 

Benefits: Improving mental well-being, developing greater self-reliance, creating closer relationship with 
natural world (photography, hiking), increasing motor skills (OHV). 

Land Use Plan Management Actions 
• Manage as VRM III  
• NSO on active dunes and developed area for future leases  
• ROW exclusions on dunes and ROW avoidance area on trails 
• Open to grazing except 255 acres would be closed under Alternative C due to other resource 

restrictions 

Best Management Practices and Guidance for Implementation 
• R&VS Program:  Adhere to New Mexico’s OHV Statutes and Safety Rules as outlined on NMDGF 

OHV website: http://www.wildlife.state.nm.us/ohv/ohv.html and 43 CFR 8341.1. For safety 
purposes, flags will be required on OHVs. All OHV use on public lands must be registered according 
to state law and regulation. A validation decal must be displayed on all OHVs used on public lands. 

• Focus on OHV riding and safety training, and opportunities for environmental education  
• Create new trails and facilities for the OHV user experience 
• Geophysical will comply with travel management 
• H2S alarms would be required for new leases 
• Signage about H2S would be posted in the area and posted on a BLM website 
• Make other uses subject to the existing COAs in place to protect the OHV user recreational 

experience (e.g., burying surface pipelines under existing trails) 

http://www.wildlife.state.nm.us/ohv/ohv.html%20and%2043%20CFR%208341.1
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Dunes Recreation Management Zone  
Physical Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Remoteness (approximate distance from routes)  
More than 0.5 mile from 
either mechanized or 
motorized trails/routes. 

Within 0.5 mile of 
mechanized trails/routes. 

Within 0.5 mile of four-
wheel drive vehicle, all-
terrain vehicle, and 
motorcycle routes 
(Bureau of Land 
Management [BLM] 
identified “Primitive 
Roads” and “Motorized 
Trails”). 

Within 0.5 mile of low-
clearance or passenger 
vehicle routes (BLM 
identified “Roads”) 
(includes unpaved county 
roads and private land 
routes).                                                                                                                                                                  

Within 0.5 mile of 
paved/primary roads and 
highways. 

Within 0.5 mile of streets 
and roads within 
municipalities and along 
highways. 

Naturalness (landscape texture form, line, color 
Undisturbed natural 
landscape. 

Natural landscape with 
modifications in harmony 
with surroundings and not 
visually obvious (e.g., 
stock ponds, habitat 
treatments, historic 
structures). 

Character of the natural 
landscape retained. A few 
modifications contrast 
with character of the 
landscape (e.g., fences, 
ditches). 

Character of the natural 
landscape partially 
modified but none 
overpower natural 
landscape (e.g., 
structures, utilities). 

Character of the natural 
landscape considerably 
modified (i.e., 
agriculture, residential, 
airstrips or industrial 
alterations). 

Urbanized developments 
dominate landscape. 

Visitor Facilities  
No structures. Foot/horse 
and water trails only. 

Trails made mostly of 
native materials such as 
log bridges. Structures are 
rare and isolated. 

Maintained and marked 
trails, rustic trailhead 
developments. 

Basic facilities such as 
campsites, restrooms, 
trailheads, and 
interpretive displays. 

Modern facilities such as 
campgrounds, group 
shelters, boat launches, 
and occasional exhibits. 

Elaborate full-service 
facilities such as laundry, 
restaurants, and groceries.  

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 

 



Draft Resource Management Plan/Environmental Impact Statement Appendix M 
 Recreation and Visitor Management Framework for SRMAs and ERMAs 

BLM Carlsbad Field Office M-27  

Dunes Recreation Management Zone 
Social Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Contacts (average of other groups)  
Fewer than 6 encounters 
on travel routes 

7–15 encounters/day on 
travel routes 

16–29 encounters/day on 
travel routes 

30 or more 
encounters/day on travel 
routes 

People seem to be 
generally everywhere 

Busy place with other 
people constantly in view 

Group Size (average – other than you own)  
Fewer than or equal to 3 
people per group 

4–6 people per group 7–12 people per group 13–25 people per group 26–50 people per group Greater than 50 people 
per group 

Evidence of Use  
No alteration of the 
natural terrain. Footprints 
only observed. Sounds of 
people are rare. 

Areas of alteration 
uncommon. Little surface 
vegetation wear observed. 
Sounds of people 
infrequent. 

Small areas of alteration. 
Surface vegetation 
showing wear with some 
bare soils. Sounds of 
people occasionally 
heard. 

Small areas of alteration 
prevalent. Surface 
vegetation gone with 
compacted soils 
observed. Sounds of 
people regularly heard. 

A few large areas of 
alteration. Surface 
vegetation absent with 
hardened soils. Sounds of 
people frequently heard. 

Large areas of alteration 
prevalent. Some erosion. 
Constantly hear people. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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BLM Carlsbad Field Office M-28  

Dunes Recreation Management Zone  
Operational Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Public Access (types of public travel allowed)  
Foot, horse, and non-
motorized float boat 
travel 

Mountain bikes and 
perhaps other mechanized 
use, but all is non-
motorized. 

Four-wheel drive 
vehicles, all-terrain 
vehicles, dirt bikes, or 
snowmobiles in addition 
to non-motorized, 
mechanized use. 

Two-wheel drive vehicles 
predominant, but also 
four-wheel drive vehicles 
and non-motorized, 
mechanized use. 

Ordinary highway 
automobile and truck 
traffic is characteristic. 

Wide variety of street 
vehicles and highway 
traffic is ever-present. 

Visitor Services and Information  
No maps or brochures 
available on-site. Staff 
rarely present to provide 
on-site assistance. 

Basic maps, staff 
infrequently present (e.g., 
seasonally, high use 
periods) to provide on-
site assistance. 

Area brochures and maps. 
Staff occasionally present 
(e.g., most weekends) to 
provide on-site 
assistance. 

Information materials 
describe recreation area 
and opportunities. Staff 
periodically present (e.g., 
weekdays and/or 
weekends). 

Information materials 
described to the left. Staff 
regularly present (e.g., 
almost daily). 

Information materials 
described to the left. 
Regularly scheduled on-
site outdoor 
demonstrations and 
clinics.  

Management Controls and Regulations  
No on-site posts/signs of 
visitor regulations, 
interpretive info, or 
ethics. Few use 
restrictions. 

Basic user regulations at 
key access points. 
Minimum use 
restrictions. 

Some regulatory and 
ethics signs. Moderate 
use restrictions (e.g., 
camping, human waste). 

Rules, regulations, and 
ethics clearly posted. Use 
restrictions, limitations, 
and/or closures. 

Regulations strict and 
ethics prominent. Use 
may be limited by permit, 
reservation, etc. 

Enforcement in addition 
to rules to reduce 
conflicts, hazards, and 
resource damage. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics  
 



Draft Resource Management Plan/Environmental Impact Statement Appendix M 
 Recreation and Visitor Management Framework for SRMAs and ERMAs 

BLM Carlsbad Field Office M-29  

 



Draft Resource Management Plan/Environmental Impact Statement Appendix M 
 Recreation and Visitor Management Framework for SRMAs and ERMAs 
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Trails Recreation Management Zone 
Recreation Objective 
Manage the Dunes RMZ for the activities, experiences, benefits, and settings identified below. 

Participants in visitor assessments report an average 4.0 realization of the targeted experience and benefit 
outcomes listed below (4.0 on a probability scale where 1 = Not at all realized to 5 = totally realized). 

Activities: Off-highway vehicle trail riding, camping, hiking, and picnicking. 

Experiences: Developing skills and abilities, enjoying risk-taking adventure, sharing hobbies and interests 
with others, reducing stress, spending time with friends and family, engaging in physical activity. 

Benefits: Improving mental well-being, developing greater self-reliance, increasing motor skills (OHV) and 
increased local tourism revenue. 

Land Use Plan Management Actions 
• Open to grazing 
• Manage as VRM III 
• Bury pipelines 24 inches under all roads and trails and 20 feet to each side within the SRMA 
• Travel would be OHV limited 

Best Management Practices and Guidance for Implementation 
• R&VS Program: require Special Recreation Permits for the Desert 100 race, OHV riding and safety 

training, enlist volunteers. Adhere to New Mexico’s OHV Statutes and Safety Rules as outlined on 
NMDGF OHV website: http://www.wildlife.state.nm.us/ohv/ohv.html and 43 CFR 8341.1. For safety 
purposes, flags will be required on OHVs. All OHV use on public lands must be registered according 
to state law and regulation. A validation decal must be displayed on all OHVs used on public lands. 

• Write RAMP focusing on the need for more campsites, additional race routes, additional staging 
and developed sites on south (shelters, picnic tables, fire rings, vault toilet), expanded parking. 
Partner with industry for maintenance, etc. Look at trails around state lands for potential linkage. 

• Add signage about the hazards of H2S and post on the BLM CFO website 

http://www.wildlife.state.nm.us/ohv/ohv.html%20and%2043%20CFR%208341.1
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Trails Recreation Management Zone  
Physical Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Remoteness (approximate distance from routes 
More than 0.5 mile from 
either mechanized or 
motorized trails/routes. 

Within 0.5 mile of 
mechanized trails/routes. 

Within 0.5 mile of four-
wheel drive vehicle, all-
terrain vehicle, and 
motorcycle routes 
(Bureau of Land 
Management [BLM] 
identified “Primitive 
Roads” and “Motorized 
Trails”). 

Within 0.5 mile of low-
clearance or passenger 
vehicle routes (BLM 
identified “Roads”) 
(includes unpaved county 
roads and private land 
routes).  

Within 0.5 mile of 
paved/primary roads and 
highways. 

Within 0.5 mile of streets 
and roads within 
municipalities and along 
highways. 

Naturalness (landscape texture form, line, color)  
Undisturbed natural 
landscape. 

Natural landscape with 
modifications in harmony 
with surroundings and not 
visually obvious (e.g., 
stock ponds, habitat 
treatments, historic 
structures). 

Character of the natural 
landscape retained. A few 
modifications contrast 
with character of the 
landscape (e.g., fences, 
ditches). 

Character of the natural 
landscape partially 
modified but none 
overpower natural 
landscape (e.g., 
structures, utilities). 

Character of the natural 
landscape considerably 
modified (i.e., 
agriculture, residential, 
airstrips or industrial 
alterations). 

Urbanized developments 
dominate landscape. 

Visitor Facilities  
No structures. Foot/horse 
and water trails only. 

Trails made mostly of 
native materials such as 
log bridges. Structures are 
rare and isolated. 

Maintained and marked 
trails, rustic trailhead 
developments. 

Basic facilities such as 
campsites, restrooms, 
trailheads, and 
interpretive displays. 

Modern facilities such as 
campgrounds, group 
shelters, boat launches, 
and occasional exhibits. 

Elaborate full-service 
facilities such as laundry, 
restaurants, and groceries.  

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Trails Recreation Management Zone 
Social Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Contacts (average of other groups)  
Fewer than 6 encounters 
on travel routes 

7–15 encounters/day on 
travel routes 

16–29 encounters/day on 
travel routes 

30 or more encounters/day 
on travel routes 

People seem to be 
generally everywhere 

Busy place with other 
people constantly in view 

Group Size (average – other than you own)  
Fewer than or equal to 3 
people per group 

4–6 people per group 7–12 people per group 13–25 people per group 26–50 people per group Greater than 50 people 
per group 

Evidence of Use  
No alteration of the 
natural terrain. Footprints 
only observed. Sounds of 
people are rare. 

Areas of alteration 
uncommon. Little surface 
vegetation wear observed. 
Sounds of people 
infrequent. 

Small areas of alteration. 
Surface vegetation 
showing wear with some 
bare soils. Sounds of 
people occasionally 
heard. 

Small areas of alteration 
prevalent. Surface 
vegetation gone with 
compacted soils observed. 
Sounds of people regularly 
heard. 

A few large areas of 
alteration. Surface 
vegetation absent with 
hardened soils. Sounds of 
people frequently heard. 

Large areas of alteration 
prevalent. Some erosion. 
Constantly hear people. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Trails Recreation Management Zone 
Operational Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Public Access (types of public travel allowed)  
Foot, horse, and non-
motorized float boat 
travel. 

Mountain bikes and 
perhaps other mechanized 
use, but all is non-
motorized. 

Four-wheel drive 
vehicles, all-terrain 
vehicles, dirt bikes, or 
snowmobiles in addition 
to non-motorized, 
mechanized use. 

Two-wheel drive vehicles 
predominant, but also 
four-wheel drive vehicles 
and non-motorized, 
mechanized use. 

Ordinary highway 
automobile and truck 
traffic is characteristic. 

Wide variety of street 
vehicles and highway 
traffic is ever-present. 

Visitor Services and Information  
No maps or brochures 
available on-site. Staff 
rarely present to provide 
on-site assistance. 

Basic maps, staff 
infrequently present (e.g., 
seasonally, high use 
periods) to provide on-
site assistance. 

Area brochures and maps. 
Staff occasionally present 
(e.g., most weekends) to 
provide on-site 
assistance. 

Information materials 
describe recreation area 
and opportunities. Staff 
periodically present (e.g., 
weekdays and/or 
weekends) 

Information materials 
described to the left. Staff 
regularly present (e.g., 
almost daily) 

Information materials 
described to the left. 
Regularly scheduled on-
site outdoor 
demonstrations and 
clinics.  

Management Controls and Regulations  
No on-site posts/signs of 
visitor regulations, 
interpretive info, or 
ethics. Few use 
restrictions. 

Basic user regulations at 
key access points. 
Minimum use 
restrictions. 

Some regulatory and 
ethics signs. Moderate 
use restrictions (e.g., 
camping, human waste). 

Rules, regulations, and 
ethics clearly posted. Use 
restrictions, limitations, 
and/or closures. 

Regulations strict and 
ethics prominent. Use 
may be limited by permit, 
reservation, etc. 

Enforcement in addition 
to rules to reduce 
conflicts, hazards, and 
resource damage. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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La Cueva Special Recreation Management Area  
This area is on the outskirts of Carlsbad and while it is close to town a visitor can still get an “out of town” 
feeling. Approximately 33 miles of trails make up the La Cueva Trail System. The varieties of vegetation in 
the SRMA include mesquite, catclaw, and creosote. Caving activity occurs in this area as Lost Cave is 
located at this recreation site. 

Recreation Objective 
Participants in visitor assessments report an average 4.0 realization of the targeted experience and benefit 
outcomes listed below (4.0 on a probability scale where: 1 = Not at all realized to 5 = totally realized). 

Activities: Biking, off-highway vehicle trail riding, hiking, and equestrian trails. 

Experiences: Developing skills and abilities, enjoying risk-taking adventure, sharing hobbies and interests 
with others, reducing stress, spending time with friends and family, engaging in physical activity. 

Benefits: Improving mental well-being, developing greater self-reliance, increasing motor skills (OHV) and 
equestrian skills. 

Land Use Plan Management Actions 
• Manage as VRM III 
• Open to grazing 
• Connect existing La Cueva Trails to Guadalupe Ridge National Recreation Trail 

Best Management Practices and Guidance for Implementation 
• R&VS Program: Limit trails to non-motorized use, partner with the City of Carlsbad for trailhead 

improvements. Adhere to New Mexico’s OHV Statutes and Safety Rules as outlined on NMDGF 
OHV website: http://www.wildlife.state.nm.us/ohv/ohv.html and 43 CFR 8341.1. For safety 
purposes, flags will be required on OHVs. All OHV use on public lands must be registered according 
to state law and regulation. A validation decal must be displayed on all OHVs used on public lands. 

• Develop RAMP to identify necessary level of development for trailheads, toilets, gravel parking and 
signed trails. Eventually add kiosks, tables, shelters, and trash receptacles. 

• No overnight parking for commercial vehicles allowed in trailhead parking areas 
• Manage as limited to designated trails 
• Partner with local agencies and volunteer groups for trailhead improvements and extending trail 

system 
• Develop COAs as per Hackberry SRMA 

 
 

http://www.wildlife.state.nm.us/ohv/ohv.html%20and%2043%20CFR%208341.1
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La Cueva Special Recreation Management Area  
Physical Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Remoteness (approximate distance from routes)  
More than 0.5 mile from 
either mechanized or 
motorized trails/routes. 

Within 0.5 mile of 
mechanized trails/routes. 

Within 0.5 mile of four-
wheel drive vehicle, all-
terrain vehicle, and 
motorcycle routes ( 
Bureau of Land 
Management [BLM] 
identified “Primitive 
Roads” and “Motorized 
Trails”). 

Within 0.5 mile of low-
clearance or passenger 
vehicle routes (BLM 
identified “Roads”) 
(includes unpaved county 
roads and private land 
routes). 

Within 0.5 mile of 
paved/primary roads and 
highways. 

Within 0.5 mile of streets 
and roads within 
municipalities and along 
highways. 

Naturalness (landscape texture form, line, color)  
Undisturbed natural 
landscape. 

Natural landscape with 
modifications in harmony 
with surroundings and not 
visually obvious (e.g., 
stock ponds, habitat 
treatments, historic 
structures). 

Character of the natural 
landscape retained. A few 
modifications contrast 
with character of the 
landscape (e.g., fences, 
ditches). 

Character of the natural 
landscape partially 
modified but none 
overpower natural 
landscape (e.g., 
structures, utilities). 

Character of the natural 
landscape considerably 
modified (i.e., 
agriculture, residential, 
airstrips or industrial 
alterations). 

Urbanized developments 
dominate landscape. 

Visitor Facilities  
No structures. Foot/horse 
and water trails only. 

Trails made mostly of 
native materials such as 
log bridges. Structures 
are rare and isolated. 

Maintained and marked 
trails, rustic trailhead 
developments. 

Basic facilities such as 
campsites, restrooms, 
trailheads, and 
interpretive displays. 

Modern facilities such as 
campgrounds, group 
shelters, boat launches, 
and occasional exhibits. 

Elaborate full-service 
facilities such as laundry, 
restaurants, and groceries.  

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
 



Draft Resource Management Plan/Environmental Impact Statement Appendix M 
 Recreation and Visitor Management Framework for SRMAs and ERMAs 

BLM Carlsbad Field Office M-37  

La Cueva Special Recreation Management Area 
Social Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Contacts (average of other groups)  
Fewer than 6 encounters 
on travel routes 

7–15 encounters/day on travel 
routes 

16–29 encounters/day on 
travel routes 

30 or more encounters/day 
on travel routes 

People seem to be 
generally everywhere 

Busy place with other 
people constantly in 
view 

Group Size (average – other than you own)  
Fewer than or equal to 3 
people per group 

4–6 people per group 7–12 people per group 13–25 people per group 26–50 people per group Greater than 50 
people per group 

Evidence of Use  
No alteration of the 
natural terrain. 
Footprints only 
observed. Sounds of 
people are rare. 

Areas of alteration uncommon. 
Little surface vegetation wear 
observed. Sounds of people 
infrequent. 

Small areas of alteration. 
Surface vegetation 
showing wear with some 
bare soils. Sounds of 
people occasionally 
heard. 

Small areas of alteration 
prevalent. Surface 
vegetation gone with 
compacted soils observed. 
Sounds of people regularly 
heard. 

A few large areas of 
alteration. Surface 
vegetation absent with 
hardened soils. Sounds 
of people frequently 
heard. 

Large areas of 
alteration prevalent. 
Some erosion. 
Constantly hear 
people. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
 



Draft Resource Management Plan/Environmental Impact Statement Appendix M 
 Recreation and Visitor Management Framework for SRMAs and ERMAs 

BLM Carlsbad Field Office M-38  

La Cueva Special Recreation Management Area 
Operational Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Public Access (types of public travel allowed)  
Foot, horse, and non-
motorized float boat 
travel. 

Mountain bikes and 
perhaps other mechanized 
use, but all is non-
motorized. 

Four-wheel drive 
vehicles, all-terrain 
vehicles, dirt bikes, or 
snowmobiles in addition 
to non-motorized, 
mechanized use. 

Two-wheel drive vehicles 
predominant, but also 
four-wheel drive vehicles 
and non-motorized, 
mechanized use. 

Ordinary highway 
automobile and truck 
traffic is characteristic. 

Wide variety of street 
vehicles and highway 
traffic is ever-present 

Visitor Services and Information  
No maps or brochures 
available on-site. Staff 
rarely present to provide 
on-site assistance. 

Basic maps, staff 
infrequently present (e.g., 
seasonally, high use 
periods) to provide on-
site assistance. 

Area brochures and maps. 
Staff occasionally present 
(e.g., most weekends) to 
provide on-site 
assistance. 

Information materials 
describe recreation area 
and opportunities. Staff 
periodically present (e.g., 
weekdays and/or 
weekends). 

Information materials 
described to the left. Staff 
regularly present (e.g., 
almost daily). 

Information materials 
described to the left. 
Regularly scheduled on-
site outdoor 
demonstrations and 
clinics.  

Management Controls and Regulations  
No on-site posts/signs of 
visitor regulations, 
interpretive info, or 
ethics. Few use 
restrictions. 

Basic user regulations at 
key access points. 
Minimum use 
restrictions. 

Some regulatory and 
ethics signs. Moderate 
use restrictions (e.g., 
camping, human waste). 

Rules, regulations, and 
ethics clearly posted. Use 
restrictions, limitations, 
and/or closures. 

Regulations strict and 
ethics prominent. Use 
may be limited by permit, 
reservation, etc. 

Enforcement in addition 
to rules to reduce 
conflicts, hazards, and 
resource damage. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Pecos River Corridor Special Recreation Management Area  
This area includes a 0.5-mile corridor of BLM-administered lands along the Pecos River, as well as lands 
surrounding Red Bluff Reservoir. The area emphasizes water-based recreation along the free-flowing 
Pecos River. It provides for semi-primitive motorized recreation opportunities. Lands near Red Bluff 
Reservoir are used for day and overnight use. This area provides recreation opportunities including: 
camping, picnicking, boating, fishing, horseback riding, and wildlife observation. 

Recreation Objective 
Participants in visitor assessments report an average 4.0 realization of the targeted experience and benefit 
outcomes listed below (4.0 on a probability scale where 1 = not at all realized to 5 = totally realized). 

Activities: Fishing, boating, wildlife observation, horseback riding, camping, hiking, and picnicking. 

Experiences: Developing skills and abilities, sharing hobbies and interests with others, reducing stress, 
spending time with friends and family, engaging in physical activity. 

Benefits: Improving mental well-being, developing greater self-reliance, and improving outdoor knowledge 
and self-confidence. 

Land Use Plan Management Actions 
• Manage VRM Class II as VRM Class III 
• Manage as open with major constraints for leasable development 
• Limit travel to designated routes 

Best Management Practices and Guidance for Implementation 
• Designate ROW utility corridors across Pecos (defer to RAMP) 
• Work on developing easements on adjacent private or state land 
• Designate existing two-track trails and restore those that are not designated 
• Develop RAMP to address signs, corrals, trailheads, trail location, facilities, etc. 
• Identify areas for non-motorized boat ramps 
• Prioritize areas for brush control and certified weed treatment 
• Establish artificial nesting structures 
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Pecos River Corridor Special Recreation Management Area  
Physical Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural  
Classification 

Urban  
Classification 

Remoteness (approximate distance from routes)  
More than 0.5 mile from 
either mechanized or 
motorized trails/routes. 

Within 0.5 mile of 
mechanized trails/routes. 

Within 0.5 mile of four-
wheel drive vehicle, all-
terrain vehicle, and 
motorcycle routes 
(Bureau of Land 
Management [BLM] 
identified “Primitive 
Roads” and “Motorized 
Trails”). 

Within 0.5 mile of low-
clearance or passenger 
vehicle routes (BLM 
identified “Roads”) 
(includes unpaved county 
roads and private land 
routes). 

Within 0.5 mile of 
paved/primary roads and 
highways. 

Within 0.5 mile of streets 
and roads within 
municipalities and along 
highways. 

Naturalness (landscape texture form, line, color)  
Undisturbed natural 
landscape. 

Natural landscape with 
modifications in harmony 
with surroundings and not 
visually obvious (e.g., 
stock ponds, habitat 
treatments, historic 
structures). 

Character of the natural 
landscape retained. A few 
modifications contrast 
with character of the 
landscape (e.g., fences, 
ditches). 

Character of the natural 
landscape partially 
modified but none 
overpower natural 
landscape (e.g., 
structures, utilities). 

Character of the natural 
landscape considerably 
modified (i.e., 
agriculture, residential, 
airstrips or industrial 
alterations). 

Urbanized developments 
dominate landscape. 

Visitor Facilities. 
No structures. Foot/horse 
and water trails only. 

Trails made mostly of 
native materials such as 
log bridges. Structures are 
rare and isolated. 

Maintained and marked 
trails, rustic trailhead 
developments. 

Basic facilities such as 
campsites, restrooms, 
trailheads, and 
interpretive displays. 

Modern facilities such as 
campgrounds, group 
shelters, boat launches, 
and occasional exhibits. 

Elaborate full-service 
facilities such as laundry, 
restaurants, and groceries.  

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Pecos River Corridor Special Recreation Management Area 
Social Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Contacts (average of other groups)  
Fewer than 6 encounters 
on travel routes 

7–15 encounters/day on 
travel routes 

16–29 encounters/day on 
travel routes 

30 or more encounters/day 
on travel routes 

People seem to be 
generally everywhere 

Busy place with other 
people constantly in view 

Group Size (average – other than you own)  
Fewer than or equal to 3 
people per group 

4–6 people per group 7–12 people per group 13–25 people per group 26–50 people per group Greater than 50 people 
per group 

Evidence of Use  
No alteration of the 
natural terrain. Footprints 
only observed. Sounds of 
people are rare. 

Areas of alteration 
uncommon. Little surface 
vegetation wear observed. 
Sounds of people 
infrequent. 

Small areas of alteration. 
Surface vegetation 
showing wear with some 
bare soils. Sounds of 
people occasionally 
heard. 

Small areas of alteration 
prevalent. Surface 
vegetation gone with 
compacted soils observed. 
Sounds of people regularly 
heard. 

A few large areas of 
alteration. Surface 
vegetation absent with 
hardened soils. Sounds of 
people frequently heard. 

Large areas of alteration 
prevalent. Some erosion. 
Constantly hear people. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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Pecos River Corridor Special Recreation Management Area 
Operational Recreation Setting Characteristics 

Primitive 
Classification 

Back Country 
Classification 

Middle Country 
Classification 

Front Country 
Classification 

Rural 
Classification 

Urban 
Classification 

Public Access (types of public travel allowed)  
Foot, horse, and non-
motorized float boat 
travel. 

Mountain bikes and 
perhaps other mechanized 
use, but all is non-
motorized. 

Four-wheel drive 
vehicles, all-terrain 
vehicles, dirt bikes, or 
snowmobiles in addition 
to non-motorized, 
mechanized use. 

Two-wheel drive vehicles 
predominant, but also 
four-wheel drive vehicles 
and non-motorized, 
mechanized use. 

Ordinary highway 
automobile and truck 
traffic is characteristic. 

Wide variety of street 
vehicles and highway 
traffic is ever-present. 

Visitor Services and Information  
No maps or brochures 
available on-site. Staff 
rarely present to provide 
on-site assistance. 

Basic maps, staff 
infrequently present (e.g., 
seasonally, high use 
periods) to provide on-
site assistance. 

Area brochures and maps. 
Staff occasionally present 
(e.g., most weekends) to 
provide on-site 
assistance. 

Information materials 
describe recreation area 
and opportunities. Staff 
periodically present (e.g., 
weekdays and/or 
weekends). 

Information materials 
described to the left. Staff 
regularly present (e.g., 
almost daily). 

Information materials 
described to the left. 
Regularly scheduled on-
site outdoor 
demonstrations and 
clinics.  

Management Controls and Regulations  
No on-site posts/signs of 
visitor regulations, 
interpretive info, or 
ethics. Few use 
restrictions. 

Basic user regulations at 
key access points. 
Minimum use 
restrictions. 

Some regulatory and 
ethics signs. Moderate 
use restrictions (e.g., 
camping, human waste). 

Rules, regulations, and 
ethics clearly posted. Use 
restrictions, limitations, 
and/or closures. 

Regulations strict and 
ethics prominent. Use 
may be limited by permit, 
reservation, etc. 

Enforcement in addition 
to rules to reduce 
conflicts, hazards, and 
resource damage. 

 
Existing Recreation Setting Characteristics 

 
Desired Recreation Setting Characteristics 
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MANAGEMENT FRAMEWORKS FOR EXTENSIVE 
RECREATION MANAGEMENT AREAS IN PROPOSED 
RECREATION AREA MANAGEMENT PLAN 
ERMAs are administrative units that require specific management consideration in order to address 
recreation use, demand, or R&VS program investments. ERMAs are managed to support and sustain the 
principal recreation activities and the associated qualities and conditions of the ERMA. ERMA management 
is commensurate and considered in context with the management of other resources and resource uses. 

Alkali Lake Extensive Recreation Management Area 
In the Alkali Lake ERMA the R&VS program should focus on motorized single-track trail recreation activities. 
This area is close to the town of Carlsbad, has trails through the dune vegetative area, and is largely 
undeveloped.  

Land Use Plan Management Actions 
• Open to grazing 
• Manage for full unplanned wildland fire suppression 
• Adhere to COAs for any ROWs proposed in the ERMA (see Appendix C) 

Best Management Practices and Guidance for Implementation 
• R&VS Program: Partner with the City of Carlsbad for trailhead improvements. Adhere to New 

Mexico’s OHV Statutes and Safety Rules as outlined on NMDGF OHV website: http://www.wildlife. 
state.nm.us/ohv/ohv.html and 43 CFR 8341.1. For safety purposes, flags will be required on OHVs. 
All OHV use on public lands must be registered according to state law and regulation. A validation 
decal must be displayed on all OHVs used on public lands. 

• Consider facility development if needed. Develop RAMPs and/or Travel Management Plan to 
identify necessary level of development for trailheads, toilets, gravel parking and signed trails. 
Eventually add kiosks, tables, shelters, and trash receptacles.  

• Develop RAMP to identify necessary level of development for trailheads, toilets, gravel parking, 
and signed trails. Eventually add kiosks, tables, shelters, and trash receptacles. 

• Add signage about H2S hazards in the area, trail utilization, BLM rules and regulations, and post 
on CFO website as outreach 

Hay Hollow Equestrian Trail Extensive Recreation Management 
Area 
In the Hay Hollow ERMA the R&VS program should focus on maintaining equestrian trail activity with a 
secondary focus on other non-motorized uses while protecting cultural resources, soil resources, wildlife, 
and riparian habitat. 

Land Use Plan Management Actions 
• Require Special Recreation Permits for groups over 20 (endurance rides) 
• Require pipelines to be buried 24 inches under all roads and trails and 20 feet to each side within 

the ERMA 
• Locate power poles at least 20 feet off of the trail. Guy wires require reflective markers. 
• Apply COAs for ROWs (see Appendix C) 
• Open to grazing 
• Manage as VRM III 
• Manage under existing mineral designations 
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Best Management Practices and Guidance for Implementation 
• Develop RAMP to address signs, corrals, trailheads, trail location, facilities, etc. 

Pecos River Equestrian Trail Extensive Recreation Management 
Area 
In the Pecos River Equestrian Trail ERMA the R&VS program should focus on maintaining equestrian trail 
activity with a secondary focus on other non-motorized uses while protecting cultural resources, soil 
resources, wildlife, and riparian habitat. 

Land Use Plan Management Actions 
• Require Special Recreation Permits for groups over 20 (endurance rides) 
• Require pipelines to be buried 24 inches under all roads and trails and 20 feet to each side within 

the ERMA 
• Locate power poles at least 20 feet off of the trail. Guy wires require reflective markers. 
• Allow no motorized or mechanized use on single-track portions of the equestrian trail 

Best Management Practices and Guidance for Implementation 
• Designate/construct a new trail in combination with existing trails, excluding the Delaware River portion 
• Develop a RAMP to address signs, corrals, trailheads, trail location, facilities, etc. Use existing trails 

that would be managed or rerouted as needed based on observed resource impact.  
• Do not include a trail along the Delaware River portion and Pecos River portion of the ERMA where 

restoration is occurring. The ERMA trail boundary starts from the Pocket Pasture parking area (128) 
and runs to the Pecos River. 

Square Lake Extensive Recreation Management Area 
In the Square Lake ERMA the R&VS program should focus on maintaining OHV trail activity with a 
secondary focus on other non-motorized uses while protecting cultural resources, soil resources, wildlife, 
and riparian habitat. 

Land Use Plan Management Actions 
• During the lesser prairie-chicken mating season (March 1–June 15) noise restrictions and no 

camping will be in effect. Generators associated with recreation uses will not be allowed in or near 
identified mating areas during booming season.  

• Limit OHV use open on dunes  
• Pipelines must be buried a minimum of 24 inches under all roads and trails and 20 feet to each side 
• COAs for dunes 
• Manage as VRM III 
• Open to grazing 

Best Management Practices and Guidance for Implementation 
• R&VS Program: Partner with the City of Carlsbad for trailhead improvements. Adhere to New 

Mexico’s OHV Statutes and Safety Rules as outlined on NMDGF OHV website: http://www.wildlife. 
state.nm.us/ohv/ohv.html and 43 CFR 8341.1. For safety purposes, flags will be required on OHVs. 
All OHV use on public lands must be registered according to state law and regulation. A validation 
decal must be displayed on all OHVs used on public lands. 

• Designate a parking lot 
• Develop a RAMP and/or Travel Management Plan to address to address signs, corrals, trailheads, 

trail location, facilities, etc. Use existing trails that would be managed or rerouted as needed based 
on observed resource impact.  

• Install signs with generator use conditions and place in key areas within the ERMA  
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Wild and Scenic Rivers Study Report 

The following study report summarizes the information contained with the Bureau of Land Management 
(BLM) Carlsbad Field Office (CFO) Wild and Scenic Rivers (WSR) Eligibility and Suitability Reports, which 
follow this summary. To avoid duplication of information, references and citations are provided below to 
direct the reader to the original reports where the requested information can be found. This report satisfies 
the requirements outlined in BLM Manual 6400, Illustration 5 – Summary Information Document. Per BLM 
Manual 6400, the report is an essential element of the land use plan WSR appendix.  

Study Area Summary 

A map of the study area can be found on page 3 of the WSR Eligibility Report and pages 15–16 of the WSR 
Suitability Report. Table N.1 summaries the river segments included in the WSR study process. 

Table N.1. Rivers Identified for Eligibility Evaluation 

River Name Legal Description 
River Miles 

Studied Eligible* 

Black River Headwaters to T. 25. S. R. 24 E. Sec. 25 3.67 3.67 

Delaware River Texas State Line to confluence with the Pecos River 8.54 8.54 

Pecos River Segment 1 T. 24 S. R. 29 E.; Sec. 27, 33, & 34 2.4 0 

Pecos River Segment 2 
T. 25 S. R. 29 E., Sec. 7 & 18;  

T. 25 S. R. 28 E., Sec. 13, 24, & 25 
7.12 0 

Pecos River Segment 3 
T. 26 S. R. 28 E., Sec. 1 to confluence with the 

Delaware River 
5.53 0 

Rio Peñasco 
T17S R21E, Sections 22 & 23; 

T18S R23E, Section 5 
0.3 0 

*Segment length includes non-BLM managed lands.

Eligibility 

Table N.2 summarizes the eligibility determination findings for the evaluated river segments. The Black, 
Delaware, and Pecos River segments meet the criteria for free-flowing. Details about the free-flowing 
evaluations are contained on page 4 of the WSR Eligibility Report. The Rio Peñasco segment is ephemeral; 
therefore, the segment was dropped from further consideration in the eligibility report (see page 2 of the 
WSR Eligibility Report). 

Detailed evaluations of the outstanding remarkable values (ORVs) are identified for each river segment on 
pages 4–11 of the WSR Eligibility Report and pages 5–9 of the WSR Suitability Report.  
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Table N.2. Summary of Eligibility Determination Findings 
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Black River 3.67 3.67 Y X X X X Y 

Delaware 
River 

8.54 8.22 Y X X X X Y 

Pecos River 
Segment 1 

2.4 2.4 Y N 

Pecos River 
Segment 2 

7.12 6.44 Y N 

Pecos River 
Segment 3 

5.53 4.04 Y N 

Classification 

The Black River has a tentative classification as a Recreation River Area. The Delaware River has a 
tentative classification as a Scenic River Area. See page 12 of the WSR Eligibility Report for additional 
details.  

Suitability 

Land Ownership and Land Uses 

Black River – The BLM manages approximately 1,029.7 surface acres (79.4%) within the proposed Black 
River corridor. Private landowners own 193.3 acres (14.9%), the State of New Mexico owns 72.2 acres 
(5.6%), and less than 1 acre is part of the Carlsbad Caverns National Park (less than 1%). Much of the 
federal surface estate within the Black River Corridor is already designated as a Special Recreation 
Management Area (SRMA), the Cottonwood Day Use Area. 

Delaware River – The BLM manages approximately 2,221.5 acres (81.1%) within the proposed Delaware 
River corridor. Private landowners own 70.5 acres (2.6%) and the State of New Mexico owns 446.8 acres 
(16.3%). 

Mineral and Energy Resource Activities 

Black River – The Black River segment has low potential for oil development based on the CFO 
Reasonable Foreseeable Development (RFD) scenario (BLM and New Mexico Tech 2013). Consequently, 
the river corridor is not part of an active area for subsurface development. A portion of the corridor is part 
of a gas storage lease that further restricts surface development. 

Delaware River – The Delaware River has high potential for development, in large part because it is located 
along an active natural gas shale play and has significant subsurface mineral potential. The State of New 
Mexico is currently developing natural gas within a shale play adjacent to the river corridor. This 
development would likely increase noise and dust along the river corridor. There is also a gravel pit within 
the Delaware River corridor that is operated by a private mineral owner.  
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Water Resources Development 

Black River – The Black River has a small dam for diversion of water into an irrigation ditch. The dam was 
privately constructed prior to 1950 and cemented by the New Mexico Department of Game and Fish during 
the 1950s. Sixty acre-feet of water a year, or 19.5 million gallons, are diverted by the BLM to water nearby 
fields for wildlife use. This feature does not disqualify the river from being free-flowing because it has a 
minor effect on the natural flow of the river and the riverbank vegetation. There are no other modifications 
to the river flows. There is no potential for the river segment to be used for hydroelectric power production. 

Delaware River – A dam was constructed along the Delaware River in 1922; however, it breeched in 1938. 
Although there is evidence of the dam along the bank, the instream structures have since been removed 
and do not modify the flow of the Delaware River. There is no potential for the river segment to be used for 
hydroelectric power production. 

Transportation, Facilities, and Other Developments 

Black River – There are no major roads, facilities, or other developments within the Black River corridor. 
Small county-maintained and access roads for energy development do occur within the corridor. 
Developments and trails associated with the Cottonwood Day Use Area SRMA include approximately 5.3 
miles of trail, parking area, wildlife viewing platform, picnic tables, and restrooms.  

Delaware River – U.S. Highway 285 is the largest road within the Delaware River corridor. Small county-
maintained and access roads for energy development also occur. No other notable facilities or other 
developments occur within the studied corridor.  

Recreation Activities 

Black River – Existing recreational uses include swimming, fishing, hunting, and wildlife observation, 
particularly at the Cottonwood Day Use Area; however, that use is local in nature. Some equestrian use 
occurs along the shoreline. The recreational opportunities are not unusual enough to attract visitors to the 
geographic region. Visitors have not typically traveled long distances to use the river resources for 
recreational purposes. Potential expansion of existing recreation opportunities could occur in the corridor.  

Delaware River – The Delaware River is used for camping, hiking, fishing, wildlife watching, picnicking, 
and swimming; however, most of the use is local. The recreational opportunities are not unusual enough to 
attract visitors to the geographic region. Visitors have not typically traveled long distances to use the river 
resources for recreational purposes. There are no plans to expand the recreational opportunities in the 
corridor at this time.  

Other Resource Activities 

Black River – The Black River corridor has four grazing allotments within its boundaries. 

Delaware River – The Delaware River corridor has two grazing allotments within its boundaries. 

Special Areas 

Black River – Other than the Cottonwood Day Use Area SRMA, identified above, there are no special 
areas within the Black River corridor.  

Delaware River – There are no designated special areas within the Delaware River corridor. 

Socioeconomic Environment 

There are no communities located within either the Black River or Delaware River corridors. The closest 
major community to both corridors is Carlsbad, New Mexico, approximately 15 miles from the Black River 
corridor and 30 miles from the Delaware River corridor.  
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In general, the southeast portion of the state, where the river corridors are located, is relatively affluent for 
a rural part of the state. Statewide income and wage averages are usually dominated by the major 
population centers (Albuquerque and Santa Fe in New Mexico), where wages and earnings are higher. But 
this region generally compares favorably to the statewide averages. 

The socioeconomic study area (SESA) economy is very much dominated by resource extraction. The 
percentage of jobs in the mining sector is very high, and—bearing in mind the relatively high multipliers 
associated with these types of jobs—the proportion of the economy supported by extractive industries is 
substantial. This type of situation is often associated with high wages (and strong fiscal conditions), but can 
sometimes result in a region also being quite vulnerable to “booms and busts.”  

Of the activities occurring on CFO-managed lands, cattle grazing and resource extraction have the most 
significant economic impact on the SESA. However, recreational opportunities—specifically hunting and 
off-highway vehicle (OHV) use—also provide important socioeconomic benefits for the SESA. Recreation 
visits to CFO-managed lands averaged 99,393 annually between 2007 and 2011. Approximately 80% of 
all visits in 2011 were classified by the BLM as “dispersed use,” meaning that they could not be attributed 
to specific sites or recreation areas. Dispersed use may include a variety of recreation activities such as 
camping, hiking, OHV use, and other activities. Of the remaining 20% of visits that were made to specific 
sites, the most popular sites were the Black River and the Hackberry Lake OHV area. 

Current Administration and Funding Needs if Designated 

Black River – Acquiring private surface lands adjacent to this segment is not necessary under current 
private land ownership and management. If private ownership or management practices were changed to 
the detriment of the ORVs, acquisition of lands could become necessary. The cost of administering the 
segment if designated would be minimal under current ownership and management of adjacent private 
lands does not affect the ORVs identified for the segment. No detailed cost analysis or estimate was 
prepared as part of this study. 

Delaware River – Acquiring private lands adjacent to this segment is not necessary under current private 
landownership and management. If private ownership or management practices were changed to the 
detriment of the ORVs, acquisition of lands could become necessary. In addition, state lands are currently 
being developed for oil and gas along the river corridor. The development currently occurring on these 
lands are not compatible with the ORVs along this segment. If additional impacts to the river corridor and 
the ORVs from mineral development begin to occur, the BLM may seek to acquire private mineral rights 
along the corridor to protect the ORVs. The BLM does not have ability to acquire state lands along the river 
corridor. The cost of administering the segment if designated would be minimal under current ownership 
and management of adjacent private lands does not affect the ORVs identified for the segment. No detailed 
cost analysis or estimate was prepared as part of this study. 

Suitability Factor Assessment 

The detailed assessment of the suitability factors for each eligible river segment can be found on pages 
17–23 of the WSR Suitability Report.  

Land Use Planning Alternatives 

A detailed description of the alternatives considered in the Resource Management Plan (RMP) can be 
found in Chapter 2. Table N.3 provides a brief summary of the alternatives as they related to WSR 
recommended designations.  

Each alternative considered in the RMP has a theme to address planning issues identified during the 
internal and external scoping process. The themes for each alternatives are as follows: 

• The No Action Alternative would be a continuation of the existing management under the current
Carlsbad RMP 1988, as amended in 1997 and 2008.

• Alternative A has been developed to address watershed management and restoration-related
planning issues. This alternative would allow development in existing leased/developed areas, but
would use restoration as a tool to avoid the net loss of natural resources. This alternative focuses
on the restoration of previous surface disturbance before new disturbance occurs.
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• Alternative B has been developed to address resource user or resource use conflicts related to
leasable mineral development, recreation, and watershed management. This theme would address
the resource user or resource use conflicts by geographically separating conflicting uses to the
extent possible. This alternative would include resource focus areas where certain resource
users/uses are prioritized over other resource users/uses occurring in the same general area.

• Alternative C would rely on management restrictions and/or direction to address resource conflict
rather than geographic separation of uses or focused use or preservation areas. Competing uses
and resource values would continue to occur in the same areas.

• Alternative D would address leasable mineral development, lands and realty, and recreation issues
within the mandates of existing laws and regulations without additional restrictions.

Table N.3. Summary of Land Use Plan Decisions, by River Corridor and Alternative 

Alternative Black River Delaware River 

No Action 

Alternative 

The Black River is not managed as part of the National 
Wild and Scenic River System (NWSRS). The area 
would be managed with the following prescriptions: 

• The Black River would be managed as eligible for
the NWSRS until suitability is evaluated

• Leasables: NSO

• Salables: Closed

• Locatables: Recommended for withdrawal

• Renewables: Closed or excluded

• VRM: Class III

• Travel: Limited to existing

• ROWs: Avoid

• Grazing: Closed

The Delaware River is not managed as part 
of the NWSRS. The area would be 
managed with the following prescriptions: 

• The Delaware River would be managed
as eligible for the NWSRS until
suitability is evaluated

• Leasables: NSO

• Salables: Closed

• Locatables: Recommended for
withdrawal

• Renewables: Closed or excluded

• VRM: Class II (7.3 miles, upper stretches),
Class IV (1.2 miles, lower stretch)

• Travel: Limited to existing

• ROWs: Avoid

Alternative A The Black River would be recommended as suitable 
for inclusion in the NWSRS with a tentative 
classification of recreational river area. The area 
would be managed with the following prescriptions: 

• Leasables: Closed

• Salables: Closed

• Locatables: Recommend for withdrawal

• Renewables: Excluded

• VRM: Class II

• Travel: Limited to existing

• ROWs: Excluded

• Grazing: Closed

The Delaware River - Segment 1 - (8.22 
miles) would be recommended as suitable 
for designation in the NWSRS with a 
tentative classification of a scenic river 
area. The following management 
prescriptions would apply:  

• Leasables: Closed

• Locatables: Recommend for withdrawal

• Renewables: Excluded

• VRM: Class II

• Travel: Limited to existing

• ROWs: Exclude

Alternative B Same as Alternative A. The Delaware would not be recommended 
as suitable for inclusion in the NWSRS. 
The area would be managed with the 
following prescriptions: 

• Leasables: Open with major constraints

• Salables: Closed

• Locatables: Recommended for
withdrawal

• Renewables: Avoid

• VRM: Class III

• Travel: Limited to existing

• ROWs: Avoid

Alternative C Same as Alternative A. Same as Alternative B. 

Alternative D Same as Alternative A, except managed as open with 
major constraints for leasable mineral development. 

Same as Alternative B. 
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Preliminary Suitability Determination for the Approved Plan 

Each of the two individual eligible segments was evaluated to assess whether it would be suitable for 
inclusion in the National Wild and Scenic River System (NWSRS). The determination was made based on 
the suitability criteria factors described in the Carlsbad Field Office Wild and Scenic Rivers Suitability Report 
(included in this appendix). When the Draft RMP is published, the public will have 90 days to comment on 
the draft suitability determinations. 

Preliminary Determination for the Black River 

The Black River has been preliminarily determined to be suitable as a WSR with a tentative classification 
as recreational. The determination is based on the rare characteristics and values represented by the river 
segment, including the active geologic processes along the river system, the current status of land 
ownership of the segment (80% federal ownership), the low cost of administering the segment, and the 
potential enhancement of the Cottonwood Day Use Area if the area were included in the NWSRS.  

Preliminary Determination for the Delaware River 

The Delaware River has been preliminarily determined to be suitable as a WSR with a tentative 
classification as scenic. The determination is based on the rare characteristics and values represented by 
the river segment, including cultural and paleontological resources located along the river system, the 
current status of land ownership of the segment (81% federal ownership), the low cost of administering the 
segment, and the existing support for the designation by the New Mexico Wilderness Association.  

Wild and Scenic Rivers Eligibility Determination 

Introduction and Summary of Findings 

Congress enacted the Wild and Scenic Rivers Act (WSRA; 16 USC 1271-1287) on October 2, 1968, to 
protect certain selected rivers with their immediate environments in a free flowing state for the benefit of 
present and future generations. Section 5 (d) (1) of the WSRA directs Federal land management agencies 
to consider potential Wild and Scenic Rivers (WSRs) in their land and water planning processes, stating, 
“In all planning for the use and development of water and related land resources, consideration shall be 
given by all Federal agencies involved to potential national wild, scenic and recreational river areas.”  

The Wild and Scenic Rivers Study Process 

The BLM evaluates identified river segments for their eligibility and suitability for WSR designation through 
its RMP process (BLM, 1993, p. 10). WSR studies consist of the following steps:  

• Eligibility Determination: An inventory of river features is conducted to determine which rivers
are eligible (meet the required standards) to be added to the National Wild and Scenic River System
(NWSRS).

• Tentative Classification: All eligible river segments are tentatively classified as wild, scenic, or
recreation.

• Suitability Determination: BLM evaluates eligible river segments in the RMP process and then
recommends whether or not rivers should be protected by Congress through inclusion in the
(NWSRS).

River segments are only added to the NWSRS through an act of Congress or by an act of the legislature 
of the State upon submission by the Governor and approval by the Secretary of the Interior.  

The Bureau of Land Management (BLM) Carlsbad Field Office (CFO) is revising their Resource 
Management Plan (RMP) and Environmental Impact Statement (EIS), which will provide a single, 
comprehensive land use plan to guide future management of public land administered by the CFO. This 
report documents the identification of rivers and river segments to be evaluated for inclusion in the NWSRS, 
and the eligibility determination and tentative classification for those rivers and river segments.  
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The steps used for WSR eligibility evaluation are: 

• Identification of which rivers and river segments to include in the evaluation;

• Evaluation of rivers and river segments for free-flowing status;

• Evaluation of rivers and river segments for the presence of outstandingly remarkable values; and

• Determination of the tentative classification of rivers as wild, scenic, or recreational.

Summary of Findings 

Table N.4 displays a summary of the eligibility determination findings. 

Table N.4. Summary of Eligibility Determination Findings 
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Black River 3.67 3.67 Y X X X X Y 

Delaware River 8.54 8.22 Y X X X X Y 

Pecos River Segment 1 2.38 2.38 Y N 

Pecos River Segment 2 7.12 6.44 Y N 

Pecos River Segment 3 5.53 4.03 Y N 

Identification 

The WSRA defines a river as “a flowing body of water or estuary or a section, portion, or tributary thereof, 
including rivers, streams, creeks, runs, kills, rills, and small lakes.”  

The following resources were used to identify rivers to be included in the study process: 

• Rivers or river segments identified in an official publication or list of another agency or river support
organization,

• The 1970 United States Department of Agriculture and United States Department of Interior List, and

• The Nationwide Rivers Inventory List (BLM 1993, p. 13).

• None of these sources identified any rivers or river segments located in the CFO.

Other sources of information used to identify rivers to be included in the study process included: 

• The Outstanding Rivers List compiled by American Rivers, Inc.;

• Published guidebooks, regional guides, and inventories;

• River segments identified in Statewide Comprehensive Outdoor Recreation Plans;

• River segments officially identified by State or local government agencies as being in the public
interest for river protection; and

• River segments identified in public scoping during the RMP process.

• The New Mexico Wilderness Alliance nominated the Delaware River for inclusion in the NSWSR
in their scoping comment received in August 2010.

• Ephemeral waterways, which contain water only in response to local precipitation events, were not
inventoried for eligibility; however, intermittent streams, which contain a predictable seasonal flow
of water, were included in the inventory.



Draft Resource Management Plan/Environmental Impact Statement Appendix N 
Wild and Scenic Rivers 

BLM Carlsbad Field Office N-10  

Geographic Information System (GIS) layers were used to identify perennial and intermittent rivers and 
streams. Four rivers fit this criteria: the Black, Delaware, Rio Penasco, and Pecos Rivers. These rivers were 
examined to determine land ownership and whether the river should be segmented for study. The rivers 
were carried forward or dropped from consideration as follows: 

• Black River: The Black River flows above ground near the headwaters and then drops below ground
shortly after leaving BLM-managed land. Any above-ground flow after this point is ephemeral. Thus,
the segment carried forward for evaluation represents the only above-ground perennial or intermittent
flow on BLM-managed land. The segment for evaluation begins at the headwaters spring and ends
at the point where the segment leaves BLM jurisdiction and enters private land ownership.

• Delaware River: The entire stretch of the Delaware River is perennial and was carried forward for
evaluation.

• Rio Penasco: The Rio Penasco is ephemeral and only 0.3 miles of it flows through BLM-managed
lands, so this river was dropped from further consideration.

• Pecos River: The Pecos River has perennial flows. It was divided into three segments in response
to significant changes in land status (BLM 1993, p. 14).

Table N.5 displays the river segments identified to be evaluated for their eligibility for inclusion in the 
NWSRS. 

Table N.5. Rivers Identified for Eligibility Evaluation 

River Name 
Reason for  

Consideration 

Segment 

Description 

Total 

Length 

(miles) 

Total BLM 

Jurisdiction 

(miles) 

Black 

River 

Identified in public scoping 

during the RMP process 

Headwaters to T. 25. S. R. 24 E. Sec. 25 
3.67 3.67 

Delaware 

River 
GIS layers 

Texas State Line to confluence with the 

Pecos River 
8.54 8.22 

Pecos River 

Segment #1 
GIS layers 

T. 24 S. R. 29 E.; Sec. 27, 33, & 34 
2.4 2.4 

Pecos River 

Segment #2 
GIS layers 

T. 25 S. R. 29 E., Sec. 7 & 18; T. 25 S. 

R. 28 E., Sec. 13, 24, & 25 
7.12 6.44 

Pecos River 

Segment #3 
GIS layers 

T. 26 S. R. 28 E., Sec. 1 to confluence 

with the Delaware River 
5.53 4.04 
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Figure N.1. River Segments Evaluated for Eligibility under the Wild and Scenic Rivers Act
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Evaluation 

Eligibility 

Free-Flowing 

Free-flowing is defined by Section 16(b) of the WSRA as “existing or flowing in natural condition without 
impoundment, diversion, straightening, rip-rapping, or other modification of the waterway.” BLM Manual H-
8351 further clarifies that the existence of small dams, diversion works, or other minor structures at the time 
the river segment is being considered does not automatically disqualify it for consideration as a potential 
addition to the NWSRS. In addition, the existences of impoundments above or below the segment, existing 
minor dams, and diversion structures within the study reach does not make a segment ineligible (BLM, 
1993, p. 15-16). 

Black River 

The Black River has a small dam for diversion of water into an irrigation ditch. The dam was privately 
constructed prior to 1950 and cemented by the New Mexico Department of Game and Fish during the 
1950s. Sixty acre feet of water a year, 19.5 million gallons, are diverted by BLM to water nearby fields for 
wildlife use. This feature does not disqualify the river from being free-flowing because it has a minor effect 
on the natural flow of the river and the riverbank vegetation. There are no other modifications to the river 
flows. The Black River meets the criteria for free-flowing. 

Delaware River 

A dam was constructed along the Delaware River in 1922; however, it breeched in 1938. Although there is 
evidence of the dam along the bank, the instream structures have since been removed and do not modify 
the flow of the Delaware River. The Delaware River meets the criteria for free-flowing. 

Pecos River 

The Pecos River is dammed by the Upper Tansil Dam and Lower Tansil Dam upstream of the river 
segments being evaluation for eligibility. This does not affect the free-flowing nature of the segments. All 
segments of the Pecos River meet the criteria for free-flowing. 

Outstandingly Remarkable Values 

Black River 

Scenic Values 

Scenic quality ratings were conducted at two locations along the Black River. Both locations received a 
rating of A.  

At the first location, the Black River has distinct pools as a result of collapsing features at the bottom of 
rolling gypsum hills. The blue/green color of the pools contrasts with the earth tones of surrounding 
vegetation and soils. Vegetation densely covers the low hills with a variety of grasses, shrubs, and even 
trees.  

At the second location, the Black River presents a flat river bottom area that contains a deep, clear, pristine, 
gently flowing river. Some minor rolling hills appear in places. Lush river bank vegetation contrasts with 
sparser gypsum soil vegetation in the near distance. Scattered cottonwood clumps provide strong vertical 
lines to the riparian area. The water is clear enough to see the river bottom vegetation. There is a yellow 
visitor deck that provides a viewing structure to the surrounding area.  

Such views are not common in the geographic region. Scenic values qualify as an outstandingly remarkable 
value for the Black River. 
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Recreational Values 

The Black River is used for swimming, fishing, hunting, and wildlife observation, particularly at the 
Cottonwood Day Use Area; however, that use is local in nature. Some equestrian use occurs along the 
shoreline. The recreational opportunities are not unusual enough to attract visitors to the geographic region. 
Visitors have not typically travelled long distances to use the river resources for recreational purposes. 
Recreational values do not qualify as an outstandingly remarkable value for the Black River. 

Geological Values 

The Black River is located in the Castile formation consisting mainly of anhydride and gypsum deposits. 
The headwaters of the Black River originate from the alluvium and Capitan Reef Talus of the Guadalupe 
Mountain chain. Erosional processes in the valley associated with the Black River are solutional in nature; 
the river does not erode into the bed rock, instead the bedrock collapse preceeds the river formation.  

The addition of water to anhydrite changes it to gypsum. The gypsum then dissolves into water. This water 
aids in the collapse of bedrock, creating voids. This active process is occurring within the Black River Valley. 
This process has created discernable sink holes in the headwaters of the Black River. This process is 
hypogenetic, meaning occurring from below the surface, and is not erosional by nature. Through time, this 
series of sink holes connected downstream and formed the Black River Valley.  

This process has also created the water quality and water chemistry associated with the dissolution of 
anhydrite and gypsum-the water is saturated with respect to calcium sulfate. This saturated water on 
occasion precipitates out as selenite crystals downstream from the head waters. A similar process is 
thought to have formed the ancestral Pecos River, some 400 to 600 years ago.  

While this type of geologic process is the same as what formed the Pecos and Delaware Rivers, the fact it 
is still occurring is rare within the geographic region. Geological values are an outstandingly remarkable 
value for the Black River. 

Fish Values 

Several spring-fed pools within the area comprise the headwaters of the Black River, the source of which 
is the highly calcium-charged Capitan Aquifer. The river is characterized by a series of deep, elongated 
pools interconnected by a shallow, narrow stream with a perennial surface flow in a normal precipitation 
year. The Black River provides exceptionally high quality habitat for fish species indigenous to the region, 
including the Green Sunfish (Lepomis cyanellus), and Longear Sunfish (Lepomis megalotis).  

Several special status species are known to occupy the Black River. The Headwater Catfish (Ictalurus 
lupus) is a US Fish and Wildlife Service (USFWS) Species of Concern, BLM Sensitive Species, and a State 
of New Mexico Species of Greatest Conservation Need. This species occupies clear temperate waters 
generally with a moderate gradient. In addition, State of New Mexico listed species included two 
Endangered fishes, Gray Redhorse (Moxostoma congestum) and Blue Sucker (Cycleptus elongates), and 
four Threatened species, Mexican Tetra (Astyanax mexicanus), Rainwater Killifish (Lucania parva), 
Greenthroat Darter (Ethestoma lepidium) and Roundnose Minnow (Dionda episcopa). 

Fish values qualify as an outstandingly remarkable value for the Black River. 

Wildlife Values 

The riparian habitat associated with the Black River supports 11 known riparian-obligate species. Riparian 
obligate species are species that place more than 90% of their nests in riparian vegetation or for which 
more than 90% of their abundance occurs in riparian vegetation during the breeding season. Without 
riparian vegetation in good ecological condition, these species will not occur in this area.  

Fourteen riparian-dependent species occupy the Black River riparian area. These are species that place 
60% to 90% of their nests in riparian vegetation or for which 60% to 90% of their abundance occurs in 
riparian vegetation during the breeding season. A 2006/2007 inventory of breeding birds along the Black 
River resulted in a total of 72 avian species.  
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The Yellow-billed Cuckoo (Coccyzus americanus occidentalis), a USFWS Species of Concern and State of 
New Mexico Species of Greatest Conservation Need was record during the survey. The Yellow-billed 
cuckoo is a riparian obligate that has experienced significant declines in recent decades, particularly in the 
western United States. In New Mexico, the species is found in riparian zones with dense understory 
vegetation, most commonly in the south and along major drainages. It is vulnerable to loss, fragmentation, 
and degradation of riparian habitat, and to broad-scale clearing of exotic vegetation along the Pecos River 
where nesting in salt cedar is common.  

The Bell’s Vireo (Vireo bellii) is a USFWS Species of Concern, State of New Mexico Threatened species, 
and Species of Greatest Conservation Need. Bell's Vireo a riparian obligate has experienced significant 
declines and loss of local populations in several portions of its range, including the southwest United States. 
In many locations, including New Mexico, it suffers low productivity due to brood parasitism by Brown-
headed Cowbirds, which in turn may be a consequence of habitat alteration. 

The Western River Cooter (Pseudemys gorzugi) is a State of New Mexico Threatened species and Species 
of Greatest Conservation Need. In New Mexico, the species appears to be uncommon within its restricted 
range; however, populations have likely declined. This is a result of degradation of habitat through stream-
dewatering, loss of vegetation, and pollution (Schmitt et al. 1985). 

Four State of New Mexico Species of Greatest Conservation need are known to occur within the Black 
River segment: the Barking Frog (Craugastor augusti), Rio Grande Leopard Frog (Rana berlandien), Plain-
bellied Watersnake (Nerodia erythrogaster; State of New Mexico Endangered species), and Western 
Ribbon Snake (Thamnophis proximus; State of New Mexico Threatened species).  

Wildlife values qualify as an outstandingly remarkable values for the Black River. 

Cultural Values 

The river segment and corridor do not contain known sites that are rare, have unusual characteristics, or 
have exceptional human-interest values. Cultural values do not qualify as an outstandingly remarkable 
value for the Black River. 

Historical Values 

The river segment and corridor do not contain known sites or features associated with a significant event, 
and important person, or a cultural activity of the past that was rare or unusual in the region. Historical 
values do not qualify as an outstandingly remarkable value for the Black River. 

Other Similar Values 

No similar values were identified for the Black River. 

Delaware River 

Scenic Values 

Scenic quality ratings were conducted at two locations at the Delaware River resulting in ratings of C and 
B, respectively.  

At the first location, the Delaware River flows through a V-shaped ditch. Vegetation provides a variety of 
colors, textures, and lines as it goes from thicker mat-forming grasses to bunch grasses intermixed with 
shrubs and trees. Vegetation is interspersed with river gravel and sand. The old dam dominates the view. 

At the second location, the Delaware River winds through the bottom of a 30-foot drainage. Vegetation 
provides a variety of shapes and sizes, varying from low grasses to cottonwoods. Dead cottonwoods 
provide evidence of previous floods. Colors remain earth tones, with varying greens, whites, and yellows 
dominating the landscape. Views are limited to the immediate area by the drainage.  

Scenic values do not qualify as an outstandingly remarkable value for the Delaware River. 
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Recreational Values 

The Delaware River is used for camping, hiking, fishing, wildlife watching, picnicking, and swimming; 
however, most of the use is local. The recreational opportunities are not unusual enough to attract visitors 
to the geographic region. Visitors have not typically travelled long distances to use the river resources for 
recreational purposes. Recreational values do not qualify as an outstandingly remarkable value for the 
Delaware River. 

Geological Values 

The Delaware River was formed by the same process that formed the Black River; however, this process 
is no longer active. Now, the Delaware River occurs in a typical drainage pattern as it flows into the Pecos 
River. The Delaware River does not contain an example of a geologic feature, process, or phenomenon 
that is rare, unusual, or unique to the geographic region. Geologic values do not qualify as an outstandingly 
remarkable value for the Delaware River. 

Fish Values 

The Delaware River is fed by a series of lesser drainages originating from the limestone foothills of the 
Guadalupe Escarpment in Texas. The river is characterized by a series of deep, elongated pools 
interconnected by shallow, narrow runs with a perennial surface flow in normal precipitation years. The 
Delaware River has a considerably higher proportion of native species as compared to introduced species 
in the system. During a 2008 fish survey of the Delaware River, 98% of the total catch was comprised of 
native species. 

Eight families of fish are known to be present in the river. The families are as follows: Clupeidae (herrings), 
Cyprinidae (carps & minnows), Catostomidae (suckers), Characidae (tetras), Ictaluridae (catfish), 
Cyprinodontidae (killifishes), Poeciliidae (livebearers) and Centrarchidae (sunfishes).  

Two special status species are known to occupy the Delaware River. The Mexican Tetra (Astyanax 
Mexicanus), a State of New Mexico Threatened species and Species of Greatest Conservation Need, is 
the only characid occurring naturally in the United States. In New Mexico, this species is now restricted 
largely to its key habitat areas, which are Blue Spring and the Delaware River (Sublette 1975). New Mexico 
constitutes the northern limits of the native distribution of this species.  

The Headwater Catfish (Ictalurus lupus) and Channel Catfish (Ictalurus punctatus) occur within the 
Delaware River (McClure-Baker, et al., 2010). The Headwater Catfish is a USFWS Species of Concern, 
BLM Sensitive Species, and a State of New Mexico Species of Greatest Conservation Need. These two 
species are known to hybridize and only two pure populations of headwater catfish remain (McClure-Baker 
et al. 2010). The Delaware River represents a possible conservation opportunity to secure a third population 
of headwater catfish since the species still occurs in this river. The species occupies clear temperate waters 
generally with a moderate gradient. 

Fish values qualify as outstandingly remarkable values for the Delaware River. 

Wildlife Values 

The riparian habitat associated with the Delaware River supports five known species of riparian obligate 
species. Riparian obligate species are species that place more than 90% of their nests in riparian vegetation 
or for which more than 90% of their abundance occurs in riparian vegetation during the breeding season. 
Without riparian vegetation in good ecological condition, these species will not occur in this area. Ten 
riparian dependent species occupy the Delaware riparian area. These are species that place between 60% 
and 90% of their nests in riparian vegetation or for which between 60% and 90% of their abundance occurs 
in riparian vegetation during the breeding season.  

A 2006/2007 inventory of breeding birds along the Delaware River identified 51 avian species. The Yellow-
billed Cuckoo (Coccyzus americanus occidentalis), a USFWS Species of Concern and State of New Mexico 
Species of Greatest Conservation Need, was record during the survey. Yellow-billed Cuckoo is a riparian 
obligate that has experienced significant declines in recent decades, particularly in the western United 
States. In New Mexico, the species is found in riparian zones with dense understory vegetation, most 
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commonly in the south and along major drainages. It is vulnerable to loss, fragmentation, and degradation 
of riparian habitat. For example, nesting habitat in salt cedar along the Pecos River has decreased recently 
due to broad-scale clearing of exotic vegetation.  

The Bell’s Vireo (Vireo bellii) is a USFWS Species of Concern and a State of New Mexico Threatened and 
Species of Greatest Conservation Need. Bell's Vireo a riparian obligate has experienced significant declines 
and loss of local populations in several portions of its range, including the southwest United States. In many 
locations, including New Mexico, it suffers low productivity due to brood parasitism by Brown-headed 
Cowbirds, which in turn may be a consequence of habitat alteration. 

Wildlife values qualify as outstandingly remarkable values for the Delaware River. 

Cultural Values 

Native Americans have identified the Delaware River as being important to them. Cultural values qualify as 
an outstandingly remarkable value for the Delaware River. 

Historical Values 

The river segment and corridor do not contain known sites or features associated with a significant event, 
and important person, or a cultural activity of the past that was rare or unusual in the region. Historical 
values do not qualify as an outstandingly remarkable value for the Delaware River. 

Other Similar Values 

Pleistocene mammoth and bison bones have been recovered along the eroding banks of the Delaware 
River. In 1999, paleontologists from the BLM and the New Mexico Museum of Natural History removed a 
10,000- to 20,000-year-old mammoth tusk from the bank of the Delaware River. Other paleontology 
exposures along the river have been reported. Although the area is mapped as Potential Fossil Yield Class 
II, the entire length of the Delaware River is known to have a high potential for fossils. A BLM archaeologist 
recently observed paleontological deposits that appear to be in the same vicinity where the 1999 excavation 
occurred. This is unique within the geographic region and provides educational and scientific opportunities. 
Paleontological values qualify as an outstandingly remarkable value for the Delaware River. 

Pecos River Segment #1 

Scenic Values 

A scenic quality rating was conducted for this segment of the Pecos River, resulting in a Scenic Quality 
Rating of C. The river flows through a sandy ditch of red and tan soils. The river is slow-moving and contains 
stagnant green and brown water. Livestock use is evident along the banks. Green salt cedar and yellow 
kochia dominate the banks. Scenic values do not qualify as an outstandingly remarkable value for the Pecos 
River Segment #1. 

Recreational Values 

Recreation along the Segment #1 of the Pecos River consists primarily of hunting and some equestrian 
use. Recreational opportunities are not unusual enough to attract visitors to the geographic region. 
Recreational values do not qualify as an outstandingly remarkable value for the Pecos River Segment #1. 

Geological Values 

The Pecos River was formed by the same process that formed the Black River; however, this process is no 
longer active. Now, the Pecos River occurs in a typical drainage basin. The Pecos River does not contain an 
example of a geologic feature, process, or phenomenon that is rare, unusual, or unique to the geographic 
region. Geologic values do not qualify as an outstandingly remarkable value for the Pecos River Segment #1. 
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Fish Values 

The Pecos River contains a large number of non-native and introduced species, including carp and walleye. 
In addition, the overall water chemistry does not lend itself to a sustainable, diverse warm water fishery. 
The Pecos River Segment #1 does not contain any wild or unique stocks, or populations of State, federally 
listed, or candidate, threatened, or endangered species. Fish values do not quality as an outstandingly 
remarkable value for the Pecos River Segment #1. 

Wildlife Values 

Large portion of the bank of the Pecos River are denuded of vegetation resulting in the absence of nesting 
structure or cover for wildlife species. Wildlife values do not qualify as outstandingly remarkable for the 
Pecos River Segment #1.  

Cultural Values 

The river segment and corridor do not contain known sites that are rare, have unusual characteristics, or 
have exception human-interest values. Cultural values do not qualify as an outstandingly remarkable value 
for the Pecos River Segment #1.  

Historical Values 

The river segment and corridor do not contain known sites or features associated with a significant event, 
and important person, or a cultural activity of the past that was rare or unusual in the region. Historical 
values do not qualify as an outstandingly remarkable value for the Pecos River Segment #1. 

Other Similar Values 

No similar values were identified for the Pecos River Segment #1. 

Pecos River Segment #2 

Scenic Values 

A scenic quality rating was conducted for this segment of the Pecos River, resulting in a Scenic Quality 
Rating of C. The river flows through a ditch of tan sandy and rocky soils. A rusted pipeline and parallel road 
are evident along the bank. The river contains green and brown water. Green salt cedar and yellow kochia 
dominate the banks where vegetation is present. Scenic values do not qualify as an outstandingly 
remarkable value for the Pecos River Segment #2. 

Recreational Values 

Recreation along the Segment #2 of the Pecos River consists primarily of hunting and some equestrian 
use. Recreational opportunities are not unusual enough to attract visitors to the geographic region. 
Recreational values do not qualify as an outstandingly remarkable value for the Pecos River Segment #2. 

Geological Values 

The Pecos River was formed by the same process that formed the Black River; however, this process is 
no longer active. Now, the Pecos River occurs in a typical drainage basin. The Pecos River does not contain 
an example of a geologic feature, process, or phenomenon that is rare, unusual, or unique to the geographic 
region. Geologic values do not qualify as an outstandingly remarkable value for the Pecos River. 

Fish Values 

The Pecos River contains a large number of non-native and introduced species, including carp and walleye. 
In addition, the overall water chemistry does not lend itself to a sustainable, diverse warm water fishery. 
The Pecos River Segment #1 does not contain any wild or unique stocks, or populations of State, federally 
listed, or candidate, threatened, or endangered species. Fish values do not quality as an outstandingly 
remarkable value for the Pecos River Segment #2. 
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Wildlife Values 

Large portion of the bank of the Pecos River are denuded of vegetation resulting in the absence of nesting 
structure or cover for wildlife species. Wildlife values do not qualify as outstandingly remarkable for the 
Pecos River Segment #2.  

Cultural Values 

The river segment and corridor do not contain known sites that are rare, have unusual characteristics, or 
have exception human-interest values. Cultural values do not qualify as an outstandingly remarkable value 
for the Pecos River Segment #2. 

Historical Values 

The river segment and corridor do not contain known sites or features associated with a significant event, 
and important person, or a cultural activity of the past that was rare or unusual in the region. Historical 
values do not qualify as an outstandingly remarkable value for the Pecos River Segment #2. 

Other Similar Values 

No similar values were identified for the Pecos River Segment #2. 

Pecos River Segment #3 

Scenic Values 

A scenic quality rating was conducted for this segment of the Pecos River, resulting in a Scenic Quality 
Rating of C. The river flows through a ditch of rocky tan soils and green and yellow vegetation. It is crossing 
by a road, which is cemented in the river. Various black and white pipelines lie on the banks or cross the 
river. The area is littered with bottles and trash. Scenic values do not qualify as an outstandingly remarkable 
value for the Pecos River Segment #3. 

Recreational Values 

Recreation along the Segment #3 of the Pecos River consists primarily of hunting and some equestrian 
use. Recreational opportunities are not unusual enough to attract visitors to the geographic region. 
Recreational values do not qualify as an outstandingly remarkable value for the Pecos River Segment #3. 

Geological Values 

The Pecos River was formed by the same process that formed the Black River; however, this process is 
no longer active. Now, the Pecos River occurs in a typical drainage basin. The Pecos River does not contain 
an example of a geologic feature, process, or phenomenon that is rare, unusual, or unique to the geographic 
region. Geologic values do not qualify as an outstandingly remarkable value for the Pecos River. 

Fish Values 

The Pecos River contains a large number of non-native and introduced species, including carp and walleye. 
In addition, the overall water chemistry does not lend itself to a sustainable, diverse warm water fishery. 
The Pecos River Segment #1 does not contain any wild or unique stocks, or populations of State, federally 
listed, or candidate, threatened, or endangered species. Fish values do not quality as an outstandingly 
remarkable value for the Pecos River Segment #2. 

Wildlife Values 

Large portion of the bank of the Pecos River are denuded of vegetation resulting in the absence of nesting 
structure or cover for wildlife species. Wildlife values do not qualify as outstandingly remarkable for the 
Pecos River Segment #2.  
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Cultural Values 

The river segment and corridor do not contain known sites that are rare, have unusual characteristics, or 
have exception human-interest values. Cultural values do not qualify as an outstandingly remarkable value 
for the Pecos River Segment #3. 

Historical Values 

The river segment and corridor do not contain known sites or features associated with a significant event, 
and important person, or a cultural activity of the past that was rare or unusual in the region. Historical 
values do not qualify as an outstandingly remarkable value for the Pecos River Segment #3. 

Other Similar Values 

No similar values were identified for the Pecos River Segment #3. 

Tentative Classification 

According to BLM Manual 8351, all eligible river segments are given a tentative classification. 
Classifications are: 

• Wild River Areas: Rivers or sections of rivers that are free from impoundments and generally
inaccessible except by trail, with watersheds or shorelines essentially primitive and waters 
unpolluted. These represent vestiges of primitive America. Wild means undeveloped; roads, dams, 
or diversion works are generally absent from a quarter mile corridor on both sides of the river. 

• Scenic River Areas: Rivers or sections of rivers that are generally free of impoundments, with
shorelines or watersheds still largely primitive and shorelines largely undeveloped, but accessible 
in places by roads. Scenic does not necessarily mean the river corridor has to have scenery as an 
outstandingly remarkable value; however, it means the river segment may contain more 
development than a wild segment and less development than a recreational segment. 

• Recreational River Areas: Rivers or sections or rivers that are readily accessible by road or
railroad, that may have some development along their shorelines, and that may have undergone 
some impoundment or diversion in the past. Parallel roads or railroads, existence of small dams or 
diversions can be allowed in this classification. A recreational river area classification does not 
imply that the river will be managed or prioritized for recreational use or development. 

Black River 

The Black River is readily accessible by road at two locations, Ladder Hole and the Cottonwood Day Use 
Area. Two-track roads parallel the river from both accesses; although a gate prevents public access to the 
two-track road at the Cottonwood Day Use Area. County Road 418 also parallels the river around the 
Cottonwood Day Use Area. The Cottonwood Day Use Area contains a parking lot that is approximately 500 
feet from the river’s edge, a picnic area, and a short, paved trail leading to a wildlife viewing platform that 
overhangs the shoreline. Additional shoreline developments include a trail along the shoreline that is used 
by hikers. Other developments along the Black River include user created features such as trails, fire pits, 
and ladders. The Black River has a small dam for diversion of water into an irrigation ditch. 

The Black River has a tentative classification as a Recreational River Area. 

Delaware River 

The river is accessible at two locations, the old dam and near Highway 285. Highway 285 also crosses the 
river. A two-track road parallels the river that is used for vegetation treatments and may be occasionally used 
by the public. The two-track is unpaved and generally not visible from the river. There are no existing 
impoundments along the Delaware River. Shorelines are largely primitive although there is some development 
in one location including a parking lot, pipe fences, a water pump, and the remains of a large dam.  

The Delaware River has a tentative classification as a Scenic River Area. 
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List of Preparers  

The following individuals participated in the preparation of the Wild and Scenic Rivers Eligibility 
Determination. 

Table N.6. List of Preparers 

Name Title 

John Chopp Wildlife Biologist 

Steve Daly Rangeland Management Specialist (Soil Conservationist) 

Dave Herrell Geologist, Safety and Hazmat Coordinator 

Cody Layton Natural Resource Specialist 

Owen Lofton Resource Management Plan Team Lead 

George MacDonell Associate Field Manager 

Amanda Nisula Planning and Environmental Coordinator 

James Sippel 
New Mexico Program Lead – Wilderness, Wild and Scenic Rivers, National 

Conservation Areas, National Monuments, National Scenic and Historic Trails 

James Smith Archaeologist 

James Renn Archaeologist 

Wild and Scenic Rivers Suitability Report 

Executive Summary 

In May 2012, the Bureau of Land Management (BLM) Carlsbad Field Office (CFO) completed the eligibility 
phase of a Wild and Scenic Rivers evaluation as part of the resource management plan revision process. 
The eligibility study resulted in the identification of two eligible river segments in the CFO: one on the Black 
River and one on the Delaware River. Three segments of the Pecos River were identified in the study, but 
all three were determined not eligible because of the lack of outstanding remarkable values on all three 
segments. As a result, these three river segments were dropped from consideration by the BLM and were 
not studied for suitability in this report. No additional segments were evaluated or identified from other 
eligibility studies. 

Introduction 

The Bureau of Land Management (BLM) Carlsbad Field Office (CFO) completed the eligibility phase of a 
Wild and Scenic Rivers (WSR) evaluation as part of a Resource Management Plan (RMP) revision process. 
In May 2012, the BLM identified two segments, one on the Black River and another on the Delaware River, 
as eligible for inclusion in the National Wild and Scenic Rivers System (NWSRS). The BLM studied one 
additional river for eligibility, the Pecos River (three segments), and found that there were no segments 
along the river that would be eligible for inclusion in the NWSRS.  

The next step in the WSR process is evaluating all eligible segments for suitability. The purpose of the 
suitability phase is to determine whether eligible rivers would be appropriate additions to the NWSRS by 
considering resource values, level of public support, and competing uses of the river corridor. This report 
describes the methods used, data considered, and determinations made during the eligibility and suitability 
phases.  

Project Area 

The project area for this suitability study includes all BLM-managed river segments determined to meet the 
eligibility criteria for WSRs. The CFO manages approximately 2,091,535 acres of public lands in 
southeastern New Mexico (Figure N.2).  
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Why Conduct a Suitability Report and Why Now? 

Section 5(d)(1) of the Wild and Scenic Rivers Act (WSR Act) (Public Law 90-542, 16 United States Code 
1271–1287) directs federal agencies to consider potential WSRs in land use plans. To fulfill this 
requirement, whenever the BLM undertakes a land use planning effort (for example, an RMP) it must 
analyze river and stream segments that might be eligible for inclusion in the NWSRS. 

The CFO is currently revising the RMP for the BLM-administered public lands within the planning area and 
completing an environmental impact statement (EIS) for the RMP. This WSR eligibility and suitability study 
is being conducted now because the BLM is required by the WSR Act to assess river and stream segments 
under its management jurisdiction as part of the RMP process. 

What Is a Wild and Scenic River 

Congress enacted the WSR Act on October 2, 1968, to address the need for a national system of river 
protection. As an outgrowth of a national conservation agenda in the 1950s and 1960s, the WSR Act was 
in response to the dams, diversions, and water resource development projects that occurred on America’s 
rivers between the 1930s and 1960s. The WSR Act stipulated that selected rivers should be preserved in 
a free-flowing condition and be protected for the benefit and enjoyment of present and future generations. 
Since 1968, the WSR Act has been amended many times, primarily to designate additional rivers and 
authorize the study of other rivers for possible inclusion in the NWSRS.  
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Figure N.2. Land Ownership within the Boundaries of the BLM Carlsbad Field Office 
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The WSR Act seeks to protect and enhances a river’s natural and cultural values and provides for public 
use consistent with its free-flowing character, water quality, and outstandingly remarkable values (ORVs). 
A WSR designation affords certain legal protection from development. For instance, new dams cannot be 
constructed and many development projects that might negatively affect the designated river values are 
not permitted within the designated segment. Where private lands are involved, the federal managing 
agency works with local governments and landowners to develop protective measures. However, Wild and 
Scenic River designation does not apply to non-federal lands. 

As of April 2012, more than 12,500 miles of 203 rivers in 39 states and the Commonwealth of Puerto Rico 
have been protected in the NWSRS (Interagency Wild and Scenic Rivers Coordinating Council 2013). 
These nationally recognized rivers make up a valuable network of natural and cultural resource, scenic 
beauty, and recreation opportunities.  

Steps in the Wild and Scenic Study Process 

The BLM evaluates identified river segments for their eligibility and suitability for WSR designation through 
its RMP process (BLM 2012). WSR studies consist of the following steps: 

• Eligibility Determination: An inventory of river features is conducted to determine which rivers
are eligible (meet the required standards) to be added to the NWSRS.

• Tentative Classification: All eligible river segments are tentatively classified as wild, scenic, or
recreation.

• Suitability Determination: The BLM evaluates eligible river segments in the RMP process and
then recommends whether rivers should be protected by Congress through inclusion in the
NWSRS.

River segments are only added to the NWSRS through an act of Congress or by an act of the legislature 
of the state upon submission by the governor and approval by the Secretary of the Interior. 

Eligibility Phase 

This report documents the identification of rivers and river segments to be evaluated for inclusion in the 
NWSRS, as well as the eligibility determination and tentative classification for those rivers and river 
segments. 

Steps in the Eligibility Phase 

The steps used for WSR eligibility evaluation are: 

• Identification of which rivers and river segments to include in the evaluation;

• Evaluation of rivers and river segments for free-flowing status;

• Evaluation of rivers and river segments for the presence of ORVs; and

• Determination of the tentative classification of rivers as wild, scenic, or recreational.

Results of the Eligibility Phase 

Table N.7 and Table N.8 identify the rivers identified for eligibility evaluation and summarize the results of 
the eligibility evaluation. Additional information on the results of the eligibility evaluation are provided in the 
paragraphs below. 
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Table N.7. Rivers Identified for Eligibility Evaluation 

River 

Name 

Reason for  

Consideration 

Segment 

Description 

Total 

Length 

(miles) 

Total BLM 

Jurisdiction 

(miles) 

Black River GIS layers 

Headwaters to Section 25, 

Township 25 South, Range 24 

East 

3.67 3.67 

Delaware 

River 

Identified in public scoping 

during the RMP process 

Texas State Line to confluence 

with the Pecos River 
8.54 8.22 

Pecos River 

Segment 1 
GIS layers 

Section 27, 33, and 34, Township 

24 South, Range 29 East 
2.4 2.4 

Pecos River 

Segment 2 
GIS layers 

Sections 7 and 18, Township 25 

South, Range 29 East; Sections 13, 

24, and 25, Township 25 South, 

Range 28 East  

7.12 6.44 

Pecos River 

Segment 3 
GIS layers 

Section 1, Township 26 South, 

Range 28 East to confluence with 

the Delaware River 

5.53 4.04 

Table N.8. Summary of Eligibility Determination Findings 
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Black River 3.67 3.67 Y X X X X Y 

Delaware 

River 
8.54 8.22 Y X X X X Y 

Pecos River 

Segment 1 
2.4 2.4 Y N 

Pecos River 

Segment 2 
7.12 6.44 Y N 

Pecos River 

Segment 3 
5.53 4.04 Y N 

Free-Flowing 

Free-flowing is defined by Section 16(b) of the WSR Act as “existing or flowing in natural condition without 
impoundment, diversion, straightening, rip-rapping, or other modification of the waterway. The existence, 
however, of low dams, diversion works, and other minor structures at the time any river is proposed for 
inclusion in the national wild and scenic rivers system shall not automatically bar its consideration for such 
inclusion: Provided, that this shall not be construed to authorized, intend, or encourage future construction 
of such structures within components of the national wild and scenic rivers system.”  

Black River 

The Black River has a small dam for diversion of water into an irrigation ditch. The dam was privately 
constructed prior to 1950 and cemented by the New Mexico Department of Game and Fish during the 
1950s. Sixty acre-feet of water per year, or 19.5 million gallons, are diverted by the BLM to water nearby 
fields for wildlife use. This feature does not disqualify the river from being free-flowing because it has a 
minor effect on the natural flow of the river and the riverbank vegetation. There are no other modifications 
to the river flows. The Black River meets the criteria for free-flowing. 
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Delaware River 

A dam was constructed along the Delaware River in 1922; however, it breeched in 1938. Although there is 
evidence of the dam along the bank, the instream structures have since been removed and do not modify 
the flow of the Delaware River. The Delaware River meets the criteria for free-flowing. 

Pecos River 

The Pecos River is dammed by the Upper and Lower Tansil Dams upstream of the river segments being 
evaluation for eligibility. This does not affect the free-flowing nature of the segments. All segments of the 
Pecos River meet the criteria for free-flowing. 

Outstandingly Remarkable Values 

Black River 

Scenic Values 

Scenic quality ratings were conducted at two locations along the Black River. Both locations received a 
rating of A. At the first location, the Black River has distinct pools as a result of collapsing features at the 
bottom of rolling gypsum hills. The blue/green color of the pools contrasts with the earth tones of 
surrounding vegetation and soils. Vegetation densely covers the low hills with a variety of grasses, shrubs, 
and even trees. 

At the second location, the Black River presents a flat river bottom area that contains a deep, clear, pristine, 
gently flowing river. Some minor rolling hills appear in places. Lush river bank vegetation contrasts with 
sparser gypsum soil vegetation in the near distance. Scattered cottonwood clumps provide strong vertical 
lines to the riparian area. The water is clear enough to see the river bottom vegetation. There is a yellow 
visitor deck that provides a viewing structure to the surrounding area. Such views are not common in the 
geographic region. Scenic values qualify as an ORV for the Black River. 

Recreational Values 

The Black River is used for swimming, fishing, hunting, and wildlife observation, particularly at the 
Cottonwood Day Use Area; however, that use is local in nature. Some equestrian use occurs along the 
shoreline. The recreational opportunities are not unusual enough to attract visitors to the geographic region. 
Visitors have not typically traveled long distances to use the river resources for recreational purposes. 
Recreational values do not qualify as an ORV for the Black River. 

Geological Values 

The Black River is located in the Castile Formation consisting mainly of anhydride and gypsum deposits. 
The headwaters of the Black River originate from the alluvium and Capitan Reef Talus of the Guadalupe 
Mountain chain. Erosional processes in the valley associated with the Black River are solutional in nature; 
the river does not erode into the bedrock, but instead the bedrock collapse precedes the river formation.  

The addition of water to anhydrite changes it to gypsum. The gypsum then dissolves into water. This water 
aids in the collapse of bedrock, creating voids. This active process is occurring within the Black River valley. 
This process has created discernible sink holes in the headwaters of the Black River. This process is 
hypogenetic, meaning occurring from below the surface, and is not erosional by nature. Through time, this 
series of sink holes connected downstream and formed the Black River valley. 

This process has also created the water quality and water chemistry associated with the dissolution of 
anhydrite and gypsum—the water is saturated with respect to calcium sulfate. This saturated water on 
occasion precipitates out as selenite crystals downstream from the headwaters. A similar process is thought 
to have formed the ancestral Pecos River some 400 to 600 years ago. 

While this type of geologic process is the same as what formed the Pecos and Delaware Rivers, the fact it 
is still occurring is rare within the geographic region. Geological values are an ORV for the Black River. 
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Fish Values 

Several spring-fed pools within the area comprise the headwaters of the Black River, the source of which 
is the highly calcium-charged Capitan Aquifer. The river is characterized by a series of deep, elongated 
pools interconnected by a shallow, narrow stream with a perennial surface flow in a normal precipitation 
year. The Black River provides exceptionally high quality habitat for fish species indigenous to the region, 
including the green sunfish (Lepomis cyanellus), and longear sunfish (L. megalotis). 

Several special status species are known to occupy the Black River. The headwater catfish (Ictalurus lupus) 
is a U.S. Fish and Wildlife Service (USFWS) species of concern, a BLM sensitive species, and a State of 
New Mexico species of greatest conservation need. This species occupies clear, temperate waters 
generally with a moderate gradient. In addition, the State of New Mexico listed species include two 
endangered fishes, gray redhorse (Moxostoma congestum) and blue sucker (Cycleptus elongates), and 
four threatened species, Mexican tetra (Astyanax mexicanus), rainwater killifish (Lucania parva), 
greenthroat darter (Ethestoma lepidium), and roundnose minnow (Dionda episcopa). 

Fish values qualify as an ORV for the Black River. 

Wildlife Values 

The riparian habitat associated with the Black River supports 11 known riparian-obligate species. Riparian-
obligate species are those that place more than 90% of their nests in riparian vegetation or for which more 
than 90% of their abundance occurs in riparian vegetation during the breeding season. Without riparian 
vegetation in good ecological condition, these species would not occur in this area. 

Fourteen riparian-dependent species occupy the Black River riparian area. These are species that place 
60% to 90% of their nests in riparian vegetation or for which 60% to 90% of their abundance occurs in 
riparian vegetation during the breeding season. A 2006–2007 inventory of breeding birds along the Black 
River resulted in a total of 72 avian species (BLM 2012). 

The yellow-billed cuckoo (Coccyzus americanus occidentalis), a USFWS species of concern and State of 
New Mexico species of greatest conservation need was record during the survey. The yellow-billed cuckoo 
is a riparian-obligate that has experienced significant declines in recent decades, particularly in the western 
United States. In New Mexico, the species is found in riparian zones with dense understory vegetation, 
most commonly in the south and along major drainages. It is vulnerable to loss, fragmentation, and 
degradation of riparian habitat and broad-scale clearing of exotic vegetation along the Pecos River where 
nesting in saltcedar (Tamarix sp.) is common. 

Bell’s vireo (Vireo bellii) is a USFWS species of concern and State of New Mexico threatened species and 
species of greatest conservation Need. Bell’s vireo also is a riparian-obligate that has experienced 
significant declines and loss of local populations in several portions of its range, including the southwest 
United States. In many locations, including New Mexico, it suffers low productivity due to brood parasitism 
by brown-headed cowbirds (Molothrus ater), which in turn may be a consequence of habitat alteration. 

The western river cooter (Pseudemys gorzugi) is a State of New Mexico threatened species and species 
of greatest conservation need. In New Mexico, the species appears to be uncommon within its restricted 
range; however, populations have likely declined. This is a result of degradation of habitat through stream-
dewatering, loss of vegetation, and pollution (Schmitt et al. 1985). 

Four State of New Mexico species of greatest conservation need are known to occur within the Black River 
segment: the barking frog (Craugastor augusti), Rio Grande leopard frog (Rana berlandien), plain-bellied 
watersnake (Nerodia erythrogaster; State of New Mexico endangered species), and western ribbon snake 
(Thamnophis proximus; State of New Mexico threatened species). 

Wildlife values qualify as an ORV for the Black River. 

Cultural Values 

The river segment and corridor do not contain known sites that are rare, have unusual characteristics, or 
have exceptional human-interest values. Cultural values do not qualify as an ORV for the Black River. 
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Historical Values 

The river segment and corridor do not contain known sites or features associated with a significant event, 
important person, or cultural activity of the past that was rare or unusual in the region. Historical values do 
not qualify as an ORV for the Black River. 

Other Similar Values 

No similar values were identified for the Black River. 

Delaware River 

Scenic Values 

Scenic quality ratings were conducted at two locations at the Delaware River resulting in ratings of C and 
B, respectively.  

At the first location, the Delaware River flows through a V-shaped ditch. Vegetation provides a variety of 
colors, textures, and lines as it goes from thicker mat-forming grasses to bunch grasses intermixed with 
shrubs and trees. Vegetation is interspersed with river gravel and sand. The old dam dominates the view. 
At the second location, the Delaware River winds through the bottom of a 30-foot drainage. Vegetation 
provides a variety of shapes and sizes, varying from low grasses to cottonwoods (Populus sp.). Dead 
cottonwoods provide evidence of previous floods. Colors remain earth tones, with varying greens, whites, 
and yellows dominating the landscape. Views are limited to the immediate area by the drainage. 

Scenic values do not qualify as an ORV for the Delaware River. 

Recreational Values 

The Delaware River is used for camping, hiking, fishing, wildlife watching, picnicking, and swimming; 
however, most of the use is local. The recreational opportunities are not unusual enough to attract visitors 
to the geographic region. Visitors have not typically travelled long distances to use the river resources for 
recreational purposes. Recreational values do not qualify as an ORV for the Delaware River. 

Geological Values 

The Delaware River was formed by the same process that formed the Black River; however, this process 
is no longer active. Now, the Delaware River occurs in a typical drainage pattern as it flows into the Pecos 
River. The Delaware River does not contain an example of a geologic feature, process, or phenomenon 
that is rare, unusual, or unique to the geographic region. Geologic values do not qualify as an ORV for the 
Delaware River. 

Fish Values 

The Delaware River is fed by a series of lesser drainages originating from the limestone foothills of the 
Guadalupe Escarpment in Texas. The river is characterized by a series of deep, elongated pools 
interconnected by shallow, narrow runs with a perennial surface flow in normal precipitation years. The 
Delaware River has a considerably higher proportion of native species as compared to introduced species 
in the system. During a 2008 fish survey of the Delaware River, 98% of the total catch consisted of native 
species (BLM 2012). 

Eight families of fish are known to be present in the river: Clupeidae (herrings), Cyprinidae (carps and 
minnows), Catostomidae (suckers), Characidae (tetras), Ictaluridae (catfish), Cyprinodontidae (killifishes), 
Poeciliidae (livebearers), and Centrarchidae (sunfishes).  

Two special status species are known to occupy the Delaware River. The Mexican tetra, a State of New 
Mexico threatened species and species of greatest conservation need, is the only characid occurring 
naturally in the United States. In New Mexico, this species is now restricted largely to its key habitat areas, 
which are Blue Spring and the Delaware River (Sublette 1975). New Mexico constitutes the northern limits 
of the native distribution of this species. 
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The headwater catfish and channel catfish (Ictalurus punctatus) occur within the Delaware River (McClure-Baker 
et al. 2010). The headwater catfish is a USFWS species of concern, a BLM sensitive species, and a State of 
New Mexico species of greatest conservation need. These two species are known to hybridize, and only two 
pure populations of headwater catfish remain (McClure-Baker et al. 2010). The Delaware River represents a 
possible conservation opportunity to secure a third population of headwater catfish since the species still occurs 
in this river. The species occupies clear temperate waters generally with a moderate gradient. 

Fish values qualify as ORV for the Delaware River. 

Wildlife Values 

The riparian habitat associated with the Delaware River supports five known species of riparian-obligate 
species. Riparian-obligate species are species that place more than 90% of their nests in riparian vegetation 
or for which more than 90% of their abundance occurs in riparian vegetation during the breeding season. 
Without riparian vegetation in good ecological condition, these species would not occur in this area. Ten 
riparian-dependent species occupy the Delaware riparian area. These are species that place between 60% 
and 90% of their nests in riparian vegetation or for which between 60% and 90% of their abundance occurs 
in riparian vegetation during the breeding season. 

A 2006–2007 inventory of breeding birds along the Delaware River identified 51 avian species. The yellow-
billed cuckoo, a USFWS species of concern and State of New Mexico species of greatest conservation need, 
was recorded during the survey. Yellow-billed cuckoo is a riparian-obligate that has experienced significant 
declines in recent decades, particularly in the western United States. In New Mexico, the species is found in 
riparian zones with dense understory vegetation, most commonly in the south and along major drainages. It 
is vulnerable to loss, fragmentation, and degradation of riparian habitat. For example, nesting habitat in 
saltcedar along the Pecos River has decreased recently due to broad-scale clearing of exotic vegetation. 

Bell’s vireo is a USFWS species of concern and a State of New Mexico threatened and species of greatest 
conservation need. Bell’s vireo is also a riparian-obligate that has experienced significant declines and loss 
of local populations in several portions of its range, including the southwest United States. In many 
locations, including New Mexico, it suffers low productivity due to brood parasitism by brown-headed 
cowbirds, which in turn may be a consequence of habitat alteration. 

Wildlife values qualify as ORV for the Delaware River. 

Cultural Values 

There is a Traditional Cultural Property associated with the Delaware River. The area has been identified 
as being important to the Mescalero Apache Indian Tribe. Cultural values qualify as an ORV for the 
Delaware River. 

Historical Values 

The river segment and corridor do not contain known sites or features associated with a significant event, 
important person, or cultural activity of the past that was rare or unusual in the region. Historical values do 
not qualify as an ORV for the Delaware River. 

Other Similar Values 

Pleistocene mammoth and bison bones have been recovered along the eroding banks of the Delaware 
River. In 1999, paleontologists from the BLM and the New Mexico Museum of Natural History removed a 
10,000- to 20,000-year-old mammoth tusk from the bank of the Delaware River. Other paleontology 
exposures along the river have been reported. Although the area is mapped as Potential Fossil Yield Class 
II, the entire length of the Delaware River is known to have a high potential for fossils. A BLM archaeologist 
recently observed paleontological deposits that appear to be in the same vicinity where the 1999 excavation 
occurred. This is unique within the geographic region and provides educational and scientific opportunities. 
Paleontological values qualify as an ORV for the Delaware River. 
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Tentative Classification  
- 

According to the Wild and Scenic Rivers Act and BLM Manual 6400, all eligible river segments are given a 
tentative classification. 

Classifications are: 

• Wild River Areas: Rivers or sections of rivers that are free from impoundments and generally
inaccessible except by trail, with watersheds or shorelines essentially primitive and waters
unpolluted. These represent vestiges of primitive America. Wild means undeveloped; roads, dams,
or diversion works are generally absent from a 0.25-mile corridor on both sides of the river.

• Scenic River Areas: Rivers or sections of rivers that are generally free of impoundments, with
shorelines or watersheds still largely primitive and shorelines largely undeveloped, but accessible
in places by roads. Scenic does not necessarily mean the river corridor has to have scenery as an
ORV; however, it means the river segment may contain more development than a wild segment
and less development than a recreational segment.

• Recreational River Areas: Rivers or sections or rivers that are readily accessible by road or railroad,
that may have some development along their shorelines, and that may have undergone some
impoundment or diversion in the past. Parallel roads or railroads and small dams or diversions can
be allowed in this classification. A recreational river area classification does not imply that the river
would be managed or prioritized for recreational use or development.

Black River 

The Black River is readily accessible by road at two locations, Ladder Hole and the Cottonwood Day Use 
Area. Two-track roads parallel the river from both accesses, although a gate prevents public access to the 
two-track road at the Cottonwood Day Use Area. County Road 418 also parallels the river around the 
Cottonwood Day Use Area. The Cottonwood Day Use Area contains a parking lot that is approximately 500 
feet from the river’s edge, a picnic area, and a short, paved trail leading to a wildlife viewing platform that 
overhangs the shoreline. Additional shoreline developments include a trail along the shoreline that is used 
by hikers. Other developments along the Black River include user-created features such as trails, fire pits, 
and ladders. The Black River has a small dam for diversion of water into an irrigation ditch.  

The Black River has a tentative classification as a Recreational River Area. 

Delaware River 

The river is accessible at two locations, the old dam and near U.S. Highway 285. U.S. Highway 285 also 
crosses the river. A two-track road parallels the river that is used for vegetation treatments and may be 
occasionally used by the public. The two-track road is unpaved and generally not visible from the river. 
There are no existing impoundments along the Delaware River. Shorelines are largely primitive although 
there is some development in one location including a parking lot, pipe fences, a water pump, and the 
remains of a large dam. 

The Delaware River has a tentative classification as a Scenic River Area. 

Suitability Phase 

The purpose of the suitability phase of the study process is to determine whether eligible rivers would be 
appropriate additions to the NWSRS by considering resource values, level of public support, and competing 
uses of the river corridor. The suitability evaluation does not result in actual designation but only a 
determination or the river segment’s suitability for designation. The BLM cannot administratively designate 
a stream via a planning decision or other agency decision into the NWSRS, and no segment studied is 
designated or would be automatically designated as part of the NWSRS. Rivers found not suitable by the 
managing agency conducting the suitability study would be dropped from further consideration and 
managed according to the objectives and specific management prescriptions outlined in the RMP. 
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Methodology 

This section describes the method implemented to evaluate eligible segments for suitability. The criteria used 
to evaluate eligible river and stream segments are those described in BLM Manual 6400, Wild and Scenic 
Rivers—Policy and Program Direction for Identification, Evaluation, Planning, and Management (BLM 2012), 
and recommendations from the Interagency Wild and Scenic Rivers Coordinating Council (1999). 

Suitability Criteria Use to Evaluate River and Stream Segments 

The purpose of the suitability phase of the study process is to determine whether eligible rivers would be 
appropriate additions to the NWSRS by considering resource values, level of public support, and competing 
uses of the river corridor. Suitability considerations include the environment and economic consequences 
of designation and the manageability of a river if Congress were to designate it. 

A suitability study is designed to answer these questions: 

1. Should the river’s free-flowing character, water quality, and ORVs be protected, or are one or
more other uses important enough to warrant doing otherwise?

2. Would the river’s free-flowing character, water quality, and ORVs be protected through
designation? Is it the best method for protecting the river corridor? In answering these questions,
the benefits and impacts of WSR designation must be evaluated, and alternative protection
methods considered.

3. Is there a demonstrated commitment to protect the river by any non-federal entities that may be
partially responsible for implementing protective management?

With the above guidance from the Interagency Wild and Scenic Rivers Coordinating Council (1999) in mind, 
the following thirteen suitability criteria factors, identified in BLM Manual 6400 (BLM 2012), were applied to 
each eligible river segment in the suitability study: 

1. Characteristics that do or do not make the river a worthy addition to the NWSRS;

2. The current status of land ownership and use in the area;

3. The reasonably foreseeable potential uses of the land and water that would be enhanced,
foreclosed, or curtailed if the area were included in the NWSRS;

4. The Federal agency that will administer the area should it be added to the National System;

5. The extent to which the agency proposes that administration of the river, including the costs
thereof, is shared by state and local agencies;

6. The estimated cost to the United States of acquiring necessary lands or interests in land within the
corridor, as well as the cost of administering the area should it be added to the National System;

7. A determination of the extent that other Federal agencies, the state, or its political subdivisions
might participate in the preservation and administration of the river should it be proposed for
inclusion in the National System;

8. An evaluation of local zoning and other land use controls in protecting the river’s ORVs and
preventing incompatible development;

9. The state/local government’s capacity to manage and protect the ORVs on non-Federal lands;

10. The existing support or opposition of designation;

11. The consistency of designation with other agency plans, programs, and policies in meeting
regional objectives;

12. Contribution to a river system watershed or basin integrity; and

13. The potential for water resources development.

Data Sources and Methodology 

The BLM relied on several sources, including geographic information systems (GIS) data, CFO resource 
specialists, informational sources, and other agencies. The result was a compilation of data applicable to 
the suitability criteria. These data were then used to determine the suitability determination. 
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Geographic Information Systems 

GIS data compiled by the U.S. Geological Survey were used to generate a table of all the perennial stream 
segments that contain BLM-administered land adjacent to at least one bank of a stream. In addition to U.S. 
Geological Survey data, the BLM also used its corporate GIS data. 

BLM Resource Interdisciplinary Team 

The BLM interdisciplinary team consisted of four resource specialists from the CFO. The interdisciplinary 
team provided information pertaining to the suitability criteria factors and also reviewed data from additional 
sources, such as agency and public input, for accuracy. Once all available data were compiled, the team 
evaluated each segment and made a suitability determination. 

Information Sources 

The BLM used a number of informational sources and publications to evaluate segments for suitability. 
These sources included: 

• BLM Manual 6400;

• U.S. Geological Survey minerals maps;

• U.S. Geological Survey stream gage data;

• Land status maps;

• Agreements with other agencies;

• Other agency management plans;

• Water stakeholders;

• Land use planning and zoning documents for local and county governments;

• Descriptions of current and proposed water projects provided by water management agencies;

• Published books;

• Scientific journal articles

• River guides;

• Tabulations of water rights; and

• Input from cooperating agencies.

Other Agencies 

Additional information was gathered from other federal and state agencies from scoping letters, stakeholder 
outreach, and existing documents. The following other agencies were contacted in order to assess suitability: 

• New Mexico State Engineer water rights database; and

• Counties

Public Input 

Public involvement for the CFO WSR evaluation process began during the eligibility phase as part of the 
RMP revision process. Scoping on the Carlsbad RMP revision was conducted in 2010 to solicit input from 
the public, stakeholders, and interested agencies. Letters were sent to potential stakeholders and information 
was available on the CFO websites. Five public open houses were held in mid-July 2010 in Artesia, Carlsbad, 
Hope, Jal, and Hobbs, New Mexico. The public was invited to submit comments via U.S, mail, facsimile, or 
e-mail, and comments were accepted until August 20, 2010. One comment on potential WSRs was received 
during the public comment period. That comment was incorporated into the eligibility study. 

The CFO also discussed the WSR eligibility and suitability process in the RMP Newsletter 2 and provided the 
eligibility report on the CFO planning website. No comments were received on either of these documents. 
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Suitability Determinations 

Each of the two individual eligible segments was evaluated to assess whether it would be suitable for 
inclusion in the NWSRS. The determination was made based on the suitability criteria factors described 
previously. When the Draft RMP/EIS is published (tentatively scheduled for 2014), the public will have 90 
days to comment on the draft suitability determinations. 

Interim Management of Suitable Segments 

The WSR Act and BLM guidance require that interim management be developed and followed to protect 
the free-flowing nature, water quality, ORVs, and recommended classification of suitable segments until 
congressional action regarding designation is taken. Interim protections for suitable segments are provided 
administratively by the management agency and are not legislative protection under the WSR Act. 
Legislative protection is provided only by formal designation by Congress. Guidelines for managing suitable 
but not designated rivers, as adapted by the Interagency Wild and Scenic Rivers Coordinating Council from 
the WSR Act, are included in Table N.9. Once final determinations have been made, the BLM would draft 
protective management measures for each suitable segment. 

Table N.9. Guidelines for Management of Suitable Rivers 

Issue Management Prescription/Action 

Study boundary • Minimum of 0.25 mile from the ordinary high-water mark.

• Boundary may include adjacent areas needed to protect identified values.

Preliminary classification Section 2(b): 

• Three classes—Wild, Scenic, and Recreational, defined by statute.

• Criteria for classification described in Interagency Wild and Scenic Rivers
Coordinating Council guidelines.

• Manage at preliminary classification.

Study report review 

procedures 
• Notice of study report/Draft EIS published in Federal Register.

• Comments/Response from federal, state, and local agencies and the public included
in the study report and Final EIS.

Private land 

• Administration

• Acquisition

• Affects private land uses through voluntary partnership with state and local
governments and landowners.

• No regulatory authority.

• No ability to acquire interest in land under the WSR Act’s authority before designation.

• Typically, an evaluation of the adequacy of local zoning and land use controls is a
component of suitability determination.1

Water resources project • A river’s free-flowing condition is protected to the extent of other agency
authorities, not under the WSR Act.

Land disposition • Agency discretion to retain lands within river corridor in federal ownership.

Mining and mineral leasing • Protects free flow, water quality, and ORVs through other agency authorities.

Actions of other agencies • Affect actions of other agencies through voluntary partnership.

Protect ORVs • No regulatory authority conferred by the WSR Act; agency protects through other
authorities.

• Section 11(b) 1: Limited financial or other assistance to encourage participation in
the acquisition, protection, and management of river resources.2

1For an agency-identified study river that includes private lands, there is often the need to evaluate state and local land use 

controls and, if necessary, to assess the willingness of state and local governments to protect river values. 
2Section 11(b)1 authorizes the Secretary of the Interior and Secretary of Agriculture or the head of any other federal agency to 

provide for “limited financial or other assistance to encourage participation in the acquisition, protection, and management of river 

resources.” This authority “applies within or outside a federally administered area and applies to rivers which are components of the 

[NWSRS] and to other rivers.” The recipients of federal assistance include states or their political subdivisions, landowners, private 

organizations, or individuals. Some examples of assistance under this section include riparian restoration, riparian fencing to protect 

water quality and riparian vegetation, and vegetative screening to enhance scenery and the recreation experience. 

Source: Interagency Wild and Scenic Rivers Coordinating Council 1998. 
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Suitability Criteria-Based Data and Determinations 

Introduction 

The suitability determinations below present the data collected for each eligible segment in a narrative 
format and includes the resulting BLM determination of suitability. Data collection was guided by the 13 
specific criteria described in Section 2.1 

Impacts that would occur from designating or not designating the suitable river segments would be analyzed 
in the EIS associated with the RMP. The BLM would consider public review and comment on suitability 
determinations included in the Draft RMP before making final suitability determinations. Maps have been 
included only for those segments preliminarily determined to be suitable; maps of all eligible segments were 
included in the Final Wild and Scenic River Eligibility Report for the Carlsbad Field Office, New Mexico 

(BLM 2012). 

Carlsbad Field Office Suitability Data and Determinations 

The BLM assesses the 11 suitability factors in relation to each of the two river segments determined to be 
eligible in the Final Wild and Scenic River Eligibility Report for the Carlsbad Field Office, New Mexico (BLM 
2012). The following river and stream segments were evaluated for suitability within the CFO. Figure N.3 
and Figure N.4 below show the aerial imagery view and the surface land status along both river segments. 

• Black River (one segment)

• Delaware River (one segment)
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Figure N.3. Aerial Imagery View along Eligible Segments of the Black and Delaware Rivers 
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Figure N.4. Surface Land Ownership along Eligible Segments of the Black and Delaware Rivers 
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Segment Name: Black River 

Description: The perennial portion of the Black River from the headwaters to where the river exits BLM-
managed lands at Section 25, Township 25 South, Range 24 East. 

Total Segment Length: 3.67 miles  Total Segment Area: 1,296.13 acres 

Length on BLM Land: 3.67 miles Area on BLM Land: 1,029.72 acres 

Preliminary Classification: Recreational 

ORVs: Scenic, Fish, Wildlife, Geology 

Suitability Criteria 

1. Characteristics that do or do not make the river a worthy addition to the National System:
One of the most unique characteristics is the rarity of water in the Chihuahuan Desert ecosystem.
Much of the area in the ecosystem is desert terrain and riparian habitat is rare. The riparian area
along the river provides habitat for wildlife and special status fish species and contributes to the
scenic qualities along this river segment. Inclusion of the Black River into the NWSRS would protect
some of the riparian habitat along the river. Another important characteristic and one of the
identified ORVs is the geology of the river. The Black River is located in the Castile Formation
consisting mainly of anhydride and gypsum deposits. The addition of water to anhydrite changes it
to gypsum, and then dissolves into water. This water aids in the collapse of bedrock, creating voids.
This process has created discernible sink holes in the headwaters of the Black River. This process
is occurring from below the surface and is not caused by erosion. Through time, this series of sink
holes connected downstream and formed the Black River valley. While this process has formed
other river valleys in the CFO, this situation is unique to the Black River, in that this process is still
occurring in the area.

The Black River corridor contains two natural gas pipelines, two water wells, and two minor roads.
In addition, there is a low dam on the Black River. During the eligibility phase of the WSR process,
discussions between the CFO and the BLM Washington, D.C. office determined that the dam did
not hinder the free-flowing status of the river.

2. The status of land ownership and use in the area:
For the surface estate, the BLM manages approximately 1,029.7 acres (79.4%) within the proposed
Black River corridor. Private landowners own 193.3 acres (14.9%), the State of New Mexico owns
72.2 acres (5.6%), and less than 1 acre is part of the Carlsbad Caverns National Park (less than 1%).

A large portion of the subsurface rights underneath the Black River corridor is not owned by the
federal government. Over 924 acres is in private or state ownership. The BLM administers the
subsurface rights to approximately 372 acres. The BLM has leased mineral rights within the Black
River corridor to three companies, totaling 251.9 acres. Some of those leases are part of a gas
storage lease (storing natural gas underground until pricing benefits the mineral lessee). The terms
of the gas storage lease restrict surface development to protect the storage area. Approximately
0.25 mile of the Black River corridor is within the gas storage lease area.

The BLM has some water rights along the Black River, primarily to irrigate lands for wildlife habitat.
However, the majority of the associated water rights are under private ownership.

3. The reasonably foreseeable potential uses of the land and water that would be enhanced,
foreclosed, or curtailed if the area were not included in the National System:
The Black River segment has low potential for oil development based on the CFO Reasonable
Foreseeable Development (RFD) scenario (BLM and New Mexico Tech 2013). Consequently, the
river corridor is not part of an active area for subsurface development. A portion of the corridor is
part of a gas storage lease that further restricts surface development. In addition, much of the
federal surface estate is already designated as a Special Recreation Management Area, the
Cottonwood Day Use Area.

The Black River corridor has four grazing allotments within its boundaries. WSR designation would
not have any effects on grazing allotments.
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4. The Federal agency that will administer the area should it be added to the National
System:
Since much of the corridor is already in federal ownership, the BLM has some ability to manage
and protect the ORVs of the Black River. As discussed above, much of the federal surface estate
is designated as a Special Recreation Management Area, the Cottonwood Day Use Area, which
already affords some protection from surface development. However, protecting the ORVs on non-
federally owned portions of the surface or subsurface estate depends on a number of factors that
are outside the BLM’s control, including water rights, agricultural management practices, housing
development, and road construction and maintenance.

5. The extent to which the agency proposes that administration of the river, including the
costs thereof, is shared by state and local agencies:
The BLM does not propose shared administration of the river segment with state or local agencies,
if added to the National System.

6. The estimated cost to the United States of acquiring necessary lands or interest in land
within the corridor, as well as the cost of administering the area should it be added to the
National System:
Acquiring private surface lands adjacent to this segment are not necessary under current private
land ownership and management. If private ownership or management practices were changed to
the detriment of the ORVs, acquisition of lands could become necessary. The cost of administering
the segment if designated would be minimal under current ownership and management of adjacent
private lands does not affect the ORVs identified for the segment. No detailed cost analysis or
estimate was prepared as part of this study.

7. A determination of the extent that other Federal agencies, the state, or its political
subdivisions might participate in the preservation and administration of the river should it
be proposed for inclusion in the National System:
No other Federal agencies, the state, or its political subdivisions have been asked to participate in
the preservation and administration of the river segment.

8. An evaluation of local zoning and other land use controls in protecting the river’s ORVs
and preventing incompatible development:
The only known local land use controls along the Black River is Eddy County’s Flood Plain
Management Ordinance (44) (2003). This ordinance designates floodplain areas in Eddy County
and allows structures to be built within floodplain areas at the discretion of the Floodplain
Administrator, upon issuance of a Floodplain Use Permit. Owners of new or substantially improved
buildings in floodplain areas must get a Federal Emergency Management Agency (FEMA)
Elevation Certificate or a FEMA Floodproofing Certificate before a Certificate of Occupancy would
be granted. This ordinance also sets forth a provision for flood hazard reduction detailing specific
standards to be met by all types of development, including the placement of manufactured homes,
in floodplain areas. While the county ordinance reduces the likelihood of residential development
along the river corridor, the ordinance does not prevent other development along the river corridor
or provide any protection of the ORVs of the Black River.

9. The state/local government capacity to manage and protect the ORVs on non-Federal lands:
The ORVs associated with the Black River segment are primarily located in close proximity of the
river (scenic, geological, fish, and wildlife values). Because the BLM owns the land immediately
adjacent to the Black River for the full extent of the segment, the ORVs are largely within the BLM’s
jurisdiction to manage and protect. A large portion of the subsurface rights underneath the Black
River corridor is not owned by the federal government. Over 924 acres is in private or state
ownership. The BLM administers the subsurface rights to approximately 372 acres. Due to BLM’s
surface ownership within the majority of the corridor, leasing stipulations, conditions of approval,
and BMPs would be applied to the majority of mineral activities to manage and protect the ORVs
within the Black River corridor. The involvement of state/local governments to manage and protect
ORVs on non-Federal land is not imperative in this case.
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10. The existing support or opposition of designation:
During scoping for the CFO RMP revision, the Black River was not externally nominated for
consideration as a WSR. The BLM identified the Black River for analysis in the eligibility report in
a review of GIS layers of lands within the CFO planning area. In addition, no comments were
received on the eligibility report or CFO RMP Newsletter 2 regarding the Black River.

It is anticipated that public interest in designating this segment would be divided. Members of the
public who enjoy the segment and the ORVs exhibited on this stretch would be interested in
designating the segment as a means of ensuring BLM ownership. Other members of the public
may be opposed to designation based on concern over water rights or land ownership.

11. The consistency of designation with other agency plans, programs, or policies in meeting
regional objectives:
There are several plans, programs, and policies affecting this segment. The State of New Mexico
manages lands under its control for resource development and use, particularly oil and gas
development. The Eddy County government has no specific policies for this area, other than to
reduce residential development within the floodplain. Because State and County plans, programs,
or policies are to provide for economic development and growth, this may conflict with designation
of this segment of the Black River as a Wild and Scenic River.

12. Contribution to a river system watershed or basin integrity:
The Black River is a tributary of the Pecos River. The headwaters of the Pecos River were
designated as a WSR in 1990. No other segments or tributaries of the Pecos River have been
designated as a WSR.

13. The potential for water resources development:
The BLM has some water rights along the Black River, primarily to irrigate lands for wildlife habitat.
However, the majority of the associated water rights are under private ownership. While existing
water rights would not be adversely affected by the addition of the segment to the National System,
future development not covered by existing water rights have the potential to be affected if sufficient
water levels cannot be maintained to protect the ORVs in the segment.

Preliminary Determination 

The Black River has been preliminarily determined to be suitable as a WSR with a tentative classification 
as recreational. The determination is based on the rare characteristics and values represented by the river 
segment, including the active geologic processes along the river system; the current status of land 
ownership of the segment (80% federal ownership); the low cost of administering the segment; and the 
potential enhancement of the Cottonwood Day Use Area if the area were included in the National System. 

Segment Name: Delaware River 

Description: The entire stretch of the Delaware River from the Texas State Line to confluence with the 
Pecos River.  

Total Segment Length:  8.54 miles Total Segment Area: 2,738.63 acres 
Length on BLM Land: 8.22 miles Area on BLM Land: 2,221.53 acres 
Preliminary Classification: Scenic 

ORVs: Fish, Wildlife, Paleontological, Cultural 

Suitability Criteria 

1. Characteristics that do or do not make the river a worthy addition to the National System:
One of the most unique characteristics is the rarity of water in the Chihuahuan Desert ecosystem.
Much of the area in the ecosystem is desert terrain and riparian habitat is rare. The riparian area
along the river provides habitat for wildlife and special status fish species and contributes to the
scenic qualities along this river segment. Inclusion of the Delaware River into the NWSRS would
protect some of the riparian habitat along the river.

Another important characteristic and one of the identified ORVs is the cultural and paleontological
resources along the Delaware River corridor. For cultural resources, there is a Traditional Cultural
Property associated with the Delaware River. That area has been identified as being important to
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the Mescalero Apache Indian Tribe. For paleontological resources, Pleistocene mammoth and 
bison bones have been recovered along the Delaware River. Other paleontology exposures along 
the river have been reported. Although the area is mapped as Potential Fossil Yield Class II, the 
entire length of the Delaware River is known to have a high potential for fossils.  

The Delaware River corridor contains two natural gas pipelines, 10 water wells, two roads (including 
U.S. Highway 285, the Pecos Highway), and a portion of the Burlington Northern Santa Fe railroad. 
In addition, there are remnants of a large dam along this river segment. The dam has long been 
demolished and is not affecting the free-flowing status of the river. 

2. The current status of landownership and use in the area:
For the surface estate, the BLM manages approximately 2,221.5 acres (81.1%) within the proposed
Delaware River corridor. Private landowners own 70.5 acres (2.6%) and the State of New Mexico
owns 446.8 acres (16.3%).

A large portion of the subsurface rights underneath the Delaware River corridor is not owned by
the federal government. Over 2,016 acres is in private or state ownership within the Delaware River
corridor. On behalf of the federal government, the BLM manages all of the subsurface rights on
approximately 574 acres. The BLM has leased mineral rights on two parcels on the Delaware River
corridor to two companies, totaling 470 acres. The BLM has some mineral rights, excluding coal,
oil, or gas, to an additional 143 acres within the corridor.

The BLM has some water rights along the Delaware River, primarily to irrigate lands for wildlife
habitat. However, the majority of water rights are under private ownership.

3. The reasonably foreseeable potential uses of the land and water that would be enhanced,
foreclosed, or curtailed if the area were not designated:
The Delaware River has high potential for development, in large part because it is located along
an active natural gas shale play and has significant subsurface mineral potential. The State of New
Mexico is currently developing natural gas within a shale play adjacent to the river corridor. This
development would likely increase noise and dust along the river corridor. There is also a gravel
pit within the Delaware River corridor that is operated by a private mineral owner.

Because of the high potential for oil and gas and other mineral development along the river corridor,
WSR designation could modify mineral extraction along the river corridor. In addition, while existing
water rights would not be adversely affected, future development not covered by existing water
rights have the potential to be affected if sufficient water levels cannot be maintained to protect the
ORVs in the segment.

The Delaware River corridor has two grazing allotments within its boundaries. WSR designation
would not have any effect on grazing allotments.

4. The Federal agency that will administer the area should it be added to the National
System:
Since much of the corridor is already in federal surface ownership, the BLM has some ability to
manage and protect the ORVs of the Delaware River. However, protecting the ORVs on non-
federally owned portions of the surface or subsurface estate depends on a number of factors that
are outside the BLM’s control, including water rights, oil and gas development, agricultural
management practices, housing development, and road construction and maintenance.

5. The extent to which the agency proposes that administration of the river, including the
costs thereof, is shared by state and local agencies:
The BLM does not propose shared administration of the river segment with state or local agencies,
if added to the National System.

6. The estimated cost to the United States of acquiring necessary lands or interests in land
within the corridor, as well as the cost of administering the area should it be added to the
National System:
Acquiring private lands adjacent to this segment are not necessary under current private landownership
and management. If private ownership or management practices were changed to the detriment of
the ORVs, acquisition of lands could become necessary. In addition, State lands are currently being
developed for oil and gas along the river corridor. The development currently occurring on these lands
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are not compatible with the ORVs along this segment. If additional impacts to the river corridor and 
the ORVs from mineral development begin to occur, the BLM may seek to acquire private mineral 
rights along the corridor to protect the ORVs. BLM does not have ability to acquire State lands along 
the river corridor. The cost of administering the segment if designated would be minimal under current 
ownership and management of adjacent private lands does not affect the ORVs identified for the 
segment. No detailed cost analysis or estimate was prepared as part of this study. 

7. A determination of the extent that other Federal agencies, the state, or its political
subdivisions might participate in the preservation and administration of the river should it
be proposed for inclusion in the National System:
No other Federal agencies, the state, or its political subdivisions have been asked to participate in
the preservation and administration of the river segment.

8. An evaluation of local zoning and other land use controls in protecting the river’s ORVs
and preventing incompatible development:
The only known local land use controls along the Delaware River is Eddy County’s Flood Plain
Management Ordinance (44) (2003). This ordinance designates floodplain areas in Eddy County
and allows structures to be built within floodplain areas at the discretion of the Floodplain
Administrator, upon issuance of a Floodplain Use Permit. Owners of new or substantially improved
buildings in floodplain areas must get a FEMA Elevation Certificate or a FEMA Floodproofing
Certificate before a Certificate of Occupancy would be granted. This ordinance also sets forth a
provision for flood hazard reduction detailing specific standards to be met by all types of
development, including the placement of manufactured homes, in floodplain areas. While the
county ordinance reduces the likelihood of residential development along the river corridor, the
ordinance does not prevent other development along the river corridor or provide any protection of
the ORVs of the Delaware River.

9. The state/local government’s capacity to manage and protect the ORVs on non-Federal
lands:
The ORVs associated with the Delaware River segment are primarily located in close proximity of
the river (fish, wildlife, cultural, and paleontological values). Because the BLM owns the land
immediately adjacent to the Delaware River for the full extent of the segment, the ORVs are largely
within the BLM’s jurisdiction to manage and protect. A large portion of the subsurface rights
underneath the Delaware River corridor is not owned by the federal government. Approximately
2,016 acres is in private or state ownership. The the BLM manages subsurface mineral rights on
approximately 574 acres. Due to BLM’s surface ownership within the majority of the corridor, leasing
stipulations, conditions of approval, and BMPs would be applied to the majority of mineral activities
to manage and protect the ORVs within the Delaware River corridor. The involvement of state/local
governments to manage and protect ORVs on non-Federal land is not imperative in this case.

10. The existing support or opposition of designation;
During scoping for the CFO RMP revision, the New Mexico Wilderness Association recommended
the Delaware River for consideration as a WSR. No comments were received on the eligibility report
or CFO RMP Newsletter 2 regarding the Delaware River.

It is anticipated that public interest in designating this segment would be divided. Members of the
public who enjoy the segment and the ORVs exhibited on this stretch would be interested in
designating the segment as a means of ensuring BLM ownership. Other members of the public may
be opposed to designation based on concern over water rights, mineral rights, or land ownership.

11. The consistency of designation with other agency plans, programs, or policies:
There are several plans, programs, and policies affecting this segment. The State of New Mexico
manages lands under its control for resource development and use, particularly oil and gas
development. The Eddy County government has no specific policies for this area, other than to
reduce residential development within the floodplain. Because State and County plans, programs,
or policies are to provide for economic development and growth, this may conflict with designation
of this segment of the Delaware River as a Wild and Scenic River.
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12. Contribution to a river system watershed or basin integrity:
The Delaware River is a tributary of the Pecos River. The headwaters of the Pecos River were
designated as a WSR in 1990. No other segments or tributaries of the Pecos River have been
designated as a WSR.

13. The potential for water resources development:
While existing water rights would not be adversely affected by adding the segment to the National
System, future development not covered by existing water rights have the potential to be affected
if sufficient water levels cannot be maintained to protect the ORVs in the segment.

Preliminary Determination 

The Delaware River has been preliminarily determined to be suitable as a WSR with a tentative 
classification as scenic. The determination is based on the rare characteristics and values represented by 
the river segment, including cultural and paleontological resources located along the river system; the 
current status of land ownership of the segment (81% federal ownership); the low cost of administering the 
segment; and the existing support for the designation by the New Mexico Wilderness Association. 

List of Preparers 

An interdisciplinary team of resource specialists from the BLM CFO prepared this report. A contractor, 
SWCA Environmental Consultants, assisted the BLM.  

Table N.10. List of Preparers 

Name Role/Responsibility 

BLM 

Owen Lofton BLM RMP Team Lead/Planning and Environmental Coordinator 

Amanda Nisula Planning and Environmental Coordinator 

Allison Barnes Outdoor Recreation Planner 

Cody Layton Natural Resource Specialist 

Contractor: SWCA Environmental Consultants 

Deb Reber Project Manager 

Coleman Burnett Natural Resource Specialist 

George Weekley Wild and Scenic Rivers 

Rachel Cooper GIS 

Ryan Trollinger GIS 
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Appendix N-1 

Public Comments on Wild and Scenic Rivers 
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Public scoping was conducted upon initiation of the Carlsbad RMP revision in 2011. The following are public 
comments on WSR in the planning area:  

• Wells are too close to the river.

• One commenter felt that riparian lands have the highest value and should be obtained whenever
possible. The commenter believed BLM acquisition of much of the Delaware River and upper Black
River has served to protect vital riparian habitat.

• One commenter would like to see the Pecos and Delaware River corridors closed to cross-country
motorized vehicle use.

• An ACEC proposal for the Delaware watershed west of Yeso Hills Research Natural Area will be
forthcoming. This proposal will include several springs and expanses of gypsum soils. The
Delaware River-Yeso Hills ACEC proposal will include a large variety of plants and over 200
vertebrate species. While the majority of the land is BLM-administered land, there is some state
land to the north and south of Delaware River. These lands should be obtained through exchanges
with the New Mexico State Land Office. Blocking this area under BLM administration will make
management easier and help secure adequate habitat and good management for a wide variety of
threatened and endangered species and other species of concern.

• The following protections should be in place for the Delaware River-Yeso Hills, whether or not the
ACEC is designated:

- Abandoned oil pads and roads need to be reclaimed. When oil leases expire, the lease
needs to be retired.  

- Exotic species need to be surveyed and an aggressive program to eliminate or at least 
control them needs to be developed.  

- Biodiversity at all springs need to be inventoried.  

- All springs need to be fenced to prohibit cattle from accessing them. 

• Cattle need to be removed permanently from the riparian area of the Delaware River. If cattle are
not removed immediately by the lessee, the BLM needs to remove the cattle for sale at auction.
BLM should work to obtain as much of the riverfront on the Pecos River and lower Black River as
they have on the Delaware River.

• The Delaware River should be nominated for inclusion into the NWSRS. It has no dams on the
New Mexico portion of the river. The Delaware River is not only rich biologically, there is a great
deal of history associated with the river. This includes the Pope expedition in 1854 followed by his
construction of Pope’s Well, settlement in the late 1800s, and historic farming and dam
construction.

• A commenter wanted grazing to be eliminated in high erosion areas, especially near drainages and
riparian areas. Increased erosion has greatly altered streams, rivers, and springs across the
Southwest and southeastern New Mexico.
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Conditions of Approval for Application for Permit to Drill Terms 
and Conditions for Right-of-Way Grants 
Introduction 
When the BLM has completed the necessary environmental and technical review of the proposal contained 
within an Application for Permit to Drill (APD) or right-of-way application (SF-299), the BLM may approve 
the application as submitted or, more typically, approve the application subject to Conditions of Approval 
(COAs) for APDs or terms and conditions (T&C) for right-of-way grants (BLM 2012). 

COAs and T&Cs ensure environmental protection, safety, and/or conservation of the mineral resource. 
They arise from a variety of controlling authorities such as the FLPMA, NEPA, ESA, NHPA. The COAs and 
T&Cs can be general in nature or site-specific, and thus will vary from one BLM Field Office to another. The 
Authorized Officer can relocate proposed facilities, control timing of operations, and impose other mitigation 
in accordance with Sections 2 and 6 of the standard oil and gas lease terms (BLM Forms 3100-11 and 
3200-24). This document provides a master list of COAs and T&Cs that are used in the Carlsbad Field 
Office when considering APDs and rights-of-way applications. The list is adapted as needed for site-specific 
use. Many of the items listed will not be used, if not warranted. If, on the other hand, conditions call for 
requirements that are not on the list, BLM specialists can add new COAs and T&Cs. 

General 
The holder shall conduct all activities associated with the construction, operation, maintenance, and 
termination of the [INSERT APPROVED ACTIVITY HERE] within the authorized limits. The holder is 
responsible for all surface disturbances created for the proposed project. The holder is only allowed to 
disturb the surface of what was proposed in the approved application (APD, Sundry Notice, Right-of-
Way, etc.) or terms and conditions of the approved application. No other surface disturbance can 
be created. If any other surface disturbance is needed after the application is approved, a BLM 
approved sundry notice or right of way application must be acquired prior to any new surface disturbance. 

The holder shall post signs designating the BLM serial number assigned to this authorization at the following 
locations: the points of origin and completion, or entry to and exist from public lands, of the pipeline and at 
all major road crossings. These signs shall be posted in a permanent, conspicuous manner, and shall be 
maintained in a legible condition for the term of the authorization. Sign shall be metal with the serial 
number assigned to the authorization bead welded on the sign. 

The operator shall post signs identifying the location permitted herein in accordance with the requirements 
contained in Onshore Oil and Gas Order #1 and 43 CFR 3162.6. 

THE FOLLOWING DATA IS REQUIRED ON THE WELL SIGN: 
(example) OPERATORS NAME: XYZ Oil and Gas 
Company WELL NAME & NO: #1 XYZ Federal 
LEASE NO: NM-XXXXX 
LOCATION: XX' FXL & XX' FXL - Sec. XX, T. XX S., R. SS E., NMPM 

Site Marker: A marker shall be erected in concrete at the location of each bore hole. The marker shall be 
a pipe with the minimum dimensions of 4 inches diameter and at 4 feet tall. The marker shall contain the 
hole number, company, and the physical location of the hole. 

Core Hole Marker outside the Lesser Prairie Chicken habitat area: Upon abandonment of a core hole 
outside of the Lesser Prairie Chicken habitat area, an identification marker will be erected at the location of 
the core hole. The marker will consist of a pipe no less than 4 inches in diameter and no more than 3 feet 
high, as measured from ground level, and will be cemented in place. The marker shall contain the core-
hole number, company, and the location of the core hole. 
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All temporary (< 120 days) surface lines be labeled at beginning and end, at road crossings, entrance and 
exit from public land, no greater than 1/4 mile apart, with an operator, contact number, and labeled 
"temporary". Label must be attached to pipeline. 

The approval of this action does not in any way grant or imply approval of any off-lease or off-unit action 
or activities not authorized in a previously approved plan. It is the responsibility of the applicant to obtain 
any such approvals from the appropriate surface managing agency, including the BLM, and/or any private 
landowners. 

Project Notification: The BLM is to be notified a minimum of [time frame, usually 24 hours or 3 days] in 
advance for a representative to witness: 

a) [project components to witness] 
b) [e.g. spudding, drilling, coring, etc.]  
c)  
d)  
e)  
f) Contact the Carlsbad Field Office, [project lead contact info], prior to starting any of the above 

activities. 

The BLM will monitor construction on this drill site. Notify the appropriate Resource Area Office, BLM 
at least  working days prior to commencing construction at (575) . When construction operations 
are being conducted, the operator shall have the approved APD, Right-of-Way Request, or Sundry Notice 
and attachments, including stipulations, survey plat and diagram on location and they shall be made 
available upon request by BLM personnel. Any surface disturbance cannot commence until the 
permit/approval is physically at the site. The holder will have the authorized permit/approval available for 
inspection by the Authorized Officer. Operations by the holder will cease upon discovery by the Authorized 
Officer that the authorized permit is not available for inspection or is not valid due to permit volume or date 
expiration. 

Prior to commencing construction of the road, pad, or other associated developments, the operator shall 
provide the construction contractor with a copy of the approved Surface Use Plan (including survey plats 
and diagrams) and the attached Conditions of Approval. 

The holder agrees to secure the prior approval of the Authorized Officer before commencing any operations 
such as: drilling out cement plugs, cementing operations, perforating (using explosive or hydraulic 
fracturing), deepening, altering or pulling a portion of the well's casing, plugging operations, or any other 
operation affecting the well. 

Upon cancellation, relinquishment, or expiration of this grant, the holder shall comply with those 
abandonment procedures, including restoration and decontamination (if necessary), prescribed in the 
authorization or determined at the time of abandonment. 

If the well is dry and is to be plugged, approval of the proposed plugging program may be obtained verbally. 
However, verbal approval must be confirmed in writing by immediately filing an original and the required 
number of copies of the Notice of Intent to Abandon (Form 3160-5) with the appropriate BLM area office. 
The report should show the total depth reached, the reason for plugging, and the proposed intervals, by 
depths, where plugs are to be placed, type of plug, type of plugging mud, etc. 

Plugging: Upon completion testing at each site, the entire depth of each core hole will be cemented via a 
tremie pipe. No free-dropping of cement from the surface down the core hole is permitted. 

Upon the plugging and subsequent abandonment of the well, the well marker will be installed at ground level 
on a plate containing the pertinent information for the plugged well. For more installation details, contact 
the Carlsbad Field Office at 575-234-5972. 

If the well is not drilled, notify the BLM so that an official release can be approved. The material pit will be 
mined according to the mining plan. 

Daily Log: A daily log summarizing activities related to the project for that day and expected activities for 
the following day shall be provided to the Authorized Officer. 
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The approved structures and associated disturbance shall be reclaimed upon mine closure, in a manner 
consistent with the approved Mining and Reclamation Plan, subject to any additional stipulations the 
Authorized Officer may deem necessary. 

This permit may be cancelled by the BLM and a Notice of Non-Compliance may be issued if it is found 
that the permittee has violated Federal Law Regulations and/or any clause of these Conditions of Approval 
in accordance with 43 CFR 3590. Enforcement actions for violations may vary depending upon the 
authorizing regulations for the operation. Funds are forfeited by Holder. 

Utilization of Drill Holes for Water Wells: The Authorized Officer may approve the conversion of an 
exploratory drill hole for further use as a water production or monitoring well following submission of a 
written request. Approval of such conversion will be accompanied by a corresponding transfer of 
responsibility for any liability for damage and eventual plugging to the well operator. Conversion of drill 
holes to water-source or monitoring wells and their subsequent operation may be subject to State 
laws, BLM regulation and/or special permits and stipulations set forth by the appropriate surface 
management agency. The operator or responsible party for such a well is responsible for familiarizing 
themselves with and abiding by such laws or restrictions as may be appropriate. Every release of liability 
for conversion of such drill holes must be signed by either the surface management agency or the surface 
owner, as appropriate. Other agencies or individuals desiring use of such wells must make appropriate 
arrangements with the party accepting liability. 

Long-term study plots for range, wildlife, caves, special status species, etc. would be protected from surface 
disturbance.  

Resources 
Soil Resources 
No construction or routine maintenance activities shall be performed, and operations shall be suspended 
during periods when the soil is too wet to adequately support construction equipment. If such equipment 
creates ruts in excess of inches deep, the soil shall be deemed too wet to adequately support construction 
equipment. 

There shall be no clearing or blading of the [INSERT APPROVED ACTIVITY HERE] unless otherwise 
agreed to in writing by the Authorized Officer. 

Stockpile topsoil and keep separate from other material. Topsoil storage piles should not exceed 
3 feet in height. Topsoil shall be re-spread during reclamation. Vegetation, soil and rocks left as a 
result of construction or maintenance activity will be randomly scattered in the vicinity and will not be left 
in rows, piles, or berms, unless otherwise approved by the Authorized Officer. Boulders should be deep- 
buried in conjunction with reclamation. 

Vegetation, soil, and rocks left as a result of construction or maintenance activity shall be randomly 
scattered over the project area and shall not be left in rows, piles, or berms, unless otherwise approved 
by the Authorized Officer. 

The holder shall recontour the disturbed area and obliterate all earth work by removing embankments, 
backfilling excavations, and grading to reestablish the approximate original contour of the land as 
determined by the Authorized Officer. 

The backfilled soil shall be compacted and a _ inch berm will be left over the ditch line to allow for settling 
back to grade. 

The holder shall uniformly spread topsoil over all unoccupied disturbed areas. Spreading shall not be done 
when the ground or topsoil is frozen or wet. 

The holder shall stockpile an adequate amount of topsoil where blading occurs. The topsoil to be stripped is 
approximately inches in depth. The topsoil will be segregated from other spoil piles. The topsoil will be 
used for final reclamation and evenly distributed over the bladed area for the preparation of seeding. 
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Topsoil will be evenly respread and aggressively revegetated over the entire disturbed area not needed for 
all-weather operations including cuts & fills. To seed the area, the proper BLM seed mixture, free of noxious 
weeds, will be used. Final seedbed preparation will consist of contour cultivating to a depth of inches within 
24 hours prior to seeding, dozer tracking, or other imprinting in order to break the soil crust and create seed 
germination micro-sites. 

Erosion Control: Install erosion control berms and windrows. Windrows should be level and constructed 
perpendicular to down-slope drainage; steeper slopes will require greater windrow density. Topsoil 
between windrows should be ripped to a depth of at least 12”, unless bedrock is encountered. Any large 
boulders pulled up during ripping should be deep-buried on location. Ripping should be perpendicular to 
down-slope. The surface should be left rough in order to catch and contain rainfall on-site. Any trenches 
resulting from erosion cause by run-off shall be addressed immediately. 

Geophysical Exploration: Operations shall be suspended when, in the judgment of the Authorized Officer, 
they have the possibility of unduly harming the surface during periods of wet weather or drought. 

Geophysical Exploration: Where appropriate, disturbed areas shall be rehabilitated as directed by the 
Authorized Officer. Rehabilitation techniques may include, but are not limited to: ripping, disking, or other 
seed bed preparation; reseeding; placement of erosion control devices; and berming, barricading, and/or 
signing geophysical routes where they cross roads. 

Excess excavated, unsuitable, or slide material shall be disposed of as directed by the Authorized Officer. 

Overhead Electric Distribution Lines: The holder shall evenly spread the excess soil excavated from pole 
holes in the immediate vicinity of the pole structure. 

Overhead Electric Distribution Lines: Fill in any holes with soil from the removed poles. 

Water Resources 
Refer to Minerals Section for COAs for Development of Ponds for Hydraulic Fracturing. 

Erosion Control: Install silt fences, diversion berms, or other soil erosion controls, as necessary, to slow water 
migration across disturbed areas during construction and reclamation. 

The holder agrees to use the well solely for salt water disposal. No other substance - including oil, 
condensates, sludge, drilling fluids, other chemicals, or any toxic pollutant (as this term is defined under 
the Clean Water Act 40 CFR 104- 149, Section 502) - shall be injected. 

Containment Structures: The containment structure shall be constructed to hold the capacity of the entire 
contents of the largest tank, plus 24-hour production, and a 40-mil liner, unless more stringent protective 
requirements are deemed necessary by the Authorized Officer. 

Firewalls/secondary containment structures are to be constructed and maintained around all storage 
facilities/batteries. All containment dikes will be fenced on the outside of the structure to prevent livestock entry. 

Oil & Gas Production Facility: The containment structure must have sufficient volume to contain, at a 
minimum, 1-1/2 times the entire contents of the largest tank within the facility/battery or 24-hour producing 
volume, whichever is greater, plus enough free board to account for precipitation, and a 20 mm liner, unless 
more stringent protective requirements are deemed necessary by the Authorized Officer. 

Saltwater Storage Facility: The containment structure must have sufficient volume to contain, at a minimum, 1-
1/2 times the entire contents of the largest tank within the facility/battery, plus 12 hours of production, and a 60-
mil liner, unless more stringent protective requirements are deemed necessary by the Authorized Officer. 

Casing and Magenta Dolomite of the Rustler Formation: To protect freshwater bearing units, freshwater mud 
will be used to drill down through the Magenta Dolomite member of the Rustler Formation. Where the 
Authorized Officer deems necessary, casing will be required to isolate aquifers prior to drilling into the salt. 
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Natural drainage systems shall not be blocked. Cuts or fills causing siltation or accumulation of debris 
in stream channels shall be avoided. Precaution will be taken in staging any spoil piles or material stockpiles 
to insure that siltation of streams, and water-tanks does not occur. 

Hydrostatic Testing 
Before being authorized to discharge any hydrostatic test water, the holder must submit to the BLM's 
Authorized Officer a hydrostatic test water discharge plan approved by the NMOCD. Discharge of 
hydrostatic test water must comply with EPA regulations described in 40 CFR 260, including testing the 
water for hazardous waste characteristics before disposal. Generators of hydrostatic test water also 
must meet the discharge plan requirements of the New Mexico Water Quality Act and the New Mexico 
Water Quality Control Commission regulations 3-106b. 

Prior to discharging hydrostatic test water from the pipeline, the Holder shall design and install a 
suitable energy dissipater at the outlet(s), and design and install appropriate erosion protection structures 
needed to ensure that there will be no erosion or scouring of the natural surface or channels within the 
affected area as a result of the discharge. The holder will be held accountable for any erosion, scouring, 
or depletion of vegetation resulting from the discharge. Any structures or objects, including sandbags, 
rocks, hay bales, or other material installed for erosion control will be removed from the site upon 
completion of the hydrostatic testing. 

The holder shall inform the Authorized Officer three working days prior to the completion of the hydrostatic 
test and water discharge. 

Floodplains/Playas 
If a threat of flooding by the Pecos River occurs during drilling operations, the Resource Area Manager 
will issue a shut-in order. Toxic substances and, possibly, drilling equipment will be removed from the 
floodplain. 

All riparian habitat will be protected according to instructions provided by the Authorized Officer. Trees will 
not be cut down unless authorized. 

Self-contained metal tanks are required for floodplain locations. 

Pits containing oil, tank bottoms or other hydrocarbons, salt water, or any toxic substances will not be 
allowed in the floodplain. 

Provisions for containing salt water flow must be made prior to beginning drilling, without resorting to 
reserve pits constructed in the ground. Metal tanks or tank trucks must be in place to collect salt water. 
Salt water storage will not be allowed in the floodplain. 

Production facilities will be located outside the floodplain. 

Flowlines from the wellhead to production facilities will be buried, if soil conditions permit burial. Special 
precautions will be taken to reduce damage from flooding: 

The well will be equipped with a down-hole shut-in device, rated at working pressure of 1,500 psi; or 
a) The wellhead will be buried below ground in a concrete cellar with a grate over it; or, 
b) Three steel posts will be set in concrete. Horizontal steel cross bars will connect the posts. Heavy 

gauge chain link fencing will be welded or bolted to the post and cross bars. The V must point 
upstream or in the direction specified. 

Geophysical Exploration: Playas shall be avoided by using re-routes or skips. 

Surface disturbance will not be allowed within 656 feet of Playas or Alkali Lakes. 

Vegetative Communities 
Geophysical Exploration: Any large trees (e.g., soapberry, elm, or large mesquite) encountered in the area 
of operations shall be avoided and shall not be disturbed. 
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Seeding:  
The Holder shall seed all disturbed areas with a BLM prescribed or approved native seed mix. The purpose 
of the seed mixture is to stabilize soils, increase water infiltration, and to restore forage and habitat for 
livestock and wildlife, including pollinators. Prescribed seed mixes are designed for nativity of plant 
species, reclamation success, ecological appropriateness to adjacent natural areas, maximum net 
ecological benefit, and stable commercial availability of seed. Seed mix prescriptions shall be guided by 
adaptive management principles, and mix prescription assemblages and percentages are subject to 
change as new information or species become available. Additionally, certain sites may require refinement 
from standard mix prescriptions to meet reclamation success or BLM management goals. The holder shall 
verify seed mix prescriptions and substitutions with the Authorized Officer prior to application. 

The seed mixture shall be planted in the amounts specified in pounds of pure live seed (PLS) 1per acre. 
The seed mix shall be Certified Weed Free Seed and contain no primary or secondary noxious weed 
seeds. Seed shall be tested and the viability testing of seed will be done in accordance with State law(s) 
and within nine (9) months prior to purchase. Commercial seed shall be either certified or registered seed. 
Legible, date- and time- stamped images of all seed tags will be sent to, and approved by, the Authorized 
Officer prior to seed application. The seed container will be tagged in accordance with State law(s) and 
available for inspection by the Authorized Officer.  

Seed shall be planted using a drill equipped with a depth regulator to ensure proper depth of sowing where 
drill is possible. The seed mixture shall be evenly and uniformly planted over the disturbed area. Holder 
shall take appropriate measures to ensure that the smaller or heavier seeds (which tend to drop to the 
bottom of the drill) stay suspended for even distribution. Where drilling is not possible, seed shall be 
broadcast, and the area shall be raked or chained to incorporate and cover the seed. When broadcasting 
seed, the prescription for PLS per acre shall be doubled. The seeding shall be repeated until a satisfactory 
stand is established as determine by the Authorized Officer. Additionally, regular watering and mulch may 
be required on a case by case basis. A satisfactory stand consists of live native vegetative cover that 
demonstrates species diversity, structural diversity, and sixty percent (60%) canopy cover relative to 
adjacent undisturbed natural areas. Evaluation of growth may not be made before completion of at least 
one full growing season after seeding.  

The maximum allowable disturbance for construction in this right-of-way will be feet. 
• Blading of vegetation within the right-of-way will be allowed: maximum width of blading operations 

will not exceed feet. The trench is included in this area. Blading is defined as the complete removal 
of brush and ground vegetation. 

• Clearing of brush species within the right-of-way will be allowed: maximum width of clearing 
operations will not exceed feet. The trench and bladed area are included in this area. Clearing is 
defined as the removal of brush while leaving ground vegetation (grasses, weeds, etc.) intact. 
Clearing is best accomplished by holding the blade 4-6 inches above the ground surface. 

• The remaining area of the right-of-way (if any) shall only be disturbed by compressing the 
vegetation. 

• Compressing can be caused by vehicle tires, placement of equipment, etc. 

Removal of fuel wood and live plants from public lands are not permitted unless approved by the Authorized 
Officer. 

Range vegetative monitoring studies would be identified using GIS and would be avoided from development 
when possible.  

Noxious/Invasive Weeds 
The operation may not result in the establishment of noxious weeds as defined by the Carlsbad Field 
Office. If the project (or any related action) is responsible for the establishment of any noxious weeds on 
the leased or surrounding lands, the lessee will be responsible for their removal at the lessee’s expense. 
The holder is responsible for consultation with the authorized office and/or local authorities for acceptable 

                                                            
1 Pounds of bulk seed x percent purity x percent germination = pounds of pure live seed 
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weed control methods. The Holder shall ensure that the project area, including driving surfaces, ditching 
and drainage control structures, road verges and any construction sites or zones, will be kept free of 
noxious weeds. The current noxious weeds as defined by the Carlsbad Field Office are: Malta Starthistle, 
African Rue, Scotch Thistle, Saltcedar, or Rayless Goldenrod. This list is subject to change at any time. 

Fish and Wildlife 
Refer to Minerals Section for COAs for Development of Ponds for Hydraulic Fracturing. 

All nests, including passerine bird nests as well as active and inactive raptor nests, and the structure they 
are located in will be avoided by all vehicles and will be maintained in their existing condition. A 50-foot 
buffer around inactive raptor nests will be maintained. A 656-foot buffer will be maintained for active raptor 
nests. If any active raptor nests are encountered within 656 feet of the project, operations will cease, and 
the BLM will be contacted. No raptor stick nests, either active or inactive, will be destroyed. 

Surface disturbance will not be allowed within 656 feet of active heronries or by delaying activity for up to 
120 days, or a combination of both. Raptor nests on special, natural habitat features, such as trees, large 
brush, cliff faces and escarpments, will be protected by not allowing surface disturbance within 656 feet 
of nests or by delaying activity for up to 90 days, or a combination of both. Exceptions to this requirement 
for raptor nests will be considered if the nests expected to be disturbed are inactive, the proposed 
activity is of short duration (e.g. habitat enhancement projects, fences, pipelines), and will not result in 
continuing activity in proximity to the nest. 

A 656-foot buffer shall be applied to wildlife waters regarding surface-disturbing activities. In the event of 
geophysical exploration, wildlife waters shall be avoided by using re-routes or skips. 

Surface disturbance will not be allowed on public lands within 656 feet known prairie dog towns or towns 
identified in the future. Exceptions to this requirement will be considered for maintaining existing structures 
or facilities. Prairie dog control will not be authorized on public lands, except in emergency situations 
involving public health. 

Powerlines shall be constructed to standards outlined in "Suggested Practices for Raptor Protection on 
Powerlines," Raptor Research Foundation, Inc., 1981, unless otherwise agreed to by the Authorized 
Officer in writing. The holder is responsible for demonstrating that power pole designs not meeting these 
standards are "raptor safe." Such proof shall be provided by a raptor expert approved by the Authorized 
Officer. The BLM reserves the right to require modifications or additions to powerline structures 
constructed under this authorization, should they be necessary to ensure the safety of large perching 
birds. These modifications and/or additions shall be made by the holder without liability or expense to 
the United States. 

All open-vent exhaust stacks associated with heater-treater, separator and dehydrator units shall be modified 
to prevent birds and bats from entering them and to the extent practical to discourage perching and nesting. 

New production equipment installed on federal leases will have the open-vent exhaust stacks constructed 
to prevent the entry of birds and bats and, to the extent practical, to discourage perching and nesting. 

The lease holder is required to contact BLM wildlife biologists a minimum of 5 days before any construction 
and/or ground-disturbing activities associated with development of the lease occurs. The holder shall follow 
the current New Mexico Department of Game and Fish Trenching Guidelines and/or any standards or 
conditions established by the BLM to prevent the trapping of small mammals, amphibians, and reptiles. 

The following trench monitoring protocol shall apply to the entire duration of the project, regardless of land 
ownership or CCA/CCAA enrollment status: 

Any trench left open for eight (8) hours or less is not required to have escape ramps; however, before the trench 
is backfilled, an agency approved monitor shall walk the entire length of the open trench and remove all trapped 
vertebrates. Successful completion of the BLM Trench Workshop is required for a non-agency person to be 
approved as a monitor. The bottom surface of the trench will be disturbed a minimum of 2 inches in order to 
arouse any buried vertebrates. All vertebrates will be released a minimum of 100 yards from the trench. 



Draft Resource Management Plan/Environmental Impact Statement Appendix O 
Conditions of Approval and Best Management Practices 

BLM Carlsbad Field Office  O-8  

For trenches left open for eight (8) hours or more the following requirements apply: 
a) Earthen escape ramps and/or structures (built at no more than a 30- degree slope and spaced no 

more than 500 feet apart) shall be placed in the trench. Metal structures will not be authorized. 
Options will be discussed in detail at the required Trench Stipulation Workshop. 

b) One approved monitor shall be required to survey up to three miles of trench between the hours of 
11 AM–2 PM. A daily report (consolidated if there is more than one monitor) on the vertebrates 
found and removed from the trench shall be provided to the BLM (email/fax is acceptable) the 
following morning. 

c) Prior to backfilling of the trench all structures used as escape ramps will be removed and the bottom 
surface of the trench will be disturbed a minimum of 2 inches in order to arouse any buried 
vertebrates. All vertebrates will be released a minimum of 100 yards from the trench. 

Construction holes left open overnight shall be covered. Covers shall be secured in place and shall be 
strong enough to prevent wildlife from falling through and into a hole. 

Special Status Species 
Special Status Wildlife 
General 
Refer to Minerals Section for COAs for Development of Ponds for Hydraulic Fracturing. 

Geophysical Exploration 

All large, hummocky sand dunes encountered during geophysical operations shall be avoided by driving 
around the sand dunes. The holder shall install the pipeline on the surface in such a manner that will minimize 
suspension of the pipeline across low areas in the terrain. In hummocky or dunal areas, the pipeline 
shall not be suspended from the ground, but bend with the terrain. 

Off-site Mitigation 

All or a portion of this lease may encompass resources of concern such as, but not limited to: 
• plants, animals, and/or their habitats determined to be threatened, endangered or of special 

concern (i.e., state sensitive species, state species of management concern) 
• lands that have been restored with public (Federal) and/or partnership funds to improve the health 

and viability of the land or resources 
• other sensitive resource values such as, but not limited to, paleontological resources, wetlands, 

riparian systems, aquatic resources, fragile soils, and cave and karst environments. 

The BLM may recommend modifications to exploration and development proposals to mitigate the above 
values that would be disturbed by development of the lease or to further its conservation and management 
objective to avoid BLM approved activity that will contribute to a need to list such a species or their habitat. 
In the case where onsite mitigation alone may not be possible or sufficient, offsite mitigation measures 
may be utilized. Offsite mitigation may include, but is not limited to, the following: 

• In-kind: Replacement or substitution of resources that are of the same type and kind as those being 
impacted. Example: For every acre of new, long-term surface disturbance in important lesser 
prairie-chicken nesting/early brood-rearing habitat in Area (A), (x) acres of unsuitable habitat in 
Area (B) is reclaimed, treated, or planted to create new or suitable nesting/early brood-rearing 
Lesser prairie-chicken habitat. 

• Out-of-kind: Replacement or substitute resources that, while related, are of equal or greater overall 
value to public lands. 

• Example: For every acre of new, long-term surface disturbance in important Lesser prairie-chicken 
nesting/early brood-rearing habitat in Area (A), the project proponent agrees to bury (x) miles of 
existing power lines and remove the power poles used as hunting perches by raptors in Area (B). 

• In-lieu-fee: Payment of funds to the BLM or a natural resource management agency, foundation, 
or other appropriate organization for performance of 
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• mitigation that addresses impacts of a project (Federal Land Policy Management Act section 
307(c)). Example: The applicant may make payment to the BLM or a conservation group based 
on the amount of acres that will be disturbed in exchange for commitment from the recipient to 
apply the funds toward local Lesser prairie-chicken core habitat protection/restoration projects. 

Dunes Sagebrush Lizard (DSL) 

Geophysical Exploration 

DSL study sites (See Exhibit _, map) identified in the project area shall be avoided by vehicles involved in 
geophysical operations. A flagged buffer zone surrounding the study sites will identify the areas of concern. 
No ATVs shall be driven within the study sites. Geophones shall be hand carried onto the study sites. 
Drive-arounds shall be strictly adhered to within the study site areas. 

Geophysical Exploration 

Geophysical operations at DSL study sites will be monitored. One day prior to commencing geophysical 
operations within the immediate areas of sand dune lizard study sites, the geophysical company's 
representative shall call at _. 

Lesser Prairie Chicken 

Drilling or construction activities for any portion of the project within the Lesser Prairie Chicken habitat will be 
restricted to the hours of 9:00 am through 3:00 am for the period of March 1 through June 15. No drilling or 
construction activities will be allowed between 3:00 am and 9:00 am. Normal vehicle use on existing roads 
will not be restricted. Exhaust noise from generators muffled with a hospital grade muffler to at most 49 
decibels not to exceed 10 decibels above ambient noise level measured at 30 feet from the source of the 
noise. The proposed action occurs within the Lesser Prairie-Chicken Habitat Area (HA). Non-emergency 
exceptions to the Timing Limitation Condition of Approval will not be granted to afford the species protection 
during its breeding season. 

Geophysical Exploration 

There shall be no 3-D seismic activities in Lesser Prairie Chicken habitat between March 1 and June 15. 
Other geophysical operations may be conducted during this period if they do not commence until after 9:00 
a.m. and are not conducted between the hours of 3:00 a.m. and 9:00 a.m. Any deviation from this 
requirement must be approved by the Authorized Officer. 

Geophysical Exploration 

All gas or diesel combustion engines must have mufflers installed to effectively reduce the impact of 
excessive noise levels within Lesser Prairie Chicken habitat. 

Core Hole Marker within the Lesser Prairie Chicken habitat area 

Upon abandonment of a core hole within the Lesser Prairie Chicken habitat area, a low profile abandoned 
well marker will be installed to prevent raptor perching. The marker will be constructed to the following 
specifications: 

An 8” x 8” steel plate, 1/8 to 3/16 of an inch thick, is to be welded or bolted on a standpipe at least one 
meter (3 ft) below the surface. If a plate is bolted to the stand pipe, it will be required to weld a pipe 
collar onto the plate and a minimum of two sets of screws or bolts used with the collar to fasten the plate 
to the standpipe. 

An aluminum data plate shall be mounted onto the top of the steel plate using ¼-inch bolts and locking nuts 
or self-tapping, fine-threaded screws, with a minimum of one bolt and locking nut or screw in each corner of 
the data plate. The aluminum data plate will be constructed of an 8” x 8” 12-gauge or 0.080 sign material plate 
(1/8- inch thick aluminum plate may be used in lieu of the 0.080 plate), with the required information for the 
core hole stamped or engraved onto the plate, with a minimum of 3/8-inch tall letters/numbers. 
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The following information will be stamped or engraved on the 8” x 8” aluminum plate in the following order: 
Well name/number 

Legal location - include distances from section lines, section, township, and range. If the legal location 
cannot be placed on one row it can be split into two rows with the distances from section lines place on the 
top row. 

Special Status Plants 
COAs identified as appropriate through environmental analysis to mitigate the impacts to federally listed, 
proposed, candidate, and BLM sensitive species and associated habitat would be applied to land use 
authorizations, permits, and leases that fall within the plant consideration area (e.g., 1,970 feet) of the 
affected plant species or occupied habitat. These measures may also be applied to projects near suitable 
habitat that may hold special value or to provide protection to suitable habitat that may allow for species’ 
expansion. 

Possible mitigation strategies may include, but are not limited to:  
• Adjusting the location of the disturbance outside of the plant consideration area;  
• The use of several dust abatement measures;  
• Using signs, fencing, and other deterrents to reduce possible human disturbance;  
• Requiring construction to occur outside of the blooming season (September through March), 

involving possibly delaying the project by more than 60 days;  
• Using a higher percentage of forbs in the reclamation seed mix to promote pollinator habitat;  
• In reclamation of the site, replace the soil and sub-soil layers to the pre-disturbance order of soil 

horizons;  
• Using a qualified, independent third-party contractor to provide general oversight;  
• Non-native or invasive species monitoring and control; and 
• Control of 80 (this could vary by alternative) percent of fugitive dust within 330 feet from edge of 

occupied, suitable, and/or potential special status plant species (federally listed species, proposed 
species, candidate, and BLM sensitive species) habitat would be achieved using BLM approved 
dust suppression methods to be determined on a case by case basis.  

 

Cultural Resources 
Any cultural resource (historic or prehistoric site or object) discovered by the holder, or any person working 
on the holder's behalf, on the public or Federal land shall be immediately reported to the Authorized Officer. 
The holder shall suspend all operations in the immediate area of such discovery until written authorization 
to proceed is issued by the Authorized Officer. An evaluation of the discovery will be made by the Authorized 
Officer to determine appropriate actions to prevent the loss of significant cultural or scientific values. The 
holder shall be responsible for the cost of evaluation and any decision as to the proper mitigation measures 
will be made by the Authorized Officer after consulting with the holder. If any human remains are 
encountered, all action should stop immediately, and the situation should be reported to the Authorized 
Officer.  

Mining will be restricted within the surveyed Archaeological boundaries which are marked by steel T 
posts or metal rods. 

Cultural Survey: A cultural survey shall be conducted by an archeologist approved by the BLM, prior 
to any construction activities. 

The holder is hereby obligated to comply with procedures established in the Native American Graves 
Protection and Repatriation Act (NAGPRA) to protect such cultural items as human remains, associated 
funerary objects, sacred objects, and objects of cultural patrimony discovered inadvertently during the 
course of project work. The proponent shall immediately halt the disturbance and contact the BLM within 
24 hours for instructions. The proponent or initiator of any project shall be held responsible for protecting, 
evaluating, reporting, excavating, treating, and repatriating of these cultural items according to the 
procedures established by the BLM in consultation with Indian Tribes. 
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Geophysical Exploration: Archaeological sites shall be avoided by reviewing shapefiles and incorporating 
the information into GPS systems which are listed in the attachment to the NOI. Additional cultural 
resources protections provided in cultural report _, which are listed in the attachment, shall be followed. 

The collection, excavation, removal, damage to or alteration of any antiquities is prohibited by the 
Archeological Resources Protection Act (16 USC 470aa-470ll). The lessee shall be responsible for 
ensuring that people employed by the lessee or under contract to the lessee shall abide by this law. 

Paleontological Resources 
Any paleontological resource discovered by the holder, or any person working on the holder's behalf, on 
the public or Federal land shall be immediately reported to the Authorized Officer. The holder shall 
suspend all operations in the immediate area of such discovery until written authorization to proceed 
is issued by the Authorized Officer. An evaluation of the discovery will be made by the Authorized Officer 
to determine appropriate actions to prevent the loss of significant cultural or scientific values. The holder 
shall be responsible for the cost of evaluation and any decision as to the proper mitigation measures will 
be made by the Authorized Officer after consulting with the holder. 

Visual Resources 
Painting 
All above-ground structures (lasting more than 120 days) including pipeline risers, tanks, barrels, electrical 
housing, meter housing, facilities, etc. that are not subject to safety requirements shall be painted by the 
holder with a flat, non-reflective paint to blend with the natural color of the landscape. The color 
selected for this project is  , from the BLM Standard Environmental Color Chart (CC-001: June 
2013). Any exception to this Painting Requirement must be approved by the BLM Authorized Officer in 
writing prior to implementation. 

Pipelines  
The pipeline route and associated construction vehicles shall follow existing roads or rights-of -ways when 
possible. Ground disturbance and removal of vegetation shall be kept at a bare minimum. Natural contours 
of the land and existing vegetative cover shall be used to conceal the pipeline route when possible. 

All above-ground structures not subject to safety requirement shall be painted by the holder to blend with 
the natural color of the landscape. The color selected for this project is from the BLM Standard 
Environmental Color Chart CC- 001: June 2013. 

Surface pipelines will not be placed on top of bushes, trees or yucca plants. 

Low Profile Facilities 
All permanent surface production facilities, including the well-drive control system, treatment, storage, 
power (except specifically approved electrical transmission lines and poles), range improvements or 
other permanent above-ground facilities shall be “low profile”, not to) exceed eight (8) feet in height when 
located in VRM Class I, II or III. Any exception to Low Profile Facilities must be approved in writing by the 
BLM Authorized Officer prior to implementation. 

Wind Energy 
The BLM will consider the visual resource values of the public lands involved in proposed wind energy 
development projects, consistent with BLM Visual Resource Management (VRM) policies and guidance. 
The BLM will work with the ROW applicant to incorporate visual design considerations into the planning 
and design of the project to minimize potential visual impacts of the proposal and to meet the VRM 
objectives of the area. 

The public shall be involved and informed about the visual site design elements of the proposed wind energy 
facilities. Possible approaches include conducting public forums for disseminating information, offering 
organized tours of operating wind developments, and using computer and visualization simulations in 
public presentations. 
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Visual resource management (VRM) considerations shall take place early in the project planning phase in 
accordance with BLM VRM manual and handbooks. Operators shall utilize digital terrain mapping tools 
at a landscape/viewshed scale for site planning and design, visual impact analysis, and visual impact 
mitigation planning and design. Visual mitigation planning and design shall be performed through field 
assessments, applied GPS technology, photo documentation, use of computer-aided design and 
development software, and visual simulations to reflect a full range of visual resource best management 
practices. The digital terrain mapping tools shall be at a resolution and contour interval suitable for site 
design and accurate placement of proposed developments into the digital viewshed. 

Simulations shall be prepared and evaluated in accordance with BLM Handbook H-8432-1, or other 
agency requirements, to create spatially accurate depictions of the appearance of proposed facilities. 
Simulations shall depict proposed project facilities from Key Observation Points and other visual resource 
sensitive locations. 

Turbine arrays and turbine design shall be integrated with the surrounding landscape. Design elements to be 
addressed include visual uniformity, use of tubular towers, proportion and color of turbines, nonreflective 
paints, and prohibition of commercial messages on turbines. 

Other site design elements shall be integrated with the surrounding landscape. Elements to address include 
minimizing the profile of the ancillary structures, burial of cables, prohibition of commercial symbols, 
and lighting. Regarding lighting, efforts shall be made to minimize the need for and amount of lighting on 
ancillary structures. 

Operators shall reduce visual impacts during construction by clearly delineating construction boundaries and 
minimizing areas of surface disturbance; preserving vegetation to the greatest extent possible; 
utilizing undulating surface disturbance edges; stripping, salvaging and replacing topsoil; contoured 
grading; controlling erosion; using dust suppression techniques; and restoring exposed soils as closely 
as possible to their original contour and vegetation. 

Operators shall monitor and maintain visual mitigation measures for the approved project in accordance 
with a visual monitoring and compliance plan. The operator shall maintain revegetated surfaces until a 
self-sustaining stand of vegetation is reestablished and visually adapted to the undisturbed surrounding 
vegetation. No new disturbance shall be created during operations without completion of a VRM analysis 
and approval by the Authorized Officer. 

Painting of oil field equipment and structure to minimize visual impacts will be conducted according to the 
requirements of NTL 87-1, New Mexico. Low profile facilities also may be required, when needed, to reduce 
the contrast of a project with the dominant color, line, texture, and form of the surrounding landscape. 
Other surface facilities or equipment approved by the BLM, such as large-scale range improvements or 
pipelines, will be painted, when needed, to conform with the requirements of VRM to minimize visual 
impacts. Paint colors will be selected from the Standard Environmental Colors Chart CC-001: June 2013 
developed by the BLM. The selected paint color will match as closely as possible the predominant soil or 
vegetation color of the area and will be approved in writing by the BLM Authorized Officer. 

Karst Resources 
Sinkholes, resurgences, cave entrances, and known cave passages are to be avoided by up to a 984-foot 
buffer on either side of the feature. The 984-foot buffer may require additional karst survey. If a sinkhole 
is created or observed within the 984-foot buffer, the Authorized Officer shall be notified. Note that the 
984-foot buffer comes from protections for springs which are also karst features.  

Proposed projects (e.g., roads, powerlines, pipelines, drill pads, wells, etc.) may be rerouted, repositioned, 
resized, and/or moved to an alternate location at the discretion of the BLM to avoid cave and karst features. 
The purpose is to minimize the possibility of encountering near-surface voids and possible contamination 
of karst systems and regional aquifers associated with leaks and spills. Additionally, turnout ditches and 
drainage leadoffs shall not be constructed in such a manner as to alter the natural flow of water into or out 
of cave or karst features. If any subsurface drainage channels, cave passages, or voids are penetrated 
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during construction, the BLM Carlsbad Field Office will be informed immediately, and no further construction 
will be done until clearance has been issued by the Authorized Officer. Upon notification, the BLM will, 
within 24 hours of notification, conduct an on-site field inspection for karst. At the conclusion of the field 
inspection, the authorized field inspector will authorize or suggest mitigating measures to lessen the 
damage to the karst environment. A verbal order to proceed or stop the operation will be issued at that time. 
Whether or not a proposed activity has been relocated to reduce potential impacts on caves or karst, surface 
mitigations will be applied, when needed, to minimize the risk of impacts during construction, drilling or 
production. Appropriate surface mitigations will be developed during the NEPA analysis of a proposal 
and could include one or more of the following practices, most of which have long been employed to 
mitigate impacts: 

Practices to minimize potential impacts from reserve pit spills or leakage: 
• The use of a closed system or steel tanks; 
• Reorientation of the rig and related pit location, while considering human safety; 

 
Practices to minimize potential impacts from leaking tanks or pipelines: 

• The construction of berms around storage tanks sufficient to contain spills, in accordance with 
Conditions of Approval; 

• The installation of leak detection systems for pipelines or tanks; 
• The use of permanent liners in storage tank areas; 
• The use of differential pressure shut-off valves; 
• The use of corrosion-inhibiting coatings and cathodic protection. 

 
Practices to minimize the potential impacts of vented or escaping gases settling in caves: 

• The flaring or venting of gas to protect human safety and to better disperse the gases and eliminate 
possible gas ignitions; 

• The use of stock tank vapor recovery systems. 
 
Cable tool drilling techniques will be used when possible in areas where encounters of caves or karst are 
expected at depths not greater than 350 feet. 

Rotary drilling techniques in cave or karst areas will include the use of either fresh water mud, foam, or 
compressed air as a circulating medium in zones where caves or karst are expected. Below those 
zones, the operator may use whatever drilling fluid is appropriate. 

Surface casing for all new wells and re-entries would be set in the Rustler formation where it exists, 
otherwise it will be set in the first competent bed below potential useable water. The Dockum Group 
formations will not be used to set surface casing because the beds are not competent and to protect 
potential useable water within this Group (Dewey Lake and Santa Rosa). 

All casing will meet or exceed National Association of Corrosion Engineers specifications pertaining to the 
geology of the location and be run according to American Petroleum Institute and BLM standards. 

A "cave protection" casing could be required in instances when a designated significant cave would be 
jeopardized. The cave-protection casing string would be set at least 100 feet below the deepest known 
cave-bearing zone as determined by drilling or other pertinent methods. 

Regardless of the type of drilling machinery used, if bit drops of four feet or more and circulation losses 
greater than 75 percent occur simultaneously while drilling in any cave-bearing zone, drilling operations 
will immediately stop, and the BLM will be notified by the Operator. The BLM will assess the consequences 
of the situation and work with the Operator on corrective actions to resolve the problem. If corrective actions 
fail, the well will be plugged. 
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The casing will be cemented in place using one or a combination of any of the following methods that are 
environmentally sound, as determined by the BLM and the Operator: 

1) If a large void or severe lost circulation zone is encountered, isolation from above and below rather 
than complete cement coverage of these zones could be employed. This would be accomplished 
by using stage cementing equipment, external casing packers, cement baskets, and one-inch 
remedial cementing techniques. 

2) For a less severe lost circulation zone encountered while drilling, the operator would attempt to 
circulate cement to the surface using a single or multistage cementing job composed of a "lead" 
and "tail" slurry for each stage. 

3) Foam cementing techniques may be used. 
 
Any corrective actions proposed to resolve problems related to bit drops or lost circulation will require BLM 
concurrence before implementation. A decision on how to proceed will be reached within 24 hours of 
notification. 

Where the presence of significant caves or significant karst features are obvious or expected based on 
the results of detection efforts, and in lost circulation zones, constant monitoring of drilling operations by 
the BLM could be required. 

On wells within High and Medium Karst Occurrence Zones, annual pressure tests will be performed by 
the Operator on all casing annuli. If the test results indicated a casing failure, remedial actions approved 
by the BLM will be undertaken to correct the problem. 

The BLM standards for plugging and abandonment in Onshore Oil and Gas Order NO.2 will be applied 
to protect or isolate all useable water zones, potentially productive zones, abnormally pressured zones, 
caves, and any prospectively valuable deposits of minerals. This includes any zones encountered during 
drilling that contain fluids with a potential to migrate. 

The Operator will track the customary drilling activities, including the rate of penetration, pump pressure weight 
on bit, bit drops, percent of mud returns, and presence or absence of cuttings returning to the surface. As part 
of customary record keeping, each detectable void or sudden increase in the rate of penetration not 
attributable to a change in the formation type should be documented and evaluated as it is encountered. 

Off-site Mitigation: All or a portion of this lease may encompass resources of concern such as, but not 
limited to: 

• plants, animals, and/or their habitats determined to be threatened, endangered or of special 
concern (i.e., state sensitive species, state species of management concern) 

• lands that have been restored with public (Federal) and/or partnership funds to improve the health 
and viability of the land or resources 

• other sensitive resource values such as, but not limited to, paleontological resources, wetlands, 
riparian systems, aquatic resources, fragile soils, and cave and karst environments. 

 
The BLM may recommend modifications to exploration and development proposals to mitigate the above 
values that would be disturbed by development of the lease or to further its conservation and management 
objective to avoid BLM approved activity that will contribute to a need to list such a species or their habitat. 
In the case where onsite mitigation alone may not be possible or sufficient, offsite mitigation measures 
may be utilized. Offsite mitigation may include, but is not limited to, the following: 

• In-kind: Replacement or substitution of resources that are of the same type and kind as those 
being impacted. Example: For every acre of new, long-term surface disturbance in important 
lesser prairie-chicken nesting/early brood-rearing habitat in Area (A), (x) acres of unsuitable habitat 
in Area (B) is reclaimed, treated, or planted to create new or suitable nesting/early brood-rearing 
Lesser prairie-chicken habitat. 

• Out-of-kind: Replacement or substitute resources that, while related, are of equal or greater 
overall value to public lands. 

• Example: For every acre of new, long-term surface disturbance in important Lesser prairie-chicken 
nesting/early brood-rearing habitat in Area (A), the project proponent agrees to bury (x) miles of 
existing power lines and remove the power poles used as hunting perches by raptors in Area (B). 
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• In-lieu-fee: Payment of funds to the BLM or a natural resource management agency, foundation, or
other appropriate organization for performance of mitigation that addresses impacts of a project
(Federal Land Policy Management Act section 307(c)). Example: The applicant may make payment
to the BLM or a conservation group based on the amount of acres that will be disturbed in exchange
for commitment from the recipient to apply the funds toward local Lesser prairie-chicken core
habitat protection/restoration projects.

All or a portion of the lease is located in a potential cave or karst occurrence area. Within this area, 
caves or karst features such as sinkholes, passages, and large rooms may be encountered from the 
surface to a depth of as much as 2,000 feet, within surface areas ranging from a few acres to hundreds 
of acres. Due to the sensitive nature of the cave or karst systems of this area, special protective measures 
may be developed during environmental analyses and be required as part of approvals for drilling or other 
operations on this lease. These measures could include: changes in drilling operations; special casing 
and cementing programs; modifications in surface activities; or other reasonable measures to mitigate 
impacts to cave or karst values. These measures may be imposed in accordance with 43 CFR 3101.1-
2; 43 CFR 3162.5-1; Onshore Oil and Gas Order No. 1; and Section 6 of the lease terms. 

No Action Alt. A Alt. B Alt. C Alt. D
Subsurface Mitigation
Applicable and 
reasonable subsurface 
mitigations will be 
applied where the 
presence of caves or 
karst is obvious or 
expected, based on the 
results of detection 
efforts, and in lost 
circulation zones. The 
options could include, 
but are not limited to, 
the following practices. 

Closed loop systems 
would be required for 
drilling in the following 
areas: 
1. High and medium

karst potential areas
2. Within 1/4 of riparian

areas, sensitive
receptors, water wells,
perennial springs and
seeps

3. Guadalupe Geographic 
Region

4. Gypsum Geographic
Region

5. Bootheel Geographic
Region

6. Within floodplains and
ephemeral drainages

Closed loop systems 
would be required for 
drilling in the 
following areas: 
1. High and medium

karst potential areas
2. T&E species habitat
3. HAs
4. Within 1/4 mile of

riparian areas,
sensitive receptors,
water wells,
perennial springs
and seeps

5. Above the Capitan
aquifer

6. Within floodplains
and ephemeral
drainages

Closed loop systems 
would be required 
for drilling in the 
following areas: 
1. High and medium

karst potential
areas

2. Within 1/4 mile of 
riparian areas,
residential areas,
water wells,
perennial springs
and seeps

3. Above the
Capitan aquifer

4. Within
floodplains and
ephemeral
drainages

Traditional pits 
could be used in 
some situations if 
also allowed by the 
State of NM. 

Resource Uses 
Livestock Grazing 
The holder shall minimize disturbance to existing fences, livestock watering systems, and other improvements 
on public lands. The holder shall contact the owner of any improvements prior to disturbing them. The holder 
is required to promptly repair impacted improvements (like livestock watering systems) to at least their former 
state. When the holder is granted by the BLM to pass through a fence line, the fence shall be braced on both 
sides of the passageway with H- braces prior to cutting of the fence. During construction, the opening shall 
be protected to prevent the escape of livestock. Fences which have been cut during construction will be 
restored by the lessee to a condition which is equal to or better than the original. No permanent gates shall 
be allowed. Cattle guards may be required in any fence where a road created during construction is to be 
regularly traveled. 
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Geophysical Exploration  
Any fence needing to be cut during operations to allow access shall be immediately repaired to a condition 
as good as or better than the condition in which the fence was found. No fence shall be removed. 

Construction holes left open overnight shall be covered. Covers shall be secured in place and shall be 
strong enough to prevent livestock from falling through and into a hole. 

Gates 
Gates or cattle guards on public lands shall not be locked or closed to public use by the lessee. Gates will 
be kept closed at all times unless the grazing allottee requests them to be left open. 

Surface Owner Notification 
Prior to any construction, the lessee shall notify the grazing allottee or the surface owner in the case of 
private ownership, of the activity. 

Off-site Mitigation 
All or a portion of this lease may encompass resources of concern such as, but not limited to: 

• plants, animals, and/or their habitats determined to be threatened, endangered or of special 
concern (i.e., state sensitive species, state species of management concern) 

• lands that have been restored with public (Federal) and/or partnership funds to improve the health 
and viability of the land or resources 

• other sensitive resource values such as, but not limited to, paleontological resources, wetlands, 
riparian systems, aquatic resources, fragile soils, and cave and karst environments. 

 
The BLM may recommend modifications to exploration and development proposals to mitigate the above 
values that would be disturbed by development of the lease or to further its conservation and management 
objective to avoid BLM approved activity that will contribute to a need to list such a species or their habitat. 
In the case where onsite mitigation alone may not be possible or sufficient, offsite mitigation measures 
may be utilized. Offsite mitigation may include, but is not limited to, the following: 

• In-kind: Replacement or substitution of resources that are of the same type and kind as those being 
impacted. Example: For every acre of new, long-term surface disturbance in important lesser 
prairie-chicken nesting/early brood-rearing habitat in Area (A), (x) acres of unsuitable habitat in 
Area (B) is reclaimed, treated, or planted to create new or suitable nesting/early brood-rearing 
Lesser prairie-chicken habitat. 

• Out-of-kind: Replacement or substitute resources that, while related, are of equal or greater overall 
value to public lands. 

• Example: For every acre of new, long-term surface disturbance in important Lesser prairie-chicken 
nesting/early brood-rearing habitat in Area (A), the project proponent agrees to bury (x) miles of 
existing power lines and remove the power poles used as hunting perches by raptors in Area (B). 

• In-lieu-fee: Payment of funds to the BLM or a natural resource management agency, foundation, 
or other appropriate organization for performance of mitigation that addresses impacts of a project 
(Federal Land Policy Management Act section 307(c)). Example: The applicant may make payment 
to the BLM or a conservation group based on the amount of acres that will be disturbed in exchange 
for commitment from the recipient to apply the funds toward local Lesser prairie-chicken core 
habitat protection/restoration projects. 

 

Minerals 
Oil and Gas Production 
Operations shall not be conducted which in the opinion of the Authorized Officer would constitute a 
hazard to oil and gas production or that would unreasonably interfere with the orderly development and 
production under any oil and gas lease issued for the same lands. 
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Payment for Federal mineral materials to be used for construction is required prior to construction of the pad 
and access road. 

Mineral Removal 
Removal of mineral materials such as sand, gravel, caliche or building stone is not allowed unless 
authorized by a current sales contract. No new caliche pits or other material pits on federal lands shall 
be allowed without the approval of the Authorized Officer. Mineral material removed from Federal lands is 
by permit only. A permit shall be purchased prior to mineral material removal. 

Caliche 
Caliche used in the construction of the roads and drill pads will be removed from the site after the core 
holes have been drilled and the roads and pads are no longer needed by the operator. This caliche belongs 
to the operator and it can be reused on another project, for road repairs, or it can be returned to the caliche 
pit. Otherwise, the material shall be disposed of under a plan approved by the Authorized Officer. 

Core Holes 
Minimum construction techniques are recommended for this project. We recommend drilling the holes 
without constructing any roads or pads when possible. If vegetation needs to be removed, but no caliche 
is needed, you are authorized blade the surface, keeping disturbance to . When caliche is 
necessary for the building of the pad, the minimum amount necessary for the project is recommended. 

Drill pads shall be constructed no larger than by ___ . The mud pit can be placed off the end of the pad. 
At no time shall surface disturbance extend onto lands not included in the archeological survey. 

Mineral Materials Pits 
The overburden and or topsoil will be stockpiled along the outer rim of the first cell of a new pit. Following the 
first mined cell all top soil is to be stock piles in the bottom of the previously mined out cell to be used 
to reclaim the pit. No overburden or top soil shall leave the pit. 

Restrict extraction of mineral material to within the surveyed area and active mineral pit cell being harvested 
(Example: a cell that is 120 feet wide × 600 feet long). Metal T-post have been placed along four corners 
of the mineral material pit to distinguish outer boundaries of the entire mineral pit. If T-posts are 
missing, for your safety, call the BLM office at (575)  . 

On leaving a material site, it will be cleaned and dressed. All rubbish and debris will be removed, and the 
site dressed by dragging, blading, or otherwise smoothing the excavated surface. 

The mineral material site will be maintained so as to diminish injury to people, livestock and wildlife. 
All open excavations need sloped side walls. 

The open pit slope shall be graded not less than 3 (three) feet horizontal to 1 (one) foot vertical (3 to 1 
slope). Test pits are to be back filled. 

Topsoil material moved in conjunction with clearing and stripping prior to mineral (caliche’, gravel, clay) 
removal, shall be conserved in stockpiles (within the material site). No top soil shall be removed from the 
mineral pit. 

Excess excavated, unsuitable, or slide material shall be disposed of as directed by the Authorized Officer. 

The holder shall recontour the disturbed area and obliterate all earth work by removing embankments, 
backfilling excavations, and grading to reestablish the approximate original contour of the land as 
determined by the Authorized Officer. BLM land shall not storage vehicles or equipment. 

No construction or routine maintenance activities shall be performed during periods when the soil is 
too wet to adequately support construction equipment. If such equipment creates ruts in excess of two 
inches deep, the soil shall be deemed too wet to adequately support construction equipment. 
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Mine Tailings 
Compliance with Laws and Regulations 
The operator shall comply with all federal, state, and local water quality standards, especially those 
under the Clean Water Act, National Pollution Discharge Elimination System (NPDES) point source and 
non-point source programs. 43 CFR 3809 requires that hardrock mining on the public lands must not cause 
unnecessary or undue degradation. 

Baseline Information 
All operations with potential for surface or groundwater impacts should develop base line water quality 
and quantity information. A baseline survey should identify all water which may be at risk from a proposed 
mine. All aspects of a mine which may cause pollution should be investigated so that every phase of the 
operation can be designed to avoid contamination. The selection of parameters to be measured in baseline 
water quality studies should be comprehensive and site-specific. 

Minimizing Water Use & Recycling 
The quantity of water used in mining and processing should be minimized where possible. Mine water 
should also be recycled wherever possible. 

Alkaline or Saline Mine Drainage 
Alkaline or saline mine drainage should be treated or prevented in a similar manner to the ways in which 
Acid Mine Drainage (AMD) is treated or prevented. Soils and material that will comprise mine wastes 
shall be sampled and characterized to determine the potential for alkaline or saline drainage. In general, 
it is necessary to isolate alkaline or saline materials and to utilize suitable growth media if revegetation of 
alkaline or saline sites is desired. The selection of appropriate species is critical. The placement of coarse 
material as a capillary break between alkaline or saline materials and the growth media can aid in limiting 
upward migration of salts and the growth of plant roots in the alkaline or saline materials. (Solid Minerals 
Reclamation Handbook, 2001, p. 64). 

Surface Water Run-on/Run-off & Erosion Controls 
All tailings management projects should include a detailed discussion of proposed surface water run-on 
and run-off and erosion controls for the entire life and scope of the project. Contaminated (tailings brine) 
surface run-off shall be prevented from entering natural waterways. Natural water flow shall be diverted 
around disturbed areas or tailings ponds to prevent contamination. 

All surface disturbing activities that involve more than short term disturbance will require diversions and 
constructed waterways as a means of transporting water off the site and avoiding storm water runoff 
problems. Diversions should intercept water above the disturbed area and transport it around and away from 
any disturbed areas. Water from within the disturbed area may need to be routed into a sediment pond to 
assure sediment/suspended solids are not transported into offsite waters. Long-term diversion of intermittent 
streams should be avoided if possible. Diversion structures should be sized for an appropriate storm interval 
and also be constructed so as to provide access for maintenance. Construction of diversions should provide 
for stability of the channel bed and banks; this might include heavy riprap or geotextile. Where diversions 
connect or return to natural waters or watercourses, the channel may need to be armored. Diversions may 
require a “404” permit from the U.S. Army Corps of Engineers. There may also be other state and federal 
permit requirements for diversions. 

The risk of diversion failure to downstream structures/features should be analyzed. Diversion designs 
should be appropriate for the duration of the project. 

Steep slopes may need to be stabilized using erosion control fabric or other methods.  

Groundwater: Contamination /degradation of groundwater shall be protected. 
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Water Monitoring Program 
All tailings management plans, proposals, or updates shall include a water monitoring program to 
ensure compliance with the terms of project/plan. If no alteration is considered necessary to the operator’s 
existing water monitoring program, a written justification shall be submitted. The selection of parameters 
to be measured in a monitoring program should be comprehensive and site-specific but should include, 
at a minimum: conductivity, hardness, total dissolved solids, total suspended solids, K and Na ions, 
temperature, water flows, and organisms present. The sampling plan should be designed to reflect 
seasonal variations and flow extremes. A highly variable effluent may require more frequent sampling. 
Standardized analytical methods should be selected and rigorously followed throughout the project. 

Design Storm Events 
Tailings impoundments should be designed for total containment of project site run-off from the design 
storm event. The design storm event selected should be appropriate to the duration of the project as well 
as the magnitude of the consequences of potential failure. 

Emergency Spillways 
The integrity of ponds must be ensured through the proper design and construction of the pond dam, 
standpipe (if used) and emergency spillway. The emergency spillway must not be constructed in fill material 
and should be protected with coarse rock or structures designed to resist erosion during storm events. 
Where standpipes are used, anti-piping barriers and rock stilling basins should be constructed at the pipe 
discharge point. 

Certification by a Registered Professional Engineer 
All sediment or tailings control structures, such as ponds, dikes, diversions, etc. should be designed 
under the direction of and certified by a registered professional engineer. The design must be reviewed 
by the Authorized Officer prior to construction. Design of these structures must address sediment 
capacity, design storm events, and any other appropriate factors. Sediment control structures should be 
completed prior to upstream surface disturbance. 

Maintenance 
The operator must ensure that all structures related to tailings or surface water management are 
constructed and maintained according to the design and are periodically maintained and inspected. A 
plan for the maintenance of the project, or an update to an overall Tailings Management Area Maintenance 
Plan must be submitted to the Authorized Officer within a reasonable time-frame following project 
construction. Tailings impoundment or sediment pond structures shall be maintained until the lands 
disturbed have been reclaimed and the reclamation criteria met. Ponds can then be reclaimed in 
accordance with the reclamation plan. 

Post-Closure 
Post-closure resource values of the water should be consistent with pre-disturbance values and the land 
use plan. Reclamation and closure activities should not involve long-term maintenance requirements, or 
if there are long-term post-closure maintenance requirements, a funding mechanism is required. Facilities 
requiring maintenance will likely prevent termination of the period of liability and release of the bond. 

Proposed reclamation activities found in the original Mining Plan are subject to change and are likely to 
change with mine development. Changes may be required as more information such as monitoring data 
becomes available. Where the operator or the BLM requires modification to the proposed reclamation 
activities, including closure, the Mining Plan must be modified. 



Draft Resource Management Plan/Environmental Impact Statement Appendix O 
Conditions of Approval and Best Management Practices 

BLM Carlsbad Field Office  O-20  

Requirements for Drilling Pits 
Construction Phase 

Burial 

The reserve pit shall be constructed, so that upon completion of drilling operations, the dried pit contents 
shall be buried a minimum depth of four (4) feet below ground level. Should the pit content level not 
meet the 4-foot minimum depth requirement, the excess contents shall be removed until the required 
minimum depth of four feet below ground level has been met. The operator shall properly dispose of the 
excess contents at an authorized disposal site. 

Below Ground Level 

The reserve pit will be constructed entirely below ground level (as opposed to pushing up dirt to form the 
sides of the pit). 

Liner and Contents 

All pits that may contain liquid material shall be lined with a 30 ml liner or greater to prevent seepage into the 
ground. The pit liner shall be maintained in good working condition, with no tears or holes, until the pit is 
closed. No trash, pipe, barrels, wireline, or metal equipment is permitted in the pit. 

Freeboard 

Pits shall be constructed to preclude the accumulation of precipitation runoff and maintain a minimum of 2 
feet of freeboard between the maximum fluid level and the lowest point of containment at all times. If pit 
fluids threaten to rise to a level allowing less than 2 feet of freeboard, steps shall immediately be taken 
to prevent introduction of additional fluids until sufficient pit capacity has been restored through fluid 
removal or an alternative containment method is approved and installed. 

Exclosure Netting 

The operator will prevent humans, wildlife (including avian wildlife), and livestock access to fluid pits that 
contain or have potential to contain salinity sufficient to cause harm to wildlife or livestock, hydrocarbons, 
or Resource Conservation and Recovery Act of 1976-exempt hazardous substances. At a minimum, the 
operator will install approved netting over reserve pits containing fluids in accordance with the requirements 
below. (Note: The BLM does not approve of the use of flagging, strobe lights, metal reflectors, or noise 
makers as techniques for deterring wildlife.) 

Installation of the net must commence immediately after high activity operations cease. High activity 
operations include drilling operations and fracturing operations. 

Minimum Netting Requirements - The operator will: 
• Construct a rigid structure made of steel tubing or wooden posts with cable strung across the pit 

at no more than seven (7) foot intervals along the X- and Y-axes to form a grid of 7-foot squares. 
• Suspend netting a minimum of 4 to 5 feet above the fluid surface. 
• Use a maximum netting mesh size of 1 ½ inches to exclude most birds. 
• Cover the top and all sides of the netting support frame with netting and secure the netting at the 

ground surface around the entire pit to prevent wildlife entry at the netting edges. (Note: Hog 
wire panels or other wire mesh panels or fencing used on the sides of the netting support frame 
is ineffective in excluding small wildlife and birds unless covered by the smaller mesh netting. 

• Monitor and maintain the netting sufficiently to ensure the netting is functioning as intended, has 
not entrapped wildlife, and is free of holes and gaps greater than 1 ½ inches. 
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Exclosure Fence 

The operator will install and maintain exclosure fencing on all sides of the reserve pit to prevent access to 
public, livestock, and large forms of wildlife. Only one side of the reserve pit fence may be set aside during 
drilling or fracturing operations, but must be reconstructed when these operations are not being performed. 

• The fence shall be installed at least two (2) feet from the edge of the pit. 
• Construction of the fence shall consist of steel and/or wooden posts set firmly into the ground. 
• All corners shall be braced. 
• Use a fence with four separate wires (smooth or barbed) or hog panel (16 ft. length by 50 in. 

height) with connectors such as fence staples, clips, hog rings, hose clamps, twisted wire, etc. 
The fencing must be secured to the posts. 

• The wire (if used) must be stretched tightly and spaced evenly to effectively exclude animals. 
• Do not use electric fences. 
• The erected fence shall be maintained in adequate condition until the dried reserve pit undergoes 

backfilling. 
• For examples of exclosure fencing design, refer to BLM’s Oil and Gas Gold Book, Exclosure Fence 

Illustrations, Figure 1, Page 18. 

Escape Ramps 

The operator will construct and maintain reserve pits to prevent livestock, wildlife, and humans from 
becoming entrapped. At a minimum, the operator will construct and maintain escape ramps, ladders, or 
other methods of avian and terrestrial wildlife escape in reserve pit. Escape ramps must be installed at 
every corner of the reserve pit and in the center of each side if that side exceeds 100 feet in length. Escape 
ramps must be in contact with the side of the reserve pit, bottom of the reserve pit, and the top of the 
reserve pit berm. Escape ramps cannot be made of metal and cannot be steeper than a 3:1 slope 
(Horizontal Distance: Vertical Distance) or 30% slope. (Examples of escape ramps: 12” wide wooden 
planks wrapped in matting, felt lining, etc.) 

Maintenance Phase 
Hydrocarbons: Any hydrocarbons (condensate, paraffin, diesel, etc.) introduced to the reserve pit shall be 
removed within 24 hours. 

Closure Phase 
NMOCD: The pit will be closed in accordance with NMOCD pit closure rules, with the following additional 
stipulations: 

• Drying: When drilling is completed, the fluids must be drawn off the pit within 30 days and the pit 
reclaimed within six months. The pit should also be fully enclosed with fencing on 4 sides during 
the drying process. 

• Notification: The operator will notify a BLM Environmental Protection Specialist three days prior to 
beginning closure operations. 

• Sampling: The BLM may wish to witness the sampling of the pit contents and excavation 
bottoms. The operator will notify a BLM Environmental Protection Specialist three days prior to 
sampling pit contents or excavation bottoms. 

• Solidifying Pit Contents: Only mineral materials can be used to solidify pit contents. The operator is 
prohibited from using topsoil materials stockpiled on location for this purpose. 

• Burial (Onsite): If onsite burial is approved by the NMOCD, the pit liner sides will be folded over the 
pit contents and a separate liner installed atop the encapsulated pit materials. The top liner must 
be located four feet below the natural ground surface. Should the pit content level not meet 
the 4-foot minimum depth requirement, the excess contents shall be removed until the required 
minimum depth of four feet below ground level has been met. The operator shall properly dispose 
of the excess contents at an authorized disposal site. 

• Burial (Trench): If trench burial is elected as a closure method, the burial will be located in the 
confines of the approved pad. The operator should consider where the burial will be located in 
advance of pad and facility construction in order to accommodate this requirement. The trench will 
be fully lined, the reserve pit materials fully encapsulated, and 20 mm liner installed over the top 
of the containment. The top liner must be located four feet below the natural ground surface. 
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Surface Restoration Phase 
 

Backfilling 

For both onsite and trench burials, clean mineral materials may be used to backfill on top of the liner 
installation or to backfill excavated pit areas to a backfill level that reaches the natural topsoil depth of the 
surrounding terrain or 1 foot below surface level, whichever is greater. (In sandy soils, 2 feet of topsoil 
material is required.) Clean and viable topsoil must be used as the top fill on the excavations and 
reclamation areas in order to establish vegetation. Topsoil materials must be a good match to that of the 
surrounding terrain. 

Contouring 

The surface of the reserve pit reclamation and/or trench burial should be recontoured to match that of the 
native terrain. 

Erosion Control 

Erosion control measures must be installed to ensure that reclamation stabilizes and establishes 
vegetation. If erosion issues develop, the erosion issues must be addressed immediately by bringing in 
additional backfill material and re-establishing erosion control measures. 

Seeding 

The location must be seeded with an appropriate BLM seed mix for the soil type of the area. 

Well Completion Requirements 
The objective of interim reclamation is to restore vegetative cover and a portion of the landform sufficient 
to maintain healthy, biologically active topsoil, control erosion, and minimize habitat and forage loss, 
visual impact, and weed infestation, during the life of the well or facilities. 

During the life of the development, all disturbed areas not needed for active support of production 
operations should undergo interim reclamation in order to minimize the environmental impacts of 
development on other resources and uses. 

Within six (6) months of well completion, operators should work with BLM surface management specialists 
to devise the best strategies to reduce the size of the location. Interim reclamation should allow for 
remedial well operations, as well as safe and efficient removal of oil and gas. 

During reclamation, the removal of caliche is important to increasing the success of revegetating the site. 
Removed caliche that is free of contaminants may be used for road repairs, fire walls, or for building other 
roads and locations. The areas planned for interim reclamation will then be recontoured to the original 
contour if feasible, or if not feasible, to an interim contour that blends with the surrounding topography 
as much as possible. Where applicable, the fill material of the well pad will be backfilled into the cut to 
bring the area back to the original contour. The interim cut and fill slopes prior to re-seeding will not be 
steeper than a 3:1 ratio, unless the adjacent native topography is steeper. Note: Constructed slopes may 
be much steeper during drilling, but will be recontoured to the above ratios during interim reclamation. 

Topsoil will be evenly respread and aggressively revegetated over the entire disturbed area not needed for 
all-weather operations including cuts & fills. To seed the area, the proper BLM seed mixture, free of noxious 
weeds, will be used. Final seedbed preparation will consist of contour cultivating to a depth of 4 to 6 inches 
within 24 hours prior to seeding, dozer tracking, or other imprinting in order to break the soil crust and 
create seed germination micro-sites. 

In order to operate the well or complete workover operations, it may be necessary to drive, park and operate 
on restored interim vegetation within the previously disturbed area. Disturbing revegetated areas for 
production or workover operations will be allowed. If there is significant disturbance and loss of vegetation, 
the area will need to be revegetated. 
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Communicate with the appropriate BLM office for any exceptions/exemptions if needed. Proper erosion 
control methods will be used on the area to control erosion, runoff and siltation of the surrounding area. 

Upon completion of interim reclamation, the operator shall submit a Sundry Notices and Reports on Wells, 
Subsequent Report of Reclamation (Form 3160-5). 

Well Abandonment Requirements 
At final abandonment, well locations, production facilities, and access roads must undergo "final" 
reclamation so that the character and productivity of the land are restored. The long-term objective of final 
reclamation is to return the land to a condition approximating that which existed prior to disturbance. 
This includes restoration of the landform and natural vegetative community, hydrologic systems, visual 
resources, and wildlife habitats. To ensure that the long-term objective will be reached through human and 
natural processes, actions will be taken to ensure standards are met for site stability, visual quality, 
hydrological functioning, and vegetative productivity. 

Earthwork for final reclamation must be completed within six (6) months of well plugging. All pads, pits, facility 
locations and roads must be reclaimed to a satisfactory revegetated, safe, and stable condition, unless 
an agreement is made with the landowner or BLM to keep the road and/or pad intact. 

Prior to final reclamation procedures, the well pad, road, and surrounding area will be cleared of material, 
trash, and equipment. All surfacing material will be removed and returned to the original mineral pit or 
recycled to repair or build roads and well pads. 

All disturbed areas, including roads, pipelines, pads, production facilities, and interim reclaimed areas will 
be recontoured to the contour existing prior to initial construction or a contour that blends 
indistinguishably with the surrounding landscape. Topsoil that was spread over the interim reclamation 
areas will be stockpiled prior to recontouring. The topsoil will be redistributed evenly over the entire 
disturbed site to ensure successful revegetation. 

After all the disturbed areas have been properly prepared, the areas will be seeded with the proper BLM 
seed mixture, free of noxious weeds. Final seedbed preparation will consist of contour cultivating to a 
depth of 4 to 6 inches within 24 hours prior to seeding, dozer tracking, or other imprinting in order to break 
the soil crust and create seed germination micro-sites. Seeding may need to be repeated until 
revegetation is successful, as determined by the BLM. Proper erosion control methods will be used on 
the entire area to control erosion, runoff and siltation of the surrounding area. 

All unused equipment and structures including pipelines, electric line poles, tanks, etc. that serviced the 
well will be removed. 

Operators shall contact a BLM surface protection specialist prior to surface abandonment operations for 
site specific objectives 

Core Hole Drilling, Logging, Assay Analysis Protocol and Chain of Custody 
The BLM Geologist should examine several holes previously drilled in the area and determine the 
significant geologic formation depths, such as the Rustler, Magenta, Culebra, Top of salt and the marker 
beds present in the area. Depths and thickness of easily recognizable markers such as the 103 and 109, 
Union, and 123 & 124 should be noted. 

Mining Company shall notify BLM three days prior to spudding the well. BLM shall inspect the location prior 
to spudding the well. 

Inspector will measure the length of each joint of pipe and count the number to be used in drilling the hole. 
Any joints out of the rack should also be counted. Any other lengths added to the drill string will be noted. 
Purpose: To establish depth in the hole. This is accomplished by counting remaining pipe and subtracting 
from the total. 

Drilling from the surface to the top of the salt, preferably should be accomplished with fresh water. Once 
the top of the salt is reached, the drilling fluid should be saturated with salt and preferably with a double 
saturated Potassium/Sodium brine. Special care should be taken when drilling during cold weather. Cold 
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drilling fluid from the mud pit will warm as it enters the hole. This will cause the brine to become under 
saturated in salts. Under saturated brine, especially in respect to Potassium, will cause the core and ore 
minerals to dissolve rendering a poor core. Having brine completely saturated with respect to potassium will 
help to alleviate the problem. Potassium saturated brines are affected less by changes in temperature than 
Sodium brines. 

The logger should note any changes in the formations being drilled. If possible note the top and bottom of 
the Rustler, Magenta and Culebra Formations. The top of the first salt should be noted. The logger should 
note the depths of the 103 and 109 and any other marker beds. When nearing the core points, verify the 
drilling depth by counting drill pipes. 

Mining Company shall notify BLM prior to beginning coring if the inspector is not already present. 

The BLM Geologist should note the depth coring begins. When the core is pulled the geologist should note 
the top of the core and be certain the core is put in the core boxes systematically in order. The top of 
the core run should be marked. Potash companies should mark the core with two lines, in separate colors, 
along the long axis of the core. A specific color is always on the right and the other on the left. This way 
they know which end of the core is to the top. The depth should be marked on the core at specified 
intervals. Each box should be clearly labeled with the depth and box number. The thickness of core 
recovered should be noted. (Orientate the core at breaks prior to marking the core. The gaps between the 
breaks in the core should be closed prior to measuring the length to minimize stretch of the core during 
measuring.) Any loss of core should be noted. Loss of core can occur as a result of poorly consolidated 
formations or can be lost in the hole and not recovered. Noting the lost core will help orientate the core with 
respect to depth. 

The boxes containing the ore zones should be labeled appropriately. 

If a chain of custody report is necessary, a BLM geologist or representative shall be present each time 
the core is handled, sealed, unsealed and/or changes hands. 

Each box of core shall be sealed by the BLM geologist at the coring station. Core shall be transported by 
BLM to a locked facility to which only BLM has the key. When the core is logged, split or processed 
otherwise, BLM shall be present before the seal on the box is opened. A BLM geologist shall be present 
during the procedures. If the core is split, each split shall be logged and sealed by the BLM geologist and 
stored in a locked facility. When the split core is crushed or ground and analyzed by the mining company, 
the BLM geologist shall be present during the process. The values analyzed shall be noted. The sample 
analyzed shall be tagged, bagged, sealed and placed with the remaining sample from that run. That 
sample shall be tagged, bagged and sealed. If an independent lab is utilized for a wet chemical analysis, 
the sample shall be delivered to the lab. Chain of custody shall be maintained. Any time a sample changes 
hands, both parties shall sign and date the chain of custody. 

Assaying the core – A BLM geologist will be present at all times during logging and splitting of the core. The 
ore zone will be determined and depth noted. A zone to be assayed will be determined and noted. The 
core will be cleaned with a brine prior to splitting. The core will be cut into two pieces along the long axis 
of the hole. One fourth of the core will be assayed, the remainder should be returned to the core box. 
Both portions of the sample will be separately bagged and tagged. One will be sent to the lab, the other 
stored for future use. The lab will grind approximately 10 grams of the sample to a fine powder, of which 
approximately 3 grams will be run through the X-Ray Diffraction analyzer to determine mineral content and 
weight percent of the sample. The remaining fine powder and the non-ground portion of the sample will be 
put back in the bag. The remaining sample will be sent to an independent lab and run using wet chemistry. 

The methods to be used in the wet chemistry analysis are: 
• For Potassium – Sodium Tetraphenylboron (STPB) Method 
• For Chloride – Silver Nitrate 
• For Sulfate – Gravimetric Sulfate for Ores 
• For Magnesium and Calcium – EDTV (Versene) Titration method 
• For Sodium – Calculated by difference between negative ions and positive ions. This process will 

be repeated for all the samples to be analyzed. 
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Geologic Information Report: All geologic information shall be supplied to the BLM Carlsbad Field Office, 
in care of [insert name here]. The required information includes: 

• Geologic log of the hole, including the top and bottom depths of formations (Rustler, Salado, etc.), 
any aquifers encountered (Magenta Dolomite, etc.), ore zones, and marker beds (where identifiable), 
in feet. At a minimum, lithology, color, and any other unusual or salient characteristics should be 
described for each of these units. 

• Mineralogic description of the cored section. 
• All assays, in detail, obtained during the evaluation of the core. Assays should include the thickness 

of the sample and the weight% of the Ions, if relevant: K+, Na+, Ca++, Mg++, Cl-, SO4--, and Insoluble 
Minerals. If XRD is the method used, spectra will be submitted along with the calculated compositions. 
The company’s determination of thickness and weight percent of minerals present in each of the 
samples assayed. A brief explanation of the assay method (XRD, XRF, etc.) including the lab (e.g., 
Mosaic Internal Lab), date the assays were performed, detection limits and % error should be 
included. Assay information shall be submitted digitally in a format that can be opened by or imported 
into Microsoft Excel, in addition to paper copies. 

• If geophysical logs are run, a copy of each log shall be submitted. The log can be either paper or 
digital; a copy of each is preferred. 

• Photographs of the cored ore zone intervals. Either paper or digital photographs are acceptable. 

Core Hole Reporting Requirements: See 43 CFR 3593.1 

Abandonment report: Use form 3160-3 

Re-capitulation Report: 
• Company 
• Hole Number 
• Permit Number on which the hole is located 
• Location: Township, Range, Section, coordinates 
• Date spudded 
• Date TD is reached 
• Date of abandonment 
• Surface Elevation 
• Hole Depth 
• Top of Salt 
• Water zones encountered. 

- If specific information is recorded, please provide depth, volume, static head, quality 
• Gas, Air or Unusual Conditions encountered. Describe condition and depth 
• Size of hole 
• Size of core 
• Driller 
• Ore Zones encountered 
• Depth to top 
• Depth to bottom 
• Assay Summary – Example: 5.2’ @ 58% Polyhalite 
• Problems encountered during drilling 

Assay Report: Header Information – Company, Core Hole Number, Permit Number, Dates Assayed, Ore 
Zone number or name 

Other Logs: Any other logs run - geologic or geophysical, video etc. 

Core Hole Reclamation 
1. Road and Site Reclamation: 

a. Any new roads or pads constructed during lease operation will have the caliche removed 
(Disposed of in a manner approved by the Authorized Officer); be returned to native contour 
and slope; will have erosion control mitigation installed (windrows and erosion control berms); 
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and will be seeded to the specifications determined by the Authorized Officer based on 
properties of the location. 

b. Any areas where vehicles have been driven across open country will have three tee posts with 
wire stretched between them, erected across the access to the disturbance in order to 
restrict further vehicular use. 

c. Any land disturbed during construction will be seeded to the specifications below. 
2. Pit Reclamation: 

a. Topsoil - The operator shall stockpile the topsoil excavated from the mud pit. The topsoil shall 
be used to backfill the reserve pit any excess can be used for other onsite reclamation. 

b. Liner – If deep burial is approved by the OCD, the cuttings will be encapsulated in the pit liner, 
an umbrella cap liner installed over the encapsulation, and a minimum of 4 feet of soil placed 
over the cuttings. The surface of the reclaimed pit shall have enough soil placed in the hole, 
such that after settling, the ground surface is at the same elevation as the surrounding lands. 

3. Facility Reclamation: Any surface structure erected during drilling operations shall be removed and 
disposed of in a proper manner according to Federal, State and County laws and regulations, 
when no longer needed. Any concrete spilled on the Public Lands shall be removed and disposed 
of properly. 

4. Hazardous Waste Removal: Any hazardous wastes spilled of otherwise used on the site will be 
removed and disposed of by a method approved by the Authorized Officer at the expense of the 
permittee. 

5. Seeding:  
a. The Holder shall seed all disturbed areas with a BLM prescribed or approved native seed 

mix. The purpose of the seed mixture is to stabilize soils, increase water infiltration, and to 
restore forage and habitat for livestock and wildlife, including pollinators. Prescribed seed 
mixes are designed for nativity of plant species, reclamation success, ecological 
appropriateness to adjacent natural areas, maximum net ecological benefit, and stable 
commercial availability of seed. Seed mix prescriptions shall be guided by adaptive 
management principles, and mix prescription assemblages and percentages are subject to 
change as new information or species become available. Additionally, certain sites may 
require refinement from standard mix prescriptions to meet reclamation success or BLM 
management goals. The holder shall verify seed mix prescriptions and substitutions with the 
Authorized Officer prior to application. 

b. The seed mixture shall be planted in the amounts specified in pounds of pure live seed 
(PLS) 2per acre. The seed mix shall be Certified Weed Free Seed and contain no primary or 
secondary noxious weed seeds. Seed shall be tested and the viability testing of seed will be 
done in accordance with State law(s) and within nine (9) months prior to purchase. 
Commercial seed shall be either certified or registered seed. Legible, date- and time- 
stamped images of all seed tags will be sent to, and approved by, the Authorized Officer 
prior to seed application. The seed container will be tagged in accordance with State law(s) 
and available for inspection by the Authorized Officer.  

c. Seed shall be planted using a drill equipped with a depth regulator to ensure proper depth of 
sowing where drill is possible. The seed mixture shall be evenly and uniformly planted over the 
disturbed area. Holder shall take appropriate measures to ensure that the smaller or heavier 
seeds (which tend to drop to the bottom of the drill) stay suspended for even distribution. 
Where drilling is not possible, seed shall be broadcast, and the area shall be raked or chained 
to incorporate and cover the seed. When broadcasting seed, the prescription for PLS per acre 
shall be doubled. The seeding shall be repeated until a satisfactory stand is established as 
determine by the Authorized Officer. Additionally, regular watering and mulch may be required 
on a case by case basis. A satisfactory stand consists of live native vegetative cover that 
demonstrates species diversity, structural diversity, and sixty percent (60%) canopy cover 
relative to adjacent undisturbed natural areas. Evaluation of growth may not be made before 
completion of at least one full growing season after seeding.  

                                                            
2 Pounds of bulk seed x percent purity x percent germination = pounds of pure live seed 
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6. Soil Preparation: A granular 16-12-12 fertilizer, or better, will be applied at the rate of 200 lbs. per 
acre. Fertilizer requirements may be modified prior to the performance of reclamation upon 
approval of the Authorized Officer. 
a. Water shall be applied directly after planting, irrigated a minimum of three inches into the soil in 

order to provide adequate amounts of moisture, and to help embed the seeds. Seeding prior to 
the fall rainy season is preferable. 

b. If after two growing season the vegetation has not taken hold, re-seeding will be required. 
7. Site Marker – A marker shall be erected in concrete at the location of each bore hole. The marker 

shall be a pipe with the minimum dimensions of 4 inches diameter and 6 feet tall. The marker shall 
contain the core hole number, company, and the location of the hole. This is normally 
accomplished by placing a brass cap on top of the properly plugged core hole. 

8. Core Hole Abandonment – The core hole shall be plugged with cement, from bottom to top using 
general procedures or latest technology, whichever is more prudent. The general procedure is: 
a. Run tubing into the hole until the bottom is reached. 
b. Lift tubing off the bottom of the hole. 
c. Mix and pump cement, circulating down tubing and up annulus. 
d. If circulation occurs, shut down and close in tubing. (The tubing is lost in the hole.) 

9. An alternate procedure is to determine the theoretical volume of cement needed at various depths. 
a. Run tubing into the hole until the bottom is reached. 
b. Lift tubing off the bottom several feet. 
c. Mix and pump a calculated volume of cement into the hole, enough to fill the bottom of the hole 

up to the base of the tubing. 
d. Pull the tubing up several feet. 
e. Pump a calculated volume of cement into the hole, enough to fill from the last run up to the 

bottom of the tubing. 
f. Repeat until the surface is reached. 

Development of Ponds for Hydraulic Fracturing 
Notification: Contact the Supervisory Environmental Protection Specialist at 575-234-5972 at least 24 hours 
prior to starting construction. 

Freshwater Only: The frac pond will only be authorized to contain freshwater and testing of water quality is 
required. Additives are not allowed without consent of the Authorized Officer in writing. 

Contamination: If at any time the water in the frac pond becomes polluted with salts or other contaminants, 
use of the frac pond will cease and desist, and all liquids will be removed from the frac pond and disposed 
of properly. The operator will preclude releases of oil into open pits. The operator must remove any 
accumulation of oil, condensate, or contaminant in a pit within 48 hours of discovery. 

Authorized Disturbance: Confine all construction and maintenance activity to the approved authorized area 
applied for in the application. 

Facilities: Porto-johns and trash containers will be on-location during fracturing operations or any other 
crew-intensive operations. Grey-water, sewage, and trash shall be removed from the site and disposed of 
properly at a state approved facility. 

Escape Ramps: The operator will construct and maintain frac ponds to prevent livestock, wildlife, and 
humans from becoming entrapped. At a minimum, the operator will construct and maintain escape ramps, 
ladders, or other methods of avian and terrestrial wildlife escape in frac ponds. Escape ramps must be 
installed at every corner of the frac pond and in the center of each side if that side exceeds 100 feet in 
length. In DSL habitat, escape ramps would be placed approximately every 50 feet. Escape ramps must 
be in contact with the side of the frac pond, bottom of the frac pond, and the top of the frac pond berm. 
Escape ramps cannot be made of metal and cannot be steeper than a 3:1 slope (Horizontal Distance: 
Vertical Distance) or 30% slope. (Examples of escape ramps: 12” wide wooden planks wrapped in matting, 
felt lining, etc.) 
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Frac Pond Pipelines: Temporary pipelines flowing from the frac pond to the target well will be laid along 
existing roadways unless an exception has been granted by the Authorized Officer in writing. 

Mineral Material from Excavation: Mineral materials extracted during construction of the frac pond will be 
stored on- location and/or used for constructing the frac pond. 

Frac Pond Liner: The frac pond will be lined with at least a 30-mil plastic liner. The plastic lining will be 
removed prior to final abandonment. 

Produced Water Frac Pond Liner: the pond must have at least two 60 mil liners. The plastic lining will be 
removed prior to final abandonment. 

Topsoil Stockpile: The operator shall strip at least the top 6 inches of soil (root zone) from the entire frac 
pond area and stockpile the topsoil approximately 25 feet outside the bermed perimeter of the pond in a 
low-profile manner, reasonably protected from wind and water erosion. Topsoil shall not be used for 
constructing the frac pond. The topsoil will be used for final reclamation purposes only. 

Frac Pond Fence: The operator will install and maintain exclosure fencing on all sides of the frac pond to 
prevent access to public, livestock, and large forms of wildlife. The fence shall be installed at the base of the 
berm and never on top of the berm. Construction of the fence shall consist of steel and/or wooden posts set 
firmly into natural ground. Hog panel or chain-link fencing must be used as the fence and tied securely to the 
fence posts. Barbed-wire fencing or electric fences shall not be used. The fence height shall not be shorter 
than six (6) feet. The erected fence shall be maintained in adequate condition until the frac pond is reclaimed. 

Erosion Prevention: Install earthen erosion-control structures as are suitable for the specific terrain and soil 
conditions. 

Reclamation Start: Reclamation efforts will commence immediately after the frac pond is no longer needed 
for the purpose of completing wells. Within 3 months of completion of frac operations on associated wells, 
all earthwork and final reclamation must be completed. This includes reclaiming and/or removal of i) any 
roads approved for use with the pond, ii) surface water lines, iii) tanks, pumps, fencing etc. 

If, during any phase of the construction, operation, maintenance, or termination of the frac pond, any 
pollutant should be released from the contaminated frac pond, the control and total removal, disposal, and 
cleaning up of such pollutant, wherever found, shall be the responsibility of holder, regardless of fault. 

Upon failure of holder to control, dispose of, or clean up such discharge, or to repair all damages resulting 
there-from, the Authorized Officer may take such measures as he deems necessary to control and clean 
up the discharge and restore the area, including where appropriate, the aquatic environment and fish and 
wildlife habitats, at the full expense of the holder. Such action by the Authorized Officer shall not relieve 
holder of any responsibility as provided herein. 

Recreation 
Hackberry Lake OHV Area; La Cueva Trails; Alkali Lake Trails; Square Lake 
Dunes 
Pipelines shall be buried a minimum of 24 inches under all roads, "two-tracks," and trails. Burial of the pipe 
will continue for 20 feet on each side of each crossing. Power poles and associated ground structures (poles, 
guy wires) will not be placed within 20 feet of recreation trails. Guy wires must be equipped with a sleeve, 
tape or other industry approved apparatus that is highly visible during the day and reflective at night. 
Appropriate safety signage will be in place during all phases of the project. Pipelines, power lines roads or 
other infrastructure will not be placed across open dunes designated for recreation. Upon completion of 
construction, roads/trails shall be returned to pre- construction condition with no bumps or dips. All vehicle 
and equipment operators will observe speed limits and practice responsible defensive driving habits. 
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Travel Management/Transportation and Access 
If the permittee elects to surface the access road and/or well pad, mineral materials extracted during 
construction of the reserve pit may be used for surfacing the well pad and access road and other facilities 
on the area of the permit. This material may be used at no charge. 

Existing permitted roads and trails on public lands that are blocked as the result of the material pit activities 
shall be rerouted or rebuilt as directed by the Authorized Officer. 

Roads and Pads - Clearing and blading of roads and pads will be held to a minimum unless approved by the 
Authorized Officer. 

The road proposed as part of this authorization shall be constructed and maintained in accordance with 
BLM road standards, including the New Mexico Roads Policy. 

Road Width and Grade: The road will have a driving surface no greater than feet. The maximum width of 
surface disturbance resulting from road construction will be no more than   feet. The maximum 
grade of the road at any point will be no more than   percent. Road construction will be performed in 
a manner that minimizes the total land area affected. If and where possible, and in concordance with the 
Authorized Officer, blading of roads may be performed to negate the use of caliche, the use of which often 
impedes the reclamation process. 

The material site access roads will be maintained so as not to cause wear and water erosion. Water bars 
should be constructed across roads in accordance with BLM specifications. 

Any roads constructed during saleable mineral pit operation will have the caliche removed or linear burial. 
If contaminants are indicated then testing will be required for chlorides and applicable contaminate 
anomalies for final disposal determination (disposed of in a manner approved by the Authorized Officer 
within Federal, State and Local statutes, regulations, and ordinances) and seeded to BLM specifications. 

Existing roads and trails on public lands that are blocked as a result of the material pit activities shall be 
rerouted or rebuilt as directed by the Authorized Officer. 

The holder shall not use the pipeline route right-of way as a road for purposes other than maintenance as 
determined necessary by the Authorized Officer in consultation with the holder. The holder shall take 
whatever steps are necessary to ensure that the pipeline route is not used as a roadway. The holder is 
encouraged to construct temporary deterrence structures to prevent traffic on the right of way. 

Public access along this road will be not be restricted by the holder without specific written approval being 
granted by the Authorized Officer. Gates or cattle guards on public lands will not be locked or closed to 
public use unless closure is specifically determined to be necessary and is authorized in writing by the 
Authorized Officer. 

All new or existing roads utilized to access the project and approved in the application shall be maintained 
regularly. The operator must improve or maintain existing roads in a condition the same as or better than 
before operations begin. Widening of roads does not fall under maintenance and will need prior written 
approval before such activities are carried out on the road. 

The pipeline shall be buried a minimum of inches under all roads, including "two-tracks" and trails. 
Burial shall continue for feet on each side of each crossing. The condition of the road, upon completion 
of the construction, shall be returned to at least its former state, with no bumps, dips, or soft spots 
remaining on the road surface. 

The drill pad and access road for this well must be surfaces with inches of compacted caliche, gravel, or 
other approved surfacing material. 

Surfacing of the road or those portions identified on the attached map may, at the direction of the 
Authorized Officer, be required, if necessary, to maintain traffic within the right-of-way with caliche, gravel, 
or other surfacing material which shall be approved by the Authorized Officer. When surfacing is required, 
surfacing materials will be compacted to a minimum thickness of  inches of _. The width of 
the surfacing shall be no less than the driving surface. Prior to using any mineral materials from an existing 
or proposed Federal source, authorization must be obtained from the Authorized Officer. 
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No Action Alternatives A-D 
Crowning with materials on site and ditching on one side 
of the road on the uphill side will be required. The road 
cross-section will conform to the cross-section diagrams in 
Figure A4-1. If conditions dictate, ditching maybe 
required for both sides of the road; if local conditions 
permit, a flat-bladed road may be considered (if these 
conditions exist, check the appropriate box below). The 
crown shall have a grade of approximately 2 percent (i.e., 
1" crown on a 14' wide road). 
[ ] Ditching will be required on both sides of the roadway 
as shown on the attached map or as staked in the field. 
[ ] Flat-blading is authorized on segment(s) delineated on 
the attached map. 

The road will be crowned and ditched with a 2% slope 
from the tip of the crown to the edge of the driving 
surface. The ditches will be 3 feet wide with 3:1 
slopes. 

Drainage control shall be ensured over the entire road 
through the use of borrow ditches, outsloping, insloping, 
natural rolling topography, lead-off (turnout) ditches, 
culverts, and/or drainage dips. 
A. All lead-off ditches shall be graded to drain water with 
a 1 percent minimum to 3 percent maximum ditch slope. 
The spacing interval for lead-off ditches shall be 
determined according to the following table, but may be 
amended depending on existing soil types and centerline 
road slope (in %): 
SPACING INTERVAL FOR TURNOUT DITCHES 
Percent Slope Spacing Interval 
0%-4% 400'-500' 
4%-6% 250'-125' 
6%-8% 200'-100' 
8%-10% 150'-75' 
A typical lead-off ditch has a minimum depth of 1 foot 
below and a berm of 6 inches above natural ground level. 
The berm will be on the down-slope side of the lead-off 
ditch. The ditch end will tie into vegetation whenever 
possible. 
For this road the spacing interval for lead-off ditches shall 
be at 
[ ] 400-foot intervals 
[ ] foot intervals 
[ ] locations staked in the field as per spacing intervals 
above. 
[ ] locations delineated on the attached map. 
B. Culvert pipes shall be used for cross drains where 
drainage dips or low water crossings are not feasible. The 
minimum culvert diameter must be 18 inches. Any culvert 
pipe installed shall be of sufficient diameter to pass the 
anticipated flow of water. Culvert location and required 
diameter are shown on the attached map (Further details 
can be obtained from the Roswell 

Drainage control systems shall be constructed on the 
entire length of road (e.g. ditches, sidehill outsloping 
and insloping, lead off ditches, culvert installation, and 
low water crossings). 
A typical lead-off ditch has a minimum depth of 1 foot 
below and a berm of 6 inches above natural ground 
level. The berm shall be on the down-slope side of the 
lead-off ditch. 
All lead-off ditches shall be graded to drain water with 
a 1 percent minimum to 3 percent maximum ditch 
slope. The spacing interval are variable for lead-off 
ditches and shall be determined according to the 
formula for spacing intervals of lead-off ditches, but 
may be amended depending upon existing soil types 
and centerline road slope (in %); 
Example - On a 4% road slope that is 400 feet long, the 
water flow shall drain water into a lead-off ditch. 
Spacing interval shall be determined by the following 
formula: 
400-foot road with 4% road slope: 400' /4% + 100' = 
200-foot lead-off ditch interval 

District Office or the appropriate Resource Area Office). 
C. On road slopes exceeding 2%, drainage dips shall drain 
water into an adjacent lead-off ditch. Drainage dip location 
and spacing shall be determined by the formula: 
spacing interval = 400'/road slope in % + 100' Example: 
4% slope: spacing interval = 100/4 +100 = 200 feet 
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No Action Alternatives A-D 
Unless otherwise approved by the Authorized Officer, 
vehicle turnouts will be required. Turnouts will be located 
at 2000-foot intervals, or the turnouts will be intervisible, 
whichever is less. Turnouts will conform to the turnout 
standard drawing. 

Vehicle turnouts shall be constructed on all roads with 
a length greater than 1000 feet. Turnouts shall be 
intervisible with interval spacing distance less than 
1000 feet. Turnouts shall be constructed on all blind 
curves. The turnout shall be 10 feet wide and no 
longer than 100 feet long. 

When the road is abandoned, it will be ripped at least 16 
inches deep, including turnouts. The caliche may be 
reclaimed for re-use before ripping, if so desired. 
Alternately, the caliche can be plowed under with a grader, 
or other soil turning device, and the plowed surface disked 
before seeding. All culverts or other structures will be 
removed. All fill material will be replaced into the cut 
areas; barrow and lead-off ditches, drainage dips, or other 
erosion control earthwork will be filled or smoother; and 
the abandoned road returned to the natural contours, as 
closely as possible. Water breaks at least 8 inches high will 
be constructed as shown on accompanying Illustration 
Sheet. Traffic barriers will be installed at all vehicular 
access points to prevent further use of the road. 
Reseed the entire area with the following mixture (to be 
determined by Desired Plant Community. 
All disturbed areas are to be seeded with the seed mixture 
listed above. The see and any fertilizer involved are to be 
applied together by broadcasting with a seed spreader, then 
harrowed for seed coverage. Use of a seed drill is 
acceptable. Appropriate measures will be taken to ensure 
that the see/fertilizer mixture is evenly and uniformly 
planted. There will be no primary or secondary noxious 
weeds in the seed mixture. Seed will be tested for viability 
and purity in accordance with State law(s) within nine 
months prior to purchase. 
Commercial seed will be either certified or registered and 
the seed mixture container will be tagged in accordance 
with State law(s). The seed will be available for inspection 
by the Authorized Officer. The seeding will be repeated 
until a satisfactory stand is established as determined by the 
Authorized Officer. Evaluation of growth will not be made 
before completion of the first growing season after seeding. 
Waiver of this requirement would be considered if diligent 
attempts to revegetate a site have failed and the Authorized 
Officer determines that further attempts would be futile. 
Normally, the best time for seeding is between June 15 and 
September 15. However; the grantee may reseed 
immediately after completing surface abandonment 
procedures. The BLM reserves the right to require 
reseeding at a specific time if seed does not germinate after 
one complete growing season. Contact the appropriate 
resource area at least two working days before the start of 
reseeding activities or if there are any questions. 

At final abandonment access roads must undergo 
"final" reclamation so that the character and 
productivity of the land are restored. The long-term 
objective of final reclamation is to return the land to a 
condition approximating that which existed prior to 
disturbance. This includes restoration of the landform 
and natural vegetative community, hydrologic 
systems, visual resources, and wildlife habitats. To 
ensure that the long-term objective will be reached 
through human and natural processes, actions will be 
taken to ensure standards are met for site stability, 
visual quality, hydrological functioning, and 
vegetative productivity. 
Earthwork for final reclamation must be completed 
within six (6) months of well plugging. All roads must 
be reclaimed to a satisfactory revegetated, safe, and 
stable condition, unless an agreement is made with the 
landowner or BLM to keep the road and/or pad intact. 
Prior to final reclamation procedures, road, and 
surrounding area will be cleared of material, trash, and 
equipment such as culverts and cattle guards. All 
surfacing material will be removed and returned to the 
original mineral pit or recycled to repair or build roads 
and well pads. 
All disturbed areas, including roads, will be 
recontoured to the contour existing prior to initial 
construction or a contour that blends indistinguishably 
with the surrounding landscape. 
After all the disturbed areas have been properly 
prepared, the areas will be seeded with the proper 
BLM seed mixture, free of noxious weeds. Final 
seedbed preparation will consist of contour cultivating 
to a depth of 4 to 6 inches within 24 hours prior to 
seeding, dozer tracking, or other imprinting in order to 
break the soil crust and create seed germination micro-
sites. Seeding may need to be repeated until 
revegetation is successful, as determined by the BLM. 
Proper erosion control methods will be used on the 
entire area to control erosion, runoff and siltation of 
the surrounding area. 
Operators shall contact a BLM surface protection 
specialist prior to surface abandonment operations for 
site specific objectives. 

 
Cattle guards: Appropriately sized cattle guard(s), as defined by Authorized Officer, sufficient to carry out 
the project shall be installed and maintained at fence/road crossings. The fence shall be braced and tied 
off on both sides of the passageway prior to cutting. Cattle guards must be set on timber, pre-cast concrete, 
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or cast-in-place concrete bases at right angles to the roadway. Backfill around cattle guards must be 
compacted. Any existing cattle guard(s) on the access road shall be repaired or replaced if they are 
damaged or have deteriorated beyond practical use. The operator shall be responsible for the condition of 
the existing cattle guard(s) that are in place and utilized during operations. 

Utility Corridors and Communication Sites 
Extreme care and caution will be given as to the existence of underground cables and pipelines in the 
locality to be excavated. Any existing structures will not be disturbed or damaged in any way by an 
excavation within a material site. No soil stockpile or excavation activity is to be within 30 feet of any 
underground or aboveground utility structure. 

The holder shall contact New Mexico Dig One (One Call) field clearance (USA National Cell #811) 
and contact pipeline/waterline lease holders in this area prior to digging to determine exact locations of 
buried utilities. No excavating shall occur until all utilities are located. Mark all pipes that are discovered 
and post signs at the pipe locations. 

No soil is to be stock piled on underground utilities. Holder is responsible for removing stock pile off 
underground utility. 

Overhead Electric Distribution Lines 
The BLM serial number assigned to this authorization grant shall be posted in a permanent, conspicuous 
manner, and be maintained in a legible condition for the term of the authorization at all major road 
crossings and at all serviced facilities. Numbers will be at least 2 inches high and will be affixed to the 
pole nearest the road crossing and at the facilities served. 

All surface structures (poles, lines, transformers, etc.) shall be removed within 180 days of abandonment, 
relinquishment, or termination of use of the serviced facility or facilities or within 180 days of abandonment, 
relinquishment, cancellation, or expiration of this grant, whichever comes first. This will not apply where the 
power line extends service to an active, adjoining facility or facilities. Removed poles, lines, transformer, 
etc. shall be disposed of properly. 

Communication Sites 
The authorization is conditioned upon the submission of a copy of an approved license and/or renewal 
license granted by the Federal Communications Commission (FCC) or the Interdepartmental Radio 
Advisory Committee (IRAC) for each electronic station installation authorized or future amendments of 
this authorization. A copy of the FCC or IRAC authorization shall be submitted within 90 days of issuance 
of this authorization or within 90 days following approval of an amendment to this authorization. Failure 
to submit the FCC or IRAC authorization copy within the time specified shall be grounds for termination 
of this authorization or cancellation of an amendment to this authorization. The Authorized Officer may 
grant an extension of up to 90 days, if requested in writing by the holder. 

The holder and its sublessees shall at all times operate their radio-electronic equipment is such a manner 
as not to cause interference with radio-electronic operations of exiting users in the vicinity. If such 
interference results from holder's or sublessee's operations, holder shall promptly, at its own expense, 
modify the equipment and operations, or shut down if necessary to eliminate or reduce the interference 
to the satisfaction of the FCC, IRAC, and/or the Authorized Officer. 

The holder shall notify the Authorized Officer of any intent to locate additional users within or upon their 
existing facilities, not less than 45 days prior to occupancy of holder's facilities. Information that must be 
included is: 

• Name, current address, and phone number of the third party user(s). 
• Expected date of occupancy. 
• A photo or sketch of the type of antennas to be installed, as well as any other planned physical 

changes to the exterior facilities operated by the holder. If the proposed use is not specified in the 
original authorization shall be required. 
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No less than 45 days prior to occupancy of the holder's facility, the holder shall notify existing users within 
a 1-mile radius that the holder intends to accommodate a new communication user in its facility. Existing 
users can then file any comments pertaining to potential frequency or electromagnetic problems with 
the Federal Communications Commission, 1919 M Street NW, Washington, DC 20554, with a copy to the 
Authorized Officer. 

The holder agrees to share road maintenance costs will all present and future users of the access road. At 
such future time as a User’s Association for this communication site is formed, the holder shall join the 
Users Association and remain a member in good standing. Within 30 days of the creation of such Users 
Association the holder shall provide the Authorized Officer with evidence of membership. Failure of the 
holder to join the Users Association and remain a member in good standing shall constitute sufficient 
grounds for termination of this authorization. 

Land Use Authorizations 
Filming Permits 
All vehicular traffic shall be confined to existing roads. 

No blading or clearing of any vegetation shall be allowed unless approved in writing by the Authorized 
Officer. 

Upon cancellation, relinquishment, or expiration of this authorization, the holder shall comply with 
rehabilitation procedures prescribed by the Authorized Officer. 

The holder shall notify the Authorized Officer upon completion of operations so that a compliance check 
can be conducted. 

Acknowledgment, through the film credits, shall be given to: the U.S. Department of the Interior, Bureau of 
Land Management, Roswell Resource Area. 

The permittee shall provide the BLM with proof of an insurance policy, naming the Bureau of Land 
Management as "additionally insured" or "co-insured." 

The permittee shall provide the appropriate field office with a copy of the finished film product within two 
weeks of public distribution. 

Social and Economic 
Public Safety 
The pipeline shall be buried with a minimum cover of   inches between the top of the pipe and ground 
level. 

All permanent surface pipelines must be less than or equal to four (4) inches in diameter and have a working 
pressure less than 125 psi. 

The holder shall be responsible for maintaining the site in a sanitary condition at all times; waste materials 
shall be disposed of promptly at an appropriate waste disposal site. "Waste" means all discarded matter 
including, but not limited to, human waste, trash, garbage, refuse, oil drums, petroleum products, ashes, 
and equipment. 

Drilling Rig Storage 

The holder shall conduct all activities associated with the operation, and termination of the rig storage 
within the authorized limits. All activity will be limited to (describe authorized area of activity) and the 
immediate perimeter (describe distance--maximum of 20 feet). 

If the storage of this rig should interfere with the producer's operations, the holder shall be required to 
remove it immediately. 
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Should the well be plugged and abandoned during the term of this permit, the permittee will be required either 
to remove the drilling rig within 30 days or assume all responsibility for restoration of the well pad and 
access road. 

The BLM will be notified in writing within 30 days after removal of the drilling rig. Address correspondence to:  
Bureau of Land Management 
Carlsbad Field Office 620 E. Greene St. 
Carlsbad, NM 88220-6269 Attention: Realty Section 

Shaft Plugging Requirements 

BLM personnel shall observe shaft plugging operations. 

Mine shafts shall be closed in a manner which protects and isolates aquifers and prevents infiltration of 
surface waters (page I-4 in Solid Minerals Reclamation Handbook). 

Fill used in plugging mine shafts shall be a stable material with no unacceptably adverse quality such as 
toxicity, combustibility, or poor engineering property which could affect its performance during or after drilling. 

Any concrete used for fill shall comply with American Concrete Institute (ACI) Specifications. The placing, 
compaction, reinforcement, forming, and curing shall be in compliance with ACI standards. Appropriate 
cements and aggregates must be selected for the chemistry of groundwater and rock with which the 
cement/aggregate could come in contact. 

Shaft lining and all longitudinal materials such as pipe, shaft guides, cables, anchors or buntons, boards, 
ladders, etc. shall be removed at the location of any shaft seals (e.g. bentonite layers) to maintain their 
impermeability. 

When shaft filling is complete, the shaft shall be temporarily mounded over, fenced, and provided with 
warning notices until the fill settles (this could take several years) and permanent capping is placed. Multiple 
shafts may be enclosed by the same fence. If the shaft is capped immediately after filling is completed, 
provisions must be made for any permanent closure treatment which may be necessary in the future 
(e.g., drilled holes in the cap to enable grouting through the cap). 

Temporary shaft covers shall be clearly visible, self draining, and protected from being overloaded. The cover 
and any fittings should be vandal-proof and designed to preclude the possibility of burrowing under the 
edges, or of the easy lifting of any removable section of the cover. Permanent closure caps shall not be 
placed until the shaft has been backfilled; a plug without backfill is not adequate unless approved by the 
Authorized Officer. 

Permanent closure caps on shafts shall be constructed of reinforced concrete and designed to carry the 
weight of the overburden and a uniformly distributed superimposed load of 700 pounds per square foot. 
The length of side (or diameter) or a cap shall not be less than twice the internal diameter of the shaft (or 
twice the diagonal of a rectangular shaft) and there shall be an 18-inch minimum thickness of 4,350 psi 
concrete. Caps shall be founded on competent material or solid rock where the solid rock is accessible 
from the surface (e.g., to a depth of approximately 20 feet). If rock is not within such reach, or if the 
excavation would be difficult (e.g., through water bearing ground), the cap can be founded in superficial 
deposits on a competent stratum accessible from the surface. Caps shall be marked with the name of the 
shaft, the location of the center of the shaft, and the diameter and depth of the shaft. 

A final report of all work performed shall be provided to the BLM upon completion of shaft plugging and upon 
backfilling and permanent closure. 

Access to the site shall be left in place upon permanent shaft closure to allow future monitoring by BLM 
personnel. 
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Concrete 

No excess or waste concrete shall be dumped on Federal lands. If concrete is accidentally spilled it will be 
removed and disposed of in a manner approved by the Authorized Officer. All brine-based cement and 
fluids will be contained and hauled offsite to a proper disposal facility. 

Waste Disposal 

No landfills for the disposal of any waste shall be allowed. All waste (i.e. drilling fluids, trash, salts, 
chemicals, sewage, gray water, etc.) created as a result of drilling and completion operations shall be 
safely and securely contained and disposed of properly at an approved waste disposal facility. The operator 
will provide run tickets for waste disposal, if requested by the Authorized Officer. No waste material or 
fluid shall be disposed of on the well location or surrounding area. The site will be kept free of debris which 
may be harmful if ingested by livestock or wildlife. Sanitary restroom facilities will be maintained onsite for 
the duration of drilling and plugging operations. “Waste” means all discarded matter including, but not 
limited to, human waste, trash, garbage, refuse, oil drums, petroleum products, ashes, and equipment. 

Speed Limits 

Care should be used, including reducing speeds, when driving after dark to avoid collisions with wildlife 
and livestock. 

Cuttings 

A closed-loop fluid control system shall be used to contain drill fluids and cuttings. A bermed, synthetic liner 
will be required beneath the system to prevent leaks from seeping into the underlying soils. Adequate 
berming, sufficient to contain significant spills, will be placed about the system with the liner extending 
beyond the crest of the berm and anchored in place. In addition, a berm shall be constructed on the down-
slope portion of the pad as secondary spill containment. If, at any time, the site is to be left unattended 
before removing closed-loop system and underlying liner, a T-posted fence will be placed around the 
outside perimeter of the berm, completely enclosing the bermed liner. 

Hydrogen Sulfide (H2S) Productive Areas 

Hydrogen Sulfide Training:  

All personnel, whether regularly assigned, contracted, or employed on an unscheduled basis, will receive 
training from a qualified instructor in the following areas prior to commencing excavation or removal of 
mineral from the material site: 

• The hazards and characteristics of hydrogen sulfide (H2S). 
• The proper use and maintenance of personal protective equipment and life support systems. 
• The proper use of H2S detectors, alarms, warning systems, briefing areas, evacuations procedures, 

and prevailing winds. 
• The proper techniques for first aid and rescue procedures.  

H2S Emergency Equipment Requirements: 
1) SIGNS: One sign located at the mineral material pit entrance with the following language: CAUTION 

– POTENTIAL POISON GAS HYDROGEN SULFIDE (H2S) NO ADMITTANCE WITHOUT 
AUTHORIZATION 

2) WINDSOCK – WINDSTREAMERS: One windsock or streamer which is 36” (in length) located at 
the pit entrance and at a height visible from the pit area. 

3) HYDROGEN SULFIDE DETECTOR AND ALARMS: H2S detectors or monitors with alarm will 
be used by all personal located within the mineral material site. BLM personal evacuate at 10ppb 
H2S, and notify BLM office. 

4) CONDITION FLAGS: One each of green, yellow, and red condition flags to be displayed to denote 
conditions. Green: Normal Conditions, Yellow: Potential Danger, Red: Danger, H2S Present 

Mineral material excavation and removal will cease, and the area will be evacuated when H2S conditions 
are identified. 
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Best Management Practices (BMPs) for Surface-Disturbing 
Activities 
Introduction 
This appendix describes various Best Management Practices (BMPs) designed to minimize surface 
disturbance and effects on other resources and retain the reclamation potential of the disturbed area. 
BMPs are innovative, dynamic, and economically feasible mitigation measures applied on a site-specific 
basis to reduce, prevent, or avoid adverse environmental or social impacts. BMPs are applied to 
management actions to aid in achieving desired outcomes for safe, environmentally sound resource 
development by preventing, minimizing, or mitigating adverse impacts and reducing conflicts. These 
practices may be general and apply regionally, or may be more specific and apply to a particular area 
or site. The practices represent effective and practical means of accomplishing the requirements of the 
BLM and should be used as a guide when preparing plans and details that are specific to individual projects. 

The standard practices in this appendix should not be construed as rigid requirements that will be 
applicable to every situation. Rather, the ideas presented in this section communicate the approach 
and examples that have been successful from which site-specific applications can be developed. The 
operator and the BLM working together can develop the best approach to achieve the management 
objectives in each situation. The BLM will incorporate appropriate BMPs into proposed APDs and 
associated ROW approvals after appropriate NEPA evaluation. 

These BMPs are not considered comprehensive, as there are many references (i.e. the BLM Gold Book), 
programmatic NEPA documents (i.e. the Wind Energy Development Programmatic EIS), and other 
resources that contain BMPs applicable to the Planning Area. As such, these BMPs are dynamic and 
may be updated or modified based on future guidance, policy, and science without a plan amendment. 

General 
Standard Operating Procedures 

• BMPs are built upon operating procedures that have become the norm through time, legislation and 
regulation. In an area such as southeast New Mexico with a long history of oil and gas 
development, the petroleum industry and the agencies charged with regulating that industry 
are familiar with those procedures. The following is a description of the standard operating 
procedures as they relate to reclamation and oil and gas development. 

• The operator and its contractors and subcontractors will conduct all operations in full compliance 
with all applicable Federal, State, and local laws and regulations; applicable lease stipulations; 
and guidelines specified in the APD unless a written modification, waiver, or exception from the 
Authorized Officer has been granted. A copy of the approved APD along with any conditions of 
approval (e.g., Lesser Prairie-chicken timing stipulation) shall be available at the drill site whenever 
active construction, drilling, or completion operations are under way. 

• Prior to commencing construction activities, the operator and its contractors and subcontractors 
may conduct a preconstruction conference with the BLM Authorized Officer. It is the responsibility 
of the operator to insure environmental and safety training is conducted with their contractors and 
subcontractors prior to construction. All employees will be familiarized with the resource 
protection policies of the BLM, requirements, and mitigating measures incorporated into each 
project. The Authorized Officer approves the project during all stages of the project including 
construction of roads and well pad, drilling and completion of the well, reclamation, preparation 
for production, and abandonment. 

• A primary purpose of the BLM’s reclamation program is to stabilize the surface against the long-
term effects of erosion. Another major objective is to return the site to a productive post-
operational use that reflects the pre-disturbance conditions. 

• Within the Planning Area, coordinated efforts to reclaim and restore habitat in previously developed 
areas will be carried out when and where opportunities arise. 
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• A reclamation plan will be part of the Surface Use Plan of Operations (SUPO) or Plan of 
Development (POD). Additional reclamation measures may be required based on the conditions 
existing at the time of abandonment, and included as part of the conditions of approval of the 
Notice of Intent to Abandon. 

• This outcome-oriented reclamation plan could be amended to incorporate increased expectations 
based on the outcomes of similar reclamation activities. 

• The BLM will monitor the effectiveness and success of reclamation activities during exploration, 
construction, production, and abandonment of oil and gas associated development. 

• The BLM is also committed to monitor and evaluate reclamation efforts and incorporate that 
information into future reclamation practices. This will be an ongoing process and will incorporate 
industry’s successes and failures, as well as any information that is available from ranchers in the 
area of development and information provided by individuals, academia, or other agencies. 
Reclamation will be considered successful when healthy, mature native perennials are 
established with a composition and density that closely approximates the surrounding vegetation 
as prescribed by the BLM, and the reclamation area is free of noxious weeds. 

• The BLM will continue to seek partnerships with academic and research institutions to refine 
and improve rehabilitation techniques and materials for the public lands that are arid or semiarid. 

• The BLM believes that a result of the criteria developed through this planning effort industry will 
be required to ensure reclamation, even when climatic conditions make it difficult. 

• In general, the BLM requires an examination of resource values and development of appropriate 
surface protection and reclamation measures prior to the geophysical contractor beginning surface 
disturbing activities associated with preliminary investigations. The BLM will solicit involvement 
from public land users (e.g., grazing allottees) to develop site-specific protection measures and 
reclamation specifications. Compliance monitoring should occur during and after seismic 
exploration activities when necessary. Compliance inspections during the operation ensure that 
requirements and guidelines are being followed. Compliance inspections upon completion of 
work ensure that the lines are clean and drill holes are plugged properly. 

• Reclamation efforts are site-specific and initial requirements will be determined by the BLM 
Authorized Officer 

• Minimizing well pad size by leveling or clearing only what is needed for the rig, pits, and tanks 
• Centralizing production facilities 
• Utilization of submersible pumps 
• Utilizing below-ground wellheads 
• Drilling multiple wells from a single pad 
• Using bioremediation of oil field wastes and spills 
• Using common utility or right-of-way corridors 
• Using portable tanks instead of reserve pits where conditions prevent reserve pit construction such 

as shallow soils over solid rock where blasting is required, and the operator does not want to 
perform blasting, or for other reasons such as a shallow groundwater table. 

• Locating surface and buried pipelines parallel to existing roads 
• Removing structures, such as production facilities, meters, power poles, and power lines, when they 

are longer in use 
• Utilizing berms, fences, or contoured moguls to control access 

Measuring Reclamation Success 
• The goal is to reclaim two previously disturbed acres for every one acre of new disturbance. To 

achieve this goal BLM will consider employing off-site mitigation on a “case-by-case” basis with 
priority given to performance of mitigation onsite. 

• The BLM revegetation goal is to approach or match the vegetation composition of the undisturbed 
surrounding area. Reclamation (efforts and success) will meet the satisfaction of the Authorized 
officer before the operator will be released from reclamation responsibilities. 

• The CFO will use the Desired Plant Communities (DPC) for determining seed mixtures. Pelletized 
seeds may be used. 



Draft Resource Management Plan/Environmental Impact Statement Appendix O 
Conditions of Approval and Best Management Practices 

BLM Carlsbad Field Office  O-38  

• The CFO acknowledges some amount of subjectivity regarding successful reclamation. The CFO, 
however, will include scientifically acceptable sampling methods, such as pace transects, 
when making decisions quantifying reclamation success. NOTE: The above BMPs are not all 
inclusive. Circumstances may dictate other requirements as deemed necessary by the Authorized 
Officer. 

• The BLM will continue to engage partners to leverage funding of approved practices including 
participation at on-site inspections, monitoring development activities, and evaluating the final 
reclamation of disturbed sites. 

Split Estate Situations 

• Where the surface is privately owned, the operator is responsible for attempting to reach an 
agreement with the private surface owner. Surface use guidance and best management practices 
relevant to Federal fluid minerals are described in the Onshore Oil and gas Order Number 1, the 
BLM Gold Book, and the requirements outlined in the Cultural Resource Requirements on Private 
Surface-Federal Minerals for Oil and Gas Development. ESA, CWA, MBTA, NHPA. 

Resources 
Soil Resources 

• Total surface disturbance will be minimized. 
• Topsoil will be removed and stockpiled at the site or well pad prior to construction for reapplication 

during reclamation. Topsoil storage piles should not exceed 3 feet in height.  
• Operators will closely match and restore original topographic contours prior to reapplication of 

topsoil. 
• Construction and geophysical exploration activities will be timed to avoid wet or extreme drought 

periods. 
• Pipelines will be located along, but not in existing linear facilities (other pipelines and roads) to the 

maximum extent practical. Minimize pipeline crossing of undisturbed areas. 
• Geophysical operations will minimize the off-road impact of large vehicles. Use wide, flat-tread, 

balloon tires (especially on seismic thumper trucks) where possible. Use all-terrain vehicles 
rather than large vehicles where possible. 

• Minimize the amount of vegetation cleared for pipelines, electric lines, and utilities. In some 
locations, for example, only trenching may be necessary. 

• Reclaim any disturbed areas outside the radius of the guy line anchors and/or any surface area not 
necessary for well operations 

• Rip compacted soil surfaces to a depth as determined by the Soil Conservation Service Survey 
Handbooks. 

• Contour the disturbed area to resemble natural conditions 
• Utilize erosion control devices such as water bars, terracing, ripping against contour, matting, 

mulching 

Pipe Reclamation 
• Disturbed working-area width will be kept to a minimum and outside limits flagged prior to 

beginning construction. 
• Topsoil must be removed and windrowed for reapplication after backfilling. Topsoil storage piles 

should not exceed 3 feet in height.  
• Backfill in the trench will be compacted in lifts and topsoil reapplied to the surface. 
• During reclamation, the caliche/gravel pit will be regraded to closely match preconstruction 

conditions and revegetated. 
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Water Resources 
• Erosion control measures will be utilized as necessary (water bars, slope reduction, contouring, 

terracing, etc.). 
• Surface disturbance will be planned to minimize impacts to playas and alkali lakes. Facilities will 

be sited to minimize in-channel excavation. 
• Well pads will not be located within drainages. 
• Pits containing oil, other hydrocarbons, salt water, or any toxic substances will not be allowed in 

drainages. 
• Location of pipeline routes will not be adjacent to live watercourses or in proximity to steep 

hillsides to the extent practical to minimize the risk of petroleum spills and silt from construction 
entering ephemeral streams and drainages. 

• The caliche/gravel pit will be constructed so that runoff and sediment does not drain into ephemeral 
streams and drainages. This may require the installation of sediment traps or barriers (slash or 
straw bales) to ensure that runoff is adequately filtered. 

• Proposed projects will be planned to minimize impacts to freshwater wells. 

Vegetative Communities 
• The BLM will link rehabilitation requirements to the native vegetative species that are growing 

adjacent to disturbed sites. This will be done at the Notice of Staking (NOS) or APD Pre-Drill 
onsite inspection stage. There will also be an assessment of the potential for successful 
reclamation of proposed well pad sites and ROWs, and relocation of these proposed locations will 
be considered as needed. 

• The BLM will tie rehabilitation requirements to historic and present knowledge of the native 
vegetative species that are growing adjacent to the disturbed sites. 

• Revegetation success will be evaluated using performance-based standards. Parameters will 
include the percent basal cover of mature approved species as compared to an adjacent 
undisturbed area. Operators will be required to use any means necessary within state and Federal 
laws to achieve acceptable revegetation including irrigation if rainfall during the growing season 
proves insufficient. 

• Operators will use the BLM-prescribed, ecologically appropriate seed mixes for the location. The 
BLM will experiment with different mixes to improve chances for successful reclamation. 

• The BLM or operators may establish pilot plots to evaluate different reclamation methods and seek 
improved reclamation techniques. 

• Tree and vegetation clearing will be limited to the minimum area required. 
• The areas disturbed will be recontoured to the original contour or a contour which blends with the 

surrounding topography and minimizes erosion. The soil will be free of contaminants and will 
have adequate depth to provide for successful vegetation reclamation. 

• Reestablishment of vegetation activities will be initiated prior to or during the next growing 
season after abandonment. 

• Additional agronomic practices such as imprinting, mulching, fertilizing, and irrigation will be 
required until reclamation is successful for areas where natural rainfall or other characteristics 
such as soil depth and structure are expected to limit seedling establishment. 

• Vegetation reclamation will be considered successful when healthy, mature perennials are 
established with a composition and density that closely approximates the surrounding native 
vegetation as prescribed by the BLM, and the reclamation area is free of noxious weeds. 

• Noxious weeds will be controlled at all times. In some situations an operator will be required to: 
• Control weeds on disturbed lands which include the roads, pads and associated pipelines and 

on adjacent lands affected by the establishment of weeds. 
• Clean all equipment and vehicles with either high pressure water or air prior to entering the 

site for maintenance and administration of the access roads, well pad, and resulting well. 
• The BLM will determine the size and density of the noxious weed infestations requiring 

implementation of a control program. 
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• Mechanical, chemical, biological, or other methods approved by the BLM will be used to control 
infestations of noxious weed in disturbed areas. 

• The operator will include provisions for noxious weed prevention and treatment in the SUPO or 
POD. These may include removal of weed sources that could be picked up and transported by 
passing vehicles. 

• All materials and equipment used in reclamation will be free of noxious weed seeds. 
• Seeded areas will be fenced to exclude cattle and sheep for the duration of the revegetation 

process. The fence will be removed when the vegetation reaches desirable levels. The fence 
will be maintained by the operator during this time and reclamation will not be complete until the 
fence is removed. 

• Fence around the reclaimed areas which may be based on known distances to watering sources 
for cattle. 

Fish and Wildlife 
• All production equipment installed on Federal leases will be constructed to prevent birds and 

bats from entering them and, to the extent practical, to discourage perching and nesting. 
• All pits and tanks containing liquids or semi-liquids will be covered to prevent the entrapment or 

contamination of wildlife. 
• Reserve pits will be netted to exclude birds and bats. 
• Surface disturbance will be planned to minimize impacts to active raptor nests, including burrowing 

owls, and for special, natural habitat features, such as trees, large brush, cliff faces, and 
escarpments. Prior to surveying/flagging locations for pads, routes for roads, geophysical 
exploration, and other preliminary activities, during the raptor-breeding season, the project area 
will be surveyed for raptor nests. Surveys will be conducted by professional biologists or 
personnel approved by the BLM. All active raptor nests will be avoided following BLM 
requirements. An active raptor nest is defined as any raptor or corvid nest being used during the 
current nesting season including nesting sites utilized by burrowing owls. 

• Power lines will be constructed to standards outlined in the most recent version of “Suggested 
Practices for Raptor Protection on Power Lines” published by the Edison Electric Institute/Raptor 
Research Foundation, unless otherwise agreed to by the Authorized Officer. The holder is 
responsible for demonstrating that power pole designs not meeting these standards are raptor 
safe. Such proof will be provided by a raptor expert approved by the Authorized Officer. The 
BLM reserves the right to require modifications or additions to power line structures constructed 
under this authorization, should they be necessary to ensure the safety of large perching birds. 
The modifications and/or additions will be made by the holder without liability or expense to the 
United States. 

• The locations of all raptor nests will be reported to the Authorized Officer using Universal Transverse 
Mercator (UTM) coordinates. 

• Burying of distribution power lines and/or flow lines adjacent to access roads in certain habitat types 
• Use noise reduction techniques and designs. 
• Monitoring wildlife habitat may be required. 

Special Status Species 
• Priority locations are areas in the Habitat Evaluation Areas, IPA and SSPA and around lesser 

prairie-chicken reserves where restoration can help restore connectivity between isolated habitat 
blocks. The goal is to reclaim two previously disturbed acres for every one acre of new disturbance. 
To achieve this goal BLM will consider employing off-site mitigation on a “case-by-case” basis with 
priority given to performance of mitigation onsite. 

• Any new fence constructed in occupied or suitable lesser prairie-chicken habitat will include spikes 
or other predator rousting deterrents on fence posts and fence flags to reduce collisions. When 
determined to be a hazard to lesser prairie-chickens, existing fences will be retro-fitted with these 
devices. 



Draft Resource Management Plan/Environmental Impact Statement Appendix O 
Conditions of Approval and Best Management Practices 

BLM Carlsbad Field Office  O-41  

• The construction of fence exclosures or barriers will be considered in crucial or critical habitat for 
Federal threatened and endangered, Federal candidate, or state-listed wildlife and plant species to 
protect all or portions of occupied habitat, specific populations, or to provide for scientific research 
on a species and its habitat. Fenced exclosures will also be considered to protect special habitat 
features such as wildlife waters, springs, or to provide for scientific research on a species and its 
habitat. The intent of using fences in this manner is to protect small areas (less than 10 acres), as 
opposed to fencing-out large areas of public lands. It is expected that exclosures or barriers, if 
used, will be small in size and associated with specific sites. 

• The SUPO or POD will include a restoration plan for habitat of special status species when 
the BLM determines it is appropriate. The restoration plan will be developed in consultation with 
the BLM and approved by the BLM. 

• Geophysical exploration operations, drilling for oil and gas, and other development will not be 
allowed in special status species habitat during the period of March 1 through June 30, each year. 

• Occupied habitat for special status species will be avoided during geophysical exploration activities. 

Visual Resources 
• Well pad sites will be selected that provide topographic and vegetative screening when feasible. 

The CFO will avoid the placement of production facilities on hilltops and ridgelines. 
• Above ground structures will be painted to blend with the natural color of the landscape. 
• Uprooted vegetation, soil, and rocks left as a result of construction or maintenance activity will be 

randomly scattered over the project area and will not be left in rows, piles, or berms, unless 
otherwise approved by the Authorized Officer, except that an earthen berm will be left over the ditch 
line to allow for settling back to grade. 

Karst Resources 
• In the advent that any underground voids are opened up during construction activities, construction 

activities will be halted, and the BLM will be notified immediately. 

Resource Uses 
Livestock Grazing 

• Disturbance will be minimized to existing fences and other improvements on public land. 
• The NM BLM guidance is that affected parties and the grazing permittee will be invited when 

developing abandonment procedures. 

Minerals 
Reserve Pits 

• All reserve pits will be constructed in 100 percent cut material. 
• All reserve pits will be lined with approved materials. 
• Reserve pits will not be breached, to facilitate drying. 
• Reserve pits will be surrounded by a BLM standard four-strand barbed-wire fence with 

appropriate fence marking when required. 

Producing Operations 
• Portable and temporary facilities located on the drill pad are used to initiate the production from the 

reservoir. As drilling proceeds and reservoir limits are established, permanent production 
facilities are designed and installed. The type, size, and number of the facilities are determined 
by the number of producing wells, expected production rates, volumes of gas and water expected 
to be produced with the oil, and the number of separate leases involved. Any construction of new, 
permanent production facilities will conform to the best management practices described above 
and also must comply with the regulations (CFR), onshore orders, and applicable Notices to 
Lessees. 
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• Additional considerations may arise from power systems that may be required for pumping (gas 
or electric) and generate noise; the siting and operation of facilities to separate water from oil, 
treatment and storage facilities; and the need to dispose of wastewater that may be saline via 
evaporation pits or fluid injection. 

• Fluid minerals operations are subject to the applicable laws, regulations, lease terms and 
stipulations, orders, notices, and instructions of the BLM Authorized Officer. These include, but 
are not limited to, conducting operations in a manner that ensures the proper handling, 
measurement, disposition, and site security of leasehold production; and protecting other 
natural resources (including groundwater and other mineral deposits, i.e. potash, coal), 
environmental quality, life, and property. 

• All unused portions of the drill pad (which are the disturbed areas no longer needed for production 
operations) will be reclaimed. 

Well Pad Reclamation 
• Following completion of a producing well, the well pad will be reduced in size to the minimum area 

required for actual operation of the well. Reclamation of native vegetation will be initiated prior to 
or by the beginning of the next growing season. 

• Reserve pits must be dry prior to backfilling. 
• Proper disposal methods of debris and other trash including all toxic products will be utilized. 
• The Oil Conservation Division’s rules on pits and below grade tanks will be utilized in the Planning 

Area. 
• Upon abandonment and reclamation of the well, the surface material will be removed from the well 

pad prior to seeding. 

Travel Management/Transportation and Access 
• The BLM requires the use of existing roads to the maximum extent practical and minimizing new 

roads in unroaded areas. If existing roads are used or damaged they will be maintained at the 
appropriate level by the responsible parties. Where new roads are needed, construction, 
maintenance, rehabilitation, abandonment, and closure of the roads on public land will be in 
accordance with the BLM Authorized Officer’s prescription at the time of abandonment and 
reclamation. 

• The road will be constructed to have a travel way width which creates the smallest possible 
surface disturbance appropriate to the purpose of the route. 

• Use appropriate road surfacing material to reduce soil erosion. 
• Surfacing with an appropriate amount of gravel should be required where all weather access is 

needed. 
• Upon abandonment and reclamation of the well, the surface material will be removed from the 

access road prior to seeding. 
• Measures to prevent vehicle travel (such as fencing, barricades, signage, contouring, and 

hummocks) will be utilized on roads during the reclamation process. 
• Return the removed road surfacing material to mineral material pits and/or reusing and applying the 

surfacing material to other roads and pads 

Permanent Roads 
• Vehicle travel is not allowed outside of the travel way with the exception of approved turnouts. 
• The Authorized Officer will reserve the right to require surfacing of the access road at any time 

if deemed necessary. Surfacing may be required in the event the road deteriorates, erodes, road 
traffic increases, or it is determined to be beneficial for future field development. The surfacing 
depth and type of material will be determined at the time of notification. 

• If the new access road is not surfaced, no improvements shall be made on the access road 
other than to remove vegetation as necessary, road irregularities, safety issues, or to fill low areas 
that may sustain standing water. 

• Crowning and ditching will not be required on non-surfaced roads. 
• The holder will be required to perform maintenance of the non-surfaced road if the road is negatively 

affected by inclement weather. 
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Social and Economic 
Public Safety 

• Leaking equipment will be promptly repaired or removed from the site to prevent contamination 
from spills. Any soil or water that has been contaminated will be placed in appropriate containers 
and removed from the site. Disposal of vehicle fluids on public land will not be authorized. 

• Copies of spill prevention, control, and countermeasure plans are required, and will be provided 
to the Authorized Officer. 

• Use of pesticides and herbicides will comply with applicable Federal and State laws. Prior to use of 
pesticides, the BLM authorized officer will approve a plan for its use. 

• Storage tanks will have a berm constructed around them, of sufficient dimensions to contain the 
contents of the largest tank, to serve as secondary containment should a spill occur. 

• The concentration of hazardous substances in the reserve pit at the time of pit backfilling will not 
exceed the standards set forth in the Comprehensive Environmental Response, Compensation, 
and Liability Act of 1980 (CERCLA). 

• All drilling-related CERCLA hazardous substances removed from the location and not reused 
at another drilling location will be disposed of in accordance with applicable Federal and State 
regulations. 

• Projects will be designed to avoid impacts to residences, livestock facilities, developed recreational 
areas, and wildlife water supplies. 

• Fluid containers will be located on the upslope side of drilling pads whenever possible to 
facilitate early detection of leaks and spills. 

• Dispose of hazardous and other refuse in a timely and appropriate manner. 
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The RFD (Engler & Cather, 2012) is a reasonable estimate of development associated with hydrocarbon 
production in southeast New Mexico for the next 20 years in the New Mexico portion of the Permian Basin, 
BLM Pecos District. The RFD is a comprehensive study of all existing plays and a review of recent activity, 
historical production, emerging plays for future potential, and completion trends. The RFD was updated in 
2013 (Engler T. , 2013), which changed the potential, in the Jal, NM area, from low potential to high 
potential. An update of the RFD for the BLM Pecos District was completed in November, 2014 (Engler, 
Thomas W.; Cather, Martha, 2014). The RFD and updates (the RFD) is used to inform decision and policy 
makers about oil and gas development in the Pecos District. This section discusses some of the general 
results from the RFD and analyzes the RFD for number of wells (NOWs), water use (WU), and minimum 
surface disturbance (SD). The Secretary’s Potash Area (SPA) is also discussed and a comparison is made 
between the 2012 RFD and the 2014 update of the RFD.  

GENERAL DISCUSSION OF THE RFD 
Horizontal drilling and hydraulic fracturing have provided a means for economic production from previously 
believed unproductive rock in the Permian Basin. The majority, 82%, of all new completions in the Bone 
Spring/Avalon, a High Potential play, are horizontal wells. The ratio of horizontal to vertical wells was 6:1 in 
2012. It is likely that these trends will continue and future oil and gas operations will rely on horizontal drilling 
and hydraulic fracturing (Engler & Cather, 2012).  

The RFD also identified other trends within Pecos District. About 40% of the number of well completions 
for 2004-2011 occurred on Federal lands. This amounts to 320 new well completions per year for Federal 
lands. If this factor was applied to the RFD scenario (20 years), then the number of wells would be 6400. 
This number agrees closely with our analysis below, which predicts 6100 new wells for the RFD scenario. 
According to the RFD update (Engler, Thomas W.; Cather, Martha, 2014) for the 3.5 year period between 
2011- 2014, the average number of BLM wells per year was 515. This factor is here considered more likely 
a reflection of the price of oil and natural gas rather than a long term trend.   

The total surface area for oil potential in the Pecos District is 9,555,330 acres, of which, Low Potential, 
Medium Potential, and High Potential are 54%, 28%, and 18%, respectively. The most important, according 
to the scope of the White Paper, is High Potential. The rest of this section will focus on the High Potential 
areas.  

Using geospatial analysis, the RFD identifies areas where High potential oil plays are likely to occur, which 
is also a reasonable prediction of where horizontal drilling, hydraulic fracturing, and consequential water 
demand will occur. Figure P.1 is a map showing the future drilling potential in southeastern New Mexico as 
given in the original RFD (Engler & Cather, 2012). Although the geospatial data used in Figure P.1 has 
since been updated, it gives a good pictorial of the magnitude of oil and gas potential in the Permian Basin. 

The RFD is a play-based analysis. Figure P.2 shows the future drilling potential for southeast New Mexico 
(Engler, Thomas W.; Cather, Martha, 2014). The High and Very High Potential plays consist of the: Abo 
Platform Carbonate, Bone Spring, Delaware Mountain Group, Leonard, and the Artesia-Vacuum. For the 
purpose of this analysis, Figure P.2 generalizes these plays into “Type Areas.” Thus, the Type Areas are 
geospatial representations of where future development is likely to occur and is here analyzed to determine 
the NOWs, WU, and minimum SD. Figure P.2 also shows the division of the Type Areas into East and West 
(Sub-Type Areas) based on the structural contour of the top of the Rustler formation at a depth of 500 feet. 
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Figure P.1. Future Drilling Potential Southeast New Mexico 
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Figure P.2. Type Areas for BLM surface showing the number of Vertical Wells (V), number of 

Horizontal Wells (H), water use (WU), and the minimum surface disturbance (SD). The inset 

shows the High Potential plays. The inset High Potential plays were generalized into the 

Type Areas. Note that Type North consists of the two northernmost disjoint sets of high 

potential area, that is, the Artesia Vacuum, the Abo Platform Carbonate, the Leonard 

Group, and the Bone Spring. 

RFD ANALYSIS 
Planning Factors and Assumptions 
Table P.1 is a list of the planning factors from the RFD. The highlighted planning factors are assumptions 
used in this analysis. It is also assumed that the shallow water tables in the East Type Areas are more likely 
in the Dockum Group (Dewey Lake and Santa Rosa formations); while the shallow water tables in the West 
Type Areas are more likely in the Rustler formation. The Type Areas are divided between East from West 
based on the top of the Rustler formation at a depth of 500 feet. This allows a prediction of the water tables 
likely to be impacted from future development. We recognize that water can come from many different 
areas and not necessarily the shallow water table where a proposed well is located; however, the area most 
likely to be used as a water resource will be as close as possible to the proposed location of the well. One 
important assumption is that it will take four wells per section per play to develop the oil potential for a given 
Type Area, so the actual well surface spacing will reflect the development from multiple plays.  

V: 402 
H: 1431 
WU: 1106 AF 
SD: 3535 ac 

V: 121 

H: 684 

WU: 5179 AF 

SD: 1570 ac 
V: 31 
H: 5 
WU: 84 AF 
SD: 62ac 

V: 12 

H: 1304 

WU: 9533 AF 

SD: 2626 ac 

V: 11 

H: 1011 

WU: 7400 AF 

SD: 2041 ac 
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Table P.1. Planning Factors Based on the RFD Scenario for the Pecos District 

Factor Value 

Number of Federal Wells 40% of all wells 

Number of Completions per year 800 (320 Federal Wells) 

Surface Dedicated (spacing) for a Horizontal Well 160 acres 

Surface Dedicated (spacing) for a Vertical Well 40 acres 

Vertical Well Pad 270’ X 270’ (1.67 acre) 

Horizontal Well Pad 270’ X 320’ (2 acres) 

Roads 25’ wide 

Surface Disturbance for a Tank Battery 2 acres 

Average Water Use per Horizontal Well during a HF operation 7.3 AF (2.4 million gallons) 
aAverage Water Use per Vertical Well during a HF operation 1.53 AF (500,000 gal) 

Number of Wells Needed for Reservoir Development (play) 4 wells per section per play (Horizontal Wells) 

Percentage of horizontal wells in the Bonespring 84% 

Percentage of horizontal wells in the Leonard 14% 

Note. a The water use for a vertical well was not included in the RFD but assumed in this analysis. 

Methods and Results 
Methods 

The RFD provided geospatial data delineating plays, and oil and gas potential. The plays were generalized 
into high potential areas and classified into Type Areas and Sub-Type Areas as shown in Figure P.2. The 
surface area for high potential was calculated for each Type and Sub-Type area and further divided into 
BLM, State, and Private surface. The highlighted planning factors from Table P.1 were then applied to the 
acreage to calculate the NOWs, WU, and SD. The planning factor that a vertical well uses 1.53 AF (2,378 
gal) of water was also assumed in the WU estimates, although this factor was not used in the RFD. The 
calculation for the surface disturbance did not estimate the potential disturbance caused from ROWs, tank 
batteries, or other infrastructure; therefore, the surface disturbance should be considered a minimum 
estimate. The number of vertical wells was determined based on the planning factors for the percentage of 
horizontal wells in the Leonard and Bone Spring.  

The RFD update (Engler, Thomas W.; Cather, Martha, 2014) analyzed the water use for a HF operation in 
the Bone Spring. Data was collected from New Mexico Oil Conservation Division (NMOCD) Frac Disclosure 
forms for each well in the Bone Spring Formation in 2013. Some 434 data points were obtained; resulting in 
an average WU of 7.3 AF per well; this WU planning factor was used in this analysis.  

Results 

Table P.2 shows the results for the BLM surface analyses for Type and Sub-Type Areas by High Potential 
play. The results from Table P.2 are also summarized in Figure P.2. Table P.3 gives the BLM Surface 
Totals.  

Table P.2. BLM Surface 

BLM Surface Northwest Type Area V/H Breakout 

Play 
 Total Wells NOWs WU (AF) SD (ac) 

NOWs WU (AF) SD (ac) V H V H V H 

Delaware 0 0 0 0 0 0 0 0 0 

Bonespring 193 1411 387 35 159 53 1157 58 317 

Abo 838 6118 1676 838 6118 1676 

Leonard 428 3121 855 368 60 563 437 614 120 

Vacum 375 2737 750 375 2737 750 

Total 1834 13388 3668 402 1431 616 10450 672 2863 
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BLM Surface Northeast Type Area V/H Breakout 

Play 
 Total Wells NOWs WU (AF) SD (ac) 

NOWs WU (AF) SD (ac) V H V H V H 

Delaware 0 0 0 0 0 0 0 0 0 

Bonespring 216 1575 432 39 177 59 1292 65 354 

Abo 317 2311 633 317 2311 633 

Leonard 95 694 190 82 13 125 97 136 27 

Vacum 177 1294 355 177 1294 355 

Total 805 5874 1609 121 684 184 4994 201 1368 

BLM Surface Southwest Type Area V/H Breakout 

Play 
 Total Wells NOWs WU (AF) SD (ac) 

NOWs WU (AF) SD (ac) V H V H V H 

Delaware 962 7024 1924 962 7024 1924 

Bonespring 60 439 120 11 49 17 360 18 99 

Abo 0 0 0 0 0 0 

Vacum 0 0 0 0 0 0 

Total 1022 7462 2044 11 1011 17 7383 18 2023 

BLM Surface Southeast Type Area V/H Breakout 

Play 
 Total Wells NOWs WU (AF) SD (ac) 

NOWs WU (AF) SD (ac) V H V H V H 

Delaware 1251 9132 2502 1251 9132 2502 

Bonespring 64 468 128 12 53 18 384 19 105 

Abo 0 0 0 0 0 0 

Vacum 0 0 0 0 0 0 

Total 1315 9600 2630 12 1304 18 9516 19 2607 

BLM Surface East Type Area V/H Breakout 

Play 
Total Wells NOWs WU (AF) SD (ac) 

NOWs WU (AF) SD (ac) V H V H V H 

Leonard 36 261 71 31 5 47 37 52 10 

Total 36 261 71 31 5 47 37 52 10 

Note. The totals are on the left side of the table and their vertical/horizontal breakout is on the right side of the table. 

NOWs are number of wells; WU is water, in acre-ft (AF); SD is the minimum surface disturbance, in acres (ac); V is 

the number of vertical wells; and H is the number of horizontal wells. 
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Table P.3. BLM Surface Totals 

BLM Surface Total V/H Breakout 

Play 
NOWs WU (AF) SD (ac) 

V H V H V H 

Delaware 2213 16156 4426 

Bonespring 96 437 147 3192 160 875 

Abo 1155 8429 2309 

Leonard 480 78 735 78 802 156 

Vacum 552 4032 1105 

Subtotal 576 4436 882 31887 962 8871 

Total 5012 32769 9834 

Note. NOWs are the number of wells; WU is water use, in acre-ft (AF); SD is the minimum surface disturbance, in 

acres (ac); V is the number of vertical wells; and H is the number of horizontal wells. 

The results for all surface ownership, that is, BLM, Private, and State surfaces, are shown in Table P.4.  

Table P.4. All Surface Totals with the Vertical/Horizontal Breakout 

All Surface Totals with V/H Breakout 

Play 
NOWs WU (AF) SD (ac) 

V H V H V H 

Delaware 3174 0 23172 0 6348 

Bonespring 219 998 335 7286 366 1996 

Abo 3032 0 22134 0 6064 

Leonard 1406 0 10260 0 2811 

Vacum 1745 284 2671 2074 2915 568 

Subtotal 1965 8894 3006 64927 3281 17788 

Total 10859 67933 21069 

Note. NOWs are number of wells; WU is water, in acre-ft (AF); SD is the minimum surface disturbance, in acres 

(ac); V is the number of vertical wells; and H is the number of horizontal wells. 

Table P.5 gives the total surface acres of Low, Moderate, and High Potential for the BLM, State, and Private 
surfaces in southeastern New Mexico.  

Table P.5. Total Surface Potential 

Surface Area Potential Totals (Acres) 

Potential  BLM State Private Total 

Low 2288632 1328528 1619622 5236782 

Medium 1005168 756901 924377 2686445 

High 801865 542676 398562 1743103 

Total 4095665 2628105 2942560 9666330 

Note. Total surface area for oil potential in Southeastern New Mexico 
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Discussion 
These results are based on the stated assumptions and the RFD. The BLM total NOWs, WU, and minimum 
SD are 5012, 32769 AF, and 9832 ac, respectively. This amounts to 46% of the total NOWs, 48% of the 
total WU, and 47% of the total minimum SD for oil potential in Southeastern New Mexico. It should be 
emphasized that the surface disturbance should be considered a minimum because this analysis did not 
take into account ROWs, tank batteries, and other infrastructure. The North Type Area has slightly more 
wells and corresponding more water use and surface disturbance than either the South Type Area or the 
East Type Area. There is very little BLM surface or minerals in the East Type Area, which accounts for the 
insignificant numbers there.  

The generalization of the oil potential into the Sub-Type Areas allows for a further refinement of 
environmental analysis. For example, the Sub-Type Area is identified geospatially; the predicted water 
demand and the identification of the shallow water table are known; and the major plays are given. For 
example, the Southwest Type Area has a predicted: NOWs of 1022, WU of 7400 AF, minimum SD of 2041 
ac. The shallow water table exists in the Rustler Formation and the top of the Delaware is known, which 
gives the vertical distance between where the HF operation will occur and the closest water. This base 
information could allow for more detailed planning through programmatic environmental assessments or 
master development plans at the Sub-Type Area level. 

The total surface NOWs, WU, and minimum SD are 10859, 67933 AF, and 21069 ac, respectively. It is 
possible to insert this WU information into the New Mexico Office of the State Engineer’s (NMOSEs) current 
report on water use by category (Longworth, Valdez, Magnuson, & Richard, 2013) to estimate the increase 
in water use as a result of oil and gas development. This increase would be from 5.4%, in 2010, to 13% for 
the RFD scenario; see the “Water Use” section.  

Fifty-Four percent of the total potential surface area is Low Potential, 28% is Moderate Potential, and 18% 
is High Potential, Table P.5. This information could be used to estimate probabilities for oil potential. If you 
assume that the probability is proportional to the complement of the surface area for each potential area 
then the probability for Low Potential development is 0.23, Moderate Potential development is 0.36, and 
High Potential development is 0.41. These values could then be used as prior probabilities in a Baysian 
inference model, see Table P.6. 

Table P.6. Baysian Inference Prior Probability 

Potential Area (ac) Areac Probability 

Low 5236782 4429548 0.23 

Moderate 2686445 6979885 0.36 

High 1743103 7923227 0.41 

sum 9666330 19332661 1 

Note. c is the complement of the area. 



Draft Resource Management Plan/Environmental Impact Statement Appendix P 
Reasonable Foreseeable Development (RFD) 

White Paper - Draft 

BLM Carlsbad Field Office P-8  

Comparison between the 2012 RFD and the 2014 Update 
of the RFD 

Figure P.3. New and Old RFD High Potential Areas 
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Figure P.4. High Potential Acreage Increase between the 2012 RFD and the 2014 Update of the RFD 
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Secretary’s Potash Area 

Figure P.5. Secretary’s Potash Area 

NOWs: 145 
WU: 1058 AF NOWs: 46 

WU: 335 AF 

NOWs: 464 
WU: 3386 AF 

NOWs: 240 
WU: 1753 AF 
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Table Q-1. New Mexico Special Status Species: Carlsbad Resource Area 

Common Name Species Legal Status 

USFWS BLM NM State 

Plants

Allred's Flax Linum allredii  ✓ 

Chapline's Columbine Aquilegia chaplinei  ✓ 

Guadalupe Fescue Festuca ligulata ✓ ✓ 

Guadalupe Jewelflower Streptanthus sparsiflorus  ✓ 

Guadalupe Mescalbean Dermatophyllum guadalupense  ✓ 

Guadalupe Penstemon Penstemon cardinalis var. regalis  ✓ 

Gypsum Milkvetch Astragalus gypodes  ✓ 

Gypsum Wild-Buckwheat Eriogonum gypsophilum ✓ ✓ ✓

Kuenzler's Hedgehog Cactus Echinocereus fendleri var. kuenzleri ✓ ✓ ✓

Lee's Pincushion Cactus Escobaria sneedii var. leei ✓ ✓ ✓

Leoncita False Foxglove Agalinis calycina  ✓ 

Pecos sunflower Helianthus paradoxus ✓ ✓ ✓

Sacramento Mountains Thistle Cirsium vinaceum ✓ ✓ ✓

Sacramento Prickly-Poppy Argemone pinnatisecta ✓ ✓ ✓

Scheer's Beehive Cactus Coryphantha robustispina var. scheeri   ✓

Sneed's Pincushion Cactus Escobaria sneedii var. sneedii ✓ ✓ ✓

Tharp's Bluestar Amsonia tharpii  ✓ ✓

Todsen's Pennyroyal Hedeoma todsenii ✓ ✓ ✓

Wright's Marsh Thistle Circium wrightii  ✓ ✓

Fishes 

Arkansas River Shiner Notropis girardi ✓ ✓ ✓

Bigscale Logperch Percina macrolepida  ✓ ✓

Blue Sucker Cycleptus elongatus  ✓ ✓

Comanche Springs Pupfish Cyprinodon elegans ✓ ✓ 

Gray Redhorse Moxostoma congestum  ✓ ✓

Greenthroat Darter Etheostoma lepidum  ✓ ✓

Headwater Catfish Ictalurus lupus  ✓ 

Mexican Tetra Astyanax mexicanus  ✓ ✓

Pecos Bluntnose Shiner Notropis simus pecosensis ✓ ✓ ✓

Pecos Gambusia Gambusia nobilis ✓ ✓ ✓

Pecos Pupfish Cyprinodon pecosensis  ✓ ✓

Rio Grande Chub Gila pandora  ✓ 

Rio Grande Shiner Notropis jemezanus  ✓ 

Rio Grande Sucker Catostomus plebeius  ✓ 

Smallmouth Buffalo Ictiobus bubalus  ✓ 

Speckled Chub Macrhybopsis aestivalis aestivalis  ✓ 

Suckermouth Minnow Phenacobius mirabilis  ✓ ✓

Birds 

Baird's Sparrow Ammodramus bairdii  ✓ ✓

Bald Eagle Haliaeetus leucocephalus  ✓ ✓

Bell's Vireo Vireo bellii arizonae  ✓ ✓

Broad-Billed Hummingbird Cynanthus latirostris   ✓

Brown Pelican Pelecanus occidentalis   ✓

Chestnut-Collared Longspur Calcarius ornatus  ✓ 
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Common Name Species Legal Status 

USFWS BLM NM State 

Common Black-Hawk Astyanax mexicanus   ✓

Common Ground-Dove Columbina passerina   ✓

Elegant Trogon Trogon elegans   ✓

Gray Vireo Vireo vicinior   ✓

Least Tern Sterna antillarum ✓ ✓ ✓

Lesser Prairie-Chicken Tympanuchus pallidicinctus  ✓ 

Lucifer Hummingbird Calothorax lucifer   ✓

Mexican Spotted Owl Strix occidentalis lucida ✓ ✓ 

Neotropic Cormorant Phalacrocorax brasilianus   ✓

Northern Aplomado Falcon Falco femoralis septentrionalis ✓ ✓ ✓

Northern Beardless-Tyrannulet Camptostoma imberbe   ✓

Painted Bunting Passerina ciris  ✓ 

Peregrine Falcon Falco peregrinus   ✓

Piñon Jay Gymnorhinus cyanocephalus  ✓ 

Piping Plover Charadrius melodus ✓ ✓ ✓

Southwestern Willow Flycatcher Empidonax traillii extimus ✓ ✓ ✓

Sprague's Pipit Anthus spragueii  ✓ 

Thick-Billed Kingbird Tyrannus crassirostris   ✓

Varied Bunting Passerina versicolor   ✓

Western Burrowing Owl Athene cunicularia hypugaea  ✓ 

Whooping Cranes Grus americana ✓ ✓ ✓

Yellow-Billed Cuckoo Coccyzus americanus ✓ ✓ ✓

Amphibians & Reptiles 

Desert Massasauga Sistrurus catenatus   ✓

Dunes Sagebrush Lizard Sceloporus arenicolus  ✓ ✓

Gray-Banded Kingsnake Lampropeltis alterna   ✓

Great Plains Narrowmouth Toad Gastrophryne olivacea   ✓

Mottled Rock Rattlesnake Crotalus lepidus lepidus   ✓

Plain-Bellied Water Snake Nerodia erythrogaster   ✓

Western River Cooter Pseudemys gorzugi  ✓ 

Invertebrates 
Diminuitive Amphipod Gammarus hyalleloides ✓ ✓ 

Goodbar's Amphipod Parabogidiella sp.  TBD 

Koster's Springsnail Juturnia kosteri ✓ ✓ ✓

Noel's Amphipod Gammarus desperatus ✓ ✓ ✓

Ovate Vertigo Snail Vertigo ovata   ✓

Paper Pondshell Utterbackia imbecillis   ✓

Pecos Assiminea Snail Assiminea pecos ✓ ✓ ✓

Pecos Springsnail Pyrgulopsis pecosensis   ✓

Phantom Springsnail Pyrgulopsis texana ✓ ✓ 

Phantom Tryonia Tryonia cheatumi ✓ ✓ 

Roswell Springsnail Pyrgulopsis roswellensis ✓ ✓ ✓

Texas Hornshell Popenaias popeii ✓ ✓ ✓
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Common Name Species Legal Status 

USFWS BLM NM State 

Mammals 

Black-Footed Ferret Mustela nigripes ✓ ✓ 

Black-Tailed Prairie Dog Cynomys ludovicianus  ✓ 

Least Shrew Cryptotis parva   ✓

Mexican Long-Tongued Bat Choeronycteris mexicana  ✓ 

Spotted Bat Euderma maculatum  ✓ ✓

Townsend's Big-Eared Bat Corynorhinus townsendii  ✓ 

USFWS: Federal endangered, threatened and candidate species 

BLM: BLM special status species 

NM State: State endangered and threatened species 
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THE SECRETARY OF THE INTERIOR 

WASHINGTON 

ORDER NO. 3324 

Subject: Oil, Gas, and Potash Leasing and Development within the Designated Potash Area 
of Eddy and Lea Counties, New Mexico 

Sec. 1 Purpose and Effect. This Order revises and supersedes the Order of the Secretary of the 
Interior, dated October 28, 1986 (51 FR 39425), and corrected on August 26, 1987 
(52 FR 32171 ), and provides procedures and guidelines for more orderly co-development of oil, 
gas, and potash deposits owned by the United States within the Designated Potash Area through 
safe, concurrent operations. 

Sec. 2 Authority. This Order is issued in accordance with the authority vested in the Secretary 
of the Interior in the Mineral Leasing Act of 1920, as amended and supplemented (30 U.S.C. 181 
et seq.); the Mineral Leasing Act for Acquired Lands of 1947, as amended (30 U.S.C. 351-359); 
the Federal Land Policy and Management Act of 1976, as amended (43 U.S.C. 1701 et seq.); and 
regulations and onshore orders implementing these statutes. 

Sec. 3 Order Revised and Superseded. The Order of the Secretary of the Interior, dated 
October 28, 1986 (51 FR 39425), and corrected on August 26, 1987 (52 FR 32171 ), is hereby 
superseded by this revised Order. The following provisions will apply to concurrent operations 
in prospecting for, developing, and producing oil, gas, and potash deposits owned by the United 
States within the Designated Potash Area. 

Sec. 4. Definitions. 

a. Authorized Officer. Any employee of the Bureau of Land Management (BLM) 
authorized to perform duties described in 43 CFR Parts 3000, 3100, and 3500, as delegated in the 
BLM Manual. 

b. Barren Area. An area established by the BLM within the Designated Potash Area 
for which sufficient data is available to establish a lack of potash mineralization in sufficient 
thickness and quality to be mineable under existing technology and economics. 

c. Buffer Zone. Areas established by the BLM within the Designated Potash Area: 

(1) extending outward a certain distance from the perimeter of existing 
underground open mine workings within which oil or gas operations are generally not allowed 
due to a BLM determination that oil or gas drilling could constitute a hazard to or interfere with 
orderly potash mining operations; or 

(2) extending outward a certain distance from operating oil or gas well(s) or 
established Drilling Islands within which potash operations are generally not allowed due to a 
BLM determination that potash mining or exploration operations could constitute a hazard to or 
interfere with orderly oil or gas operations. 
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d. Co-development. The concurrent development of oil, gas, and potash resources 
within the Designated Potash Area. Co-development is a cooperative effort between industries 
under the guidelines of this order, as regulated by the BLM, to support production of potash, oil, 
and gas from the lands within the Designated Potash Area. 

e. Designated Potash Area. The land area described in Section 8 of this Order. 

f. Development Area. An area established by the BLM within the Designated 
Potash Area in consideration of appropriate oil and gas technology such that wells can be drilled 
from a Drilling Island capable of effectively extracting oil and gas resources while managing the 
impact on potash resources. Each Development Area will typically have only one Drilling 
Island, subject to narrow exceptions based on specific facts and circumstances. All new oil and 
gas wells that penetrate the potash formations within a Development Area will be drilled from 
the Drilling Island(s) associated with that Development Area. The boundaries of each 
Development Area will be determined in conformity with Section 6.e.(2). 

g. Drilling Island. An area established by the BLM, usually associated with and 
within a Development Area, from which all new drilling of vertical, directional, or horizontal 
wells that newly penetrate the potash formations can be performed in order to support the 
development of oil and gas resources. The size and shape of a Drilling Island defines the area 
where well bore penetrations of the potash formations will be allowed; this area is to be as small 
as practical to allow effective oil and gas development while managing impacts on potash. 

h. Indicated Resources. Potash resources from which tonnage, grade, and mineral 
content are computed partly from specific measurements and samples, and partly from projection 
of geologic evidence. Indicated Resources are estimated at a lower level of confidence than 
Measured Reserves. 

i. Inferred Resources. Potash resources which are probable, considering reasonably 
correlated data from lithologic descriptions and well logs, but for which tonnage and grade 
cannot be computed due to the absence of specific data. 

j. Joint Industry Technical Committee. A committee established by, and subject to 
the management and control of, the potash mining industry and the oil and gas industry whose 
role is to study how concurrent development of potash and oil and gas can be safely performed in 
proximity to each other. While the committee may provide input to the BLM on such matters as 
indicated herein or otherwise at its discretion, it will not be subject to the BLM's management or 
control. 

k. Measured Reserves (also known as "Potash Enclave"). Areas within the 
Designated Potash Area where potash is known to exist in sufficient thickness and quality to be 
mineable under existing technology and economics. 

I. Potash. Potassium and associated minerals as specified in the Act of February 27, 
1927 (30 u .s.c. §§ 281-287). 
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m. Unknown Area. An area within the Designated Potash Area where there is an 
absence of data for the BLM to classify the mineralization as Measured Reserves, Indicated 
Resources, Inferred Resources, or Barren Area. 

Sec. 5 Status of Lands. This Order will not affect the current status of lands with respect to 
their being withdrawn from or open to entry or leasing. 

Sec. 6 General Provisions. 

a. Issuance of Oil and Gas Leases. The Department of the Interior reaffirms its 
policy that the lease stipulations contained in the Order of the Secretary of the Interior, dated 
October 28, I 986, and corrected on August 26, 1987 (52 FR 32171 ), are necessary to protect the 
rights of the oil and gas and potash lessees and operators. Therefore, each successful applicant 
for a noncompetitive oil and gas lease, and any party awarded a competitive lease, for lands 
included in the Designated Potash Area, is required, as a condition to the issuance of such lease, 
to execute a stipulation to the lease as follows. 

(I) Drilling for oil and gas shall be permitted only in the event that the lessee 
establishes to the satisfaction of the Authorized Officer, BLM, that such drilling will not interfere 
with the mining and recovery of potash deposits, or the interest of the United States will best be 
served by permitting such drilling. 

(2) No wells shall be drilled for oil or gas at a location which, in the opinion 
of the Authorized Officer, would result in undue waste of potash deposits or constitute a hazard 
to or unduly interfere with mining operations being conducted for the extraction of potash 
deposits. 

(3) When the Authorized Officer determines that unitization is necessary for 
orderly oil and gas development and proper protection of potash deposits, no well shall be drilled 
for oil or gas except pursuant to a unit plan approved by the Authorized Officer. 

( 4) The drilling or the abandonment of any well on said lease shall be done in 
accordance with applicable oil and gas operating regulations ( 43 CFR 3160), including such 
requirements as the Authorized Officer may prescribe as necessary to prevent the infiltration of 
oil, gas, or water into formations containing potash deposits or into mines or workings being 
utilized in the extraction of such deposits. 

In addition, the Authorized Officer will include a lease provision which states that drilling for 
and production of oil and gas will be subject to the terms of this Order, any subsequent revisions, 
and the orders of the Authorized Officer thereunder. 

b. Reinstatement or Renewal of Oil and Gas Leases. As a condition to the granting 
of any discretionary reinstatement or renewal of any existing lease that includes lands in the 
Designated Potash Area, the BLM will impose stipulations identical to those specified in 
Section 6.a. 
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c. Potash Leases. 

( 1) All potash permits, licenses, and leases hereafter issued or existing potash 
leases hereafter readjusted for Federal lands within the Designated Potash Area, must be subject 
to a requirement, either to be included in the lease, license, or permit or imposed as a stipulation, 
that no mining or exploration operations may be conducted that, in the opinion of the Authorized 
Officer, will constitute a hazard to oil or gas production, or that will unreasonably interfere with 
orderly development and production under any oil and gas lease issued for the same lands. 

(2) The BLM will continue to include applicable due diligence stipulations in 
all potash leases issued or readjusted after the date of this Order. 

(3) Before being allowed to participate in a competitive lease sale, all bidders 
must certify in writing that they have an identifiable, substantial, and genuine interest in 
developing the potash resources and that they intend to develop the potash resources in 
accordance with the applicable diligence stipulations. 

(4) In addition, the Authorized Officer will include a lease provision 
providing that potash mining operations will be subject to the terms of this Order, any 
subsequent revisions, and the orders of the Authorized Officer thereunder. 

d. Delineation of Resource Areas. Each potash lessee must file annually by 
March 1, with the Authorized Officer, data and a map(s) on which has been delineated the 
following information with respect to the Federal, state, and private potash leases which the 
lessee then holds; and lands on which exploration activities have been conducted. 

( 1) Those areas where active mining operations are currently in progress in 
one or more ore zones; 

(2) Those areas where operations have been completed in one or more ore 
zones; 

(3) Those areas that are not presently being mined which are considered to 
contain Measured Reserves in one or more ore zones; 

( 4) Those areas that are not presently being mined which are considered to 
contain Indicated Resources in one or more ore zones; 

(5) Those areas that are not presently being mined which are considered to 
contain Inferred Resources in one or more ore zones; 

( 6) Those areas that are considered to be Barren Areas; 

(7) Those areas that are Unknown Areas; and 

(8) Those areas that are planned to be mined as per a three-year mine plan. 
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(9) The Authorized Officer will annually review the information submitted 
under this requirement and make any revisions to the boundaries of Measured Reserves, 
Indicated Resources, Inferred Resources, Barren Areas, and Unknown Areas. Upon verification. 
the Authorized Officer will commit the initial findings to a map(s) of suitable scale and will 
thereafter revise that map( s) as necessary to reflect the latest available information. 

e. Oil and Gas Drilling. 

(I) Drilling within the Designated Potash Area. It is the intent of the 
Department of the Interior to administer oil and gas operations throughout the Designated Potash 
Area in a manner which promotes safe, orderly co-development of oil, gas, and potash resources. 
It is the policy of the Department of the Interior to deny approval of most applications for 
permits to drill oil and gas wells from surface locations within the Designated Potash Area. 
Three exceptions to this policy will be permitted if the drilling will occur under the following 
conditions from: 

(a) a Drilling Island associated with a Development Area established 
under this Order or a Drilling Island established under a prior Order; 

(b) a Barren Area and the Authorized Officer determines that such 
operations will not adversely affect active or planned potash mining operations in the immediate 
vicinity of the proposed drill-site; or 

(c) a Drilling Island, not covered by (a) above, or single well site 
established under this Order by the approval and in the sole discretion of the Authorized Officer, 
provided that such site was jointly recommended to the Authorized Officer by the oil and gas 
lessee( s) and the nearest potash lessee( s ). 

(2) Development Areas. 

(a) When processing an application for permit to drill (APD) an oil or 
gas well in the Designated Potash Area that complies with regulatory requirements, the 
Authorized Officer will determine whether to establish a Development Area in connection with 
the application, and if so, will determine the boundaries of the Development Area and the 
location within the Development Area of one or more Drilling Islands from which drilling will 
be permitted. The BLM may also designate a Development Area outside of the APD process 
based on information in its possession, and may modify the boundaries of a Development Area. 
Existing wells may be included within the boundaries of a Development Area. A Development 
Area may include Federal oil and gas leases and other Federal and non-Federal lands. 

(b) After designating or modifying a Development Area, the BLM will 
issue a Notice to Lessees, consistent with its authorities under 43 CFR Subpart 3105 and 
part 3180. informing lessees that future drilling on lands under an oil and gas lease within that 
Development Area will: 

(i) occur, under most circumstances, from a Barren Area or a 
Drilling Island within the Development Area; and 



Page 6of12 

(ii) be managed under a unit or communitization agreement, 
generally by a single operator, consistent with BLM regulations and this Order. Unit and 
communitization agreements will be negotiated among lessees. The BLM will consider whether 
a specific plan of development is necessary or advisable for a particular Drilling Island. 

( c) The Authorized Officer reserves the right to approve an operator or 
successor operator of a Development Area and/or a Drilling Island, if applicable, to ensure that 
the operator has the resources to operate and extract the oil and gas resources consistent with the 
requirements of this Order and all applicable laws and regulations, and has provided financial 
assurance in the amount required by the Authorized Officer. 

( d) The Authorized Officer will determine the appropriate designation 
of a Development Area in terms of location, shape, and size. In most cases, a single Drilling 
Island will be established for each Development Area. In establishing the location, shape, and 
size of a Development Area and an associated Drilling Island, the Authorized Officer will 
consider: 

(i) the appropriate location, shape, and size of a Development 
Area and associated Drilling Island to allow effective extraction of oil and gas resources while 
managing the impact on potash resources; 

(ii) the application of available oil and gas drilling and 
production technology in the Permian Basin; 

(iii) the applicable geology of the Designated Potash Area and 
optimal locations to minimize loss of potash ore while considering co-development of both 
resources; 

(iv) any long term exploration and/or mining plans provided by 
the potash industry; 

(v) whether a Barren Area may be the most appropriate area 
for a Drilling Island; 

(vi) the requirements of this Order; and 

(vii) any other relevant factors. 

( e) As the Authorized Officer establishes a Development Area, the 
Authorized Officer will more strictly apply the factors listed in Section 6.e.(2)(d), especially the 
appropriate application of the available oil and gas drilling and production technology in the 
Permian Basin, when closer to current traditional (non-solution) potash mining operations. 
Greater flexibility in the application of the factors listed in Section 6.e.(2)(d) will be applied 
further from current and near-term traditional (non-solution) potash mining operations. No 
Drilling Islands will be established within one mile of any area where approved potash mining 
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operations will be conducted within 3 years consistent with the 3-year mine plan referenced 
above (Section 6.d.(8)) without the consent of the affected potash lessee(s). 

(t) The Authorized Officer may establish a Development Area 
associated with a well or wells drilled from a Barren Area as appropriate and necessary. 

(g) As part of the consideration for establishing Development Areas 
and Drilling Islands, the BLM will consider input from the potash lessees and the oil and gas 
lessees or mineral right owners who would be potentially subject to a unitization agreement 
supporting the Development Area, provided that the input is given timely. 

(3) Buffer Zones. Buffer Zones of 'I. mile for oil wells and y, mile for gas wells are 
hereby established. These Buffer Zones will stay in effect until such time as revised distances 
are adopted by the BLM Director or other BLM official, as delegated. However, the Authorized 
Officer may adjust the Buffer Zones in an individual case, when the facts and circumstances 
demonstrate that such adjustment would enhance conservation and would not compromise 
safety. The Director will base revised Buffer Zones on science, engineering, and new 
technology and will consider comments and reports from the Joint Industry Technical Committee 
and other interested parties in adopting any revisions. 

(4) Unitization and Communitization. To more properly conserve the potash, oil, and 
gas resources in the Designated Potash Area and to adequately protect the rights of all parties in 
interest, including the United States, it is the policy of the Department of the Interior that all 
Federal oil and gas leases within a Development Area should be unitized or subject to an 
approved communitization agreement unless there is a compelling reason for another operating 
system. The Authorized Officer will make full use of his/her authorities wherever necessary or 
advisable to require unitization and/or communitization pursuant to the regulations in 43 CFR 
Subparts 3105 and 3180. The Authorized Officer will use his/her discretion to the fullest extent 
possible to assure that any communitization agreement and any unit plan of operations hereafter 
approved or prescribed within the Designated Potash Area will adhere to the provisions of this 
Order. The Authorized Officer will work with Federal lessees, and with the State of New 
Mexico as provided below, to include non-Federal mineral rights owners in unit or 
communitization agreements to the extent possible. 

(5) Coordination with the State of New Mexico. 

(a) If the effective operation of any Development Area requires that the New 
Mexico Oil Conservation Division (NMOCD) revise the State's mandatory well spacing 
requirements, the BLM will participate as needed in such a process. The BLM may adopt the 
NMOCD spacing requirements and require lessees to enter into communitization agreements 
based on those requirements. 

(b) The BLM will cooperate with the NMOCD in the implementation of that 
agency's rules and regulations. 
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( c) In taking any action under Section 6.e. of this Order, the Authorized 
Officer will take into consideration the applicable rules and regulations of the NMOCD. 

(6) Approvals of Exploration on Existing Potash Leases and Potash Exploration 
Licenses. 

(a) Exploration for potash on lands leased for potash is permitted only with 
approval by the BLM, in consultation and coordination with the potash lessee, of an exploration 
plan in accordance with 43 CFR Subpart 3592 and subject to the terms and conditions of the 
potash lease. 

(b) An oil and gas or potash operator may apply for an exploration license to 
drill core holes necessary to define the absence or existence and extent of mineable potash 
reserves in areas within the Designated Potash Area. Exploration licenses allow the exploration 
of known, unleased mineral deposits to obtain geologic, environmental, and other pertinent data 
concerning the deposit. See 43 CFR Subpart 3506. These licenses can be obtained from the 
Carlsbad Field Office, BLM. Costs for such exploration may be shared consistent with the 
provisions of 43 CFR 3506.14, if applicable. 

( c) Should an oil and gas or potash operator desire to attempt to gather 
sufficient data for the BLM to establish a Barren Area in any part of the Designated Potash Area 
not defined as Barren, provisions and protocols are included in this Order for the operator to 
review relevant data in the area to design a core acquisition program (see Section 6.e.(8)(b) and 
(c) of this Order) and to obtain access to the land to acquire core data (see Section 6.e.(6)(b)). 
The BLM will develop and employ, as appropriate, data management protocols to protect the 
appropriate use of the data in its records. The BLM wilt use such newly acquired data to 
determine the resulting potash ore quality and make any changes to potash reserves and 
resources maps indicated by the new data. 

(7) Notice to Affected Parties. An applicant for an Application for Permit to Drill 
(APO), or a proponent of a plan of development for a unit or comrnunitization area or a proposal 
for a Development Area or a Drilling Island, wilt provide notice of the application, plan, or 
proposal to the potash lessees and potash operators in the Designated Potash Area and to the 
owners of the oil and gas rights and surface owners affected by such application, plan, or 
proposal. A list of current potash lessees and potash operators will be available and maintained 
by the Carlsbad Field Office, BLM. The BLM will assist to the extent possible in identifying the 
oil and gas and surface owners affected by the application, plan, or proposal. This notice should 
be prior to or concurrent with the submission of the application, plan, or proposal to the BLM. 
The BLM wilt not authorize any action prior to this notice. 

(8) Access to Maps and Surveys. 

(a) Well records and survey plats that an oil and gas lessee is required to file 
pursuant to applicable operating regulations ( 43 CFR Subpart 3160) will be available for 
inspection at the Carlsbad Field Office, BLM, by any party holding a potash permit or lease on 
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the lands on which the well is situated insofar as such records are pertinent to the mining and 
protection of potash deposits. 

(b) Maps of mine workings and surface installations and records of core 
analyses that a potash lessee is required to file pursuant to applicable operating regulations 
(43 CFR 3590) will be available for inspection at the Carlsbad Field Office, BLM. These 
records are available for viewing by any party holding an oil and gas lease on the same lands 
insofar as such records are pertinent to the development and protection of oil and gas deposits. 

( c) In order for an oil and gas or potash operator to establish and design a core 
acquisition program for the purposes of proving a Barren Area, those records of core analyses in 
the area of the planned program that are necessary to design that program should be provided in 
a timely fashion by the BLM to the operator of the planned program to the extent allowed by 
law, subject to data management protocols as referenced in Section 6.e.(6)(c), and consistent 
with 43 C.F.R. Part 2 and Sections 3503.41-.43. The BLM will use all data available to it when 
delineating Barren Areas. 

(d) Maps of potash reserves and resources prepared under the provisions of 
Section 6.d. will be available for inspection in the Carlsbad Field Office, BLM. Digital copies of 
these maps will be available by mail or at these offices by May I of each year. Maps of 
established Development Areas will be updated as new Development Areas are established. 
Maps of Development Areas will be provided in a timely fashion by the BLM upon request. 

Sec. 7 Regulatory and Administrative Matters. 

a. This Order applies to the exercise of all existing leases in the Designated 
Potash Area in conformity with lease stipulations and Federal law. 

b. Except to the extent otherwise provided by this Order, the regulations 
contained in 43 CFR Part 3100 and Subparts 3160 and 3180 (governing the leasing and 
development of oil and gas) and 43 CFR Part 3500 and Subpart 3590 (governing the leasing and 
development of potash deposits), remain applicable to the lands covered by this Order. 

c. In implementing this Order, the BLM is authorized to exercise its 
discretion through any and all appropriate means, including rulemaking, notices to lessees, and 
orders of the Authorized Officer. 

d. The BLM will obtain and use the best science available when 
administering this Order consistent with Departmental Manual chapters 305 DM 2 and 
305 DM 3. The BLM will comply with the requirements of Secretary's Order 3305, Ensuring 
Scientific Integrity within the Department of the Interior, dated September 29, 2010. The BLM 
has previously used Sandia National Laboratories to provide unbiased technical assistance in 
administering the Designated Potash Area and may continue to do so, ifthe BLM, consistent 
with all applicable laws, so chooses. 

http:3503.41-.43
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e. The BLM will develop guidelines consistent with this Order for 
establishing Development Areas and Drilling Islands. In developing such guidelines, the BLM 

may consider comments and reports from the Joint Industry Technical Committee and other 
interested parties. 

f. The BLM will develop appropriate time-frame guidelines and 
requirements, as appropriate, to enable timely actions pursuant to this Order. 

Sec. 8. The Designated Potash Area Legal Description. 

New Mexico Principal Meridian 

T. 22 S., R. 28 E., 
secs. 25 and 36. 

T. 23 S., R. 28 E., 
sec. I. 

T. 19 S., R. 29 E., 
secs. I and 2; 
secs 11 to 15, inclusive; 
secs. 22 to 27, inclusive; 
secs. 35 and 36. 

T. 20 S., R. 29 E., 
secs. I and 2; 
secs. 11 to 15, inclusive; 
secs. 22 to 27, inclusive; 
secs. 34 to 36, inclusive. 

T. 21 S., R. 29 E., 
secs. I to 5, inclusive; 
secs, 10 to 15, inclusive; 
secs. 22 to 27, inclusive; 
secs. 34 to 36, inclusive. 

T. 22 S., R. 29 E., 
secs. 1 to 5, inclusive; 
secs. 8 to 17, inclusive; 
secs. 19 to 36, inclusive. 

T. 23 S., R. 29 E., 
secs. 1 to 17, inclusive; 
secs. 21 to 28, inclusive; 
secs. 33 to 36, inclusive. 



T. 24 S., R. 29 E., 
secs. I to 4, inclusive. 

T. 18 S., R. 30 E., 
secs. 8 to 17, inclusive; 
secs. 20 to 29, inclusive; 
secs. 32 to 36, inclusive. 

T. 19 S., R. 30 E. 

T. 20 S., R. 30 E. 

T. 21 S., R. 30 E. 

T. 22 S., R. 30 E. 

T. 23 S., R. 30 E. 

T. 24 S., R. 30 E., 
secs. I to 18, inclusive. 

T. 19 S., R. 31 E., 
secs. 7 and 18; 
secs. 31 to 36, inclusive. 

T. 20 S., R. 31 E. 

T. 21 S., R. 31 E. 

T. 22 S., R. 31 E. 

T. 23 S., R. 31 E. 

T. 24 S., R. 31 E., 
secs. I to 18, inclusive; 
secs. 3 5 and 36. 

T. 25 S., R. 31 E., 
secs. I and 2. 

T. 19 S., R. 32 E., 
secs. 25 to 28, inclusive; 
secs. 31 to 36, inclusive. 

T. 20 S., R. 32 E. 
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T. 21 S., R. 32 E. 

T. 22 S., R. 32 E., 
secs. 1 to 12, inclusive. 

T. 19 S., R. 33 E., 
secs. 21 to 36, inclusive. 

T. 20 S., R. 33 E. 

T. 21 S., R. 33 E. 

T. 22 S., R. 33 E., 
secs. 1 to 12, inclusive. 

T. 19 S., R. 34 E., 
secs. 19 and 20; 
secs. 29 to 32, inclusive. 

T. 20 S., R. 34 E., 
secs. 3 to 10, inclusive; 
secs. 15 to 36, inclusive. 

T. 21 S., R. 34 E., 
secs. 5 to 8, inclusive; 
secs. 17 to 20, inclusive; 
secs. 29 to 32, inclusive. 

T. 22 S., R. 34 E., 
sec. 6. 

The area described, including public and non-public lands, aggregates 497,002.03 acres, more or 
less. 

Sec. 9 Administrative Provisions. The Director, BLM, is authorized to delegate responsibilities 
herein as is determined appropriate. This Order will remain in effect until superseded, replaced, 
or incorporated into the Departmental Manual. 
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Secretary of the Interior 

Date: ~ ?. ) ·:l_ O \ J.. 
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RESOURCES 
Soil and Water Resources 
Water Resources 

Table S.1. Watersheds in the Planning Area 
Watershed Name Watershed Hydrologic Unit Code 
Rio Felix 13060009 
Upper Pecos – Long Arroyo 13060007 
Rio Peñasco 13060010 
Upper Pecos – Black 13060011 
Salt Basin 13060004 
Delaware 13060002 
Lower Pecos – Red Bluff Reservoir 13070001 
Landruth – Monument Draws 13070007 
Monument – Seminole Draws 12080003 
Mustang Draw 12080004 
Sulfur Springs Draw 12080006 
Lost Draw – Yellow House Draw 12080001 

Table S.2. Major Streams and Rivers in the Planning Area 
Name Miles (BLM-administered lands) 
Pecos River 28 
Black River 4.5 
Delaware River 9.0 
Rio Peñasco 4.4 

Table S.3. Major Lakes Bordering the Planning Area 
Name Acres 
Avalon Reservoir 498 
Red Bluff Reservoir 400 
Conoco Lake 3 
Brantley Lake 4,000 

Table S.4. Section 303(d)-Listed Water Quality-Limited Streams and Their Pollutants in the Planning 
Area as of 2014 

Watershed/ 
HUC 

Water 
Body 

Reach Pollutant Total 
(miles) 

BLM Length 
(miles) 

Upper Pecos-
Black/ 
13060011 

Pecos 
River 

Avalon Reservoir to 
Brantley Reservoir 

PCBs and DDT in fish tissue 6.94 0  

Black River to Six Mile 
Dam Lake  

E. coli. PCBs in fish tissue 16.13 8.23 

Brantley Reservoir to Rio 
Peñasco 

DDT and PCBs in fish tissue 15.5 0 

Lake Carlsbad to Avalon 
Reservoir 

Low flow alterations 3.92 0 

Six Mile Dam Lake to 
Lower Tansil Lake 

PCB in Fish Tissue 3.3 trace 

Texas border to Black 
River 

Boron, E. coli, lack of dissolved 
oxygen, and PCB in fish tissue 

35.54 20.39 

Black River to Lower 
Tansil Lake 

PCBs in fish tissue 19.4 28.62 
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Watershed/ 
HUC 

Water 
Body 

Reach Pollutant Total 
(miles) 

BLM Length 
(miles) 

Rio Peñasco/ 
13060010 

Aqua 
Chiquita 

Headwaters to Rio 
Peñasco 

The state determined that some-
thing damaged the benthic 
macroinvertebrates but could not 
determine cause. 

13 – 

Rio 
Peñasco 

Hwy 24 to Cox Canyon Turbidity 34.67 4.4 

Delaware River 
13070002 

Delaware 
River 

Pecos River to TX 
Border 

Usually dry at US 285 Hwy 8.29 9.4 

*PCB=polychlorinated biphenyl; DDT- dichlorodiphenyltrichloroethane 

Table S.5. Section 303(d)-Listed Water Quality-Limited Lakes and Their Pollutants in the Planning 
Area 

Watershed/HUC Water Body Pollutant Total (acres) BLM-area 

Upper Pecos-Black/ 
13060011 

Brantley Reservoir DDT in fish tissue 3058 0 
Avalon Reservoir Mercury in fish tissue 498 498 
Six-Mile Dam Lake Eutrophication (excess nutrients) 82 11 
Lower Tansil Lake DDT and PCBs in fish tissue 136 0 
Williams Sink (Eddy) Hyper saline 210 190 

*PCB = polychlorinated biphenyl.; DDT-dichlorodiphenyltrichloroethane 
Source: Surface Water Quality Bureau’s website: https://www.env.nm.gov/swqb/303d-305b/2014-2016/index.html 

Vegetative Communities 
Major Land Resource Areas 

Arizona and New Mexico Mountains 
This area includes grasslands on the deeper soils; mixed shrub-grasslands on shallow, rocky soils; and 
timber on soils that are shallow to bedrock. Ponderosa pine inhabits the largest portion of the intermediate 
elevations in the area. At the higher elevations, spruce (Picea sp.) and fir (Abies sp.) dominate. At the lower 
elevations, ponderosa pine transitions into stands of piñon-juniper on north-facing slopes and woodland of 
mixed oak (Quercus spp.), pine (Pinus spp.), and juniper (Juniperus spp.) on south-facing slopes. The 
principal grasses are fescues (Festuca spp.), bluegrasses (Poa spp.), bromes (Bromus spp.), and muhly 
grasses (Muhlenbergia spp.) at the higher elevations; needlegrass (Achnatherum sp.), western wheatgrass 
(Pascopyrum smithii), bottlebrush squirreltail (Elymus elymoides), and muttongrass (Poa fendleriana) at 
intermediate elevations; and grama grasses, spike muhly (Muhlenbergia wrightii), Junegrass (Koeleria sp.), 
cane bluestem (Bothriochloa barbinodis), and needlegrass at the lower elevations. 

Central New Mexico Highlands 
The soils at the higher elevations are in areas of juniper-piñon savanna and piñon-juniper woodland. They 
have a diverse understory dominated by sideoats grama, blue grama, little bluestem (Schizachyrium 
scoparium), bottlebrush squirreltail, western wheatgrass, piñon ricegrass (Piptochaetium fimbriatum), 
Bigelow sagebrush (Artemisia bigelovii), and winterfat (Krascheninnikovia lanata). The soils at the lower 
elevations are characterized by a mixed grassland prairie of little bluestem, grama grasses, western 
wheatgrass, galleta (Pleuraphis sp.), and New Mexico feathergrass (Hesperostipa neomexicana). They 
also support sand sagebrush (Artemisia filifolia) and sumac (Rhus spp.). Alkaline soils support fourwing 
saltbush (Atriplex canescens), winterfat, and alkali sacaton (Sporobolus airoides). The drainageways at the 
higher elevations are dominated by giant sacaton (S. wrightii), and those at the lower elevations are 
dominated by western wheatgrass. Fourwing saltbush, winterfat, and alkali sacaton also are prevalent in 
the drainageways. 
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Southern Desert Foothills 
This area supports natural prairie vegetation characterized by sideoats grama, black grama, blue grama, 
green sprangletop (Leptochloa dubia), tridens (Tridens spp.), Metcalfe muhly (Muhlenbergia rigida), and a 
diversity of shrubs, such as mariola (Parthenium incanum), sumac, catclaw (Uncaria tomentosa), sotol 
(Dasylirion wheeleri), agave (Agave spp.), and fourwing saltbush. Drainageways are dominated by Apache 
plume (Fallugia paradoxa), New Mexico walnut (Juglans major), desertwillow (Chilopsis linearis), 
brickellbush (Brickellia sp.), littleleaf sumac (Rhus microphylla), hackberry (Celtis occidentalis), and a few 
cottonwoods (Populus spp.). 

Southern Desertic Basins, Plains, and Mountains 
This area supports desert grass-shrub vegetation. Giant dropseed, mesa dropseed (Sporobolus flexuosus), 
and scattered shrubs, such as sand sagebrush and yuccas (Yucca spp.), grow on the sandier soils. 
Creosote bush, tarbush (Flourensia cernua), and catclaw grow on gravelly, calcareous soils on foot slopes. 
Giant sacaton, vine mesquite (Panicum obtusum), desertwillow, and brickellbush grow in drainageways 
and depressions. The dominant grass species are blue, black, and sideoats grama on prairie grasslands 
and mountain foot slopes. Juniper, piñon, and scattered ponderosa pine are on the upper mountain slopes. 

Southern High Plains, Southern Part 
The northeastern part of this area supports dominantly short- and mid-prairie grasses and sparse trees and 
shrubs. Fine-textured soils on broad, nearly level plains support a plant community of short grasses and a 
few mid grasses. The most common species are blue grama and buffalograss (Bouteloua dactyloides); 
blue grama is dominant. In areas of moderately fine-textured soils on very gently to moderately sloping 
plains, the plant community consists of mixed short and mid grasses and sideoats grama is the dominant 
species. 

The southwestern part of this area primarily supports mixed prairie grasses and sparse trees and shrubs. 
Moderately fine-textured and moderately coarse-textured soils on nearly level to gently sloping plains, and 
gently to strongly sloping sand hills are characterized by a mixture of tall and mid grasses and lesser 
amounts of short grasses. On loamy soils, mid grasses tend to dominate and sideoats grama is the 
dominant species. Woody shrubs, particularly yucca, catclaw, and sand sagebrush, make up 5% or less of 
the plant community. On sandy soils, nearly half of the grasses in the plant community are tall grasses, 
such as little bluestem and sand bluestem (Andropogon hallii). Woody shrubs, specifically sand sagebrush, 
shinnery oak (Quercus havardii), and skunkbush (Rhus trilobata), make up 20% to 30% of the plant 
community on the sandy soils. 

Southern High Plains, Southwestern Part 
The northeastern portion of the Southern High Plains (Southwestern Part) area dominantly supports short- 
and mid-prairie grasses. Broad, nearly level plains dominated by fine-textured soils are characterized by a 
plant community of short grasses with a few mid grasses. The most common species are blue grama and 
buffalograss; blue grama is dominant. In areas of moderately fine-textured soils on very gently sloping to 
moderately sloping plains, the plant community is characterized by a mixture of short and mid grasses and 
sideoats grama is the dominant species. 

The southwestern part of this area supports mixed prairie grasses. This part of the area is on nearly level 
to gently sloping plains and gently sloping to strongly sloping sand hills. The moderately fine-textured and 
moderately coarse-textured soils are characterized by a mixture of mid- and tall grasses and lesser amounts 
of short grasses. On loamy soils, mid grasses tend to dominate and sideoats grama is the dominant species. 

Woody shrubs, particularly yucca, catclaw, and sand sagebrush, make up 5% or less of the plant 
community. On sandy soils, nearly half of the grasses in the plant community are tall grasses, such as little 
bluestem and sand bluestem. Woody shrubs, specifically sand sagebrush, shinnery oak, and skunkbush, 
make up 20% to 30% of the plant community on the sandy soils. 
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Riparian Areas and Wetlands 
Table S.6. Riparian-Wetland Habitat and Community Types for Lotic and Lentic Sites within the 

Planning Area 
Scientific Name Common Name 
Atriplex canescens Fourwing saltbush 
Baccharis glutinosa Seepwillow 
Bouteloua eriopoda Black grama 
Celtis laevigata  Netleaf hackberry 
Chilopsis linearis Desert willow 
Cynodon spp.* Bermudagrass 
Dasyochloa pulchella  Low woollygrass 
Elaeagnus angustifolia* Russian olive 
Fallugia paradoxa Apache plume 
Juglans microcarpa Little walnut 
Limonium spp. Sea-lavender 
Panicum obtusum  Vine mesquite 
Populus fremontii  Fremont cottonwood 
Prosopis glandulosa Honey mesquite 
Rhus microphylla Littleleaf sumac  
Salix exigua Coyote willow 
Salix gooddingii Goodding’s willow 
Sapindus saponaria  Western soapberry 
Scirpus spp. Bulrush 
Setaria vulpiseta Plains bristlegrass 
Sporobolus airoides Alkali sacaton 
Tamarix ramosissima* Saltcedar 
Typha angustifolia  Narrowleaf cattail 

*Non-native plant species 

Table S.7. Riparian-Wetland Inventory Data  
Reach Type Miles Riparian Acres 
Pecos River-All Lotic-Perennial 28 408 
Black River SMA Lotic-Perennial 3.5 900 
Black River Non-SMA Lotic-Perennial 1 30 
Delaware River Lotic-Perennial 9 1,000 
Ben Slaughter Spring Lotic-Perennial 0.5 1.8 
Big Canyon Seep Lentic-Intermittent N/A 0.25 
Bogle Seep Lentic-Intermittent N/A 0.25 
Cottonwood Spring Lotic-Perennial 1.25 4.5 
Hackberry Spring Lentic-Intermittent N/A 1.8 
Light Spring Unknown UNK Unknown 
Owl Springs Lotic-Perennial 0.25 2.7 
Owl Springs-East Lotic-Perennial 0.25 1.7 
Owl Springs-West Lentic-Perennial N/A 1 
Preservation Spring Lotic-Perennial 0.375 1.4 
Stetson Seep Lentic-Intermittent N/A 0.25 
Wadcutter Spring Unknown UNK Unknown 
Walt Spring Lotic-Intermittent 1 2 
Yeso Spring Lentic-Perennial N/A 0.25 
Alkali Lake Lentic-Intermittent N/A 3 
Conoco Lake Lentic-Perennial N/A 3 
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Reach Type Miles Riparian Acres 
Hackberry Lake Lentic-Intermittent N/A 35 
Horseshoe Lake Lentic-Intermittent N/A 30 
Laguna Gatuna Lentic-Intermittent N/A 300 
Laguna Plata Lentic-Intermittent N/A 1,200 
Laguna Quatro Complex Lentic-Perennial N/A 600 
Laguna Tonto Lentic-Intermittent N/A 160 
Laguna Toston Lentic-Perennial N/A 760 
Laguna Tres Lentic-Perennial N/A 120 
Lindsey Lake Complex Lentic-Perennial N/A 550 
Queen Lake Lentic-Intermittent N/A 118 
Red Lake Lentic-Intermittent N/A 40 
Walters Lake Lentic-Intermittent N/A 10 
Williams Sink Lentic-Perennial N/A 880 
Adobe Tank Lentic-Intermittent N/A 0.25 
China Tank Lentic-Intermittent N/A 3 
Hayfield Tank Lentic-Intermittent N/A 3 
Indian Tank Lentic-Intermittent N/A 2 
Park Lake Tank Lentic-Intermittent N/A 2 
School Section Tanks Lentic-Intermittent N/A 3 
Brushy Draw #1 Lotic-Intermittent 0.5 10 
Brushy Draw #2 Lotic-Intermittent 1.5 74 
Martin Playa #1 Lentic-Intermittent N/A 5 
Martin Playa #2 Lentic-Intermittent N/A 5 
XT Draw-East Lentic-Intermittent N/A 3 
XT Draw-West Lentic-Intermittent N/A 3 

Noxious Weeds and Invasive Species 
Table S.8. New Mexico and Eddy County Noxious Weed List 

Common  
Name 

Scientific  
Name 

Life 
Cycle 

New Mexico 
Category 

Eddy  
County 

BLM  
Watch List 

Alfombrilla Drymaria arenariodes P Class A – – 
African rue Peganum harmala P Class B X – 
Black henbane Hyoscyamus niger A/B Class A X – 
Bull thistle Cirsium vulgare B Class C X – 
Camelthorn Alhagi pseudalhagi P Class A X – 
Canada thistle Cirsium arvense P Class A X – 
Cheatgrass Bromus tectorum A Class C – – 
Chicory Cichorium intybus B/P Class B – – 
Crimson fountaingrass Pennisetum setaceum P Watch List – – 
Dalmatian toadflax Linaria dalmatica P Class A X – 
Diffuse knapweed Centaurea diffusa B Class A – – 
Dyer’s woad Isatis tinctoria A/B/P Class A – – 
Eurasian watermilfoil Myriophyllum spicatum P Class A – – 
Giant cane Arundo donax P Watch list – – 
Giant salvinia Salvinia molesta P Class A – – 
Halogeton Halogeton glomeratus A Class B – – 
Hoary cress Cardaria spp. P Class A – – 
Hydrilla Hydrilla verticillata P Class A – – 
Jointed goatgrass Aegilops cylindrica A Class C – – 
Leafy spurge Euphorbia esula P Class A X – 
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Common  
Name 

Scientific  
Name 

Life 
Cycle 

New Mexico 
Category 

Eddy  
County 

BLM  
Watch List 

Malta starthistle Centaurea melitensis A Class B X – 
Meadow knapweed Centaurea pratensis P Watch list – – 
Musk thistle Carduus nutans B Class B X – 
Oxeye daisy Leucanthemum vulgare P Class A – – 
Pampas grass Cortaderia selloana P Watch list – – 
Parrotfeather Myriophyllum aquaticum P Class A – – 
Perennial pepperweed Lepidium latifolium P Class B – – 
Poison hemlock Conium maculatum B Class B X – 
Purple loosestrife Lythrum salicaria P Class A – – 
Purple starthistle Centaurea calcitrapa A/P Class A X – 
Quackgrass Elytrigia repens P Watch list – – 
Ravenna grass Saccharum ravennae P Class A – – 
Russian knapweed Acroptilon repens P Class B X – 
Russian olive Elaeagnus angustifolia P Class C X – 
Sahara mustard Brassica tournefortii A Watch list – – 
Saltcedar Tamarix spp. P Class C X – 
Scotch thistle Onopordum acanthium B Class A X – 
Siberian elm Ulmus pumila P Class C X – 
Spotted knapweed Centaurea biebersteinii B/P Class A X – 
Southern goldenbush Isocoma pluriflora P  X – 
Teasel Dipsacus fullonum B Class B X – 
Tree of heaven Ailanthus altissima P Class B – – 
Yellow bluestem Bothriochloa ischaemum P  – X 
Yellow starthistle Centaurea solstitialis A Class A X – 
Yellow toadflax Linaria vulgaris P Class A X – 
Note: A = Annual, B = Biennial, P = Perennial 
Source: BLM 201; Eddy County Coordinated Weed Management Group 2007; MDA 2016;  

Wildland Fire and Fuels Management 
Fire Regime 
Table S.9. Historic Fire Regimes Definitions 

Fire 
Regime Frequency Severity 

I 0–35 years 
Generally low-severity fires replacing less than 25% of the dominant 
overstory vegetation; can include mixed-severity fires that replace up to 75% 
of the overstory 

II 0–35 years High-severity fires replacing greater than 75% of the dominant overstory 
vegetation 

III 35–200 years Generally mixed severity; can also include low-severity fires 
IV 35–200 years High-severity fires 

V 200-plus years Generally replacement severity; can include any severity type in this 
frequency range 

Source: www.frcc.gov. 
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Wildland Fire Management 
Table S.10. Wildfires on Bureau of Land Management–administered Land within the Planning Area 

(2001–2017) 

Year Lightning-
caused Fires 

Lightning-
caused Acres 

Human-
caused 
Fires 

Human-
caused Acres Total Fires Total Acres 

2001 12 249 6 5 18 254 
2002 1 6 0 0 1 1 
2003 3 10 16 89 19 99 
2004 2 2 6 8 8 10 
2005 6 96 15 19 21 115 
2006 1 24 18 7 19 31 
2007 1 5,500 7 364 8 5,864 
2008 8 18,695 39 5,552 47 24,247 
2009 19 19,349 43 8,386 62 27,735 
2010 31 28,879 60 9,846 91 38,725 
2011 32 13,306 65 37,154 97 50,460 
2012 11 338 21 49 32 387 
2013 0 0 15 46 15 46 
2014 6 110 33 38 39 148 
2015 3 5 33 119 36 124 
2016 10 494 19 94 29 588 
2017 2 3 13 12 15 15 

Fuels Management 
Table S.11. Acres of Vegetation Treatments on Bureau of Land Management–administered Land in the 

Planning Area 

Year Prescribed Fire 
(acres) Mechanical (acres) Herbicide (acres) Total 

2003 820 110 4,580 5,510 
2004 1 0 10,600 10,601 
2005 3,932 0 6,598 10,530 
2006 4,453 135 21,079 25,667 
2007 1,863 534 10,300 12,697 
2008 11,326 100 135 11,561 
2009 5,767 40 13,592 19,399 
2010 12,650 1,250 9,655 23,555 
2011 10,578 400 24,000 34,978 
2012 3,800 150 16,600 20,550 
2013 5,500 160 9,082 14,742 
2014 8,050 0 3,500 11,550 
2015 5,050 0 3,258 8,308 
2016 19,465 0 8,750 28,215 
2017 16,167 1,915 0 18,082 
Total 109,422 4,794 141,729 255,945 

Table S.12. Surveyed Acreage by Land Ownership in the Carlsbad Field Office Region 
Land Ownership Acres Percentage of Total Acreage 

BLM 397,395.6 56.9 
Private 171,291.7 23.5 
New Mexico State Land Office 86,356.7 12.4 
USFS 31,245.3 4.5 



Draft Resource Management Plan/Environmental Impact Statement  Appendix S 
  Chapter 3 Supporting Information 

BLM Carlsbad Field Office  S-8  

Land Ownership Acres Percentage of Total Acreage 
NPS 2,045.7 0.3 
NMDGF 2,990.3 0.4 
Bureau of Reclamation 4,862.4 0.7 
U.S. Department of Energy 713.7 0.1 
New Mexico State Parks 306.1 0.0 
Other federal agencies 1,039.9 0.1 
Totals 698,247.4 100.0 
Note: Percentage may not sum exactly due to rounding. 
Adapted from Railey 2012:16. 

Table S.13. Archaeological Sites by Land Ownership in the Carlsbad Field Office Region 

Land Ownership Archaeological Sites 
N Pct. 

BLM 7,178 59.5 
Private 1,969 16.3 
New Mexico State Land Office 1,592 13.2 
USFS 775 6.4 
NPS 203 1.7 
NMDGF 143 1.2 
Bureau of Reclamation 91 0.8 
U.S. Department of Energy 62 0.5 
New Mexico State Parks 41 0.3 
Other federal agencies 0 0.0 
Totals 12,054 100.0 
Note: Percentage may not sum exactly due to rounding. 
Adapted from Railey 2012:16. 

Table S.14. Investigations Carried Out under the Permian Basin Mitigation Program 
Task 
No. Task Description Year 

Awarded Status 

1 Synthesis of Excavation Data 2009 Completed 2009 
2 Archaeological Inventory of Unsurveyed Areas 2009 Completed 2010 

3 Ethnographic and Archaeological Inventory with the 
Mescalero Apache Tribe 2009 Completed 2010 

4 Data Comparability Workshop 2010 Completed 2010 
5 Laguna Plata Site Excavations and Analyses 2010 Completed 2010 
6 Boot Hill Site Excavations and Analyses 2010 Completed 2011 
7 Burro Tanks Site Intensive Documentation 2010 Completed 2011 

8 Delaware River Inventory for Recording Historic-Era 
Resources 2011 Completed 2012 

9 Historic Context for Oil and Gas Development in 
Southeastern New Mexico 2011 Ongoing 

10 Landscape Testing Project: Analysis of Feature Samples 2013 Completed 2013 
11 Understanding Local Lithic Sources 2012 Completed 2012 
12 LiDAR Study of Burned Rock Middens 2013 Completed 2015 
13 Surface and Subsurface 2015 Ongoing 
14 Selection of Sites 2015 Ongoing 
15 The Merchant Site 2016 Ongoing 
16 Permian Basin Research Design 2016 Ongoing 
17 Plant Utilization in Southeast New Mexico 2016 Ongoing 
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Table S.15. Permian Basin PA Use Since 2008 
Year Projects Reviewed Contribution Amount in Dollars 

5/01/2008–9/30/2008 178 229,109 
2008–2009 370 541,641 
2009–2010 452 936,613 
2010–2011 684 2,006,476 
2011–2012 671 1,396,325 
2012–2013 628 2,755,051 
2013–3/31/2014 341 981,399 
Totals 3324 8,846,614 

Table S.16. Trends of Survey and Site Recording within the Carlsbad Field Office Region* 
Year Projects Reviewed New Sites Updated Sites 

5/01/2008–9/30/2008 178 303 200 
2008–2009 370 209 205 
2009–2010 452 311 208 
2010–2011 684 97 247 
2011–2012 671 434 451 
2012–2013 628 595 579 
2013–3/31/2014 341 47 129 
Totals 3,324 1,996 2,019 
*Includes state and private lands. 

Paleontological Resources 
Table S.17. Management Concerns by Potential Fossil Yield Classification 

PFYC Level of Concern Management Concerns 

1 Very low  

Management concern for paleontological resources in Class 1 units is usually 
negligible or not applicable. Assessment or mitigation is usually unnecessary 
except in very rare or isolated circumstances. However, standard stipulations 
should be put in place to accommodate an unanticipated discovery before 
authorizing any land use action. 

2 Low  

Management concern for paleontological resources is generally low. Assessment 
is usually unnecessary except in occasional or isolated circumstances. Mitigation 
is necessary only where paleontological resources are known or found to exist. 
However, standard stipulations should be put in place to accommodate an 
unanticipated discovery before authorizing any land use action. 

3 Moderate  

Management concern for paleontological resources is moderate because the 
existence of significant paleontological resources is known to be low. Surface-
disturbing activities may require field assessment to determine the appropriate 
course of action. Mitigation strategies would be proposed based on the nature of 
the proposed activity.  

4 High  

Management concern for paleontological resources in Class 4 is moderate to high, 
depending on the proposed activity. A field survey by a qualified paleontologist is 
usually needed to assess local conditions. Mitigation would depend on the nature 
of the proposed activity and must consider the type of proposed disturbance, such 
as penetration of protective surface alluvium or soils or increased ease of access 
that could result in looting. On-site monitoring, spot-checking, or avoidance may 
be necessary during land disturbing activities.  
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PFYC Level of Concern Management Concerns 

5 Very high 

Management concern for paleontological resources in Class 5 areas is high to very 
high. A field survey by a qualified paleontologist is almost always needed prior to 
surface-disturbing activities or land tenure adjustments, and on-site monitoring 
may be necessary during land use activities. Mitigation would often be necessary 
before and/or during land use activities. Controlled access, designation of areas of 
avoidance, or special management designations should be considered. 

U Unknown 
potential 

Until a provisional assignment is made, geologic units that have an unknown 
potential have a medium to high management concern. Field surveys are usually 
necessary, especially before authorization of ground disturbance. The geologic 
unit should be formally assigned to a Class after adequate survey and research is 
performed.  

W Water 
This Class includes any surface area mapped as water. Most bodies of water do 
not usually contain paleontological resources; however, shorelines should be 
carefully considered for uncovered or transported paleontological resources.  

I Ice 
This Class includes any area that is mapped as ice or snow. Receding glaciers and 
melting snow fields should be considered for their potential to reveal recently 
exposed paleontological resources.  

Table S.18. Geologic Formations Present in the Planning Area 
Formation Age Formation Name Management Concern PFYC 

Permian 

Yeso Formation Low Class 2 
San Andres Formation Moderate Class 3 
Bell Canyon Formation Low Class 2 
Capitan Formation Moderate Class 3 
Grayburg and Queen Formations Low Class 2 
Seven Rivers Formation Low Class 2 
Yates and Tansill Formations Low Class 2 
Artesia Group Low Class 2 
Castile Formation Low Class 2 
Salado Formation Low Class 2 
Rustler Formation Low Class 2 
Quartermaster and Rustler Formations Low Class 2 
Quartermaster Formation Low Class 2 

Triassic 

Upper Chinle Group, Garita Creek through 
Redonda Formations, undivided High Class 4 

Santa Rosa Formation (may include 
Moenkopi Formation at base) Moderate Class 3 

Cretaceous Lower Cretaceous, undivided (includes 
Tucumcari Shale in this area) Moderate Class 3 

Tertiary Ogallala Formation Moderate Class 3 

Quaternary 

Playa lake deposits Low Class 2 
Older alluvial deposits of upland plains and 
piedmont areas, and calcic soils and eolian 
cover sediments of High Plains region 

Low Class 2 

Eolian deposits Low Class 2 
Eolian deposits/Piedmont alluvial deposits Low Class 2 
Cave deposits* High Class 4 
Lacustrine and playa-lake deposits Low Class 2 
Alluvium Low Class 2 

*Not mapped but included as they are an important paleontological resource. 
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Lands with Wilderness Characteristics 
Inventoried Units 

Unit 801 
Unit 801 is approximately 82 acres but is adjacent to the Lonesome Ridge WSA. The BLM believes the unit 
was not included in the 1979 evaluation of the area because of a mapping error. The parcel is bounded to 
the west by the Lonesome Ridge WSA, private property bounds the area to the north and east, and State 
of New Mexico lands form the boundary to the south. 

Vegetation and landscape is indicative of the Chihuahuan Desert, containing a variety of succulents such 
as lechuguilla and cacti, large shrubs such as yucca, and trees such as Texas madrone (Arbutus 
xalapensis). The unit is very natural and there is no evidence of human use. There are no human 
improvements within the unit and no travel routes. 

The unit is highly detached from any developed areas. The adjoining WSA contains incredibly dramatic, 
deep, rugged canyons that offer outstanding opportunities for solitude and primitive, unconfined recreation. 
The remoteness alone provides outstanding opportunities for solitude. The deep washes within the unit 
provide the opportunity for complete solitude.  

There are no constructed trails, campsites, or other facilities within the unit. As a result, only primitive 
recreational activities occur in the area. There are no private lands within the unit. The unit adjoins an 
existing WSA and visitors can move freely in between these areas. The unit is very popular with mule deer, 
javelina, and Barbary sheep (Ammotragus lervia) hunters and provides outstanding opportunities to see 
and hunt wildlife. 

The unit also contains unique geologic values. The unit and the adjoining WSA contain a large segment of 
the Guadalupe Mountains and the Capitan Reef. The Capitan Reef is a great example of an exposed 
Permian-aged reef. 

Unit 803A 
Unit 803A is approximately 1,130 acres but is adjacent to the designated wilderness in Carlsbad Caverns 
National Park. The northern boundary of the unit is a wilderness inventory road that is used to provide 
vehicle access to range improvement projects and recreationists. The eastern boundary is property 
boundary lines and a small segment of a wilderness inventory road. The western boundary is property lines 
and the cherry stemming of a windmill and water tank that is located immediately along the edge of the unit. 
The southern boundary is along boundary lines for Carlsbad Caverns National Park. 

The unit primarily encompasses an isolated segment of Dark Canyon known as Serpentine Bends. 
Serpentine Bends contains very steep to vertical canyon walls, some of which are several hundred feet tall. 
Vegetation is mostly composed of sparse grasses, juniper, shrub oak, and an abundance of lechuguilla and 
other succulents. Northern parts of the unit include many smaller steep canyons that feed into Dark Canyon, 
including Stone Canyon. The area has very rough topography, which has contributed to a lack of industrial 
development within the area. The area is used for livestock grazing but the ruggedness has also limited 
this activity. Vehicle access into the area is very limited, with only one two-track road that cuts across the 
unit. The two-track road is not accessible by the general public wanting to access the area by vehicle due 
to private lands on either end limiting access. The entire area has been closed to oil and gas leasing to 
protect cave resources located within bordering Carlsbad Caverns National Park and on BLM-administered 
lands. All of these factors have led to the area maintaining a very natural state. 

The unit is in a very remote location. Due to the lack of vehicle access, the area receives relatively sparse 
visitation. It is uncommon to encounter any other visitors in the area with the exception of hunting season. 
The numerous canyons within the unit provide ample opportunities for visitors to experience complete 
solitude. The unit is sandwiched between over 30,000 acres of designated wilderness in Carlsbad Caverns 
National Park and a largely undeveloped section of BLM-administered lands. For this reason, the area has 
outstanding opportunities for solitude. 
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There are no constructed trails, campsites, or other facilities within the unit. As a result, only primitive 
recreational activities occur in the area. The unit is very popular with mule deer, javelina, and Barbary sheep 
hunters and provides outstanding opportunities to see and hunt wildlife. The area is also popular with cave 
explorers. There are four known undeveloped caves within the unit. The area is very popular with people 
who like to hike and search for undiscovered caves. The adjoining wilderness in Carlsbad Caverns National 
Park contains designated hiking trails and undeveloped caves. All of these opportunities provide 
outstanding primitive and unconfined recreational experiences. 

The unit also contains scenic, geologic, and ecological values. The steep winding canyon walls of 
Serpentine Bends are very scenic. The 1988 Carlsbad RMP designated much of the unit as a Scenic Area 
SMA. The caves found within the unit offer unique opportunities to study the geology of the Guadalupe 
Mountains. The unit also includes critical and occupied habitat for a special status rattlesnake, mottled rock 
rattlesnake (Crotalus lepidus lepidus), and a special status cactus, Lee’s pincushion cactus (Coryphantha 
sneedii var. leei). 

Unit 810 
Unit 810 is approximately 18,381 acres. The western boundary of the unit is made up mostly by property 
lines with Lincoln National Forest, including a USDA-FS road less area. One section of private land abuts 
part of the western boundary. All other boundaries of the unit are made up mostly by inventory roads. Where 
these roads bisect into private or State of NM lands, those property lines become the unit boundary. 

The area is very expansive and rugged. The area consists of the eastern escarpment of the Guadalupe 
Mountains and is the upper transition zone from the relatively flat basin into the high pine covered 
mountains. Due to the ruggedness of the area, there has been little to no oil and gas development in or 
near the unit. What little energy development that has occurred within the unit has been unsuccessful, 
abandoned, and reclaimed. Livestock grazing does take place within the unit, but its impact on the area’s 
naturalness has been minimal.  

Major recreational uses of the area include hunting and hiking. The impacts of either activity are hardly 
detectable. There are no constructed trails, campsites, or other facilities within the unit. Any recreational 
activities by default would be primitive. Canyons and draws provide hikers with a natural pathway but are 
still gentle enough to allow someone to exit those canyons at any point to move in a different direction within 
the unit. Big game hunting is perhaps the most popular recreational activity that occurs within the unit. 
There are few places that, due to a lack of vehicle transportation routes, allow for a true primitive hunting 
experience either on foot or horseback. The topography is rugged enough to provide a challenge but not 
too rugged as to make it nearly impossible to hunt. This combined with an abundance of public lands and 
desirable big game species (mule deer and Barbary sheep) makes this area popular with hunting 
enthusiasts and provides and outstanding primitive recreational experience. 

Due to topography and lack of vehicle travel routes, the majority of this unit is only accessible on foot. This 
combined with the unit’s remote setting, it is not uncommon to visit the area and not encounter any other 
visitors. The unit contains some of the most dramatic topographical relief within the Carlsbad Field Office. 
Deep, remote canyons provide areas where visitors can feel completely isolated within a natural 
environment. This provides visitors with an outstanding opportunity for solitude. 

The unit also contains unique ecological values. This unit contains both suitable and occupied habitat for 
Kuenzler’s hedgehog cactus, a USFWS special status plant. 

Unit 810B 
Unit 810B is approximately 6,730 acres. The western boundary of the unit is made up mostly by property 
lines with Lincoln National Forest, including a USDA-FS road less area. One section of private land abuts 
part of the western boundary. All other boundaries of the unit are made up mostly by inventory roads. Where 
these roads bisect into private or State of NM lands, those property lines become the unit boundary. 
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The area is very expansive and rugged. The area consists of the eastern escarpment of the Guadalupe 
Mountains and is the upper transition zone from the relatively flat basin into the high pine covered 
mountains. Due to the ruggedness of the area, there has been little to no oil and gas development in or 
near the unit. What little energy development that has occurred within the unit has been unsuccessful, 
abandoned, and reclaimed. Livestock grazing does take place within the unit, but its impact on the area’s 
naturalness has been minimal.  

Major recreational uses of the area include hunting and hiking. The impacts of either activity are hardly 
detectable. There are no constructed trails, campsites, or other facilities within the unit. Any recreational 
activities by default would be primitive. Canyons and draws provide hikers with a natural pathway but are 
still gentle enough to allow someone to exit those canyons at any point to move in a different direction within 
the unit. Big game hunting is perhaps the most popular recreational activity that occurs within the unit. 
There are few places that, due to a lack of vehicle transportation routes, allow for a true primitive hunting 
experience either on foot or horseback. The topography is rugged enough to provide a challenge but not 
too rugged as to make it nearly impossible to hunt. This combined with an abundance of public lands and 
desirable big game species (mule deer and Barbary sheep) makes this area popular with hunting 
enthusiasts and provides and outstanding primitive recreational experience. 

Due to topography and lack of vehicle travel routes, the majority of this unit is only accessible on foot. This 
combined with the unit’s remote setting, it is not uncommon to visit the area and not encounter any other 
visitors. The unit contains some of the most dramatic topographical relief within the Carlsbad Field Office. 
Deep, remote canyons provide areas where visitors can feel completely isolated within a natural 
environment. This provides visitors with an outstanding opportunity for solitude. 

The unit also contains unique ecological values. This unit contains both suitable and occupied habitat for 
Kuenzler’s hedgehog cactus, a USFWS special status plant. 

Unit 815 
Unit 815 is approximately 3,988 acres. The unit is comprised of three separate areas that are each under 
5,000 acres in size. However, they are being considered one unit due to their close proximity to each other 
and the areas are a continuous extension of adjoining designated wilderness in Carlsbad Caverns National 
Park. The area is bound by wilderness inventory roads that are constructed and maintained to provide 
access for private land near the unit. Other boundaries of the unit are NPS boundaries for Carlsbad Caverns 
National Park, private lands, and State of New Mexico lands. 

The unit is located adjacent to designated wilderness in Carlsbad Caverns National Park. The topography 
consists of moderately steep rolling hills forming the transition zone from the Guadalupe Mountains to the 
Delaware Basin. These rolling hills are intersecting by steep walled washes and ravines created by outwash 
from the major canyons exiting the adjacent mountains. Vegetation varies between the hills and washes. 
Cacti, yucca, sotol, lechuguilla, and other succulents can be found abundantly on the rocky hill slopes. 
Some areas that have been treated for invasives have an abundance of grasses in places up to waist high. 
The bottoms of the steep washes contain larger trees such as oaks and the visually stimulating Texas 
madrone. There is very little evidence of human uses. Livestock improvements including fences and 
watering units are present but are not abundant enough to detract from the area’s naturalness. 

The unit is detached from any highly developed areas. The deep washes within the unit provide the 
opportunity for complete solitude. While traversing these washes, visibility is limited to a few hundred feet 
in places, yet a hiker can travel for several miles. It provides much of the same feeling of solitude as 
traversing a densely populated forest. The large rugged canyons in the adjacent wilderness in Carlsbad 
Caverns National Park are so remote and receive relatively little visitation that they provide extreme solitude 
even though they are significantly large open spaces. 

There are no constructed trails, campsites, or other facilities within the unit. As a result, only primitive 
recreational activities occur in the area. There are no private lands within the unit. The unit adjoins existing 
wilderness and visitors can move freely in between these areas. The unit is very popular with mule deer, 
javelina, and Barbary sheep hunters. The area is along a route of travel for wildlife that normally seek refuge 
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in the hunting-free area of Carlsbad Caverns National Park and the Black River valley to the west. 
Therefore, there are outstanding opportunities to see and hunt an abundance of wildlife that one would not 
see elsewhere. Backpacking in the adjoining wilderness of Carlsbad Caverns National Park provides a 
rugged, primitive, experience not found elsewhere. The Capitan Reef, which forms the border between the 
unit and adjoining designated wilderness, provides fantastic and unique views for hikers and backpackers 
due to its unique geological origin. 

Unit 815 also contains unique geologic values. The unit and the adjoining WSA contain a large segment of 
the Guadalupe Mountains and the Capitan Reef. The Capitan Reef is a great example of an exposed 
Permian-aged reef. 

Unit 902 
Unit 902 is approximately 9,834 acres. The northern boundary is of the unit is from property lines along 
Felix Canyon Road. The eastern boundary is delineated along property lines. The western boundary is an 
inventory road. The southern boundary is drawn along a mix of both property lines and an inventory road. 

The unit lacks any development and is completely natural. The topography includes steep limestone hills 
broken up by steep-sided canyons and numerous small drainages. Vegetation is dominated by grasses 
with occasional shrubs and cacti. Larger vegetation and trees can be found in canyon and draw bottoms. 
No oil and gas activities can be found within the unit or immediately surrounding it.  

The general setting of the unit is very remote. The unit is situated over 30 miles from the nearest town. The 
unit itself has very few public access points. The variable topography (hills, canyons, and draws) provides 
numerous areas where a visitor would be in a natural setting with isolated solitude and a very low likelihood 
of encountering any other individuals. The low level of access and variable topography provide visitors with 
an outstanding opportunity for solitude.  

There are no constructed trails, campsites, or other facilities within the unit. As a result, only primitive 
recreational activities occur in the area. Canyons and draws, some stretching for 4 miles across the unit, 
provide hikers with a natural guiding path but are still gentle enough to allow someone to exit those canyons 
at any point to move in a different direction within the unit. Big game hunting is the most popular recreational 
activity that occurs within the unit. The rugged topography combined with abundance to public lands and 
populations of mule deer and Barbary sheep makes this area popular with hunting enthusiasts and provides 
an outstanding primitive recreational experience. 

The unit contains both scenic and historic values. Unlike the majority of southeastern New Mexico, this area 
has not had any oil and gas development and is one of the few areas that a person can still enjoy the scenic 
beauty of undeveloped rolling hill country. From a historical perspective, this area is often associated with 
the Lincoln Country Wars and is of interest to Billy the Kid history buffs. 

Unit 909 
Unit 909 is approximately 9,130 acres. The northern boundary of the unit is a constructed and maintained 
road used primarily for grazing allotment access. The southern and western boundary is formed primarily 
by land ownership boundaries along Felix Canyon. The eastern boundary is formed by a combination of 
land ownership boundaries and constructed and maintained roads. A road and primitive unsurfaced 
airplane landing strip was cherry stemmed out of the southern part of the unit. The airstrip, which is 
noncommercial, is primarily located on private lands but spills over onto BLM-administered land by about 
600 feet. A small unsurfaced road travels near this strip and continues to a private inholding within the unit 
near the southern boundary that contains several livestock improvements including watering facilities. 

With the exception of the landing strip and small road mentioned above, the unit lacks any development 
and is completely natural. The topography includes rolling limestone hills broken up by steep-sided canyons 
and numerous small drainages. Vegetation is dominated by grasses with occasional shrubs and cacti. 
Larger vegetation and trees can be found in canyon and draw bottoms. No oil and gas activities can be 
found within the unit or immediately surrounding it.  
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The general setting of the unit is very remote. The unit is situated over 30 miles from the nearest town. The 
unit itself has very few public access points. The variable topography (hills, canyons, and draws) provides 
numerous areas where a visitor would be in a natural setting with isolated solitude and a very low likelihood 
of encountering any other individuals. The low level of access and variable topography provides visitors 
with an outstanding opportunity for solitude.  

There are no constructed trails, campsites, or other facilities within the unit. As a result, only primitive 
recreational activities occur in the area. The shape and size of the unit provides ample area for a visitor to 
explore in any direction while remaining within the boundary. Canyons and draws, some stretching for 4 
miles across the unit, provide hikers with a natural guiding path but are still gentle enough to allow someone 
to exit those canyons at any point to move in a different direction within the unit. Big game hunting is the 
most popular recreational activity that occurs within the unit. The rugged topography combined with 
abundance to public lands and populations of mule deer and Barbary sheep makes this area popular with 
hunting enthusiasts and provides an outstanding primitive recreational experience. 

The unit contains both scenic and historic values. Unlike the majority of southeastern New Mexico, this area 
has not had any oil and gas development and is one of the few areas that a person can still enjoy the scenic 
beauty of undeveloped rolling hill country. From a historical perspective, this area is often associated with 
the Lincoln Country Wars and is of interest to Billy the Kid history buffs. 

Unit 922 
Unit 922 is approximately 5,751 acres. A maintained road forms the southern boundary of the unit. This road 
is maintained by both the BLM for recreational access and an energy exploration company to access a single 
well on state surface. Property lines (private and NPA) and a maintained road create the northern boundary. 
Property lines and the Lonesome Ridge WSA boundary create the western boundary. Property lines and 
maintained roads create the eastern boundary of the unit. There are no private lands within the unit. 

There are few human intrusions within the unit, including several grazing allotment fences and primitive 
vehicle two-track roads. Neither intrusions occur in such an abundance as to significantly take away from 
the overall state of naturalness. Vegetation treatments have been conducted within the unit and, although 
their effects have been significant, they have had no impact on the areas naturalness, as they were 
accomplished by aerial spraying of herbicide and not by mechanical removal that would result in observable 
ground disturbance. Adjoining lands, consisting of state, private, NPS, and USFS lands, are all in a natural 
state as well.  

The unit is detached from any highly developed areas. The deep washes within the unit provide the 
opportunity for complete solitude. While traversing these washes, visibility is limited to a few hundred feet 
in places, yet a hiker can travel for several miles. It provides much of the same feeling of solitude as 
traversing a densely populated forest. The large rugged canyons in the adjacent wilderness in Carlsbad 
Caverns National Park are so remote and receive relatively little visitation that they provide extreme solitude 
even though they are significantly large open spaces. The low level of access and variable topography 
provides visitors with outstanding opportunities for solitude.  

There are no constructed trails, campsites, or other facilities within the unit. As a result, only primitive 
recreational activities occur in the area. The unit is very popular with mule deer, javelina, and Barbary sheep 
hunters. The area is along a route of travel for wildlife that normally seek refuge in the hunting-free area of 
Carlsbad Caverns National Park and the Black River valley to the west. Therefore, there are outstanding 
opportunities to see and hunt an abundance of wildlife that you would not see elsewhere. Backpacking in the 
adjoining wilderness of Carlsbad Caverns National Park provides a rugged, primitive, experience not found 
elsewhere. The Capitan Reef, which forms the border between the unit and adjoining designated wilderness, 
provides fantastic and unique views for hikers and backpackers due to its unique geological origin. 

The unit also contains unique geologic values. The unit and the adjoining WSA contain a large segment of 
the Guadalupe Mountains and the Capitan Reef. The Capitan Reef is a great example of an exposed 
Permian-aged reef. 
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Unit 813 
Unit 813 is 8,504 acres. A wilderness inventory road (Route A) makes up the eastern and most of the 
southern boundaries of the area. The western boundary is composed largely of a wilderness inventory road 
(Route E), with some sections made up by state and private land boundaries. The northern boundary is 
formed by both state-owned and privately owned land boundaries. There are interspersed sections of state 
and private land within the area, which are excluded.  

The primary use of the area is cattle grazing, with cattle present inside the boundary, as well as on the state 
and private land sections in the region. The topography of the area primarily consists of deep draws and 
rolling hills. The elevation of the hills increases in the western portion of the section. Local vegetation 
includes a consistent ground cover by graminoids, as well as small forbs. There are many succulents in the 
region, including agave, yucca, and cholla. There are also many shrubs and trees, both in the deep draws 
and on the higher hills. It is apparent that the land is used for grazing, with signs of cattle common and tens 
of head visible throughout the region. There are many signs of wildlife present, including deer, turkey 
vultures, jackrabbits, raptors, and several species of reptiles. 

The topography of the region allows for excellent and rapid seclusion from human activity. The deep draws, 
in particular, offer excellent isolation. Even from the lower-elevation hilltops, there is very little human activity 
that can be observed. Few people traverse the roads in the region, so the chance of running into other 
people is very low. 

There are no constructed trails, campsites, or other facilities within the unit. Any recreational activities by 
default would be primitive. The isolation from human activity provides excellent opportunities for hunting 
deer, Barbary sheep, and upland game. Opportunities for primitive, unconstrained hiking is prime. Wildlife 
viewing, particularly bird watching, is excellent. The southern boundary road, though two-track, is often 
rough enough to give opportunity for primitive and unconfined recreation.  

Unit 813 was submitted by the New Mexico Wilderness Alliance in 2015. The BLM conducted an inventory 
and found that it did have wilderness characteristics. Due to the late nature of the submittal and subsequent 
inventory, Unit 813 will be included as part of the alternatives for the Draft EIS but will not be fully evaluated 
under the environmental consequences section until the Final EIS. We do not anticipate changes to the 
alternatives once evaluated. 

Unit 125 
Unit 125 spans both the Carlsbad Field Office and the Las Cruces District Office (LCDO) of the BLM; 2,120 
acres are in Chaves County and 13,979 acres are in Otero County for a total of 16,099. The Chaves County 
portion is described here and the Otero County portion will be described in the LCDO TriCounty Resource 
Management Plan Supplemental EIS.  

Private and State of NM Lands surround the Chaves County portion of the unit. Wilderness inventory routes 
along the eastern and western boundaries lead to livestock water developments. The area is known as 
Collins Hills; to the east the hills drain into Collins Draw and to the west the hills drain into Cornucopia Draw. 

Vegetation is primarily low growing shrubland with typical Chihuhuan Desert communities dominated by 
creosote, mesquite, tarbush and grasses in the lower elevations with juniper woodlands and grama 
grasslands in the upper elevations. The topography is rolling limestone hills dissected by many small 
drainages. The unit offers outstanding opportunities for solitude due to its size and numerous small 
drainages. There are no constructed trails, campsites, trails, or other facilities.  

Unit 810A 
As with Unit 125, Unit 810A also spans both the Carlsbad Field Office and the Las Cruces District Office 
(LCDO) of the BLM; 1,007 acres are in Chaves County and 7,957 acres are in Otero County. The Eddy 
County portion is described here and the Otero County portion will be described in the LCDO TriCounty 
Resource Management Plan Supplemental EIS. 



Draft Resource Management Plan/Environmental Impact Statement  Appendix S 
  Chapter 3 Supporting Information 

BLM Carlsbad Field Office  S-17  

The unit is bounded on the northwest by private land, a power transmission line right-of-way, and inventory 
routes.  The northern and eastern portions are bounded by inventory routes and State of NM Lands. There 
are two in-holdings, one of private land and one of State of NM Lands.  

The unit is primarily juniper woodland with expanses of grassland dotted with yucca and large shrubs such 
as little-leaf sumac. The topography consists of rolling limestone hills cut by deep drainages.  The area is 
used for livestock grazing, hunting, and wildlife viewing. 

The area possesses outstanding opportunities for solitude because of its rolling limestone hills cut by 
serpentine canyons. The area’s remoteness and isolation contribute to the outstanding opportunities for 
solitude. The area receives little use except for hunting. The area also has outstanding opportunities for 
observing wildlife such as deer, elk, and Barbary sheep. The large size of the unit, topography, and lack of 
development contribute to the outstanding opportunities for primitive and unconfined recreation. 

The supplemental values of the area the presence of rare cacti, and a healthy native grassland ecosystem.  

Visual Resources 
The objectives for each of the designated VRM classes, with the range of permitted visual resource changes 
are as follows: 

• Class I: The objective of this class is to preserve the existing character of the landscape. The level 
of change to the characteristic landscape should be very low and must not attract attention. Class 
I provides for natural ecological changes; however, it does not preclude very limited management 
activity.  

• Class II: The objective of this class is to retain the existing character of the landscape. The level of 
change to the characteristic landscape should be low. Management activities may be seen, but any 
changes must repeat the basic elements of form, line, color, and texture found in the predominant 
natural features of the landscape.  

• Class III: The objective of this class is to partially retain the existing character of the landscape. 
The level of change to the characteristic landscape should be moderate. Management activities 
may attract attention but should not dominate the view of the casual observer. Changes to the 
landscape should repeat the basic elements found in the predominant natural features of the 
characteristic landscape. 

• Class IV: The objective of this class is to provide for management activities that require major 
modifications to the existing character of the landscape. The level of change to the characteristic 
landscape can be high. Management activities may dominate the view and be a major focus of the 
viewer’s attention. However, every attempt should be made to minimize the impact of these 
activities through careful location, minimal disturbance, and repetition of basic elements of form, 
line, color, and texture found in the predominant natural features of the landscape (BLM 1986a).  

Air Resources 
Table S.19. Applicable Ambient Air Quality Standards and Prevention of Significant Deterioration 

Increments 

Pollutant Primary/ 
Secondary 

Averaging 
Period NAAQS NMAAQS 

PSD Increments  
(µg/m3) 

Class I Class II 

CO Primary 1-hour a 35 ppm (40 mg/m3)+ 13.1 ppm (15 mg/m3) – – 
Primary 8-hour a 9 ppm (10 mg/m3) 8.7 ppm (9.7 mg/m3) – – 

PM10 
Primary and 
secondary 

24-hour b 150 µg/m3 – 8 30 
Annual  – – 4 17 

PM2.5 

Primary and 
secondary 24-hour c 35 µg/m3 – 2 9 

Primary Annual d 12 µg/m3 – 1 4 
Secondary Annual d 15 – – – 
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Pollutant Primary/ 
Secondary 

Averaging 
Period NAAQS NMAAQS 

PSD Increments  
(µg/m3) 

Class I Class II 

SO2 

Primary 1-hour f 75 ppb (196 µg/m3) – – – 

Secondary 
3-hour a,e 0.5 ppm (1,300 µg/m3) – 25 512 
24-hour  – 0.10 ppm (261 µg/m3)  5 91 
Annual  – 0.02 ppm (53 µg/m3) 2 20 

NO2 
Primary 1-hour c 100 ppb (189 µg/m3) – – – 

24-hour – 0.10 ppm (189 µg/m3) – – 
Primary and 
secondary Annual g 53 ppb (100 µg/m3) 0.05 ppm (94 µg/m3) 2.5 25 

O3
1

 
Primary and 
secondary 8-hour h 0.075 ppm (147 

µg/m3) – – – 

Pb Primary and 
secondary 

Rolling 3-
month average 0.15 µg/m3 – – – 

H2S  ½-hour i – 0.100 ppm (141 µg/m3) – – 
Total 

reduced 
sulfur 

 ½-hour – 0.010 ppm – – 

TSP 

 24-hour – 150 µg/m3 – – 
 7-day – 110 µg/m3 – – 
 30-day – 90 µg/m3 – – 
 Annual j – 60 µg/m3 – – 

PSD = Prevention of Significant Deterioration 
µg/m3 = micrograms per cubic meter 
mg/m3 = milligrams per cubic meter 
ppm = parts per million 
ppb = parts per billion 
a Not to be exceeded more than once per year. 
b Not to be exceeded more than once per year on average over 3 years. 
c 98th percentile, averaged over 3 years. 
d Annual mean, averaged over 3 years. 
e Secondary standard. 
f 99th percentile of the 1-hour daily maximum concentrations, averaged over 3 years. 
g Annual mean. 
h Annual fourth-highest daily maximum 8-hour concentration, averaged over 3 years. 
i New Mexico-specific standard (NMAAQS). H2S Standard for Pecos-Permian Basin Intrastate Air Quality Control Region. Source: NMED 
2010. 
j Annual geometric mean 
‘–‘ No value exists for parameter. 
† Parenthetical value is an approximate equivalent concentration in micrograms per cubic meter. 

Table S.20. Background Ambient Air Quality Concentrations 

Pollutant / 
Units 

Background Monitored Concentrations /  
(% of NAAQs/% of NMAAQS) Monitoring Station Location 

Annual 24-Hour 8-Hour 1-Hour 

CO (µg/m3) – – 1,667 / 
(16.7/17.1) 

2,400 / 
(6.0/16.0) 2003–2006 2ZR Rio Rancho 

Senior Center (the rest of New 
Mexico) CO (ppm) – – 1.5 / 

(16.7/17.2) 
2.1 / 

(6.0/16.0) 

NO2 (µg/m3) 5.7 / 
(5.7/6.1) – – 57 /  

(30.0/–)a Eastern New Mexico, 
Carlsbad, ID: 5ZR (years 
2007–2009) NO2 (ppm) 0.003 / 

(5.7/6.0) – – 0.03  
(30.0/–) 

                                                      
1 Final Rule, 2015 droped 03 to 0.070 parts per million, phase in by 2021.  
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Pollutant / 
Units 

Background Monitored Concentrations /  
(% of NAAQs/% of NMAAQS) Monitoring Station Location 

Annual 24-Hour 8-Hour 1-Hour 

TSP (µg/m3) 28.1 / 
(–/46.8) 

61.4 / 
(–/40.9) – – 

There are currently no TSP 
monitors in New Mexico; 
followed New Mexico 
guidelines for estimating TSP 
background concentration 
using PM10 values. 

PM10 (µg/m3) – 46.2 / 
(30.8/–) – – Eastern New Mexico, Hobbs, 

ID: 5ZS (years 2007–2009) 

PM2.5 (µg/m3) 6.2 / (51.7/–) 16.9 / 
(48.3/–) – – Eastern New Mexico, Hobbs, 

ID: 5ZS (years 2007–2009) 

SO2 (µg/m3) – – – 52.8 / 
(26.9/–) 

1-hour: average 3-year 100% 
maximum concentration 5ZP 
Artesia 6/3/2006–6/2/2009 
(eastern New Mexico) SO2 (ppb) – – – 20.3 / 

(27.1/–) 

O3 (ppm) – – – 0.070 / 
(93.3/–) 

Eastern New Mexico, 
Carlsbad ID 5ZR; years 2010–
2012; calculated from NMED 
monitoring data 

a No standard exists for this averaging time. 
Note: All of the measured concentrations are below the respective NAAQS and NMAAQS. 

 
Figure S3.1. Chaves County Air Quality Index Trend 
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Figure S3.2. Eddy County Air Quality Index Trend 

 
Figure S3.3. Lea County Air Quality Index Trend 
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Figure S3.4. Carlsbad–Cavern City Air Terminal (2006–2010) 
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RESOURCE USES 
Minerals 
Table S.21. Summary of Play Potential in Southeastern New Mexico 

 
Note: adopted from Engler et al, 2012: Table 4.1 

Livestock Grazing 
Table S.22. Actual Use Animal Unit Months in the Planning Area 

Year Section 3 Allotments Section 15 Allotments Total Actual Use AUMs 
2000 189,829 12,902 202,731 
2001 174,476 12,574 187,050 
2002 174,092 15,233 176,625 
2003 162,028 13,062 175,090 
2004 158,697 13,310 172,007 
2005 184,959 13,762 198,721 
2006 190,933 13,861 204,794 
2007 204,907 14,125 219,032 
2008 218,853 14,156 233,009 
2009 225,806 14,053 239,859 
2010 255,157 15,049 270,206 
2011 268,187 15,277 283,464 
2012 260,867 15,128 275,995 
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Table S.23. Allotment Selective Management Category Criteria 

Criteria Category 
Maintain (M) Improve (I) Custodial (C) 

Present range condition Satisfactory Unsatisfactory Not a factor 

Resource production potential 
Moderate to high; 
producing near 
potential 

Moderate to high; 
producing at low to 
moderate levels 

Low; producing at low 
to moderate levels 

Resource use conflicts None Serious Limited 
Opportunities for positive 
economic return from public 
investment 

Yes Yes No 

Present management Satisfactory Unsatisfactory Opportunities for change 

Management objective 
Maintain current 
satisfactory ecological 
condition 

Improve unsatisfactory 
ecological condition and 
resolve resource conflicts 
through intensive 
management 

Prevent resource 
degradation 

Source: BLM 2001c. 

Table S.24. Carlsbad Field Office Allotments by Management Category 
Category Number of Allotments Acres 
Custodial 107 133,302 
Improve 62 767,114 
Maintain 100 1,047,474 

 

Table S.25. Grazing Allotments in the Planning Area by Type of Management Plan 
Allotment Number Allotment Name Management Plan Public Acres 
76008 Querecho Plains Allotment 9,562 
76020 Lea Townsite Allotment 15,426 
76022 Laguna Toston  Allotment 2,705 
76023 Bilbrey Basin Allotment 4,837 
76028 Swag Allotment 8,767 
76033 E. Rattlesnake Flat Allotment 17,009 
76035 Medlin-Wells Cooperative 10,280 
76037 Red Tank Allotment 20,576 
76038 Fairview Allotment 25,374 
76039 Bobcat Draw Allotment 10,601 
76040 Penn Tank Allotment 6,700 
76043 Javelina Basin Allotment 13,282 
76045 Cotton Place Allotment 5,886 
76046 Goedeke Grazing Cooperative 7,935 
76051 Andrews Flat Allotment 11,184 
76052 Mexico Wells Cooperative 14,846 
76053 Ruth Ross Place Cooperative 10,426 
76120 Lea Townsite II Allotment 306 
76128 Swag II Allotment 1,280 
76137 Red Tank II Allotment 2,120 
77003 Taylor Peak Allotment 3,790 
77007 Sand Hill Allotment 4,641 
77008 Cedar Lake Cooperative 14,622 
77012 Twin Wells North Allotment 120,456 
77013 Clayton Basin Allotment 50,448 
77014 Burton South Allotment 5,965 
77015 Angell Draw Allotment 12,374 
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Allotment Number Allotment Name Management Plan Public Acres 
77026 Quahada Ridge Allotment 2,773 
77031 Brushy Knob Allotment 24,280 
77032 Antelope Ridge Allotment 66,350 
77036 Pierce Canyon Allotment 22,795 
77040 Phantom Banks Allotment 53,560 
77042 Twin Wells Allotment 36,694 
78011 Tumbleweed Draw Cooperative 2,658 
78049 Collier Tank Allotment 24,976 
78050 Texas Hill Allotment 43,103 
78062 Little Box Canyon Allotment 8,844 
78064 Cawley Draw Allotment 22,257 
78087 Big Hackberry Draw Allotment 11,582 
78095 Kelly Well Cooperative 1,680 
78097 Willow Lake Cooperative 3,436 
78103 Tecolote Peak Cooperative 7,363 
78106 Cottonwood Springs Cooperative 11,330 
78107 Hay Hollow Cooperative 8,583 
78109 Lobo Cooperative 9,406 
78144 C P Hill Cooperative 21,029 
78146 Rain Springs Cooperative 6,728 
79001 Eagle Creek Allotment 12,959 
79002 Feliz Allotment 13,158 
79017 Flying H Allotment 1,465 
79024 Cuevo East Allotment 5,743 
79025 Cuevo West Allotment 1,187 
79026 Elkins, Sam Allotment 7,122 
79028 Pretty Bird Hills  Allotment 38,056 
79030 Encino Draw Allotment 17,825 
79031 Acres Lake Allotment 8,652 
79045 Bear Canyon Allotment 4,158 
79048 Upper Segrest Draw Allotment 5,977 
79049 Upper Packsdale Canyon Allotment 1,580 
Total Acres 918,707 

Recreation and Visitor Services 
Table S.26. Recreational Visits and Visitor Days, Fiscal Year 2011 

Site Site Type Visits Visitor Days 
Management Areas 

Alkali Lake OHV Area OHV area 580 292 
Black River Water access 6,995 3,381 
Carlsbad Caves Dispersed use 120 40 
Chosa Draw Cave 350 300 
Cueva Escarpment Cave 3 1 
Dark Canyon SMA Cave 12 4 
Delaware River Water access 550 293 
Fence Canyon Cave Complex Cave 10 9 
Hackberry Lake OHV Area OHV area 6,850 4,909 
La Cueva Trails Area Trailhead 390 172 
McKittrick Hill Cave 40 10 
Parks Ranch Cave Cave 255 53 
Pecos River Corridor Water access 2,850 2,230 
Querecho Plains Intensive use area 1,410 711 
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Site Site Type Visits Visitor Days 
Management Areas 

Yeso Hills Site Campground 770 780 
Dispersed Areas 

Dispersed Dispersed use 88,700 78,567 
Dispersed Caves 200 80 
Total 110,085 91,832 

Land Use Authorizations 
Table S.27. Numbers and Acreages of Withdrawals in the Planning Area 

Type of Withdrawal Cases Acres 
Public water reserve 1 40 
BLM – special designation 1 3,365 
BLM – miscellaneous 2 10,231 
Reclamation 2 280 
USFS – National Forests 4 6,621 
USFS – miscellaneous 1 27,299 
Department of the Army 1 721 
Department of Treasury (Federal Law 
Enforcement Training Center) 1 1,921 

Total 13 50,478 

Social and Economic Conditions 

Tribal Rights and Interests 
Table S.28. Traditional Cultural Property Types and Their Associated Resources/Points of Recognition 
TCP Type  Associated Resources/Points of Recognition 

Nuclear center 
Very broad areas with sufficient resources to provide, at least seasonally, for a moderate 
to large group. Nuclear centers would best be identified by Native American 
consultants. 

Commemorative place  
May overlap with mythic places or commemorate a non-supernatural event or person; 
historic period commemorative places may be associated with recorded settlements 
(Native and/or Euro-American). Best identified by Native American consultants. 

Permanent/Reoccupied 
base camp 

Have permanent or seasonally reliable water source(s), suitable prevailing wind 
(depending on season of use), and access to resources. Evidence of multiple structures 
(tipi rings), multiple hearths and re-use of hearths, and abundant debris ranging from 
tool making to cooking; there may be evidence of storage, and evidence of all genders 
and age groups. 

Camp associated with a 
leader 

Probably associated with permanent or seasonally reliable water; the camp may be a 
defensible location with a clear viewshed and little debris. Only Native American 
consultants (or historical record) can give a leader’s name, but the size, gender and age 
composition, and nature of the camp should be reflected in the number and type of 
features and artifacts. 

Plant resource gathering 
and processing camp 

May be located near a particular plant growing area, near processing resources, and on 
suitable terrain. For example, mescal gathering and processing camps could be near 
mescal stands, with fuel and sufficiently deep soil for pits. The more limiting factor was 
likely to have been water (where reeds or cattails grew, which were used to cover the 
food before the pit was buried) and fuel. Agave was often carried long distances to be 
processed where the latter occur together. Evidence includes burned caliche ring 
middens and heaps, pits, and relatively fewer amounts of ground stone and debitage 
than at a permanent camp. 
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TCP Type  Associated Resources/Points of Recognition 

Specific resource 
gathering camp 

Located near the resource (c.f. piñon nuts, ochre, stone); c.f. piñon gathering: level area 
in piñon-juniper zone, if water is/was available, the camp is probably near it. Few 
features, but if area was reused, hearths may overlap. Archaeologically, evidence of the 
collected resource should be present at the site (in the case of plant materials, perhaps 
visible only through excavation). 

Gathering areas Areas where useful or ceremonial plants occur. These include food, medicinal and 
material plant supplies. May need help of biologists for past environment. 

Hunting area Locations depend on game species and traditional season of hunt. Identification of 
hunting areas is probably limited to larger game with consistent seasonal patterns. 

Hunting camp (small) 
Restricted visibility, but with clear view, in or near habitat of whatever is being hunted; 
may be near salt lick, reliable water source, or game trail. Small hearth(s), if any, 
flaking debris, rather ephemeral. May contain butchered bone and broken tools. 

Hunting and processing 
camp (larger scale such 
as buffalo) 

Within reasonable walking distance of the hunt area, but not visible from the hunt. 
Evidence of larger group (larger or more hearths, scattered but more abundant debris); 
may contain butchered and/or cooked bone. 

Travel camp (reoccupied 
seasonally) 

On or near trails/routes, probably at or near a water source, and spacing between such 
camps may be regular; archaeologically, multiple and often overlapping (or reused) 
hearths but debris would be less abundant than at a permanent encampment. 

Trail or route Rock art (or other terrain alteration) may be present along route; may follow game 
trails. 

Trade (or other planned 
interaction) location 

May be near a common boundary; may be at (or in view of) a distinct landform. 
Archaeologically, the encampment should reflect the larger scale of a trade event, and 
deposits should contain materials from as well as from beyond the homeland. 

Conflict location 

May be traditional (Native American) or historic (Euro-American). Localities abutting 
other culture areas, constricted areas (such as canyons), or encampments (particularly 
camps associated with a leader). Conflict locations are probably best identified by 
Native American consultants. 

Water Permanent springs, lakes, rivers, seasonal springs, playas, and rivers. All have power 
and may be traditionally important. 

Mythic place 

Places of origin, places of creation or ceremony, and places of vision or power. May 
have meaning to all tribal members (part of the supernatural world) or to particular 
individuals or their extended family (place where one of their own found power). 
Visually distinctive landforms such as mountains, caves, sinkholes, and reliable springs 
(particularly hot springs). Could include phenomena such as noise, wind funneling, etc. 
May be accompanied by rock art, cairns, and/or offerings. Probably best identified by 
Native American consultants. 

Contact period 
structure/area 

Euro-American-oriented reservations, schools, farms, and churches that have become 
part of Native American identity. Locations best identified through archival research 
and Native American consultants. 

 

Social and Economic Conditions 
Table S.29. Output and Value Added (GRP) by Sector for the Socioeconomic Study Area, 2010 

Sector Output (dollars) Value Added (GRP) (dollars) Share of GRP 
Agriculture, forestry, fishing, and 
hunting 862,140,554 287,208,296 3.8% 

Mining 3,357,527,504 2,105,449,033 27.6% 
Utilities 345,450,091 193,995,881 2.5% 
Construction 792,529,301 348,023,790 4.6% 
Manufacturing 4,005,791,619 542,885,980 7.1% 
Wholesale trade 312,481,506 246,429,897 3.2% 
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Sector Output (dollars) Value Added (GRP) (dollars) Share of GRP 
Retail trade 584,280,890 380,665,123 5.0% 
Transportation and warehousing 429,733,538 232,897,126 3.1% 
Information 218,109,330 115,126,589 1.5% 
Finance and insurance 636,942,392 273,824,282 3.6% 
Real estate and rental 913,494,281 705,981,872 9.3% 
Professional–scientific and tech. 
services 292,463,346 195,583,160 2.6% 

Management of companies 29,623,791 13,285,382 0.2% 
Administrative and waste services 421,212,060 268,680,542 3.5% 
Educational services 31,918,325 9,370,473 0.1% 
Health and social services 750,828,588 444,415,680 5.8% 
Arts–entertainment and recreation 46,396,874 26,030,408 0.3% 
Accommodation and food services 381,758,195 198,943,794 2.6% 
Other services 360,065,240 197,656,501 2.6% 
Government and non NAICS 947,645,321 832,094,100 10.9% 
Total 15,720,392,748 7,618,547,910 100% 
Note: NAICS = North American Industry Classification System. 
Source: IMPLAN 2010. 

Table S.30. Employment by Industry, 2009 

Industry Chaves 
County 

Eddy 
County 

Lea 
County 

New Mexico 
State Total 

Total employment (number of jobs) 30,951 30,924 35,245 1,072,999 
Farm employment 4.3% 2.6% 2.1% 2.3% 

Forestry, fishing, and related activities 1.0% 0.6% N/A 0.5% 
Mining 7.1% 15.9% 21.6% 2.7% 
Utilities 0.3% 0.6% 0.8% 0.4% 
Construction 4.9% 7.8% 8.5% 6.3% 
Manufacturing 3.8% 3.1% 2.6% 3.3% 
Wholesale trade 2.5% 2.0% 3.2% 2.5% 
Retail trade 11.9% 9.9% 9.5% 10.5% 
Transportation and warehousing 3.2% 3.0% 3.9% 2.2% 
Information 0.9% 1.0% 1.0% 1.6% 
Finance and insurance 3.3% 3.0% 2.6% 3.4% 
Real estate and rental and leasing 2.7% 2.7% 2.8% 3.8% 
Professional, scientific, and technical 
services 4.3% 4.5% 2.9% 7.6% 

Management of companies and enterprises 0.2% 0.6% 0.4% 0.5% 
Administrative and waste management 
services 2.9% 5.9% 5.4% 5.1% 

Educational services 0.6% 0.4% N/A 1.5% 
Health care and social assistance 14.0% 9.8% 8.4% 11.0% 
Arts, entertainment, and recreation 1.3% 0.7% 1.5% 2.2% 
Accommodation and food services 9.9% 7.1% 6.3% 7.6% 
Other services, except public administration 4.7% 5.5% 4.8% 4.8% 

Government and government enterprises 16.2% 13.3% 10.9% 20.1% 
Source: Bureau of Economic Analysis 2009a. 
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Table S.31. Mining Sector Output, Value Added and Jobs within the Socioeconomic Study Area, 2010 
Industry Output (dollars) Value Added (dollars) Jobs 

Oil and Gas 
Extraction of oil and natural gas 1,522,124,032 1,170,883,664 6,560 
Drilling oil and gas wells 393,381,664 300,608,296 1,152 
Support activities for oil and gas operations 1,151,085,952 443,353,418 6,145 

Potash (and other nonmetallic minerals) 
Mining and quarrying other nonmetallic minerals 255,075,072 172,515,778 1,146 
Support activities for other mining 19,542,594 9,255,532 50 

Other Mining Activities 
Other mining and quarrying * 16,318,224 8,832,338 100 
Note: Potash is the primary nonmetallic mineral in the study area. Support activities for other mining are assumed to be 
associated with potash. 
*Includes mining coal, iron ore, copper, nickel, lead, zinc, gold, silver, and other metal ore, as well as quarrying stone, sand 
gravel, clay, and ceramic and refractory minerals.  
Source: IMPLAN 2010. 

Table S.32. Major Employers 
Employer Name City Estimated No. of Employees 

Chaves County 
Eastern New Mexico Medical Center Roswell 500–999 
Wal-Mart Supercenter Roswell 500–999 
Leprino Foods Co. Roswell 500–999 
New Mexico Military Institute Roswell 250–499 
Community Homecare Roswell 250–499 

Eddy County 
Washington Tru Solutions LLC Carlsbad 500–999 
Mosaic Potash Carlsbad Carlsbad 500–999 
Yates Petroleum Corp. Artesia 500–999 
Eddy County Office Carlsbad 250–499 
Intrepid Potash Carlsbad 100–249 

Lea County 
Lea Regional Medical Center Hobbs 500–999 
Patterson-Uti Drilling Co. Hobbs 500–999 
B & H Maintenance & Construction Inc. Eunice 250–499 
Key Energy Svc Hobbs 250–499 
Lin-Mar Inc. Hobbs 250–499 
Source: Labor Analysis Statistics and Economic Research 2011. 

Table S.33. Earnings per Job by Industry, 2009 

Industry Chaves 
County 

Eddy 
County 

Lea 
County 

New Mexico 
State Total 

Farm employment $42,844 $17,754 $21,885 $24,748 
Nonfarm earnings $40,907 $55,767 $50,350 $46,457 
Private earnings $38,240 $53,540 $50,039 $41,872 

Forestry, fishing, and related activities $51,076 $27,032 N/A $21,433 
Mining $77,213 $94,390 $68,104 $72,461 
Utilities $86,040 $78,933 $104,456 $102,936 
Construction $38,766 $47,728 $59,918 $44,270 
Manufacturing $53,948 $96,028 $104,742 $62,762 
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Industry Chaves 
County 

Eddy 
County 

Lea 
County 

New Mexico 
State Total 

Wholesale trade $57,612 $68,341 $65,163 $56,394 
Retail trade $26,841 $26,814 $27,297 $30,112 
Transportation and warehousing $44,823 $61,906 $66,210 $53,685 
Information $42,246 $44,493 $48,857 $53,634 
Finance and insurance $35,827 $41,238 $38,291 $43,251 
Real estate and rental and leasing $10,210 $33,620 $26,063 $15,238 

Professional, scientific, and technical services $47,148 $52,335 $45,992 $68,565 
Management of companies and enterprises $124,866 $59,648 $51,034 $73,657 
Administrative and waste management services $18,176 $62,646 $39,886 $33,865 

Educational services $11,665 $16,210 N/A $26,985 
Health care and social assistance $42,947 $47,043 $36,989 $46,297 
Arts, entertainment, and recreation $7,503 $4,307 $26,489 $12,965 
Accommodation and food services $17,172 $18,862 $19,018 $21,635 

Other services, except public administration $34,703 $32,076 $43,810 $35,321 
Government and government enterprises $53,996 $69,825 $52,846 $64,127 
Note: Compensation is adjusted for inflation and shown in 2011 dollars. 
Source: Bureau of Economic Analysis 2009b. 

 
Figure S3.5. Sources of Income for New Mexico and the Socioeconomic Study Area, 2009 

(Note: Earnings by place of work include wage and salary disbursements, supplements to wages and salaries, and 
proprietors' income. Net transfer payments represent transfer payments net of contributions for social insurance. 
Source: Bureau of Economic Analysis 2009b) 
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Figure S3.6. Unemployment Rates, 2000–2011 

(Source: Bureau of Labor Statistics 2012; Note: 2011 numbers are preliminary 

Table S.34. Potash Production, 2006–2010 

Year 
Sylvite Langbeinite 

Production  
(short tons) Annual Change Production  

(short tons) Annual Change 

2006 1,090,989 – 937,626 – 
2007 1,208,097 11% 1,004,833 7% 
2008 1,077,914 -11% 1,099,072 9% 
2009 679,478 -37% 843,289 -23% 
2010 1,013,958 49% 850,688 1% 
5-year Average 1,014,087 – 947,102 – 
Source: BLM 2011. 

Table S.35. Carlsbad Field Office Budget Expenditures  
Fiscal Year Salary Expenditures Non-salary Expenditures 

2006 $6,191,943 $4,057,562 
2007 $7,022,303 $3,979,544 
2008 $7,541,861 $4,879,285 
2009 $8,300,860 $5,916,379 
2010 $9,975,104 $3,687,339 

Source: BLM 2011. 

Table S.36. Major Components of General Fund Revenue, 2007–2010 
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Tax/Revenue 
2007 2008 2009 2010 

Revenue 
($000) 

Revenue 
($000) 

Annual 
Change 

Revenue 
($000) 

Annual 
Change 

Revenue 
($000) 

Annual 
Change 

Gross Receipts Tax  1,840,489 1,835,572 0% 1,831,946 0% 1,634,367 -11% 
Income Tax 1,640,161 1,601,955 -2% 1,110,577 -31% 1,081,660 -3% 
Severance Taxes 486,564 623,656 28% 440,192 -29% 390,702 -11% 
Rents and Royalties 551,534 656,267 19% 543,671 -17% 423,004 -22% 
Percent of General 
Fund Revenue 77% 77% – 70% – 68% – 

Total General  
Fund Revenue 5,848,563 6,128,696 5% 5,625,923 -8% 5,207,992 -7% 

Note: Severance tax includes the Oil and Gas School Tax, Oil Conservation, Resource Excise, and Natural Gas Processors. 
Source: New Mexico Department of Finance and Administration 2010. 

 
Table S.37. Carlsbad Field Office Employment 

Fiscal Year Full-time Equivalent Other Than Permanent 
2006 95 31 
2007 102 29 
2008 118 33 
2009 123 26 
2010 120 31 
2011 119 23 

Source: BLM 2011. 

Table S.38. Gross Receipts Tax Revenue, 2007–2010 

Area 
2007 2008 2009 2010 

Revenue Revenue Annual 
Change Revenue Annual 

Change Revenue Annual 
Change 

Chaves County $6,729,479 $7,479,647 11% $6,760,754 -10% $6,693,061 -1% 
Roswell $26,259,274 $28,006,269 7% $26,812,785 -4% $26,595,568 -1% 
Dexter $663,118 $626,067 -6% $577,091 -8% $526,567 -9% 
Hagerman $252,588 $267,580 6% $322,853 21% $309,703 -4% 
Lake Arthur $67,038 $40,937 -39% $28,903 -29% $42,612 47% 

Eddy County $8,779,960 $9,894,216 13% $9,069,430 -8% $9,021,423 -1% 
Carlsbad $18,438,072 $22,558,807 22% $23,819,085 6% $26,158,015 10% 
Artesia $14,299,036 $18,058,501 26% $18,720,906 4% $17,079,383 -9% 
Hope $22,614 $35,992 59% $21,001 -42% $9,339 -56% 
Loving $279,392 $366,803 31% $424,164 16% $459,392 8% 

Lea County $8,082,438 $10,162,595 26% $8,021,284 -21% $8,159,252 2% 
Hobbs $41,082,867 $47,285,732 15% $37,260,098 -21% $42,212,263 13% 
Lovington $5,461,709 $6,513,629 19% $5,198,474 -20% $4,919,845 -5% 
Eunice $3,028,552 $4,047,823 34% $3,862,723 -5% $3,555,137 -8% 
Jal $734,565 $746,078 2% $717,549 -4% $723,739 1% 
Tatum $414,337 $511,196 23% $332,762 -35% $349,359 5% 

Note: Tax collections are distributed the second month after the accrual (business activity) month. Annual revenue shown 
reflects GRT distributions during that year. 
Source: New Mexico Taxation and Revenue Department: Tax Analysis, Research and Statistics Office 2011.  
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Table S.39. Property Tax Obligations, 2007–2009 
Area 2007 2008 2009 

Revenue Revenue Annual Change Revenue Annual Change 
New Mexico $1,280,550,278 $1,394,306,431 9% $1,517,082,095 9% 
Chaves County $21,963,536 $24,303,165 11% $27,396,335 13% 
Roswell N/A $15,254,569 – $16,501,198 8% 
Dexter N/A $168,523 – $107,956 -36% 
Hagerman N/A $97,621 – $177,828 82% 
Lake Arthur N/A $25,387 – $22,003 -13% 

Eddy County $48,561,419 $55,475,553 14% $69,259,614 25% 
Carlsbad N/A $7,278,520 – $7,631,028 5% 
Artesia N/A $5,199,909 – $5,264,979 1% 
Hope N/A $51,277 – $42,079 -18% 
Loving N/A $84,587 – $91,870 9% 

Lea County $69,309,405 $75,219,144 9% $97,759,538 30% 
Hobbs N/A $11,790,030 – $14,349,504 22% 
Lovington N/A $1,753,772 – $1,860,250 6% 
Eunice N/A $1,072,913 – $1,373,953 28% 
Jal N/A $271,847 – $309,721 14% 
Tatum N/A $105,966 – $129,619 22% 

Source: New Mexico Taxation and Revenue Department: Tax Analysis, Research and Statistics Office 2009.  

Table S.40. Payments in Lieu of Taxes, 2006–2010 
Fiscal Year Chaves County Eddy County Lea County New Mexico 

2006 $1,735,073 $1,918,813 $607,550 $22,808,415 
2006 $1,735,073 $1,918,813 $607,550 $22,808,415 
2007 $1,718,133 $1,906,665 $602,182 $22,742,930 
2008 $2,730,693 $3,023,309 $957,240 $36,117,180 
2009 $2,801,123 $3,098,106 $982,200 $37,013,334 
2010 $2,837,827 $3,110,056 $1,002,942 $32,205,935 
Source: USDI 2011. 
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Figure S3.7. Percent Minority, 2010 (Source: U.S. Census Bureau 2010b) 
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Figure S3.8. Percent Hispanic, 2010 (Source: U.S. Census Bureau 2010c) 
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Table T.1. Summary Table: Resource’s Buffer Zones Explanations 
Resource and 
Buffer 

Explanation Citation (Subject Matter Expert) 

Springs and Seeps  
984 feet (300 m) 

The 300-m buffer comes from the cave/karst mitigation recommended by the 
National Cave and Karst Institute. The majority of springs and seeps in the Bureau 
of Land Management (BLM) Carlsbad Field Office (CFO) planning area are 
typically part of karst systems and therefore should receive the same protection as 
karst features that collect the water and feed the springs and seeps. Springs provide 
convenience and ease in observing the health of the aquifer. Springs are renowned 
as hotspots of biological diversity. Nationally, at least 10% of the federally listed 
threatened and endangered species are dependent on springs. 
These features have the lowest percent of land covered by water (0.2%) and it is 
important to protect them. 

Lacki, M.J., and M.L. Bayless. 2013. A Conservation 
Strategy for Rafinesque's Big-eared Bat (Corynorhinus 
Rafinesquii) and Southeastern Myotis (Myotis 
Austroriparius). Austin, Texas: Bat Conservation 
International. 

Houlahan et al. 2004 
Springs Stewardship Institute 
U.S. Department of Agriculture. 2007. Technical Guide to 

Managing Ground Water Resources. U.S. Department 
of Agriculture. 

USGS 
Onshore Oil and Gas Order No. 1 (43 CFR 3160) 
Executive Order 11990 – Protection of Wetlands 

Cave/Karst 
Landforms  
984 feet (300 m) 

The best management practices with regards to the conservation and protection of 
karst terranes is to minimize/prohibit development on karst terranes according to 
the best available science. Karst systems are extremely heterogeneous from a 
hydrogeology perspective, which makes it nearly impossible to accurately predict 
the movement of contaminants. Thus, the use of discrete buffers around individual 
features has proven to be an ineffective management approach in most scenarios. 
Instead, the recommendation is to safeguard large tracts of land to minimize the 
possibility of compromising the subsurface karst drainage system (e.g., large 
subsurface voids that have no surface expression). In the BLM CFO that 
subsurface drainage system is directly tied to the freshwater supply for the City of 
Carlsbad. 
That being said, the 984-foot (300-m) buffer is a compromise between the current 
200-m relocation clause (43 Code of Federal Regulations [CFR] 3101.1-2) and the 
recommended 1,312-foot (400-m) buffer for caves, mines, and other human-made 
structures that are used as bat roosts (Lacki & Bayless, 2013). The 984-foot (300-
m) buffer will provide increased protection with regards to the potential 
disturbance and/or contamination of the fragile karst system while still allowing 
continued surface development. 

Beck, B.F., and J.G. and Herring (editors). 2001. 
Geotechnical and Environmental Applications of Karst 
Geology and Hydrology. The Netherlands: Swets & 
Zeitlinger Publishers.  

Fleury, S. 2009. Land Use Policy and Practice on Karst 
Terrains: Living on Limestone. Berlin, Germany: 
Springer Science. 

Ford, D.C., and P. Williams. 2013. Karst Hydrogeology 
and Geomorphology. New Jersey: John Wiley & Sons, 
Ltd.  

International Union for Conservation of Nature. 1997. 
Guidelines for Cave and Karst Protection. International 
Union for Conservation of Nature, World Commission 
on Protected Areas. 

Jones, W.K., H.H. Hobbs III, C.M. Wicks, R.R. Currie, 
L.D. Hose, R.C. Kerbo, J.R. Goodbar, J.R., and J. 
Trout. 2003. Recommendations and Guidelines for 
Managing Caves on Protected Lands. Special 
Publication No. 8. Leesburg, Virginia: Karst Waters 
Institute.  

Kastning, E.H., and K.M. Kastning. 1997. Buffer Zones in 
Karst Terranes. In Proceeding of the Karst-Water 
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Resource and 
Buffer 

Explanation Citation (Subject Matter Expert) 

Environment Symposium,  pp. 80–87. 
Lacki, M.J., and M.L. Bayless. 2013. A Conservation 

Strategy for Rafinesque's Big-eared Bat (Corynorhinus 
Rafinesquii) and Southeastern Myotis (Myotis 
Austroriparius). Austin, Texas: Bat Conservation 
International. 

Parise, M., and J. Gunn, J. 2007. Natural and 
Anthropogenic Hazards in Karst Areas: Recognition, 
Analysis and Mitigation. Geological Society of London 
Special Publication No. 279. Bath, United Kingdom: 
Geological Society of London. 

Prelovšek, M., and Z.H. Hajna (editors) 2011. Pressures 
and Protection of the Underground Karst: Cases from 
Slovenia and Croatia. Postojna, Slovenia: Karst 
Research Institute.  

Sasowsky, I.D., D.W. Fong, D.W., and E.L. White. 1997. 
Conservation and Protection of the Biota of Karst. 
Special Publication No. 3. Karst Waters Institute. 
Leesburg, Virginia. 118 p. 

van Beynen, P.E. (editor) 2011. Karst Management. 
Berlin, Germany: Springer Science. 

White, W.B. 1988. Geomorphology and Hydrology of 
Karst Terrains. Oxford, United Kingdom: Oxford 
University Press. 

Bat Roosts  
0.25 mile (400 m) 

Surface disturbance and occupancy will not be allowed within 0.25 mile (400 m) of 
all priority bat roosts. 
Modification of the surface conditions and vegetation changes in surrounding 
habitats can disturb roosting bats, alter roost microclimates, and decrease quality 
and quantity of foraging habitat, all of which can impact their reproduction and/or 
survival. In addition to installing a gate at priority cave or mine roosts, a minimum 
of a 0.25-mile (400-m) habitat buffer surrounding priority bat roosts is 
recommended to limit effects of management activities on roosting bats and 
adjacent habitat, and to hinder detection by trespassers and minimize vandalism. 
Determination of whether or not a buffer surrounding a bat roost as no surface 
occupancy (NSO) or controlled surface use (CSU) would have to be done on an 
individual basis, with sufficient monitoring to determine how the roost is used 
(hibernaculum, maternity, both, etc.) 

Arthur, Laurent, M. Lemaire, L. Dufrêne,, I. Le Viol, J.F. 
Julien, and C. Kerbiriou. 2014. Understanding Bat-
Habitat Associations and the Effects of Monitoring on 
Long-Term Roost Success using a Volunteer Dataset. 
Acta Chiropterologica 16:397–411. 

Lacki, M.J., and M.L. Bayless. 2013. A Conservation 
Strategy for Rafinesque's Big-eared Bat (Corynorhinus 
Rafinesquii) and Southeastern Myotis (Myotis 
Austroriparius). Austin, Texas: Bat Conservation 
International. 

Racey, P.A., and A.C. Entwistle. 2003. Conservation 
Ecology. In Bat Ecology, edited by T.H. Kunz and 
M.B. Fenton, pp. 680-743. New York: Plenum. 
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Resource and 
Buffer 

Explanation Citation (Subject Matter Expert) 

Playas  
656 feet (200 m) 

Playa lakes are closed basins where surface water collects during rainfall events. 
These basins and the water they collect are important for a variety of reasons 
including recharging subsurface aquifers, which are a source of water for domestic 
and commercial water wells within the Permian Basin and throughout New 
Mexico. Additionally, they are wildlife and livestock water sources, and are 
migratory stopover features for waterfowl and shorebirds. In order to maintain 
these playa wetland basins and their associated watersheds in a functional state, it 
is imperative that an offset or buffer of varying distance be applied to both oil and 
gas locations, off-highway vehicle (OHV) use, pipelines, and to any associated 
caliche roads that would impact water movement into the playa basin. 
An example illustrating this need for protection is the Coffee Federal #1 well 
location and its proximity to a closed playa basin feature. In 2001, this well was 
staked 660 feet from the edge of a playa, but within the watershed of that playa. 
During the drilling operation, the well bore encountered a pocket of brine and 
subsequently large amounts of salt water flowed into the playa basin, killing trees 
and contaminating the playa. In the end, the cleanup cost the oil company 
thousands of dollars. 
In addition, playas are considered wetlands and surface waters of New Mexico. To 
continue working with state agencies it is important to adhere to local regulations. 

Gurdak, J.J., and C.D. Roe. 2009. Recharge Rates and 
Chemistry Beneath Playas of the High Plains aquifer—
A literature Review and Synthesis. Circular 1333. U.S. 
Geological Survey in cooperation with Playa Lakes 
Joint Venture. 

Haukos, D.A., and L.M. Smith. 2003. Past and future 
impacts of wetland regulations on playa ecology in the 
Southern Great Plains. Wetlands 23:577–589. 

 
20.6.4.7 NMAC. CCC. Definitions of Surface Waters of 

the State 
Executive Order 11990 - Protection of Wetlands 

Prairie Dog Towns  
Stipulations – 0.25 
mile (400 m) 
COAs – 656 feet 
(200 m) 

Energy resource exploration and development activities can impact prairie dogs via 
direct mortality from vehicles, direct mortality from increased access by 
recreational shooters, increased disturbance responses to perceived predators 
(humans), and direct loss and fragmentation of habitat and forage resources. CSU  
surface disturbance will not be allowed within 0.25 mile (400 m) of known black-
tailed prairie dog towns due to risk of habitat loss and fragmentation which can 
lead to smaller, more isolated colonies and higher risk of colony extirpation. 
Colony disturbance can result in increased predation and increased vigilance for 
predators, reducing foraging opportunities which can negatively influence 
reproduction and contribute to extirpation events. 
Surface disturbance will not be allowed on public lands within 200 m of known 
prairie dog towns. 

Bureau of Land Management. 2003. Montana Statewide 
Oil and Gas and Proposed Amendment of the Powder 
River and Billings Resource Management Plans: 
Environmental Impact Statement, Volume 2. Bureau of 
Land Management. 

U.S. Fish and Wildlife Service. 2012. Utah Prairie Dog 
Final Revised Recovery Plan. U.S. Fish and Wildlife 
Service. 

Raptor Nests 
656 feet (200 m) 

A 656-foot (200-m) buffer will be maintained around active raptor nests. Human-
caused disturbing activities can harm active raptor nests by physically harming 
eggs, young, or adults. Disturbance can also destroy habitat and cause behavioral 
disruptions in raptors. Buffers that are appropriate for avoiding disturbance vary 
depending on the species and the type of activity that is causing the disturbance. 

Richardson, C.T., and C.K. Miller. 1997. 
Recommendations for Protecting Raptors from Human 
Disturbance. Wildlife Society Bulletin 25(3):634–638.  

 
Migratory Bird Treaty Act 
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Resource and 
Buffer 

Explanation Citation (Subject Matter Expert) 

Heronries 
0.62 mile (1,000 m) 
or 0.25 mile (400 m) 

No surface-disturbing activities will be allowed within 0.62 mile (1,000 m) of 
active heronries from February 1 to July 31. No surface-disturbing activities will be 
allowed within 0.25 mile (400 m) of heronries August 1 to January 31. 
Human activities that have been found to be most disturbing to great blue herons 
are activities that involve land disturbance. These activities can cause colony-wide 
nest abandonment. 

Bureau of Land Management. 1988. Carlsbad Resource 
Management Plan. BLM-NM-PT-89-001-4410. Bureau 
of Land Management. September 1988. 

––––––. 1997a. Carlsbad Approved Resource 
Management Plan Amendment and Record of Decision. 
BLM-NM-PT-98-004-1610. Bureau of Land 
Management. October 1997.  

––––––. 1997b. The Approved Resource Management 
Plan for the Roswell Resource Area. BLM-NM-PT-98-
003-1610. Bureau of Land Management. October 1997.  

––––––. 2003. Montana Statewide Oil and Gas and 
Proposed Amendment of the Powder River and Billings 
Resource Management Plans: Environmental Impact 
Statement, Volume 2. BLM/MT/PL-03/006. Bureau of 
Land Management. 

––––––. 2008. Special Status Species Record of Decision 
and Approved Resource Management Plan 
Amendment. BLM NM/PL-08-05-1610. Bureau of 
Land Management. April 2008. 

Vos, D.K., R.A. Ryder, and W.D. Graul. 1985. Response 
of Breeding Great Blue Herons to Human Disturbance 
in North Central Colorado. Colonial Waterbirds 
8(1):13–22. 

 
Migratory Bird Treaty Act 

Pecos Bluntnose 
Shiner Habitat 
656 feet (200 m) 

NSO will be allowed within occupied or designated critical habitat or within 656 
feet (200 m) of the 100-yr floodplain of the Pecos River in the occupied stretch. 
This approach is carried forward from the 1988 Carlsbad Resources Management 
Plan (RMP), as amended, and in consultation with the U.S. Fish and Wildlife 
Service. 

Endangered Species Act 
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Lesser Prairie-
Chicken (LPC) 
Habitat Areas (HA) 
0.25 mile (400 m) 
3 miles (4.8 km) 

To avoid building perches for predators, new utility lines and overhead power lines 
will be buried within 0.25 mile (400 m) of the boundary of habitat areas and within 
3 miles (4.8 km) of active LPC leks. 

Hagen, C. A., J.C. Pitman, T.M. Loughin, B.K. 
Sandercock, R.J. Robel, and R.D. Applegate. 2011. 
Impacts of anthropogenic features on habitat use by 
Lesser Prairie-Chickens. In Ecology, Conservation, and 
Management of Grouse, edited by B. K. Sandercock, K. 
Martin, and G. Segelbacher, pp. 63–75. Studies in 
Avian Biology Vol. 39. Berkeley: University of 
California Press. 

Robel, R. J., J. A. Harrington, C. A. Hagen, J. C. Pitman, 
and R. R. Recker. 2004. Effect of energy development 
and human activity on the use of sand sagebrush habitat 
by lesser prairie-chickens in southwestern Kansas. 
Transactions of the North American Natural Resources 
Conference 69:251–266. 

LPC Historic Leks 
656 feet (200 m) 

To allow for potential future use, no surface disturbance will be allowed within 656 
feet (200 m) of historic leks known at time of permitting. 

Hunt, J.L., and T.L. Best. 2004. Investigation into the 
Decline of Populations of Lesser Prairie Chicken 
(Tympanuchus pallidicinctus) on Lands Administered 
by the Bureau of Land Management, Carlsbad Field 
Office, New Mexico. Cooperative Agreement GDA 
010007. Bureau of Land Management. September 
2004. 

Robel, R.J. J.A. Harrington, C.A. Hagen, J.C. Pitman, and 
R.R. Recker. 2004. Effect of energy development and 
human activity on the use of sand sagebrush habitat by 
lesser prairie-chickens in southwestern Kansas.  
Transactions of the North American Natural Resources 
Conference 69:251–266.  

LPC Active Leks Drought, and its impacts on habitat condition and LPC survival rates, is known to 
cause populations of this gallinaceous bird to fluctuate dramatically. The ability for 
populations to rebound to pre-drought levels is dependent upon availability of 
habitat. If habitat is impacted during periods of low population levels, then the 
maximum carrying capacity of that landscape has been reduced. If enough habitat 
is impacted, the local population may be in threat of extirpation. Habitat 
availability is one of the primary mechanisms that allow LPC populations to 
expand when weather, habitat, and other conditions are beneficial. This all 
indicates that the total area of habitat is vital to persistence of LPC in a given 
habitat. 

Colorado Division of Wildlife. 2008. Recommended 
Buffer Zones and Seasonal Restrictions for Colorado 
Raptors. Colorado Division of Wildlife. 

Copelin.F.F. 1963. The lesser prairie chicken in 
Oklahoma. Technical Bulletin 6. Oklahoma Wildlife 
Conservation Department. 

Giesen, K.M. 1994. Movements and nesting habitat of the 
Lesser Prairie-Chicken hens in Colorado. The 
Southwest Naturalist 39:96–98. 

Hagen, C.A. 2010. Impacts of Energy Development on 
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• Occupancy has traditionally been assessed during the breeding period for LPC 
due to seasonal aggregation of birds on leks, increased vocalizations, and readily 
observable displays that result in increased audible and visual detections when 
compared to other times of the year outside of the breeding season. Other valid 
and reliable survey methodologies do not currently exist. Defining occupancy 
based solely on breeding season behavior, when birds are likely congregated in 
habitats closer to leks, fails to acknowledge the other life cycle aspects of the 
species biology and ecology that need to be sustained to ensure persistence of 
populations. 

• Females are known to visit multiple leks before copulating, which establishes the 
need to ensure habitat connectivity among multiple leks in a landscape to allow 
movement. 

• Adult males are known to have strong site fidelity to territories established on a 
specific lek. Yearling males are known to move among multiple leks before 
establishing a territory. (Note that this establishes the need to ensure habitat 
connectivity among multiple leks in a landscape, to allow movement.) 

Currently, no active leks are known within the BLM CFO boundary. If any active 
leks are located in the future, this stipulation will apply. 

Prairie Grouse Ecology: A Research Synthesis. In 
Transactions of the 75th North American Wildlife and 
Natural Resources Conference. 

Hagen, C.A., and K.M. Giesen. 2005. Lesser Prairie-
Chicken (Tympanuchus pallidicinctus). In The Birds of 
North America Online, edited by A. Poole. Ithaca, NY: 
Cornell Laboratory of Ornithology. Available at: 
http://bna.birds.cornell.edu/bna/species/364. Accessed 
July 2018. 

Hagen, C.A., J.C. Pitman, B.K. Sandercock, R.J. Robel, 
and R.D. Applegate. 2005. Age-specific variation in 
apparent survival rates of male Lesser Prairie Chickens. 
Condor 107:78–86 

Manville, A.M., II. 2004 Prairie grouse leks and wind 
turbines: U.S. Fish and Wildlife Service justification for 
a 5-mile buffer from leks; additional grassland 
songbird recommendations. Arlington, Virginia: 
Division of Migratory Bird Management, U.S. Fish and 
Wildlife Service.  

Robel, R.J. J.A. Harrington, C.A. Hagen, J.C. Pitman, and 
R.R. Recker. 2004. Effect of energy development and 
human activity on the use of sand sagebrush habitat by 
lesser prairie-chickens in southwestern Kansas.  
Transactions of the North American Natural Resources 
Conference 69:251–266.  

Weaver, F. 2018. Personal communication, July 12, 2018. 

Dunes Sagebrush  
Lizard (DSL)  
656 feet (200 m) 

Surface disturbance will not be allowed within 656 feet (200 m) of suitable DSL 
habitat. DSL is a habitat specialist. Habitat fragmentation is a primary threat to its 
fecundity and generational success. Connectivity among occupied dune complexes 
is essential. Fragmentation increases the likelihood of predators and interspecific 
competition. 

Bio-West, Inc. 2017. Disturbance Quantification in Dunes 
Sagebrush Lizard Habitat. Submitted to Texas 
Comptroller of Public Accounts. Bio-West, Inc. 

Ryberg, R.A., M.T. Hill, C.W. Painter, and L.A. 
Fitzgerald. 2014. Linking irreplaceable landforms in a 
self-organizing landscape to sensitivity of population 
vital rates for an ecologist specialist. Conservation 
Biology 23(3):888–898. 

Texas Comptroller of Public Accounts. 2011. Texas 
Conservation Plan for the Dunes Sagebrush Lizard 
(Sceloporus arenicolus). Texas Comptroller of Public 
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Accounts. February 13, 2011. 
Hokit, D.G., and L. C. Branch. 2003. Associations 

between patch area and vital rates: Consequences for 
local and regional populations. Ecological Applications 
13(4):1060–1068. 

Aplomado Falcon  
Nesting Structure  
50 feet 

Aplomado falcons require open habitats that have scattered trees/shrubs/yucca for 
hunting, perching, and nesting. Factors that have contributed to the decline of the 
falcon include habitat destruction and modification, including shrub encroachment 
into Chihuahuan grasslands. Energy development can degrade habitat by 
increasing fragmentation effects, anthropogenic noise levels, and introduction of 
exotic grasses. Construction of ponds associated with natural gas development also 
increases habitat for larval mosquitoes which increases exposure to mosquito-borne 
diseases such as West Nile virus. Avoid yuccas and other nesting structures greater 
than 5 feet (1.5 m) in height by 50 feet (15 m) or more. 

Montoya, A.B., P.J. Zwank, and M. Cardenas. 1997. 
Breeding Biology of Aplomado Falcons in Desert 
Grasslands of Chihuahua, Mexico. Journal of Field 
Ornithology 68(1):135–143. 

Keddy-Hector, D. P., P. Pyle, and M. A. Patten. 2017. 
Aplomado Falcon (Falco femoralis): Conservation and 
Management. Birds of North America. Ithaca, New 
York: The Cornell Lab of Ornithology. 

U.S. Fish and Wildlife Service. 2005. Establishment of a 
NEP of Northern Aplomado Falcons in NM and AZ. 
U.S. Fish and Wildlife Service. 

Aplomado Falcon 
Habitat/Hope 
Grasslands 
656 feet (200 m) or 
0.25 mile (400 m) 

Factors that have contributed to the decline of the falcon include habitat destruction 
and modification, including shrub encroachment into Chihuahuan grasslands. 
Energy development can degrade habitat by increasing fragmentation effects, 
anthropogenic noise levels, and introduction of exotic grasses. Construction of 
ponds associated with natural gas development also increases habitat for larval 
mosquitoes, which increases exposure to mosquito-borne diseases such as West 
Nile virus. Inactive raptor nests would be avoided by 656 feet (200 m) and active 
raptor nests would be avoided by 0.25 mile (400 m). Aplomado falcons do not 
build their own nests, but rely on other species (existing nests) and thus the need to 
protect stick nests (active or inactive) is important for the Aplomado falcon 
species. 

Keddy-Hector, D. P., P. Pyle, and M. A. Patten. 2017. 
Aplomado Falcon (Falco femoralis): Conservation and 
Management. Birds of North America. Ithaca, New 
York: The Cornell Lab of Ornithology. 

U.S. Fish and Wildlife Service. 2005. Establishment of a 
NEP of Northern Aplomado Falcons in NM and AZ. 
U.S. Fish and Wildlife Service. 

Various Raptor 
Nests 
0.25–1 mile 

See Table D.1. 
Need ferruginous hawks. 
Standard seasonal restrictions for raptors to be consistent with state game and fish 
guidelines. 

Colorado Division of Wildlife. 2008. Recommended 
Buffer Zones and Seasonal Restrictions for Colorado 
Raptors. Colorado Division of Wildlife. 

Cartron, J.L. (editor). 2010. Raptors of New Mexico. 
Albuquerque: University of New Mexico Press. 

Fuller, M.R. 2013. Raptor Nesting Near Oil and Gas 
Development: An Overview of Key Findings and 
Implications for Management Based on Four Reports 
by HawkWatch International. Bureau of Land 
Management Technical Note 432. Prepared for the 



Draft Resource Management Plan/Environmental Impact Statement  Appendix T 
 Summary Table: Resource’s Buffer Zones Explanations 

BLM Carlsbad Field Office  T-10  

Resource and 
Buffer 

Explanation Citation (Subject Matter Expert) 

Bureau of Land Management. U.S. Geological Survey. 
New Mexico Department of Game and Fish. 2007. Oil 

and Gas Development Guidelines: Conserving New 
Mexico’s Wildlife Habitats and Wildlife. New Mexico 
Department of Game and Fish. 

Romin L., and J. Muck. 2002. Utah Field Office 
Guidelines for Raptor Protection from Human and 
Land Use Disturbances. Salt Lake City, Utah: U.S. Fish 
and Wildlife Service. 

Wildlife Water  
656 feet (200 m) 

Surface disturbance will not be allowed within 656 feet (200 m) of habitat 
improvement projects. Local field office data indicate wildlife avoid water 
installations when closer than 656 feet to surface development. The New Mexico 
Department of Game and Fish requires avoidance of 300 yards from surface water 
sources. 

Mann, C. 2018. Personal communication. 
New Mexico Department of Game and Fish. 2018. Annual 

Hunting Rules and Info 2018–2019, General Rules. 
New Mexico Department of Game and Fish. 

Raptor Nest:   
Inactive  
50 feet (15 m) 

A 50-foot (15-m) buffer around an inactive raptor nest will be maintained. This 
stipulation would be applied where raptor conservation is prioritized. 

Migratory Bird Treaty Act 

Gypsum 
Wild-buckwheat: 
CSU 
990 feet (300 m) 
 

Gypsum wild-buckwheat is a conservation-reliant, Endangered Species Act 
threatened species. 
The recovery and delisting of gypsum wild-buckwheat relies on the BLM and 
industry partners continuing their legacy of gypsum wild-buckwheat conservation. 
Habitat degradation and loss is a significant threat to imperiled plant species, 
including gypsum wild-buckwheat. Specialist plant species, such as gypsophytes, 
are especially vulnerable to habitat degradation. This 990-foot (300-m) avoidance 
buffer will enable natural resource managers to relocate surface-disturbing 
activities, when appropriate, to avoid adverse direct and indirect impacts to gypsum 
wild-buckwheat. In particular, development plans would be relocated when a 
proposed location directly or indirectly threatens this vulnerable species’ physical 
integrity or reproductive capacity by adversely altering gypsum wild-buckwheat 
individuals or their occupied habitat (soil, air, water, and associated pollinators). 
The most significant impacts to plants and habitats in arid and semi-arid (water-
limited) ecosystems result from the direct, indirect, and cumulative alterations to or 
contamination of hydrological flows. This 990-foot (300-m) buffer distance is 
based on linear infrastructure as an indicator development feature. Further, in 1990, 
insect visitors to gypsum wild-buckwheat individuals at Seven Rivers Hills were 
collected and identified; a variety of species of solitary bees, potential pollinators, 
were identified as visiting gypsum wild-buckwheat. Solitary bees forage at 

Forman, R.T. 2000. Estimate of the area affected 
ecologically by the road system in the United States. 
Conservation Biology 14(1):31–35. 

Forman, R.T., and L.E. Alexander. 1998. Roads and their 
major ecological effects. Annual Review of Ecology and 
Systematics 29:207–231. 

Gathmann, A., and T. Tscharntke. 2002. Foraging ranges 
of solitary bees. Journal of Animal Ecology 71(5):757–
764.  

Griswold, T. L. 1990. Eriogonum gypsophilum Visitors. 
Logan: USDA-ARS Bee Biology and Systemics Lab, 
Utah State University. 

Knight, P. 1993. A Status Review of Gypsum Wild 
Buckwheat. Corrales, New Mexico: Marron Taschek 
Knight, Inc. 

Pueyo, Y., C. Alados, O. Barrantes, B. Komac, and M. 
Rietkerk. 2008. Differences in gypsum plant 
communities associated with habitat fragmentation and 
livestock grazing. Ecological Applications 18(4):954–
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maximum distances ranging from 492 to 1,968 feet (150 to 600 m) from their 
homes. A buffer of unaltered habitat around gypsum wild-buckwheat occurrences 
also functions to support on-site pollinators and, therefore, reproductive capacity 
for this species. 
This avoidance buffer would keep lease parcels available for energy development 
in a manner consistent with gypsum wild-buckwheat conservation. 

964.  
Raiter, K.G., S.M. Prober, H.P. Possingham, F. Westcott, 

and R.J. Hobbs. 2018. Linear infrastructure impacts on 
landscape hydrology. Journal of Environmental 
Management 206:446-457. 
doi:10.1016/j.jenvman.2017.10.03. 

U.S. Fish and Wildlife Service. 2007. Gypsum Wild 
Buckwheat (Eriogonum gypsophilum) 5-Year Review: 
Summary and Evaluation. Albuquerque: U.S Fish and 
Wildlife Service, New Mexico Ecological Services 
Field Office. 

––––––. 2016. Gypsum Wild Buckwheat (Eriogonum 
gypsophilum) 5-Year Review: Summary and 
Evaluation. Albuquerque: U.S Fish and Wildlife 
Service, New Mexico Ecological Services Field Office. 

Weaver, F. 2018. Personal communication, July 2, 2018. 
Wilcove, D., D. Rothstein, J. Dubow, A. Phillips, and E. 

Losos. 1998. Quantifying threats to imperiled species in 
the United States. BioScience 48(8):607–615. 
doi:10.2307/1313420. 

 
43 CFR 3101.1-2, Surface Use Rights 

Federally Listed 
Plant Species 
Habitat: NSO 
990 feet (300 m) 

This 990-foot (300-m) avoidance buffer will enable natural resource managers to 
relocate surface-disturbing activities, when appropriate, to avoid adverse direct and 
indirect impacts to gypsum wild-buckwheat. In particular, development plans 
would be relocated when a proposed location directly or indirectly threatens this 
vulnerable species’ physical integrity or reproductive capacity by adversely 
altering individuals or their occupied habitat (soil, air, water, and associated 
pollinators). The most significant impacts to plants and habitats in arid and semi-
arid (water-limited) ecosystems result from the direct, indirect, and cumulative 
alterations to or contamination of hydrological flows. This avoidance buffer would 
keep lease parcels available for energy development in a manner consistent with 
rare plant conservation. 

Forman, R.T. 2000. Estimate of the area affected 
ecologically by the road system in the United States. 
Conservation Biology 14(1):31–35. 

Forman, R.T., and L.E. Alexander. 1998. Roads and their 
major ecological effects. Annual Review of Ecology and 
Systematics 29:207–231. 

Gathmann, A., and T. Tscharntke. 2002. Foraging ranges 
of solitary bees. Journal of Animal Ecology 71(5):757–
764.  

Weaver, F. 2018. Personal communications, July 2, 2018. 
 
43 CFR 3101.1-2, Surface Use Rights 

Floodplain  Executive Order 11988 requires federal agencies to avoid to the extent possible the Executive Order 11988 – Floodplain Management 
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656 feet (200 m) long- and short-term adverse impacts associated with the occupancy and 
modification of floodplains and to avoid direct and indirect support of floodplain 
development wherever there is a practicable alternative. 
In 2014, CFO endured an epic flood event that carried multiple 500-plus-barrel oil 
storage facilities, previously erected in and adjacent to floodplain, down the river. 
Additionally, multiple surface pipelines and contents that were adjacent to the 
floodplain were also carried down the river. 

Executive Order 11514 – Protection and enhancement of 
environmental quality 

Executive Order 11990 – Protection of Wetlands 
Onshore Oil and Gas Order No. 1 (43 CFR 3160) 

Riparian Areas  
440 yards 

Riparian areas provide a plethora of beneficial services to both wildlife and 
socioeconomics. They’re the first defense to dissipate energy during high flow 
events. When functioning properly, they act as a filter/sponge, enhancing water 
quality and quantity. Areas with dense vegetation will offset thermal 
contamination, provide wildlife habitat, reduce sediment input, and decrease 
evaporation rates, all the while reducing salinity concentrations. A buffer allows 
the BLM to protect its “Riparian Rights” as a surface land owner, which is in line 
with a multiple-use approach for management. Riparian rights will allow 
reasonable use of the waterway for recreational purposes (fishing, swimming, etc.). 

Doskkey, M., P. Vidon, N.P. Gurwick, C.J. Allan, T.P. 
Duvall, R. Lowrence. 2010. The role of riparian 
vegetation in protecting and improving chemical water 
quality in streams. Journal of the American Water 
Resources Association 46:261–277. 

National Research Council. 2002. Riparian Areas: 
Functions and strategies for management. Washington, 
D.C.: National Academy Press. 

Pinay, G., and H. Decamps. 1988. The role of riparian 
woods in regulating nitrogen fluxes between alluvial 
aquifer and surface water: a conceptual model. 
Regulated Rivers: Research and Management 2:507–
516. 

Teclaff, Ludwik A. 1972. What You Have Always 
Wanted to Know about Riparian Rights but Were 
Afraid to Ask. Natural Resources Journal 12:30. 
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INTRODUCTION 
 
The Ojito/White Mesa area, including the  Ojito Area of Critical Environmental Concern (ACEC) and the Ojito Wilderness 
Area, is located in a geological diverse region of mostly Jurassic-age sedimentary strata about 5 miles southwest of San 
Ysidro in Sandoval County, New Mexico. This area is well known as habitat for rare plant species endemic to gypseous 
substrates. Although the draft management plan for the Rio Puerco Resource Management Area (BLM 2012) identifies 
Sclerocactus papyracanthus (gramagrass cactus) and Astragalus knightii (Knight’s milkvetch) as the only plant species of 
concern in the Ojito ACEC, this short list is not comprehensive and probably inaccurate. Although gramagrass cactus 
does occur in the White Mesa area, there are no published records or herbarium specimens of Knight’s milkvetch in this 
ACEC or the adjacent Ojito Wilderness Area. In fact, it is the unique gypsum soils and its associated flora that make the 
Ojito/White Mesa area so special. This region contains gypsophilic plant species endemic to north-central New Mexico 
including Townsendia gypsophila (gypsum Townsend aster), Abronia bigelovii (tufted sand verbena), Phacelia sivinskii 
(Sivinski’s scorpionweed) and Mentzelia todiltoensis (Todilto stickleaf). Both T. gypsophila and A. bigelovii are BLM 
Sensitive plant species (BLM 2011). The purpose of this study was to document these four rare gypsophilic plant species 
in the in the Ojito/White Mesa area and assesses their current status on BLM managed lands.  

STUDY AREA 
 
BLM lands in the Ojito/White Mesa area were initially given Special Management Area (SMA) designation until a large 
portion (11,183 acres) was formally declared a Wilderness Area in 2005. The Ojito ACEC is located between the 

wilderness on the west and White Mesa on the east and north. The Ojito ACEC 
currently encompasses 13,657 acres and includes large portions of the Ojito 
Wilderness.  The BLM draft Resource Management plan proposes to reduce 
the size of the Ojito ACEC to exclude the wilderness area.  Much of White Mesa 
is owned and managed by Zia Pueblo and State of New Mexico.  
 
The most prominent geologic feature of the Ojito ACEC is the dramatically 
tilted and eroded southern end of the Tierra Amarilla Anticline (a.k.a. San 
Ysidro Anticline), which exposes a thick stratum of gray and tan gypsum in the 
Tonque Member of the Jurassic–age Todilto Formation. A thin stratum of 
sandy gypsum or gyseous sandstone at the base of the Jurassic-age 
Summerville Formation overlays the Todilto gypsum and also provides habitat 
for the gypsophilic plants of this region. The Todilto and Summerville gypsum 

strata have previously been placed in the Jurassic-age Morrison Formation by some researchers, but are no longer 
recognized as Morrison strata and are now separated as distinct formations by geologists (Lucas and Heckert 2003).  The 
                                                 
1 NM Energy, Minerals and Natural Resources Department-Forestry Division, Santa Fe 
2 RCS Southwest, Santa Fe, NM 
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Morrison Formation of the Ojito/White Mesa region is entirely above the Todilto and Summerville formations and does 
not contain any gypseous strata (Lucas and Heckert 2003). The Ojito Wilderness Area is mostly mudstone and sandstone 
strata of the Morrison Formation, with only a relatively small area of Summerville and Todilto gypsum in the 
northeastern corner of the wilderness (Soulliere and Long 1987). This area and the other gypsum outcrops in the ACEC 
were the focus of this field survey for rare gypsophilic plants (Figure 1). 
 
Elevations range from 6,040-5,570 feet (1,840-1,700 m) and soil substrates grade from almost pure gypsum with 
gypsite/lichen crust to gypseous sandy loam. Vegetation cover is usually very sparse with scattered Juniperus 
monosperma (one-seed juniper), Pinus edulis (piñon pine), Quercus x undulata (waveyleaf oak), Ephedra torreyana 
(Torrey jointfir), Yucca baileyi (Bailey’s yucca), and several common and widespread gypsophilic species including 
Sporobolus nealleyi (gyp dropseed), Tiquilia hispidissima (hairy crinklemat), Oenothera hartwegii subsp. filifolia 
(Hartweg's sundrops), Tetradymia filifolia (threadleaf horsebrush) and Ascleisanthes lanceolata (lanceleaf moonpod). 
 

 
Figure 1. 2014-2015 Study Area boundaries within the BLM Ojito ACEC and Wilderness Area, Sandoval County, NM. 
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METHODS 
 
Field surveys on the Ojito ACEC and the Ojito Wilderness occurred during summer and autumn of 2014 and 2015. 
Gypsum outcrops on BLM land that were previously surveyed for Townsendia gypsophila by Lowrey and Knight (1994) 
were all revisited during this survey. No formal surveys had previously been conducted to document the occurrences 
and distribution of Abronia bigelovii, Mentzelia todiltoensis, and Phacelia sivinskii.  Limited existing occurrence 
documentation was provided by the New Mexico Natural Heritage Program.  All the gypsum outcrops on BLM lands in 
Sections 7, 17, 18, 20, 21, 28, and 29, Township 15N, Range 1E were included in this survey (Figure 1).  Additional 
gypsum outcrops in the study area were identified with satellite imagery on GoogleEarth and visited to confirm the 
presence of gypsum soils and rare gypsophilic plants. Areas evaluated and surveyed included Sections 15, 21, 22, 23, 24, 
25 and 26, Township 15N, Range 1W in the Ojito Wilderness Area. 
Two different methods of GPS mapping were employed for this field survey. Both Townsendia gypsophila and Abronia 
bigelovii occur in small scattered patches of plants and were not usually suited for walking polygons around occupied 
habitat. These two species were marked with GPS waypoints (sites) when encountered, then an estimated 15-meter (ca 
50-foot) radius around the point was thoroughly searched and the number of plants recorded. Only a few small GPS 
polygons of densely populated habitat were delineated for these two species.  Mentzelia todiltoensis and Phacelia 
sivinskii were far more abundant and often continuously distributed across large gypsum outcrops so could not be easily 
recorded with waypoints. Occupied habitats for these species are generally mapped as polygons that were roughly 
delineated in the field with a GPS unit and later expanded to include appropriate habitat boundaries. A few waypoints 
are included for these two species when isolated patches of plants were encountered. Population density counts of 
individuals were not usually attempted within the polygons for these two locally abundant species and were visually 
estimated. Plant populations are separated based on the 2004 NatureServe Habitat Based Strategy for Delimiting Plant 
Element Occurrences, which separates locations if they are more than 1 km apart within suitable habitat. 
 

RESULTS 
 
All of the gypsum strata and gypseous soils surveyed were habitats for at least one, and occasionally all, of the four 
gypsophilic plants endemic to north-central New Mexico (Figure 2).  Except for plants found in Sections 7 and 18, all 4 
sensitive plant species are restricted within the proposed new boundaries for the Ojito ACEC (preferred alternative).  
Sections 7 and 18 are located within the boundaries of the Ojito Wilderness.  None of the areas surveyed in the Ojito 
Wilderness Area sections 15, 21, 22, 23, 24, 25 and 26 (Township 15N, Range 1W) contained suitable habitat for the 4 
gypsum endemics and none were found. 
No invasive species were documented in the habitat of the four sensitive species throughout the survey area.  
Documented disturbances include a natural gas storage facility and associated infrastructure, livestock trampling, dirt 
roads and off-road vehicle use, and recreational biking.  The primary and most pervasive disturbance in the habitat of all 
four species is recreational activity in the form of designated bike trails, as well as an abundant number of non-
designated “wildcat” bike trails (Figures 13 & 14). Plants and habitat for all 4 species along the Tierra Amarilla Anticline 
in Sections 28, 21, 20 (in part), and 17 are impacted by disturbances associated with recreational biking. 
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Figure 2.  Locations of gypsophilic plant in the BLM Ojito ACEC and Wilderness Area. Red triangles: Townsendia 

gyposophila; Blue triangles: Abronia bigelovii; Violet circles and polygons: Phacelia sivinskii; Green circles and 
polygons: Mentzelia todiltoensis. 

 
 
Townsendia gypsophila  (Gypsum Townsend aster) 
 
Townsendia gypsophila is a low-growing, caespitose perennial aster with white flowers and short strigose-pubescent 
leaves and white ray flowers (Figures 3, 4, 5). It is entirely endemic to the Todilto and Summerville gypsum strata in 
Ojito/White Mesa region. The entire world-wide range is less than 20 miles (ca 30 km) of discontinuous gypsum 
outcrops in Sandoval County (Lowrey and Knight 1994a).  
This localized endemic has a NatureServe rank of G2/S2 (imperiled) because of its limited range and known threats. The 
New Mexico Rare Plant Technical Council R-E-D Code (R = Rarity, E = Endangerment, D = Distribution) for this rare plant 
is 2-2-3, meaning it is confined to several populations or one extended population; is endangered in a portion of its 
range; and is endemic to New Mexico (NMRPTC 1999). 
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Figure 3.  Large Townsendia gypsophila in the BLM Ojito ACEC. 

 
 

 
Figure 4.  Townsendia gypsophila (foreground) on gypseous sandstone of the lower Summerville 

Fma near contact with barren Tonque Member of Todilto Fma gypsum (background). 
 



6 
 

Townsendia gypsophila still occurs at all of the previously documented locations on the major gypsum outcrops on BLM 
lands in the White Mesa area (Figure 6).  This rare plant usually occurs as scattered patches of a few individuals on ridge 
tops, rolling hills and caprock rims. It can occur on all topographic exposures and does not usually occupy steep slopes. 
In 2014 & 2015, just over 1,000 individual plants were documented from 127 sites and 2 small polygons (Section 7) 
within the study area (Table 1). The majority of sites contained small groupings of plants ranging from 1 to 10 
individuals.  Few sites contained more than 10 individuals (18%).  The highest concentrations of plants were found in 
sections 7 and 21 (Figure 6; Table 1).  Based on the NatureServe Habitat Based Strategy for Delimiting Plant Element 
Occurrences (2004), the total number of Element Occurrences on BLM lands is 3. The spring and summer of 2015 were 
relatively wet with abundant rainfall. Townsendia gypsophila flowered summer to autumn and a few new seedlings 
were observed at all the population locations visited that year. 
 
Townsendia gypsophila is more often found on a sandy gypsum layer of the lower Summerville Formation than on the 
underlying barren Tonque Member of the Todilto Formation, which is more pure gypsum (Figure 4). A dark, thin crust of 
cyanobacteria is often evident on the sandy gypsum and the many of the gypsum substrates are covered with a 
pinnacled crust of several lichen species (Figure 5). Disturbed areas are devoid of this plant.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Biological soil crusts in Townsendia gypsophila habitats. Left Photo: A bicycle trail (light surface) has 

eliminated the cryptogamic soil crust (dark surface) on Summerville sandy gypsum. Three T. gypsophila 
plants are on left edge of trail in foreground. Right Photo: Pinnacled soil crust on Todilto gypsum with at 
least five lichen species visible in photo. 
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Figure 6.   2014-2015 Townsendia gypsophila distribution in the Ojito ACEC and Wilderness Area. 
 
Table 1.  Number of Townsendia gypsophila plants documented in 2014 and 2015 in the Ojito/White Mesa Study area. 
 

TRS Number of Plants 
T 15N R1E Section 7 314 - 339 
T 15N R1E Section 17 25 
T 15N R1E Section 20 81 
T 15N R1E Section 21 399 
T 15N R1E Section 28 184 
Total 1003-1028 
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Almost all of the locations documented by Lowrey and Knight in 1994 still had extant patches of plants observed in the 
2014-2015 survey. The densities of plants found in this later survey, however, were low and generally significantly lower 
than the 1994 population assessment. For instance, Lowrey and Knight (1994b) found a very dense population of T. 
gypsophila in Section 7 (now within the Ojito Wilderness) and estimated a total density of 200,000 plants north of 
Querencia Arroyo in that section on Summerville gypsum between the northern boundary fence and Querencia Arroyo. 
The subsequent survey of this location in 2014 counted only between 314 and 339 plants in that same area, which is 
only about 0.17% of the 1994 estimate. In addition, Section 7 was the only surveyed area were livestock impacts were 
notable, likely due to the presence of a livestock watering tank in the vicinity of the T. gypsophila population north of 
Querencia Arroyo.  A dirt road bisects this population and the habitat near the northern BLM boundary fence was 
impacted by off-road traffic.   
 
Lowrey and Knight also found two populations of several hundred plants each on Todilto gypsum in the NW¼ of Section 
20 in 1994. These could not be precisely relocated in the 2014-2015 surveys of that section and a much smaller 
population of only 53 plants was found a little further to south in the west-central part of Section 20 (Figure 6). This 
population was possibly misplaced on the 1994 survey map, yet the later survey shows a greatly diminished population 
from many hundreds in 1994 to only 53 plants 21 years later.  The top of the ridge has been considerably disturbed by 
the establishment of a natural gas storage facility, including waste piles, roads, and storage tanks. It is unknown whether 
this disturbance primarily occurred after the 1994 surveys.  A few T. gypsophila plants were found recolonizing some of 
the disturbed areas. 
 
The 1994 survey map indicated a population of T. gypsophila in the NW¼ of Section 29, but this location is not discussed 
in the written report (Lowrey and Knight 1994b). The 2015 field survey of the location found little or no gypsum 
substrate and no T. gypsophila. The delineation of occupied habitat in Section 29 is most likely an error on the 1994 
map. 
 
The west rim of the anticline strikes north for approximately 2.5 miles from the old quarry near the center of Section 28 
to the north edge of Section 17. It is a narrow ridge capped with Todilto gypsum and occasionally Summerville gypsum. 
Townsendia gypsophila was found along the top of most of this rim in 2014-2015 except for three unoccupied gaps of a 
quarter mile or more (Figure 6). Waypoints were marked for patches of plants ranging from 1 to 17 individuals, but most 
were small (5 or fewer). No population estimate was given in the 1994 survey report of this rim and simply reports that 
T. gypsophila was found along the entire traverse of the rim for approximately 13,000 feet (Lowrey and Knight 1994b), 
which, except for a few gaps, is still the case.  Sections 17 and 28 are significantly impacted by recreational biking.  
 
The east rim of the anticline from the quarry in Section 28 to the north line of Section 21 is more broken into small 
ridges and drainages. Todilto gypsum outcrops in a few interior locations, but the Summerville Formation is the 
dominant gypsum stratum along the southern and eastern edge. The 1994 survey reported scattered individuals of T. 
gypsophila on Todilto gypsum along the edge of the anticline from near the quarry to the “bench mark” (north center?) 
of Section 28. This scattering of plants was still the case for the 2014-2015 survey, which marked 17 small patches of 
plants along this half-mile of rim that totaled only 64 individuals. An additional location on Summerville gypsum was 
found during the 2014-2015 survey of the NE¼ that is also sparsely populated with only 81 total plants. The central 
portion of Section 28 (into Sections 17 & parts of Section 21) is the area most significantly impacted by bike trails.   
 
There is significant discrepancy between the map locations and written descriptions for Section 21 locations of T. 
gypsophila in the survey report by Lowrey and Knight (1994b). The map shows only one small area of occupied habitat, 
but the report describes an extensive population on and below the rim of the anticline through Section 28. For instance, 
Lowrey and Knight describe T. gypsophila as growing “in profusion” on the Morrison (now called the Summerville) 
gypsum from just north of the center of Section 21 to the south boundary with Section 28. The 2014-2015 survey found 
only one small area of occupied habitat in that region, which consists of a few scattered plants totaling 45 individuals in 
the SE¼. Either this later survey failed to relocate the population found in 1994 or there has been dramatic decline of 
population density at this location. Lowrey and Knight (1994b) also describe, but do not map, a scattering of individuals 
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totaling about 100 “southeast of the North ¼-corner of the section”. The 2014-2015 survey did locate a relatively 
scattered, but occasionally dense patch of T. gypsophila starting just above the center of Section 21 then north to the 
center of the boundary with Section 16 (Figure 6). This habitat is a zone of contact between the Todilto and Summerville 
gypsum strata. A total of 349 plants were counted at this BLM location and the population continues north into the 
adjacent section of NM State Trust Land (Lowrey and Hafler 2014). Although just a few hundred plants, this is the most 
densely occupied habitat located during the 2014-2015 survey (Table 1).  
 
 
Abronia bigelovii (Tufted sand verbena) 
 
Abronia bigelovii is a low-growing, caespitose perennial with an umbel inflorescence of tubular white flowers and nearly 
linear semi-succulent leaves (Figure 7). It is entirely endemic to the northern outcrops of Todilto and Summerville 
gypsum strata in Rio Arriba, Sandoval County and Santa Fe counties (NMRPTC 1999). Typical habitats for A. bigelovii are 
gypseous sandy loams on the eroding breaks of hillsides and ridges. It occurs on all topographic exposures and can often 
occupy very steep eroding slopes and can recolonize lightly disturbed areas. 
This localized endemic has a NatureServe rank of G3/S3 (vulnerable) because of its highly restricted range and habitat, 
the number of occurrences and documented threats in its habitat. The New Mexico Rare Plant Technical Council R-E-D 
Code for this rare plant is 1-1-3, meaning it is rare, but found in sufficient numbers and distributed widely enough that 
the potential for extinction is low for the foreseeable future; is not endangered; and is endemic to New Mexico 
(NMRPTC 1999). 
Abronia bigelovii occurs on almost all of the same gypsum outcrops in the Ojito ACEC as does Townsendia gypsophila 
(Figures 2 and 8) and on the Ojito Wilderness Area gypsum outcrops in Section 7. These two gypsophilic plants can 
occasionally be found growing side by side. Abronia, however, is somewhat more abundant and widespread than the 
Townsendia.  Although it may be a little more abundant, it still occurs in scattered patches and does not form dense 
populations. In 2014 & 2015, Abronia bigelovii was documented from 118 sites and one polygon, containing a total of 
1,525-1,550 plants. The majority of plants occurred in small grouping of 1 to 20 individuals.  Only a few documented 
sites contained more than 20 individuals (14%). One polygon documented 125-150 plants (Section 28). The highest 
concentration of plants were found in sections 7 and 28 (Figure 8).  Based on the NatureServe Habitat Based Strategy for 
Delimiting Plant Element Occurrences (2004), the total number of Element Occurrences on BLM lands is 3. Observed 
disturbances to plants and their habitat are the same as those recorded for Townsendia gypsophila, with the primary 
disturbance being recreational biking in sections 17, 20, 21, and 28. 
 

Figure 7.  Abronia bigelovii in the BLM Ojito ACEC.  
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Figure 8.  2014-2015 Abronia bigelovii distribution in the Ojito ACEC and Wilderness Area. 
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Mentzelia todiltoensis  (Todilto stickleaf) 
 
Mentzelia todiltoensis is a stout, mostly perennial herb branching from the base with entire or pinnatisect leaves and 
sulphur yellow or cream flowers (Figure 9).  It is one of the most recently described gypsophilic plant species from 
outcrops of Todilto Formation gypsum in north-central New Mexico (Atwood and Welsh 2005). This species was 
originally described for two widely separated populations – one near Tohajiilee in Cibola County and the other near 
Galisteo Dam in southern Santa Fe County. In the strict sense, this species is a strong perennial with entire, linear leaves 
and pale yellow flowers. However, the intervening Todilto gypsum outcrops near San Felipe and San Ysidro have 
extensive populations of mostly biennial plants with pinnatisect leaves (Figure 9) that will soon be placed within a 
broader circumscription of M. todiltoensis for the Flora of North America treatment of the genus (John Schenk and Larry 
Hufford, unpublished manuscript reviewed by Sivinski). Although they look quite different and distinct, the Ojito/White 
Mesa plants do have floral, fruit and seed morphologies similar to the type for M. todiltoensis. This broader 
circumscription of the species extends its distribution to all the large Todilto gypsum outcrops in Bernalillo, Cibola, 
Sandoval and Santa Fe counties, where it can be locally common. Therefore, the 2007 New Mexico Rare Plant Technical 
Council R-E-D Code for this species is not currently relevant since the NM Rare Plants website report has not been 
updated with new information (NMRPTC 1999). This species has not yet been given a relevant NatureServe G or S rank 
and it is not a BLM Sensitive Species. 
The Ojito/White Mesa population of M. todiltoensis occurs on all the gypsum outcrops within the survey area. This plant 
does not occur in dense populations, but is fairly continuously distributed and therefore was primarily delineated by 
habitat polygons (Figure 10). It is frequently found growing together with Phacelia sivinskii, but has a broader 
distribution and is less abundant.  A few scattered locations were marked with waypoints. Mentzelia todiltoensis occurs 
on both the Todilto and Summerville gypsum strata. It is most frequently found along steep slopes and on eroded 
bedrock and crumbling blocky colluvium at the bases of slopes. It can occupy all topographic exposures and will also 
tolerate some soil disturbance. A few plants were observed growing on pushed-up soil at the edges of old roads and well 
pads. An abundance of new seedlings were observed germinating on Ojito gyspeous soils in September 2015 after the 
rainy summer season. This plant is frequently found on the gypsum outcrops in the Ojito ACEC and on Ojito Wilderness 
Area gypsum in sections 7 and 18. Plants occur in small groupings distributed throughout the mapped polygons, 
numbering from several hundred to thousands of individuals.  The largest concentration of plants was found along the 
Tierra Amarilla anticline in sections 17, 20, 21, and 28, where it occurs in the thousands.  Based on the NatureServe 
Habitat Based Strategy for Delimiting Plant Element Occurrences (2004), the total number of Element Occurrences on 
BLM lands is 3.  Observed disturbances to plants and their habitat are the same as those recorded for Townsendia 
gypsophila, with the primary disturbance being recreational biking in sections 17, 20, 21, and 28. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 9.  Mentzelia todiltoensis and habitat in the BLM Ojito ACEC.  
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Figure 10.  2014-2015 Mentzelia todiltoensis distribution in the Ojito ACEC and Wilderness Area. 
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Phacelia sivinskii  (Sivinski’s scorpion weed) 
 
Phacelia sivinskii was also described fairly recently from the Todilto gypsum of north-central New Mexico (Atwood and 
Welsh 2005). It co-occurs with Mentzelia todiltoensis and has the same Todilto Formation range as that species, but also 
extends somewhat further south onto gypsum outcrops of the Permian-age Yeso Formation in Valencia and Socorro 
counties. The New Mexico Rare Plant Technical Council gives Phacelia sivinskii a R-E-D Code of 1-1-3, meaning it is rare, 
but found in sufficient numbers and distributed widely enough that the potential for extinction is low for the 
foreseeable future; is not endangered; and is endemic to New Mexico (NMRPTC 1999). This species has not yet been 
given a NatureServe G or S rank and it is not a BLM Sensitive Species. 
 
Phacelia sivinskii is an erect, leafy biennial with crenate-dentate leaves and sticky glandular hairs on the stems and 
leaves. Its small violet flowers are in coiled cymes at the ends of branches and there are numerous floriferous branches 
at the leaf axils from the top of the plant down to its base (Figure 11). It is fairly common and can be locally abundant in 
the Ojito/White Mesa region where it is almost entirely confined to the nearly barren outcrops of Todilto gypsum (Figure 
11). It was rarely observed on Summerville sandy gypsum and then only near the contact with the underlying Todilto 
gypsum. It is most frequently found along steep slopes and can occupy all topographic exposures. On BLM managed 
lands Phacelia sivinskii is confined to the proposed boundaries of the Ojito ACEC (Figure 12).  It does not occur on the 
gypsum hills in the Ojito Wilderness Area Sections 7 and 18 where there is very little outcrop of Todilto gypsum. 
 
Plants occur in small groupings distributed throughout the mapped polygons, numbering from several hundred to 
thousands of individuals.  The largest concentration of plants was found along the Tierra Amarilla Anticline in sections 
17, 20, 21, and 28, where it occurs in the thousands, especially along steep slopes.  Local abundance of P. sivinskii can 
vary dramatically from year to year in response to the amount and timing of precipitation. Adult flowering was abundant 
in the autumn of 2014 when large patches of plants on gypsum hillsides and benches numbered in the thousands along 
the Tierra Amarilla Anticline.  Adult plant density was much lower in 2015 with no plants or a few scattered individuals in 
the same places where they were abundant during the previous year. Some areas in the Ojito ACEC were beginning to 
show good germination of seedlings by September 2015. Based on the NatureServe Habitat Based Strategy for 
Delimiting Plant Element Occurrences (2004), the total number of Element Occurrences on BLM lands is 2. 
 
Observed disturbances to plants and their habitat are the same as those recorded for Townsendia gypsophila, with the 
primary disturbance being recreational biking in sections 17, 20, 21, and 28.  However, this rare species prefers growing 
on steep, largely inaccessible slopes and can tolerate severe soil disturbance. It was observed growing within the pit and 
sidewalls of the old gypsum quarry near the center of Section 28 and on an old road and well pad near the center of 
Section 20.  
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Figure 11.  Phacelia sivinskii and habitat in the BLM Ojito ACEC. 
 

 
 
Figure 12.  2014-2015 Phacelia sivinskii distribution in the Ojito ACEC. 
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CONSERVATION STATUS 
 
All four rare gypsophilic plants occupy suitable gypsum outcrop habitats on BLM lands in the Ojito/White Mesa region 
and are all represented by healthy reproductive individuals. No infestations of disease, predators, or exotic weeds were 
found during this survey of gypsum habitats in the Ojito ACEC Sections 17, 20, 21, 28 and 29 or in the Ojito Wilderness 
Area Sections 7 and 18. Livestock use and trampling was only documented in Section 7, within the Wilderness area.  No 
livestock impacts were documented within the Ojito ACEC on gypsum outcrops during the 2014-2015 surveys. Access 
road and associated off-road vehicle use were notable in Section 7, 17, and 20. Several areas contained historic 
disturbances, including an old gravel pit and an abandoned gas storage facility as well as associated roads and 
infrastructure. The most prevalent direct impact on all four species and their habitat was caused by bicycle trails along 
the Tierra Amarilla Anticline (Sections 17, 20, 21, 28)(Figures 13 & 14).  
 
No previously collected population data was available for the three of the four rare plant species and therefore it is not 
possible to assess population trends for Mentzelia todiltoensis, Phacelia sivinskii, or Abronia bigelovii.   
 
Townsendia gypsophila population density during the 2014-2015 survey was low when compared to 1994 observations 
in some of the same habitats. Plant numbers were found to be significantly lower in at least two places (Sections 7 and 
21) and seemed generally sparse throughout all the habitats surveyed in 2014-2015. Declines were likely caused by a 
combination of direct impacts to plants and their habitat in the form of recreational activities (biking), livestock 
trampling, and various  infrastructure development projects (pipelines, gas storage facilities, access roads, etc.), as well 
as prolonged drought and other impacts associated with climate change.    
 
It is interesting to note that the population density of T. gypsophila on the adjacent State Trust Land Section 16 was 
found to have only a 12% lower density (723 plants) in 2014 than in 1994 (821 plants) (Lowrey and Hafler 2014). 
However, survey effort appears to have been significantly larger for the 2014 survey and may therefore not accurately 
reflect a population trend.  Nonetheless, the most densely populated habitat on BLM land in 2014 & 2015 was on the 
same gypsum outcrop that extends into that State Trust Land Section.  In addition, known populations on Zia reservation 
lands were resurveyed in 2015 and results are currently being analyzed.  Preliminary results also indicate a decline in the 
number of plants over 1994 survey results (Roth, in prep.).  Survey effort is considered similar to 1994 efforts for 2014-
2015 surveys on BLM and Zia lands. 
 
Townsendia gypsophila is a relatively long-lived perennial species and therefore is not expected to show much year-to-
year variation in population numbers.  Hence much of the apparent decline may be a long term trend caused by year to 
year variations of weather and prolonged drought conditions. The 2014 survey occurred during the fourth consecutive 
year of moderate to severe drought and documents a dramatic decline in these relatively long-lived perennial plants.  
 
Although the locatable minerals have been withdrawn from the Ojito ACEC and Wilderness Area, the retention of salable 
and leasable minerals in the ACEC are still a viable alternative in the proposed BLM Resource Management Plan (BLM 
2012). Gypsum mining in the ACEC could potentially occur in the future. The White Mesa gypsum mine in the Todilto 
Formation on adjacent Zia Pueblo land is the largest gypsum mining operation in the state and enabled New Mexico to 
rank seventh among the 20 gypsum producing U.S. states in the year 2000 (Berglof and McLemore 2003). This mine 
feeds raw gypsum to the large wall-board manufacturing plant in Bernalillo, 21 miles to the southeast. The wall-board 
plant has been inactive since 2010 after the collapse of the real estate market, but could reopen and increase gypsum 
mining when the market recovers and construction activities resume. The Todilto Formation mines also supply small 
amounts of gypsum for cement and agricultural amendments (Berglof and McLemore 2003). Future mining of the 
Todilto gypsum in the Ojito/White Mesa region will further diminish habitat for Townsendia gypsophila and Abronia 
bigelovii, both of which are intolerant of soil disturbance and will not quickly reoccupy the remnant gypsum deposits in 
quarried areas. Previous comments in the Lowrey and Knight (1994) survey report that T. gypsophila habitats on the 
gypseous Morrison strata (now called Summerville strata) are not threatened by gypsum mining may be correct. 
However, the Summerville gypseous sandstone is only thin layer over the more pure and minable Tonque gypsum 
stratum of the Todilto Formation. The Summerville gypsum habitat layer could be removed and discarded as overburden 
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in a strip mining operation, if economically supported by gypsum commodity prices. Therefore, neither the Todilto nor 
Summerville gypsum habitats for rare gypsophilic are protected from mining impacts for the foreseeable future, except 
in Section 7 of the Ojito Wilderness Area. 
 
Infrastructure for natural gas development has already impacted the Ojito ACEC to some small extent. A natural gas 
pipeline crossed and disturbed a small area of gypsum habitat on the east rim of the anticline in the NE¼ of Section 17. A 
larger area of disturbance impacted the gypsum hill near the center of Section 20 by bulldozing roads and well pads for 
the Milpas Natural Gas Storage Facility. This facility is no longer operational, but the damaged crest of the hill has not 
been regraded to its original contour. Previous surveys documented hundreds of T. gypsophila plants in the vicinity of 
the storage facility.  Habitat and plants of T. gypsophila and A. bigelovii were likely lost to this development.  Ojito 
Wilderness gypsum habitats in Section 7 are protected from future energy infrastructure development, but ACEC 
habitats are not protected. 
 
Recreational bicycling is the most current and widespread land use impacting gypsum habitats in the Ojito ACEC, 
especially in the upper elevations of the Tierra Amarilla Anticline. The White Mesa Mountain Bike Trail Head begins at 
BLM parking area at the south end of the anticline and gives bicycle access to the eastern and western rims of the 
anticline – both of which are capped with gypsum. The official BLM mountain bike trail network is fairly extensive and is 
multiplied by numerous wildcat trails that significantly increase surface disturbance in the area (Figures 13 & 14). 
 
Although the nearly barren surfaces of gypsum outcrops may seem like suitable places to route trails and roads, they are 
actually quite fragile and biologically active surfaces. In addition to the rare gypsophilic vascular plant species, gypsum 
outcrops usually develop biological soil crusts formed by a surprising diversity of lichens and cyanobacteria 
(photosynthetic blue-green algae). These cryptogamic soil crusts are diverse biotic communities that contribute benefits 
to the larger ecosystem by controlling erosion, improving water infiltration, and converting inorganic elements such as 
nitrogen into biologically useful forms (Belnap et al. 2001a). In fact, the U.S. Department of Interior publication on the 
ecology and management of soil crusts (Belnap et al. 2001a) specifically advocates “Gypsiferous sites are worthy of 
protection because of their high potential for cover and biological crust diversity.” Species diversity of cryptogams in the 
soil crusts of the Ojito gypsum outcrops is evidently high (Figure 5), but that diversity has never been assessed or 
considered in land use planning. The extent to which rare gypsophilic vascular plants rely on the ecological services of 
biological soil crusts is not known, but there is likely some benefit being conferred to these rare plants, including 
increased seed, water, and macronutrient retention, seed germination and establishment, and overall survival (Belnap 
et al. 2001b). Recreational bicycling may occasionally directly impact and kill individual plants. However, the indirect 
impact of this activity on gypsum habitats, from compacting soils and eliminating biological soil crusts to increasing 
surface erosion, is becoming extensive in the Ojito ACEC and may therefore be the most significant current threat 
directly impacting rare gypsophilic species. 
 
Management opportunities are limited with respect to buffering impacts of climate change and prolonged drought 
conditions.  However, considering the apparent decline, overall rarity and current threats to Townsendia gypsophila and 
its habitat, it is highly recommended to restrict development in gypsum habitats, restrict or prohibit recreational 
bicycling and provide regular monitoring to document population trends. 
 



17 
 

 
Figure 13.  GoogleEarth image (6/25/2014) of recreational bicycle impacts to gypsum habitats in north-center of Section 

28, T15N, R1E northeast of the White Mesa Mountain Bike Trail Head in the Ojito ACEC. White surface is 
disturbed and gray or tan surface is undisturbed. 

 

 
Figure 14.  2014 Habitat condition in north-center of Section 28, T15N, R1E. 
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NOTEWORTHY BOTANICAL OBSERVATIONS 
 
Linum subteres (Utah yellow flax) has been known in the State of New Mexico from only a single 1981 collection with a 
vague locality of tan sandstone west of San Ysidro (Sivinski 2011). This species was relocated in Sections 21 and 28 
during 2015 survey of the Ojito ACEC and vouchered for the UNM Herbarium (Sivinski and Roth 8978, UNM). It co-occurs 
with Townsendia gypsophila, Abronia bigelovii, and Mentzelia todiltoensis and other more common gypsophilic plants 
on tan gypseous sandstone of the lower Summerville Formation. Specific localities are 35.502233 -106.835904; 
35.505156 -106.83548 and 35.51325 -106.83632 (WGS84). These population locations are relatively small in habitat size 
and numbers (a few hundred plants). 
 
This Ojito population of Linum subteres is noteworthy for two reasons. One is because it is geographically isolated from 
its nearest known location in northeastern Arizona by about 175 miles. The other reason is that the Ojito population has 
a flower color that appears to occur only in this New Mexico population. The Arizona and Utah populations have clear, 
bright yellow petals. The petals of the Ojito plants are also bright yellow, but the interior surfaces are streaked with red 
from about middle to within 2 mm of the base making a reddish corolla with a bright yellow ‘eye’ at the position of the 
ovary (Figure 15). This unique population could be useful to biologists who study speciation by genetic differentiation 
with geographic isolation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15.  Linum subteres in the Ojito ACEC. Corolla color variant with reddish markings. 
 
 
 
The 2015 portion of this survey also spent two days exploring the interior of the Ojito Wilderness Area for any gypseous 
strata. Almost all of the wilderness area (except parts of Section 7 and 8) are Morrison Formation sandstone and 
mudstone strata, hence no gypseous substrates were found in the wilderness interior. A single population of a very 
interesting Astragalus was found on silty sandstone near the confluence of Arroyo Querencia and Arroyo Bernalillito 
(35.514351 -106.891885 WGS84) and collected for the UNM Herbarium (Sivinski 8993 UNM). This population is 
tentatively identified as Astragalus cliffordii (Clifford’s milkvetch), which was previously thought to be a rare plant 
endemic to western McKinley County 100 miles to the west. The Ojito Wilderness plants are similar to A. cliffordii by 
having numerous wiry stems, lax racemes of tiny (<5 mm) flowers with pale lavender corollas and small, laterally 
compressed, few-seeded pods. The Ojito Wilderness population is strikingly different in its leaves, which lack leaflets 
and consist of only a slightly expanded rachis (Figure 16). Specimens collected in 1981 and 1982 from another nearby 
Ojito population 2 miles to the northeast (P.J. Knight 2187, UNM; Spellenberg and Soreng 6480, NMC, NY) do have a few 
leaflets on their leaves,  hence they are even more similar to A. cliffordii. These specimens were apparently not seen by 
Welsh and Atwood before they gave the McKinley County plants the name A. cliffordii in 2003. Rupert Barneby 
(deceased authority on Astragalus) did see the Knight and Spellenberg specimens in the 1980s and put them both into 
Astragalus wingatanus – a widespread and morphologically variable species. Welsh (2007) acknowledges the close 
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relationship of A. cliffordii to A. wingatanus, but apparently has a different opinion on the degree morphological 
difference that is worthy of taxonomic recognition. For the time being, the Ojito Wilderness population can be called A. 
cliffordii, which is considered a rare plant by the New Mexico Rare Plant Technical Council (1999). Additional habitats in 
the Ojito Wilderness Area should be searched for this, and other, rare plant species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16.  Astragalus cliffordii population lacking leaflets in Ojito Wilderness Area. 
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.01 Purpose.  The purpose of this manual is to provide policy and guidance for the 

conservation of BLM special status species and the ecosystems upon which they depend 
on BLM-administered lands.  BLM special status species are: (1) species listed or 
proposed for listing under the Endangered Species Act (ESA), and (2) species requiring 
special management consideration to promote their conservation and reduce the 
likelihood and need for future listing under the ESA, which are designated as Bureau 
sensitive by the State Director(s).  All Federal candidate species, proposed species, and 
delisted species in the 5 years following delisting will be conserved as Bureau sensitive 
species.    

 
.02  Objectives.  The objectives of the BLM special status species policy are:  
   
  A.  To conserve and/or recover ESA-listed species and the ecosystems on which they 

depend so that ESA protections are no longer needed for these species.   
  

B.  To initiate proactive conservation measures that reduce or eliminate threats to 
Bureau sensitive species to minimize the likelihood of and need for listing of these 
species under the ESA. 
  

.03  Authority. 
  
  A.  Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.), as amended. 
 
  B.  Sikes Act, Title II (16 U.S.C. 670g et seq.), as amended.  
 

C.  Federal Land Policy and Management Act of 1976 (43 U.S.C. 1701 et 
seq.), as amended (FLPMA). 
 
D.  Departmental Manual 235.1.1.A, General Program Delegation, Director, Bureau 
of Land Management.  

 
  E.  Departmental Manual 632.1.1-1.6, Endangered Species Management.  
 

F.  Secretarial Order 3206 (American Indian Tribal Rights, Federal–
Tribal Trust   Responsibilities, and the Endangered Species Act).  
 

 G.  Information Quality Act (44 U.S.C 3504(d)(1) and 3516). 
 

H.  Oregon and California Lands Act (43 U.S.C. 1181a, et seq.). 
 
.04  Responsibility. 
  

A.  The Director is responsible for overseeing implementation of Special Status 
species policies on BLM-administered lands, coordinating as needed with State 
Directors on select, multi-State species conservation issues, and making any 
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applications for project exemptions under Section 7(g) of the ESA to the Secretary of 
the Interior.  

 
B. The Assistant Director for Renewable Resources and Planning is responsible 
for the timely development, approval, and implementation of procedures for 
carrying out the BLM special status species policies.   

 
C.  The Chief, Division of Fish Wildlife and Plant Conservation, is responsible for 
initiating and recommending policies, objectives, general procedures, and priorities 
relating to Bureau sensitive species, federally proposed and listed species, federally 
proposed and designated critical habitat, and overall coordination of the special status 
species policies.  The Division Chief is also responsible for designating a National 
Program Lead whose responsibilities are: 

  
1. Developing and maintaining up-to-date policies pertaining to management of 
special status species on BLM lands.  
 
2. Developing agency budget documents pertaining to special status species 
management, and determining funding allocations to States. 

 
3. Coordinating with State program leads in all phases of implementation of the 
Bureau special status species program. 

 
4. Providing technical assistance and guidance to other BLM Washington Office 
programs to ensure proper consideration of BLM special status species matters in 
those programs. 
 
5. Maintaining appropriate interactions with the headquarters of other Federal 
agencies and bureaus, national conservation organizations, international 
conservation groups, and individual authorities to advance the objectives of the 
BLM special status species program. 
 
6. Maintaining a thorough knowledge of the legislation, regulations, court 
rulings, and litigation actions relative to Bureau sensitive species, federally 
proposed and listed species, and proposed and designated critical habitat, and 
communicating the implications of these actions to BLM decision makers and 
staff.  
 
7. Working with the National Training Center and other agencies to develop 
training and orientation materials relevant to this policy. 

 
  D.  The State Directors are responsible for:  
 

1. Developing and implementing procedures for the conservation of special 
status species on BLM-administered lands within their States. 
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2. Coordinating the BLM special status species conservation efforts with 
adjoining BLM State Offices, State and other Federal agencies, various private 
organizations, and BLM stakeholders.   
 
3. Inventorying BLM lands to determine which BLM special status species occur 
on public lands, the condition of the populations and their habitats, and how 
discretionary BLM actions affect those species and their habitats.  
 
4. Designating Bureau sensitive species within their respective jurisdictions and, 
at least once every 5 years, reviewing and updating the Bureau sensitive species 
list in coordination with State agencies that are responsible for fisheries, wildlife, 
and botanical resources.    
 
5. Ensuring that when BLM engages in the planning process, land use plans and 
subsequent implementation-level plans identify appropriate outcomes, strategies, 
restoration opportunities, use restrictions, and management actions necessary to 
conserve and/or recover listed species, as well as provisions for the conservation 
of Bureau sensitive species.  In particular, such plans should address any 
approved recovery plans and conservation agreements.  

 
6. Ensuring that all actions comply with the ESA, its implementing regulations, 
and other directives associated with ESA-listed and proposed species, including 
compliance with Section 7 consultations and conferences with the U.S. Fish and 
Wildlife Service (FWS) and National Marine Fisheries Service (NMFS).  

 
7. Providing an annual summary of ESA-related expenditures, and other 
program performance and related information to the Washington Office on an as-
needed basis.  

 
  8.   Designating State Program Leads, whose responsibilities are to: 

 
a. Initiate and provide technical support to other BLM personnel in the 
development of conservation strategies for special status species on BLM 
lands. 

 
b. Monitor implementation of Bureau sensitive species activities and policies 
within the state, and develop state level policies as needed to ensure program 
objectives are met. 

 
c. Collaborate with other program leads at the state level to ensure objectives 
of the BLM special status species program are integrated in those programs as 
appropriate. 

 
d. Maintain a cooperative working relationship with State and Federal 
agencies and local conservation groups, especially their respective state 
agencies with authority for listed species, wildlife, fish, and plants, and the 
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regional and local offices of the FWS and NMFS. 
 

e. Recommend funding allocations that will best achieve the objectives of 
this policy and track expenditures to determine if the allocated funds have 
been appropriately expended.  
 
f. Recommend and develop training material to keep field and district offices 
current on policies and direction changes. 

 
E.  District Managers and Field Managers are responsible for implementing 
the BLM special status species policies and program within their area of 
jurisdiction by:  

 
1. Implementing conservation strategies for BLM special status species as 
contained in approved recovery plans, cooperative agreements, and other 
instruments the BLM has cooperatively participated in the development of. 
 
2. Conducting and maintaining current inventories of BLM special status species 
on BLM-administered lands. 
 
3. Ensuring that all actions undertaken comply with the ESA, its implementing 
regulations, and other directives associated with ESA-listed and proposed species. 

 
4. Ensuring that the results of formal Section 7 consultations, including 
mandatory terms and conditions in incidental take statements that are consistent 
with 50 CFR 402 regulations, are implemented and documented in the 
administrative record. 
 
5. Coordinating field office activities with Federal, State, and local groups to 
ensure the most effective program for BLM special status species. 

 
6. Ensuring that land use and implementation plans fully address appropriate 
conservation of BLM special status species.  
 
7. Monitoring populations of Bureau special status species to determine whether 
management objectives are being met.  Records of monitoring activities are to be 
maintained and used to evaluate progress relative to such objectives.  Monitoring 
shall be conducted consistent with the principles of adaptive management as 
defined in Department of the Interior policy, as appropriate.  
 

.05  References.  
 
 A.  50 CFR Part 17—Endangered and Threatened Wildlife and Plants.  
 
 B.  50 CFR Part 17—Subpart H—Experimental Population.  
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 C.  50 CFR Part 226—Designated Critical Habitat.  
 
 D.  50 CFR Part 402—Interagency Coordination—Endangered Species Act of 1973,  

 as amended.  
 

E.  50 CFR Part 424—Listing Endangered and Threatened Species and 
Designating Critical Habitat.  
 

 F.  50 CFR Part 451—Application Procedure.  
 
G.  43 CFR 4180—Fundamentals of Rangeland Health and Standards and   
Guidelines for Grazing Administration. 
 
H.  68 FR 68255 (December 8, 2003)—Joint Counterpart Endangered Species Act 
Section7 Consultation Regulations.
 

 I.  BLM Manual Section1601—Land Use Planning.  
 
 J.  BLM Handbook H-1601—Land Use Planning Handbook.  
 

K.  BLM Manual 1745—Introduction, Transplant, Augmentation, and Reestablishment 
of Fish, Wildlife, and Plants.  

 
L.  BLM Manual 1740—Renewable Resource Improvements and Treatments. 
 
M.  BLM Handbook H-1740-2—Integrated Vegetation Management Handbook.

 
N.  BLM Handbook H-4180-1—Rangeland Health Standards Handbook. 
 
O.  FWS and NMFS Endangered Species Consultation Handbook (March 1998). 
 
P.  FWS Director, June 25, 2002, Memorandum on Arizona Cattle Growers Decision and 
Solicitor’s opinion. 

 
 Q.  Norton v SUWA, 542 US 55 (2004). 
 
 R.  National Association of Homebuilders v Defenders of Wildlife, 127 S. Ct. 2518 

(2007). 
 
 S.  Forest Guardians v Forsgren, 478 F.3d 1149 (10th Cir 2007). 
 
 T.  Western Watersheds Project v Bureau of Land Management, 552 F. Supp. 2d 1113  

(D. N.V. 2008). 
 
 U.  Western Watersheds Project v Matejko, 468 F.3d 1099 (9th Cir 2006). 
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 V.  Arizona Cattle Growers Association v Fish and Wildlife Service, 273 F.3d 1229 
(9th Cir 2004). 

 
 W.  Gifford Pinchot Task Force v Fish and Wildlife Service, 378 F.3d 1059  

(9th Cir 2004). 
  
 X.  Application of the Endangered Species Act to proposals for access to non-Federal 

lands across lands administered by the Bureau of Land Management and the U.S. 
Forest Service, signed January 2003. 

 
.06  Policy.  Actions authorized by the BLM shall further the conservation and/or recovery of 

federally listed species and conservation of Bureau sensitive species.  Note that 
“conservation” has a different meaning depending on whether it is referring to ESA listed 
species or Bureau sensitive species.  See glossary.  Bureau sensitive species will be 
managed consistent with species and habitat management objectives in land use and 
implementation plans to promote their conservation and to minimize the likelihood and 
need for listing under the ESA.   

 
 The BLM shall retain in Federal ownership those habitats essential for the 

conservation of any listed species, particularly those that are part of a broader, logical 
public land ownership management unit.  The BLM may dispose of lands providing 
habitat for listed species, including critical habitat, only following consultation with 
the FWS or NMFS and upon a determination that such action is consistent with 
relevant law.  This policy does not apply to any lands conveyed pursuant to the Alaska 
Native Claim Settlement Act.  

 
.1  Administration of the ESA.  The administration portion of this manual is divided into three 
separate parts: (1) species and habitats listed under the ESA, (2) species identified by BLM as 
Bureau sensitive and (3) general cooperation on BLM special status species management.  
The BLM shall conserve federally listed species by fulfilling the requirements of the ESA as 
described in this section.  The Bureau sensitive species shall be conserved through the use of 
management practices as described in Section .2.  
 
Various provisions of the ESA, as amended, apply to plants and animals that have been listed 
as endangered or threatened, those proposed for being listed, and designated and proposed 
critical habitat.  The BLM shall conserve listed species through administration of the various 
sections of the ESA that apply to Federal agencies.  When administering the ESA, the BLM 
shall use the best scientific and commercial data available.  The BLM shall comply with all 
applicable sections of the ESA as follows: 
 

A.  Section 2 (Findings, purposes, and policy).  The BLM shall, consistent with 
Section 2 of the ESA, seek to conserve endangered and threatened species and shall 
utilize its authorities in furtherance of the purposes of the ESA.  In addition:  

 
1.  Federal Agency Cooperation.  The BLM will cooperate with other Federal 
agencies as follows: 
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a.  Seek to improve efficiency by combining efforts with other Federal 
agencies  to foster better working relationships and promote the conservation 
of listed species.  

 
b.  Establish or participate in existing regional interagency working groups 
that identify geographic areas within which the groups will coordinate agency 
actions, create opportunities, and overcome barriers to conserve listed species 
and the ecosystems upon which they depend.  

 
c.  Participate in national ESA working groups to coordinate the 
implementation of the ESA.  

 
2.  State and Local Agency Cooperation.  As specifically addressed in Section 2 
of the ESA, the BLM shall cooperate with State and local agencies to resolve 
water resource issues in concert with conservation of endangered species.  The 
BLM should:  

 
a.  Participate on watershed councils.  

 
b.  Provide technical assistance to State and local agencies on species, critical 
habitats, and resources. 

 
c.  Actively engage in the Federal Energy Regulatory Commission licensing 
and relicensing process for hydropower projects affecting ESA-listed and 
proposed species on BLM-administered lands. 

 
B.  Section 4 (Determination of endangered species and threatened species, 
designation of critical habitat and development of recovery plans).  While it is the 
responsibility of the FWS and/or NMFS to list threatened or endangered species and 
designate critical habitat, the BLM should provide relevant information to the FWS 
and/or NMFS on species or habitats proposed for listing and may petition to add a 
species to, or to remove a species from, the threatened or endangered species list.  In 
addition, the BLM should provide information to the FWS and/or NMFS on 
proposed critical habitat for BLM-administered lands as per the policy at .1.B.3 of 
this Manual, and cooperate, as appropriate, with the FWS and/or NMFS in 
developing recovery plans for listed species that occur on BLM-administered lands.  
In the development of BLM comments on recovery plans, listing proposals, or 
critical habitat proposals involving species distributed across more than one state, 
the BLM will consider designation of a lead State Office or the Washington Office 
to prepare consolidated agency comments.  The decision on preparation of such 
comments will be jointly agreed to among the affected State Offices and the 
Washington Office. 

 
1.  Determination of endangered or threatened status.  Determination of 
endangered or threatened status of species by the FWS and/or NMFS is provided 
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for in Section 4 of the Endangered Species Act and the procedures in 50 CFR Part 
424.  BLM should provide assistance to the FWS and/or NMFS for actions that 
affect BLM-administered land, including as follows:  

 
a.  Responsibilities.  The BLM is responsible for preparing and maintaining, 
on a continuing basis, a current inventory of the public land and its resources 
(FLPMA, 43 U.S.C. 1701 Sec.201 (a)). This inventory information, along 
with monitoring data collected under a variety of programs, shall be used to 
evaluate the current status and trends of plants and animals and their habitats 
on BLM-administered lands, and to respond to FWS and/or NMFS Federal 
Register Notices of species status review (e.g., 90-day, 12-month, 5-year, and 
annual candidate reviews). 

 
b.  Petitions.  When conditions warrant, the BLM Director may petition the 
FWS and/or NMFS to change the status of any species or revise critical 
habitat.  These petitions shall contain appropriate biological evidence to 
substantiate any proposed change. 

 
(1)  A petition to delist a species or downlist a species from endangered to 
threatened must demonstrate clearly that the recovery plan objectives have 
been met or that there is new evidence to show that the conditions on 
which the initial listing was based no longer exist.  Petitions to delist 
should also include a statement on how the BLM intends to manage the 
species to ensure that the provisions of the ESA will not be required in the 
future.   
 
(2)  Petitions to list or delist a species must be based solely on substantial 
scientific information for the species and its habitat, and must address the 
five factors for listing included in Section 4 of the ESA. 

 
(3)  All petitions shall be coordinated with the appropriate State agency 
having responsibility for the species involved.  

 
2.  Recovery plans.  Recovery plans are prepared by the FWS and/or NMFS and 
establish recovery objectives for a species, provide a listing of tasks necessary to 
achieve those objectives, and recommend assignments to involved agencies to 
carry out these tasks.  A primary function of recovery plans is to combine 
programs of all agencies involved in managing a species into a coordinated 
management effort. The BLM will incorporate objectives and actions identified 
in recovery plans into BLM documents, as appropriate.  Examples of such 
documents include land use plans, implementation level plans, and species 
conservation plans or agreements.  

 
a. Recovery Teams.  The FWS and/or NMFS often request that the BLM 
provide representatives to serve as members on recovery teams to assist in 
preparation of recovery plans for species where public land has a significant 
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role in recovery.  These requests usually include a suggestion for a particular 
employee with special qualifications.  

 
(1)  State Directors should make employees with special expertise 
available and provide support as appropriate to help ensure timely 
completion of recovery plans. 

  
(2)  BLM employees should accept these nominations.  The role of the 
team member is to be a technical expert and advisor, to provide biological 
input for the species and its habitat, and to inform the recovery team of 
BLM policies, programs, and procedures.  

 
(3)  For species that range across multiple states, the BLM employee on 
the recovery team shall coordinate with the other affected BLM State 
Offices. 

 
(4)  BLM employee participation in recovery plan preparation does not 
indicate BLM Director or State Director endorsement of the plan. 

  
b.  Technical Review Drafts.  The appropriate State Office or selected BLM 
representative should review technical review drafts of recovery plans to 
ensure that the information is biologically correct and complete.  This review 
and input represents State Director formal response to the review draft.  

 
c.  Agency Review Drafts.  All BLM offices that will be involved in 
implementation of a particular recovery plan should review draft plans.  The 
State Director(s) in the affected State(s) shall designate a BLM lead office to 
complete the following analysis using field office input:  

 
(1)  Determine whether measurable objectives are stated clearly. 

 
(2)  Identify any conflicts with other laws, regulations, and policies 
governing BLM programs and activities. 
 
(3)  Identify constraints on other BLM programs, activities, or practices 
mentioned or implied in the plan. 
 
(4)  Evaluate the effects of planned actions carried out by other 
cooperators on BLM programs. 
 
(5)  Identify any inconsistencies with other BLM plans, ongoing programs, 
or ongoing practices.  Initiate efforts to make appropriate adjustments to 
meet recovery needs.  
 
(6)  Check accuracy of cost estimates for BLM tasks, and evaluate 
economic feasibility of accomplishing the assigned tasks within existing 
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and prospective staffing and budgetary constraints. 
  

3.  Critical Habitat Proposals on BLM-administered Lands.  Whenever the FWS 
and/or NMFS propose to designate critical habitat on BLM-administered lands, 
the State Director(s) should provide a written response to the Federal Register 
notice that identifies any special management considerations that are in place on 
BLM lands.  Where the State Director determines that adequate conservation 
measures are in place, and that the benefits, including economic benefits, of 
excluding BLM lands from critical habitat designation exceed the benefits of 
inclusion of BLM lands, the State Director shall request exclusion of BLM lands 
from the critical habitat designation pursuant to Section 4(b)(2) and/or Section 
3(5)(A) of the ESA.  For proposals across multiple States, the Director will 
coordinate with the States and submit such information.  

 
4.  Delisted Species.  The objectives of recovery plans and actions should 
ultimately be species recovery and removal from the Federal threatened or 
endangered species list (delisting).  Pursuant to the ESA, FWS and/or NMFS are 
required to monitor delisted species for a minimum of 5 years.  The BLM shall 
work with partners such as the FWS, NMFS, State agencies, and others, as 
appropriate, to monitor delisted species.  

 
C.  Section 5 (Land Acquisition).  This section authorizes the Secretary of the 
Interior to use Land and Water Conservation funds to acquire lands to conserve 
fish, wildlife, and plants, including those that are listed as endangered species or 
threatened species.  When the BLM engages in the land use planning process, it 
will identify appropriate opportunities for acquisition by purchase, donation, land 
exchange, conservation easement, or other means, of land, water, or interests 
therein for the purpose of conserving fish, wildlife and plants, including listed 
species.  

 
D.  Section 6 (Cooperation with States).  This section authorizes the Secretary to 
cooperate to the maximum extent practicable with States, including entering into 
management agreements and cooperative agreements for the conservation of 
threatened and endangered species.  The BLM should implement this section through 
a State level memorandum of understanding by providing technical assistance to, and 
coordinating with, State agencies responsible for the conservation of endangered and 
threatened species. 
 
E.  Section 7(a)(1) (Conservation Programs).  Section 7(a)(1) requires the BLM to 
use its authorities to further the purposes of the ESA by implementing programs for 
the conservation of threatened and endangered species and the ecosystems upon 
which they depend.  Ways in which the BLM can carry out these responsibilities 
include, but are not limited to:   

 
1.   Developing and implementing activities that provide for the conservation and 
recovery of species listed pursuant to the ESA.  
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2.  Undertaking actions designed to maintain the integrity of the primary 
constituent elements of federally designated critical habitat on BLM-administered 
lands.  

 
3.  Ensuring that BLM actions are not likely to jeopardize the continued existence 
of any endangered species or threatened species or destroy or adversely modify 
designated critical habitat.  

 
4.  Determining, to the extent practicable, the occurrence, distribution, population, 
and habitat condition of all ESA-listed species on BLM-administered lands, and 
evaluating the significance of BLM-administered lands in the conservation of 
those species.  
 
5.  Developing and implementing agency land use plans, implementation plans, 
and actions in a manner consistent with conservation and/or recovery of listed 
species.  
 
6.  Monitoring and evaluating ongoing management activities to ensure 
conservation objectives for listed species are being met.  
 
7.  Cooperating with the FWS and/or NMFS and other interested parties in species 
recovery and conservation as provided in species recovery plans.  Such actions 
may include species reintroductions, which shall be carried out in conformance 
with BLM Manual 1745. 
 
8.  Implementing conservation recommendations included in biological opinions 
if they are consistent with relevant law and policy and are technologically and 
economically feasible. 
  

F.  Section 7(a)(2) (Consultation).  The procedures for carrying out Section 7(a)(2) 
are included in 50 CFR Part 402, Interagency Cooperation and the counterpart 
regulations developed for National Fire Plan projects (50 CFR Part 402.30-34).  
Whenever the BLM is considering a discretionary action that may affect a listed or 
proposed species or designated or proposed critical habitat, the BLM should 
consider engaging the FWS and/or NMFS early in the project development process 
and seek recommendations designed to minimize or avoid potential adverse affects 
to resources protected under the ESA.     

 
1.  Discretionary and Nondiscretionary Agency Actions.  Section 7(a)(2) applies 
to affirmative “agency actions” that are authorized, funded, or carried out by the 
BLM.  The BLM must also have discretion to undertake the action.  See Part b, 
below.  Illegal and prohibited actions (e.g., trespass grazing) are not Federal 
actions and therefore do not require consultation.  

 
a.  Consultation requirements apply to all discretionary actions that are 
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authorized, funded, or carried out by the BLM, whether or not:  
 

(1)  The species or critical habitat occurs on BLM-managed lands. 
 

(2)  The proposed action occurs, either wholly or in part, on BLM-
managed lands. 

 
(3)  The BLM itself carries out the proposed action. 

 
(4)  The species occurs on non-Federal surface lands and the BLM 
manages the subsurface mineral estate (split-estate lands). 
 

b.  Determining if an Action is Discretionary or Nondiscretionary.   
 

(1)  Generally, actions that the BLM is statutorily required to perform, 
with no discretion to take an action to inure to the benefit of, including 
limiting the impacts of action on, a listed species or designated critical 
habitat, are not discretionary, and therefore initiation of consultation is not 
required.  Reinitiation of consultation is slightly different and is discussed 
in section .1.F.5.h.  However, if the BLM’s discretion is constrained by its 
own regulation or otherwise, initiation of consultation is generally still 
required.  Examples of statutory nondiscretionary activities include 
patenting of mining claims and land conveyances pursuant to the Alaska 
Native Claims Settlement Act.  When field managers are uncertain 
whether particular actions are nondiscretionary for purposes of ESA 
consultation, they should seek guidance from their respective State Office. 

 
(2)  Pre-ESA authorizations to Private Parties.  When the BLM has 
authorized actions by private parties on public lands before the enactment 
of the ESA, it only has to consult on post-ESA activities conducted by 
those private parties if it retains discretionary involvement or control over 
those private actions sufficient to take some action to inure to the benefit 
of, including limiting the impacts of action on, a listed species or 
designated critical habitat.  If the BLM did not retain such discretionary 
involvement or control, consultation on further BLM action is not 
required.  For example, the BLM need not consult on activities conducted 
by private parties on BLM rights-of-way granted before the ESA if the 
right-of-way does not grant it sufficient discretionary control to take 
actions that inure to the benefit of, or limit the impacts of action on, a 
listed species or designated critical habitat.     

 
c.  Even if an action is determined to be nondiscretionary on behalf of the 
BLM, provisions of the ESA may be applicable to the outside entity involved 
with the activity.  In such situations, the BLM’s responsibilities are as follows:  

 
(1)  If the BLM has reason to believe a nondiscretionary action involving 
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BLM-administered lands may affect listed species or designated critical 
habitat, the BLM shall provide written notification to any person or 
persons involved that ESA-listed species or designated critical habitat are 
present.  

 
(2)  If the outside entity involved with the nondiscretionary action wishes 
to develop measures that would eliminate effects on listed species or 
designated critical habitat, the BLM shall arrange for the participation of 
BLM specialists and, if needed, specialists from the FWS and/or NMFS 
during the process of developing such measures.  

 
2.  Characterizing the Proposed Action, Action Area, Interrelated and 
Interdependent Actions, Effects of an Action, and the Environmental Baseline.  
When the BLM is carrying out its consultation and conference responsibilities 
under Section 7(a)(2) (see Sections 3, 4, and 5), it is critical to properly 
characterize the proposed action, the action area, the environmental baseline, and 
effects.  Cumulative effects are considered in relation to the requirements of the 
ESA only during the formal consultation process and are discussed in Section 
.1.F.2.e.(3). 

 
a.  Proposed Action.  The proposed action includes any species conservation 
measures.  These actions can include both on-site actions to minimize or avoid 
effects to listed species or critical habitat and off-site conservation actions for 
the benefit of listed species.  Although off-site compensatory mitigation may 
not be used as a means of reducing the effects on the listed species at the site, 
such actions can be used by the BLM as a means of furthering its conservation 
objectives under Section 7(a)(1) of the ESA and as a means of meeting 
resource objectives under land use plans. 
 
b.  Action Area.  The action area includes those areas affected directly or 
indirectly by the action, not merely the footprint of the action.  For example, 
noise disturbance resulting from the action that may be transmitted beyond the 
immediate project area must be assessed as part of the proposed action. 
  
c.  Interrelated and Interdependent Actions.  Interrelated actions are those 
actions that are part of a larger action and depend on the larger action for their 
justification.  Interdependent actions are those that have no independent utility 
apart from the action under consideration.  The “but for” test should be used 
to assess whether an action is interrelated or interdependent to the proposed 
Federal action.  If the activity would not occur “but for” the proposed Federal 
action, then the activity is interrelated or interdependent and must be 
considered during consultation on the proposed Federal action.  If the Federal 
action merely facilitates the implementation of a subsequent action that may 
cause an effect on a listed species, those subsequent effects are not effects of 
the Federal action and are not subject to consultation.  If however, the Federal 
action is essential for implementing a subsequent action, the effects of both 
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the Federal action and subsequent action need to be analyzed in the 
consultation.   

 
(1)  Rights-of-Way.  If the Federal action is an authorization for a right-of-
way to private land, yet there is alternative access for the project 
proponent, only effects from the Federal right-of-way need to be analyzed.  
If there is no alternative access, effects from both the Federal action and 
private action need to be analyzed in the consultation.  Unless otherwise 
requested by an applicant (see section .1F.8.), the consultation process 
associated with the Federal action can only be used to condition activities 
on Federal lands. 

 
(2)  Split-Estate Federal Minerals.  When necessary to comply with the 
ESA, the BLM or project proponent shall collect information to support an 
analysis of the effects to listed and proposed species as part of an effect 
determination for the proposed action in a biological assessment.  This 
may include the need for conducting inventory of either ESA listed or 
proposed species on private surface lands.  The BLM or the Federal 
mineral lessee has the right to enter the property for this purpose, since it 
is a necessary prerequisite to development of the dominant mineral estate.  
When sufficient information already exists, the BLM may proceed through 
the Section 7 consultation process using the existing information and 
determine appropriate measures to avoid and minimize effects on listed 
species and their habitats.   
 
The BLM will take the lead in completing consultation on the proposed 
action unless the surface estate is administered by another Federal agency 
that elects to serve as the lead for consultation, or the project proponent is 
designated as the non-Federal representative by the Federal agency 
managing the surface or by the BLM (see section .1.F.8).   

 
d.  Environmental Baseline.   The environmental baseline is the condition of a 
species or critical habitat at a specified time within the action area.  The 
baseline does not include effects of the action under review for consultation.  
It does include the Federal, tribal, State, local, and private actions already 
affecting a species or critical habitat, or those that will occur while the 
consultation is in progress.  Federal actions unrelated to the action under 
consultation that have affected or are affecting the species or critical habitat 
and have a completed formal, informal, or early consultation are part of the 
baseline. 
  
e.  Types of Effects.  There are three types of effects that are considered under 
Section 7(a)(2) of the ESA: direct effects, indirect effects, and cumulative 
effects.  Each type of effect is described below.  In addition, when considering 
the effects of a proposed action under Section 7(a)(2), the BLM is required to 
consider the effects of interrelated or interdependent actions.   
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(1) Direct Effects.  Those effects caused by the action and that occur in the 
same time and place.  Direct effects are immediate, natural causes of 
taking the proposed action.  Effects of future federal actions cannot be 
direct effects. 

 
(2)  Indirect Effects.  Those effects caused by the action that are later in 
time, but reasonably certain to occur.   
 

(a) “Caused by.”  For a particular effect on a species or critical habitat 
to be caused by a particular action, there must be a close causal 
connection between the action and the effect.  This means that the 
particular effect must not be able to occur “but for” the action under 
consultation.  Thus, if the effect may occur without the action under 
consultation taking place, the “but for” portion of the test is not met 
and the effect need not be considered.  

 
      (b) “Reasonably Certain to Occur.”  For a particular effect to be an 

effect subject to consultation, it must be reasonably certain to occur.  
This determination cannot be based on speculation or the mere 
possibility of an effect on a listed species or critical habitat.  In the 
context of indirect effects, “reasonably certain to occur” may be 
evidenced by appropriations, work plans, permits issued, or budgeting; 
they follow a pattern of activity undertaken in the action area; or they 
are the logical extensions of the proposed action.  

 
(3)  Cumulative Effects.  In accordance with Section 7 regulations, the 
FWS and/or NMFS is required to consider cumulative effects in formal 
consultation when determining whether or not an action is likely to 
jeopardize the continued existence of a species.  The regulations require 
the BLM to provide an analysis of cumulative effects for projects entering 
formal consultation.  Cumulative effects, as defined for the purposes of the 
ESA, involve those effects from future non-Federal actions (tribal, State, 
local, private and other entities) that are reasonably certain to occur within 
the action area.  See the discussion under indirect effects for an 
explanation of “reasonably certain to occur.”  Future Federal actions are 
not considered as they will be subject to consultation when they are 
proposed.  When making the “reasonably certain to occur” determination 
in the context of cumulative effects, the BLM must examine the effects of 
these actions that are likely to occur, bearing in mind the economic, 
administrative, or legal hurdles that remain to be cleared.  Indications of 
this likelihood include approval of the action by the appropriate 
government unit(s), evidence of funding having been obtained by project 
sponsors, or the initiation of contracts.  These future non-Federal actions 
are reasonably certain to occur if approval by all non-Federal agencies or 
governments granting authority for the action is reasonably certain and 
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economically viable.  Past and ongoing effects are considered part of the 
environmental baseline and are not considered cumulative effects. 
 

(4)  Distinguishing between National Environmental Policy Act 
(NEPA) effects and ESA effects.  NEPA and the ESA have different 
purposes and impose different analytical standards.  While the NEPA 

  and ESA standards for direct effects are very similar, there is an 
  important difference between the acts regarding the standards for 

indirect and cumulative effects.  Under NEPA, indirect or cumulative 
effects must be reasonably foreseeable.  In contrast, the ESA and its 
regulations require that such effects be reasonably certain to occur.  Thus, 
effects that may be required to be considered under the NEPA analysis 
standard may not necessarily require consideration under the ESA.  In 
addition, under NEPA, cumulative effects include the effects of both 
Federal and non-Federal actions, whereas under ESA, cumulative effects 
do not include Federal actions. 

 
3.  “May Affect” Determination.  If the BLM is taking a discretionary agency 
action, it must determine if the action “may affect” a listed species or designated 
critical habitat.  If the BLM determines that ESA-listed species or designated 
critical habitat may be affected by an action, either positively or negatively, then 
the BLM must engage in either informal or formal consultation.  In addition, the 
FWS and/or NMFS may request that the BLM enter into consultation if they 
identify an action for which there has been no consultation that may affect a listed 
species or designated critical habitat.  If the BLM determines, after a review of the 
project and any interrelated or interdependent actions, that there is no reasonable 
likelihood that listed species are in the action area, or that there will be no direct 
or indirect effects to the species in the action area, the action is determined to 
have “no effect” on listed species or critical habitat.  No consultation is required 
under these circumstances.  The administrative record should document these 
conclusions.   
   
4. Informal Consultation.  Informal consultation is a process that includes all 
discussions and correspondence between the FWS and/or NMFS and the BLM or 
its designated non-Federal representative.  Its purpose is to assist the BLM in 
determining if formal consultation is required.   

 
If the BLM determines that its particular discretionary agency action “may 
affect” a listed species or designated critical habitat, it must then determine 
whether the action is likely to adversely affect (LAA) any listed species or 
designated critical habitat or not likely to adversely affect (NLAA) such 
resources.   
 
The consultation regulations at 50 CFR 402.12 only require preparation of a 
biological assessment (BA) when an action agency proposes a “major 
construction activity,” which is defined as an action requiring preparation of an 
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environmental impact statement pursuant to the National Environmental Policy 
Act.  However, the BLM will prepare a BA for submittal to FWS and/or NMFS 
when seeking concurrence on an NLAA determination.  The scope and content 
of a BA prepared by the BLM shall be directly related to the level of potential 
effect on listed species or designated critical habitat.  See Section .1F.5.a.(2) for 
guidance on the preparation of a BA. 
 
Not likely to adversely affect (NLAA) is the appropriate conclusion when a 
causal mechanism for creating an effect exists, and the effect is 1) discountable, 
2) insignificant, or 3) completely beneficial.  These effects have an extremely 
low probability of occurrence (discountable); cannot be translated into any 
significant measurable effect on the species even when effects on habitat can be 
measured (insignificant); or are completely beneficial.  For discountable and 
insignificant, the risk of harm or harassment is so low that a reasonable person 
would not consider it a factor in making a decision on the proposed action.  

 
Likely to adversely affect (LAA) is the appropriate conclusion if a causal 
mechanism exists within the action area that creates a direct or indirect effect, or 
an effect from an interrelated or interdependent activity, that is not discountable, 
insignificant, or completely beneficial.  Adverse effects are those where the 
likelihood of “take” resulting from the action is not insignificant, and evidence is 
present in a logical analysis to support this determination to the extent that a 
reasonable person would agree with the determination.   
 
If the BLM determines that the action is LAA, formal consultation is required.  If 
the BLM determines a proposed action is NLAA a listed species or designated 
critical habitat, the agency must request that the FWS and/or NMFS concur in 
that determination.  If the FWS and/or NMFS indicate they are unlikely to 
support an NLAA determination, the BLM should consider further discussion 
with the Services directed at resolution of outstanding questions and possible 
development of additional measures to reduce potential effects on listed species 
or designated critical habitat.  If the FWS and/or NMFS refuse to concur in a 
BLM determination that an action is NLAA, formal consultation is required.  
Similarly, if the BLM determines that an action is LAA, formal consultation is 
required. 

 
Informal consultation does not conclude until the BLM has written concurrence 
of its determination from the FWS and/or NMFS, until the procedures specified 
under counterpart regulations at 50 CFR 402.34 have been fulfilled, the BLM 
makes a determination of no effect, or until the BLM enters formal consultation 
with the FWS and/or NMFS. 
 
5.  Formal Consultation.  Formal consultation is required on all actions that may 
affect a listed species, or any designated critical habitat, unless written 
concurrence that an action is not likely to adversely affect the species is received 
from FWS and/or NMFS, or the action qualifies for an alternative consultation 
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under an alternative consultation agreement pursuant to the counterpart 
regulations for national fire plan projects.  When it is determined by the BLM 
that a proposed action may affect and is likely to adversely affect a listed species 
or designated critical habitat, the BLM shall initiate formal consultation.  Formal 
consultation is conducted to determine if the proposed action is likely to 
jeopardize the continued existence of a listed species or result in the destruction 
or adverse modification of designated critical habitat.  Formal consultation is 
initiated with submission of a completed biological assessment and a written 
request to initiate formal consultation.     

 
a.  Providing Information.  During formal consultation, the BLM shall provide 
the FWS and/or NMFS with the best scientific and commercial information 
available for an adequate review of the effects that a proposed action may 
have on a listed species or designated critical habitat.  If information is 
lacking, the FWS and/or NMFS can request that the BLM conduct additional 
surveys or studies to better address listed species issues.  Although additional 
surveys or studies are not required by the ESA, and in many situations may 
not be practicable, they can be in the BLM’s best interest, as the FWS and/or 
NMFS generally err on the side of conserving listed species when rendering a 
biological opinion based on limited information.  In some situations, it may be 
necessary to enter consultation with the presently available best scientific and 
commercial data. 
 

(1)  The BLM shall request in writing a list from the FWS and/or NMFS 
of listed species and designated critical habitat in the action area of a 
major construction activity.  The BLM may request in writing from FWS 
and/or NMFS a list of species or designated critical habitat for any other 
agency action.  In lieu of requesting such a list, the BLM may determine 
the presence of listed species or designated critical habitat within the 
action area and request concurrence from the FWS and/or NMFS.  

 
(2)  The BLM shall prepare a biological assessment (BA), as described in 
50 CFR 402.12 and 402.14, as the means of providing the best scientific 
and commercial information available to the FWS and/or NMFS.   

 
(a)  When to prepare a BA.  A biological assessment shall be prepared 
for all actions on which formal consultation is necessary.  In some 
instances, the BLM may satisfy the requirement to prepare a BA by 
incorporating by reference material from a previous biological 
assessment pertaining to a similar action or through preparation of an 
environmental assessment or environmental impact statement. 

 
(b)  BA contents.  By regulation, the contents of a BA are at the 
discretion of the Federal action agency; however, they shall be based 
on the best available scientific and commercial data, and shall clearly 
document the logic used by BLM in reaching its determination of 
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effects.  The consultation regulations (50 CFR 402.12.j) contain 
recommended contents of a BA.  The content of a BA prepared by the 
BLM for either informal or formal consultation will contain the same 
information, except that a BA prepared for informal consultation will 
not include a discussion of cumulative effects.  BAs prepared by the 
BLM will contain the following information: 
   

(i)  A clear, thorough description of the action, including any 
actions to minimize or avoid adverse effects on listed species or 
designated critical habitat. 
 
(ii)  A description of the area that may be directly or indirectly 
affected by the action. 
 

 (iii)  Identification of any interrelated or interdependent actions.  
 

(iv)  A description of any listed species or designated critical 
habitat that may be affected, including the results of any on-site 
inspection(s) of the action area to determine if listed or proposed 
species are present or occur seasonally. 

 
(v)  A review of the literature, and any other pertinent information, 
including available views of recognized experts on the species at 
issue. 

 
(vi)  An analysis of the direct and indirect effects of the action and 
any interrelated or interdependent actions on the listed species and 
critical habitat.   
 
(vii)  A determination of effects that is clearly supported by the 
analysis of effects. 
 
(viii)  Identification of any alternate actions considered by the 
Federal agency for the proposed action. 
 

     (ix)  For formal consultation only, an analysis of cumulative 
      effects. 

 
While it is important to analyze and document the effects of actions on 
Bureau sensitive species and “no effect” determinations for listed species 
in NEPA documents, these analyses will not be included in BAs provided 
to the FWS and/or NMFS. 

 
b.  Irreversible and Irretrievable Commitment of Resources.  Under Section 
7(d) of the Act, once a request for formal consultation is made or consultation 
is reinitiated and until the requirements of Section 7(a)(2) are satisfied, the 
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BLM shall ensure that the agency and any of its applicants do not make any 
irreversible or irretrievable commitments of resources on agency land with 
respect to the agency action that have the effect of foreclosing the formulation 
or implementation of any reasonable and prudent alternatives that could avoid 
jeopardy to listed species or destruction or adverse modification of designated 
critical habitat.  For ongoing actions subject to formal consultation, the BLM 
shall conduct and document an analysis pursuant to Section 7(d) of the ESA 
pertaining to agency actions to determine if there will be any such irreversible 
or irretrievable commitments of resources.  Any BLM discretionary actions 
with such irreversible or irretrievable commitments of resources shall be 
immediately suspended until consultation has concluded.  

 
c.  Reasonable and Prudent Alternatives.  If the FWS and/or NMFS conclude 
that an action is likely to jeopardize the continued existence of a listed species 
or is likely to result in the destruction or adverse modification of designated 
critical habitat, it will prepare a biological opinion that identifies any 
reasonable and prudent alternatives needed to avoid jeopardy or destruction or 
adverse modification of critical habitat.  Reasonable and prudent alternatives 
are those that can be implemented in a manner consistent with the intended 
purpose of the action, can be implemented consistent with the scope of the 
action agency’s legal authority and jurisdiction, are economically and 
technologically feasible, and would avoid the likelihood of jeopardizing the 
continued existence of listed species or resulting in the destruction or adverse 
modification of designated critical habitat.  As the development of reasonable 
and prudent alternatives is necessitated when the FWS and/or NMFS 
concludes that an agency action is likely to cause jeopardy or adverse critical 
habitat modification, the scope of recommended alternatives will be based on 
the full range of discretion available to the agency.  

 
d.  Draft biological opinion.  During formal consultation, the BLM should 
request a draft copy of the biological opinion and incidental take statement 
(ITS) (if applicable) for review.  In any instance involving a potential 
jeopardy opinion, this review should include an analysis to determine whether 
any reasonable and prudent alternative is within the scope of the BLM’s 
authority, can be implemented in a manner consistent with the intended 
purpose of the proposed action, and is economically and technically feasible.  
The BLM review should also evaluate whether any reasonable and prudent 
measures, and their implementing terms and conditions, contained in any ITS 
do not cause more than a minor change to the proposed Federal action.  Minor 
changes cannot alter the basic design, location, scope, duration, or timing of 
the action.  The ITS provided with a draft biological opinion does not 
constitute a statement of anticipated take under Section 10 of the ESA unless 
it is confirmed by the FWS and/or NMFS as the final biological opinion.  

 
(1)  The BLM should provide expertise to the FWS and/or NMFS in 
determining the availability and development of reasonable and prudent 
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alternatives, although the FWS and/or NMFS retains the final decision on 
which alternatives are included in the biological opinion.  The BLM 
should encourage applicant participation in the development of reasonable 
and prudent alternatives. 

 
(2)  The BLM should forward a copy of the draft biological opinion to 
applicants upon their request, and inform them that any comments they 
may have for the FWS and/or NMFS must go through the BLM, although 
they may provide copies to the FWS and/or NMFS directly. 

 
(3)  The BLM should forward applicant comments to the FWS and/or 
NMFS. 

 
(4)  The BLM should ensure that any ITS with reasonable and prudent 
measures and mandatory terms and conditions provides the agency 
protection from any and all prohibited takings under Section 9 of the Act 
that are reasonably certain to occur.  Reasonable and prudent measures 
imposed by the FWS and/or NMFS can include only actions that occur 
within the action area, and are consistent with a project’s basic design, 
location, scope, duration, and timing.  Since the FWS and/or NMFS have 
determined that any take associated with the agency action will not result 
in jeopardy, any changes to the project as a result of reasonable and 
prudent measures imposed by FWS and/or NMFS must be minor and 
directly related to reduction in the level of take.  For example, it would be 
inappropriate for the FWS and/or NMFS to recommend relocation of a 
project as a reasonable and prudent measure.  Incidental take statements 
should comport with the Department of the Interior policy, specifically: 

 
(a)  If there is no reasonable certainty of take, there should be no ITS 
and no reasonable and prudent measures with terms and conditions.  
Terms and conditions must have an articulated, rational connection to 
the taking of a species. 

 
(b)  Terms and conditions must give clear guidance to the holder of the 
ITS of what is expected of him or her and how the condition can be 
met, and must provide a clear standard for determining when the 
authorized level of take has been exceeded. 

 
(5)  By regulation, incidental take statements and associated reasonable 
and prudent measures with accompanying terms and conditions do not 
apply to, nor are they issued for, ESA-listed plant species.   
 

e.  Termination of the Consultation Procedures.  Formal consultation may 
terminate as follows: 

 
(1)  The FWS and/or NMFS issues a biological opinion.  
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(2)  During any stage of consultation, the BLM notifies the FWS and/or 
NMFS in writing that the proposed action is not likely to occur. 

 
(3)  During any stage of consultation, the BLM determines, with the 
written concurrence of the FWS and/or NMFS, that the proposed action is 
not likely to adversely affect any listed species or critical habitat. 
 

f.  Consultation Timelines.  Consultation regulations require that formal 
consultation be concluded 90 days after it is initiated, unless otherwise agreed 
to between the FWS and/or NMFS and the BLM.  However, the FWS and/or 
NMFS does not consider the consultation process initiated until it determines 
that information provided by the BLM represents the best scientific and 
commercial data available.  The regulations provide that the biological 
opinion is to be transmitted to the Federal agency no later than 45 days after 
the conclusion of consultation.  As consultation deadlines approach, the BLM 
should contact the FWS and/or NMFS to determine whether consultation 
deadlines will be met.      

 
g.  BLM responsibility after issuance of the biological opinion.  After the 
FWS and/or NMFS issues the biological opinion, the BLM determines how it 
will proceed.  

 
(1)  The BLM shall notify the FWS and/or NMFS in writing of its final 
decision on any proposed actions that receive a jeopardy or adverse 
modification of critical habitat determination in the biological opinion.  If 
the BLM determines that it cannot comply with the requirements of 
Section 7(a)(2) (no jeopardy) of the ESA, it may apply for an exemption, 
as outlined in .1.F.10. 

 
(2)  After acceptance of the biological opinion, the BLM shall implement 
the proposed action or reasonable and prudent alternative as described, 
and shall implement all mandatory terms and conditions identified in the 
ITS.  The exemption from listed species take prohibitions, as specified in 
Section 9 of the ESA, are only valid on the basis of full implementation of 
these requirements.  The BLM shall review conservation 
recommendations in biological opinions and implement them if they are 
consistent with BLM land use planning and policy and if they are 
technologically and economically feasible.  

 
(3)  The ITS will specify the effect (i.e., the amount or extent of such 
incidental take); specify those reasonable and prudent measures that the 
FWS and/or NMFS considers necessary or appropriate to minimize such 
effect; set forth implementing terms and conditions (including reporting 
requirements) that must be complied with by the BLM or any applicant; 
specify procedures to be used to handle or dispose of any individuals of 
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a species actually taken; and outline the required monitoring and 
reporting requirements to be implemented over the life of the action.  
The responsible BLM line officer will ensure these reporting 
requirements are documented in the administrative record. 

 
(4)  Biological opinions for plants will not have an accompanying ITS, but 
may contain conservation recommendations.  The BLM shall review such 
conservation recommendations and implement them if they are consistent 
with BLM land use plans and policy and if they are technologically and 
economically feasible. 

 
(5)  An ITS provided with a conference opinion does not become effective 
unless the FWS and/or NMFS adopts the conference opinion as the final 
biological opinion once the species listing is final.  The BLM must request 
in writing that a conference opinion be adopted as a biological opinion 
once a proposed species has been listed. 

 
h.  Reinitiation.  Reinitiation of formal consultation is required and shall be 
requested by the BLM or the FWS and/or NMFS where discretionary 
control over the action has been retained and (1) the amount or extent of 
incidental taking specified in the ITS is exceeded, (2) new information 
reveals that effects of the action may affect listed species or designated 
critical habitat in a manner or extent not previously considered, (3) the 
action is modified in a way that may affect listed species or critical habitat in 
a way not considered in the biological opinion, and/or (4) a new species is 
listed or critical habitat is designated that may be affected by the action.  
The appropriate line officer shall monitor the amount or extent of authorized 
incidental take and should reinitiate consultation in a timely way if it 
appears that the level of take will be exceeded over the life of the action.  If 
the amount or extent of incidental take is met or exceeded, the activity must 
be terminated until additional consultation is concluded.  The State Director 
or Field Manager of the administrative unit that received the biological 
opinion shall also determine if any other reinitiation condition has occurred 
and, if so, shall reinitiate the consultation with the appropriate FWS and/or 
NMFS office. 
 
There is no duty to reinitiate consultation unless there is an ongoing agency 
action.  In the context of a land use plan, the agency action of approving a 
plan is complete upon approval and a plan is therefore not an ongoing action 
over the life of the plan.  For this reason, reinitiation of consultation is not 
required if, for example, a new species is listed or critical habitat is designated 
after a plan is approved. 
 
i.  Incremental Step Consultation.  The BLM may request that the FWS and/or 
NMFS conduct consultation in incremental steps when by statute the BLM is 
allowed to take incremental steps toward completion of the action (e.g., 
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issuance of oil and gas or geothermal leases that involve subsequent 
permitting processes).  The biological opinion will include the FWS and/or 
NMFS views on the entire action (50 CFR Part 402.14(k)). 

 
(1)  The initial consultation using the incremental step approach must be 
formal (see .1.F.5).  
 
(2)  The BLM may proceed with the incremental step provided that the 
FWS and/or NMFS finding for the incremental step is not a jeopardy 
opinion; the BLM continues consultation with respect to the entire action 
and obtains biological opinions, as required, for each incremental step; the 
BLM fulfills its obligation to obtain sufficient data upon which to base the 
final biological opinion on the entire action; the incremental step does not 
result in the irreversible or irretrievable commitment of resources; and 
there is reasonable likelihood that the entire action will not result in 
jeopardizing the continued existence of a listed species or destruction or 
adverse modification of designated critical habitat. 

 
6.  Conference on Proposed Species and Proposed Critical Habitat.  Section 
402.10 of 50 CFR provides the procedures necessary for compliance with 
Section 7(a)(4) of the ESA, which establishes requirements for conferencing on 
proposed species and proposed critical habitat.  

 
a.  The ESA requires BLM to conference with the FWS and/or NMFS on 
actions that are likely to jeopardize a proposed species or cause destruction or 
adverse modification to proposed critical habitat.  Since the BLM is generally 
not in a position to determine jeopardy, BLM policy is to confer on all 
discretionary actions that are determined to be May Affect, Likely to 
Adversely Affect.  Conversely, BLM policy is to not confer on actions 
determined Not Likely to Adversely Affect. 

 
b.  For proposed species, the BLM should request conference in anticipation 
of future listing.  The BLM should request that the conference follow the 
procedures for formal consultation when deemed advantageous to the agency.  
The conference opinion issued at the conclusion of a conference may be 
adopted as the biological opinion if the species or critical habitat is listed or 
designated, provided the project proposal has not changed and no new 
pertinent information exists.  The FWS and NMFS usually provide advisory 
recommendations on ways to avoid or minimize adverse effects. 

 
c.  The BLM should consider the advisory recommendations for minimizing 
or avoiding adverse effects to proposed species or proposed critical habitat 
that are provided by the FWS and/or NMFS in the conference report or 
conference opinion.  Implementation of recommendations is at the discretion 
of the BLM. 
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7.  Programmatic and Plan Level Consultations.   The BLM should  invite the 
FWS and/or NMFS to participate early in the planning process to ensure that 
effective, agreed on conservation measures are included in the design of any plan  
to improve the efficiency of the Section 7 consultation process and to assist BLM 
in meeting its objectives under section 7(a)(1) of the ESA. 

 
The adoption, revision, or amendment of a land use plan is an agency action 
subject to Section 7(a)(2) of the ESA.  Thus, for new land use plans, plan 
revisions, or plan amendments, the BLM must determine whether the plan “may 
affect” listed species or designated critical habitat.  If the BLM determines that 
the plan may affect listed species or critical habitat, then the BLM must engage in 
either informal or formal consultation with the FWS and/or NMFS.  When 
determining whether a plan may affect listed species or critical habitat, the BLM 
must carefully evaluate whether any effects of the actions, as defined by the ESA, 
are caused by the adoption, revision, or amendment of the land use plan and are 
reasonably certain to occur.  This analysis should be rigorously documented in the 
administrative record. 

 
There is no duty to reinitiate consultation unless there is an ongoing agency 
action.  In the context of a land use plan, the agency action of approving a plan is 
complete upon approval and a plan is therefore not an ongoing action over the life 
of the plan.  For this reason, reinitiation of consultation is not required if, for 
example, a new species is listed or critical habitat is designated after a plan is 
approved. 
  
8.  Applicants, Designation of non-Federal Representatives, and Early 
Consultation.  

 
a.  Applicant.  An applicant is defined as any person who requires formal 
approval or authorization (such as for permits, licenses, leases, or letters of 
authorization or approval) from the BLM as a prerequisite to conducting an 
action.  An applicant can be an individual, corporation, partnership, trust, 
association, or any other private entity; or any officer, employee, agent, 
department, or instrumentality of the Federal Government, of any State, 
municipality, or political subdivision of a State, or of any foreign government; 
any State, municipality, or political subdivision of a State; or any other entity 
subject to the jurisdiction of the United States.  The applicant is involved in the 
ESA conference or consultation process if the applicant’s specific action that 
requires approval or authorization by the BLM may affect a federally 
threatened, endangered, or proposed species. 

 
(1)  The BLM shall identify and determine who is an applicant for the 
purposes of ESA consultation.  The BLM does not typically identify 
applicants in association with programmatic consultations, (e.g., land use 
plan-level consultation) because no specific action that may require 
authorization or approval is involved.  Under programmatic consultations, 
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the BLM usually retains the discretion to provide formal authorization or 
approval for more specific actions.  If consultation for a more specific 
action is required, applicants for that specific action will be identified at 
that time. 

 
(2)  The BLM shall promptly inform FWS and/or NMFS if there is an 
applicant identified for a project that has been or will be submitted for 
consultation. 

 
(3)  The BLM shall notify known applicants promptly of their 
opportunities for participation in the consultation and/or conference 
process. 

 
(a)  The BLM shall provide any applicant the opportunity to submit 
information for consideration during the consultation process and 
should provide the same opportunity during the conference process.  

 
(b)  If, after receipt of or concurrence with the species list received 
from the FWS and/or NMFS, a required BA will not be completed 
within the 180-day period, the BLM shall provide the applicant with 
a written statement setting forth the estimated length of the proposed 
extension and the reasons why such an extension is necessary.  An 
extension is not allowed unless the BLM notifies the applicant 
before the 180-day deadline. 

 
Once initiated, consultation involving an applicant must be 
concluded within 90 days, unless the FWS and/or NMFS and the 
BLM mutually agree to extend the consultation, provided that the 
FWS and/or NMFS submits to the applicant, before the close of the 
90 days, a written statement setting forth:  (1) the reasons why a 
longer period is required, (2) the information that is required to 
complete the consultation, and (3) the estimated date on which the 
consultation will be completed.  A consultation involving an 
applicant cannot be extended for more than 60 days without the 
consent of the applicant. 

 
(c)  If requested by the applicant, the BLM should request a copy of 
the draft biological opinion from the FWS and/or NMFS, provide a 
copy to the applicant, and forward any applicant comments to the FWS 
and/or NMFS. 

 
(d)  The BLM should encourage the FWS and/or NMFS to discuss the 
basis for the biological determination in the biological opinion to 
enhance the applicant’s understanding of the outcome.  The BLM may 
also involve the applicant in discussions with the FWS and/or NMFS 
to develop reasonable and prudent alternatives to the proposed action 
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in instances where a proposed action is determined to be likely to 
jeopardize the continued existence of a listed species or result in the 
destruction or adverse modification of designated critical habitat.  

 

b.  Designation of non-Federal Representative.  For each consultation 
involving an applicant, the appropriate BLM line manager will consider 
designating the applicant as the non-Federal Representative for purposes of 
conducting informal consultation and/or preparing a biological assessment 
under 50 CFR Part 402.08.  In making this determination, the line manager 
should evaluate (1) whether the applicant has sufficient expertise to prepare a 
biological assessment, or can reasonably secure such expertise, and (2) 
whether such designation is advantageous to the government.  

The BLM can assign the non-Federal representative to prepare the biological 
assessment, conduct informal consultation, or both.  The non-Federal 
representative may be an applicant, contractor or other party as appropriate.  
The non-Federal Representative is not permitted to conduct formal 
consultation beyond preparation of a biological assessment, and shall not 
subject the BLM to any obligation without specific consent of the agency.  
The BLM shall furnish available information pertaining to the consultation, 
guidance, and supervision to the extent required, and must independently 
review and evaluate the scope and contents of the biological assessment 
prepared by the non-Federal Representative.  

Even with designation of a non-Federal Representative, the ultimate 
responsibility for compliance with Section 7 of the ESA remains with the 
BLM.  Although there are similarities, a non-Federal representative is not 
the same as an applicant.  Whereas an applicant has the opportunity to 
participate in consultation alongside the BLM, a non-Federal 
representative acts in the BLM’s place to prepare the BA and/or conduct 
informal consultation. 

 
(1) The BLM shall provide written notice to the FWS and/or NMFS if it 
designates a non-Federal representative.  

 
(2)  An applicant may be designated as the non-Federal representative.  If 
an applicant is involved and is not the designated non-Federal 
representative, then the applicant and the BLM must agree on the choice 
of the designated non-Federal representative.  

 
(3)  The BLM shall furnish guidance and supervision and shall 
independently review and evaluate the scope and contents of the BA 
prepared by the designated non-Federal representative.  If the BLM review 
finds the BA prepared by a non-Federal representative is inadequate, it 
should either be returned to the preparer for corrections, or revised by the 
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BLM before submission to the FWS and/or NMFS. 
 

(4)  Written correspondence requesting concurrence or formal consultation 
shall be prepared by the appropriate BLM official.  

  
c.  Early Consultation.  Section 7(a)(3) of the ESA and implementing 
regulations provide the means (referred to as “early consultation”) for a 
prospective applicant for public land use to request an early consultation if the 
prospective applicant has reason to believe that the prospective action may 
affect listed species or designated critical habitat (50 CFR Part 402.11).  For 
early consultation, the BLM shall:  

 
(1)  Receive in writing the prospective applicant’s certification that it has a 
definitive proposal outlining the action and its effects, and that it intends 
to implement its proposal, if authorized. 

 
(2)  Upon receipt of the prospective applicant’s certification, initiate early 
consultation in writing with the FWS and/or NMFS and provide all of the 
information required under initiation of formal consultation (50 CFR Part 
402.14(c)). 

 
(3)  For a major construction activity, include a BA at the time early 
consultation is initiated.  

 
(4)  Provide any prospective applicant with the opportunity to submit 
information for consideration during early consultation.  

 
(5)  If the prospective applicant requests through the BLM a copy of the 
draft preliminary biological opinion, forward the request and the 
prospective applicant’s comments on the draft preliminary biological 
opinion to the FWS and/or NMFS.  

 
(6)  Not consider the ITS of the preliminary biological opinion as authority 
to take listed species. 

 
(7)  Request in writing to the FWS and/or NMFS confirmation of the 
preliminary biological opinion as the final biological opinion if the BLM 
believes that there have been no significant changes in the action as 
planned or in the information used during the early consultation.  If the 
FWS and/or NMFS do not confirm the preliminary biological opinion, 
they must request that the BLM initiate formal consultation.  

 
9.  Counterpart Regulations.  Counterpart regulations provide the BLM an 
alternative approach for completing informal Section 7 consultation on actions 
that qualify for use under an ACA and are determined to be NLAA.  Presently, 
such regulations have only been adopted for use on National Fire Plan projects.  
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Qualifying projects include prescribed fire (including naturally occurring wildland 
fires managed to benefit resources), mechanical fuels treatments (thinning and 
removal of fuels to prescribed objectives), emergency stabilization, burned area 
rehabilitation, road maintenance and operation activities, ecosystem restoration, 
and culvert replacement actions.  State Offices will periodically review the 
administrative records of proposed actions to ensure conformance with the ACA. 
 
10.  Exemption.  The ESA allows opportunity to apply for an exemption from the 
requirements of Section 7(a)(2) if, after consultation, the FWS and/or NMFS 
determines an agency action would jeopardize the continued existence of a listed 
species or result in the adverse modification of critical habitat.  Procedures for 
applications for exemption are found in 50 CFR Part 451.  Use of the exemption 
process is rare. 

 
a.  The Director has sole authority to make an application for exemption 
under Section 7(g) of the ESA on behalf of BLM.  If any State Director 
has reason to believe a project deserves consideration for an exemption, a 
complete briefing package shall be presented to the Director for a final 
decision.    

 
b.  The application for an exemption shall be submitted to the Secretary of the 
Interior or Secretary of Commerce, as appropriate, within 90 days following 
the termination of the consultation process. 

 
11. Emergency Consultation.  In certain emergency circumstances, special 
consultation procedures apply.  These emergency circumstances are typified by 
natural disasters, the most common of which on BLM lands is wildfire.  When a 
wildfire occurs on BLM-administered lands, the BLM is responsible for 
conducting any necessary emergency consultation.  In these situations, agency 
actions must be immediately undertaken to protect life and property, thereby 
precluding the typical consultation approach in which consultation is concluded in 
advance of an agency undertaking, which may affect listed species or critical 
habitats.  The first step in emergency consultation is to contact the FWS and/or 
NMFS by telephone or facsimile to explain the nature of the emergency.  The 
BLM will make every attempt to contact the FWS and/or NMFS within 3 days of 
onset of an emergency.  During this initial contact, the FWS and/or NMFS may 
suggest conservation recommendations to avoid or reduce potential effects on 
listed species or critical habitat.  The BLM will implement any conservation 
recommendations that do not substantially interfere with the execution of 
emergency operations.   
 
As soon as practicable after the emergency is under control, the BLM will initiate 
consultation with the FWS and/or NMFS if there is reason to believe that a listed 
species or critical habitat has been adversely affected.  In addition to the 
information normally contained in a biological assessment, the BLM will provide 
the following information: (1) a description of the emergency, (2) a justification 
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for the expedited consultation, and (3) an evaluation of the response to and the 
effects of the emergency on the listed species and critical habitat, including 
documentation of how the FWS and/or NMFS recommendations were 
implemented.  The ITS prepared by the FWS and/or NMFS will not include 
reasonable and prudent measures or terms and conditions unless the BLM has an 
ongoing action related to the emergency. 

 
12.  Consultation and Conference Approaches.  A number of approaches for 
improving the efficiency and effectiveness of Section 7 consultation and 
conference have been taken by various BLM offices.  The overall goal is to 
enhance compliance with Section 7(a)(1) and 7(a)(2).  The Director, State 
Directors, District Managers, and Field Managers, in cooperation with other 
Federal agencies, should develop and use techniques to further the consultation 
and conference process.  Examples of these approaches are:  

 
a.  Contacting and engaging, where possible, the FWS and/or NMFS 
reviewing office(s) early in the project development process.  Experience has 
shown that, in general, the earlier in the processes the FWS and/or NMFS are 
engaged, the easier it is to accommodate listed species needs into project 
design.  Similarly, early dialog and exchange of information on project design 
and components has made it easier to communicate to the FWS and/or NMFS 
the specific purposes and needs for individual projects, and those areas where 
flexibility does or does not exist.  That is, the earlier project designers become 
aware of listed species associated needs and issues, the easier it is to address 
those needs and issues, thereby shortening the consultation process and even 
potentially avoiding the need for formal consultation. 

 
b.  Completing and using national, ecosystem, or regional level programmatic 
consultations and conferences that address broad-scale programs or wide-
ranging species or critical habitats.  The BLM should tier to and use the 
information, analysis, and determinations of the effects of these consultations 
and conferences to the greatest extent practicable when consulting or 
conferring at more local or project-specific levels.  

 
c.  Consulting and conferring jointly with other Federal agencies on programs 
or actions affecting the same species or critical habitats in the same project or 
geographic area. 

  
d.  Designating the applicant as the non-Federal representative for preparation 
of biological assessments, rather than relying on cost recovery to prepare the 
document in-house, allows limited biological staff time to be directed toward 
species recovery and other higher priority work. 

 
e.  Completing combined consultations and conferences with the FWS and 
NMFS together when programs or actions include effects on species or critical 
habitats under both agencies’ jurisdictions (e.g., an action affects both listed 
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plants and anadromous fish). 
 

f.  When programmatic consultation results in biological opinions that provide 
conservation recommendations or design criteria for future agency proposals, 
considering these recommendations or design criteria in the development of 
future proposals.  If these future proposals are designed to be consistent with 
these recommendations or criteria, consultation will be facilitated and 
compliance with Sections 7(a)(1) and 7(a)(2) furthered. 

 
g.  Completing batched consultations or conferences on logical groupings of 
activities or programs of a similar nature.  Typically, these batched actions 
would be in the same geographic area (watershed or administrative unit).  
Batched consultations can be conducted on a quarterly or annual basis, or 
longer. 

 
h.  Using streamlined processes.  Streamlining agreements provide the BLM 
with alternative ways of meeting their Section 7 consultation obligations.  
Streamlining may provide expedited consultation times for completing 
consultation.  While streamlining is not intended for use at the project level, 
other multi-State Memoranda of Understanding (MOUs) have been developed 
to address streamlining processes at this scale.  The use of streamlining 
processes is designed to make the consultation process more efficient.  In 
instances where the intended benefits of streamlining are not being (or are 
unlikely to be) realized, the streamlining process should not be used, and the 
BLM should follow the standard consultation process. 

 
i.  For large or complex actions (e.g., energy corridor, promulgation of 
regulations) use consultation agreements to define agency roles, 
responsibilities, timeframes, and information requirements needed to complete 
consultation on the proposed action. 

 
j.  It is not necessary to consult or confer on candidate or Bureau sensitive 
species.  However, States or offices may wish to seek technical assistance 
from the FWS and/or NMFS when it is determined to be advantageous to a 
species’ conservation or BLM management options.       

 
k.  When new or novel effective approaches to consultation and conference 
are developed at the field and State levels, those approaches should be shared 
with State and national program leads.  Similarly, when State and national 
program leads become aware of new or novel approaches being employed at 
the Field Office level, they should share those effective approaches with other 
State and Field Offices. 

 
G.  Section 9 (Prohibited Acts).  The BLM shall not allow actions that result in take 
of endangered  animals or threatened animals that have take prohibitions established 
under Section 4(d) of the Act, or the removal or possession of endangered plants, 
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except as provided for under Section 7(o) or Section 10(a) of the ESA. 
  

Section 9 of the ESA prohibits take of all individuals of listed fish or wildlife.  For 
plants, there is no “take” prohibition, but Section 9 makes it unlawful for anyone to 
remove and reduce to possession any endangered plant species; maliciously damage 
or destroy any endangered plant species on Federal lands; remove, cut, dig up, or 
damage or destroy any such species from any other area in knowing violation of any 
law or regulation of any State or in the course of any violation of a State criminal 
trespass law; or violate any regulations pertaining to threatened plants. 

 
H.  Section 10 (Exceptions to the ESA).  Section 10 of the ESA provides for 
exceptions to the requirements and prohibited acts of other sections of the ESA.  

 
1.  Take of listed species.  Section 10 (a)(1)(A) of the ESA provides exceptions 
for activities otherwise prohibited.  The BLM shall obtain Section 10 permits 
from the FWS and/or NMFS if take of listed fish or wildlife species or the 
removal or reduction to possession of listed plants is anticipated for scientific 
purposes or to enhance the propagation or survival of the affected species.  
Authorization for take can occur in several ways.  The exceptions to the 
requirement of permission for take are as follows and shall be reported to the 
FWS and/or NMFS as described in 50 CFR Part 17.21(4):  

 
a. Any BLM employee may take endangered wildlife in defense of his or her 
own life or the lives of others.  
 
b. Any BLM employee may, when acting in the course of his or her official 
duties, take endangered wildlife without a permit if such action is necessary 
to: (1) aid a sick, injured, or orphaned specimen; or (2) dispose of a dead 
specimen; or (3) salvage a dead specimen that may be useful for scientific 
study; or (4) remove specimens that constitute a demonstrable but non-
immediate threat to human safety, provided that the taking is done in a 
humane manner; the taking may involve killing or injuring only if it has not 
been reasonably possible to eliminate such threat by live-capturing and 
releasing the specimen unharmed, in a remote area. 
 
c. Any BLM employee may, when acting in the course of his or her official 
duties, remove and reduce to possession a federally endangered plant without 
a permit if such action is necessary to (1) care for a damaged or diseased 
specimen; (2) dispose of a dead specimen; or (3) salvage a dead specimen that 
may be useful for scientific study.  
 

 2.  Experimental Populations.  
 

a.  General.  The FWS and/or NMFS can designate experimental populations 
of listed plants and animals.  With rare exceptions, these populations can only 
be released outside the species’ current range, but within its probable 
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historical range if the Secretary determines that such release will further the 
conservation of the species.  The intent is to ensure separation between 
experimental and natural populations.  The Secretary of the Interior or 
Commerce must determine whether the experimental population is:  

 
(1) “Essential”—Necessary for the continued existence of a listed species 

  in the wild. 
 

(2) “Nonessential”—Not necessary for the continued existence of a listed 
  species.  

 
b.  Management.  The BLM shall cooperate and assist in establishing 
experimental populations of listed species on BLM-managed lands when such 
establishment is consistent with BLM land use plans and policy and is 
technologically and economically feasible.  The BLM shall treat essential 
experimental populations as threatened species and nonessential experimental 
populations as proposed species for purposes of Section 7 (other than 
subsection 7(a)(1)).  For nonessential experimental populations, this means:  

 
(1) Incidental take can occur without specific authorization by the FWS 
and/or NMFS. 

  
(2) Conferencing is required if the action is determined to be Likely to 
 Adversely Affect (LAA). 

  
(3) As required by Section 7(a)(1), the BLM shall use its authorities to 
conserve these populations.  

 
c.  Planning.  Planning efforts must reflect those actions necessary for the 
recovery of species to the extent that BLM management can influence 
recovery, including the establishment of experimental populations of listed 
species when appropriate.  State Directors and Field Managers shall: 

 
(1) Keep informed on recovery plan development so needs can be 
 addressed during planning.  

 
(2) Ensure participation with the FWS and/or NMFS in developing 
 recovery needs for species that may have experimental population 
designation.  

 
d.  Reintroduction of Listed Species into Congressionally Designated Areas.  
In some instances, it is appropriate to transplant and reintroduce listed species 
into their historical ranges within designated wilderness, wilderness study 
areas, or other congressionally designated areas.  The BLM shall use only the 
minimum actions necessary and the methods most appropriate to protect and 
enhance the values for which the areas are identified or designated.  Further 
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information on guidelines for fish and wildlife transplantation are contained in 
BLM Manual 1745 and in the 2006 Association of Fish and Wildlife 
Agencies, BLM and Forest Service Fish and Wildlife Management Policy in 
Designated Wilderness MOA, and in the 2005 BLM Interim Management 
Guidelines for Fish and Wildlife Management in Wilderness Study Areas.   

 
I.  Section 11 (Penalties and Enforcement).   The BLM shall exercise all of its 
authorities to ensure compliance with the ESA.  Within its authority, BLM shall 
modify, suspend or revoke the lease, license, permit or other agreement authorizing 
the use of BLM-managed lands, of any person who is convicted of a criminal 
violation of the ESA or any regulation, permit, or certificate issued pursuant to the 
ESA.  

 
J.  Section 18 (Annual Cost Analysis by the U.S. Fish and Wildlife Service).  Upon 
request of the FWS, the BLM shall provide to the FWS a species-by-species summary 
of its expenditures on the conservation of listed species for the FWS annual 
expenditure report to Congress.  
 

.2  Administration of Bureau Sensitive Species.  This section establishes procedures for 
the management of species designated as BLM sensitive, and their habitat.  It is in the 
interest of the BLM to undertake conservation actions for such species before listing is 
warranted.  It is also in the interest of the public for the BLM to undertake conservation 
actions that improve the status of such species so that their Bureau sensitive recognition is no 
longer warranted.  By doing so, the BLM will have greater flexibility in managing the public 
lands to accomplish native species conservation objectives and other legal mandates.  When 
administering the Bureau sensitive species program, all information shall conform to the 
standards and guidelines established under the Information Quality Act. 

 
In compliance with existing laws, including the BLM multiple use mission as specified in 
the FLPMA, the BLM shall designate Bureau sensitive species and implement measures 
to conserve these species and their habitats, including ESA proposed critical habitat, to 
promote their conservation and reduce the likelihood and need for such species to be listed 
pursuant to the ESA.  Any obligation to conserve proposed critical habitat under this 
section is terminated at the time the proposal becomes final or the habitat is no longer 
proposed for listing.  All federally designated candidate species, proposed species, and 
delisted species in the 5 years following their delisting shall be conserved as Bureau 
sensitive species.     

 
A.  Designation of Bureau Sensitive Species. State Directors shall designate species 
within their respective States as Bureau sensitive by using the following criteria.  For 
species inhabiting multiple States, State Directors shall coordinate with one another in 
the designation of Bureau sensitive species so that species status is consistent across 
the species’ range on BLM-administered lands, where appropriate.  Species 
designated as Bureau sensitive must be native species found on BLM-administered 
lands for which the BLM has the capability to significantly affect the conservation 
status of the species through management, and either: 
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1.  There is information that a species has recently undergone, is undergoing, or is 
predicted to undergo a downward trend such that the viability of the species or a 
distinct population segment of the species is at risk across all or a significant 
portion of the species range, or 

 
2.  The species depends on ecological refugia or specialized or unique habitats on 
BLM-administered lands, and there is evidence that such areas are threatened with 
alteration such that the continued viability of the species in that area would be at 
risk. 
 

B.  Planning.  When BLM engages in the planning process, it shall address Bureau 
sensitive species and their habitats in land use plans and associated NEPA documents 
(as per BLM 1610 Planning Manual and Handbook, Appendix C).   When 
appropriate, land use plans shall be sufficiently detailed to identify and resolve 
significant land use conflicts with Bureau sensitive species without deferring conflict 
resolution to implementation-level planning.  Implementation-level planning should 
consider all site-specific methods and procedures needed to bring species and their 
habitats to the condition under which management under the Bureau sensitive species 
policies would no longer be necessary. 
 
C.  Implementation.  On BLM-administered lands, the BLM shall manage Bureau 
sensitive species and their habitats to minimize or eliminate threats affecting the 
status of the species or to improve the condition of the species habitat, by:  

 
1.  Determining, to the extent practicable, the distribution, abundance, population 
condition, current threats, and habitat needs for sensitive species, and evaluating 
the significance of BLM-administered lands and actions undertaken by the BLM 
in conserving those species. 

 
2.  Ensuring that BLM activities affecting Bureau sensitive species are carried out 
in a way that is consistent with its objectives for managing those species and their 
habitats at the appropriate spatial scale.  
 
3.  Monitoring populations and habitats of Bureau sensitive species to determine 
whether species management objectives are being met.  

 
4.  Working with partners and stakeholders to develop species-specific or 
ecosystem-based conservation strategies (see .2D Agreements, Assessments and 
Cooperative Strategies for Conservation). 

 
5. Prioritizing Bureau sensitive species and their habitats for conservation action 
based on considerations such as human and financial resource availability, 
immediacy of threats, and relationship to other BLM priority programs and 
activities.   
 
6. Using Land and Water Conservation Funds, as well as other land tenure 
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adjustment tools, to acquire habitats for Bureau sensitive species, as appropriate.  
 

7. Considering ecosystem management and the conservation of native biodiversity 
to reduce the likelihood that any native species will require Bureau sensitive 
species status. 
 
8.  In the absence of conservation strategies, incorporate best management 
practices, standard operating procedures, conservation measures, and design 
criteria to mitigate specific threats to Bureau sensitive species during the planning 
of activities and projects.  Land Health Standards should be used for managing 
Bureau sensitive species habitats until range-wide or site-specific management 
plans or conservation strategies are developed.  Off-site mitigation may be used to 
reduce potential effects on Bureau sensitive species. 

 
D.  Agreements, Assessments, and Cooperative Strategies for Conservation.  The 
BLM should work cooperatively with other agencies, organizations, governments, 
and interested parties for the conservation of sensitive species and their habitats to 
meet agreed on species and habitat management goals.  Cooperative efforts are 
important for conservation based on an ecosystem management approach and will 
improve efficiency by combining efforts and fostering better working relationships.  
Addressing species’ habitat management needs before a species is listed under the 
ESA will allow more management flexibility, reduce conflicts, and reduce the cost of 
conservation.  

 
1.  The FWS, NMFS, State agencies, universities, or others may have additional 
information on Bureau sensitive species.  To help ensure that the best information 
is available in the BLM decision-making process, the BLM should request species 
information from these agencies as needed.  

 
2.  State Directors and line managers should make available employees with 
appropriate skills and expertise to support cooperative efforts for the development 
and implementation of habitat conservation assessments, strategies, and 
agreements. 

 
3.  State Directors and line managers should initiate the development of these 
conservation assessments, strategies, and agreements for the purpose of furthering 
the conservation of the subject species on BLM-administered lands where 
significant conservation benefits can be achieved through such an effort.  
Strategies and agreements should identify the role of the BLM and be 
proportionate to the resource values on BLM-administered lands. 

 
4.  The BLM should use habitat conservation assessments based on regional 
ecosystem assessments, where available, to develop conservation strategies and 
agreements that outline the program of work necessary to reduce, eliminate, or 
mitigate specific threats to sensitive species; to develop an ecosystem 
management approach to conservation on BLM-administered lands; and to 
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facilitate coordination and cooperation with others, such as States and private 
entities, to achieve species and habitat conservation across the range of the 
species. 

 
5.  The BLM should be signatory to conservation strategies and agreements if 
public land or BLM authorization is involved.  

 
6.  Habitat and species conservation assessments, strategies, and agreements 
should be consistent with existing BLM land use plans and describe in sufficient 
detail management objectives, treatments, and means for assessing 
accomplishment.  Where existing land use plans are not adequate, use plan 
maintenance, plan conformance reviews, or plan amendments as a means of 
integrating conservation strategies into existing land use plans.   

 
7.  The BLM should consider successful implementation of the program in 
evaluating line officer performance.  Key leaders who contribute to notable 
successes should be recognized on a continuing basis. 

 
8.  The BLM should participate in and coordinate with State natural heritage 
programs and State comprehensive wildlife management plans as per the Sikes 
Act (16 U.S.C. 670g et seq.), Fish and Wildlife Coordination Act (16 U.S.C. 661 
et seq.), and 43 CFR parts 24.1-4.  Detailed guidance for management of species 
identified in State comprehensive wildlife management plans, which are not 
designated by the Bureau as special status species, is contained in BLM Manual 
6500. 

 
E.  Management of Bureau Sensitive Species with the Oregon and California Lands 
Act. 
 
In Headwaters v. BLM (1990), the Ninth Circuit held that, under the Oregon and 
California Sustained Yield Act (O&C Act), former Oregon and California Railroad 
Company Lands in western Oregon are assigned timber production as a dominant use.  
The application of the special status species policy to provide specific protection to 
species that are listed by the BLM as sensitive on lands governed by the O&C Act 
must be consistent with timber production as the dominant use of those lands.  
Subsequent litigation on O&C lands regarding timber production and endangered 
species establishes that timber production actions are still subject to the provisions of 
the Endangered Species Act, including consultation under Section 7.     

 
.3 General Cooperation for BLM Special Status Species.  The BLM shall cooperate with 
other government and nongovernment agencies to further the conservation of federally 
proposed and listed species, and will coordinate with the appropriate agencies on 
conservation of Bureau sensitive species.  Specifically: 

 
A.  Coordination and Cooperation with Tribes.  The relationship between the United 
States and Indian Tribes is defined by treaties, statutes, executive orders, judicial 
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decisions, and agreements and differentiates Tribes from other entities that deal with, 
or are affected by, the Federal government.  Tribes are self-governing with 
fundamental rights to set their own priorities and make decisions affecting their 
resources and distinctive ways of life.  However, as with other entities, coordination 
on the conservation and management of resources would benefit the tribal resources 
and public resources as they relate to Bureau sensitive species and federally proposed 
and listed species.  

 
1.  Secretarial Order 3206 on American Indian Tribal Rights, Federal–Tribal 
Trust Responsibilities, and the ESA.  The Secretarial Order, signed on June 5, 
1997, by the Secretary of the Interior and Secretary of Commerce clarifies the 
responsibilities of agencies of the Department of the Interior and Department of 
Commerce when actions taken under the authority of the ESA and associated 
implementing regulations affect, or may affect, Indian land, tribal trust resources, 
or the exercise of American Indian tribal rights.  The Secretarial Order does not 
apply to Alaska.  In addition to BLM Policy 8160, the BLM shall administer the 
conservation provisions of the Secretarial Order as follows:  

 
a.  Whenever the BLM is aware that its actions planned under the ESA may 
affect tribal trust resources, the exercise of tribal rights, or Indian lands, the 
BLM shall consult (as defined in BLM Handbook H8160-1 and distinct from 
ESA consultation procedure) with the Tribes that are affected and seek their 
participation to the maximum extent practicable.  This shall include providing 
affected Tribes adequate opportunities to participate in data collection, 
consensus seeking, and associated processes.  

 
b. The BLM shall assist Indian Tribes in developing and expanding tribal 
programs that promote the health of ecosystems upon which Bureau sensitive 
species and federally proposed and listed species depend.  This includes:  

 
(1)  Offering and providing such scientific and technical assistance and 
information as may be available for the development of tribal conservation 
and management plans to promote the maintenance, restoration, 
enhancement, and health of the ecosystems upon which Bureau sensitive 
species and federally proposed and listed species depend.  

 
(2)  Cooperatively identifying appropriate management measures to 
address concerns for such species and their habitats.  

 
c. The BLM shall give deference to tribal conservation and management plans 
for tribal trust resources that govern activities on Indian lands and that address 
the conservation needs of listed species.  

 
d.  At the earliest indication that it is considering management actions that 
may be restrictive to Tribes, for the conservation of any species, the BLM 
shall promptly notify all potentially affected Tribes, and assist Tribes in 
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identifying and implementing tribal conservation and other measures 
necessary to protect such species. 

 
e. The BLM should assist the FWS and/or NMFS and other Federal agencies 
with their required actions under the Secretarial Order regarding the 
conservation of species. 

 
f. The BLM shall coordinate with the affected Tribes and the Bureau of Indian 
Affairs on BLM Section 7 consultations of which it is aware that tribal rights 
or tribal trust resources may be affected.  

 
g.  To the extent consistent with the provisions of the Privacy Act, the 
Freedom of Information Act (FOIA), and the Department’s ability to continue 
to assert FOIA exemptions, the BLM shall make available to a Tribe all 
information held by the BLM that is related to a Tribe’s Indian lands and 
tribal trust resources.  

 
h. The BLM shall, when appropriate and at the request of a Tribe, pursue 
intergovernmental agreements to formalize arrangements involving Bureau 
sensitive species and federally proposed and listed species.  

 
2.  BLM 8160 Policy.  The BLM should use any opportunity available under its 
8160 Policy to seek coordinated conservation activities with Tribes.  

 
B.  Other Cooperation and Coordination.  Conservation activities in general would 
benefit from cooperation and coordination with other agencies, organizations, 
governments, and interested parties.  

 
1.  The BLM, in coordination with the FWS and/or NMFS and other interested 
entities, should develop habitat conservation assessments and conservation 
agreements for any BLM special status species that the BLM believes would 
benefit from such an agreement. 
 
2.  The BLM should provide technical assistance to, and coordinate with, 
appropriate state agencies and other agencies, organizations, or private 
landowners developing and implementing conservation plans. 

 
3.  The BLM should seek partnerships and cooperative relationships with other 
agencies, organizations, governments, and interested parties for the purposes of 
conservation of sensitive species and compliance with the ESA.  The BLM 
already has MOUs with several agencies and organizations.  Partnerships beyond 
existing MOUs are encouraged.  Partnerships and cooperative relationships 
should be sought with agencies that include the following: 

 
a.  Other resource management and regulatory agencies, such as the Natural 
Resource Conservation Service, State fish and wildlife agencies, State forestry 
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agencies, State water quality agencies, and municipal parks and recreation 
agencies. 

 
b. State and local governments, such as governor’s offices, County 
commissioners, and City councils; County extension units, watershed 
councils, and resource conservation districts; and interested landowners. 

 
c. Federal advisory groups, such as the Sporting Conservation Council, 
resource advisory councils, and provincial advisory boards. 

 
d. Research entities, such as the Biological Resource Division of the U.S. 
Geological Survey, U.S. Forest Service, Agricultural Research Service, 
Cooperative Ecosystem Studies Units, and university researchers.  

 
e. Professional societies, such as The Wildlife Society, the American Fisheries 
Society, Society for Range Management and the Botanical Society of 
America.  

 
f.  Groups representing private sector interest in resources and resource uses, 
such as Trout Unlimited, Center for Plant Conservation, National Audubon 
Society, The Nature Conservancy, National Cattlemen’s Beef Association, 
and American Sports Tackle Manufacturers.  

 
4.  The BLM’s role in partnerships and cooperative relationships should 
include developing conservation programs based on ecosystem management, 
providing expertise for programs affecting lands outside of the public land 
when benefits to BLM-managed resources are expected to result, and 
developing grant and cost-shared (e.g., challenge cost-share) projects to 
support conservation activities.  
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Glossary of Terms 
 

This glossary is provided for the convenience of the reader and the terms are defined for the 
purpose of this manual only. 
 

-A- 
 
action:  all discretionary activities or programs of any kind authorized, funded, or carried out by 
the BLM in whole or in part.  Examples include (1) projects intended to conserve Bureau 
sensitive species and federally proposed and listed species or their habitat; (2) the promulgation 
of regulations; (3) the granting of licenses, contracts, leases, easements, rights-of-way, permits, 
or grants-in-aid; or (4) projects directly or indirectly causing modifications to the land, water, 
or air.  
 
animals:  any member of the animal kingdom, including without limitation any mammal, fish, 
bird, amphibian, reptile, mollusk, crustacean, arthropod, or other invertebrate, and any part, 
product, egg, or offspring thereof, or the dead body or parts thereof.  As used here, the words 
“animals,” “fish or wildlife,” and “wildlife” are interchangeable.  
 

-B- 
 
biological assessment (BA):  information prepared by, or under the direction of, a Federal 
agency concerning listed and proposed species and designated and proposed critical habitat 
that may be present in the action area and may be affected by the proposed action.  A 
biological assessment presents the BLM’s determination of whether any such species or 
habitat is likely to be adversely affected by the action.  
 
biological opinion (BO):  document that includes (1) the opinion of the FWS and/or NMFS as to 
whether or not a Federal action is likely to jeopardize the continued existence of listed species, or 
result in the destruction or adverse modification of designated critical habitat; (2) a summary of 
the information on which the opinion is based; and (3) a detailed discussion of the effects of the 
action on listed species or designated critical habitat.  A BO may be accompanied by an 
incidental take statement. 
 
BLM-administered lands:  collectively, BLM-managed lands and split-estate lands. 
 

-C- 
 
candidate species:  plant and animal taxa considered for possible addition to the list of 
endangered and threatened species under the Endangered Species Act.  These are taxa for 
which the FWS or NMFS has on file sufficient information on biological vulnerability and 
threat(s) to support issuance of a proposal to list, but issuance of a proposed rule is presently 
precluded by higher priority listing actions.  Separate lists for plants, vertebrate animals, and 
invertebrate animals are published periodically in the Federal Register.  Candidate species and 
their habitats are managed as Bureau sensitive species. 
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conservation (also conserve and conserving):  1) definition from ESA Section 3(3) and as applied 
to threatened, endangered, and proposed species in this policy: to use, and the use of, all methods 
and procedures that are necessary to bring a listed species to the point at which the measures 
provided pursuant to the ESA are no longer necessary.  Methods and procedures of conservation 
include all activities associated with scientific resources management such as research, census, 
law enforcement, habitat acquisition and maintenance, propagation, live trapping, and 
transportation; 2) as applied to Bureau sensitive species, the use of programs, plans, and 
management practices to reduce or eliminate threats affecting the status of the species, or 
improve the condition of the species’ habitat on BLM-administered lands.  
 
conservation agreement or strategy:  formal, written document agreed to by the FWS and/or 
NMFS or another Federal agency, State agency, local government, or the private sector to 
achieve the conservation of Bureau sensitive species and federally proposed, listed, and 
candidate species through voluntary cooperation.  It documents the specific actions and 
responsibilities for which each party agrees to be accountable.  The objective of a conservation 
agreement or strategy is to reduce threats to a Bureau sensitive species and federally proposed 
and listed species or its habitat.  An effective conservation agreement or strategy may lower 
species’ listing priority or eliminate the need for listing.  
 
conservation recommendations:  suggestions of the FWS and/or NMFS regarding discretionary 
measures to minimize or avoid adverse effects of a proposed action on listed species or critical 
habitat or regarding the development of information.    
 
critical habitat (CH):  (1) the specific areas within the geographical area currently occupied by a 
species, at the time it is listed in accordance with the ESA, on which are found those physical or 
biological features (i) essential to the conservation of the species and (ii) that may require special 
management considerations or protection, and (2) specific areas outside the geographical area 
occupied by a species at the time it is listed upon determination by the FWS and/or NMFS that 
such areas are essential for the conservation of the species.  Critical habitats are designated in 50 
CFR Parts 17 and 226. The constituent elements of critical habitat are those physical and 
biological features of designated or proposed critical habitat essential to the conservation of the 
species, including, but not limited to: (1) space for individual and population growth, and for 
normal behavior; (2) food, water, air, light, minerals, or other nutritional or physiological 
requirements; (3) cover or shelter; (4) sites for breeding, reproduction, rearing of offspring, 
germination, or seed dispersal; and (5) habitats that are protected from disturbance or are 
representative of the historical geographic and ecological distributions of a species.  
 

-D- 
 
distinct population segment (DPS):  subdivision of a vertebrate species (excluding Pacific 
salmon stock, see definition of evolutionarily significant unit) that is treated as a species for 
purposes of listing under the Endangered Species Act.  To be so recognized, a potential distinct 
population segment must satisfy standards specified in a FWS or NMFS policy statement (see 
the February 7, 1996, Federal Register, pages 4722–4725).  The standards require it to be 
separable from the remainder of and significant to the species to which it belongs. 
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-E- 
 
endangered species:  any species that is in danger of extinction throughout all or a significant 
portion of its range other than a species of the Class Insecta, determined by the Secretary to 
constitute a pest whose protection under the provisions of this Act would present an 
overwhelming and overriding risk to man. 
 
evolutionarily significant unit (ESU):  a Pacific salmonid stock that is substantially 
reproductively isolated from other stocks of the same species and that represents an important 
part of the evolutionary legacy of the species.  Life history, ecological, genetic, and other 
information can be used to determine whether a stock meets these two criteria.  The NMFS uses 
this designation. 
 

-F- 
 
fish or wildlife:  see animals.  
 
formal consultation:  a component of the consultation process under Section 7 of the ESA 
that commences with the BLM’s written request for consultation after it has determined that 
its action may affect and is likely to adversely affect listed species or designated critical 
habitats and concludes with the issuance of biological opinion.  
 

-H- 
 
habitat conservation assessment:  a comprehensive, state-of-knowledge technical document 
that describes life history, habitat requirements, and management considerations for a species 
or group of species throughout its occupied range on the lands managed by the cooperating 
agencies.  Habitat conservation assessments are often made as a forerunner to preparation of 
a conservation strategy or agreement.  
 

-I- 
 
implementation plan:  a site-specific plan written to implement decisions made in a land use 
plan.  An implementation plan usually selects and applies best management practices to meet 
land use plan objectives and is synonymous with an activity plan.  Examples of implementation 
plans include habitat management plans and allotment management plans. 
 
incidental take:  see take.  
 
incidental take statement (ITS):  under the ESA, a document that accompanies a biological 
opinion in which some incidental take of listed species is reasonably certain to occur.  Such take 
would not rise to a level that would jeopardize the listed species.  An ITS exempts a specific 
level of take associated with the action from the prohibitions on take under Section 9 of the ESA.  
An ITS often includes reasonable and prudent measures and their implementing terms and 
conditions, which are intended to reduce or minimize the take associated with the action or 
monitor the progress of the action and associated take.  A biological opinion will not have an ITS 
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if no take is reasonably certain to occur. 
 
informal consultation:  a component of the consultation process that includes all discussions, 
correspondence, or other contact between the FWS and/or NMFS and the BLM or the 
designated non-Federal representative, prior to formal consultation, to determine if a proposed 
action may affect listed species or critical habitat and to use FWS and/or NMFS expertise, if 
necessary, to modify the proposed action to avoid potential adverse effects.  
 

-J- 
 
jeopardize the continued existence of (also jeopardize, cause jeopardy to):  engage in an action 
that reasonably would be expected, directly or indirectly, to reduce appreciably the likelihood of 
both the survival and recovery of listed species in the wild by reducing the recruitment, numbers, 
or distribution of a listed species.  
 

-L- 
 
listed species:  species that are designated under the ESA as either threatened or endangered, 
which may include members of the Plant, Animal or Fungi–Lichen Kingdoms.  
 

-M- 
 
multiple use:  a combination of balanced and diverse resource uses that takes into account the 
long-term needs of future generations for renewable and nonrenewable resources, including 
recreation, range, timber, minerals, watershed, wildlife and fish, and natural scenic, scientific, 
and historical values; and harmonious and coordinated management of the various resources 
without permanent impairment of the productivity of the land and the quality of the 
environment, with consideration being given to the relative values of the resources and not 
necessarily to the combination of uses that will give the greatest economic return or the greatest 
unit output (FLPMA). 
 

-N- 
 

native species:  as per February 3, 1999, Executive Order 13112 (Invasive Species), native 
species means, with respect to a particular ecosystem, a species that, other than as a result of an 
introduction, historically occurred or presently occurs in that ecosystem. 

 
-P- 

 
plant:  any member of the plant kingdom, including seeds, roots, flowers, and other parts thereof.  
 

-R- 
 
recovery:  improvement in the status of listed species to the point at which listing is no longer 
appropriate under the ESA.  
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request for technical assistance:  communication with the FWS and/or NMFS concerning actions 
that will potentially have an adverse effect on a BLM special status species or its habitat.  The 
objectives of these requests are to obtain as much biological information as possible about the 
species involved and its habitat and the FWS and/or NMFS recommendations on how the 
proposed management action might be carried out without contributing to the further 
deterioration of the species or its habitat.  
 

-S- 
 
species:  any species or subspecies (and regarding plants, any varieties), and any distinct 
population segment or evolutionarily significant unit of any species of vertebrate, fish, or 
wildlife that interbreeds when mature. 
 

(A)  Federally listed endangered—an animal or plant species in danger of extinction 
throughout all or a significant portion of its range. 
 
(B)  Federally listed threatened—an animal or plant species likely to become endangered 
within the foreseeable future throughout all or a significant portion of its range. 
 
(C)  Federally proposed—a species of animal or plant that is proposed in the Federal 
Register to be listed under Section 4 of the Endangered Species Act. 

 
 (D)  Federal candidate species—a plant or animal species for which FWS or NMFS has 

on file sufficient information on biological vulnerability and threats to support a proposal 
to list as endangered or threatened.  All Federal candidates shall be included in the 
Bureau sensitive species category. 

 
(E)  Bureau sensitive species—species that require special management consideration to 
avoid potential future listing under the ESA and that have been identified in accordance 
with procedures set forth in this manual  

 
special status species:  collectively, federally listed or proposed and Bureau sensitive species, 
which include both Federal candidate species and delisted species within 5 years of delisting. 
 
split-estate:  subsurface mineral resources managed by the BLM where the surface resource is 
managed by a different public or private entity, as opposed to BLM-managed lands. 
  
status review:  process of examination by FWS and/or NMFS to determine if a species 
situation warrants protection under the ESA.  Results of a status review are published in 
the Federal Register.  
 
survival:  for determination of jeopardy or adverse modification, the species’ persistence as 
listed or as a subset identified by the FWS and/or NMFS for recovery management purposes, 
beyond the conditions leading to its endangerment, with sufficient resilience to allow for the 
potential recovery from endangerment.  It is the condition in which a species continues to exist 
into the future while retaining the potential for recovery.  This condition is characterized by a 
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species with a sufficient population, represented by all necessary age classes, genetic 
heterogeneity, and number of sexually mature individuals producing viable offspring, which 
exists in an environment providing all requirements for completion of the species’ entire life 
cycle, including reproduction, sustenance, and shelter. 

 
-T- 

 
take:  harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to 
engage in any such conduct.  The term applies only to fish and wildlife.  
 

(A)  incidental take:  take of listed fish or wildlife species that results from, but is not the 
purpose of, carrying out an otherwise lawful activity conducted by a Federal agency or 
applicant. [50 CFR §402.02]  Incidental take of listed plant species is neither defined nor 
prohibited by the Act. 

 
 (B)  harm:  as defined by the FWS, harm includes significant habitat modification or 

degradation that results in death or injury to listed species by significantly impairing 
behavioral patterns such as breeding, feeding, or sheltering.  As defined by the NMFS, 
harm means an act that actually kills or injures fish or wildlife.  Such an act may include 
significant habitat modification or degradation that actually kills or injures fish or wildlife 
by significantly impairing essential behavioral patterns, including, breeding, spawning, 
rearing, migrating, feeding, or sheltering.  

 
 (C)  harass:  defined as actions that create the likelihood of injury to listed species to such 

an extent as to significantly disrupt normal behavior patterns that include breeding, 
feeding, or sheltering Tribes (Indian Tribes): any federally recognized Indian Tribe, band, 
nation, pueblo, community, or other organized group within the United States that the 
Secretary of the Interior has identified on the most recent list of federally recognized 
Tribes maintained by the Bureau of Indian Affairs.  

 
-W- 

  
wildlife:  see animals.  
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FIRST REPORT OF CASTILLEJA ORNATA (SCROPHULARIACEAE) FROM 

THE UNITED STATES 

Laird McIntosh 

Bureau of Land Management, Lu Cruces, New Mexico 88005 U.S.A. 

ABSTRACT 

A collection reported from the United Statet In 1outhem Ne1' Ma· 
lco by the author hu been identified u Culilleja omaC4 Eut1'ood. 
The 1pecie1 1'&1 prevlowl::, lmo,m onl::, from Muico In the 1tate1 of ChJ
huahua and Dur&1110, Tentati've tuonomlc relatiomhlpt to Culilleja 
glanll.Zo,a, C. polmm, C. pe,liaca, C. macro,tigma, and C. ,plaacrolfigma 
are dltcm1ed. A catqory of rarity 1tatu, hu been propoted for the 
tpecles due to the alteration of lt1 gru1land habitat and Infrequency of 
collectiom. 

KEY WORDS: Scrophulariaceae, Cutilleja., New Mexico, Mexico, 
range exten1iou 

General collecting activities in extreme 1outhweatem New Mexico on the 
Gray Ranch, a pre1erTe owned by the Animu Foundation and managed in 
cooperation with the Nature ComerT&Dcy, produced a number of intereating 
collection,, among them the following fint record £or the United States: 

UNITED STATES. New Mexico: Hidalgo Co., ta. 60 km S of 
Animu, ca. 100 m N of the old Fitzpatrick', ranch houae, T33S 
R20W, sect. 27, NE¼ of SW¼, elev. 1570 m, pla.nts sca.ttered in 
level clay loam with Sporoboliu airoide.s and Ambra.sia pJilo.stac:hya, 
growth habit erect, bra.eta and flowers yellowish-green, 20 August 
1993, L. Mclnlr,.sh t805 (NMC). Det. by Dr. Guy L. Nesom. 

Cutilleja amata Eutwood is a species previously known only from the 
westem portions of the Mexican et&tes of Chihua.hua. and po11ibly Durango. 
The inflorescence of this annual plant i1 usually yellow, though a few plants 
with pale red bracts are found in herbaria (Mark Egger, pen. comm., 1994). 

,329 

• 

" 



330 PHYTOLOGIA volume 76(4):329-332 April 1994 

Collection1 have been recorded from thi1 region in 1887, 1899, 1906, 1908, 1936, 
1960, 1985, and 1993. Judging from lhe few collection1 preaent in herbaria, 
lhi1 1pecie1 i1 seldom collected, and ils diatribution and frequency in lhe field is 
nol complelely known. The Uniled Stale• record repre1ent1 an approximately 
140 km range extension Crom the do1e1t known ,talion in Mexico (Figure 1). 

According to Eutwood; Cutilleja glandulosa Greenman i, the clo1e1t rel
ative oC C. omata (1909). Caatilleja glandulo,a i1 reduced to 1ynonymy ua.der 
Ccutilleja 1cononeraefolia Kunth by Ne1om (1992). The 10utherumo1t known 
collection of C. amata, from Otinapa, Durango, wu originally identified u 
Cutilleja palmeri Eutwood, which T.I. Chuang (pera. comm. 1994) i1 
tentatively reducing to a 1ynooym of C. omaha. Chuang 1tate1 in the 1ame 
com• munication that he i1 al10 reducing Ccutilleja pediaca Eutwood to a 
1ynonym of C. omata and placing thae, along with Cutilleja macro,tigma 
Robin10n and Cutilleja ,p/aaero,tigma Eutwood, into a clotely related 
group, which he tentatively reCen to u the "Caatilleja mac,-o.sligma complex". 
The 1pecie1 relatiouhip1 within thi, complex have yet to be clarified; and much 
additional field work in Mexico will be nece11uy to properly re1olve their 
taxonomy. All of theae taxa are member, of eect, Euc/a roma {Nutt.) Benth. 
(un,u Eutwood 1909). 

The little habitat inCormation anilable 1uggeat1 that Ct11Cilleja omata 
grow, in relatively level gru1land1. Until recently the weateru part, oC 

Chihuahua and Durango have been comparatively difficult to acce11. Roach 
were dirt until ca. 10-20 year, ago. Thi, region i1 not near any major collecting 
univenity, and bu not been part of an area under inten1ive consideration for 
a flora (u compared to, 1ay, the Chibuahuan Deaert). Finally, the gru1land1 in 
the area have had aeveral centuria oC extremely heavy u1e and are among the 
mo1t aeverely altered and perhap1 endangered habitat, in the Southwut, 
1econd only to riparian areu. Due to thae facton, population numben, 
viability, and 1tability in Mexico cannot be determined. 

The U.S. 1ite bu had a reduction in gruing uee for the put three yean 
(Ben Brown, pen. comm. 1994}, and the abundance oC tbe weedy Am6ro.tia 
pailo,,,sch,a DO. mixed with Sporo6olw airoidu {Torr.) Torr. indicate, a aeral 
1tage of 1uccea1ion. During a 1ite vi,it on April 18, 1994, additional ltanding 
dead plant, from the previou, growing 1euon were found in a lea, weedy area 
with more Sporo6olu.s airoide.t about 150 to 200 mete11 eut of the original 
collection lite. Thae plant. were concentrated on the fringes of a colony of 
Juncw bolticu.s Willd., which wu mixed with S. airoide.t. Thi, area appeared 
to be le11 di1turbed by previou1 and current live1tock gruing than the original 
collection lite, and the C. omata plants were deneer and more numerous. A• 
these plant communitiea continue to change, the persiltence of the C. omata 
population cannot be predicted. The epecie, bu been nominated tentatively 

u a candidate Cor Federal li1ting u threatened or endangered, pending further
information on the number oC individual, and population,, and the typea, if

l 

l 
I 
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Figure 1. Known diatribution of Ca.sl.illeja omata in northwestern Mexico and 
the southwestern United State,. The new United States record i1 approxi
mately 140 km N of previously known 1tation1. 
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any, of natural or man-made threats to the 1pecie1' 1urvinl. 
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abstract

Argemone pleiacantha subsp. pinnatisecta (sacramento Prickly Poppy) is a federally listed endangered member of Papaveraceae, known 

from a few small populations on the western slope of the sacramento mountains in otero county, new mexico. With the total number 

of established A. pleiacantha subsp. pinnatisecta apparently dwindling, and threats to the viability of the taxon coming from a variety of 

factors, the taxonomic status of this group is of interest to scientists and land managers. the objective of this study was to test whether 

Argemone pleiacantha subsp. pinnasecta is diagnosable at the level of species through the application of an aflP-based molecular assess-

ment of population-level variation. results from principle coordinate and structure analyses on 424 aflP loci, taken from samples 

of Argemone pleiacantha subsp. pinnatisecta and related geographically proximate members of Argemone, identify that the sacramento 

Prickly Poppy is a genetically unique population system. the results of the aflP analysis, in combination with the geographic isolation 

and morphological differentiation, are consistent with applicable widely held concepts of plant species. a new combination, Argemone 

pinnatisecta (G.b. ownbey) s.d. cervantes & c.d. bailey comb. et stat. nov., is presented.

resumen

Argemone pleiacantha subsp. pinnatisecta (sacramento Prickly Poppy) es una Papaveraceae de la lista federal de especies en peligro, 

conocida solo de pequeñas poblaciones en la ladera occidental de las montañas de sacramento en el condado de otero, nuevo méxico. 

con el número de individuos de A. pleiacantha subsp. pinnatisecta aparentemente disminuyendo, y con las amenazas para la viabilidad 

de este taxon provenientes de una variedad de factores, el estado taxonómico de este grupo es de interés. el objetivo de este estudio era 

probar si A. pleiacantha subsp. pinnatisecta es diagnosticable como especie a través de un estudio de variabilidad poblacional basado en 

datos de aflP. análisis de coordenadas principales y utilizando el programa structure en 424 loci de aflP tomados de muestras de 

A. pleiacantha subsp. pinnatisecta y otros miembros relacionados de Argemone geográficamente próximos, revelan que este taxon tiene un 

sistema genético único. estos resultados, conjuntamente con el aislamiento geográfico y la diferenciación morfológica, son consistentes 

con conceptos frecuentemente aplicados y científicamente justificados para el reconocimiento de especies de plantas. basado en esto, se 

presenta una nueva combinación, Argemone pinnatisecta (G.b. ownbey) s.d. cervantes & c.d. bailey comb. et stat. nov.

introduction

our understanding of species has changed dramatically throughout the history of botanical nomenclature. 
although disagreement persists, contemporary species concepts broadly agree in viewing species as mor-
phologically and/or genetically discontinuous groups of populations (e.g., nixon & Wheeler 1990) that are 
related to each other through common evolutionary history, with reproductive isolation playing a key role 
in creating discontinuity in sexual taxa (e.g., dobzhansky 1935; mayr 1942). this understanding derives 
in large part from a fusion of ideas from systematics, paleontology, cytology, and genetics, which became 
known as the “modern synthesis” (Huxley 1942). Previous authors, especially prior to darwin’s on the origin 
of species, largely viewed species as temporally unchanging, but not necessarily morphologically discontinu-
ous, entities that were not connected through evolutionary history. many treated species and infraspecific 
ranks merely as tools for naming natural variation, not as fundamental units of evolution.
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 despite dramatic changes over time in how species are understood and delimited, it is common for 
non-specialists to assume that “species” in contemporary discussions reflect the application of a species 
concept that is consistent with modern evolutionary biology. However, the majority of the roughly 2.5 mil-
lion described species (e.g., may 1988) and infraspecific taxa were published prior to the on the origin of 
species, much less works of the modern synthesis. few authors for these taxa were aware that the species 
rank would one day represent a critical boundary in evolutionary biology.
 ideally the limits of all species would be determined consistently, based on contemporary species 
concepts, but the scale of such work and limited global investment in the field makes this level of study 
unlikely in the foreseeable future (e.g., Heywood 2001; scotland et al. 2003). the historical and potentially 
arbitrary application of rank at and below the level of species may not impact many taxa. However, over-
interpretation of ranks can be an acute problem in conservation, with critics often suggesting that threat-
ened subspecies and varieties are less than “species” and therefore unworthy of protection. When taxa are 
threatened with global extinction, scientific assignments based on modern concepts of species are critical 
for our understanding of the taxon and for downstream conservation decisions (see desalle & amato 2004; 
Holsinger & Gottliebo 1991; van dyke 2008). this study was conducted to evaluate the species status of 
one such endangered taxon.
 Argemone pleiacantha Greene subsp. pinnatisecta G.b.ownbey (sacramento Prickly Poppy) is a federally 
listed endangered member of Papaveraceae, known from a few small populations on the western slope of 
the sacramento mountains in otero county, new mexico (fish & Wildlife service 1989). in the most recent 
monograph of Argemone, ownbey (1958) described the taxon from his own specimens and an 1899 Wooton 
collection. this geographically restricted (fig. 1) taxon was distinguished from other Argemone pleiacantha 
Greene by the presence of simple bud prickles, paler yellow latex, and sparingly prickly capsules (fig. 1).
 in the introduction to the monograph, ownbey (1958) explicitly provided a species concept consistent 
with numerous contemporary concepts. His definition focused on distinctive morphological traits and either 
geographic isolation or failure to intergrade when occurring in sympatry with other Argemone. the mor-
phology and geographic isolation of A. pleiacantha subsp. pinnatisecta fits this definition; however, ownbey 
subsequently recognized the taxon as a subspecies without any discussion of his reasoning. With the ex-
ception of shinners’ (1958) overlooked shift in rank to A. pleiacantha Greene var. pinnatisecta (G.b.ownbey) 
shinners, other taxonomic assessments have not been made since ownbey’s description.
 shinners’shift in rank to variety might easily be misconstrued as his viewing the taxon as a lesser entity 
than ownbey. similar interpretations, commonly applied by non-scientists in arguments against protecting 
subspecific taxa (e.g., Wilcove et al. 1993), demonstrate the danger of over-interpreting the differential use of 
ranks (particularly subspecies and varieties) as well as the risk of excluding plant varieties from the formal 
language in the endangered species act (Wilcove et al. 1993). in actuality, shinners’ taxonomic modification 
simply reflected his opinion that “one only uses subspecies on the relatively uncommon occasion when it 
is desired to label a group of varieties.” (shinners 1958) and had nothing to do with isolation or uniqueness 
of the group.
 With the total number of established A. pleiacantha subsp. pinnatisecta dwindling well below 1000 
(sivinski 1999; tonne 2008), the unclear rank appropriate for the taxon (species, variety, or subspecies), and 
threats to its viability coming from aspects of reproductive biology (sivinski 1992; tonne 2008) as well a 
variety of human-related factors (e.g., water withdrawal and right-of-way development, flooding, off-roading, 
grazing, highway maintenance (lightfoot and sivinski 1994; tonne 2008)), the taxonomic assignment of 
these plants is of considerable interest.
 the objective of this study is to evaluate the genetic structure and distinctiveness of Argemone pleiacantha 
subsp. pinnasecta population systems through the application of an aflP-based (vos et al. 1995) molecular 
assessment of population-level genomic variation and to use this information to address the taxonomic status 
of these plants. aflPs are randomly sampled genetic loci that, in combination with appropriate methods 
of analysis, have proven powerful in developing objective fine-scale assessments of population-level and 
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Fig. 1. Geography and Morphology. Aregemone pleiacantha subsp. pinnatisecta morphology (A–E). A) Flower and Bud, B) Bud, C) Capsule, D) cauline leaf, 
E) stem prickles. F) Geography of sampled material included in the study. G) The known geographic distribution of A. pleiacantha subsp. pinnatisecta 
(open diamonds) and the specific sampling of the species included (dark diamonds).
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species-level variation in many plant and animal groups (e.g. bacon & bailey 2006; baskauf & burke 2009; 
duminil et al. 2006; martinez-ortega et al. 2004; routtu et al. 2007). for this study, aflP profiles from 
A. pleiacantha subsp. pinnatisecta populations were compared to all geographically proximate species of Ar-
gemone. results relating to the genetic isolation and differentiation of A. pleiacantha subsp. pinnatisecta are 
discussed to assess whether the taxon is a species based on scientifically accepted concepts of the species, 
or if these represent geographic, but not genetically distinct, populations of proximate species.

materials and methods

Sampling.—multiple collecting trips to Argemone localities in new mexico were made between June and 
august of 2007. Argemone pleiacantha subsp. pinnatisecta were collected from 12 localities representing four 
canyon systems that run east to west across the sacramento mountains (alamo, san andres, dog, and la 
luz/fresnal canyons – fig. 1 and appendix 1). Argemone pleiacantha subsp. pleiacantha was collected from 
kingston and Hillsboro, A. polyanthemos (fedde) G.b.ownbey from san augustin Pass near las cruces, and 
A. squarrosa Greene from the eastern sacramento mountains (fig. 1 and appendix 1). the latter three taxa 
were sampled because they are the only other species of Argemone geographically proximate (within 150 
miles) to A. pleiacantha subsp. pinnatisecta and because they are among a number of possible close relatives to 
A. pleiacantha subsp. pinnatisecta identified in a phylogenetic analysis of Argemone (schwarzbach & kadereit 
1999). With the exception of the endangered A. pleiacantha subsp. pinnatisecta, which is sufficiently repre-
sented by specimens in the nmsu dept. of biology Herbarium (nmc – thiers 2009), a voucher specimen 
was collected from each locality and deposited in nmc (appendix 1).

DNA Extraction and AFLP Amplification.—dna samples were extracted from each individual us-
ing the dna extraction protocol of alexander et al. (2007) eluting dna into 10 mm tris. dna quantity 
and quality were evaluated on 0.7% agarose gels with a 100 bp dna mass ladder standard (new england 
biolabs). the restriction ligation (rl) and preselective amplifications followed a modified vos et al. (1995) 
aflP approached used by bacon and bailey (2006) and marketed by applied biosystems (“Plant mapping 
Protocol” – P/n 402977 rev. e). in short, 50 ng of genomic dna was digested overnight at 37ºc with 1x t4 
ligase buffer (neb), 0.046 m nacl, 0.046 m bsa, 1 pm msei adapter pair, 10 pm ecori adapter Pair, 1 u 
msei, 5 u ecori, and 67 u of t4 ligase (neb). rls were diluted to a final volume of 200 µl with 0.1 x te. 
Preselective and selective amplifications included 1.5 mm mgcl2 0.1 m tris-Hcl pH 8.3, 0.5 m kcl, 0.25 
µm of each primer, and ca. 2 u taq in a 20 µl reaction containing 4 µl of dilute rl or preamplification 
product. Preselective amplifications applied single selective bases on each primer (a on ecori and c on msei) 
and selective primer combinations included ecori-ac/msei-cta and ecori-tc/msei-cta. Preselective and 
selective amplification cycling followed the abi Plant mapping Protocol. selective amplification reactions, 
labeled with 5’fam on the ecori primer, were run on a 3100 sequencer (applied biosystems) with a rox500 
standard (applied biosystems). 

Data Analysis.—aflP profiles were extracted from raw sequence files and converted to comparative allele 
presence/absence tables using Genemapper 4.0 (applied biosystems). alleles used in the analyses ranged 
from 100–500 bp. runs on single individuals were considered to have failed if the number of fragments 
amplified was below the mean and standard deviation of fragments amplified across the population. in almost 
all cases, these failed runs correlated with low quality dna and generated few or no peaks.
 two approaches were implemented to assess the number of genetically distinct clusters of individuals 
supported by the aflP data irrespective of previously conceived notions of species or population limits. first, 
a principle coordinate analysis (Pco) employing euclidean distances was run in mvsP ver. 3.131 (kovach 
computing services). the first two coordinates were plotted to display the degree of differentiation among 
groups. this visual approach was augmented by the bayesian statistical analysis presented by Pritchard et al. 
(2000). the application of structure vers. 2.3.1 (Pritchard et al. 2000) tested relative likelihood support 
in the data for k genetic clusters (k=1–8) and the assignment of each individual to specific clusters under 
each value of k. the scoring of aflP patterns in structure followed the recommendation of evanno et 

JBRIT4(1)257-320L2.indd   264 7/8/10   3:42:28 PM



Cervantes et al., Genetic analysis of Argemone pleiacantha subsp. pinnatisecta 265

al. (2005) in treating the unobserved alleles as missing data (i.e., for an individual with a presence allele at 
locus x, it is not possible to directly infer if the sample is homozygous dominant [1,1] or heterozygous [1,0]). 
structure analyses included 10,000 burn-ins and mcmc replicates for each run, 10 replicate runs for 
each value of k, use of the admixture model, and allele frequencies set to independent, as recommended by 
evanno et al. (2005). other parameters were set to the software defaults. the inferred number of clusters 
best supported by the data was further tested through the application of Δk (k=1–8) as applied by evanno 
et al. (2005). 

results

of the 93 individuals from which dna was extracted, 63 were successfully amplified using both selective 
primer combinations (30 A. pleiacantha subsp. pinnatisecta, 16 A. pleiacantha subsp. pleiacantha, 11 A. squar-
rosa, and 6 A. polyanthemos). across these samples, aflP reactions employing selective primer combinations 
ecori-ac/msei-cta and ecori-tc/msei-cta amplified 221 and 203 loci, respectively. each primer combi-
nation amplified one fixed presence allele (“private”) in every accession of A. pleiacantha subsp. pinnatisecta 
that was absent in all other sampled accessions.
 Argemone squarrosa is considered polyploid based on chromosome counts from one locality (ownbey 
1958). When analyzed with diploid taxa in distance based analyses the increased number of fragments could 
generate artifactual results of concern to this study. However, individuals from the locality of A. squarrosa 
sampled for this study produced numbers of aflP fragments well within the range for all other accessions 
amplified, reducing concerns with variance in fragment number. it is possible that there are both diploid 
and polyploid populations of the species and that we sampled diploid individuals.

Interspecific Analyses: Pco analysis (fig. 2) identified three highly differentiated clusters. all accessions 
of A. pleiacantha subsp. pinnatisecta were recovered in a single cluster and the taxon showed greater differ-
entiation from all other accessions than the other three taxa showed among one another. Argemone squarrosa 
and A. polyanthemos accessions displayed the lowest degree of differentiation between taxa (fig. 2).
 results of the ln P(d) in structure supported k≥3 (table 1). Pritchard et al. (2000) and evanno 
et al. (2005) have documented likelihood values continuing to rise after passing the “true” k. this appears 
to be the case here, were the likelihood of k=3 is considerably higher than the values for k=1 or 2, but k 
continues to rise slightly and fluctuate above k=3. the application of evanno et al.’s (2005) method found a 
10 fold reduction in Δk (from 15.95 to 1.61) between k=3 and k=4 (table 1), identifying strong support for 
a k=3 conclusion (evanno et al. 2005).
 in all replications of the mcmc method with k>1, representatives of A. pleiacantha subsp. pinnatisecta 
were assigned to a single unique cluster, adding credence to the conclusion that these individuals represent 
a cohesive distinct group. With all values of k>1, no individual of A. pleiacantha subsp. pinnatisecta had less 
than 96.3% assignment to the same single cluster and no individuals from the other taxa show greater than 
6.2% assignment to the A. pleiacantha subsp. pinnatisecta cluster (table 1).

Intraspecific Differentiation: the sampling available for this study largely precluded a comprehensive 
analysis of intraspecific variation for A. pleiacantha subsp. pinnatisecta. nonetheless, some preliminary analyses 
were run to test for signs of potential population differentiation. a Pco analysis restricted to A. pleiacantha 
subsp. pinnatisecta accessions displayed weak differentiation (fig. 3) between accessions from canyons in 
the northern and southern portions of the range of the subspecies (see discussion). the weakness of this 
differentiation is clear from the results in structure, which failed to reject k=1 (table 2) for the taxon. 
Δk cannot be tested for k=1 and was not applied.

discussion

Taxonomic Status of the Sacramento Prickly Poppy.—the presence/absence pattern of randomly se-
lected aflP loci amplified from A. pleiacantha subsp. pinnatisecta and populations of other Argemone known 
within reasonable proximity of A. pleiacantha subsp. pinnatisecta, are consistent with the sacramento Prickly
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Table 1. Results from the interspecific STRUCTURE analyses with values of K ranging from 1–8. Abbreviations: K - number of distinct groups applied, Ln - log probability, ΔK - rate 
of change in the log probability between successive values of K.

K=  1 2 3 4 5 6 7 8

mean Ln D(K) -12945.75 -10190.29 -8810.68 -8748.87 -8439.63 -8509.82 -8534.8 -8504.54
SD Ln D(K) 1.40 67.06 81.46 142.99 239.03 193.04 353.11 199.96
ΔK NA 20.53 15.95 1.61 1.42 0.188 0.156 NA
SPP CLUSTER - of min. NA 0.963 0.985 0.985 0.99 0.985 0.974 0.982
 assignment each
 SPP individual
SPP CLUSTER - max. NA 0.062 0.023 0.018 0.029 0.017 0.012 0.005
 assignment of any
 non-SPP individual

Poppy being genetically cohesive and reproductively isolated. in particular, the identification of two fixed 
(private) allelic differences present in all sampled A. pleiacantha subsp. pinnatisecta, which are absent from 
the other samples, suggests that the taxon has been reproductively isolated from these other Argemone for 
sufficient time to have: 1) developed unique fixed genetic traits not found in other taxa, or 2) that other 
geographically and phylogenetically proximate Argemone have lost traits that were once common to more 
species. furthermore, the fixed allelic differences at two of the 424 loci are not the only differentiating signal 
loci found in the genetic dataset. isolation at the level of species is further identified by the sum of allelic 
frequencies investigated through Pco (fig. 2) and structure (table 1).
 fixed allelic differences are the explicit delimiting factor in the “phylogenetic species concept” (davis 
& nixon 1992; nixon & Wheeler 1990), are consistent with the principles of the more widely known “bio-
logical species concept” (dobzhansky 1935; mayr 1942), and the overall pattern corroborates ownbey’s (pg. 
9, 1958) suggestion that that the most important form of speciation in Argemone is “… geographic isolation 
leading to the accumulation of genetic differences in isolated populations.” thus, for the sacramento Prickly 
Poppy the combination of genetics, morphology, and geography identify extensive reproductive isolation

Fig 2. Interspecific PCO analysis applying Euclidean distances calculated from AFLP data representing 424 loci.
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Table 2. Results from the intraspecific STRUCTURE analyses for Argemone pleiacantha subsp. pinnatisecta with values of K ranging from 1–8. Abbreviations: K - number 
of distinct groups applied, Ln - log probability, ΔK - rate of change in the log probability between successive values of K.

K= 1 2 3 4 5 6 7 8

Mean Ln D(K) -3161.3 -3166.8 -3256.5 -3382.1 -3389.5 -3299.1 -3689.3 -3253.6
SD Ln D(K) 0.81 2.47 281.40 521.27 704.81 510.24 848.12 340.44

from other proximate Argemone as well as continued intraspecific contact. these patterns are consistent with 
specific status under widely accepted concepts of eukaryotic sexual species.

Intraspecific Differentiation.—analyses of the available A. pleiacantha subsp. pinnatisecta data set did not 
reject k=1 for the taxon. However, the Pco analysis of A. pleiacantha subsp. pinnatisecta (fig 3) provides evi-
dence for weak divergence of populations found in different canyon systems. the fresnal and la luz canyon 
accessions tend to cluster in one cohort and the three remaining canyon systems into another. clearly there 
is no strong population structure on the level of species differentiation, but these preliminary results are of 
significance to future management practices. most importantly, resource managers should not assume that 
genetic variation in the sacramento Prickly Poppy is randomly distributed across the species’ range.

Conclusion and Future Research.—ownbey’s (1958) reasoning for having described the sacramento 
Prickly Poppy at the subspecific rank contradicts both his own description of what constitutes a species 
and the genetic data generated from this study. Argemone pleiacantha subsp. pinnatisecta is geographically 
isolated, morphologically distinct, and genetically unique. these features are consistent with contemporary 
concepts of plant species and are applied here as the scientific evidence behind an elevation in taxonomic 
rank to species.
 this study incorporated taxa growing within 150 miles of Argemone pleiacantha subsp. pinnatisecta in 
the southwestern “sky island” system. this distance was selected based on an evaluation of taxa that could 
conceivably interbreed with A. pleiacantha subsp. pinnatisecta and what was feasible for the study. future 

Fig 3. Intraspecific PCO analysis of A. pleiacantha subsp. pinnatisecta applying Euclidean distances calculated from AFLP data representing 424 loci. 

JBRIT4(1)257-320L2.indd   267 7/8/10   3:42:29 PM



268  Journal of the Botanical Research Institute of Texas 4(1) 

assessments of species limits within Argemone will hopefully address the limits of all species in the group. of 
potential relevance to the understanding of A. pleiacantha subsp. pinnatisecta may be the comparison of three 
morphologically similar but geographically disjunct taxa (A. arizonica G.b. ownbey, A. gracilenta Greene, 
and A. pleiacantha subsp. ambigua G.b. ownbey). since these taxa are only known from localities at least 300 
miles distant, across inhospitable habitat, recent historic or contemporary interbreeding with A. pleiacantha 
subsp. pinnatisecta is largely inconceivable, but more inclusive comparative studies may shed light on the 
origin of A. pleiacantha subsp. pinnatisecta and aspects of the phylogeographic history of Argemone. further 
analyses of infraspecific genetic variability and geographic differentiation incorporating greater population 
sampling for A. pleiacantha subsp. pinnatisecta should also be carried out to develop an appropriate fine scale 
assessment of variation.

taxonomic treatment

Argemone pinnatisecta (G.b. ownbey) s.d. cervantes & c.d. bailey, comb. et stat. nov. Argemone pleiacantha 

Greene subsp. pinnatisecta G.b.ownbey, mem. torrey bot. club 21:99, 1958; Argemone pleiacantha Greene var. pinnatisecta (G.b. 

ownbey) shinners, southw. naturalist 3:213–214. 1958. type: u.s.a. new mexico: otero co.: 9.6 mi W of cloudcroft, 6600 ft, 12 

aug 1953, g.B. ownbey & Findley 1754 (holotype: min; isotypes: ariZ, bm, cas, colo, f, GH, min, rm, rsa, uc, unm!, us) 

appendix 1
Sampling Information. For each taxon different collecting localities include location, centroid of population latitude, centroid 
of population longitude, collector and number, date, and number of samples taken.

Argemone pleiacantha subsp. pinnatisecta—Sacramento Mtns. Fresnal Canyon, 32.9698,-105.9010, Phil Tonne & Bob Siv-
inski, 2 Samples. Sacramento Mtns. Dog Bench, 32.7550, -105.8872, Phil Tonne & Bob Sivinski, 8 Samples. Sacramento Mtns. 
Fresnal Canyon, 32.9548, -105.8748, 14 Aug 2007, Phil Tonne & Bob Sivinski, 2 Samples. Sacramento Mtns. Fresnal Canyon, 
32.9665, -105.8978, 14 Aug 2007, Phil Tonne & Bob Sivinski s.n., 1 sample. Sacramento Mtns. Dog Bajada, 32.7503, -105.9191, 
14 Aug 2007, Phil Tonne & Bob Sivinski s.n., 5 samples. Sacramento Mtns. La Luz, 32.9817, -105.9257, 14 Aug 2007, Phil Tonne 
& Bob Sivinski s.n., 1 Sample. Sacramento Mtns. Fresnal Canyon, 32.9480, -105.8428, 14 Aug 2007, Phil Tonne & Bob Sivinski s.n., 
4 Samples. Sacramento Mtns. La Luz, 32.9817, -105.9257, 14 Aug 2007, Phil Tonne & Bob Sivinski s.n., 2 Samples. Sacramento 
Mtns. San Andres Canyon, 32.7826, -105.9013, 15 Aug 2007, Phil Tonne & Bob Sivinski s.n., 2 Samples. Sacramento Mtns. San 
Andres Canyon, 32.7826, -105.9013, 15 Aug 2007, Phil Tonne & Bob Sivinski s.n., 1 Sample. Sacramento Mtns. Fresnal Canyon, 
32.9476, -105.8553, 14 Aug 2007, Phil Tonne & Bob Sivinski s.n., 4 Samples. Sacramento Mtns. Upper Alamo Canyon, 32.8537, 
-105.8348, 14 Aug 2007, Phil Tonne & Bob Sivinski s.n., 8 Samples. A. pleiacantha subsp. pleiacantha—Hillsboro, NM, 32.8249, 
-107.5421, 19 Jun 2007, Sandy Cervantes 2, 14 Samples. Kingston, NM, 32.9187, -107.6873, 19 Jun 2007, Sandy Cervantes 1, 13 
samples. A. polyanthemos—Organ Mtns, leaf samples taken from plants along I10 - collected from 0.5 mi W of White Sands 
Missile Range entrance, 32.4381, -106.4866, 26 Jun 2007, Sandy Cervantes 3, 13 samples. A. squarrosa - Lincoln, NM 33.5340, 
-105.4964, 27 Jun 2007, Sandy Cervantes 4, 13 Samples.
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CONVENTION ON INTERNATIONAL TRADE IN ENDANGERED SPECIES 
OF WILD FAUNA AND FLORA 

Appendices I, II and III 
valid from 26 November 2019 

Interpretation 
1. Species included in these Appendices are referred to: 

 a) by the name of the species; or 
 b) as being all of the species included in a higher taxon or designated part thereof. 

2. The abbreviation “spp.” is used to denote all species of a higher taxon. 

3. Other references to taxa higher than species are for the purposes of information or classification only. The 
common names included after the scientific names of families are for reference only. They are intended to 
indicate the species within the family concerned that are included in the Appendices. In most cases this is 
not all of the species within the family. 

4. The following abbreviations are used for plant taxa below the level of species: 

 a) “ssp.” is used to denote subspecies; and 
 b) “var(s).” is used to denote variety (varieties). 

5. As none of the species or higher taxa of FLORA included in Appendix I is annotated to the effect that its 
hybrids shall be treated in accordance with the provisions of Article III of the Convention, this means that 
artificially propagated hybrids produced from one or more of these species or taxa may be traded with a 
certificate of artificial propagation, and that seeds and pollen (including pollinia), cut flowers, seedling or 
tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers of these hybrids 
are not subject to the provisions of the Convention. 

6. The names of the countries in parentheses placed against the names of species in Appendix III are those 
of the Parties submitting these species for inclusion in this Appendix. 

7. When a species is included in one of the Appendices, the whole, live or dead, animal or plant is included. 
In addition, for animal species listed in Appendix III and plant species listed in Appendix II or III, all parts 
and derivatives of the species are also included in the same Appendix unless the species is annotated to 
indicate that only specific parts and derivatives are included. The symbol # followed by a number placed 
against the name of a species or higher taxon included in Appendix II or III refers to a footnote that 
indicates the parts or derivatives of animals or plants that are designated as 'specimens' subject to the 
provisions of the Convention in accordance with Article I, paragraph (b), subparagraph (ii) or (iii). 

8. The terms and expressions below, used in annotations in these Appendices, are defined as follows: 

  Extract 

  Any substance obtained directly from plant material by physical or chemical means regardless of the 
manufacturing process. An extract may be solid (e.g. crystals, resin, fine or coarse particles), semi-
solid (e.g. gums, waxes) or liquid (e.g. solutions, tinctures, oil and essential oils). 

  Finished musical instruments 

  A musical instrument (as referenced by the Harmonized System of the World Customs Organization, 
Chapter 92; musical instruments, parts and accessories of such articles) that is ready to play or needs 
only the installation of parts to make it playable. This term includes antique instruments (as defined by 
the Harmonized System codes 97.05 and 97.06; Works of art, collectors' pieces and antiques). 



Appendices I, II & III (26/11/2019) – p. 2 

  Finished musical instrument accessories 

  A musical instrument accessory (as referenced by the Harmonized System of the World Customs 
Organization, Chapter 92; musical instruments, parts and accessories of such articles) that is separate 
from the musical instrument, and is specifically designed or shaped to be used explicitly in association 
with an instrument, and that requires no further modification to be used.  

  Finished musical instrument parts 

  A part (as referenced by the Harmonized System of the World Customs Organization, Chapter 92; 
musical instruments, parts and accessories of such articles) of a musical instrument that is ready to 
install and is specifically designed and shaped to be used explicitly in association with the instrument 
to make it playable. 

  Finished products packaged and ready for retail trade 

  Products, shipped singly or in bulk, requiring no further processing, packaged, labelled for final use or 
the retail trade in a state fit for being sold to or used by the general public. 

  Powder 

  A dry, solid substance in the form of fine or coarse particles. 

  Shipment 

  Cargo transported under the terms of a single bill of lading or air waybill, irrespective of the quantity or 
number of containers or packages; or pieces worn, carried or included in personal baggage. 

  Ten (10) kg per shipment 

  For the term "10 kg per shipment", the 10 kg limit should be interpreted as referring to the weight of 
the individual portions of each item in the shipment made of wood of the species concerned. In other 
words, the 10 kg limit is to be assessed against the weight of the individual portions of wood of 
Dalbergia/Guibourtia species contained in each item of the shipment, rather than against the total 
weight of the shipment. 

  Transformed wood 

  Defined by Harmonized System code 44.09: Wood (including strips, friezes for parquet flooring, not 
assembled), continuously shaped (tongued, grooved, v-jointed, beaded or the like) along any edges, 
ends or faces, whether or not planed, sanded or end-jointed. 

  Woodchips 

  Wood that has been reduced to small pieces. 
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FAUNA   (ANIMALS) 
PHYLUM   CHORDATA 

CLASS MAMMALIA (MAMMALS) 

 

ARTIODACTYLA  
Antilocapridae Pronghorns  
 Antilocapra americana (Only the 

population of Mexico; no other 
population is included in the 
Appendices) 

  

Bovidae Antelopes, cattle, duikers, 
gazelles, goats, sheep, etc. 

 

 Addax nasomaculatus   

  Ammotragus lervia  
   Antilope cervicapra (Nepal, Pakistan) 
 Bos gaurus (Excludes the 

domesticated form, which is referenced 
as Bos frontalis, and is not subject to the 
provisions of the Convention) 

  

 Bos mutus (Excludes the domesticated 
form, which is referenced as Bos 
grunniens, and is not subject to the 
provisions of the Convention) 

  

 Bos sauveli   
   Boselaphus tragocamelus (Pakistan) 
   Bubalus arnee (Excludes the 

domesticated form, which is referenced 
as Bubalus bubalis and is not subject to 
the provisions of the Convention) 
(Nepal) 

 Bubalus depressicornis   
 Bubalus mindorensis   
 Bubalus quarlesi   
  Budorcas taxicolor  
  Capra caucasica  
 Capra falconeri   
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   Capra hircus aegagrus (Specimens of 
the domesticated form are not subject to 
the provisions of the Convention) 
(Pakistan) 

   Capra sibirica (Pakistan) 
 Capricornis milneedwardsii   
 Capricornis rubidus   
 Capricornis sumatraensis   
 Capricornis thar   
  Cephalophus brookei  
  Cephalophus dorsalis  
 Cephalophus jentinki   
  Cephalophus ogilbyi  
  Cephalophus silvicultor  
  Cephalophus zebra  
  Damaliscus pygargus pygargus  
   Gazella bennettii (Pakistan) 
 Gazella cuvieri   
   Gazella dorcas (Algeria, Tunisia) 
 Gazella leptoceros   
 Hippotragus niger variani   
  Kobus leche  
 Naemorhedus baileyi   
 Naemorhedus caudatus   
 Naemorhedus goral   
 Naemorhedus griseus   
 Nanger dama   
 Oryx dammah   
 Oryx leucoryx   
  Ovis ammon   
  Ovis arabica  
  Ovis bochariensis  
  Ovis canadensis (Only the population 

of Mexico; no other population is 
included in the Appendices) 
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  Ovis collium  
  Ovis cycloceros  
  Ovis darwini  
 Ovis gmelini (Only the population of 

Cyprus; no other population is included 
in the Appendices) 

  

 Ovis hodgsoni   
  Ovis jubata  
  Ovis karelini  
 Ovis nigrimontana   
  Ovis polii   
  Ovis punjabiensis  
  Ovis severtzovi  
 Ovis vignei   
 Pantholops hodgsonii   
  Philantomba monticola  
   Pseudois nayaur (Pakistan) 
 Pseudoryx nghetinhensis   
  Rupicapra pyrenaica ornata  
  Saiga borealis (A zero export quota for 

wild specimens traded for commercial 
purposes) 

 

  Saiga tatarica (A zero export quota for 
wild specimens traded for commercial 
purposes) 

 

   Tetracerus quadricornis (Nepal) 
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Camelidae Camels, guanacos, 
vicunas 

 

  Lama guanicoe  

 Vicugna vicugna [Except the 
populations of: Argentina (the 
populations of the Provinces of Jujuy, 
Catamarca and Salta, and the semi-
captive populations of the Provinces of 
Jujuy, Salta, Catamarca, La Rioja and 
San Juan), Chile (populations of the 
region of Tarapacá and of the region of 
Arica and Parinacota), Ecuador (the 
whole population), Peru (the whole 
population) and the Plurinational State of 
Bolivia (the whole population), which are 
included in Appendix II] 

  

  Vicugna vicugna [Only the populations 
of Argentina (the populations of the 
Provinces of Jujuy, Catamarca and 
Salta, and the semi-captive populations 
of the Provinces of Jujuy, Salta, 
Catamarca, La Rioja and San Juan), 
Chile (populations of the region of 
Tarapacá and of the region of Arica and 
Parinacota), Ecuador (the whole 
population), Peru (the whole population) 
and the Plurinational State of Bolivia (the 
whole population); all other populations 
are included in Appendix I] 1 

 

                                                      
1  For the exclusive purpose of allowing international trade in fibre from vicuñas (Vicugna vicugna) and their derivative products, only if the fibre comes from the shearing of live vicuñas. Trade in products derived 

from the fibre may only take place in accordance with the following provisions: 
 a) Any person or entity processing vicuña fibre to manufacture cloth and garments must request authorization from the relevant authorities of the country of origin (Countries of origin: The countries where the 

species occurs, that is, Argentina, Bolivia, Chile, Ecuador and Peru) to use the "vicuña country of origin" wording, mark or logo adopted by the range States of the species that are signatories to the 
Convention for the Conservation and Management of the Vicuña. 

 b) Marketed cloth or garments must be marked or identified in accordance with the following provisions: 
  i) For international trade in cloth made from live-sheared vicuña fibre, whether the cloth was produced within or outside of the range States of the species, the wording, mark or logo must be used so that 

the  country of origin can be identified. The VICUÑA [COUNTRY OF ORIGIN] wording, mark or logo has the format as detailed below: 
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Cervidae Deer, huemuls, muntjacs, 
pudus 

 

 Axis calamianensis   
 Axis kuhlii   
   Axis porcinus (Except the subspecies 

included in Appendix I) (Pakistan) 
 Axis porcinus annamiticus   
 Blastocerus dichotomus   
  Cervus elaphus bactrianus  
   Cervus elaphus barbarus (Algeria, 

Tunisia) 
 Cervus elaphus hanglu   
 Dama dama mesopotamica   
 Hippocamelus spp.   
   Mazama temama cerasina 

(Guatemala) 
 Muntiacus crinifrons   
 Muntiacus vuquangensis   

                                                                                                                                                                                                                                                                         

 
   This wording, mark or logo must appear on the reverse side of the cloth. In addition, the selvages of the cloth must bear the words VICUÑA [COUNTRY OF ORIGIN]. 
  ii) For international trade in garments made from live-sheared vicuña fibre, whether the garments were produced within or outside of the range States of the species, the wording, mark or logo indicated 

in paragraph b) i) must be used. This wording, mark or logo must appear on a label on the garment itself. If the garments are produced outside of the country of origin, the name of the country where 
the garment was produced should also be indicated, in addition to the wording, mark or logo referred to in paragraph b) i). 

 c) For international trade in handicraft products made from live-sheared vicuña fibre produced within the range States of the species, the VICUÑA [COUNTRY OF ORIGIN] - ARTESANÍA wording, mark or 
logo must be used as detailed below: 

 
 d) If live-sheared vicuña fibre from various countries of origin is used for the production of cloth and garments, the wording, mark or logo of each of the countries of origin of the fibre must be indicated, as 

detailed in paragraphs b) i) and ii). 
 e) All other specimens shall be deemed to be specimens of species listed in Appendix I and the trade in them shall be regulated accordingly. 
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   Odocoileus virginianus mayensis 
(Guatemala) 

 Ozotoceros bezoarticus   
  Pudu mephistophiles  
 Pudu puda   
 Rucervus duvaucelii   
 Rucervus eldii   
Giraffidae Giraffes  
  Giraffa camelopardalis  
Hippopotamidae Hippopotamuses  
  Hexaprotodon liberiensis  

  Hippopotamus amphibius  
Moschidae Musk deer  
 Moschus spp. (Only the populations of 

Afghanistan, Bhutan, India, Myanmar, 
Nepal and Pakistan; all other 
populations are included in Appendix II) 

  

  Moschus spp. (Except the populations 
of Afghanistan, Bhutan, India, Myanmar, 
Nepal and Pakistan, which are included 
in Appendix I) 

 

Suidae Babirusa, hogs, pigs  
 Babyrousa babyrussa   
 Babyrousa bolabatuensis   
 Babyrousa celebensis   
 Babyrousa togeanensis   
 Sus salvanius   
Tayassuidae Peccaries  
  Tayassuidae spp. (Except the species 

included in Appendix I and the 
populations of Pecari tajacu of Mexico 
and the United States of America, which 
are not included in the Appendices) 

 

 Catagonus wagneri   
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CARNIVORA  
Ailuridae Red pandas  
 Ailurus fulgens   
Canidae Dogs, foxes, wolves  
   Canis aureus (India) 
 Canis lupus (Only the populations of 

Bhutan, India, Nepal and Pakistan; all 
other populations are included in 
Appendix II. Excludes the domesticated 
form and the dingo which are referenced 
as Canis lupus familiaris and Canis 
lupus dingo, respectively, which are not 
subject to the provisions of the 
Convention) 

  

  Canis lupus (Except the populations of 
Bhutan, India, Nepal and Pakistan, 
which are included in Appendix I. 
Excludes the domesticated form and the 
dingo which are referenced as Canis 
lupus familiaris and Canis lupus dingo, 
respectively, which are not subject to the 
provisions of the Convention) 

 

  Cerdocyon thous  
  Chrysocyon brachyurus  
  Cuon alpinus  
  Lycalopex culpaeus  
  Lycalopex fulvipes  
  Lycalopex griseus  
  Lycalopex gymnocercus  
 Speothos venaticus   
   Vulpes bengalensis (India) 
  Vulpes cana  
   Vulpes vulpes griffithi (India) 
   Vulpes vulpes montana (India) 
   Vulpes vulpes pusilla (India) 
  Vulpes zerda  
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Eupleridae Fossa, falanouc, 
Malagasy civets 

 

  Cryptoprocta ferox  

  Eupleres goudotii  

  Fossa fossana  

Felidae Cats  
  Felidae spp. [Except the species 

included in Appendix I. Excludes 
specimens of the domesticated form, 
which are not subject to the provisions of 
the Convention. For Panthera leo 
(African populations): a zero annual 
export quota is established for 
specimens of bones, bone pieces, bone 
products, claws, skeletons, skulls and 
teeth removed from the wild and traded 
for commercial purposes. Annual export 
quotas for trade in bones, bone pieces, 
bone products, claws, skeletons, skulls 
and teeth for commercial purposes, 
derived from captive breeding 
operations in South Africa, will be 
established and communicated annually 
to the CITES Secretariat.] 

 

 Acinonyx jubatus (Annual export 
quotas for live specimens and hunting 
trophies are granted as follows: 
Botswana: 5; Namibia: 150; 
Zimbabwe: 50. The trade in such 
specimens is subject to the provisions of 
Article III of the Convention) 

  

 Caracal caracal (Only the population of 
Asia; all other populations are included 
in Appendix II) 

  

 Catopuma temminckii   
 Felis nigripes   
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 Herpailurus yagouaroundi (Only the 
populations of Central and North 
America; all other populations are 
included in Appendix II) 

  

 Leopardus geoffroyi   
 Leopardus guttulus   
 Leopardus jacobita   
 Leopardus pardalis   
 Leopardus tigrinus   
 Leopardus wiedii   
 Lynx pardinus   
 Neofelis diardi   
 Neofelis nebulosa   
 Panthera leo (Only the populations of 

India; all other populations are included 
in Appendix II) 

  

 Panthera onca   
 Panthera pardus   
 Panthera tigris   
 Panthera uncia   
 Pardofelis marmorata   
 Prionailurus bengalensis bengalensis 

(Only the populations of Bangladesh, 
India and Thailand; all other populations 
are included in Appendix II) 

  

 Prionailurus planiceps   
 Prionailurus rubiginosus (Only the 

population of India; all other populations 
are included in Appendix II) 

  

 Puma concolor (Only the populations 
of Costa Rica and Panama; all other 
populations are included in Appendix II) 
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Herpestidae Mongooses  
   Herpestes edwardsi (India, Pakistan) 
   Herpestes fuscus (India) 
   Herpestes javanicus (Pakistan) 
   Herpestes javanicus auropunctatus 

(India) 
   Herpestes smithii (India) 
   Herpestes urva (India) 
   Herpestes vitticollis (India) 
Hyaenidae Aardwolf, hyenas  
   Hyaena hyaena (Pakistan) 
   Proteles cristata (Botswana) 
Mephitidae Skunks  
  Conepatus humboldtii  
Mustelidae Badgers, martens, otters, 
weasels, etc. 

 

Lutrinae Otters  
  Lutrinae spp. (Except the species 

included in Appendix I) 
 

 Aonyx capensis microdon (Only the 
populations of Cameroon and Nigeria; 
all other populations are included in 
Appendix II) 

  

 Aonyx cinerea   
 Enhydra lutris nereis   
 Lontra felina   
 Lontra longicaudis   
 Lontra provocax   
 Lutra lutra   
 Lutra nippon   
 Lutrogale perspicillata   
 Pteronura brasiliensis   
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Mustelinae Grisons, honey badgers, 
martens, tayra, weasels 

 

   Eira barbara (Honduras) 
   Martes flavigula (India) 
   Martes foina intermedia (India) 
   Martes gwatkinsii (India) 
   Mellivora capensis (Botswana) 
   Mustela altaica (India) 
   Mustela erminea ferghanae (India) 
   Mustela kathiah (India) 

 Mustela nigripes   

   Mustela sibirica (India) 

Odobenidae Walruses  

   Odobenus rosmarus (Canada) 

Otariidae Fur seals, sealions  
  Arctocephalus spp. (Except the 

species included in Appendix I) 
 

 Arctocephalus townsendi   
Phocidae Seals  
  Mirounga leonina  

 Monachus spp.   
Procyonidae Coatis, kinkajous, 
olingos 

 

   Nasua narica (Honduras) 
   Nasua nasua solitaria (Uruguay) 
   Potos flavus (Honduras) 
Ursidae Bears, giant pandas  
  Ursidae spp. (Except the species 

included in Appendix I) 
 

 Ailuropoda melanoleuca   
 Helarctos malayanus   
 Melursus ursinus   
 Tremarctos ornatus   
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 Ursus arctos (Only the populations of 
Bhutan, China, Mexico and Mongolia; all 
other populations are included in 
Appendix II) 

  

 Ursus arctos isabellinus   
 Ursus thibetanus   
Viverridae Binturong, civets, linsangs, 
otter-civet, palm civets 

 

   Arctictis binturong (India) 

   Civettictis civetta (Botswana) 

  Cynogale bennettii  

  Hemigalus derbyanus  

   Paguma larvata (India) 
   Paradoxurus hermaphroditus (India) 
   Paradoxurus jerdoni (India) 
  Prionodon linsang  
 Prionodon pardicolor   
   Viverra civettina (India) 
   Viverra zibetha (India) 
   Viverricula indica (India) 
CETACEA Dolphins, porpoises, 
whales 

 

  CETACEA spp. (Except the species 
included in Appendix I. A zero annual 
export quota has been established for 
live specimens from the Black Sea 
population of Tursiops truncatus 
removed from the wild and traded for 
primarily commercial purposes) 

 

Balaenidae Bowhead whale, right 
whales 

 

 Balaena mysticetus   
 Eubalaena spp.   
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Balaenopteridae Fin whales, 
humpback whales, rorquals 

 

 Balaenoptera acutorostrata (Except 
the population of West Greenland, which 
is included in Appendix II) 

  

 Balaenoptera bonaerensis   
 Balaenoptera borealis   
 Balaenoptera edeni   
 Balaenoptera musculus   
 Balaenoptera omurai   
 Balaenoptera physalus   
 Megaptera novaeangliae   
Delphinidae Dolphins  
 Orcaella brevirostris   
 Orcaella heinsohni   
 Sotalia spp.   
 Sousa spp.   
Eschrichtiidae Grey whale  
 Eschrichtius robustus   
Iniidae River dolphins  
 Lipotes vexillifer   
Neobalaenidae Pygmy right whale  
 Caperea marginata   
Phocoenidae Porpoises  
 Neophocaena asiaeorientalis   
 Neophocaena phocaenoides   
 Phocoena sinus   
Physeteridae Sperm whales  
 Physeter macrocephalus   
Platanistidae River dolphins  
 Platanista spp.   
Ziphiidae Beaked whales, bottle-
nosed whales 

 

 Berardius spp.   
 Hyperoodon spp.   
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CHIROPTERA  
Phyllostomidae Broad-nosed bats  
   Platyrrhinus lineatus (Uruguay) 
Pteropodidae Fruit bats, flying foxes  
  Acerodon spp. (Except the species 

included in Appendix I) 
 

 Acerodon jubatus   
  Pteropus spp. (Except the species 

included in Appendix I and Pteropus 
brunneus) 

 

 Pteropus insularis   
 Pteropus loochoensis   
 Pteropus mariannus   
 Pteropus molossinus   
 Pteropus pelewensis   
 Pteropus pilosus   
 Pteropus samoensis   
 Pteropus tonganus   

 Pteropus ualanus   
 Pteropus yapensis   
CINGULATA  
Dasypodidae Armadillos  
   Cabassous tatouay (Uruguay) 
  Chaetophractus nationi (A zero annual 

export quota has been established. All 
specimens shall be deemed to be 
specimens of species included in 
Appendix I and the trade in them shall 
be regulated accordingly) 

 

 Priodontes maximus   
DASYUROMORPHIA  
Dasyuridae Dunnarts  
 Sminthopsis longicaudata   
 Sminthopsis psammophila   
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DIPROTODONTIA  
Macropodidae Kangaroos, wallabies  
  Dendrolagus inustus  

  Dendrolagus ursinus  
 Lagorchestes hirsutus   
 Lagostrophus fasciatus   
 Onychogalea fraenata   
Phalangeridae Cuscuses  
  Phalanger intercastellanus  

  Phalanger mimicus  

  Phalanger orientalis  

  Spilocuscus kraemeri  
  Spilocuscus maculatus  
  Spilocuscus papuensis  
Potoroidae Rat-kangaroos  
 Bettongia spp.   
Vombatidae Wombats  
 Lasiorhinus krefftii   

LAGOMORPHA  
Leporidae Hares, rabbits  
 Caprolagus hispidus   
 Romerolagus diazi   
MONOTREMATA  
Tachyglossidae Echidnas, spiny 
anteaters 

 

  Zaglossus spp.  
PERAMELEMORPHIA  
Peramelidae Bandicoots, 
echymiperas 

 

 Perameles bougainville   
Thylacomyidae Bilbies  
 Macrotis lagotis   
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PERISSODACTYLA  
Equidae Horses, wild asses, zebras  
 Equus africanus (Excludes the 

domesticated form, which is referenced 
as Equus asinus, and is not subject to 
the provisions of the Convention) 

  

 Equus grevyi   
  Equus hemionus (Except the 

subspecies included in Appendix I) 
 

 Equus hemionus hemionus   
 Equus hemionus khur   
  Equus kiang  
 Equus przewalskii   
  Equus zebra hartmannae  
  Equus zebra zebra  
Rhinocerotidae Rhinoceroses  
 Rhinocerotidae spp. (Except the 

subspecies included in Appendix II) 
  

  Ceratotherium simum simum (Only 
the populations of Eswatini and South 
Africa; all other populations are included 
in Appendix I. For the exclusive purpose 
of allowing international trade in live 
animals to appropriate and acceptable 
destinations and hunting trophies. All 
other specimens shall be deemed to be 
specimens of species included in 
Appendix I and the trade in them shall 
be regulated accordingly) 

 

Tapiridae Tapirs  
 Tapiridae spp. (Except the species 

included in Appendix II) 
  

  Tapirus terrestris  
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PHOLIDOTA  
Manidae Pangolins  
  Manis spp. (Except the species 

included in Appendix I) 
 

 Manis crassicaudata   
 Manis culionensis   
 Manis gigantea   
 Manis javanica   
 Manis pentadactyla   
 Manis temminckii   
 Manis tetradactyla   
 Manis tricuspis   
PILOSA  
Bradypodidae Three-toed sloths  
  Bradypus pygmaeus  

  Bradypus variegatus  

Myrmecophagidae American 
anteaters 

 

  Myrmecophaga tridactyla  

   Tamandua mexicana (Guatemala) 
PRIMATES Apes, monkeys  
  PRIMATES spp. (Except the species 

included in Appendix I) 
 

Atelidae Howler monkeys, spider 
monkeys 

 

 Alouatta coibensis   
 Alouatta palliata   
 Alouatta pigra   
 Ateles geoffroyi frontatus   
 Ateles geoffroyi ornatus   
 Brachyteles arachnoides   
 Brachyteles hypoxanthus   
 Oreonax flavicauda   
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Cebidae Marmosets, tamarins, new-
world monkeys 

 

 Callimico goeldii   
 Callithrix aurita   
 Callithrix flaviceps   
 Leontopithecus spp.   
 Saguinus bicolor   
 Saguinus geoffroyi   
 Saguinus leucopus   
 Saguinus martinsi   
 Saguinus oedipus   
 Saimiri oerstedii   
Cercopithecidae Old-world monkeys  
 Cercocebus galeritus   
 Cercopithecus diana   
 Cercopithecus roloway   
 Macaca silenus   
 Macaca sylvanus   
 Mandrillus leucophaeus   
 Mandrillus sphinx   
 Nasalis larvatus   
 Piliocolobus kirkii   
 Piliocolobus rufomitratus   
 Presbytis potenziani   
 Pygathrix spp.   
 Rhinopithecus spp.   
 Semnopithecus ajax   
 Semnopithecus dussumieri   
 Semnopithecus entellus   
 Semnopithecus hector   
 Semnopithecus hypoleucos   
 Semnopithecus priam   
 Semnopithecus schistaceus   
 Simias concolor   
 Trachypithecus geei   
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 Trachypithecus pileatus   
 Trachypithecus shortridgei   
Cheirogaleidae Dwarf lemurs  
 Cheirogaleidae spp.   
Daubentoniidae Aye-aye  
 Daubentonia madagascariensis   
Hominidae Apes, chimpanzees, 
gorillas, orang-utans 

 

 Gorilla beringei   
 Gorilla gorilla   
 Pan spp.   
 Pongo abelii   
 Pongo pygmaeus   
Hylobatidae Gibbons  
 Hylobatidae spp.   
Indriidae Indris, sifakas, woolly 
lemurs 

 

 Indriidae spp.   
Lemuridae Large lemurs  
 Lemuridae spp.   
Lepilemuridae Sportive lemurs  
 Lepilemuridae spp.   
Lorisidae Lorises  
 Nycticebus spp.   
Pitheciidae Sakis, uakaris  
 Cacajao spp.   
 Chiropotes albinasus   
PROBOSCIDEA  
Elephantidae Elephants  

 Elephas maximus   
 Loxodonta africana (Except the 

populations of Botswana, Namibia, 
South Africa and Zimbabwe, which are 
included in Appendix II subject to 
annotation 2) 
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  Loxodonta africana 2 (Only the 
populations of Botswana, Namibia, 
South Africa and Zimbabwe; all other 
populations are included in Appendix I) 

 

RODENTIA  
Chinchillidae Chinchillas  
 Chinchilla spp. (Specimens of the 

domesticated form are not subject to the 
provisions of the Convention) 

  

Cuniculidae Pacas  
   Cuniculus paca (Honduras) 
Dasyproctidae Agoutis  
   Dasyprocta punctata (Honduras) 

                                                      
2 Populations of Botswana, Namibia, South Africa and Zimbabwe (listed in Appendix II): 
 For the exclusive purpose of allowing: 
 a) trade in hunting trophies for non-commercial purposes; 
 b) trade in live animals to appropriate and acceptable destinations, as defined in Resolution Conf. 11.20 (Rev. CoP18), for Botswana and Zimbabwe and for in situ conservation programmes for Namibia and 

South Africa; 
 c) trade in hides; 
 d) trade in hair; 
 e) trade in leather goods for commercial or non-commercial purposes for Botswana, Namibia and South Africa and for non-commercial purposes for Zimbabwe; 
 f) trade in individually marked and certified ekipas incorporated in finished jewellery for non-commercial purposes for Namibia and ivory carvings for non-commercial purposes for Zimbabwe; 
 g) trade in registered raw ivory (for Botswana, Namibia, South Africa and Zimbabwe, whole tusks and pieces) subject to the following: 
  i) only registered government-owned stocks, originating in the State (excluding seized ivory and ivory of unknown origin); 
  ii) only to trading partners that have been verified by the Secretariat, in consultation with the Standing Committee, to have sufficient national legislation and domestic trade controls to ensure that the 

imported ivory will not be re-exported and will be managed in accordance with all requirements of Resolution Conf. 10.10 (Rev. CoP18) concerning domestic manufacturing and trade; 
  iii) not before the Secretariat has verified the prospective importing countries and the registered government-owned stocks; 
  iv) raw ivory pursuant to the conditional sale of registered government-owned ivory stocks agreed at CoP12, which are 20,000 kg (Botswana), 10,000 kg (Namibia) and 30,000 kg (South Africa); 
  v) in addition to the quantities agreed at CoP12, government-owned ivory from Botswana, Namibia, South Africa and Zimbabwe registered by 31 January 2007 and verified by the Secretariat may be 

traded and despatched, with the ivory in paragraph g) iv) above, in a single sale per destination under strict supervision of the Secretariat; 
  vi) the proceeds of the trade are used exclusively for elephant conservation and community conservation and development programmes within or adjacent to the elephant range; and 
  vii) the additional quantities specified in paragraph g) v) above shall be traded only after the Standing Committee has agreed that the above conditions have been met; and 
 h) no further proposals to allow trade in elephant ivory from populations already in Appendix II shall be submitted to the Conference of the Parties for the period from CoP14 and ending nine years from the 

date of the single sale of ivory that is to take place in accordance with provisions in paragraphs g) i), g) ii), g) iii), g) vi) and g) vii). In addition such further proposals shall be dealt with in accordance with 
Decisions 16.55 and 14.78 (Rev. CoP16). 

 On a proposal from the Secretariat, the Standing Committee can decide to cause this trade to cease partially or completely in the event of non-compliance by exporting or importing countries, or in the case of 
proven detrimental impacts of the trade on other elephant populations. 

 All other specimens shall be deemed to be specimens of species included in Appendix I and the trade in them shall be regulated accordingly. 
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Erethizontidae New-world porcupines  
   Sphiggurus mexicanus (Honduras) 
   Sphiggurus spinosus (Uruguay) 
Muridae Mice, rats  
  Leporillus conditor  

  Pseudomys fieldi  

  Xeromys myoides  

  Zyzomys pedunculatus  

Sciuridae Ground squirrels, tree 
squirrels 

 

 Cynomys mexicanus   

   Marmota caudata (India) 
   Marmota himalayana (India) 
  Ratufa spp.  
SCANDENTIA Tree shrews  
  SCANDENTIA spp.  
SIRENIA  
Dugongidae Dugong  
 Dugong dugon   
Trichechidae Manatees  
 Trichechus inunguis   
 Trichechus manatus   
 Trichechus senegalensis   

CLASS AVES (BIRDS)  
ANSERIFORMES  
Anatidae Ducks, geese, swans, etc.  
 Anas aucklandica   

  Anas bernieri  
 Anas chlorotis   
  Anas formosa  
 Anas laysanensis   
 Anas nesiotis   
 Asarcornis scutulata   
 Branta canadensis leucopareia   
  Branta ruficollis  
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 Branta sandvicensis   
  Coscoroba coscoroba  
  Cygnus melancoryphus  
  Dendrocygna arborea  
   Dendrocygna autumnalis (Honduras) 
   Dendrocygna bicolor (Honduras) 
  Oxyura leucocephala  
 Rhodonessa caryophyllacea   
  Sarkidiornis melanotos  
APODIFORMES  
Trochilidae Hummingbirds  
  Trochilidae spp. (Except the species 

included in Appendix I) 
 

 Glaucis dohrnii   
CHARADRIIFORMES  
Burhinidae Thick-knees  
   Burhinus bistriatus (Guatemala) 
Laridae Gulls  
 Larus relictus   
Scolopacidae Curlews, greenshanks  
 Numenius borealis   
 Numenius tenuirostris   
 Tringa guttifer   
CICONIIFORMES  
Balaenicipitidae Shoebills, whale-
headed storks 

 

  Balaeniceps rex  
Ciconiidae Storks  
 Ciconia boyciana   

  Ciconia nigra  
 Jabiru mycteria   
 Mycteria cinerea   
Phoenicopteridae Flamingos  
  Phoenicopteridae spp.  
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Threskiornithidae Ibises, spoonbills  
  Eudocimus ruber  

  Geronticus calvus  
 Geronticus eremita   
 Nipponia nippon   
  Platalea leucorodia  
COLUMBIFORMES  
Columbidae Doves, pigeons  
 Caloenas nicobarica   
 Ducula mindorensis   
  Gallicolumba luzonica  
  Goura spp.  
   Nesoenas mayeri (Mauritius) 
CORACIIFORMES  
Bucerotidae Hornbills  
  Aceros spp. (Except the species 

included in Appendix I) 
 

 Aceros nipalensis   
  Anorrhinus spp.  
  Anthracoceros spp.  
  Berenicornis spp.  
  Buceros spp. (Except the species 

included in Appendix I) 
 

 Buceros bicornis   
  Penelopides spp.  
 Rhinoplax vigil   
  Rhyticeros spp. (Except the species 

included in Appendix I) 
 

 Rhyticeros subruficollis   
CUCULIFORMES  
Musophagidae Turacos  
  Tauraco spp.  
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FALCONIFORMES Eagles, falcons, 
hawks, vultures 

 

  FALCONIFORMES spp. (Except 
Caracara lutosa and the species of the 
family Cathartidae, which are not 
included in the Appendices; and the 
species included in Appendices I and III) 

 

Accipitridae Hawks, eagles  
 Aquila adalberti   
 Aquila heliaca   
 Chondrohierax uncinatus wilsonii   
 Haliaeetus albicilla   
 Harpia harpyja   
 Pithecophaga jefferyi   
Cathartidae New-world vultures  
 Gymnogyps californianus   
   Sarcoramphus papa (Honduras) 
 Vultur gryphus   
Falconidae Falcons  
 Falco araeus   
 Falco jugger   
 Falco newtoni (Only the population of 

Seychelles) 
  

 Falco pelegrinoides   
 Falco peregrinus   
 Falco punctatus   
 Falco rusticolus   
GALLIFORMES  
Cracidae Chachalacas, currassows, 
guans 

 

   Crax alberti (Colombia) 
 Crax blumenbachii   
   Crax daubentoni (Colombia) 
   Crax globulosa (Colombia) 
   Crax rubra (Colombia, Guatemala, 

Honduras) 
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 Mitu mitu   
 Oreophasis derbianus   
   Ortalis vetula (Guatemala, Honduras) 
   Pauxi pauxi (Colombia) 
 Penelope albipennis   
   Penelope purpurascens (Honduras) 
   Penelopina nigra (Guatemala) 
 Pipile jacutinga   
 Pipile pipile   
Megapodiidae Megapodes, scrubfowl  
 Macrocephalon maleo   
Phasianidae Grouse, guineafowl, 
partridges, peafowl, pheasants, 
tragopans 

 

  Argusianus argus  
 Catreus wallichii   
 Colinus virginianus ridgwayi   
 Crossoptilon crossoptilon   
 Crossoptilon mantchuricum   
  Gallus sonneratii  
  Ithaginis cruentus  
 Lophophorus impejanus   
 Lophophorus lhuysii   
 Lophophorus sclateri   
 Lophura edwardsi   
   Lophura leucomelanos (Pakistan) 
 Lophura swinhoii   
   Meleagris ocellata (Guatemala) 
   Pavo cristatus (Pakistan) 
  Pavo muticus  
  Polyplectron bicalcaratum  
  Polyplectron germaini  
  Polyplectron malacense  
 Polyplectron napoleonis   
  Polyplectron schleiermacheri  
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   Pucrasia macrolopha (Pakistan) 
 Rheinardia ocellata   
 Syrmaticus ellioti   
 Syrmaticus humiae   
 Syrmaticus mikado   
  Syrmaticus reevesii  
 Tetraogallus caspius   
 Tetraogallus tibetanus   
 Tragopan blythii   
 Tragopan caboti   
 Tragopan melanocephalus   
   Tragopan satyra (Nepal) 
  Tympanuchus cupido attwateri  
GRUIFORMES  
Gruidae Cranes  
  Gruidae spp. (Except the species 

included in Appendix I) 
 

 Balearica pavonina   
 Grus americana   
 Grus canadensis nesiotes   
 Grus canadensis pulla   
 Grus japonensis   
 Grus leucogeranus   
 Grus monacha   
 Grus nigricollis   
 Grus vipio   
Otididae Bustards  
  Otididae spp. (Except the species 

included in Appendix I) 
 

 Ardeotis nigriceps   
 Chlamydotis macqueenii   
 Chlamydotis undulata   
 Houbaropsis bengalensis   
Rallidae Rails  
 Gallirallus sylvestris   
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Rhynochetidae Kagu  
 Rhynochetos jubatus   
PASSERIFORMES  
Atrichornithidae Scrub-birds  
 Atrichornis clamosus   
Cotingidae Cotingas  
   Cephalopterus ornatus (Colombia) 

   Cephalopterus penduliger (Colombia) 

 Cotinga maculata   

  Rupicola spp.  
 Xipholena atropurpurea   
Emberizidae Cardinals, tanagers  
  Gubernatrix cristata  

  Paroaria capitata  
  Paroaria coronata  
  Tangara fastuosa  
Estrildidae Mannikins, waxbills  
  Amandava formosa  

  Lonchura oryzivora  
  Poephila cincta cincta  
Fringillidae Finches  
 Carduelis cucullata   

  Carduelis yarrellii  
Hirundinidae Martins  
 Pseudochelidon sirintarae   

Icteridae New-world blackbirds  
 Xanthopsar flavus   
Meliphagidae Honeyeaters  
  Lichenostomus melanops cassidix  

Muscicapidae Old-world flycatchers  
   Acrocephalus rodericanus (Mauritius) 
  Cyornis ruckii  
  Dasyornis broadbenti litoralis  
  Dasyornis longirostris  
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  Garrulax canorus  

  Garrulax taewanus  

  Leiothrix argentauris  

  Leiothrix lutea  
  Liocichla omeiensis  
 Picathartes gymnocephalus   
 Picathartes oreas   
   Terpsiphone bourbonnensis 

(Mauritius) 
Paradisaeidae Birds of paradise  
  Paradisaeidae spp.  
Pittidae Pittas  
  Pitta guajana  
 Pitta gurneyi   
 Pitta kochi   
  Pitta nympha  
Pycnonotidae Bulbuls  

  Pycnonotus zeylanicus  

Sturnidae Mynas, starlings  
  Gracula religiosa  
 Leucopsar rothschildi   
Zosteropidae White-eyes  
 Zosterops albogularis   
PELECANIFORMES  
Fregatidae Frigatebirds  
 Fregata andrewsi   
Pelecanidae Pelicans  
 Pelecanus crispus   
Sulidae Gannets  
 Papasula abbotti   
PICIFORMES  
Capitonidae Barbets  

   Semnornis ramphastinus (Colombia) 
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Picidae Woodpeckers  
 Dryocopus javensis richardsi   
Ramphastidae Toucans  
   Baillonius bailloni (Argentina) 

  Pteroglossus aracari  

   Pteroglossus castanotis (Argentina) 
  Pteroglossus viridis  
   Ramphastos dicolorus (Argentina) 
  Ramphastos sulfuratus  
  Ramphastos toco  
  Ramphastos tucanus  
  Ramphastos vitellinus  
   Selenidera maculirostris (Argentina) 
PODICIPEDIFORMES  
Podicipedidae Grebes  
 Podilymbus gigas   
PROCELLARIIFORMES  
Diomedeidae Albatrosses  
 Phoebastria albatrus   
PSITTACIFORMES  
  PSITTACIFORMES spp. (Except the 

species included in Appendix I and 
Agapornis roseicollis, Melopsittacus 
undulatus, Nymphicus hollandicus and 
Psittacula krameri, which are not 
included in the Appendices) 

 

Cacatuidae Cockatoos  
 Cacatua goffiniana   
 Cacatua haematuropygia   
 Cacatua moluccensis   
 Cacatua sulphurea   
 Probosciger aterrimus   
Loriidae Lories, lorikeets  
 Eos histrio   
 Vini ultramarina   
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Psittacidae Amazons, macaws, 
parakeets, parrots 

 

 Amazona arausiaca   
 Amazona auropalliata   
 Amazona barbadensis   
 Amazona brasiliensis   
 Amazona finschi   
 Amazona guildingii   
 Amazona imperialis   
 Amazona leucocephala   
 Amazona oratrix   
 Amazona pretrei   
 Amazona rhodocorytha   
 Amazona tucumana   
 Amazona versicolor   
 Amazona vinacea   
 Amazona viridigenalis   
 Amazona vittata   
 Anodorhynchus spp.   
 Ara ambiguus   
 Ara glaucogularis   
 Ara macao   
 Ara militaris   
 Ara rubrogenys   
 Cyanopsitta spixii   
 Cyanoramphus cookii   
 Cyanoramphus forbesi   
 Cyanoramphus novaezelandiae   
 Cyanoramphus saisseti   
 Cyclopsitta diophthalma coxeni   
 Eunymphicus cornutus   
 Guarouba guarouba   
 Neophema chrysogaster   
 Ognorhynchus icterotis   
 Pezoporus occidentalis   



Appendices I, II & III (26/11/2019) – p. 33 

  
I 

Appendices 
II 

 
III 

 Pezoporus wallicus   
 Pionopsitta pileata   
 Primolius couloni   
 Primolius maracana   
 Psephotus chrysopterygius   
 Psephotus dissimilis   
 Psephotus pulcherrimus   
 Psittacula echo   
 Psittacus erithacus   
 Pyrrhura cruentata   
 Rhynchopsitta spp.   
 Strigops habroptilus   
RHEIFORMES  
Rheidae Rheas  
 Pterocnemia pennata (Except 

Pterocnemia pennata pennata which is 
included in Appendix II) 

  

  Pterocnemia pennata pennata  
  Rhea americana  
SPHENISCIFORMES  
Spheniscidae Penguins  
  Spheniscus demersus  
 Spheniscus humboldti   
STRIGIFORMES Owls  
  STRIGIFORMES spp. (Except the 

species included in Appendix I and 
Sceloglaux albifacies) 

 

Strigidae Owls  
 Heteroglaux blewitti   
 Mimizuku gurneyi   
 Ninox natalis   
Tytonidae Barn owls  
 Tyto soumagnei   
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STRUTHIONIFORMES  
Struthionidae Ostriches  
 Struthio camelus (Only the populations 

of Algeria, Burkina Faso, Cameroon, the 
Central African Republic, Chad, Mali, 
Mauritania, Morocco, the Niger, Nigeria, 
Senegal and the Sudan; all other 
populations are not included in the 
Appendices) 

  

TINAMIFORMES  
Tinamidae Tinamous  
 Tinamus solitarius   
TROGONIFORMES  
Trogonidae Quetzals  
 Pharomachrus mocinno   

CLASS REPTILIA (REPTILES)  
CROCODYLIA Alligators, caimans, 
crocodiles 

 

  CROCODYLIA spp. (Except the 
species included in Appendix I) 

 

Alligatoridae Alligators, caimans  
 Alligator sinensis   
 Caiman crocodilus apaporiensis   
 Caiman latirostris (Except the 

population of Argentina, which is 
included in Appendix II) 

  

 Melanosuchus niger (Except the 
population of Brazil, which is included in 
Appendix II, and the population of 
Ecuador, which is included in Appendix II 
and is subject to a zero annual export 
quota until an annual export quota has 
been approved by the CITES Secretariat 
and the IUCN/SSC Crocodile Specialist 
Group) 
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Crocodylidae Crocodiles  
 Crocodylus acutus (Except the 

population of the Integrated 
Management District of Mangroves of 
the Bay of Cispata, Tinajones, La Balsa 
and Surrounding Areas, Department of 
Córdoba, Colombia, and the population 
of Cuba, which are included in 
Appendix II; and the population of 
Mexico, which is included in Appendix II 
and is subject to a zero export quota for 
wild specimens for commercial 
purposes) 

  

 Crocodylus cataphractus   
 Crocodylus intermedius   
 Crocodylus mindorensis   

 Crocodylus moreletii (Except the 
population of Belize, which is included in 
Appendix II with a zero quota for wild 
specimens traded for commercial 
purposes, and the population of Mexico, 
which is included in Appendix II) 

  

 Crocodylus niloticus [Except the 
populations of Botswana, Egypt (subject 
to a zero quota for wild specimens 
traded for commercial purposes), 
Ethiopia, Kenya, Madagascar, Malawi, 
Mozambique, Namibia, South Africa, 
Uganda, the United Republic of 
Tanzania (subject to an annual export 
quota of no more than 1,600 wild 
specimens including hunting trophies, in 
addition to ranched specimens), Zambia 
and Zimbabwe, which are included in 
Appendix II] 

  

 Crocodylus palustris   
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 Crocodylus porosus {Except the 
populations of Australia, Indonesia, 
Malaysia [wild harvest restricted to the 
State of Sarawak and a zero quota for 
wild specimens for the other States of 
Malaysia (Sabah and Peninsular 
Malaysia), with no change in the zero 
quota unless approved by the Parties] 
and Papua New Guinea, which are 
included in Appendix II} 

  

 Crocodylus rhombifer   
 Crocodylus siamensis   
 Osteolaemus tetraspis   
 Tomistoma schlegelii   
Gavialidae Gavials  
 Gavialis gangeticus   
RHYNCHOCEPHALIA  
Sphenodontidae Tuataras  
 Sphenodon spp.   
SAURIA  
Agamidae Spiny-tailed lizards, 
agamas 

 

  Ceratophora aspera (Zero export quota 
for wild specimens for commercial 
purposes) 

 

 Ceratophora erdeleni   

 Ceratophora karu   

  Ceratophora stoddartii (Zero export 
quota for wild specimens for commercial 
purposes) 

 

 Ceratophora tennentii   

 Cophotis ceylanica   

 Cophotis dumbara   

  Lyriocephalus scutatus (Zero export 
quota for wild specimens for commercial 
purposes) 
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  Saara spp.  

  Uromastyx spp.  

Anguidae Alligator lizards  

  Abronia spp. [Except the species 
included in Appendix I (zero export 
quota for wild specimens for Abronia 
aurita, A. gaiophantasma, 
A. montecristoi, A. salvadorensis and 
A. vasconcelosii)]  

 

 Abronia anzuetoi    

 Abronia campbelli    

 Abronia fimbriata    

 Abronia frosti    

 Abronia meledona    

Chamaeleonidae Chameleons  

  Archaius spp.  

  Bradypodion spp.  
  Brookesia spp. (Except the species 

included in Appendix I) 
 

 Brookesia perarmata   

  Calumma spp.  
  Chamaeleo spp.  
  Furcifer spp.  
  Kinyongia spp.  
  Nadzikambia spp.  
  Palleon spp.  
  Rhampholeon spp.  
  Rieppeleon spp.  
  Trioceros spp.  
Cordylidae Spiny-tailed lizards  
  Cordylus spp.  

  Hemicordylus spp.  

  Karusaurus spp.  

  Namazonurus spp.  

  Ninurta spp.  

  Ouroborus spp.  
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  Pseudocordylus spp.  

  Smaug spp.  

Eublepharidae Eyelid geckos  

  Goniurosaurus spp. (Except the 
species native to Japan) 

 

Gekkonidae Geckos  

 Cnemaspis psychedelica   

   Dactylocnemis spp. (New Zealand) 
  Gekko gecko  

 Gonatodes daudini   

   Hoplodactylus spp. (New Zealand) 
 Lygodactylus williamsi   
   Mokopirirakau spp. (New Zealand) 
  Nactus serpensinsula  
  Naultinus spp.  
  Paroedura androyensis  
  Paroedura masobe  
  Phelsuma spp.  
  Rhoptropella spp.  
   Sphaerodactylus armasi (Cuba) 

   Sphaerodactylus celicara (Cuba) 

   Sphaerodactylus dimorphicus (Cuba) 

   Sphaerodactylus intermedius (Cuba) 

   Sphaerodactylus nigropunctatus 
alayoi (Cuba) 

   Sphaerodactylus nigropunctatus 
granti (Cuba) 

   Sphaerodactylus nigropunctatus 
lissodesmus (Cuba) 

   Sphaerodactylus nigropunctatus 
ocujal (Cuba) 

   Sphaerodactylus nigropunctatus 
strategus (Cuba) 

   Sphaerodactylus notatus atactus 
(Cuba) 

   Sphaerodactylus oliveri (Cuba) 
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   Sphaerodactylus pimienta (Cuba) 

   Sphaerodactylus ruibali (Cuba) 

   Sphaerodactylus siboney (Cuba) 

   Sphaerodactylus torrei (Cuba) 

   Toropuku spp.(New Zealand) 
   Tukutuku spp. (New Zealand) 
  Uroplatus spp.  
   Woodworthia spp. (New Zealand) 
Helodermatidae Beaded lizards, Gila 
monsters 

 

  Heloderma spp. (Except the 
subspecies included in Appendix I) 

 

 Heloderma horridum charlesbogerti   

Iguanidae Iguanas  
  Amblyrhynchus cristatus  
 Brachylophus spp.   
  Conolophus spp.  
  Ctenosaura spp.  
 Cyclura spp.   
  Iguana spp.  
  Phrynosoma blainvillii  
  Phrynosoma cerroense  
  Phrynosoma coronatum  
  Phrynosoma wigginsi  
 Sauromalus varius   
Lacertidae Lizards  
 Gallotia simonyi   

  Podarcis lilfordi  
  Podarcis pityusensis  
Lanthanotidae Earless monitor lizards  
  Lanthanotidae spp. (Zero export quota 

for wild specimens for commercial 
purposes) 
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Polychrotidae Anoles  
   Anolis agueroi (Cuba) 
   Anolis baracoae (Cuba) 
   Anolis barbatus (Cuba) 
   Anolis chamaeleonides (Cuba) 
   Anolis equestris (Cuba) 
   Anolis guamuhaya (Cuba) 
   Anolis luteogularis (Cuba) 
   Anolis pigmaequestris (Cuba) 
   Anolis porcus (Cuba) 
Scincidae Skinks  
  Corucia zebrata  

Teiidae Caiman lizards, tegu lizards  
  Crocodilurus amazonicus  

  Dracaena spp.  

  Salvator spp.  

  Tupinambis spp.  
Varanidae Monitor lizards  
  Varanus spp. (Except the species 

included in Appendix I) 
 

 Varanus bengalensis   
 Varanus flavescens   
 Varanus griseus   
 Varanus komodoensis   
 Varanus nebulosus   
Xenosauridae Chinese crocodile 
lizard 

 

 Shinisaurus crocodilurus   

SERPENTES  
Boidae Boas  
  Boidae spp. (Except the species 

included in Appendix I) 
 

 Acrantophis spp.   
 Boa constrictor occidentalis   
 Epicrates inornatus   
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 Epicrates monensis   
 Epicrates subflavus   
 Sanzinia madagascariensis   
Bolyeriidae Round Island boas  
  Bolyeriidae spp. (Except the species 

included in Appendix I) 
 

 Bolyeria multocarinata   
 Casarea dussumieri   
Colubridae Typical snakes, water 
snakes, whipsnakes 

 

   Atretium schistosum (India) 
   Cerberus rynchops (India) 
  Clelia clelia  
  Cyclagras gigas  
  Elachistodon westermanni  
  Ptyas mucosus  
   Xenochrophis piscator (India) 

   Xenochrophis schnurrenbergeri 
(India) 

   Xenochrophis tytleri (India) 
Elapidae Cobras, coral snakes  

  Hoplocephalus bungaroides  
   Micrurus diastema (Honduras) 
   Micrurus nigrocinctus (Honduras) 
   Micrurus ruatanus (Honduras) 
  Naja atra  
  Naja kaouthia  
  Naja mandalayensis  
  Naja naja  
  Naja oxiana  
  Naja philippinensis  
  Naja sagittifera  
  Naja samarensis  
  Naja siamensis  
  Naja sputatrix  
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  Naja sumatrana  
  Ophiophagus hannah  
Loxocemidae Mexican dwarf boas  
  Loxocemidae spp.  
Pythonidae Pythons  
  Pythonidae spp. (Except the 

subspecies included in Appendix I) 
 

 Python molurus molurus   
Tropidophiidae Wood boas  
  Tropidophiidae spp.  

Viperidae Vipers  
  Atheris desaixi  

  Bitis worthingtoni  

   Crotalus durissus (Honduras) 
   Daboia russelii (India) 
  Pseudocerastes urarachnoides  
  Trimeresurus mangshanensis  
 Vipera ursinii (Only the population of 

Europe, except the area which formerly 
constituted the Union of Soviet Socialist 
Republics; these latter populations are 
not included in the Appendices) 

  

  Vipera wagneri  
TESTUDINES  
Carettochelyidae Pig-nosed turtles  
  Carettochelys insculpta  
Chelidae Austro-American sideneck 
turtles 

 

  Chelodina mccordi (Zero export quota 
for specimens from the wild) 

 

 Pseudemydura umbrina   
Cheloniidae Sea turtles  
 Cheloniidae spp.   
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Chelydridae Snapping turtles  
   Chelydra serpentina (United States of 

America) 

   Macrochelys temminckii (United 
States of America) 

Dermatemydidae Central American 
river turtles 

 

  Dermatemys mawii  
Dermochelyidae Leatherback turtles  
 Dermochelys coriacea   

Emydidae Box turtles, freshwater 
turtles 

 

  Clemmys guttata  

  Emydoidea blandingii  

  Glyptemys insculpta  

 Glyptemys muhlenbergii   

   Graptemys spp. (United States of 
America) 

  Malaclemys terrapin  
  Terrapene spp. (Except the species 

included in Appendix I) 
 

 Terrapene coahuila   

Geoemydidae Box turtles, freshwater 
turtles 

 

 Batagur affinis   
 Batagur baska   
  Batagur borneoensis (Zero quota for 

wild specimens for commercial 
purposes) 

 

  Batagur dhongoka  
  Batagur kachuga  

  Batagur trivittata (Zero quota for wild 
specimens for commercial purposes) 
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  Cuora spp. (Except the species 
included in Appendix I; zero quota for 
wild specimens for commercial purposes 
for Cuora aurocapitata, 
C. flavomarginata, C. galbinifrons, 
C. mccordi, C. mouhotii, C. pani, 
C. trifasciata, C. yunnanensis and 
C. zhoui) 

 

 Cuora bourreti   
 Cuora picturata   
  Cyclemys spp.  
 Geoclemys hamiltonii   
  Geoemyda japonica  

  Geoemyda spengleri  

  Hardella thurjii  
  Heosemys annandalii (Zero quota for 

wild specimens for commercial 
purposes) 

 

  Heosemys depressa (Zero quota for 
wild specimens for commercial 
purposes) 

 

  Heosemys grandis  
  Heosemys spinosa  
  Leucocephalon yuwonoi  
  Malayemys macrocephala  

  Malayemys subtrijuga  

 Mauremys annamensis   
   Mauremys iversoni (China) 

  Mauremys japonica  

   Mauremys megalocephala (China) 

  Mauremys mutica  
  Mauremys nigricans  

   Mauremys pritchardi (China) 

   Mauremys reevesii (China) 

   Mauremys sinensis (China) 

 Melanochelys tricarinata   
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  Melanochelys trijuga  
 Morenia ocellata   
  Morenia petersi  
  Notochelys platynota  
   Ocadia glyphistoma (China) 

   Ocadia philippeni (China) 

  Orlitia borneensis (Zero quota for wild 
specimens for commercial purposes) 

 

  Pangshura spp. (Except the species 
included in Appendix I) 

 

 Pangshura tecta   
  Sacalia bealei  

   Sacalia pseudocellata (China) 

  Sacalia quadriocellata  

  Siebenrockiella crassicollis  
  Siebenrockiella leytensis  
  Vijayachelys silvatica  
Platysternidae Big-headed turtles  
 Platysternidae spp.   
Podocnemididae Afro-American 
sideneck turtles 

 

  Erymnochelys madagascariensis  

  Peltocephalus dumerilianus  
  Podocnemis spp.  
Testudinidae Tortoises  
  Testudinidae spp. (Except the species 

included in Appendix I. A zero annual 
export quota has been established for 
Centrochelys sulcata for specimens 
removed from the wild and traded for 
primarily commercial purposes) 

 

 Astrochelys radiata   
 Astrochelys yniphora   
 Chelonoidis niger   
 Geochelone elegans   
 Geochelone platynota   
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 Gopherus flavomarginatus   
 Malacochersus tornieri   
 Psammobates geometricus   
 Pyxis arachnoides   

 Pyxis planicauda   

 Testudo kleinmanni   
Trionychidae Softshell turtles  
  Amyda cartilaginea  
   Apalone ferox (United States of 

America) 
   Apalone mutica (United States of 

America) 
   Apalone spinifera (Except the 

subspecies included in Appendix I) 
(United States of America) 

 Apalone spinifera atra   
  Chitra spp. (Except the species 

included in Appendix I) 
 

 Chitra chitra   
 Chitra vandijki   
  Cyclanorbis elegans  
  Cyclanorbis senegalensis  
  Cycloderma aubryi  
  Cycloderma frenatum  
  Dogania subplana  
  Lissemys ceylonensis  
  Lissemys punctata  
  Lissemys scutata  
  Nilssonia formosa  

 Nilssonia gangetica   
 Nilssonia hurum   
  Nilssonia leithii  

 Nilssonia nigricans   
  Palea steindachneri  
  Pelochelys spp.  
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  Pelodiscus axenaria  

  Pelodiscus maackii  

  Pelodiscus parviformis  

  Rafetus euphraticus  

  Rafetus swinhoei  

  Trionyx triunguis  

CLASS AMPHIBIA (AMPHIBIANS)  
ANURA  
Aromobatidae Cryptic forest frogs  
  Allobates femoralis  
  Allobates hodli  
  Allobates myersi  
  Allobates zaparo  
  Anomaloglossus rufulus  
Bufonidae Toads  
 Amietophrynus channingi   
 Amietophrynus superciliaris   
 Altiphrynoides spp.   
 Atelopus zeteki   
 Incilius periglenes   
 Nectophrynoides spp.   
 Nimbaphrynoides spp.   
Calyptocephalellidae Chilean toads  
   Calyptocephalella gayi (Chile) 
Dendrobatidae Poison frogs  

  Adelphobates spp.  
  Ameerega spp.  
  Andinobates spp.  
  Dendrobates spp.  
  Epipedobates spp.  
  Excidobates spp.  
  Hyloxalus azureiventris  
  Minyobates spp.  
  Oophaga spp.  
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  Phyllobates spp.  
  Ranitomeya spp.  
Dicroglossidae Frogs  

  Euphlyctis hexadactylus  
  Hoplobatrachus tigerinus  
Hylidae Tree frogs  
  Agalychnis spp.   
Mantellidae Mantella frogs  
  Mantella spp.  
Microhylidae Tomato frogs  
  Dyscophus antongilii  
  Dyscophus guineti  
  Dyscophus insularis  
  Scaphiophryne boribory  
  Scaphiophryne gottlebei  
  Scaphiophryne marmorata  
  Scaphiophryne spinosa  
Myobatrachidae Gastric-brooding 
frogs 

 

  Rheobatrachus spp. (Except 
Rheobatrachus silus and 
Rheobatrachus vitellinus which are not 
included in the Appendices) 

 

Telmatobiidae Andean water frogs  
 Telmatobius culeus   

CAUDATA    
Ambystomatidae Axolotls, mole 
salamanders 

   

  Ambystoma dumerilii  
  Ambystoma mexicanum  
Cryptobranchidae Giant salamanders  
 Andrias spp.   
   Cryptobranchus alleganiensis (United 

States of America) 
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Hynobiidae Asiatic salamanders  
   Hynobius amjiensis (China) 
Salamandridae Newts and 
salamanders 

 

  Echinotriton chinhaiensis  
  Echinotriton maxiquadratus  
 Neurergus kaiseri   
  Paramesotriton spp.  

   Salamandra algira (Algeria) 
  Tylototriton spp.  

CLASS ELASMOBRANCHII 
(SHARKS) 

 

CARCHARHINIFORMES  
Carcharhinidae Requiem sharks  
  Carcharhinus falciformis   
  Carcharhinus longimanus  
Sphyrnidae Hammerhead sharks  
  Sphyrna lewini    
  Sphyrna mokarran  

  Sphyrna zygaena  

LAMNIFORMES  
Alopiidae Thresher sharks  
  Alopias spp.   
Cetorhinidae Basking sharks  
  Cetorhinus maximus  
Lamnidae Mackerel sharks  
  Carcharodon carcharias  
  Isurus oxyrinchus  

  Isurus paucus  

  Lamna nasus  

MYLIOBATIFORMES  
Myliobatidae Eagle and mobulid rays  
  Manta spp.  
  Mobula spp.  
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Potamotrygonidae Freshwater 
stingrays 

 

   Paratrygon aiereba (Colombia) 

   Potamotrygon spp. (population of 
Brazil) (Brazil) 

   Potamotrygon constellata (Colombia) 
   Potamotrygon magdalenae (Colombia) 
   Potamotrygon motoro (Colombia) 
   Potamotrygon orbignyi (Colombia) 
   Potamotrygon schroederi (Colombia) 
   Potamotrygon scobina (Colombia) 
   Potamotrygon yepezi (Colombia) 
ORECTOLOBIFORMES  
Rhincodontidae Whale sharks  
  Rhincodon typus  
PRISTIFORMES  
Pristidae Sawfishes  
 Pristidae spp.   
RHINOPRISTIFORMES  
Glaucostegidae Guitarfishes  
  Glaucostegus spp.  
Rhinidae Wedgefishes  
  Rhinidae spp.  

CLASS ACTINOPTERI  
(FISHES) 

 

ACIPENSERIFORMES   
  ACIPENSERIFORMES spp. (Except 

the species included in Appendix I) 
 

Acipenseridae Sturgeons  
 Acipenser brevirostrum   
 Acipenser sturio   
ANGUILLIFORMES  
Anguillidae Freshwater eels  
  Anguilla anguilla  
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CYPRINIFORMES  
Catostomidae Cui-ui  
 Chasmistes cujus   
Cyprinidae Carps  
  Caecobarbus geertsii  
 Probarbus jullieni   
OSTEOGLOSSIFORMES  
Arapaimidae Arapaimas  
  Arapaima gigas  
Osteoglossidae Bonytongue  
 Scleropages formosus    
 Scleropages inscriptus   
PERCIFORMES  
Labridae Wrasses  
  Cheilinus undulatus  
Pomacanthidae Angelfishes  
  Holacanthus clarionensis  
Sciaenidae Totoaba  
 Totoaba macdonaldi   
SILURIFORMES  
Loricariidae Armoured catfishes  
   Hypancistrus zebra (Brazil) 
Pangasiidae Pangasid catfish  
 Pangasianodon gigas   
SYNGNATHIFORMES  
Syngnathidae Pipefishes, seahorses  
  Hippocampus spp.   

CLASS DIPNEUSTI  
(LUNGFISHES) 

 

CERATODONTIFORMES  
Neoceratodontidae Australian 
lungfishes 

 

  Neoceratodus forsteri  
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CLASS COELACANTHI 
(COELACANTHS) 

 

COELACANTHIFORMES  
Latimeriidae Coelacanths  
 Latimeria spp.   

PHYLUM   ECHINODERMATA 
CLASS HOLOTHUROIDEA (SEA 

CUCUMBERS) 

 

ASPIDOCHIROTIDA  
Stichopodidae Sea cucumbers  
   Isostichopus fuscus (Ecuador) 
HOLOTHURIIDA  
Holothuriidae Teatfishes, Sea 
cucumbers 

 

  Holothuria fuscogilva (Entry into effect 
delayed by 12 months, i.e. until 
28 August 2020) 

 

  Holothuria nobilis (Entry into effect 
delayed by 12 months, i.e. until 
28 August 2020) 

 

  Holothuria whitmaei (Entry into effect 
delayed by 12 months, i.e. until 
28 August 2020) 

 

PHYLUM   ARTHROPODA 
CLASS ARACHNIDA (SCORPIONS 

AND SPIDERS) 

 

ARANEAE  
Theraphosidae Red-kneed 
tarantulas, tarantulas 

 

  Aphonopelma albiceps  
  Aphonopelma pallidum  
  Brachypelma spp.  
  Poecilotheria spp.  
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SCORPIONES  
Scorpionidae Scorpions  
  Pandinus camerounensis  
  Pandinus dictator  
  Pandinus gambiensis  
  Pandinus imperator  
  Pandinus roeseli  

CLASS INSECTA (INSECTS)  
COLEOPTERA  
Lucanidae Stag beetles  
   Colophon spp. (South Africa) 
Scarabaeidae Scarab beetles  
  Dynastes satanas   
LEPIDOPTERA  
Nymphalidae Brush-footed butterflies  
   Agrias amydon boliviensis 

(Plurinational State of Bolivia) 
   Morpho godartii lachaumei 

(Plurinational State of Bolivia) 
   Prepona praeneste buckleyana 

(Plurinational State of Bolivia) 
Papilionidae Birdwing butterflies, 
swallowtail butterflies 

 

 Achillides chikae chikae   
 Achillides chikae hermeli   
  Atrophaneura jophon  
  Atrophaneura pandiyana  
  Bhutanitis spp.  
  Ornithoptera spp. (Except the species 

included in Appendix I) 
 

 Ornithoptera alexandrae   
 Papilio homerus   
  Papilio hospiton  
 Parides burchellanus   
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  Parnassius apollo  
  Teinopalpus spp.  
  Trogonoptera spp.  
  Troides spp.  

PHYLUM   ANNELIDA 
CLASS HIRUDINOIDEA (LEECHES) 

 

ARHYNCHOBDELLIDA  
Hirudinidae Medicinal leeches  
  Hirudo medicinalis  

  Hirudo verbana  
PHYLUM   MOLLUSCA 

CLASS BIVALVIA (CLAMS AND 
MUSSELS) 

 

MYTILOIDA  
Mytilidae Marine mussels  
  Lithophaga lithophaga  

UNIONOIDA  
Unionidae Freshwater mussels, 
pearly mussels 

 

 Conradilla caelata   

  Cyprogenia aberti  
 Dromus dromas   
 Epioblasma curtisi   
 Epioblasma florentina   
 Epioblasma sampsonii   
 Epioblasma sulcata perobliqua   

 Epioblasma torulosa gubernaculum   

  Epioblasma torulosa rangiana  
 Epioblasma torulosa torulosa   
 Epioblasma turgidula   
 Epioblasma walkeri   
 Fusconaia cuneolus   
 Fusconaia edgariana   
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 Lampsilis higginsii   
 Lampsilis orbiculata orbiculata   
 Lampsilis satur   
 Lampsilis virescens   
 Plethobasus cicatricosus   
 Plethobasus cooperianus   
  Pleurobema clava  
 Pleurobema plenum   
 Potamilus capax   
 Quadrula intermedia   
 Quadrula sparsa   
 Toxolasma cylindrella   
 Unio nickliniana   
 Unio tampicoensis tecomatensis    
 Villosa trabalis   
VENEROIDA  
Tridacnidae Giant clams  
  Tridacnidae spp.  
CLASS CEPHALOPODA (SQUIDS, 

OCTOPUSES, CUTTLEFISH) 
 

NAUTILIDA  
Nautilidae Chambered nautilus  
  Nautilidae spp.  

CLASS GASTROPODA (SNAILS 
AND CONCHES) 

 

MESOGASTROPODA  
Strombidae True conchs  
  Strombus gigas  
STYLOMMATOPHORA  
Achatinellidae Agate snails, oahu tree 
snails 

 

 Achatinella spp.   
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Camaenidae Green tree snails  
  Papustyla pulcherrima  
Cepolidae Helicoid terrestrial snails  
 Polymita spp.   

PHYLUM   CNIDARIA 
CLASS ANTHOZOA (CORALS AND 

SEA ANEMONES) 

 

ANTIPATHARIA Black corals  
  ANTIPATHARIA spp.  
GORGONACEAE  
Coralliidae Red and pink corals  
   Corallium elatius (China) 
   Corallium japonicum (China) 
   Corallium konjoi (China) 
   Corallium secundum (China) 
HELIOPORACEA  
Helioporidae Blue corals  
  Helioporidae spp. (Includes only the 

species Heliopora coerulea. Fossils are 
not subject to the provisions of the 
Convention) 

 

SCLERACTINIA Stony corals  
  SCLERACTINIA spp. (Fossils are not 

subject to the provisions of the 
Convention) 

 

STOLONIFERA  
Tubiporidae Organ-pipe corals  
  Tubiporidae spp. (Fossils are not 

subject to the provisions of the 
Convention) 
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CLASS HYDROZOA (SEA FERNS, 
FIRE CORALS AND STINGING 

MEDUSAE) 

 

MILLEPORINA  
Milleporidae Fire corals  
  Milleporidae spp. (Fossils are not 

subject to the provisions of the 
Convention) 

 

STYLASTERINA  
Stylasteridae Lace corals  
  Stylasteridae spp. (Fossils are not 

subject to the provisions of the 
Convention) 
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FLORA   (PLANTS)  
AGAVACEAE Agaves  
 Agave parviflora   
  Agave victoriae-reginae #4  
  Nolina interrata  
  Yucca queretaroensis  
AMARYLLIDACEAE Snowdrops, 
sternbergias 

 

  Galanthus spp. #4  
  Sternbergia spp. #4  
ANACARDIACEAE Cashews  
  Operculicarya decaryi  
  Operculicarya hyphaenoides  
  Operculicarya pachypus  
APOCYNACEAE Elephant trunks, 
hoodias 

 

  Hoodia spp. #9  
  Pachypodium spp. #4 (Except the 

species included in Appendix I) 
 

 Pachypodium ambongense   
 Pachypodium baronii   
 Pachypodium decaryi   

                                                      
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#9 All parts and derivatives except those bearing a label: 
 “Produced from Hoodia spp. material obtained through controlled harvesting and production under the terms of an agreement with the relevant CITES Management Authority of [Botswana under agreement 

No. BW/xxxxxx] [Namibia under agreement No. NA/xxxxxx] [South Africa under agreement No. ZA/xxxxxx]”. 
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  Rauvolfia serpentina #2  
ARALIACEAE Ginseng  
  Panax ginseng #3 (Only the population 

of the Russian Federation; no other 
population is included in the 
Appendices) 

 

  Panax quinquefolius #3  
ARAUCARIACEAE Monkey-puzzle 
trees 

 

 Araucaria araucana   
ASPARAGACEAE Includes ponytail 
palms 

 

  Beaucarnea spp.  
BERBERIDACEAE May-apple  
  Podophyllum hexandrum #2  
BROMELIACEAE Air plants, 
bromelias 

 

  Tillandsia harrisii #4  
  Tillandsia kammii #4  
  Tillandsia xerographica #4  

                                                      
#2 All parts and derivatives except: 
 a) seeds and pollen; and 
 b) finished products packaged and ready for retail trade. 
#3 Whole and sliced roots and parts of roots, excluding manufactured parts or derivatives, such as powders, pills, extracts, tonics, teas and confectionery. 
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
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CACTACEAE Cacti  
  CACTACEAE spp.9 #4 (Except the 

species included in Appendix I and 
except Pereskia spp., Pereskiopsis spp. 
and Quiabentia spp.) 

 

 Ariocarpus spp.   
 Astrophytum asterias   
 Aztekium ritteri   
 Coryphantha werdermannii   
 Discocactus spp.   
 Echinocereus ferreiranus 

ssp. lindsayorum 
  

 Echinocereus schmollii   
 Escobaria minima   
 Escobaria sneedii   
 Mammillaria pectinifera (includes 

ssp. solisioides) 
  

 Melocactus conoideus   
 Melocactus deinacanthus   
 Melocactus glaucescens   
 Melocactus paucispinus   

                                                      
9 Artificially propagated specimens of the following hybrids and/or cultivars are not subject to the provisions of the Convention: 
 – Hatiora x graeseri 
 – Schlumbergera x buckleyi 
 – Schlumbergera russelliana x Schlumbergera truncata 
 – Schlumbergera orssichiana x Schlumbergera truncata 
 – Schlumbergera opuntioides x Schlumbergera truncata 
 – Schlumbergera truncata (cultivars) 
 – Cactaceae spp. colour mutants grafted on the following grafting stocks: Harrisia 'Jusbertii', Hylocereus trigonus or Hylocereus undatus 
 – Opuntia microdasys (cultivars). 
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
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 Obregonia denegrii   
 Pachycereus militaris   
 Pediocactus bradyi   
 Pediocactus knowltonii   
 Pediocactus paradinei   
 Pediocactus peeblesianus   
 Pediocactus sileri   
 Pelecyphora spp.   
 Sclerocactus blainei   
 Sclerocactus brevihamatus ssp. 

tobuschii 
  

 Sclerocactus brevispinus   
 Sclerocactus cloverae   
 Sclerocactus erectocentrus   
 Sclerocactus glaucus   
 Sclerocactus mariposensis   
 Sclerocactus mesae-verdae   
 Sclerocactus nyensis   
 Sclerocactus papyracanthus   
 Sclerocactus pubispinus   
 Sclerocactus sileri   
 Sclerocactus wetlandicus   
 Sclerocactus wrightiae   
 Strombocactus spp.   
 Turbinicarpus spp.   
 Uebelmannia spp.   
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CARYOCARACEAE Ajo  
  Caryocar costaricense #4  
COMPOSITAE (Asteraceae) Kuth  
 Saussurea costus   
CUCURBITACEAE Melons, gourds, 
cucurbits 

 

  Zygosicyos pubescens  
  Zygosicyos tripartitus  
CUPRESSACEAE Alerce, cypresses  
 Fitzroya cupressoides   
 Pilgerodendron uviferum   
  Widdringtonia whytei  
CYATHEACEAE Tree-ferns  
  Cyathea spp. #4  
CYCADACEAE Cycads  
  CYCADACEAE spp. #4 (Except the 

species included in Appendix I) 
 

 Cycas beddomei   
DICKSONIACEAE Tree-ferns  
  Cibotium barometz #4  
  Dicksonia spp. #4 (Only the populations 

of the Americas; no other population is 
included in the Appendices) 

 

DIDIEREACEAE Alluaudias, 
didiereas 

 

  DIDIEREACEAE spp. #4  

                                                      
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
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DIOSCOREACEAE Elephant’s foot, 
kniss 

 

  Dioscorea deltoidea #4  
DROSERACEAE Venus’ flytrap  
  Dionaea muscipula #4  
EBENACEAE Ebonies  
  Diospyros spp. #5 (Populations of 

Madagascar) 
 

EUPHORBIACEAE Spurges  
  Euphorbia spp. #4 (Succulent species 

only except Euphorbia misera and the 
species included in Appendix I. 
Artificially propagated specimens of 
cultivars of Euphorbia trigona, artificially 
propagated specimens of crested, fan-
shaped or colour mutants of Euphorbia 
lactea, when grafted on artificially 
propagated root stock of Euphorbia 
neriifolia, and artificially propagated 
specimens of cultivars of Euphorbia 
‘Milii’ when they are traded in shipments 
of 100 or more plants and readily 
recognizable as artificially propagated 
specimens, are not subject to the 
provisions of the Convention) 

 

                                                      
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#5 Logs, sawn wood and veneer sheets. 
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 Euphorbia ambovombensis   
 Euphorbia capsaintemariensis   
 Euphorbia cremersii (Includes the 

forma viridifolia and the var. rakotozafyi) 
  

 Euphorbia cylindrifolia (Includes the 
ssp. tuberifera) 

  

 Euphorbia decaryi (Includes the vars. 
ampanihyensis, robinsonii and 
spirosticha) 

  

 Euphorbia francoisii   
 Euphorbia moratii (Includes the vars. 

antsingiensis, bemarahensis and 
multiflora) 

  

 Euphorbia parvicyathophora   
 Euphorbia quartziticola   
 Euphorbia tulearensis   
FAGACEAE Beeches  
   Quercus mongolica #5 (Russian 

Federation) 
FOUQUIERIACEAE Ocotillos  
  Fouquieria columnaris #4  
 Fouquieria fasciculata   
 Fouquieria purpusii   

                                                      
#5 Logs, sawn wood and veneer sheets. 
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 



Appendices I, II & III (26/11/2019) – p. 65 

  
I 

Appendices 
II 

 
III 

GNETACEAE Gnetums  
   Gnetum montanum #1 (Nepal) 
JUGLANDACEAE Gavilan  
  Oreomunnea pterocarpa #4  
LAURACEAE Laurels  
  Aniba rosaeodora #12  
LEGUMINOSAE (Fabaceae) 
Afrormosia, cristobal, palisander, 
rosewood, sandalwood 

 

  Dalbergia spp. #15 (except for the 
species listed in Appendix I)  

 

 Dalbergia nigra   
   Dipteryx panamensis (Costa Rica, 

Nicaragua) 
  Guibourtia demeusei #15  
  Guibourtia pellegriniana #15  
  Guibourtia tessmannii #15  

                                                      
#1 All parts and derivatives, except: 
 a) seeds, spores and pollen (including pollinia); 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; and 
 d) fruits, and parts and derivatives thereof, of artificially propagated plants of the genus Vanilla. 
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#12 Logs, sawn wood, veneer sheets, plywood and extracts. Finished products containing such extracts as ingredients, including fragrances, are not considered to be covered by this annotation. 
#15 All parts and derivatives, except: 
 a) Leaves, flowers, pollen, fruits, and seeds; 
 b) Finished products to a maximum weight of wood of the listed species of up to 10 kg per shipment; 
 c) Finished musical instruments, finished musical instrument parts and finished musical instrument accessories; 
 d) Parts and derivatives of Dalbergia cochinchinensis, which are covered by Annotation # 4; and 
 e) Parts and derivatives of Dalbergia spp. originating and exported from Mexico, which are covered by Annotation # 6. 



Appendices I, II & III (26/11/2019) – p. 66 

  
I 

Appendices 
II 

 
III 

  Paubrasilia echinata #10  
  Pericopsis elata #17   
  Platymiscium parviflorum #4  
  Pterocarpus erinaceus  

  Pterocarpus santalinus #7  
  Pterocarpus tinctorius #6  
  Senna meridionalis  
LILIACEAE Aloes  
  Aloe spp. #4 (Except the species 

included in Appendix I. Also excludes 
Aloe vera, also referenced as Aloe 
barbadensis which is not included in the 
Appendices) 

 

 Aloe albida   
 Aloe albiflora   
 Aloe alfredii   
 Aloe bakeri   
 Aloe bellatula   
 Aloe calcairophila   
 Aloe compressa (Includes the vars. 

paucituberculata, rugosquamosa and 
schistophila) 

  

                                                      
#10 Logs, sawn wood, veneer sheets, including unfinished wood articles used for the fabrication of bows for stringed musical instruments. 
#17  Logs, sawn wood, veneer sheets, plywood and transformed wood. 
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#7 Logs, woodchips, powder and extracts. 
#6  Logs, sawn wood, veneer sheets and plywood. 
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 Aloe delphinensis   
 Aloe descoingsii   
 Aloe fragilis   
 Aloe haworthioides (Includes the var. 

aurantiaca) 
  

 Aloe helenae   
 Aloe laeta (Includes the var. 

maniaensis) 
  

 Aloe parallelifolia   
 Aloe parvula   
 Aloe pillansii   
 Aloe polyphylla   
 Aloe rauhii   
 Aloe suzannae   
 Aloe versicolor   
 Aloe vossii   
MAGNOLIACEAE Magnolias  
   Magnolia liliifera var. obovata #1 

(Nepal) 
MALVACEAE Includes baobabs  
  Adansonia grandidieri #16  

                                                      
#1 All parts and derivatives, except: 
 a) seeds, spores and pollen (including pollinia); 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; and 
 d) fruits, and parts and derivatives thereof, of artificially propagated plants of the genus Vanilla. 
#16 Seeds, fruits and oils. 
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MELIACEAE Mahoganies, West 
Indian cedar 

 

  Cedrela spp.#6 (Populations of the 
Neotropics) (Entry into effect delayed by 
12 months, i.e. until 28 August 2020) 

 

   Cedrela fissilis #5 (Plurinational State of 
Bolivia, Brazil) (To be deleted on 28 
August 2020) 

   Cedrela lilloi #5 (Plurinational State of 
Bolivia, Brazil) (To be deleted on 28 
August 2020) 

   Cedrela odorata #5 (Brazil and the 
Plurinational State of Bolivia. In addition, 
the following countries have listed their 
national populations: Colombia, 
Guatemala and Peru) (To be deleted on 
28 August 2020) 

  Swietenia humilis #4  
  Swietenia macrophylla #6 (Populations 

of the Neotropics) 
 

  Swietenia mahagoni #5  

                                                      
#6  Logs, sawn wood, veneer sheets and plywood. 
#5 Logs, sawn wood and veneer sheets. 
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
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NEPENTHACEAE Pitcher-plants (Old 
World) 

 

  Nepenthes spp. #4 (Except the species 
included in Appendix I)  

 

 Nepenthes khasiana   
 Nepenthes rajah   
OLEACEAE Ashes, etc.  
   Fraxinus mandshurica #5 (Russian 

Federation) 
ORCHIDACEAE Orchids  
  ORCHIDACEAE spp. 10 #4 

(Except the species included in 
Appendix I) 

 

                                                      
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#5 Logs, sawn wood and veneer sheets. 
10 Artificially propagated hybrids of the following genera are not subject to the provisions of the Convention, if conditions, as indicated under a) and b), are met: Cymbidium, Dendrobium, Phalaenopsis and 

Vanda: 
 a) Specimens are readily recognizable as artificially propagated and do not show any signs of having been collected in the wild such as mechanical damage or strong dehydration resulting from collection, 

irregular growth and heterogeneous size and shape within a taxon and shipment, algae or other epiphyllous organisms adhering to leaves, or damage by insects or other pests; and 
 b) i) when shipped in non-flowering state, the specimens must be traded in shipments consisting of individual containers (such as cartons, boxes, crates or individual shelves of CC-containers) each 

containing 20 or more plants of the same hybrid; the plants within each container must exhibit a high degree of uniformity and healthiness; and the shipment must be accompanied by documentation, 
such as an invoice, which clearly states the number of plants of each hybrid; or 

  ii) when shipped in flowering state, with at least one fully open flower per specimen, no minimum number of specimens per shipment is required but specimens must be professionally processed for 
commercial retail sale, e.g. labelled with printed labels or packaged with printed packages indicating the name of the hybrid and the country of final processing. This should be clearly visible and allow 
easy verification. 

 Plants not clearly qualifying for the exemption must be accompanied by appropriate CITES documents. 
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 (For all of the following Appendix-I 
species, seedling or tissue cultures 
obtained in vitro, in solid or liquid media, 
and transported in sterile containers are 
not subject to the provisions of the 
Convention only if the specimens meet 
the definition of ‘artificially propagated’ 
agreed by the Conference of the 
Parties) 

  

 Aerangis ellisii   
 Cattleya jongheana   
 Cattleya lobata   
 Dendrobium cruentum   
 Mexipedium xerophyticum   
 Paphiopedilum spp.   
 Peristeria elata   
 Phragmipedium spp.   
 Renanthera imschootiana   
OROBANCHACEAE Broomrapes  
  Cistanche deserticola #4  
PALMAE (Arecaceae) Palms  
  Beccariophoenix madagascariensis #4  
  Dypsis decaryi #4  
 Dypsis decipiens   
  Lemurophoenix halleuxii  
   Lodoicea maldivica #13 (Seychelles) 

                                                      
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#13 The kernel (also known as 'endosperm', 'pulp' or 'copra') and any derivative thereof. 
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  Marojejya darianii  
  Ravenea louvelii  
  Ravenea rivularis  
  Satranala decussilvae  
  Voanioala gerardii  
PAPAVERACEAE Poppy  
   Meconopsis regia #1 (Nepal) 
PASSIFLORACEAE Passion-flowers  
  Adenia firingalavensis  
  Adenia olaboensis  
  Adenia subsessilifolia  
PEDALIACEAE Sesames  
  Uncarina grandidieri  
  Uncarina stellulifera  
PINACEAE Firs and pines  
 Abies guatemalensis   
   Pinus koraiensis #5 (Russian 

Federation) 
PODOCARPACEAE Podocarps  
   Podocarpus neriifolius #1 (Nepal) 
 Podocarpus parlatorei   

                                                      
#1 All parts and derivatives, except: 
 a) seeds, spores and pollen (including pollinia); 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; and 
 d) fruits, and parts and derivatives thereof, of artificially propagated plants of the genus Vanilla. 
#5 Logs, sawn wood and veneer sheets. 
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PORTULACACEAE Lewisias, 
portulacas, purslanes 

 

  Anacampseros spp. #4  
  Avonia spp. #4  
  Lewisia serrata #4  
PRIMULACEAE Cyclamens  
  Cyclamen spp. 11 #4  
RANUNCULACEAE Golden seals, 
yellow adonis, yellow root 

 

  Adonis vernalis #2  
  Hydrastis canadensis #8  
ROSACEAE African cherry, 
stinkwood 

 

  Prunus africana #4  
RUBIACEAE Ayugue  
 Balmea stormiae   
SANTALACEAE Sandalwoods  
  Osyris lanceolata #2 (Populations of 

Burundi, Ethiopia, Kenya, Rwanda, 
Uganda and the United Republic of 
Tanzania) 

 

                                                      
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
11  Artificially propagated specimens of cultivars of Cyclamen persicum are not subject to the provisions of the Convention. However, the exemption does not apply to such specimens traded as dormant tubers. 
#2 All parts and derivatives except: 
 a) seeds and pollen; and 
 b) finished products packaged and ready for retail trade. 
#8 Underground parts (i.e. roots, rhizomes): whole, parts and powdered. 
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SARRACENIACEAE Pitcher-plants 
(New World) 

 

  Sarracenia spp. #4 (Except the species 
included in Appendix I) 

 

 Sarracenia oreophila   
 Sarracenia rubra ssp. alabamensis   
 Sarracenia rubra ssp. jonesii   
SCROPHULARIACEAE Kutki  
  Picrorhiza kurrooa #2 (Excludes 

Picrorhiza scrophulariiflora) 
 

STANGERIACEAE Stangerias  
  Bowenia spp. #4  
 Stangeria eriopus   
TAXACEAE Himalayan yew  
  Taxus chinensis and infraspecific taxa 

of this species #2 
 

  Taxus cuspidata and infraspecific taxa 
of this species 12 #2 

 

  Taxus fuana and infraspecific taxa of 
this species #2 

 

  Taxus sumatrana and infraspecific taxa 
of this species #2 

 

  Taxus wallichiana #2  

                                                      
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#2 All parts and derivatives except: 
 a) seeds and pollen; and 
 b) finished products packaged and ready for retail trade. 
12  Artificially propagated hybrids and cultivars of Taxus cuspidata, live, in pots or other small containers, each consignment being accompanied by a label or document stating the name of the taxon or taxa and 

the text 'artificially propagated', are not subject to the provisions of the Convention. 
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THYMELAEACEAE (Aquilariaceae) 
Agarwood, ramin 

 

  Aquilaria spp. #14  
  Gonystylus spp. #4  
  Gyrinops spp. #14  
TROCHODENDRACEAE 
(Tetracentraceae) Tetracentron 

 

   Tetracentron sinense #1 (Nepal) 
VALERIANACEAE Himalayan 
spikenard 

 

  Nardostachys grandiflora #2  
VITACEAE Grapes  
  Cyphostemma elephantopus  
  Cyphostemma laza  
  Cyphostemma montagnacii  

                                                      
#14 All parts and derivatives except: 
 a) seeds and pollen; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) fruits; 
 d) leaves; 
 e) exhausted agarwood powder, including compressed powder in all shapes; and 
 f) finished products packaged and ready for retail trade, this exemption does not apply to wood chips, beads, prayer beads and carvings. 
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#1 All parts and derivatives, except: 
 a) seeds, spores and pollen (including pollinia); 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; and 
 d) fruits, and parts and derivatives thereof, of artificially propagated plants of the genus Vanilla. 
#2 All parts and derivatives except: 
 a) seeds and pollen; and 
 b) finished products packaged and ready for retail trade. 
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WELWITSCHIACEAE Welwitschia  
  Welwitschia mirabilis #4  
ZAMIACEAE Cycads  
  ZAMIACEAE spp. #4 (Except the 

species included in Appendix I) 
 

 Ceratozamia spp.   
 Encephalartos spp.   
 Microcycas calocoma   
 Zamia restrepoi   
ZINGIBERACEAE Ginger lily, Natal 
ginger 

 

  Hedychium philippinense #4  
  Siphonochilus aethiopicus 

(Populations of Mozambique, South 
Africa,  Eswatini and Zimbabwe) 

 

ZYGOPHYLLACEAE Lignum-vitae  
  Bulnesia sarmientoi #11  
  Guaiacum spp. #2  

 

                                                      
#4 All parts and derivatives, except: 
 a) seeds (including seedpods of Orchidaceae), spores and pollen (including pollinia). The exemption does not apply to seeds from Cactaceae spp. exported from Mexico, and to seeds from Beccariophoenix 

madagascariensis and Dypsis decaryi exported from Madagascar; 
 b) seedling or tissue cultures obtained in vitro, in solid or liquid media, transported in sterile containers; 
 c) cut flowers of artificially propagated plants; 
 d) fruits, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genus Vanilla (Orchidaceae) and of the family Cactaceae; 
 e) stems, flowers, and parts and derivatives thereof, of naturalized or artificially propagated plants of the genera Opuntia subgenus Opuntia and Selenicereus (Cactaceae); and 
 f) finished products of Aloe ferox and Euphorbia antisyphilitica packaged and ready for retail trade. 
#11 Logs, sawn wood, veneer sheets, plywood, powder and extracts. Finished products containing such extracts as ingredients, including fragrances, are not considered to be covered by this annotation.  
#2 All parts and derivatives except: 
 a) seeds and pollen; and 
 b) finished products packaged and ready for retail trade. 
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MISSION STATEMENTS 

BLM 
It is the mission of the Bureau of Land Management to sustain the health, diversity, and 
productivity of the public lands for the use and enjoyment of present and future generations. 

BIA 
The Bureau of Indian Affairs’ mission is to enhance the quality of life, to promote economic 
opportunity, and to carry out the responsibility to protect and improve the trust assets of 
American Indians, Indian tribes, and Alaska Natives.  
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Leasable minerals are those minerals or materials designated as leasable under the Mineral
Leasing Act of 1920. Coal is currently the only solid leasable mineral developed in the
planning area.

Source: BLM GIS 2017
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Salable minerals include common varieties of mineral materials, such as soil, sand and
gravel, stone, pumice, pumicite, and clay that can be acquired under the Materials Act of
1947, as amended.

Source: BLM GIS 2017
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Source: BLM GIS 2017
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withdrew land from public domain 
for a proposed reservation adjustment, 
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Areas of Critical Environmental Concern (ACECs) are land designations that highlight areas
that require special management attention, and are contingent on both relevance and
importance criteria. This criteria refers to the significance of important historical, cultural, and
scenic values, fish and wildlife resources, additional natural systems and processes, as well
as actions to protect human life and safety from natural hazards.

Source: BLM GIS 2017
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A low-income population is determined based on annual statistical poverty thresholds
developed by the US Census Bureau. In 2012, poverty level is based on total income of
$11,720 for an individual and $23,283 for a family of four.

Source: BLM GIS 2017, US Census Bureau 2012b, 2014
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A minority population area is defined as either an area in which the combined population of all
minority groups exceeds 50 percent of the total population, or an area in which the
percentage of all minority groups is meaningfully greater than the percentage of the minority
population in the broader region.

Source: BLM GIS 2017, US Census Bureau 2012b, 2014

Greater than 50% of the population identifies as a minority race

Less than or equal to 50% of the population identifies as a minority race

Planning area

Field office boundary

0 10 20

Miles

(/491

(/160

§̈¦40

VALENCIA
COUNTY

SOCORRO
COUNTY

CATRON
COUNTY

Figure 3-25
A. Figures

Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 
INTERNAL DRAFT – DO NOT DISTRIBUTE



SAN JUAN
COUNTY

RIO ARRIBA
COUNTY

MCKINLEY COUNTY

SANDOVAL
COUNTY

N E W  M E X I C O

C O L O R A D O

Nenahnezad

Sanostee
Upper

Fruitland

Burnham

Nageezi

Counselor

Lake
Valley

Becenti

Ojo Encino
Pueblo
Pintado

Whitehorse Lake Torreon

Hogback

Huerfano

White 
Rock

Huerfano

New-
comb

ARCHULETA
COUNTYLA PLATA            COUNTY

MONTEZUMA
COUNTY

Navajo Nation

Ute Mountain
Ute Nation

Jicarilla
Apache
Nation

Tribal Nations
   

October 19, 2018
FMG_AE_TribalAreas_V04.pdf
No warranty is made by the BLM or the BIA. The
accuracy, reliability, or completeness of these data 
for individual use or aggregate use with other data 
is not guaranteed.

(/

(/

64

84

(/550

Three tribal governments have reservations in the planning area: the Jicarilla Apache Nation,
the Navajo Nation, and the Ute Mountain Ute Nation.

Source: BLM GIS 2017, NIOGEMS GIS 2017, NLD GIS 2017
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Appendix B. Best Management Practices 1 

BMPs are a suite of site-specific techniques that guide, or may be applied to, management actions to aid 2 
in achieving desired outcomes, such as resource protection. This appendix details BMPs that are 3 
encouraged for use by oil and gas operators in the BLM and BIA decision areas. 4 

B.1 BUREAU OF LAND MANAGEMENT 5 

B.1.1 General Fluid Mineral BMPs 6 

• Inspect and clean all surface-disturbing equipment before bringing it onto public lands. 7 

• Maintain inspection forms; the BLM Authorized Officer may request to see them at any time. 8 

• Use only certified noxious weed-free seed, hay, straw, mulch, or other vegetation material 9 
transported and used on public land for site stability, rehabilitation, or project facilitation. 10 

• Place all linear disturbances in corridors. 11 

• Use surface pipelines to cross undisturbed areas. 12 

• Install pipelines using boring or other non-surface-disturbing technologies, rather than open 13 
trenching. 14 

• Implement interim reclamation on well pads and road surfaces leading to the well pads within 6 15 
months of well completion. Interim reclamation will follow the Gold Book and FFO bare soil 16 
reclamation procedure. 17 

• Complete final reclamation to restore the landform and native plant community. Use noxious 18 
weed-free fill dirt if it is brought onto public lands. Final reclamation will follow the FFO bare 19 
soil reclamation procedure. 20 

• Place multiple wells on a single pad to reduce impacts where feasible. 21 

• Use directional or horizontal drilling where feasible. 22 

• Use existing infrastructure, such as pipelines and roads, to reduce impacts. 23 

In addition, new technology to reduce or capture emissions is encouraged. Liquids-gathering systems 24 
and centralized off-site production facilities may be required to reduce impacts on communities, wildlife, 25 
and other resources. 26 

B.1.2 Cultural Resources 27 

• Gates will be required on new roads that lead to sensitive cultural sites. 28 

• Unless it would lead to an unresolved adverse impact on other cultural resources, operators 29 
will collocate authorized roads, pipelines, and ROWs in the foreground of the following: 30 

– Chacoan roads and outliers 31 

– Traditional cultural properties 32 

– Other Chacoan sites 33 

– Navajo sites with high visitation 34 

– Prominent landforms 35 
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B.1.3 Paleontological Resources 1 

• Use gates, temporary or permanent fencing, data recovery, and monitoring to protect 2 
paleontological resources. 3 

B.1.4 Water Resources 4 

• Use closed-loop systems to reduce the risk of spills and contamination of water and soils. 5 

• Consider options reduce water use in fracturing fluid. 6 

B.1.5 Special Status Species 7 

• In areas identified as potential or occupied special status species habitat, inventory and pursue 8 
habitat conservation areas for special status plant species. 9 

• In special status species habitat, use the best available information and techniques to address 10 
impacts. (Note: The FFO will coordinate with the BLM New Mexico State Office and the New 11 
Mexico Forestry Division to determine best techniques.) 12 

• Restrict development within 100 meters of occupied habitat 13 

• Adjust the location of the disturbance to be at least 100 meters from the edge of occupied or 14 
suitable habitat and ideally outside of the plant consideration area 15 

• Minimize the area of disturbance 16 

• Use dust abatement measures to reduce disturbance of special status species 17 

• Use signs, fencing, and other deterrents to reduce possible human disturbance of special status 18 
species 19 

• Require specialized reclamation procedures (e.g., separating soil and subsoil layers with barriers 20 
to reclaim in the correct order and additional emphasis on forbs in seed mixes to promote 21 
pollinator habitat) 22 

• Establish long term monitoring of the species and/or habitat 23 

• Employ a qualified, independent third-party contractor to provide general oversight and assure 24 
compliance with project terms and conditions 25 

• Use non-native or invasive species monitoring and control. These measures may also be applied 26 
to projects near suitable habitat that may hold special value or to provide protection to suitable 27 
habitat that may allow for species’ expansion 28 

• Collect seeds or other genetic material (according to Center for Plant Conservation protocols) 29 
to preserve any impacted special status species populations. Material can be placed in long-term 30 
storage or seed can be used for increase for restoration projects. 31 

• Regarding the National Reserve of Native Seed Mixes identified in the strategy, work with Seeds 32 
of Success and use the National Seed Strategy to collect those species most important for 33 
pollinators locally and increase their availability in plant materials programs. 34 

• Plan the timing and location of pesticide applications to avoid adverse impacts on pollinator 35 
populations.  36 

• Use pesticides that are harmful to pollinators only when pollinators would not be affected. 37 
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B.2 BUREAU OF INDIAN AFFAIRS 1 

B.2.1 General Fluid Mineral BMPs 2 

• Before the Bureau of Indian Affairs grants any new lease, the lessee should conduct an inventory 3 
of any noxious weeds or invasive species. If any noxious weeds or invasive species are identified, 4 
the lessee should implement a program to control the identified weeds and their potential to 5 
spread to other areas. The guidelines for this control program will follow those put forth in the 6 
Navajo Nation Integrated Weed Management Plan, which include the following general 7 
treatments: 8 

– Clean tires, boots, and equipment when leaving infested areas to prevent weed transport to 9 
new areas.  10 

– Manually control weed populations, including using hand tools to cut, clear, or prune 11 
herbaceous or woody species. Manual treatments involve cutting undesirable plants above 12 
ground level; pulling, grubbing, or digging out root systems to prevent sprouting and 13 
regrowth; removing competing plants around desired species. Implement manual techniques 14 
in smaller areas, but there are not effective or feasible in larger weed infestations. 15 
Implement manual techniques in sensitive areas, such as riparian areas, areas where burning 16 
or herbicide treatments are not appropriate, areas that may be inaccessible to ground 17 
vehicles, and areas where there are species of concern. 18 

Mechanically control weed populations when clearing large areas where weeds are 19 
widespread, and provide dense coverage, including the use of power tools and heavy 20 
machinery to remove noxious weed species. Clean mechanical equipment in designated 21 
facilities or equipment wash stations before treatment and before leaving the treatment 22 
area. Equipment wash stations may be temporary and will have a filter system, for example 23 
at least 6 inches of large cinder or gravel spread over a 10-foot by 30-foot area. Filter cloth 24 
may be used for temporary stations. The area will be a perched drainage to allow excess 25 
moisture to drain after being filtered. It must be at least 300 feet from a natural drainage to 26 
avoid contamination. Use a wash system or water trucks with potable water for equipment 27 
cleaning. Inspect the equipment wash area and staging area for weed seed and plant material 28 
and properly dispose of such material by bagging and incinerating it. 29 

– Use chemical control of weed populations, including the use of herbicides to control exotic 30 
plant species. The method that is chosen for a project site may depend on the size of the 31 
infestation, the species present, accessibility to the site, topography, resources and 32 
equipment available, and finances. Use herbicides according to their labels and ensure that a 33 
certified pesticide applicator is on-site. Provide water for mixing herbicide and cleaning 34 
herbicide equipment, either by transporting potable water onto the site or by using local 35 
water sources after obtaining a water use permit. For remote sites, obtain a water use 36 
permit in compliance with the local water code. An anti-siphon and back-flow preventer 37 
device is required to prevent contamination of the water source. 38 

• Use existing infrastructure to reduce impacts. For example, to the extent possible, locate new 39 
ROWs in or parallel to existing roads or existing corridors to minimize resource impacts. 40 

• Place new infrastructure, such as transmission lines and pipelines, in roads or follow existing 41 
infrastructure and disturbances, where possible, to minimize new disturbances and habitat 42 
fragmentation. 43 

• Limit new oil and gas development in badlands or lands with similar characteristics. 44 
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• Limit placing new infrastructure, such as transmission lines and pipelines, in Federal Emergency 1 
Management Agency 100-year floodplain roads by crossing designated corridors or collocating 2 
them and paralleling approved linear authorizations. This is to minimize disturbance and 3 
conserve undisturbed areas and water resources. 4 
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ACRONYMS AND ABBREVIATIONS  Full Phrase 1 
 2 
APD application for permit to drill 3 
 4 
BLM United States, Department of the Interior, Bureau of Land Management 5 
 6 
CCNHP Chaco Cultural National Historical Park 7 
CFR Code of Federal Regulations 8 
COA condition of approval 9 
 10 
FFO Farmington Field Office 11 
 12 
LFN low frequency noise 13 
LIDAR light detection and ranging 14 
 15 
NMDOT New Mexico Department of Transportation 16 
NOx nitrogen oxide 17 
NSA noise sensitive area 18 
NTL notice to lessee 19 
 20 
ROW right-of-way 21 
 22 
TCP traditional cultural property 23 
 24 
VOC volatile organic compound 25 
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Appendix C. Conditions of Approval 1 

COAs are conditions or provisions (requirements) under which APD is approved, after a lease is issued. 2 
COAs are based on site-specific analysis and are designed to minimize, mitigate, or prevent impacts on 3 
resource values or other uses of public lands. The application of a particular COA is not an RMP-level 4 
decision. Not all COAs in this appendix will be required for every oil and gas operation, and additional 5 
COAs beyond this list may be required, based on site-specific analysis.  The surface owner (including the 6 
Navajo Nation and Navajo individual Indian allottees) will determine the application of COAs to projects 7 
on federal minerals beneath non-BLM surface lands. 8 

C.1 BLM AND BIA 9 

C.1.1 General Fluid Mineral COAs 10 

• NM-10 drainage stipulation for federal minerals put up for lease: All or part of the lands 11 
contained in this lease is subject to drainage by wells(s) located adjacent to this lease. The 12 
lessee/operating rights owner is required within 60 days of lease issuance to submit to the 13 
Authorized Officer plans for protecting the lease from drainage. The BLM will assess 14 
compensatory royalty after the expiration of this 60-day period if no plan is submitted. The plan 15 
must include either an APD, for a protective well, or an application to communitize the lease so 16 
that it is allocated production from a protective well off the lease. Either of these options may 17 
include obtaining a variance to State spacing for the area.  18 

In lieu of this plan, the lessee is required to demonstrate that a protective well would have little 19 
or no chance of encountering oil and gas in quantities sufficient to pay in excess of the costs of 20 
drilling, completing, and operating the well.  21 

In the absence of either an acceptable plan for protecting the lease from drainage or a 22 
thoroughly documented justification why a protective well would be uneconomical, the lessee is 23 
obligated to pay compensatory royalty to the Office of Natural Resources Revenue at a rate to 24 
be determined by the BLM Authorized Officer. 25 

• OG-MA-26: All COAs will be consistent with valid existing rights. 26 

• Operators are required to keep their locations free of trash and debris. They may be required 27 
to provide the BLM with a remediation and prevention plan, if their locations continue to have 28 
trash issues. 29 

• Require H2S signage using a clearly discernable symbol. 30 

• Require gating and posting signs closing off roads, as necessary. 31 

• Require use of sensors that alert when a valve is left open. 32 

• Require posting a phone number for reporting issues at each well site. 33 

• Require additional spill control measures in environmentally sensitive areas. 34 

• Require use of heated valves and remote sensors that allow instantaneous shut off in case of 35 
spills. 36 

• There would be a maximum of 30 days between well pad construction and well spud. 37 
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C.1.2 Air Quality 1 

• AQ-MA-3: Unless ongoing monitoring and additional modeling indicate otherwise, the following 2 
mitigation measures are required: 3 

– Emissions Control (construction)—Construction will be limited to only four wells 4 
concurrently in any given square mile, with each well no closer than half a mile of each 5 
other. 6 

– Emissions Controls—Implement measures if they are developed through the NMED’s 7 
Ozone Attainment Initiative. The Ozone Attainment Initiative is a project authorized by 8 
State Statute, 74-2-5.3 NMSA 1978 (see 9 
http://public.nmcompcomm.us/nmpublic/gateway.dll/?f=templates&fn=default.htm). This 10 
statute directs the NEMED to develop plans, which may include regulations more stringent 11 
than federal rules, for areas of the state in which ambient monitoring shows ozone levels at 12 
or above 95 percent of the 2015 NAAQS of 70 ppb. Currently, both San Juan and Rio 13 
Arriba Counties are within 95 percent of the 2015 ozone standard. NMED is in the initial 14 
stages of analysis and planning for public outreach; however, 2014 National Emissions 15 
Inventory data suggest that, for these two counties, oil and gas production facilities will be a 16 
primary focus. The overall goal is to keep all areas now meeting the standard in attainment 17 
of the standard. Currently, the initiative is not part of the State Implementation Plan (SIP), 18 
although the plans, regulations, and authorizing statute may eventually become part of the 19 
SIP. 20 

– Participation on the Four Corners Air Quality Group—The BLM and BIA will participate in 21 
the Four Corners Air Quality Group. It will do this to continue its support of EPA’s 22 
Ozone/PM Advance Program. As the Air Quality Group makes specific recommendations, 23 
the BLM will incorporate them, within its legal authority, as mitigation measures under 43 24 
CFR 3162.1. 25 

• The following measures may be required: 26 

– Improved engine technology for diesel rigs and mobile and non-road diesel engines (the best 27 
available from engine manufacturers) 28 

– Silicon-controlled-rectifier or non-selective catalytic reduction for drill rig engines and 29 
compressors 30 

– Natural gas-fired drill rig engines, where on-site processing of field gas is available 31 

– Electrification of drill rig engines or wellhead compressors, where power is available 32 

– Reduced emissions completions for oil wells, when technically feasible (adequate pressure 33 
and flow, tanks and dehydrators on-site, or the availability of a sales line; note that reduced 34 
emissions completions are required under federal regulations for all gas wells) 35 

– Flaring of oil well completion emissions (no venting) 36 

– Minimize/eliminate venting during blow downs, if technically feasible 37 

– Eliminate evaporation pits for drilling fluids 38 

– Capture and control flash emissions and other emissions (95 percent VOC control) from 39 
storage tanks 40 

– Centralized gas processing, liquid gathering systems, pipelines, water, or fracturing liquids 41 
delivery 42 
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– Low-bleed/no-bleed pneumatics required for new wells 1 

– Dehydrator emission controls (95 percent control for VOC and methane) 2 

– Solar telemetry and well automation 3 

– Installation of plunger lift system where adequate pressure exists 4 

– Installation of low VOC emitting seals, valves, hatches 5 

– Periodic leak detection and repair program (use of forward-looking infrared cameras, 6 
sampling, inspection, vapor detection) 7 

– Require vapor recovery on truck loading/unloading operations 8 

– Treat unpaved roads to reduce fugitive dust from vehicle traffic, applying water and base 9 
coarse materials) 10 

– Limit vehicle speeds on unpaved roads 11 

– Reduce commuter vehicle trips by establishing work camps and using car pools and 12 
commuter vans 13 

– Reduce vehicle idling 14 

– Reduce pace of development 15 

C.1.3 Noise 16 

• Application of noise standards in NSAs 17 

– All or a portion of approximately 62 SDAs established through the BLM land use planning 18 
process are being identified as NSAs 19 

– Noise will be measured on the A-scale, using the attached protocol. The sound level (A-20 
scale) must be less than or equal to 48.6 dBA over a continuous 24-hour period (i.e., 48.6 21 
dBA Leq). This requirement applies to oil and gas lease operations that operate on a 22 
continual (over 8 hours/day), long-term (over a 1 week in duration) basis. The NTL will not 23 
apply to transient operations, such as construction, drilling, completion, or workover 24 
activities, or to temporary non-oil and gas sound sources. These activities will be handled on 25 
a case-by-case basis should a conflict be identified during the permitting process. The NTL 26 
does not apply to short-term activities, such as well venting and compressor start-ups. 27 

– Noise control will be receptor- or boundary-focused, as determined by agency management 28 
guidelines established for the designated Special Management Areas (SMAs), areas of critical 29 
environmental concern, or other designations. Receptor-focused control will apply to 46 30 
BLM and 4 USFS NSAs. Receptor-focused areas may be campgrounds, picnic areas, and 31 
shorelines. Boundary-focused control will include all designated acreage within seven BLM 32 
NSAs (refer to the tables table listed below), three USFS NSAs, and one NPS NSA, in 33 
addition to all Bureau of Reclamation land around Navajo Reservoir. 34 

– Receptor-focused NSAs—Noise standards of 48.6 dBA Leq will be achieved at established 35 
agency receptor points in the NSAs. Established receptors are generally defined as visitor 36 
use areas, camps or picnic areas, habitat for threatened or endangered species, 37 
archaeological sites, and recreation trails. Receptors may vary in size, from a single point 38 
source to several acres, based on the features and resource components that are being 39 
managed for sound. The agency will work with the operator to establish the applicable 40 
receptor points. Buffers of 0 to 100 feet from the defined receptor may be established. The 41 
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SDAs in which receptors will be designated are as follows (areas where stricter standards 1 
may apply are designated by ***): 2 

BLM Receptor-Focused NSAs 

***Andrews Ranch Halfway House Superior Mesa 

***Bee Burrow Haynes Trading Post Tapacito and Split Rock 

***Bis sa’ani Holmes Group ***Toh-la-kai 

Bi Yaazh ***Indian Creek ***Twin Angels 

Blanco Star Panel ***Jacques ***Upper Kin Klizhen 

Cagle’s Site ***Kin Nizhoni Allen Run 

***Casamero Community Margarita Martinez Homestead ***Angel Peak 

Christmas Tree Ruin Martin Apodaca Homestead Glade Run 

Church Rock Outlier ***Morris 41 ***Navajo Lake Horse Trail 

***Crow Canyon Moss Trail Negro Canyon 

Delgadito-Pueblo Canyons North Road (Segments 1, 2, 
***6, 7) 

Pinon Mesa 

Dogie Canyon Schools ***Pierre’s Site ***Simon Canyon 

Encinada Mesa-Carrizo Canyon 
(Gomez Point, Gomez Canyon, 
Hill Road Ruin) 

Rockhouse-Nestor Martin 
Homestead 

***Bald Eagle 

Frances Canyon (Frances Ruin) San Rafael Canyon Reese Canyon 

Gonzalez Canyon-Senon S. Vigil 
Homestead 

Simon Ruin River Tracts 

  Mexican Spotted Owl 
 3 
USFS Receptor-Focused NSAs 

***Buzzard Park Campground ***Gasbuggy 

***Cedar Springs Campground Carracas Mesa Administrative Site 

– Boundary-focused NSAs—For noise sources inside NSAs, the standard is 48.6 dBA Leq at 4 
400 feet in all directions from the noise source. For noise sources outside designated NSAs, 5 
the standard of 48.6 dBA Leq must be met at the boundaries of the NSAs. Noise sources 6 
within 400 feet of the NSA boundary will generally be allowed to meet the standard 400 7 
feet from the source. The SDAs that will be boundary-focused NSAs are as follows (areas 8 
where stricter standards may apply are designated by ***): 9 

BLM Boundary-Focused NSAs 

***Cho’ll’l (Gobernador Knob) Thomas Canyon (original acreage) 

Dzil’na’oodlil (Huerfano Mesa) ***Ah-shi-sle-pah WSA 

Fossil Forest RNA ***Bisti/De-Na-Zin Wilderness 

Carracas Mesa  
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USFS Boundary-Focused NSAs 

Middle Mesa Raptor Area (prior approval 
required) 

Munoz Canyon Raptor Area (prior approval 
required) 

Ulibarri Raptor Area (prior approval required)  

 1 

NPS Boundary-Focused NSA 

***Aztec Ruins National Monument 

 2 

Bureau of Reclamation Boundary-Focused NSA 

All USBR land around Navajo Reservoir 
 3 

– Occupied dwellings, residences, and buildings—For noise sources involving federal or Indian 4 
leases near occupied dwellings or buildings, the standard of 48.6 dBA Leq will be met 100 5 
feet from any such structure. This policy will not apply to unoccupied lands but can be 6 
enforced when those lands are developed. When oil and gas operations pre-date occupancy, 7 
the new resident will be asked to contribute to noise mitigation. For noise sources in 8 
incorporated city or township limits, the standards of that municipal jurisdiction will 9 
normally be applied; however, if there is no municipal standard, the BLM will enforce this 10 
NTL for noise sources associated with federal minerals. 11 

– Stricter standards—Stricter standards may be applied to NSAs identified by a triple asterisk 12 
in the tables above. In these instances, the BLM may need the flexibility to adjust the general 13 
noise standard. The BLM, USFS, BOR, and NPS staffs will work with the operator on a case-14 
by-case basis to achieve an acceptable level of noise mitigation. Factors considered in this 15 
process would be (1) the particular aspects of the area, such as landscape and topography, 16 
(2) resource values and uses, (3) public values and uses, and (4) the extent to which the 48.6 17 
dBA Leq impairs values and uses. 18 

– New NSAs—In addition to the 62 areas listed in the tables, new SMAs, camping, picnic, or 19 
trail areas may be identified or developed by land management agencies. This policy would 20 
be implemented in or near these areas after a 30-day notice to the affected parties, using 21 
Section VI schedules. 22 

• OG-MA-27—Noise from oil and gas equipment that operates more than 8 hours/day for more 23 
than 1 week will be kept at or below 48.6 dBA Leq at specific locations. This is to minimize 24 
disturbances to people and to nest sites for golden eagles, ferruginous hawks, and prairie 25 
falcons.  26 

• Average noise levels at sensitive receptors, including the CCNHP, World Heritage Sites, areas 27 
of critical environmental concern, and other identified historic properties where setting and 28 
feeling are key to their eligibility to the NRHP, must be no higher than 48.6 dBA Leq (current 29 
noise policy). As noted in Chapter 3, to the NRHP, historic properties are defined as districts, 30 
site, buildings, structures, and objects significant in American history, archaeology, engineering, 31 
and culture. 32 

• Noise levels at residences, schools, churches, CIMPPs, the boundary of CCNHP, and Chacoan 33 
outlier cultural sites must be no higher than 48.6 dBA Leq. 34 
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• Require mufflers, minimize vehicle traffic, install directional baffles to reduce noise levels at 1 
roads, outliers, other Chacoan sites, Navajo sites with high visitation, public historic sites, sites 2 
used for ceremonies, pilgrimages, and offerings, and Dinetah Defensive Sites. Apply seasonal 3 
timing limitations on traffic levels, drilling, and other noisy activities, based on the timing of 4 
important local and Tribal activities and peak seasons for visitors at CCNHP. 5 

Minimize noise using the best available technology, such as installing multi-cylinder pumps, 6 
hospital-grade sound-reducing mufflers, and exhaust systems to direct noise away from sensitive 7 
receptors, such as residences, CCNHP, established campgrounds, and sensitive wildlife habitat. 8 
The goal for the minimum level of acceptable change would be a 10 dbA or less increase from 9 
ambient background levels; however, at no time should operations exceed the 48.6 dBA 10 
outlined in the FFO Noise NTL. 11 

• In addition to noise levels measured on the dBA Leq scale, as outlined in the Management of 12 
Sound Generated by Oil and Gas Production and Transportation (NTL 04-2 FFO), oil and gas 13 
drilling and production activities may be measured on the dBC Leq scale. This is to identify the 14 
impact of low frequency noise (LFN) on the environment, especially when operations occur 15 
within 0.25 mile of occupied buildings. 16 

• A sound level measurement on noise emitted from oil and gas drilling, completion, or 17 
production operations that will be measured on the dBC Leq scale will be taken at 25 feet from 18 
the exterior of the occupied building nearest to the noise source. If the sound level 19 
measurement exceeds the dBC Leq thresholds, the BLM may require the operator to submit an 20 
LFN impact analysis and to identify reasonable control measures to mitigate any impacts. 21 

– For daytime operations or when LFN sources operate intermittently (1 to 2 hours), the 22 
sound level measurement thresholds are as follows: 23 

– Desirable—Leq 60 dBC 24 

– Maximum—Leq 70 dBC 25 

– For nighttime operations or when LFN sources operate continuously (24/7) the sound level 26 
measurement thresholds are as follow: 27 

– Desirable—Leq 60 dBC 28 

– Maximum—Leq 65 dBC 29 

• Sound level measurements should follow the procedure outlined in NTL 04-2 FFO 30 

C.1.4 Cultural Resources 31 

• The following mitigation measures apply to situations that may occur during surface-disturbing 32 
activities. Others may be developed to apply to site-specific activities and permits, as 33 
appropriate to the location: 34 

– Discovery of cultural resources in the absence of monitoring—If, during operation, an 35 
operator/holder discovers any previously unidentified historic or prehistoric cultural 36 
resources, then work in the vicinity of the discovery will be suspended and the discovery 37 
will be promptly reported to the BLM Field Office Manager. The BLM will then specify what 38 
action to take. If there is an approved discovery plan in place for the project, then the plan 39 
will be executed. In the absence of an approved plan, the BLM will evaluate the significance 40 
of the discovery and will consult with the SHPO and THPO(s) (as appropriate), in 41 
accordance with 36 CFR 800.11. 42 
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– Discovery of cultural resources during monitoring—If monitoring confirms the presence of 1 
previously unidentified cultural resources, then work in the vicinity of the discovery will be 2 
suspended and the discovery will be promptly reported to the BLM Field Office Manager. 3 
The BLM will then specify what action to take. If there is an approved discovery plan in place 4 
for the project, then the plan will be executed. In the absence of an approved plan, the BLM 5 
will evaluate the significance of the discovery and will consult with the SHPO and THPO(s) 6 
(as appropriate), in accordance with 36 CFR 800.11. 7 

– Damage to sites—If, during operations, an operator or lease holder damages, or is found to 8 
have damaged, any previously documented or undocumented historic or prehistoric cultural 9 
resources (excluding discoveries, as noted above), the operator or lease holder agrees, at its 10 
expense, to have a permitted cultural resources consultant prepare and have executed a 11 
BLM-approved data recovery plan. Damage to cultural resources may result in civil or 12 
criminal penalties, in accordance with the Archaeological Resource Protection Act of 1979, 13 
as amended. 14 

• Require operators to collocate authorized roads, pipelines, electrical lines, and other activities 15 
within 1 mile of historic properties eligible to the NRHP under Criteria A, B, or C (or those 16 
with the potential for similar eligibility pending further information) and prominent landforms. 17 
Examples are twinning existing well pads and ensuring that pipelines follow access roads or using 18 
existing pipeline and power line corridors. This requirement applies to existing and new 19 
disturbances. Exceptions will be made when the following criteria are met: To route around 20 
archaeological sites or mitigation of indirect impacts on historic properties eligible to the NRHP 21 
under Criteria A, B, or C (or those with the potential for similar eligibility pending further 22 
information). 23 

Waiver, exception, and modification—If circumstances or relative resource values change, or if 24 
it can be demonstrated that oil and gas operations can be conducted without causing 25 
unacceptable impact, then the BLM Authorized Officer may waive, make an exception for, or 26 
modify them. This would be allowed if such action is consistent with the provisions of the 27 
Farmington RMP or, if not consistent, through a land use plan amendment and associated 28 
National Environmental Policy Act analysis document. If the BLM Authorized Officer determines 29 
that the waiver, exception, or modification involves an issue of major public concern, the waiver, 30 
exception, or modification would be subject to a 30-day public review period. 31 

• No staging areas visible from the CR7900 or CR7950 into CCNHP (applies to oil and gas 32 
ROWs only). 33 

• Before development begins, operators will be required to conduct light detection and ranging 34 
(LIDAR) surveys on new leases, if there are no previous LIDAR surveys of the area to QL2 35 
standard. Operators also must conduct an ethnographic study on new leases, if one has not 36 
been conducted, and must install seismic monitoring equipment for CCNHP or historic 37 
properties with standing architecture. 38 

• Oil and gas ROWs—Notifying Navajo Nation chapter houses and other Tribes with cultural 39 
affiliation is required if any major roads are under construction, so Tribal members can access 40 
CIMPPs. 41 

• Required compensatory mitigation measures may include the following:  42 

– Contribute funding for an intensive inventory for Chacoan road crossings 43 

– Stabilize the site  44 
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– Fund educational pamphlets and interpretive signs about cultural resources 1 

– Fence eligible sites threatened by grazing and recreation 2 

– Fund monitoring and management of cultural sites (including law enforcement) 3 

– Fund the collection of LIDAR data 4 

– Fund ethnographic research (potentially 1 percent of project budget)  5 

– Fund restoration of the setting surrounding affected cultural sites 6 

– Install seismic monitoring equipment for CCNHP or historic properties with standing 7 
architecture 8 

• Require blending surface facilities into the existing landscape. Use the same polygons for 9 
anything that is leased—viewshed of foreground roads, outliers, other Chacoan sites, Navajo 10 
sites with high visitation, public historic sites, Dinetah defensive sites, CIMPPs, and prominent 11 
landforms—using the following: 12 

– Vegetation screening 13 

– Landscape-appropriate paint color from the BLM color palette 14 

– Low-profile tanks, as appropriate (liners, if tanks are buried) 15 

– Organic rather than angular shapes for facilities 16 

– Edge feathering 17 

– Curvilinear road alignments  18 

– Well pad and road surfacing blended with landscape 19 

– Off-site facilities, liquids gathering systems 20 

– Subsurface pumpjacks, when economically and technically feasible 21 

– Flaring shields/covers 22 

– Required design features to minimize or eliminate the visual intrusions on the cultural 23 
landscape; design features must be used as site-specific conditions warrant and must be part 24 
of the ROW applicant’s project siting/design, prior to application. 25 

• Noise from oil and gas equipment that operates continuously1 will be kept at or below 48.6 dBA 26 
Leq at specified locations. This is to minimize disturbances to people, as well as to nest sites for 27 
golden eagles, ferruginous hawks, and prairie falcons and at sensitive receptors in the CCNHP 28 
and roads and outliers. 29 

• Average noise levels at sensitive cultural receptors must be no higher than 48.6 dBA Leq. 30 

• Require mufflers, minimize vehicle traffic, and install directional baffles to reduce noise levels at 31 
roads, outliers, CIMPPs, prominent landforms, other Chacoan sites, Navajo sites with high 32 
visitation, public historic sites, and Dinetah defensive sites. Apply seasonal timing limitations on 33 
traffic levels, drilling, and other noisy activities, based on the timing of important local and Tribal 34 
activities. Noise levels at sensitive receptors, including residences, churches, TCPs, and the 35 
boundary of CCNHP, cannot exceed 48.6 dBA Leq. 36 

• Require programs to educate workers on the importance of protecting archaeological and 37 
ethnographic cultural resources. 38 

                                                 
1 More than 8 hours/day on a long-term basis, which is more than 1 week in duration. 
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• Do not allow construction, drilling, well completions, geophysical activities, or workover rigs are 1 
allowed in identified traditional use areas during traditional ceremonies, offerings, or pilgrimages, 2 
with the exception of emergencies/exemption criteria. The BLM must receive proper 3 
notification of ceremonies, offerings, or pilgrimages to which this condition would apply. 4 

C.1.5 Dark Skies 5 

• A lighting plan to protect dark skies will be developed before development begins. The lighting 6 
plan will address the construction, drilling, completion, and production stages and will specify 7 
the following: 8 

– Number of lights and lumen output of each—Minimum number of lights and the lowest 9 
luminosity consistent with safe and secure operation of the facility 10 

– Alternatives to lighting—Retro-reflective or luminescent markers in lieu of permanent 11 
lighting, where feasible 12 

– Fixture design—Lights of the proper design (full cutoff luminaires if possible), fully shielded 13 
to eliminate uplight, and restricting illumination between 80° and 90° from nadir, and 14 
directed to eliminate light spill and trespass to off-site locations 15 

– Lamp color temperature—Lights of the proper color to minimize night-sky impacts (less 16 
than 3,000° Kelvin) 17 

– Standard operating procedures—Minimization of unnecessary lighting through alternatives 18 
to permanent lighting, such as using timers, motion sensors, or switches to restrict lighting 19 
use to certain times and to provide lighting only when it is needed 20 

– Any activities that may be restricted to avoid night-sky impacts 21 

– A process for promptly addressing and mitigating complaints about potential light impacts 22 

• A flaring plan to protect dark skies will be developed before development begins. The flaring 23 
plan will specify the following: 24 

– Mitigation measures to reduce the duration of night-time flaring 25 

– Mitigation measures to reduce light trespass from flaring, such as the following: 26 

– Enclosed combustors 27 

– Temporary blinds or shields to prevent light trespass toward sensitive key observation 28 
points, including residences, CCNHP, Bisti/De-Na-Zin Wilderness, and other important 29 
dark sky viewing places 30 

– Flare heights at the minimum distance for safety, while reducing the light trespass-affected 31 
area 32 

• A light trespass viewshed analysis will be conducted before development begins to determine 33 
the area of potential effect from artificial lights and flaring during the construction, drilling, 34 
completion, and production stages. The viewshed analysis will incorporate the height, direction, 35 
and luminosity of these artificial light sources. Based on this viewshed analysis, light trespass 36 
from artificial lights and flaring in the lighting and flaring plan will be reduced. 37 

• Enclosed combustors or other available technology that reduces flare light trespass will be used. 38 

C.1.6 Paleontological Resources 39 

• Restrict vehicles to existing roads and trails. 40 
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• A pedestrian survey must be conducted for paleontological material, using a qualified permitted 1 
paleontologist determined by the BLM, as part of the permit application for the proposed lease 2 
activity in geologic units that are classified on the BLM’s PFYC scale as a PFYC U—unknown, 4, 3 
or 5, as determined by the BLM Authorized Officer. The survey and report would be used to 4 
determine the presence of paleontological material exposed at the surface and, if necessary, the 5 
appropriate mitigation of ground-disturbing activities, such as monitoring, avoidance, and/or 6 
project redesign. 7 

• The lessee shall immediately notify the BLM Authorized Officer of any paleontological resources 8 
discovered as a result of approved surface-disturbing operations. The lessee shall suspend all 9 
activities in the vicinity of such discovery until notified to proceed by the BLM Authorized 10 
Officer and shall protect the discovery from damage or looting. The BLM Authorized Officer 11 
would evaluate, or would have evaluated, such discoveries after being notified and would 12 
determine, after consultation with the operator and the BLM Regional Paleontologist, the 13 
appropriate measures to mitigate adverse effects on significant paleontological resources. Upon 14 
approval of the BLM Authorized Officer, the operator would be allowed to continue 15 
construction through the site, or would be given the choice of either: 16 

– Following the BLM Authorized Officer’s instructions for stabilizing the fossil resource in 17 
place and avoiding further disturbance to the fossil resource or 18 

– Following the BLM Authorized Officer’s instructions for mitigating impacts on the fossil 19 
resource prior to continuing construction through the project area. The lessee is 20 
responsible for any cost associated for mitigating paleontology resources discovered as a 21 
result of their activities.  22 

• An avoidance zone around all recorded fossil localities may be applied, based on known extent 23 
of resources.  24 

• When avoidance is not possible, appropriate mitigation may include excavation or collection 25 
(data recovery), stabilization, monitoring, protective barriers, and signs. 26 

• Project or ground-disturbing activities may be relocated, based on the results of the 27 
paleontology field survey. 28 

• All persons associated with operations under this authorization will be informed that any 29 
objects or sites of paleontological or scientific value will not be damaged, destroyed, removed, 30 
moved, or disturbed. Examples of such objects are vertebrate or scientifically important non-31 
vertebrate fossils. Any paleontological resource discovered by the operator or by any person 32 
working on the operator’s behalf will be immediately reported to the BLM Authorized officer. 33 
The operator will suspend all construction within 100 feet of said find. A BLM-permitted 34 
paleontologist will evaluate the paleontological resource within 5 working days, weather 35 
permitting, to determine the appropriate actions to prevent the potential loss of any significant 36 
paleontological resource. Operations within 100 feet of such a discovery will not resume until 37 
the BLM Authorized Officer issues written authorization to proceed, pending the collection or 38 
salvage of any fossils of scientific interest. Any unauthorized collection or disturbance of 39 
paleontological resources may result in a shutdown order by the BLM Authorized Officer. The 40 
operator will be held responsible for the cost of proper mitigation measures. The BLM 41 
Authorized Officer will consult with the operator on the evaluation and decisions of the 42 
discovery. 43 
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• On-site monitoring in areas with a high probability for buried fossils will require the presence of 1 
a monitor at all times during the disturbance. The monitor will assess any finds, collect loose 2 
fossil material and related data, and take appropriate steps to mitigate any damage. Activities 3 
should be assessed relative to the potential to uncover significant fossils. Construction may need 4 
to be suspended during the nighttime in sensitive areas, to allow surveys to adequately monitor 5 
activities. 6 

• Require a treatment plan for any activities that will affect the scientific integrity of significant 7 
paleontological resources. 8 

• Surface-disturbing activities will not be allowed on known paleontological sites. 9 

• Surface-disturbing activities will be prohibited within 100 feet of recorded fossil locations. 10 

• A case-by-case examination of any proposed surface-disturbing activities will be made to 11 
determine potential adverse effects. Appropriate mitigation will be applied to minimize those 12 
effects. 13 

• Paleontological surveys will be required for surface-disturbing activities in the following areas: 14 

– Those with a high probability for buried fossils 15 

– Those with a potential for significant paleontological resources 16 

– Known paleontological sites 17 

– Recorded fossil locations 18 

• A pre-construction field meeting will be conducted before any dirt work approved under APDs 19 
or ROWs begins in the following locations: 20 

– Those with a high probability for buried fossils 21 

– Those with a potential for significant paleontological resources 22 

– Known paleontological sites 23 

– Recorded fossil locations 24 

• The operator will notify the BLM via email at least 48 hours before any surface-disturbing 25 
activities begin in the following areas: 26 

– Those with a high probability for buried fossils 27 

– Those with the potential for significant paleontological resources 28 

– Known paleontological sites 29 

– Recorded fossil locations 30 

• To reduce disturbance and minimize habitat fragmentation, pipelines are required to follow 31 
existing disturbance, where feasible, which may include roads, utility ROWs and pipelines, and 32 
corridors. 33 

• Restrict cross-country ROWs in badlands. Require land use authorization actions, such as 34 
transmission and pipelines, in roads or follow existing disturbance, when existing infrastructure 35 
allows. 36 

C.1.7 Visual Resources 37 

• Measures for visual resources listed below apply primarily to mineral extraction and are not all 38 
inclusive. Additional mitigation measures for mineral extraction or other program activities may 39 
be developed and implemented as necessary: 40 
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– Operators may be required, on a case-by-case basis, to leave a tree screen on one or more 1 
sides of a location. 2 

– Aboveground structures are required to be painted in one of five colors designated to blend 3 
with the natural color of the landscape. 4 

– Permit holders are required to coordinate with the BLM Authorized Officer on the design 5 
and color of power poles and transmission lines, to achieve minimal practicable visual 6 
impacts. 7 

– Permit holders may be required to reconstruct rock rims as near as possible to their 8 
original condition. 9 

• Construct and design surface facilities to blend with the surrounding landscape and topography. 10 

– Use appropriate vegetation treatments so that the vegetation community will return to the 11 
stated goals for vegetation management. 12 

– Activities that would be considered to meet this goal are the following: 13 

– Vegetation screening 14 

– Landscape-appropriate paint color from the BLM color palette 15 

– Low-profile tanks, as appropriate 16 

– Organic rather than angular shapes for facilities 17 

– Edge feathering 18 

– Well pad and road surfacing blended with the landscape 19 

– Off-site facilities 20 

– Low gravity solids 21 

– Partially buried tanks 22 

– Curvilinear design in road planning 23 

C.1.8 Soil Resources 24 

• SR-MA-3—Various techniques will be used to reduce soil erosion. Most measures focus on 25 
reducing the amount of surface disturbance, protecting disturbed soils from water or wind 26 
erosion, and restoring natural vegetation as soon as possible. Depending on the site-specific 27 
situation, the chief mitigation measures to be used are the following: 28 

– Operators are required to submit a plan of reclamation to the BLM. 29 

– Clearing, grading, and other disturbance of soil and vegetation is limited to the minimum 30 
area required for construction. 31 

– Any roads used exclusively for construction will be adequately closed to all vehicles and will 32 
be rehabilitated after construction. 33 

– Topsoil removed during construction will be stockpiled and used in reclamation. 34 

– Side hill cuts of more than 3 feet vertical are not permitted. Areas requiring cuts greater 35 
than 3 feet will be terraced. 36 

– Disturbed areas will be mulched, as designated by the BLM Authorized Officer. 37 

– Disturbed areas will be reseeded, using designated seed mixtures, within 1 year of final 38 
construction. 39 
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– No construction or routine maintenance will be performed when the soil is too wet to 1 
adequately support construction equipment. If such equipment creates ruts in excess of 6 2 
inches deep, the soil will be deemed too wet to work. 3 

– All roads will follow Gold Book standards (BLM and USFS 1989). 4 

• Operators are required to submit a bare soil reclamation plan, as outlined in the FFO bare soil 5 
reclamation procedure. 6 

• Operators will maintain inspection forms that the BLM Authorized Officer can request to see at 7 
any time. 8 

• Production facilities will be placed to allow for maximum interim reclamation and revegetation 9 
of the well location.  10 

• All sections of the proposed access road associated with this permit will be sited, designed, 11 
constructed, upgraded, and maintained using standards, requirements, guidelines, and 12 
instructions specified in BLM Manual 9113, Roads Design Handbook; BLM Manual 9113-2, Roads 13 
National Inventory and Condition Assessment Guidance & Instructions Handbook; and Surface 14 
Operations and Guidelines for Oil and Gas Exploration and Development, the Gold Book. 15 

For any construction, operators will notify the grazing lease operators at least 10 business days 16 
before construction begins. This is to ensure that there will be no conflicts between 17 
construction and livestock grazing. The operator is in no way obligated to cease or delay 18 
construction, unless directed by the BLM Authorized Officer. Any range improvements, such as 19 
fences, pipelines, and ponds, disturbed by construction will be repaired immediately following 20 
construction to the condition they were in before the disturbance. 21 

• No surface disturbance will be allowed on slopes greater than 20 percent in the Reese Canyon 22 
Research Natural Area or Carracas Mesa Special Management Area. 23 

• Surface disturbance or development on slopes greater than 20 percent could be prohibited, 24 
unless individual site plans meet certain requirements. An example of these requirements is 25 
providing engineered drawings for construction that include site drainage and final rehabilitation 26 
contours. A written rationale should accompany the plan, describing how the proposed controls 27 
would prevent slope failure and erosion, while maintaining viable topsoil for final reclamation. 28 
Site plans could be required to include a timeline, identifying the actions that would be applied 29 
during construction, production, and rehabilitation. This is so the BLM can develop appropriate 30 
monitoring protocols to ensure that the plan is meeting the objectives. 31 

Additionally, facility locations could be prohibited within 656 feet (200 meters) of ephemeral and 32 
perennial drainages and wetlands and riparian areas. Roads and pipelines crossing drainages 33 
could be required to have mitigations that would minimize surface disturbance and reduce or 34 
eliminate erosion. 35 

After development, operators are required to stabilize fragile soils. 36 

C.1.9 Water Resources 37 

• The following mitigation measures will be applied, as appropriate, to protect surface water and 38 
groundwater from the impacts of surface disturbance: 39 

– Drilling pits will be lined with an impervious material at least 12 mils thick. 40 

– Mud and blow pits will be constructed so as not to leak, break, or discharge liquids or 41 
produced solids. 42 
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– Washes will be diverted around well pads. 1 

– Culverts of a minimum of 18 inches will be placed where drainages cross access roads. 2 

– Low water crossings will be constructed to prevent any blockage or restriction of the 3 
existing channel. Material removed will be stockpiled for use in rehabilitating the crossing. 4 

– Full compliance with all applicable laws, regulations, and onshore orders is required. 5 

– Before a well location is approved within 500 horizontal feet of the high-water line of the 6 
Navajo Reservoir (elevation 6,085 feet), the BOR must examine it to determine the 7 
potential impacts on water quality. 8 

• Water used to construct, produce, and maintain actions authorized by this permit to drill or 9 
water authorized for use by the New Mexico Oil Conservation Division must be acquired from 10 
permitted water sources. On request, the operator will provide the BLM Authorized Officer 11 
with documentation of water sources. 12 

• Hydraulic fracturing operations will follow best practices, as follows:  13 

– The public disclosure on the FracFocus.org website of chemicals used in hydraulic fracturing 14 
on federal and Indian lands 15 

– Confirmation that wells used in fracturing meet appropriate construction standards  16 

– Appropriate plans for managing flowback waters from fracturing 17 

• Operators are required to disclose where they get water from and to identify state-approved 18 
water sources. 19 

C.1.10 Vegetation 20 

• In the 100-year floodplain, well pads and facilities are to be built up to protect equipment and 21 
infrastructure from flooding. 22 

• Water features that may pose a future threat to the project will be armored and will include 23 
outside areas. 24 

• Development in the 100-year floodplain will be avoided and will be moved out of the 100-year 25 
floodplain, if necessary. 26 

• Site-specific mitigation measures will be developed to mitigate the removal or disturbance of 27 
riparian and wetland vegetation. Site integrity must be maintained to avoid negative impacts on 28 
riparian and wetland area that may be associated with the natural lateral movement of the active 29 
channel. 30 

• Revegetation would be considered satisfactory when soil erosion resulting from the operation 31 
has been stabilized, and a vegetation cover equal to 70 percent (both cover and diversity of 32 
species) of preexisting or seeded-in vegetation is reestablished, as evidenced by pre-and post-33 
construction photo-point monitoring and vegetation plots and transects. 34 

• Reseeding would be required if satisfactory interim reclamation progress is not being made at 35 
year 2 or year 3 monitoring intervals, or if final reclamation is not achieved by year 5. 36 

C.1.11 Noxious and Invasive Weeds 37 

• All seed, hay, straw, mulch, or other vegetation material transported and used on public land for 38 
site stability, rehabilitation, or project facilitation will be certified noxious weed free. 39 

• If fill dirt or gravel is brought onto public lands, the source needs to be noxious weed free. 40 
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• All surface-disturbing equipment would be inspected and cleaned before being brought onto 1 
public lands. 2 

• If bare ground vegetation treatment (trim-out) is desired around facility structures, operators 3 
will submit a bare ground/trim-out design with their surface use plan of operations. The design 4 
will address vegetation safety concerns of the operators and the BLM, while minimizing impacts 5 
on interim reclamation efforts. The design must include the structures to be treated and zone 6 
distances of trim-out. Herbicides for vegetation control around anchor structures would not be 7 
approved. If herbicides are used for bare ground trim-out, the trim-out will not exceed 3 feet 8 
from the edge of any eligible permanent structure, such as well heads, fences, and tanks. 9 
Vegetation in a berm area (i.e., secondary containment of tanks) may be treated to the bare 10 
ground, except in areas greater than 3 feet around the berm perimeter. Additional distances and 11 
areas may be requested and must be approved by the FFO Authorized Officer, along with the 12 
following additional information:  13 

– Pesticide use for trim-out will require a pesticide use proposal, which is required before any 14 
treatment and must be approved by the FFO Noxious Weed Coordinator. Only pesticides 15 
authorized for use on BLM-administered lands would be used and would be applied by a 16 
licensed pesticide applicator. The use of pesticides would comply with federal and state laws 17 
and only in accordance with their registered use and limitations. The weed-control 18 
contractor would contact the BLM-FFO before using these chemicals and would provide 19 
pesticide use reports post treatment.  20 

– A pesticide use report or a biological use report is required to report any chemical or 21 
biological treatments used to eradicate or control on-site vegetation. Reporting would be 22 
required quarterly and annually or per the FFO Noxious Weed Coordinator’s request. 23 

• The FFO will inventory existing infestations and will plan for preventing noxious weed invasion, 24 
monitoring revegetation for invasive weeds, and assessing the success of weed control. The plan 25 
developed for the FFO includes the following program procedures: 26 

– Prevention and detection—Develop a prevention and early detection program. 27 

– Education and awareness—Generate internal and external support for noxious weed 28 
control. The FFO has a 1-week invasive plant workshop at San Juan College in July. 29 

– Inventory—Ensure that adequate baseline data are available on the distribution of weeds. 30 

– Planning—Include provisions for noxious weed management in all BLM-funded or -31 
authorized actions. 32 

– Integrated weed management—Determine the best methods for an integrated approach to 33 
weed management and implement on-the-ground operations. 34 

– Coordination—Ensure that noxious weeds are managed efficiently and consistently across 35 
jurisdictional and political boundaries. San Juan County has formed a weed management 36 
team that consists of BLM staff, San Juan County officials, the cities of Farmington, Aztec, 37 
and Bloomfield, the BIA, and San Juan College. 38 

– Monitoring, evaluation, research, and technology transfer—Ensure sufficient data are 39 
available to evaluate management actions, provide a basis for making informed decisions, 40 
assess progress toward management objectives, and develop new and more effective 41 
management methods. 42 
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– For all actions on public lands that involve surface disturbance or rehabilitation, reasonable 1 
steps will be required to prevent the introduction or spread of noxious weeds, including 2 
requirements for using weed seed-free hay, mulch, and straw. 3 

– Noxious weeds—Inventory the proposed route or site for the presence of noxious weeds, 4 
which are those listed on the New Mexico Noxious Weed List or the USDA’s Federal 5 
Noxious Weed List. Both lists can be updated at any time and should be regularly checked 6 
for any changes.  7 

The following weeds have been identified within the boundaries of the FFO: 8 

o Russian knapweed (Centaurea repens)  9 

o Musk thistle (Carduss nutans)  10 

o Bull thistle (Cirsium vulgare) 11 

o Canada thistle (C. arvense)  12 

o Scotch thistle (Onopordum acanthium)  13 

o Hoary cress (Cardaria draba)  14 

o Perennial pepperweed (Lepidium latifolium)  15 

o Halogeton (Halogeton glomeratus)  16 

o Spotted knapweed (Centaurea maculosa)  17 

o Dalmatian toadflax (Linaria genistifolia)  18 

o Yellow toadflax (L. vulgaris)  19 

o Camelthorn (Alhagi pseudalhagi)  20 

o African rue (Penganum harmala)  21 

o Salt cedar (Tamarix spp.)  22 

o Diffuse knapweed (Centaurea diffusa)  23 

o Leafy spurge (Euphorbia esula)  24 

– Identified weeds will be treated before new surface disturbance, if the FFO Noxious Weed 25 
Coordinator so requires. A pesticide use proposal must be submitted to and approved by 26 
the Noxious Weed Coordinator before pesticides are applied. The Noxious Weeds 27 
Coordinator ([505] 564-7600) can assist in the development of the pesticide use proposal. 28 

– Vehicles and equipment should be inspected and cleaned before being brought onto the 29 
work site. This is especially important for vehicles from out of state or those coming from a 30 
weed-infested site.  31 

– Fill dirt or gravel may be needed for excavation, road construction and repair, or for spill 32 
remediation. If fill dirt or gravel will be required, the source will be noxious weed free and 33 
approved by the FFO Noxious Weed Coordinator. 34 

– The site will be monitored for the life of the project for the presence of noxious weeds, 35 
including during maintenance and construction. If weeds are found, the FFO Noxious Weed 36 
Coordinator will be notified at (505) 564-7600 and provided with a weed management plan 37 
and, if necessary, a pesticide use proposal. The FFO Noxious Weed Coordinator can assist 38 
in developing the weed management plan and the pesticide use proposal. 39 

– Only pesticides authorized for use on BLM-administered lands will be used and will be 40 
applied by a licensed pesticide applicator. The use of pesticides will comply with federal and 41 
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state laws and will be used only in accordance with their registered use and limitations. The 1 
weed control contractor would contact the FFO Authorized Officer before using these 2 
chemicals. 3 

– Noxious/invasive weed treatments must be reported to the FFO Noxious Weed 4 
Coordinator. A pesticide use report is required for any mechanical, chemical, biological, or 5 
cultural treatments used to eradicate or control noxious or invasive species. Reporting will 6 
be required quarterly and annually or when the FFO Noxious Weed Coordinator requests 7 
it. 8 

C.1.12 Fish and Wildlife 9 

• Use of pesticides and herbicides will comply with applicable federal and state laws. 10 

• The permit holder will be responsible for weed control and selective control of invasive weeds 11 
on disturbed land and reclaimed areas, within the limits of the well pad, associated road, and 12 
pipeline ROW. 13 

• The permit holder is responsible for consulting with the BLM Authorized Officer or local 14 
authorities, or both, for acceptable weed control methods, within the limits imposed in the 15 
COAs. 16 

• Permanent or temporary pipelines for water disposal will be installed as early as possible to 17 
eliminate excessive truck traffic in sensitive wildlife areas. Exceptions may be considered on a 18 
case-by-case basis. 19 

• Unguarded pits containing liquids will be fenced with woven wire. All fencing must be in 20 
accordance with New Mexico law. 21 

• Unless otherwise agreed to in writing by the BLM Authorized Officer, power lines will be 22 
constructed in accordance with standards outlined in the Avian Protection Plan Guidelines 23 
(2005) or current best available data. 24 

• In key areas, where practical, well data may be required to be transmitted electronically to 25 
reduce vehicle traffic and wildlife disturbance. 26 

C.1.13 Special Status Species 27 

• When individual plants or suitable habitat for these plants, as determined by the BLM, are found 28 
during a biological survey for a proposed well pad, pipeline, or other ground-disturbing project, 29 
the company proposing the project will be given the following options: 30 

– Relocate the project to miss the plants or habitat and drill conventionally 31 

– Relocate the pad and directionally drill to the target area 32 

– Transplant Brack’s cactus and stockpile and respread soil, when appropriate, as determined 33 
by the BLM (every effort to relocate the proposed pad must be explored before the BLM 34 
will approve this) 35 

• At least one pollinator-friendly native plant species will be used in all vegetation management 36 
projects or reclamation activities involving the use of seedings or seedlings. The goal will be to 37 
provide a suite of early blooming to late blooming flowering plants, to ensure that floral 38 
resources are available for pollinators throughout the growing season. 39 

• Biological surveys for golden eagles may be required for any proposed project within 0.5-miles 40 
of nesting habitat.  41 
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• Determine mitigation for peregrine falcon nest sites on a site-specific basis, using the principle of 1 
designating sensitive zones in which disturbance is seasonally restricted (Johnson 1994).  2 

• In nesting bird habitat, follow existing infrastructure, when feasible, to ensure compliance with 3 
the Migratory Bird Treaty Act. 4 

• For all special status plants—Blooming season surveys would be required. No transplanting 5 
would be allowed outside of the growing season or optimal time for transplanting, as 6 
determined by a consulted horticulturalist. 7 

• Possible mitigation strategies for special status plants are the following:  8 

– Adjust the location of the disturbance outside of occupied habitat with a 330-foot (100-9 
meter) buffer 10 

– Use dust abatement  11 

– Use signs, fencing, and other deterrents to reduce possible human disturbance 12 

– Require construction to occur outside of the blooming season (September through March) 13 

– Use a higher percentage of forbs in the reclamation seed mix to promote pollinator habitat 14 

– When reclaiming the site, replace the soil and subsoil layers to the predisturbance order of 15 
soil horizons 16 

– Use a qualified, independent, third-party contractor to provide general oversight 17 

– Monitor and control nonnative and invasive species 18 

– Control 80 percent of fugitive dust within 330 feet (100 meters) of the edge of occupied, 19 
suitable, or potential special status plant species habitat (federally listed, proposed, and 20 
candidate species), using BLM-approved dust suppression methods, to be determined on a 21 
case-by-case basis 22 

– Require operators to collocate authorized roads, pipelines, electrical lines, and other 23 
structures within 330 feet (100 meters) of special status plant species habitat 24 

– Restrict development within 100 meters of occupied habitat 25 

o Adjust the location of the disturbance to be at least 100 meters from the edge of 26 
occupied or suitable habitat and ideally outside of the plant consideration area; 27 

o 3) Minimizing the area of disturbance; 28 

o 4) The use of dust abatement measures; 29 

o 5) Using signs, fencing, and other deterrents to reduce possible human disturbance; 30 

o 6) Requiring construction to occur outside of the blooming season (i.e., construction 31 
could occur November through March), involving possibly delaying the project by more 32 
than 60 days; 33 

o 7) Requiring specialized reclamation procedures (e.g., separating soil and subsoil layers 34 
with barriers to reclaim in the correct order and additional emphasis on forbs in seed 35 
mixes to promote pollinator habitat); 36 

o 8) Long term monitoring of the species and/or habitat; 37 

o 9) Using a qualified, independent third-party contractor to provide general oversight and 38 
assure compliance with project terms and conditions; and/or 39 
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o 10) Non-native or invasive species monitoring and control. These measures may also be 1 
applied to projects near suitable habitat that may hold special value or to provide 2 
protection to suitable habitat that may allow for species’ expansion; 3 

o 11) Collect seeds or other genetic material (according to Center for Plant Conservation 4 
protocols) to preserve any impacted populations. Material can be placed in long-term 5 
storage or seed can be used for restoration projects. 6 

C.1.14 Communities 7 

• No staging within 1 mile of homes, churches, schools, or clinics. 8 

C.1.15 Livestock Grazing 9 

• For any construction, the lessee will notify the grazing lease operator at least 10 business days 10 
before construction begins. This is to ensure that there will be no conflicts between 11 
construction and livestock grazing. The holder is in no way obligated to cease or delay 12 
construction, unless directed by the BLM Authorized Officer. In consultation with the grazing 13 
permittee and the BLM, range improvements disturbed by construction, including fences, 14 
pipelines, troughs, storages, and ponds, will be returned to a functional state as soon as possible 15 
and will be left in as good a condition or better than they were before the disturbance. 16 

C.1.16 Travel and Transportation Management 17 

• NM-4 Stipulation for Leases Subject to a Highway Material Site ROW—The lessee/operator will 18 
conduct operations in conformity with the following requirements: 19 

– The NMDOT will have unrestricted rights of ingress and egress to the ROW 20 

– The lessee/operator will not conflict with the right of the NMDOT to remove any road-21 
building materials from the ROW 22 

– NMDOT reserves the right to set up, operate, and maintain such facilities as are reasonable 23 
to expedite the removal, production, and use of the materials; the lessee will not interfere 24 
with NMDOT’s use of the property for such purposes 25 

– The lessee/operator will make no excavations and erect no structures on the ROW that 26 
might be adverse to the use and interest of the land by NMDOT  27 

• Traffic control planning, including flagging, carpooling, speed limits, signs, and access planning, will 28 
be required 29 

• No construction, drilling, or completion traffic on roads with relevant jurisdiction during school 30 
bus pick-up and drop-off times 31 

• Roads will be planned and designed to minimize impacts on the environment and to reduce 32 
habitat fragmentation 33 

• Curvilinear designs in road network planning will be required 34 

• Roads will be planned and designed to minimize impacts on the environment and reduce impacts 35 
on Tribal communities 36 

• Reduced traffic will be required from dusk until dawn to reduce collisions with nocturnal wildlife 37 

• Reduced traffic will be required during peak local travel hours to minimize impacts on local 38 
traffic, such as school buses 39 

• Operators must obey local, county, and Gold Book speed limit requirements. 40 
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C.1.17 National Trails 1 

• NM-6 Continental Divide Trail—No occupancy or other surface disturbance will be allowed 2 
within 1,000 feet of the Continental Divide National Scenic Trail Treadway 3 

• Modification—This distance may be modified when specifically approved in writing by the BLM  4 

C.2 BIA ONLY 5 

C.2.1 General Fluid Mineral COAs 6 

• Before the BLM’s decision on issuing an APD for any proposed wells and associated operations 7 
and infrastructure, the potential lessee will be responsible for conducting air dispersion 8 
modeling for all proposed wells within 1 mile of a home site lease or house, barn, or occupied 9 
dwelling (including those structures occupied intermittently or seasonally) on Navajo Tribal 10 
trust and individual Indian allotment lands. The BLM will determine the near-field air quality 11 
impacts based on air dispersion modeling that conforms to Environmental Protection Agency 12 
guidelines. Based on modeling results, the BLM may have mitigation requirements, with a 13 
potential for moving the proposed well and associated operations and infrastructure away from 14 
the occupied dwellings. A plan of development will be required.  15 

• NEPA analysis associated with the APD must contain the disclosure of the near-field air impacts 16 
from the development of these leases. The BLM will ensure that the federal agency activities and 17 
actions comply with all applicable air quality laws, regulations, standards, and implementation 18 
plans, per the 1990 CAA Amendments Section 118. The BLM will promote efforts to prevent 19 
damage to the environment and promote human health and welfare. In addition, the following 20 
mitigation actions may be required: Monitoring for hazardous air pollutants, including H2S, in 21 
sensitive receptor locations on a continuous basis. 22 

C.2.2 Navajo Nation Endangered Species List (NESL) Species Accounts COAs 23 

When habitat or individual species; excluding fish species or species not known to occur within the 24 
planning area, as determined by the BIA, are found during a biological survey for a proposed well pad, 25 
pipeline, or other ground-disturbing project, the company proposing the project will follow the 26 
NNDFW NESL survey guidelines and avoidance requirements: 27 

Mammals 28 

• Black-Footed Ferret (Mustela nigripes): No alteration of prairie dog towns year-round where 29 
ferrets occur, or where no recent surveys have been conducted. Negative survey results are 30 
valid indefinitely if coverage included the entire town or complex (i.e., all towns within 7 km), 31 
otherwise results are valid for 1 year. Certain exceptions exist for actions of limited disturbance 32 
(see guidelines). 33 

• Pronghorn (Antilocapra Americana): No disturbance within 1.6 km (1 mile) of known and 34 
potential lambing areas during May 1 to June 15; install wildlife-friendly fences within occupied 35 
habitat; avoid disturbances that cause habitat fragmentation of wintering, fawning, and seasonal-36 
movement corridors; consultation with NNDFW necessary. 37 

• Townsend’s Big-eared Bat (Corynorhinus Townsendii): No closure of occupied mines or caves 38 
(hibernacula, day- or maternity roosts) until consultation with NNDFW; feasibility of gating 39 
mine/cave opening should be considered; no activity within 60 m of occupied roost-site during 40 
April 15 to August 31. 41 



C. Conditions of Approval 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 C-21 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

• Banner-Tailed Kangaroo Rat (Dipodomys Spectabilis): Recommended no activity (year-round) 1 
within 60 m of occupied habitat that could result in destruction of burrows/mounds and take of 2 
individuals. 3 

• Kit Fox (Vulpes Macrotis): No ground-disturbing activities, year-round, within 60 m of known 4 
den-site; no activity within 0.2 km (⅛ mi) of active den during December 1 to August 31. 5 

Birds 6 

• BIRDS: NON-ENDANGERED RAPTORS and MIGRATORY BIRDS: Non-Endangered Raptors: 7 
No disturbance within 0.15 km (490 ft) of active nest during incubation to fledging (as 8 
determined by direct field observation or qualified literature source specific for nesting dates in 9 
the Southwestern U.S.). Migratory Birds: No disturbance within 50 m (165 ft) of active nest 10 
during incubation to fledging (as determined by direct field observation or qualified literature 11 
source specific for nesting dates in the Southwestern U.S.). 12 

• Golden Eagle (Aquila Chrysaetos): Use ‘Golden and Bald Eagle Nest Protection Policy’: for active 13 
nests during January 15 to July 15, no brief activity within 600 m, no light activity within 800 m, 14 
no heavy activity within 1 km, and no loud activity within 1.2 km; no infrequent-use permanent 15 
structures within 800 m, and no daily-use permanent structures with 1 km of any nest, year-16 
round 17 

• Ferruginous Hawk (Buteo Regalis): No disturbance within 0.8 km (0.5 mi) of occupied nest during 18 
March 1 to July 31 for Brief activity; 1.0 km (⅝ mi) for Light activity; 1.2 km (0.75 mi) for Heavy 19 
activity; and 1.6 km (1 mi) for Loud activity; No daily-use permanent structure any time of year 20 
within 1.6 km (1 mi), and no infrequent-use permanent structures within 1.0 km (5/8 mi), of 21 
nesting territory. Nests without eggs by May 1st of any year are considered ‘inactive’ for that 22 
breeding season. Activity may commence 30 days post-fledging provided accurate age 23 
determination of young. Ferruginous Hawks are especially prone to desert nests if disturbed 24 
during incubation. Consult “Ferruginous Hawk Management Guidelines for Nest Protection.” 25 

• Yellow-Billed Cuckoo (Coccyzus americanus): No activity within 0.2 km (⅛ mi) of active nest 26 
from June 1 to September; extreme disturbances (e.g. blasting) may require larger buffer; no 27 
alteration of suitable habitat year-round within 0.4 km of habitat patches used for breeding, or 28 
potential habitat until surveyed. 29 

• Southwestern Willow Flycatcher (Empidonax traillii extimus): ≥5 surveys, one in each period of 30 
May 15-31 and June 1-21, and ≥3 surveys during June 22 to July 17, with ≥5 days between 31 
surveys. USFWS Federal permit required. 32 

• Bald Eagle (Haliaeetus leucocephalus): For wintering eagles, no activity during October 15 to April 33 
15 within 0.8 km (0.5 mi) of roost/perch sites or lakes/rivers used for foraging; no tree removal 34 
in known roosting habitat. For nesting eagles, use ‘Golden and Bald Eagle Nest Protection 35 
Policy’: for active nests from January 15 to July 15 no brief activity within 600 m, no light activity 36 
within 800 m, no heavy activity within 1 km, and no loud activity within 1.2 km; no infrequent-37 
use structures within 800 m, and no daily-use structures with 1 km of any nest, year-round. 38 

• American Dipper (Cinclus Mexicanus): For nesting habitat, no surface disturbance within 15-60 m 39 
(depending on stream category, per Navajo Natural Heritage Program, 1994) of occupied 40 
habitat; no activity within 0.2 km (⅛ mi) of active nest from March 15 to August 15; buffer may 41 
be less depending on activity type and duration, but not less than 0.1 km; avoid upstream 42 
activities that affect water quantity and chemistry within occupied habitat. 43 
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• Mexican Spotted Owl (Strix Occidentalis Lucida): No habitat alteration within 40-ha (100 acre) 1 
Core Area around nest; certain silvicultural treatments may occur from September 1 to 2 
February 28 within remainder of 243-ha (600 acre) Protected Activity Center (PAC) as per 3 
Recovery Plan for the Mexican spotted owl, pp.84-89. No activity within 0.4 km (0.25 mi) of 4 
known nest/roost site during March 1 to August 31, or within 0.4 km of PAC if nest/roost site 5 
unknown. 6 

• Northern Goshawk (Accipiter Gentilis): No activity within 0.4 km (0.25 mi) of nest site during 7 
March 1 to August 15; no habitat alteration year-round within 0.2 km of nest site (=12 ha or 30 8 
acre). 9 

• Burrowing Owl (Athene Cunicularia): No activity within 0.4 km (0.25 mi) of active nest burrow 10 
during March 1 to August 15; no habitat alteration year-round within 0.2 km of nest site. 11 

• Mountain Plover (Charadrius Montanus): No ground-disturbance activities within occupied habitat 12 
during April 1to July 15; when nest is found, delay project for 37 days, within 0.2 km (⅛ mi) of 13 
active nest with eggs or delay 7 days if brood of flightless chicks observed (per U.S. Fish & 14 
Wildlife, 1999). 15 

• Yellow Warbler (Dendroica Petechia): No activity within 0.2 km (⅛ mi) of active nest from April 16 
15 to July 31; extreme disturbances (e.g. blasting) may require larger buffer; no alteration of 17 
suitable habitat year-round within 0.2 km of habitat patches used for breeding, or potential 18 
habitat until surveyed. 19 

• Hammond’s Flycatcher (Empidonax Hammondii): No activity within 0.2 km (⅛ mi) of active nest 20 
during May 15 to August 15; buffer may be less depending on activity type and duration, but not 21 
less than 0.1 km; no habitat alteration year-round within 0.2 km of nest site (=12 ha or 30 acre). 22 

• American Peregrine Falcon (Falco Peregrinus): No activity within 0.8 km (0.5 mi) of nest during 23 
March 1 to July 31. No use of explosives within 1.6 km of nest. 24 

• Northern Pygmy-Owl (Glaucidium Gnoma): No activity within 0.2 km (⅛ mi) of nest site during  25 
April 1 to August 15; no habitat alteration year-round within 0.2 km of nest site (=12 ha or 30 26 
acre). 27 

• Flammulated Owl (Otus Flammeolus): No activity within 0.2 km (⅛ mi) of nest site during May 1 28 
to August 15; no habitat alteration year-round within 0.2 km of nest site (=12 ha or 30 acre). 29 

• Banded-Tailed Pigeon (Patagioenas Fasciata): No activity within 0.2 km (⅛ mi) of active nest site 30 
during May 1 to August 1; buffer may be less depending on activity type and duration, but not 31 
less than 0.1 km; no habitat alteration year-round within 0.2 km of nest site (=12 ha or 30 acre). 32 

• Sora (Porzana Carolina): For nesting habitat, no surface disturbance within 60 m of lakes and 33 
Category I wetlands and 45 m of Category II wetlands, per Navajo Natural Heritage Program 34 
(1994); no activity within 0.2 km (⅛ mi) of active nest during May 1 to August 1; buffer may be 35 
less depending on activity type and duration, but not less than 0.1 km. 36 

• Tree Swallow (Tachycineta Bicolor): No activity within 0.2 km (⅛ mi) of active nest site during 37 
May 1 to August 1; buffer may be less depending on activity type and duration, but not less than 38 
0.1 km; no habitat alteration year-round within 0.2 km of nest site (=12 ha or 30 acre). 39 

• Gray Vireo (Vireo Vicinior): No activity within 0.2 km (⅛ mi) of active nest site during May 1 to 40 
August 31; buffer may be less depending on activity type and duration, but not less than 0.1 km; 41 
no habitat alteration year-round within 0.2 km of nest site (=12 ha or 30 acre). 42 
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Plants 1 

• Aztec Gilia (Aliciella Formosa): A 200 ft buffer zone is recommended to avoid disturbance; may be 2 
more or less depending on size and nature of the project. 3 

• San Juan Milkweed (Asclepias sanjuanensis): A 200 ft buffer zone is recommended to avoid 4 
disturbance; may be more or less, depending on slope, size and nature of the project. 5 

• Heil’s Milkvetch (Astragalus heilii): A 200 ft buffer zone is recommended to avoid disturbance; 6 
may be more or less depending on size and nature of the project. 7 

• Brack Hardwall Cactus (Sclerocactus cloverae): A 200 ft buffer zone is recommended to avoid 8 
disturbance; may be more or less depending on size and nature of the project.  9 

• Mancos Milkvetch (Astragalus humillimus): A 200 ft buffer zone is recommended to avoid 10 
disturbance; may be more or less depending on size and nature of the project. 11 

• Zuni Fleabane, Rhizome Fleabane (Erigeron rhizomatus): A 200 ft buffer zone is recommended to 12 
avoid disturbance; may be more or less, depending on slope, size and nature of the project. 13 

• Mesa Verde Cactus (Sclerocactus mesae-verdae): A 200 ft buffer zone is recommended to avoid 14 
disturbance; may be more or less, depending on slope, size, and nature of the project. 15 

• Naturita Milkvetch (Astragalus naturitensis): A 200 ft buffer zone is recommended to avoid 16 
disturbance; may be more or less, depending on slope, size and nature of the project. 17 

• Navajo Bladderpod (Lesquerella navajoensis): A 200 ft buffer zone is recommended to avoid 18 
disturbance; may be more or less, depending on slope, size and nature of the project. 19 

Amphibian/Snake 20 

• Northern Leopard Frog (Lithobates pipiens): Within occupied habitat, no surface disturbance 21 
(year-round) within 60 m of lakes, 15-60 m of streams (depending on stream category, per 22 
Navajo Natural Heritage Program, 1994), or 60 m of wetlands; and avoid upstream activities 23 
that impact water quantity and chemistry 24 

• Milk Snake (Lampropeltis Triangulum): No surface disturbance within occupied habitat that could 25 
result in take of individuals or habitat alteration. 26 
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ACRONYMS AND ABBREVIATIONS  Full Phrase 1 

 2 

ACEC area of critical environmental concern 3 

APD application for permit to drill 4 

 5 

BLM United States Department of the Interior, Bureau of Land Management 6 

BMP best management practice 7 

BOR United States Department of the Interior, Bureau of Reclamation 8 

 9 

CCNHP Chaco Culture National Historical Park 10 

COA condition of approval 11 

CSU controlled surface use 12 

 13 

dBA a-weighted decibel(s) 14 
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EIS environmental impact statement 16 
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NPS United States Department of the Interior, National Park Service 24 
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Appendix D. Restrictions Applicable to 1 

Bureau of Land Management Fluid 2 

Mineral Leasing  3 

This appendix lists by alternative the stipulations for leasing fluid minerals, such as oil and gas, referred 4 

to throughout this draft RMPA and EIS. Stipulations would also apply, where appropriate, to all surface-5 

disturbing activities (and occupancy) associated with land use authorizations, permits, and leases issued 6 

on BLM-managed lands. The stipulations would not apply to activities and uses where they are contrary 7 

to laws, regulations, or specific program guidance.  8 

NSO, CSU, and TL are stipulation decisions and apply to fluid mineral leasing and development of 9 

federal mineral estate underlying BLM-managed lands, Navajo Tribal trust lands, privately owned lands, 10 

state-owned lands, and lands administered by other federal agencies, such as the BOR.  11 

Federal mineral estate acres are greater than BLM-managed surface acres. In the planning area, the BLM 12 

manages approximately 1.3 million acres of federal mineral estate beneath BLM-managed surface and 2.2 13 

million acres of federal mineral estate beneath non-BLM-managed surface. Acreages are calculated based 14 

on current information and may be adjusted in the future through plan maintenance as conditions 15 

warrant. 16 

TLs are restriction decisions and apply to other surface-disturbing activities on BLM-managed surface 17 

lands. 18 

D.1 DESCRIPTION OF STIPULATIONS APPLICABLE TO FLUID MINERAL LEASING 19 

Tables D-1 through D-3 provide details of the stipulations and protected resources by alternative. 20 

Three types of stipulations could be applied to fluid mineral leases: NSO, CSU, and TL. Although not a 21 

stipulation, areas that are closed to fluid mineral leasing are also shown in Table D-1. In areas closed to 22 

leasing, the resource would not be available for exploration or development. All other areas not 23 

identified in Table D-1 are open to fluid mineral leasing, subject to standard terms and conditions and 24 

NSO, CSU, or TL stipulations, if applicable. 25 

Applicable lease stipulations and lease notices would be applied to all new leases and to expired leases 26 

that are reissued. On existing leases, the BLM would seek voluntary compliance or could develop COAs 27 

for APDs to achieve resource objectives of lease stipulations contained in this RMP. 28 

Stipulations identified in the No Action Alternative, Current Management, were developed in the 2003 29 

FFO RMP, and their identifiers are italicized in the stipulations number column of the tables.  30 

D.1.1 Standard Terms and Conditions for Fluid Mineral Leasing 31 

Oil and gas development is subject to standard terms and conditions of the lease. Onshore Oil and Gas 32 

Order No. 1 (Onshore Oil and Gas Operations; Federal and Indian Oil and Gas Leases; Approval of 33 

Operations) regulations (43 CFR 3160) give the BLM the ability to relocate proposed operations up to 34 

656 feet (200 meters) and to prohibit surface-disturbing operations for a period not to exceed 60 days. 35 

D.1.2 No Surface Occupancy 36 

The following are prohibited, to protect identified resource values (Table D-1): 37 
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 Use or occupancy of the land surface for fluid mineral exploration or development 1 

 All activities associated with fluid mineral leasing, such as truck-mounted drilling, using stationary 2 

drill rigs in unison, using geophysical exploration equipment off designated routes, and 3 

constructing wells or pads 4 

The NSO stipulation is a category of major constraints. NSO areas are open to fluid mineral leasing, but 5 

surface occupancy or surface-disturbing activities associated with fluid mineral leasing cannot be 6 

conducted on the surface of the land. Access to fluid mineral deposits would require directional drilling 7 

or drilling from outside the boundaries of the NSO area. This differs from areas identified as closed to 8 

leasing (NL) in which neither the surface area nor mineral estate is available for fluid mineral leasing. 9 

D.1.3 Controlled Surface Use 10 

CSU is a category of moderate constraint stipulations that allows some use and occupancy of public land 11 

while protecting identified resources or values. It is applicable to fluid mineral leasing and all activities 12 

associated with fluid mineral leasing, such as truck-mounted drilling, stationary drill rigs in unison, 13 

geophysical exploration equipment off designated routes, and construction of wells or pads. CSU areas 14 

are open to fluid mineral leasing, but the stipulation allows the BLM to require special operational 15 

constraints, or the activity can be shifted more than 656 feet (200 meters) to protect the specified 16 

resource or value. Refer to Table D-2. 17 

D.1.4 Timing Limitations 18 

Areas identified for TLs, a moderate constraint, are closed to fluid mineral exploration and 19 

development, surface-disturbing activities, and intensive human activity during identified time frames that 20 

may exceed 60 days. This stipulation does not apply to operation and basic maintenance, including 21 

associated vehicle travel, unless otherwise specified.  22 

Construction, drilling, completions, and other operations considered to be intensive are not allowed. 23 

Intensive maintenance, such as workovers on wells, is not permitted. Administrative activities are 24 

allowed, at the discretion of the BLM Authorized Officer. Refer to Table D-3.  25 

Figures D-1 through D-5, in Table D-3, show the wildlife TLs SDAs for each alternative. Figures D-26 

6, D-7, and D-8, after Table D-3, show the unmapped wildlife TLs for each alternative. 27 

D.1.5 Lease Notices 28 

Lease notices are attached to leases at the time of issuance to provide more detailed information 29 

concerning limitations on oil and gas leasing and development that already exist in law, lease terms, 30 

regulations, or operational orders. These notices address special items that the lessee should consider 31 

when planning operations, but they do not impose new or additional restrictions. Refer to Table D-4. 32 

D.1.6 Conditions of Approval 33 

COAs are conditions or provisions (requirements) under which an APD is approved, after a lease is 34 

issued. COAs are based on site-specific analysis and are designed to minimize, mitigate, or prevent 35 

impacts on resource values or other uses of public lands. The application of a particular COA is not an 36 

RMP-level decision. Refer to Appendix C. 37 

D.1.7 Project Mitigation and Monitoring 38 

Stipulations are designed to provide resource-specific protections. Permit holders are responsible for the 39 

monitoring and reporting deemed necessary to document and maintain mandated protective measures. 40 

Also, the BLM retains the right to modify the operations of all surface and other disturbance activities 41 
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caused by the presence of humans. The agency also can require additional specific or specialized mitigation 1 

after a permit applicant submits a detailed plan of development or other project proposal, a monitoring 2 

report, and an environmental analysis of such.  3 

D.1.8 Stipulations from Other Surface Management Agencies 4 

The BLM would also apply stipulations that have been developed by other surface management agencies 5 

that manage surface lands over BLM-managed federal mineral estate. Before issuing a lease on BLM-6 

managed federal mineral estate beneath other SMA surface, the BLM requests consent to lease from the 7 

SMA, along with any stipulations the SMA requires. The BLM does not make decisions on what 8 

stipulations are applied in these areas.  9 

The following stipulation has been developed by the BOR to apply to any leases on BLM-managed 10 

federal mineral estate in the vicinity of BOR dams: No surface occupancy or use is allowed within 1,500 11 

feet of all BOR dams (e.g., Navajo and Cutter Dams) and their appurtenant structures. 12 

The stipulation listed above does not represent all stipulations that may be applied. For example, leases 13 

in Navajo Lake State Park would be subject to consent and any stipulations required by the BOR, which 14 

manages the area, in conjunction with the New Mexico State Parks Department. These stipulations may 15 

change at the discretion of the SMA.  16 

D.2 EXCEPTIONS, MODIFICATIONS, AND WAIVERS APPLICABLE TO FLUID MINERAL LEASING  17 

Stipulations could be excepted, modified, or waived by the BLM Authorized Officer where reasonable in 18 

light of known circumstances. For lands where the BLM manages the mineral estate but not the surface, 19 

a stipulation may be excepted, waived, or modified based on the wishes of the surface owner (including 20 

Navajo Nation and Navajo individual Indian allottees). Exceptions, modifications, and waivers provide a 21 

viable and effective means of applying adaptive management techniques to fluid mineral leasing or other 22 

surface-disturbing activities. If the BLM Authorized Officer determined, before the lease was issued, that 23 

a stipulation involves an issue of major concern to the public, its modification or waiver would be 24 

subject to public review for at least 30 days. 25 

D.2.1 Standard Exception, Modification, and Waiver  26 

The standard exception, modification, and waiver apply to all NSOs, CSUs, and TLs, unless otherwise 27 

stated.  28 

An exception is a one-time exemption for a particular site in the leasehold or project area and is 29 

determined on a case-by-case basis. The stipulation continues to apply to all other sites in the leasehold. 30 

The BLM Authorized Officer may grant an exception to a stipulation if the factors leading to its inclusion 31 

in the lease have changed sufficiently such that 1) the protection provided by the stipulation is no longer 32 

justified or necessary to meet resource objectives established in the RMP; or 2) proposed operations 33 

would not cause unacceptable impacts. 34 

The BLM Authorized Officer may require additional plans of development, surveys, mitigation proposals, 35 

or environmental analysis. He or she may be required to consult with other government agencies or the 36 

public in order to make this determination. 37 

A modification is a change to the provisions of a lease stipulation or project, either temporarily or for 38 

the lease term or length of the project. Depending on the specific modification, the stipulation may or 39 

may not apply to all sites in the leasehold to which the restrictive criteria are applied.  40 
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The BLM Authorized Officer may modify a stipulation or the area subject to the stipulation if it is 1 

determined that the factors leading to its inclusion in the lease have changed sufficiently. The BLM 2 

Authorized Officer may modify a stipulation as a result of new information under the following 3 

situations: 4 

 If the protection provided by the stipulation is no longer justified or necessary to meet resource 5 

objectives established in the RMP 6 

 If the protection provided by the stipulation is no longer sufficient to meet resource objectives 7 

established in the RMP 8 

 If proposed operations would not cause unacceptable impacts 9 

The BLM Authorized Officer may require additional plans of development, surveys, mitigation proposals, 10 

or environmental analysis. He or she may be required to consult with other government agencies or the 11 

public in order to make this determination. The modification may be subject to public review for at least 12 

30 days. 13 

A waiver permanently exempts the surface stipulation throughout the lease or project area. The 14 

stipulation no longer applies anywhere in the leasehold. The BLM Authorized Officer may waive a 15 

stipulation if it is determined that the factors leading to its inclusion in the lease no longer exist. The 16 

BLM Authorized Officer may require additional plans of development, surveys, mitigation proposals, or 17 

environmental analysis. He or she may be required to consult with other government agencies or the 18 

public in order to make this determination. The waiver may be subject to public review for at least 30 19 

days.  20 

The environmental analysis document prepared for site-specific proposals, such as oil and gas 21 

development (e.g., APDs and sundry notices) or other surface projects also needs to address a proposal 22 

to except, modify, or waive a surface stipulation. For lands where the BLM manages the mineral estate 23 

but not the surface, a stipulation may be excepted, waived, or modified based on the wishes of the 24 

surface owner (including the Navajo Nation and Navajo individual Indian allottees). 25 
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Table D-1 

No Surface Occupancy Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 

N
o

 A
c
ti

o
n

 

A B C D 

Specially Designated Areas 

OG-A-4 

Specially Designated Areas 

No Action Alternative, 

Alternatives C and D: 

BLM surface/federal 

minerals: 

43,800 acres 

Non-BLM surface/federal 

minerals: 

3,200 acres 

 

Alternative A: 

BLM surface/federal 

minerals: 

142,800 acres 

Non-BLM surface/federal 

minerals: 

15,100 acres 

 

Alternative B: 

BLM surface/federal 

minerals: 

76,400 acres 

Non-BLM surface/federal 

minerals: 

3,400 acres 

No surface occupancy or use is allowed on lands within ACECs, recreation/natural/wildlife 

areas, and scenic areas. 

 

PURPOSE: To protect sensitive resources within SDAs, including designated ACECs, 

wildlife, scenic, and recreation areas 

 

WAIVER: None 

 

EXCEPTION: Exceptions within threatened or endangered species habitat would be 

allowed only if the US Fish and Wildlife concurs that there would be no adverse effect on 

listed species or their habitat. 

 

An exception may be granted on a case-by-case basis within cultural ACECs if wells are 

collocated and/or twinned and existing surface disturbance is utilized.  

 

MODIFICATION: None 

 

See Chapter 2, Table 2-3, NSO for Specially Designated Areas, for specific areas that 

would be subject to this stipulation. 

 

N/A A B C D 
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Table D-1 

No Surface Occupancy Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 

N
o

 A
c
ti

o
n

 

A B C D 

Cultural Resources 

NSO-1 

Chaco Cultural Zone 

BLM surface/federal 

minerals: 

112,800 acres 

Non-BLM surface/federal 

minerals: 

66,700 acres 

No surface occupancy or use is allowed from miles 2 to 4 around the CCNHP boundary 

and from miles 2 to 3 around designated Chacoan roads (including those in and outside of 

ACECs) and outliers. 

 

PURPOSE: In order to minimize visual, noise, and vibration impacts on CCNHP—a 

designated World Heritage site—and its outliers 

 

WAIVER: None 

 

EXCEPTION: An exception may be granted if the lessee submits a plan of development 

(POD) and the NEPA analysis determines visual, noise and vibration impacts can be 

minimized as to not adversely affect resource values (roads, outliers and other sites 

associated with CCNHP).  

 

MODIFICATION: None 

 A    

NSO-2 

Chaco Cultural Zone 

BLM surface/federal 

minerals: 

244,400 acres 

Non-BLM surface/federal 

minerals: 

132,800 acres 

No surface occupancy or use is allowed from miles 8 to 10 around the CCNHP boundary 

and from miles 3 to 5 around designated Chacoan roads (including those in and outside of 

ACECs) and outliers. 
 
PURPOSE: In order to minimize visual, noise, and vibration impacts on CCNHP—a 

designated World Heritage site—and its outliers 
 
WAIVER: None 
 
EXCEPTION: An exception may be granted if the lessee submits a POD and the NEPA 

analysis determines visual, noise, and vibration impacts can be minimized as to not adversely 

affect resource values (roads, outliers, and other sites associated with CCNHP).  
 
MODIFICATION: None 

  B   
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NSO-3 

Chaco Cultural Zone 

BLM surface/federal 

minerals: 

17,500 acres 

Non-BLM surface/federal 

minerals: 

10,800 acres 

No surface occupancy or use is allowed for 2 miles around the CCNHP boundary, for 1 

mile around Chacoan outliers, for 0.5 miles on either side of the ACEC boundary for 

Chacoan road ACECs, including the North Road ACEC and Ah-shi-sle-pah Road ACEC, and 

for 0.75 miles on either side of the center line of designated Chacoan roads that are not in 

ACECs.  
 
PURPOSE: In order to minimize visual, noise, and vibration impacts on roads, outliers, and 

other sites associated with CCNHP, a designated World Heritage Site 
 
WAIVER: None 
 
EXCEPTION: An exception may be granted if the lessee submits a POD and the NEPA 

analysis determines visual, noise, and vibration impacts can be minimized as to not adversely 

affect resource values (roads, outliers, and other sites associated with CCNHP).  
 
MODIFICATION: None 

   C  

NSO-4 

CIMPPs and Historic 

Properties 

 

No surface occupancy or use within 3,696 feet (0.7 miles) of CIMPPs and historic properties 

for which setting or feeling are important aspects of integrity. 

 

PURPOSE: Protection of known cultural resource values and/or traditional cultural 

properties in areas not already within ACECs to reduce the risk of damage to cultural 

resources resulting from surface disturbance and to preserve the cultural setting of those 

resources by reducing visual and noise impacts. 

 

WAIVER: This stipulation may be waived or reduced in scope if circumstances change or if 

the lessee can demonstrate that operations can be conducted without causing unacceptable 

impacts on the concern(s) identified.  

 

EXCEPTION: An exception could be granted if the BLM Authorized Officer determines 

that 1) avoidance of direct and indirect impacts on historic properties is not feasible (e.g., 

 A  C  
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avoidance may cause unacceptable damage to other public land resources or affect valid 

existing rights), 2) the project would benefit important cultural or historic values, 3) the 

project would be in the public interest, or 4) the visual and noise impacts can be adequately 

mitigated to protect the setting of the resource. 

 

MODIFICATION: The BLM Authorized Officer may modify the site-protection boundary 

on a case-by-case basis after completion and documentation of Section 106 consultation 

including with Tribes, and/or consultation with the affected Tribes and users of CUSPs, as 

appropriate, taking into account topographical barriers, the design of the proposed action, 

and the characteristics of the cultural resource site and/or area. 

NSO-5 

CIMPPs and Historic 

Properties 

 

No surface occupancy or use within 1.75 miles of CIMPPs and historic properties for which 

setting or feeling are important aspects of integrity. 

 

PURPOSE: Protection of known cultural resource values and/or traditional cultural 

properties in areas not already within ACECs to reduce the risk of damage to cultural 

resources resulting from surface disturbance and to preserve the cultural setting of those 

resources by reducing visual and noise impacts. 

 

WAIVER: This stipulation may be waived or reduced in scope if circumstances change or if 

the lessee can demonstrate that operations can be conducted without causing unacceptable 

impacts on the concern(s) identified.  

 

EXCEPTION: An exception could be granted if the BLM Authorized Officer determines 

that 1) avoidance of direct and indirect impacts on historic properties is not feasible (e.g., 

avoidance may cause unacceptable damage to other public land resources or affect valid 

existing rights), 2) the project would benefit important cultural or historic values, 3) the 

project would be in the public interest, or 4) the visual and noise impacts can be adequately 

mitigated to protect the setting of the resource. 

 

  B   



D. Restrictions Applicable to Bureau of Land Management Fluid Mineral Leasing 

 

November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 D-9 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Table D-1 

No Surface Occupancy Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 

N
o

 A
c
ti

o
n

 

A B C D 

MODIFICATION: The BLM Authorized Officer may modify the site-protection boundary 

on a case-by-case basis after completion and documentation of Section 106 consultation, 

including with Tribes, and/or consultation with the affected Tribes and users of CUSPs, as 

appropriate, taking into account topographical barriers, the design of the proposed action, 

and the characteristics of the cultural resource site and/or area. 

Geologic Resources 

F-23  

Beechatuda Tongue 

BLM surface/federal 

minerals: 

100 acres 

Non-BLM surface/federal 

minerals: 

0 acres 

 

No surface occupancy or use is allowed on the lands described below: 

Beechatuda Tongue: on portions of T. 30 N., R. 15 W., Section 5: NW1/4 (100 acres) to 

preserve the unit to be studied for stratigraphic nomenclature and to preserve the unique 

geological formation. 

 

PURPOSE: The Beechatuda Tongue of the Cliff House Sandstone is a rock stratigraphic unit 

mapped in, and named for, Beechatuda Draw in T. 30 N., R. 15 W., Section 5: NW¼. This 

area is the type locality for the unit; as such, it is of interest to scientists and educators as a site 

for comparison and study of the unit and for possible further refinement of the stratigraphic 

nomenclature. It is important that the unit be preserved intact to allow these studies. 

 

WAIVER: None 

 

EXCEPTION: An exception may be granted if existing disturbance would be utilized and 

the BLM Authorized Officer determines that occupancy would not damage or otherwise 

adversely affect the unit. 

 

MODIFICATION: None 

N/A A B C D 
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Soil Resources 

NSO-6 

Fragile Soils 

BLM surface/federal 

minerals: 

404,100 acres 

Non-BLM surface/federal 

minerals: 

62,900 acres 

No surface occupancy or use is allowed on fragile soils.  

 

PURPOSE: To maintain soil productivity and provide necessary protection to prevent 

excessive soil erosion on steep slopes, slope failure, mass wasting, and excessive reclamation 

challenges 

 

WAIVER: None 

 

EXCEPTION: If the operator can demonstrate that the soil can be stabilized through 

design features to maintain the soil productivity and minimize erosion, the BLM Authorized 

Officer may approve an exception. 

 

MODIFICATION: None 

 A B   

Water Resources 

NSO-7 

Domestic wells and community 

waters  

BLM surface/federal 

minerals: 

5,300 acres 

Non-BLM surface/federal 

minerals: 

20,200 acres  

No surface occupancy or use within 1,000 feet (0.2 miles) of all domestic water wells or 

community water sources. Directional drilling may be prohibited to protect water quality, 

depending on site-specific analysis. 

 

PURPOSE: For the purpose of protecting, maintaining, and enhancing the groundwater 

resources 

 

WAIVER: None 

 

EXCEPTION: An exception to the setback portion of this stipulation may be granted on a 

case-by-case basis, when engineering and best available science have demonstrated that the 

same amount of protection can be applied with a lesser buffer, or if the operator can show 

that operations can be conducted without adversely affecting the protected resources. 

Examples of actions that could be used to demonstrate protection include, but are not 

 A  C  
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limited to, closed-loop systems are being employed and the minimum casing length 

requirement of 500 feet is met. A spill prevention and leak detection plan and appropriate 

spill prevention equipment (leak detection and automatic shutoff system) is required for all 

wells, facilities, and pipelines within 1,000 feet (0.2 miles) of domestic water wells and 

community waters. 

 

MODIFICATION: None 

Vegetation 

NSO-8 

Ephemeral Wash 

BLM surface/federal 

minerals: 

9,800 acres 

Non-BLM surface/federal 

minerals: 

0 acres 

No surface occupancy or use is allowed on active floodplains in the Ephemeral Wash 

Riparian Area to protect riparian systems and facilitate attainment and maintenance of PFC.  

 

PURPOSE: To maintain healthy riparian areas that are in a productive, properly 

functioning, and sustainable condition, within the capability of each site 

 

WAIVER: None 

 

EXCEPTION: Exceptions, which are subject to CSU (site-specific relocation) stipulations, 

are as follows: Essential future actions in which implementation of a professionally 

engineered design, construction, maintenance, and reclamation plan can mitigate to the 

fullest extent practicable all potential resource damage. 

 

MODIFICATION: None 

N/A     
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NSO-9 

Riparian System 

BLM surface/federal 

minerals: 

771,500 acres 

Non-BLM surface/federal 

minerals: 

414,600 acres  

No surface occupancy or use allowed within the active channel, 100-year floodplain, and a 

656-foot zone around the outside boundary of all 100-year floodplains and riparian systems, 

including the Ephemeral Wash Riparian Area. 

 

PURPOSE: To maintain healthy riparian areas that are in a productive, properly 

functioning, and sustainable condition, within the capability of each site 

 

WAIVER: None 

 

EXCEPTION: None 

 

MODIFICATION: None 

 A    

NSO-10 

Riparian System 

BLM surface/federal 

minerals: 

222,700 acres 

Non-BLM surface/federal 

minerals: 

136,500 acres 

 

No surface occupancy or use is allowed within the active channel, 100-year floodplain, and a 

150-foot zone around the outside boundary of all 100-year floodplains and riparian systems, 

including, but not limited to the Ephemeral Wash Riparian Area.  

 

PURPOSE: To maintain healthy riparian areas that are in a productive, properly 

functioning, and sustainable condition, within the capability of each site 

 

WAIVER: None 

 

EXCEPTION: None 

 

MODIFICATION: None 

  B   
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NSO-11 

Wetlands 

 

No surface occupancy or use is allowed in wetland areas (as defined in the Corps of 

Engineers Wetlands Delineation Manual [USACE 1987]). 

 

PURPOSE: To manage and protect wetland areas so as to maintain proper functioning 

condition, provide for groundwater recharge, provide habitat, and assist in meeting state and 

Tribal water quality standards 

 

WAIVER: A waiver may be granted if it is determined that the area does not qualify as a 

riparian area or a wetland. 

 

EXCEPTION: On a case-by-case basis, some infrastructure may be permitted if it falls 

within an existing corridor for the purposes of crossing the wetland area only. For example, 

a pipeline may be permitted if it is bored beneath the area in question and/or constructed 

next to an existing pipeline. 

 

MODIFICATION: None 

N/A     

NSO-12 

Wetlands and Seeps/Springs 

BLM surface/federal 

minerals: 

771,500 acres 

Non-BLM surface/federal 

minerals: 

414,600 acres 

No surface occupancy or use is allowed within 656 feet (200 meters) of the delineated 

boundary or ordinary high water mark of known and newly discovered wetlands and natural 

seeps/springs. A 500-foot minimum casing length is required for all wells. Directional drilling 

may be prohibited to protect water quality beneath wetlands or seeps/springs, depending on 

site-specific analysis. 

 

PURPOSE: To manage and protect wetland areas so as to maintain proper functioning 

condition, provide for groundwater recharge, provide habitat, and assist in meeting state and 

tribal water quality standards 

 

WAIVER: A waiver may be granted if it is determined that the area does not qualify as a 

riparian area or a wetland. 

 

 A    
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EXCEPTION: A one-time exception may be granted for ephemeral washes or canyons 

that are less than 656 feet (200 meters) wide under circumstances in which a geological 

formation or natural barriers would otherwise prevent accessing the lease. On a case-by-

case basis, some infrastructure may be permitted if it falls within an existing corridor for the 

purposes of crossing the wetland area only. For example, a pipeline may be permitted if it is 

bored beneath the area in question and/or constructed next to an existing pipeline. 

 

MODIFICATION: None 

NSO-13 

Wetlands and Seeps/Springs 

BLM surface/federal 

minerals: 

222,700 acres 

Non-BLM surface/federal 

minerals: 

136,500 acres 

No surface occupancy or use within 150 feet of the delineated boundary or ordinary high 

water mark of known and newly discovered wetlands and natural seeps/springs. A 500-foot 

minimum casing length is required for all wells. 

 

PURPOSE: To manage lentic and lotic areas to maintain proper functioning condition, 

protect these areas for human use/visitor experience and for their unique contribution to 

the desert environment and assist in meeting state and tribal water quality standards 

 

WAIVER: A waiver may be granted if it is determined that the area does not qualify as a 

riparian area or a wetland.  

 

EXCEPTION: A one-time exception may be granted for ephemeral washes or canyons 

that are less than 656 feet (200 meters) wide under circumstances in which a geological 

formation or natural barriers would otherwise prevent accessing the lease. On a case-by-

case basis, some infrastructure may be permitted if it falls within an existing corridor for the 

purposes of crossing the wetland area only. For example, a pipeline may be permitted if it is 

bored beneath the area in question and/or constructed next to an existing pipeline. 

 

MODIFICATION: None 

  B   
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NSO-14 

Plant Conservation Areas 

Alternative A: 

BLM surface/federal 

minerals: 

6,800 acres 

Non-BLM surface/federal 

minerals: 

0 acres 

 

 

No surface occupancy or use in designated plant conservation areas. 

 

PURPOSE: To protect sensitive resources, including Brack’s cactus and Aztec gilia, in plant 

conservation areas 

 

WAIVER: None  

 

EXCEPTION: Exceptions may be granted by the BLM Authorized Officer for activities 

where no other feasible alternatives are available, efforts to avoid and minimize habitat loss 

are demonstrated sufficiently, and losses of population numbers comprise less than 5% of 

total population present in the action area. Mitigation can be applied to achieve a no net loss 

situation for habitat. 

 

MODIFICATION: None  

 A    

Special Status Species 

NSO-15 

Yellow-billed Cuckoo and 

Southwestern Willow 

Flycatcher Nesting Habitat 

 

No surface occupancy or use is allowed in identified potential yellow-billed cuckoo and 

southwestern willow flycatcher nesting habitat. 

 

PURPOSE: Ensuring the protection of threatened and endangered species and their 

habitat, and no net loss of potential southwestern willow flycatcher habitat from oil and gas 

development or other ground-disturbing activities 

WAIVER: None 

 

EXCEPTION: No exceptions are allowed within the active floodplain. Exceptions within 

threatened or endangered species habitat may be allowed only if the operator demonstrates 

there would be no negative impacts on listed species and their habitat and the USFWS 

concurs that there would be no adverse effect. 

 

MODIFICATION: None 

 A B C  
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NSO-16 

Mexican Spotted Owl 

 

No surface occupancy or use is allowed within all Mexican spotted owl suitable habitat (i.e., 

mixed conifer forests, pine-oak woodlands, and shady wooded canyons) in the Mexican 

Spotted Owl ACEC.  
 
PURPOSE: Ensuring the protection of threatened and endangered species and their habitat 
 
WAIVER: None 
 
EXCEPTION: Exceptions within threatened or endangered species habitat may be allowed 

only if the operator demonstrates there would be no negative impacts on listed species and 

their habitat and if the USFWS concurs that there would be no adverse effect. 
 
MODIFICATION: None 

 A B C  

NSO-17 

Listed Species critical habitat 

BLM surface/federal 

minerals: 

3,100 acres 

Non-BLM surface/federal 

minerals: 

1,100 acres 

No surface occupancy or use is allowed in all designated and proposed critical habitat for 

federally listed species. 
 
PURPOSE: Ensuring the protection of threatened and endangered species and their 

habitat, including critical habitat 
 
WAIVER: None 
 
EXCEPTION: An exception may be granted by the BLM Authorized Officer when 1) 

Section 7 consultation with the USFWS on threatened or endangered species has been 

completed; 2) valid current surveys for protected species have been completed and 

submitted; 3) mitigation has been applied to avoid adverse impacts; and 4) the proposed 

disturbance would occur in unsuitable habitat to maintain a “no net loss” of habitat. Other 

surface-disturbing activities may be allowed in suitable habitat if conditions 1 through 3 are 

met and the purpose or the result of the activity would improve habitat conditions for the 

protected species.  
 
MODIFICATION: None 

 A B   
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NSO-18 

Bald Eagle Core Areas 

 

No surface occupancy or use shall be permitted in core areas of the Bald Eagle ACEC. 
 
PURPOSE: To reduce impacts from oil and gas development on bald eagle core habitat 

areas 

 

WAIVER: None 

 

EXCEPTION: None 

 

MODIFICATION: None 

N/A A B C D 

Communities 

NSO-19 

Occupied Dwellings 

 

No surface occupancy or use is allowed within 1,320 feet (0.25 miles) of any house, barn, 

occupied dwelling, or building unit (including those structures occupied intermittently or 

seasonally) or other community, municipal, and public structures and buildings, such as 

chapter houses and schools, and other sensitive receptors, as defined by the EPA. NSO may 

be adjusted, based on site-specific conditions. 

 

PURPOSE: To reduce the impacts of resource development on local residents and 

communities 

 

WAIVER: None 

 

EXCEPTION: None 

 

MODIFICATION: None 

 A B   

NSO-20 

Occupied Dwellings 

 

No surface occupancy or use is allowed within 3,696 feet (0.7 miles) of any house, barn, 

occupied dwelling, or building unit (including those structures occupied intermittently or 

seasonally) or other community, municipal, and public structures and buildings, such as 

chapter houses and schools, and other sensitive receptors, as defined by the EPA. NSO 

setback may be adjusted, based on site-specific conditions. 

   C  
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PURPOSE: Reduce impacts from oil and gas development from noise, dust, and various 

other associated activities on local residents’ and communities’ quality of life and health 

  

WAIVER: None 

 

EXCEPTION: None 

 

MODIFICATION: None 

NSO-21 

Occupied Dwellings 

 

No surface occupancy or use is allowed within 656 feet (200 meters) of any house, barn, 

occupied dwelling, or building unit (including those structures occupied intermittently or 

seasonally) or within 1,000 feet of other community, municipal, and public structures and 

buildings, such as chapter houses and schools, and other sensitive receptors, as defined by 

the EPA. NSO may be adjusted, based on site-specific conditions. 

 

PURPOSE: To reduce the impacts from oil and gas development on local residents and 

communities 

 

WAIVER: None 

 

EXCEPTION: The BLM Authorized Officer may grant an exception if the operator can 

demonstrate best management practices (BMPs) (siting, mitigation, latest technology, etc.) 

and consultation to satisfy occupants’ concerns about proximity to include, but not limited 

to, sound, dust, light, and safety. 

 

MODIFICATION: None 

    D 
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State Parks and Wildlife Areas 

NSO-22 

Jackson Lake Wildlife Area 

BLM surface/federal 

minerals: 

0 acres 

Non-BLM surface/federal 

minerals: 

30 acres 

No surface occupancy or use within Jackson Lake Wildlife Area.  

 

PURPOSE: To collaborate with New Mexico state agencies, including the New Mexico 

Game and Fish Department, and to assist them by reducing surface impacts 

 

WAIVER: None, unless waived by managing agency 

 

EXCEPTION: None, unless excepted by managing agency 

 

MODIFICATION: None, unless modified by managing agency 

   C  
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Specially Designated Areas 

CSU-1 

Specially Designated 

Areas - Cultural 

BLM surface/federal 

minerals: 

22,700 acres 

Non-BLM 

surface/federal 

minerals: 

1,600 acres 

 

Surface occupancy or use would be subject to the following special operating constraints within all or 

part of the seven cultural SDAs listed in the RMP: 

 

 Surface-disturbing activities are to be restricted to identified areas to minimize disturbance and 

impacts.  

 Existing disturbance/corridors would be utilized and wells would be collocated to reduce road, pad, 

and utility surface disturbance. 

 

PURPOSE: To manage cultural SDAs for the protection and preservation of cultural, visual, and 

natural resource values 

 

WAIVER: None 

 

EXCEPTION: Exceptions granted on a case-by-case basis, as determined by environmental review. 

 

MODIFICATION: None  

N/A A B C D 

F-9 

Specially Designated 

Areas - Paleontological 

Alternatives No Action, 

A, B, and C: 

BLM surface/federal 

minerals: 

107,400 acres 

Non-BLM 

surface/federal 

minerals: 

16,200 acres 

Surface occupancy or use would be subject to the following special operating constraints in all or part 

of paleontological SDAs: 

 

 Restrict vehicles to existing roads and trails 

 Require a paleontological clearance on surface-disturbing activities  

 

PURPOSE: Protect the area for scientific study 

 

WAIVER: None 

 

EXCEPTION: Exceptions granted on a case-by-case basis, as determined by environmental review. 

 

MODIFICATION: None 

N/A A B C D 
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Alternative D: 

BLM surface/federal 

minerals: 

600 acres 

Non-BLM 

surface/federal 

minerals: 

0 acres 

 

See Chapter 2, Table 2-3, CSU for SDAs, for specific areas that would be subject to this stipulation. 

 

CSU-2 

Specially Designated 

Areas - Recreation 

BLM surface/federal 

minerals: 

43,800 acres 

Non-BLM 

surface/federal 

minerals: 

1,400 acres 

Surface occupancy or use would be subject to the following special operating constraints in all or part 

of the recreation SDAs listed in the 2003 RMP: 

 

 Surface use is not allowed within 150 feet on either side of designated trail systems.  

 Construction, drilling, completion, plugging, seismic exploration, and workover would be not 

allowed when such activities would interfere with authorized recreation events. 

 

PURPOSE: Protect and preserve the natural, scenic, and outdoor recreation values and provide 

visitors with the opportunity to engage in a wide variety of high quality recreational experiences 

 

WAIVER: None 

 

EXCEPTION: Exceptions granted on a case-by-case basis, as determined by environmental review. 

 

MODIFICATION: None 

N/A A B C D 
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CSU-3 

Specially Designated 

Areas – Ephemeral 

Wash Riparian Area 

BLM surface/federal 

minerals: 

9,800 acres 

Non-BLM 

surface/federal 

minerals: 

0 acres 

Surface occupancy or use would be subject to the following special operating constraints within the 

Ephemeral Wash Riparian Area: Controlled surface use requiring special mitigation measures to 

stabilize channels in order to prevent migration of channel on to well sites may be required within the 

100-year floodplain. 

 

PURPOSE: Protecting riparian systems and facilitating attainment and maintenance of proper 

functioning condition 

 

WAIVER: None 

 

EXCEPTION: Exceptions granted on a case-by-case basis as determined by environmental review. 

 

MODIFICATION: None 

N/A  B C  

CSU-4 

Specially Designated 

Areas – Mexican 

Spotted Owl ACEC 

BLM surface/federal 

minerals: 

2,700 acres 

Non-BLM 

surface/federal 

minerals: 

100 acres 

Surface occupancy or use would be subject to the following special operating constraints within the 

Mexican spotted owl ACEC: 

 

 Avoid disturbance of ponderosa pine and mixed conifer forest stands 

 Prepare a wildfire prevention plan 

 Do not allow noise from oil and gas production facilities to exceed 48.6 dBA in the vicinity of 

identified owl nests 

 Adhere to the MSO Recovery Plan of 1995 and any revisions of the plan that may be completed in 

the future 

 

PURPOSE: Protect Mexican spotted owl critical habitat, as designated by the USFWS 

 

WAIVER: None 

 

EXCEPTION: Exceptions granted on a case-by-case basis, as determined by environmental review. 

 

MODIFICATION: None 

N/A A B C D 
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F-45-CSU 

Specially Designated 

Areas – Wildlife 

BLM surface/federal 

minerals: 

283,400 acres 

Non-BLM 

surface/federal 

minerals: 

64,400 acres 

Surface occupancy or use would be subject to, but not limited to, the following constraints within 

wildlife SDAs: 
 Utilization of existing oil and gas related surface disturbance will be required for all new well, 

road and related infrastructure proposals. Proposals in previously undisturbed areas or areas 

where two track roads have been retired will only be considered if mitigation, such as directional 

or horizontal drilling, gated enclosures, and water or forage development, as evaluated by the 

BLM through the NEPA analysis, can adequately offset disturbance.   

 Directional or horizontal drilling will be considered as a method of development, and analyzed in 

the environmental assessment as the proposed action or an alternative to the proposed 

action.  Proposals utilizing vertical drilling will only be approved if mitigation, such as gated 

enclosures and water or forage development, as evaluated by the BLM through the NEPA 

analysis, can adequately offset disturbance.  

 Operators are encouraged to incorporate Best Management Practices, such as direction or 

horizontal drilling, erosion control, reclamation practices, into the design features of the Surface 

Use Plan of Operations to minimize impacts to the wildlife habitat. However, additional 

mitigation, based on the environmental analysis, will most likely be required and attached to the 

proposed action as Conditions of Approval. 

 

PURPOSE: Manage the wildlife SDAs to protect wildlife and preserve their habitat 

 

WAIVER: None 

 

EXCEPTION: Exceptions granted on a case-by-case basis, as determined by environmental review. 

 

MODIFICATION: None 

 

See Chapter 2, Table 2-3, CSU for SDAs, for specific areas that would be subject to this stipulation. 

N/A     
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CSU-5 

Specially Designated 

Areas – Wildlife 

Alternative A: 

BLM surface/federal 

minerals: 

8,600 acres 

Non-BLM 

surface/federal 

minerals: 

600 acres 

Alternative B: 

BLM surface/federal 

minerals: 

274,300 acres 

Non-BLM 

surface/federal 

minerals: 

31,100 acres 

Alternative C: 

BLM surface/federal 

minerals: 

262,800 acres 

Non-BLM 

surface/federal 

minerals: 

59,000 acres 

Surface occupancy or use would be subject to, but not limited to, the following constraints within 

wildlife SDAs: 

 A POD for the entire lease must be submitted for review and approval by the BLM prior to 

approval of the first surface-disturbing activities proposed within the lease. The POD must 

indicate planned access to well facilities (roads, pipelines, power lines, etc.), and the approximate 

location of well sites. Should it become necessary to amend the POD, the amendment must be 

approved prior to approval of subsequent development actions. Deviations from a current POD 

are not authorized until an amended POD has been approved by the BLM.  

 Existing disturbance would be utilized and wells would be collocated, where feasible, to reduce 

road, pad and utility surface disturbance. 

 At a minimum, noise is not to exceed 48.6 dBA at 400 feet in all directions from the noise 

source; however, stricter standards may apply, and the BLM may work with the operator on a 

case-by-case basis to achieve an acceptable level of noise mitigation. 

 

PURPOSE: Manage the wildlife SDAs to protect wildlife and preserve their habitat 

 

WAIVER: None 

 

EXCEPTION: Exceptions granted on a case-by-case basis, as determined by environmental review. 

 

MODIFICATION: None 

 

See Chapter 2, Table 2-3, CSU for SDAs, for specific areas that would be subject to this stipulation. 

 A B C  
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Soil Resources 

F-46-CSU 

Steep Slopes 

BLM surface/federal 

minerals: 

673,900 acres 

Non-BLM 

surface/federal 

minerals: 

192,200 acres 

F-46-CSU: Surface-disturbances, such as well pad activities and related facilities, are prohibited on 

slopes 15% and greater and/or side hill cuts of more than 3 feet vertical. Maximum grade on collector 

and arterial roads is 8% (except pitch grades not exceeding 300 feet in length and 10% in grade). 

 

PURPOSE: To maintain soil productivity, provide necessary protection to prevent excessive soil 

erosion on steep slopes, and to avoid areas subject to slope failure, mass wasting, piping, and/or having 

excessive reclamation challenges 

 

WAIVER: This condition may be waived by the BLM Authorized Officer if it is determined that the 

affected area does not include slopes 15% and greater. The burden of providing information to support 

this determination would be borne by the lessee.  

 

EXCEPTION: The BLM Authorized Officer may grant an exception to this condition for short 

distances (less than 300 feet and 10% in grade) for access roads, if the operator submits a certified 

engineering and reclamation plan that clearly demonstrates impacts from the proposed actions are 

acceptable or can be adequately mitigated. This plan must include and demonstrate how the following 

would be accomplished:  

 Restoration of site 

 Adequate control of surface runoff. 

 Protection of the site and adjacent areas from accelerated erosion, such as drilling, gullying, 

piping, and slope failure and mass wasting 

 Protection of nearby water sources from sedimentation; water quality and quantity would be in 

conformance with state and federal water quality standards 

 Completion of site-specific analysis of soil physical, chemical, and mechanical (engineering) 

properties and behavior 

 Timing of surface-disturbing activities, which would not be conducted during extended wet 

periods 

 Timing of reclamation, which would not be allowed when soils are frozen 

N/A     
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In addition, the operator must provide an evaluation of past practices on similar terrain and be able to 

demonstrate success under similar conditions.  

 

MODIFICATION: The area affected by this condition may be modified by the BLM Authorized 

Officer if it is determined that portions of the area do not include slopes of 15% and greater. The 

burden of providing information to support this determination would be borne by the lessee.  

CSU-6 

Steep Slopes, Benches, 

and Soils 

BLM surface/federal 

minerals: 

673,900 acres 

Non-BLM 

surface/federal 

minerals: 

192,200 acres 

 

Surface occupancy or use on slopes of 15% and greater and/or side hill cuts of more than 3 feet 

vertical; sensitive soils, such as Badland soils and biological soil crust communities; and pristine benches 

(exposed sandstone mesas) is subject to the following requirement: Surface disturbances on all slopes 

of 15% and greater, pristine benches (exposed sandstone mesas), and areas with sensitive soils (e.g. 

Badland soils and biological soil crust communities) are to be avoided.  

 

If surface disturbance cannot be avoided within areas with sensitive soils or pristine benches where 

slopes are less than 15%, disturbance should be mitigated and would be subject to requirements, 

including but not limited to, the following: 

 Utilize existing disturbance and corridors 

 Twin and/or collocate wells  

 Implement a fully developed BMP erosion control strategy 

 Conduct routine checks and maintenance of erosion control strategy 

 Do not construct during times at which the soil is frozen or wet  

 Utilize closed-loop systems only (no open pits) 

 Develop and implement a spill prevention and leak detection plan and use appropriate equipment 

(leak detection and automatic shutoff system) for all wells, facilities, and pipelines  

 

PURPOSE: To reduce the impacts of surface disturbance on soil erosion, soil productivity, slope 

failure, mass wasting, and excessive reclamation challenges within sensitive soils and on steep slopes, 

and to minimize wildlife habitat disturbance within the pristine benches 

 

WAIVER: None 

 A B   
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EXCEPTION: An exception may be granted on a case-by-case basis in the following circumstances: 

 Within pristine benches: 

– If all access roads are gated and locked, with limited/administrative access only 

– If the lessee provides a POD demonstrating that fragmentation and disturbance would be 

sufficiently limited and minimized, as determined by the BLM Authorized Officer 

 Within sensitive soils: 

– If the lessee provides a POD demonstrating that operations can be conducted without 

adversely affecting the protected resources 

 

MODIFICATION: A modification may be granted by the BLM Authorized Officer if the lessee can 

demonstrate that portions of the area do not include slopes 15% and greater and/or sensitive soils. 

CSU-7 

Steep Slopes, Benches, 

and Soils 

BLM surface/federal 

minerals: 

673,900 acres 

Non-BLM 

surface/federal 

minerals: 

192,200 acres 

 

Surface occupancy or use on slopes 15% and greater and/or side hill cuts of more than 3 feet vertical; 

sensitive soils, such as Badland soils and biological soil crust communities; fragile soils; and pristine 

benches (exposed sandstone mesas) is subject to the following requirements: 

 Avoid surface disturbances on all slopes of 15% and greater, pristine benches (exposed 

sandstone mesas), and areas with sensitive/fragile soils (e.g. Badland soils and biological soil crust 

communities)  

If surface disturbance cannot be avoided within areas with fragile/sensitive soils or pristine benches 

where slopes are less than 15%, disturbance should be mitigated and would be subject to 

requirements, including but not limited to, the following: 

 Utilize existing disturbance and corridors 

 Twin and/or collocate wells  

 Implement a fully developed BMP erosion control strategy 

 Conduct routine checks and maintenance of erosion control strategy 

 Do not construct during times at which the soil is frozen or wet  

 Utilize closed-loop systems only (no open pits) 

 Develop and implement a spill prevention and leak detection plan and appropriate equipment 

(leak detection and automatic shutoff system) for all wells, facilities, and pipelines  

   C D 
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PURPOSE: To reduce the impacts of surface disturbance on soil erosion, soil productivity, slope 

failure, mass wasting and excessive reclamation challenges within fragile/sensitive soils and on steep 

slopes, and to minimize wildlife habitat disturbance within the pristine benches  

 

WAIVER: None 

 

EXCEPTION: An exception may be granted on a case-by-case basis in the following circumstances: 

 Within pristine benches: 

– If all access roads are gated and locked, with limited/administrative access only 

– If the lessee provides a POD demonstrating fragmentation and disturbance would be 

sufficiently limited and minimized, as determined by the BLM Authorized Officer 

 Within fragile/sensitive soils: 

– If the lessee provides a POD demonstrating that operations can be conducted without 

adversely affecting the protected resources.  

 

MODIFICATION: A modification may be granted by the BLM Authorized Officer if the lessee can 

demonstrate that portions of the area do not include slopes of 15% and greater and/or sensitive/fragile 

soils. 

Water Resources 

CSU-8 

Domestic wells 

BLM surface/federal 

minerals: 

5,300 acres 

Non-BLM 

surface/federal 

minerals: 

20,200 acres 

Surface occupancy or use within 1,000 feet of all domestic water wells or community water sources is 

subject to, but not limited to, the following requirement: Operator must submit a plan of development 

demonstrating that operations can be conducted without adversely affecting the protected resources. 

Examples of actions that could be used to demonstrate protection include, but are not limited to, 

closed-loop systems and a minimum casing length requirement of 500 feet. 

 

PURPOSE: To reduce the likelihood of drinking water contamination 

 

WAIVER: None 

EXCEPTION: An exception to the setback portion of this stipulation may be granted on a case-by-

  B   
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case basis, when engineering and best available science have demonstrated that the same amount of 

protection can be applied with a lesser buffer or if the operator can show that operations can be 

conducted without adversely affecting the protected resources. Examples of actions that could be used 

to demonstrate protection include, but are not limited to, closed-loop systems. 

 

MODIFICATION: None 

Vegetation Resources 

CSU-9 

100-year Floodplain  

BLM surface/federal 

minerals: 

41,800 acres 

Non-BLM 

surface/federal 

minerals: 

34,000 acres 

Controlled surface use requiring special mitigation measures to stabilize channels, in order to prevent 

migration of channel onto well sites may be required within the 100-year floodplain. Special mitigation 

measures to stabilize channels in order to prevent migration of the channel onto well sites may be 

required within the 100-year floodplain. 

 

PURPOSE: To reduce the likelihood of migration of channels for the protection of cultural, wildlife, 

and other critical resources; any portion of a lease area that contains these special values would 

require special attention to prevent damage to surface resources. Any surface use or occupancy within 

such areas would be strictly controlled. Use or occupancy would be authorized only when the 

lessee/operator demonstrates that the area is essential for operations and when the lessee/operator 

submits a surface use and operations plan, which is satisfactory to the federal surface management 

agency, for the protection of these special values and existing or planned uses. 

 

After the federal surface management agency has been advised of this proposed surface use or 

occupancy of these lands, and on request of the lessee/operator, the federal surface management 

agency would furnish further data on such areas. 

 

Any changes to this stipulation would be made in accordance with the land use plan and/or the 

regulatory provisions for such changes. 

 

WAIVER: None 

 

EXCEPTION: None 

N/A     
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MODIFICATION: None 

CSU-10 

Ephemeral Wash Areas 

and Wetlands 

BLM surface/federal 

minerals: 

524,000 acres 

Non-BLM 

surface/federal 

minerals: 

268,900 acres 

Surface use or occupancy is restricted within up to 500 feet from the outside edge of the NSO around 

the riparian system, including the Ephemeral Wash Riparian Area, and known and newly discovered 

wetlands and natural seeps/springs to protect riparian systems, given channel migration, and to 

facilitate attainment and maintenance of PFC in the 100-year floodplain. Where surface occupancy or 

use is authorized, it is subject to, but not limited to, the following constraints: 

 Avoid placing roads or pipelines in or through banks and channels  

 Develop a spill prevention and leak detection plan and use appropriate equipment (leak 

detection and automatic shutoff system) on all wells, facilities, and pipelines 

 Use a closed-loop system for drilling  

 Ensure a minimum casing length of 500 feet  

 Use a fully developed BMP erosion control strategy, including routine checks and maintenance of 

said erosion control strategy  

 Construct sediment barrier fences to BLM specifications in designated riparian area active 

channels that may be destabilized due to construction or as off-site mitigation to protect the 

integrity of designated riparian areas 

 

PURPOSE: To maintain healthy and sustainable riparian areas, maintain PFC within the 100-year 

floodplain, and reduce water channel migration, which can erode soil and riparian vegetation 

 

WAIVER: None 

 

EXCEPTION: An exception may be granted on a case-by-case basis from the erosion control plan 

requirement if proof of channel stabilization is provided and is determined by the BLM Authorized 

Officer to be an acceptable alternative. Additionally, an exception may be granted for access roads 

branching off an existing road, if such road is determined by the BLM Authorized Officer to pose no 

threat to soil or channel integrity. 

 

MODIFICATION: None 

  B   
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Special Status Species 

CSU-11 

Gunnison’s prairie dog 

colony 

BLM surface/federal 

minerals: 

4,300 acres 

Non-BLM 

surface/federal 

minerals: 

300 acres 

 

Surface occupancy or use within 165 feet (50 meters) of active Gunnison’s prairie dog colony 

boundaries is subject to the following operational constraint: Proposed projects would be relocated 

outside the restriction zone around the colony, or they would be moved to utilize existing surface 

disturbance, as determined at the time of the proposed action.  

 

PURPOSE: To comply with federal and state requirements for protection of threatened and 

endangered species and their habitat, as well as to protect the habitat of sensitive, non-listed species to 

prevent the need for listing them as threatened or endangered 

 

WAIVER: This stipulation may be waived if, after consulting with the New Mexico Department of 

Game and Fish and the BLM Wildlife Biologist State Office Program Lead, it is determined that the 

described lands are no longer occupied by prairie dogs and thus do not warrant consideration for 

protection. 

 

 

EXCEPTION: An exception to this condition may be granted by the BLM Authorized Officer on a 

case-by-case basis for pipelines that may be planned through the colony. Additionally, an exception may 

be granted if the lessee submits a POD, which demonstrates that the impacts from the proposed 

action can be adequately mitigated without re-siting. The burden of providing information to support 

this determination would be borne by the lessee. Finally, an exception may be granted if there are no 

burrowing owl nests at the edge of the colony where the disturbance is proposed. 

 

MODIFICATION: A modification allowing surface-disturbing activities within the colony may be 

granted if the BLM Authorized Officer determines that portions of the area can be occupied without 

adversely affecting prairie dogs. 

 A B   

CSU-12 

Gunnison’s prairie dog 

colony 

BLM surface/federal 

Surface occupancy or use within the boundary of active Gunnison’s prairie dog colonies is subject to 

the following operational constraint: Proposed projects would be relocated outside the colony or to 

the edge of the colony, or they would be moved to utilize existing surface disturbance, as determined 

at the time of the proposed action.  

   C D 
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minerals: 

3,500 acres 

Non-BLM 

surface/federal 

minerals: 

200 acres 

 

 
PURPOSE: To comply with federal and state requirements for protection of threatened and 

endangered species and their habitat, as well as to protect the habitat of sensitive, non-listed species to 

prevent the need for listing them as threatened or endangered 
 
WAIVER: This stipulation may be waived if, after consulting with the New Mexico Department of 

Game and Fish, and the BLM Wildlife Biologist State Office Program Lead, it is determined that the 

described lands are no longer occupied by prairie dogs and thus do not warrant consideration for 

protection. 
 
EXCEPTION: An exception to this condition may be granted by the BLM Authorized Officer on a 

case-by-case basis for pipelines that may be planned through the colony. Additionally, an exception may 

be granted if the lessee submits a POD that demonstrates that the impacts from the proposed action 

can be adequately mitigated without re-siting. The burden of providing information to support this 

determination would be borne by the lessee. Finally, an exception may be granted if there are no 

burrowing owl nests at the edge of the colony where the disturbance is proposed. 
 
MODIFICATION: A modification allowing surface-disturbing activities within the colony may be 

granted if the BLM Authorized Officer determines that portions of the area can be occupied without 

adversely affecting prairie dogs.  

CSU-13 

Brack’s cactus and Aztec 

gilia habitat 

BLM surface/federal 

minerals: 

250,400 acres 

Non-BLM 

surface/federal 

minerals: 

38,500 acres 

For proposed projects within Brack’s cactus and Aztec gilia habitat, a biological survey would be 

required. When individual plants or suitable habitat for these plants are found within designated 

potential habitat during a biological survey for a proposed project, every effort to relocate the 

proposed project would be explored to minimize disturbance.  

 

If proposed project activities are not initiated within 1 year of a biological survey, a new survey may be 

needed, depending on the location of the project area. A new biological survey would be determined 

by a BLM/FFO biologist on a case-by-case basis. 

 

PURPOSE: To reduce impacts on Brack’s cactus and Aztec gilia habitat for the protection of cultural, 

wildlife, and other critical resources. Any portion of a lease area that contains these special values 

N/A     
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would require special attention to prevent damage to surface resources. Any surface use or occupancy 

within such areas would be strictly controlled. Use or occupancy would be authorized only when the 

lessee/operator demonstrates that the area is essential for operations and when the lessee/operator 

submits a surface use and operations plan, which is satisfactory to the federal surface management 

agency, for the protection of these special values and existing or planned uses. 

 

After the federal surface management agency has been advised of this proposed surface use or 

occupancy of these lands, and on request of the lessee/operator, the federal surface management 

agency would furnish data on such areas. 

 

Any changes to this stipulation would be made in accordance with the land use plan and/or the 

regulatory provisions for such changes. 

 

WAIVER: None 

 

EXCEPTION: None 

 

MODIFICATION: None 

CSU-14 

 Protection of Special 

Status Plant Species 

BLM surface/federal 

minerals: 

250,400 acres 

Non-BLM 

surface/federal 

minerals: 

38,500 acres 

The lease contains potential, suitable and/or occupied habitat for special status plant species; therefore, 

special status plant species clearance surveys are required to be completed prior to any surface-

disturbing activities being approved within or adjacent to BLM special status plant species’ potential, 

suitable, and/or occupied habitats.  

 

Survey requirements include the following:  

 Clearance surveys must be conducted by a qualified botanist.  

 The area to be surveyed would include at a minimum the project area plus an additional 328 feet 

(100) meters outside the project area.  

 Clearance surveys would be conducted during the blooming season or the period in which the 

plant species is most easily detected, as determined by the BLM.  

 

 A    
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Based on the results of the survey, if special status plant species are identified within the project 

boundary and in the area of indirect/direct impacts or affected habitat, the following operational 

constraints would be required in occupied or mapped suitable habitat:  

 Avoidance/restriction of development, such as locating the surface disturbance area away from 

the edge of occupied or suitable habitat and ideally outside the area where indirect/direct 

impacts would occur (the area of avoidance could be a minimum of 164 feet (50 meters) but 

possibly greater than 656 feet (200 meters), as determined by the BLM). 

 Minimize the area of disturbance, utilizing such strategies as, but not limited to, twinning, and 

utilizing existing disturbance and corridors. 

 

Additional operational constraints may be required and could include, but are not limited to, any of the 

following:  

 Dust abatement measures 

 Signs, fencing, and other deterrents to reduce possible human disturbance 

 Construction of well sites, roads, and associated facilities (including projects within 328 feet (100 

meters) of occupied habitat) outside the blooming season 

 Specialized reclamation procedures such as, but not limited to,  

– Separating soil and subsoil layers with barriers to reclaim in the correct order 

– Using a higher percentage of forbs in the reclamation seed mix to promote pollinator 

habitat 

– Collecting seeds for sensitive plant species’ genetic preservation, grow-out, and 

reclamation 

 Long-term monitoring of indirect/direct impacts on the species and/or habitat 

 Qualified, independent third-party contractors to provide general oversight and ensure 

compliance with project terms and conditions during construction 

 Nonnative or invasive species monitoring and control in occupied and suitable habitat 

 

PURPOSE: To conserve BLM special status species and the ecosystems upon which they depend by 

minimizing direct and indirect impacts, including loss of habitat and impacts on important pollinators 

and their habitat, as a result of dust transport, weed invasion, and chemical and produced water spills 
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(USDI-BLM Manual 6840 - Special Status Species Management) 

 

WAIVER: If the species is delisted and removed from the BLM State Director’s Sensitive Species List, 

a waiver may be granted by the BLM Authorized Officer. 

 

EXCEPTION: An exception to the avoidance/restriction and/or minimization operational constraints 

may be granted by the BLM Authorized Officer if the lessee can demonstrate and the NEPA analysis 

determines that the proposed project would not cause adverse impacts or have negligible impacts on 

occupied and suitable habitat. This could include situations where, based on the results of the clearance 

survey, it is determined that the project area contains topographical features or natural barriers that 

sufficiently create a buffer between the surface disturbance and the occupied habitat so that the 

proposed project can be conducted without adversely affecting the integrity of occupied and/or 

suitable habitat.  

 

In addition, an exception may be granted for maintenance of existing facilities or for new construction 

disturbances located adjacent to an existing disturbance, if an environmental analysis of the proposed 

action indicates that the activity could be conditioned so as to result in a much reduced cumulative 

environmental impact on the species compared to other project alternatives. If an exception is granted, 

special design, construction, reclamation, and implementation measures, including postponing 

construction by more than 60 days, may be required. In addition, if an exception is granted and the 

action results in the removal of special status plants, viable seeds must be collected and properly 

stored to preserve the genetic materials. 

 

MODIFICATION: The BLM Authorized Officer may modify (increase, decrease, or relocate) the 

area subject to the stipulation if it is determined that the nature or conduct of the activity, as proposed 

or conditioned, would not impair values associated with the maintenance or recovery of the species.  

 

In addition, if portions of the lease have been determined to be unoccupied by the species for a 

minimum period of 20 years, then the habitat would no longer be considered occupied and/or suitable 

habitat and a modification may be granted by the BLM Authorized Officer. Due to the persistence of 
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the seed bank and variability in environmental conditions related to germination, this determination 

requires surveys to be performed over multiple years.  

CSU-15 

Special status plant 

species 

BLM surface/federal 

minerals: 

250,400 acres 

Non-BLM 

surface/federal 

minerals: 

38,500 acres 

For proposed projects in and adjacent to potential, suitable, and/or occupied habitat for special status 

plant species habitat, a biological survey would be required. When individual plants or suitable habitat 

for these plants are found within designated potential habitat during a biological survey for a proposed 

project, every effort to relocate the proposed project would be explored to minimize disturbance.  

 

If proposed project activities are not initiated within 1 year of a biological survey, a new survey may be 

needed, depending on the location of the project area. A new biological survey would be determined 

by the BLM Authorized Officer on a case-by-case basis. 

 

PURPOSE: To conserve BLM special status species and the ecosystems upon which they depend by 

minimizing direct and indirect impacts, including loss of habitat and impacts on important pollinators 

and their habitat, as a result of dust transport, weed invasion, and chemical and produced water spills 

(USDI-BLM Manual 6840 - Special Status Species Management) 

 

WAIVER: If the species is delisted and removed from the BLM State Director’s Sensitive Species List, 

a waiver may be granted by the BLM Authorized Officer. 

 

EXCEPTION: An exception to the avoidance/restriction and/or minimization operational constraints 

may be granted by the BLM Authorized Officer, if the lessee can demonstrate and the NEPA analysis 

determines that the proposed project would not cause adverse impacts or have negligible impacts on 

occupied and suitable habitat. This could include situations where, based on the results of the clearance 

survey, it is determined that the project area contains topographical features or natural barriers that 

sufficiently create a buffer between the surface disturbance and the occupied habitat so that the 

proposed project can be conducted without adversely affecting the integrity of the occupied and/or 

suitable habitat. In addition, an exception may be granted for maintenance of existing facilities or for 

new construction disturbances located adjacent to an existing disturbance if an environmental analysis 

of the proposed action indicates that the activity could be conditioned so as to result in a much 

reduced cumulative environmental impact on the species compared to other project alternatives. If an 

  B C D 
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exception is granted, special design, construction, reclamation, and implementation measures, including 

postponing construction by more than 60 days, may be required. In addition, if an exception is granted, 

and the action results in the removal of special status plants, viable seed must be collected and 

properly stored to preserve the genetic materials. 

 

MODIFICATION: The BLM Authorized Officer may modify (increase, decrease, or relocate) the 

area subject to the stipulation, if it is determined that the nature or conduct of the activity, as 

proposed or conditioned, would not impair values associated with the maintenance or recovery of the 

species. In addition, if portions of the lease have been determined to be unoccupied by the species for 

a minimum period of 20 years, then the habitat would no longer be considered occupied and/or 

suitable habitat and a modification may be granted by the BLM Authorized Officer. Due to the 

persistence of the seed bank and variability in environmental conditions related to germination, this 

determination requires surveys to be performed over multiple years.  

CSU-16 

Federally listed species 

critical habitat 

BLM surface/federal 

minerals: 

3,100 acres 

Non-BLM 

surface/federal 

minerals: 

1,100 acres 

Surface use and occupancy in all designated and proposed critical habitat for federally listed species 

would be subject to, but not limited to, the following constraints: 

 Complete the ESA Section 7 consultation with USFWS on threatened or endangered species  

 Complete the valid current surveys for protected species  

 Apply mitigation to avoid adverse impacts on protected species 

 Submit monitoring reports  

 

PURPOSE: To reduce impacts on critical habitat of listed species 

 

WAIVER: None 

 

EXCEPTION: An exception may be granted if the proposed disturbance would occur in unsuitable 

habitat. Allow occupancy within 656 feet (200 meters) when terrain and topography provide adequate 

protections. 

 

MODIFICATION: None 

   C  
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CSU-17 

Special status bat species 

 

The lease or portions of the lease is known to contain special status bat species habitat. Parcels 

potentially containing special status bat species maternity roosts or hibernacula within USFWS 

confirmed special status bat species habitat shall undergo a site-specific survey by a BLM-approved 

specialist/biologist to identify necessary special design, construction, implementation, and/or mitigations 

measures. Based on BLM site-specific survey results, planned surface-disturbing activities may require 

relocation beyond standard lease terms and conditions (i.e., beyond 656 feet [200 meters]) through 

application of COAs at the APD stage. If the BLM’s site-specific survey results reveal the existence of 

special status bat species maternity roosts or hibernacula within USFWS confirmed habitat and 

appropriate surface-disturbing activity relocation is unattainable, additional protective/mitigation 

measures may be required of the lessee and/or operator, to include, but not limited to, the following:  

 Development and implementation of a BLM-approved mitigation/protection plan for activities 

known to cause adverse impacts to special status bat species maternity roosts or hibernacula 

within USFWS confirmed special status bat species habitat. This plan may require, but is not 

limited to, special design, construction, and implementation measures describing how adverse 

impacts to known special status bat species maternity roosts or hibernacula within USFWS 

confirmed special status bat species habitat would be prevented or mitigated. 

 Disturbance area minimization; use of previously existing disturbed areas, roads, well-pads, and 

corridors; and implementation of mitigation measures such as operational twinning. 

 

PURPOSE: To prevent disturbance or destruction of known special status bat species roosts, 

hibernacula, or USFWS confirmed special status bat species habitat. 

 

WAIVER: None 

 

EXCEPTION: The BLM authorized officer may provide for site-specific exception(s) if the 

operator/lessee's operation plan provides appropriate levels of protective special design, construction, 

and implementation measures to prevent additional species loss.  

 

MODIFICATION: None 

 A B C  
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Note: Figures D-1 through D-5, in this table, show the wildlife TLs in SDAs for each alternative. Figures D-6, D-7, and D-8, after this table, show the non-

mapped wildlife TLs for each alternative. 

Cultural Resources 

TL-1  

CCNHP Peak Visitation 

BLM surface/federal minerals: 

13,700 acres 

Non-BLM surface/federal 

minerals: 

2,600 acres  

  

No construction, drilling, well completions, and/or workover rigs are allowed for 1 mile on 

either side of the main entrance road into the CCNHP (i.e., County Road 7950) during 

peak visitation times, from April through October. Additional timing limitations on 

activities in this area could be identified through Section 106 consultation.  
 
PURPOSE: To reduce possible impacts of development on cultural, traditional, and 

religious practices 
 
WAIVER: None 
 
EXCEPTION: Exception could apply if actions would not impact dark skies, noise, or 

VRM or cause increased traffic to compete with tourism/visitation during peak times. 

Operators would have to demonstrate the ability to eliminate impacts and concerns, which 

may include advanced use of new technology and consultation with the CCNHP. 
 
MODIFICATION: None 

  B   

Fish and Wildlife 

TL-2 

Wildlife SDAs 

No Action Alternative: 

BLM surface/federal minerals: 

268,100 acres 

Non-BLM surface/federal 

minerals: 

60,300 acres  

 

Surface construction, drilling, workover, or completion activities, surface occupancy, or use 

is not allowed on lands within important seasonal wildlife habitat. This stipulation does not 

apply to operation and maintenance of production facilities. 
 
PURPOSE: For the protection of wildlife habitat during key seasonal periods, such as 

fawning, calving, wintering, and nesting in order to sustain populations 
 
WAIVER: None 
 
EXCEPTION: Exceptions may be granted on a case-by-case basis as determined by the 

BLM Authorized Officer and would be determined by taking into account the such criteria 

N/A A B C D 
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Alternative A: 

BLM surface/federal minerals: 

103,200 acres 

Non-BLM surface/federal 

minerals: 

13,900 acres  

 

Alternative B: 

BLM surface/federal minerals: 

151,100 acres 

Non-BLM surface/federal 

minerals: 

16,600 acres  

 

Alternative C: 

BLM surface/federal minerals: 

269,600 acres 

Non-BLM surface/federal 

minerals: 

62,000 acres  

 

Alternative D: 

BLM surface/federal minerals: 

6,800 acres 

Non-BLM surface/federal 

minerals: 

3,100 acres  

as animal density, severity of the winter, length of the proposed operations, condition of 

the surrounding habitat, and amount of existing disturbance. Cavitation of wells, unless an 

emergency need exists to restore a dramatic loss in volume or a nonfunctional well, would 

be considered non-routine, and an exception to the seasonal restrictions would be 

considered on a case-by-case basis. 

 

No exceptions would be granted north of La Jara Wash within the Rosa Mesa Wildlife 

Area. 

 

MODIFICATION: None 

 

See Chapter 2, Table 2-3, TL for Wildlife, for specific areas that would be subject to this 

stipulation. 
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Figure D-1 

Wildlife TLs in SDAs—No Action Alternative 
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Figure D-2 

Wildlife TLs in SDAs—Alternative A 
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Figure D-3 

Wildlife TLs in SDAs—Alternative B 
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Figure D-4 

Wildlife TLs in SDAs—Alternative C 
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Figure D-5 

Wildlife TLs in SDAs—Alternative D 

 

 
 

 

TL-3 

Migratory Birds  

 

For proposed projects 4.0 acres or more of surface disturbance, no construction activities 

from May 15 to July 31 would be permitted without a migratory bird nest survey. These 

surveys would be conducted by a BLM/FFO–Authorized Officer using a survey protocol 

provided by a BLM/FFO approved biologist. If any active nests are located within the 

proposed project area, construction activities would not be allowed until written consent 

is received from a BLM/FFO Authorized Officer. If construction is allowed when the nests 

identified in the survey are still active, the BLM may be require monitoring, and 

construction may be required to stop if it is determined to be disrupting the nest. 

 A B C  



D. Restrictions Applicable to Bureau of Land Management Fluid Mineral Leasing 

 

 

D-46 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Table D-3 

Timing Limitation Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 

N
o

 A
c
ti

o
n

 

A B C D 

 

PURPOSE: Minimize and avoid impacts on nesting migratory birds 

 

WAIVER: None 

 

EXCEPTION: Exceptions may be granted by the BLM Authorized Officer, if it is 

determined that proposed actions would not significantly impact migratory birds and their 

habitat or if the NEPA document adequately discloses impacts on nesting birds.  

 

MODIFICATION: None 

Special Status Species 

F-1 TL 

Seasonal Raptor Nesting 

Habitat 

  

F1 Timing Limitation Stipulation—Important Seasonal Raptor Nesting Habitat 

 Ferruginous hawk: No surface use is allowed from March 1 to June 30 within 0.33 

miles of an active or historical nest, for the protection of important seasonal wildlife 

habitat (bird of prey nests). This stipulation may apply to operation and maintenance 

of production facilities, if it is determined that the operation and/or maintenance 

activity negatively impacts the nesting behavior of the raptor. Exceptions may apply, 

depending on the level of disturbance and nesting chronology of a breeding pair. 

 Prairie falcon: No surface use is allowed from March 1 to June 30 within 0.33 miles 

of an active or historical nest, for the protection of important seasonal wildlife 

habitat (bird of prey nests). This stipulation may apply to operation and maintenance 

of production facilities, if it is determined that the operation and/or maintenance 

activity negatively impacts the nesting behavior of the raptor. Exceptions may apply, 

depending on the level of disturbance and nesting chronology of the breeding pair. 

 Peregrine falcon: No surface use is allowed from March 1 to June 30 within 0.33 

miles of an active or historic nest, for the protection of important seasonal wildlife 

habitat (bird of prey nests). This stipulation may apply to operation and maintenance 

of production facilities, if it is determined that the operation and/or maintenance 

activity negatively impacts the nesting behavior of the raptor. Exceptions may apply, 

depending on the level of disturbance and nesting chronology of the breeding pair. 

N/A     
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PURPOSE: For the protection of seasonal wildlife habitat, no surface use is allowed 

during the period 

 

WAIVER: None 

 

EXCEPTION: This stipulation does not apply to operation and maintenance of 

production facilities. 

 

MODIFICATION: None 

TL-4 

Raptor Nest Sites 

 

Surface construction, drilling, workover, or completion activities, surface occupancy, or use 

is not allowed during seasonal raptor nesting periods.  

Raptor nesting sites, both active and historical, will be avoided by the distances and 

seasonal periods listed below. This stipulation does not apply to operation and 

maintenance of production facilities except for when operation and maintenance of wells, 

production, and associated facilities are determined to have a negative impact on the 

nesting behavior of the raptors. 

 Ferruginous hawk—0.33 miles (March 1 to June 30) 

 Prairie falcon—0.33 miles (March 1 to June 30) 

 Peregrine falcon—0.33 miles (March 1 to June 30) 

 Osprey—0.25 miles (during the nesting/rearing stage, April 1 to August 31) 

 

Noise from oil and gas equipment that operates continuously (more than 8 hours/day on a 

long-term basis, which is more than 1 week in duration) would be kept at or below 48.6 

dBA at specified locations. This would be done to minimize disturbances to raptor nest 

sites for ferruginous hawks and prairie falcons. 

 

PURPOSE: Protection of important seasonal wildlife habitat (bird of prey nests) 

 

WAIVER: None 

 A B C  
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EXCEPTION: Exceptions may be granted on a case-by-case basis for nests that have 

been deemed inactive for the season, as determined via survey by the BLM biologist. The 

exception would also depend on the level of disturbance and nesting chronology of the 

breeding pair. For instance, an exception may be granted once the BLM Authorized Officer 

determines that the young of the year have fledged and left the area or that the proposed 

action would not impact the nesting activities of the raptor. 

 

MODIFICATION: None 

F1 

Golden Eagle Nest Sites 

 

F1 Timing Limitation Stipulation—Important seasonal raptor nesting habitat Golden eagles: 

No surface use is allowed from February 1 to June 30 within 0.5 miles of raptor nest sites 

for the protection of important seasonal wildlife habitat (bird of prey nests). This 

stipulation may apply to operation and maintenance of production facilities if determined 

that the operation and/or maintenance activity negatively impacts the nesting behavior of 

the raptor. Exceptions may apply, depending on the level of disturbance and nesting 

chronology of the breeding pair. 

 

No construction, drilling, or completion activities shall be conducted from February 1 to June 

30 in a radius of 0.5 miles around active and historical golden eagle nest sites. 

 

PURPOSE: For the protection of seasonal wildlife habitat, no surface use is allowed 

during the period. 

 

WAIVER: None 

 

EXCEPTION: This stipulation does not apply to operation and maintenance of 

production facilities. 

 

MODIFICATION: None 

N/A     
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TL-5 

Golden and Bald Eagle Nest 

Sites 

 

No construction, drilling, completion, or workover activities are allowed from January 1 to 

June 30 within 0.5 miles of golden and bald eagle nest sites. Additional requirements may 

apply, depending on project type and impacts on nesting eagles. This stipulation may apply 

to operation and maintenance of production facilities, if determined that the operation 

and/or maintenance activity negatively impacts the nesting behavior of the raptor. 

 

PURPOSE: For the protection of seasonal wildlife habitat, no surface use is allowed 

during the period.  

 

WAIVER: None 

 

EXCEPTION: This stipulation does not apply to operation and maintenance of 

production facilities. An exception could be authorized by the BLM Authorized Officer, 

depending on the status of the nest site or the geographical relationship of topographic 

barriers and vegetation screening to the nest site. 

 

MODIFICATION: None 

 A    

TL-6 

Golden and Bald Eagle Nest 

Sites 

 

No construction, drilling, completion, or workover activities are allowed from January 1 to 

June 30 within 0.5 miles of golden and bald eagle nest sites. Surface-disturbing activities 

occurring outside of the breeding season (seasonal restriction zone), but within the spatial 

restriction zone, would be allowed, as long as the activity would not cause the nest site to 

become unsuitable for future nesting, as determined by BLM/FFO authorized officer. 

Facilities and other permanent structures would be allowed if they meet the above criteria. 

This stipulation does not apply to operation and maintenance of production facilities. 

Courtship/nest building and egg laying/incubation stage: No construction, drilling, or 

completion activities shall be within 0.5 miles of an active or historical nest during the 

courtship/nest building and egg laying/incubation stage, from January 1 to March 30. The 

0.5-mile restriction zone would mostly pertain to oil and gas drilling operations.  

 

  B C D 
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Nestling/rearing stage: No construction, drilling, workover, or completion activities shall be 

within 0.33 miles of an active or historical nest from April 1 to June 30.  

Noise from oil and gas equipment that operates continuously (more than 8 hours/day on a 

long-term basis, which is more than 1 week in duration) would be kept at or below 48.6 

dBA, as measured from the nest, to minimize disturbances to golden and bald eagle nest 

sites. If after the environmental analysis, it is determined that stricter noise standards are 

necessary, then the BLM may work with the operator on a case-by-case basis to achieve an 

acceptable level of noise mitigation. 

This stipulation does not apply to operation and maintenance of production facilities or 

emergency situations. 

 

PURPOSE: For the protection of golden and bald eagle nesting habitat 

 

WAIVER: A waiver may be granted if a nest has been determined to be inactive, generally 

after 5 years of nonbreeding activity, as determined by the BLM/FFO biologist. A survey 

may be required to determine whether a nest has become inactive. 

 

EXCEPTION: Exceptions to these timing restrictions would be considered, based on the 

type, duration, and impacts (if any) of the project on the nesting eagles. An exception may 

be considered on a case-by-case basis if the nestlings fledge early or the eagles have 

become acclimated to resource extraction activities, as determined by the BLM biologist.  

An exception to install or operate a new compressor in a designated eagle seasonal 

restriction area that is more than 48.6 dBA at 300 feet from the compressor would be 

considered by the BLM if it is determined that the noise would not adversely impact the 

nesting eagles.  

 

MODIFICATION: A modification to a portion of the lease may be granted if a nest has 

been determined to be inactive, generally after 5 years of nonbreeding activity, as 
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Table D-3 

Timing Limitation Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 

N
o

 A
c
ti

o
n

 

A B C D 

determined by BLM/FFO biologist. A survey may be required to determine whether a nest 

has become inactive. 

F-3 TL 

Bald Eagle Winter Areas 

 

F-3 Timing Limitation Stipulation—Bald Eagle Winter Areas: No surface use is allowed 

from November 1 to March 31 in the Bald Eagle ACEC (37 units, totaling 4,141 acres) for 

the protection of important seasonal wildlife habitat (restriction zones around bald eagle 

use areas). Within restriction zones are areas of intensive bald eagle use, such as roost 

sites, where any surface-disturbing activity is prohibited year-round. This stipulation does 

not apply to operation and maintenance of production facilities. (ROD, B-2). 

 

PURPOSE: For the protection of seasonal wildlife habitat, no surface use is allowed 

during the period. 

 

WAIVER: None 

 

EXCEPTION: This stipulation does not apply to operation and maintenance of 

production facilities. 

 

MODIFICATION: None 

N/A     

TL-7 

Bald Eagle Winter Areas 

Construction, drilling, completion, or workover activities would be not be allowed 

November 1 through March 31 in the Bald Eagle ACEC. A year-round noise restriction 

also applies. Continuous noise sources may not exceed 48.6 dBA, as measured at the 

boundary of the core areas within the ACEC. If after the environmental analysis, it is 

determined that stricter noise standards are necessary, then the BLM may work with the 

operator on a case-by-case basis to achieve an acceptable level of noise mitigation. This 

stipulation does not apply to operation and maintenance of production facilities or 

emergency situations. 

 

PURPOSE: To protect the most important bald eagle wintering habitat and the bald 

eagles that utilize these areas throughout the winter 

 

 A B C D 
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Table D-3 

Timing Limitation Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 
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A B C D 

WAIVER: None 

 

EXCEPTION: No exceptions would be approved due to the necessity of having to re-

consult with the USFWS and the relatively minor amount of area covered by this 

stipulation. 

 

MODIFICATION: None 

TL-8 

Pinyon Jay Colonial Nest Sites 

 

Construction, drilling, completion, or workover activities will not be allowed within 3,168 

feet (0.6 miles) of an active pinyon jay colonial nest site from March 1 to August 1. Noise 

levels would not exceed 48.6 dBA at the edge of the active nesting colony. 

 

PURPOSE: To protect pinyon jay colonial nest sites to reduce the potential for their 

species listing under the federal ESA.  

 

WAIVER: None 

 

EXCEPTION: This stipulation does not apply to operation and maintenance of 

production facilities. An exception may be granted if the BLM Authorized Officer 

determines that the young of the year have fledged and left the area, that surveys have 

conclusively determined the nest is not active, or that the proposed action would not 

impact the nesting activities. 

 

MODIFICATION: None 

 A B   

TL-9 

Pinyon Jay Colonial Nest Sites 

 

Construction, drilling, completion, or workover activities will not be allowed within 1,640 

feet (500 meters) of active pinyon jay colonial nest sites from March 1 to August 1. Noise 

levels would not exceed 48.6 dBA at the edge of the active nesting colony.  

 

PURPOSE: To protect pinyon jay colonial nest sites to reduce the potential for their 

species listing under the federal ESA. 

 

   C  
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Table D-3 

Timing Limitation Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 

N
o
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A B C D 

WAIVER: None 

 

EXCEPTION: This stipulation does not apply to operation and maintenance of 

production facilities or emergency situations unless otherwise specified. An exception may 

be granted if the BLM Authorized Officer determines that the young of the year have 

fledged and left the area, that surveys have conclusively determined the nest is not active, 

or that the proposed action would not impact the nesting activities. 

 

MODIFICATION: None 

TL-10 

Pinyon Jay Colonial Nest Sites 

Construction, drilling, completion, or workover activities will not be allowed within an 

active pinyon jay colonial nest site from March 1 to August 1. Noise levels would not 

exceed 48.6 dBA at the edge of the active nesting colony.  

 

PURPOSE: To protect pinyon jay colonial nest sites to reduce the potential for their 

species listing under the federal ESA 

 

WAIVER: None 

 

EXCEPTION: This stipulation does not apply to operation and maintenance of 

production facilities or emergency situations unless otherwise specified. An exception may 

be granted if the BLM Authorized Officer determines that the young of the year have 

fledged and left the area, that surveys have conclusively determined the nest is not active, 

or that the proposed action would not impact the nesting activities. 

 

MODIFICATION: None 

    D 

TL-11 

Burrowing Owl Nesting Habitat 

 

A survey for burrowing owls is required for proposed project activity within designated 

potential nesting habitat from April 1 to August 15. Occupied burrowing owl nests would 

not be disturbed within a 165-foot radius from April 1 to August 15. This stipulation does 

not apply to operation and maintenance of production facilities. 

 

 A B C  
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Table D-3 

Timing Limitation Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 

N
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A B C D 

PURPOSE: Protection of burrowing owl potential and occupied nesting habitat 

 

WAIVER: None 

 

EXCEPTION: After August 15, any project that would cause destruction of the nest 

burrow could begin only after confirmation by the BLM that the nest burrow is no longer 

occupied.  

 

MODIFICATION: None 

TL-12 

Special Status Plant Species 

 

 

No surface construction or ground disturbance is allowed within 330 feet of suitable BLM 

special status plant species habitat during periods when the species is most sensitive, such 

as during blooming and fruiting/seeding periods. This stipulation does not apply to 

operation and maintenance of facilities. 

 

PURPOSE: To conserve BLM special status species and the ecosystems upon which they 

depend by minimizing direct and indirect impacts, including interference with reproduction 

and loss of habitat and impacts on important pollinators and their habitat that result from 

dust transport, weed invasion, and chemical and produced-water spills during critical 

reproductive periods (USDI-BLM Manual 6840—Special Status Species Management). 

 

Any changes to this stipulation would be made in accordance with the land use plan and/or 

the regulatory provisions for such changes. (For guidance on the use of this stipulation, see 

Bureau of Land Management Manuals 1624 and 3101 or Forest Service Manuals 1950 and 

2820.) 

 

In accordance with the provisions of 43 CFR, Subpart 3101.1-4, if circumstances or relative 

resource values change or if the lessee demonstrates that operations can be conducted 

without causing unacceptable impacts, this stipulation may be waived, excepted, or 

modified by the BLM Authorized Officer if such action is consistent with the provisions of 

the applicable land use plan or, if not consistent, through a planning amendment. 

 A    
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Table D-3 

Timing Limitation Stipulations Applicable to Fluid Mineral Leasing 

Stipulation Number 

(Existing/New) 

Protected Resource 

Acres Affected1 

Stipulation Description 

Alternative 

N
o

 A
c
ti

o
n

 

A B C D 

 

WAIVER: A waiver may be granted by the BLM Authorized Officer if the species is 

delisted and removed from the BLM State Director’s sensitive species list. In addition, if 

portions of the lease have been determined to be unoccupied by the species for a minimum 

period of 20 years, then the habitat would no longer be considered suitable habitat and a 

waiver may be granted by the BLM Authorized Officer. Due to the persistence of the seed 

bank and variability in environmental conditions related to germination, this determination 

requires surveys to be performed over multiple years.  

 

EXCEPTION: If the lessee can demonstrate and the NEPA analysis determines that the 

project would not cause adverse direct or indirect impacts on special status plant species 

and habitat to warrant this timing limitation, then an exception may be granted by the BLM 

Authorized Officer. 

 

MODIFICATION: The BLM Authorized Officer may modify (increase, decrease, or 

relocate) the area subject to the stipulation if it is determined that portions of the lease no 

longer contain suitable habitat. Due to the persistence of the seed bank and variability in 

environmental conditions related to germination, this determination requires surveys to be 

performed over multiple years.  
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Figure D-6 

Unmapped Wildlife TLs—No Action Alternative1 

 

1 Some areas may have overlapping TLs, but many would not. These TLs are not mapped, so the extent of the overlap is unknown. 
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Figure D-7 

Unmapped Wildlife TLs—Alternatives A, B, and C1 

 

1 Some areas may have overlapping TLs, but many would not. These TLs are not mapped, so the extent of the overlap is unknown. 

 



D. Restrictions Applicable to Bureau of Land Management Fluid Mineral Leasing 

 

 

D-58 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Figure D-8 

Unmapped Wildlife TLs—Alternative D1 

 

1 Some areas may have overlapping TLs, but many would not. These TLs are not mapped, so the extent of the overlap is unknown. 
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Table D-4 

Lease Notices 

F-27-LN 

COAL RESERVES 

Federal coal resources exist on this lease. Operations authorized by this lease may be altered or modified by the BLM 

Authorized Officer (at the address shown below) in order to conserve and protect the mineral resources and provide for 

simultaneous operations. 

F-35-LN 

NOISE 

 

This lease is adjacent to a noise sensitive area (Bisti/De-Na-Zin Wilderness Area). Noise sources that operate on a continual 

basis (more than 8 hours/day) in the long term (more than 1 week in duration) cannot exceed a noise level of 48.6 dBA Leq at 

the boundary of the wilderness area. If 48.6 dBA Leq does not provide an adequate level of protection from the auditory 

impact created by lease operations, a stricter stand shall be applied. BLM staff would work with the leaseholder on a case-by-

case basis to achieve an acceptable level of noise mitigation. This requirement would not normally apply to transient 

operations, such as construction, drilling, completion, and workover activities and other temporary sound sources. These 

short-term activities would be handled on a case-by-case basis during the permitting process. Compliance with the BLM FFO 

noise policy could result in extended time frames for processing authorizations for development activities, as well as changes 

in the ways in which developments are implemented. 

WO-ESA-7 

ENDANGERED SPECIES 

ACT SECTION 7 

CONSULTATION  

The lease area may now or hereafter contain plants, animals, or their habitats determined to be threatened, endangered, or 

other special status species. The BLM may recommend modifications to exploration and development proposals to further its 

conservation and management objective, which is to avoid BLM-approved activity that would contribute to a need to list such 

a species or its habitat. The BLM may require modifications to or not approve a proposed activity that is likely to jeopardize 

the continued existence of a proposed or listed threatened or endangered species or to result in the destruction or adverse 

modification of a designated or proposed critical habitat. The BLM would not approve any ground-disturbing activity that may 

affect any such species or critical habitat until it completes its obligations under applicable requirements of the Endangered 

Species Act, as amended (16 USC, Section 1531 et seq.), including completion of any required procedure for conference or 

consultation. 

WO-NHPA 

CULTURAL RESOURCES 

AND TRIBAL 

CONSULTATION  

This leased area may be found to contain historic properties and/or resources protected under the National Historic 

Preservation Act (NHPA), the American Indian Religious Freedom Act, the Native American Graves Protection and 

Repatriation Act, Executive Order 13007, or other statutes and executive orders. The BLM would not approve any ground-

disturbing activities that may affect any such properties or resources until it completes its obligations (e.g., State Historic 

Preservation Officer and tribal consultation) under applicable requirements of the NHPA and other authorities. The BLM may 

require modification to exploration or development proposals to protect such properties or disapprove any activity that is 

likely to result in adverse effects that cannot be successfully avoided, minimized, or mitigated. 

LN-NIIP 

NIIP 

PROTECTION OF NAVAJO 

INDIAN IRRIGATION 

PROJECT 

No oil or gas facilities would be installed that would unduly interfere with the construction or development of the area for 

agriculture purposes in connection with the Navajo Indian Irrigation Project. The lessee must clear it with the Navajo Indian 

Irrigation Project Manager, prior to the installation of any oil and gas equipment, so that modification or relocation at a later 

date might be avoided. 
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Table D-4 

Lease Notices 

LN-NMSO-SSPS 

POTENTIAL, SUITABLE AND 

OCCUPIED HABITAT FOR 

SPECIAL STATUS PLANT 

SPECIES 

The lease contains potential, suitable, and/or occupied habitat for special status plant species; therefore, special status plant 

species clearance surveys may be required prior to approving any surface-disturbing activities within or adjacent to BLM 

special status plant species’ potential, suitable, and occupied habitats. Survey requirements would include the following: 

 Clearance surveys must be conducted by a qualified botanist.  

 The area to be surveyed would include at a minimum the project area plus an additional 328 feet (100 meters) outside 

the project area.  

 Clearance surveys would be conducted during the blooming season or the period in which the plant species is most 

easily detected.  

 

Based on the results of the survey, conditions of approval may be applied to land use authorizations and permits that fall 

within the area of direct/indirect impacts or affected habitat, as appropriate. Possible mitigation strategies may include, but are 

not limited to, the following: 

 Avoidance/restriction of development such as locating the surface disturbance area away from the edge of occupied or 

suitable habitat and ideally outside of the area where indirect/direct impacts would occur 

 Minimizing the area of disturbance, utilizing such strategies such, but not limited to, twinning and utilizing existing 

disturbance and corridors 

 Dust abatement measures 

 Signs, fencing, and other deterrents to reduce human disturbance 

 Construction of well sites, roads, and associated facilities outside of the blooming season 

 Specialized reclamation procedures, such as, but not limited to, the following: 

o Separating soil and subsoil layers with barriers to reclaim in the correct order 

o Using a higher percentage of forbs in the reclamation seed mix to promote pollinator habitat 

o Collecting seeds for sensitive plant species’ genetic preservation, grow-out, and reclamation 

 Long-term monitoring of indirect/direct impacts on the species and/or habitat 

 Qualified, independent third-party contractors to provide general oversight and ensure compliance with project terms 

and conditions during construction 

 Nonnative or invasive species monitoring and control in occupied and suitable habitat 

LN-PAL 

PALEONTOLOGICAL 

RESOURCES 

Surface occupancy or use is subject to the following special operating constraints to protect paleontological resources: 

 Restrict vehicles to existing roads and trails. 

 A pedestrian survey must be conducted for paleontological material, using a qualified permitted paleontologist 

determined by the BLM, as part of the permit application for the proposed lease activity in geologic units that are 

classified on the BLM’s PFYC scale as a PFYC U—unknown, 4, or 5, as determined by the BLM Authorized Officer. The 

survey and report would be used to determine the presence of paleontological material exposed at the surface and, if 

necessary, the appropriate mitigation of ground-disturbing activities, such as monitoring, avoidance, and/or project 

redesign. 
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Table D-4 

Lease Notices 

 The lessee shall immediately notify the BLM Authorized Officer of any paleontological resources discovered as a result 

of approved surface-disturbing operations. The lessee shall suspend all activities in the vicinity of such discovery until 

notified to proceed by the BLM Authorized Officer and shall protect the discovery from damage or looting. The BLM 

Authorized Officer would evaluate, or would have evaluated, such discoveries after being notified and would determine, 

after consultation with the operator and the BLM Regional Paleontologist, the appropriate measures to mitigate adverse 

effects on significant paleontological resources. Upon approval of the BLM Authorized Officer, the operator would be 

allowed to continue construction through the site, or would be given the choice of either: 

o Following the BLM Authorized Officer’s instructions for stabilizing the fossil resource in place and avoiding 

further disturbance to the fossil resource or 

o Following the BLM Authorized Officer’s instructions for mitigating impacts on the fossil resource prior to 

continuing construction through the project area. The lessee is responsible for any cost associated for mitigating 

paleontology resources discovered as a result of their activities.  

 An avoidance zone around all recorded fossil localities may be applied, based on known extent of resources.  

 When avoidance is not possible, appropriate mitigation may include excavation or collection (data recovery), 

stabilization, monitoring, protective barriers, and signs. 

 

Project or ground-disturbing activities may be relocated, based on the results of the paleontology field survey. 

LN-POD 

PLAN OF DEVELOPMENT 

(POD) 

A POD for the entire lease may be required to be submitted for review and approval, by the BLM Authorized Officer, prior to 

approval of development actions (APD, Sundry Notices). If a POD is required, it must indicate planned access to well facilities 

(roads, pipelines, and power lines) and the approximate location of well sites. Should it become necessary to amend the POD, 

the amendment must be approved prior to the approval of subsequent development action. Deviations from a current POD 

are not authorized until an amended POD has been approved by the BLM. 

LN-BOR 

BUREAU OF RECLAMATION 

DAMS 

This lease is subject to requirements imposed by the U.S. Bureau of Reclamation (Reclamation) to protect Reclamation’s 

facilities and project purposes. No drilling is allowed within 1,500 feet of any Reclamation dam or its appurtenant structures. 
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Appendix E. Restrictions Applicable to 
Bureau of Indian Affairs Fluid Mineral 

Leasing: Purpose 
Table E-1 in this appendix lists the purposes of the BIA restrictions for leasing fluid minerals, such as oil 1 
and gas. They are referred to throughout this draft RMPA and EIS. Stipulations would also apply, where 2 
appropriate, to all surface-disturbing activities associated with land use authorizations, permits, and 3 
leases issued on BIA-administered lands. The stipulations would not apply to activities and uses where 4 
they are contrary to laws, regulations, or specific Tribal guidance.  5 
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Table E-1 
Restrictions Applicable to Bureau of Indian Affairs Fluid Mineral Leasing: Purpose 

Line  
# 

No Action Alternative 
Current Management 

Alternative A 
Protect and Enhance Natural Ecology 

Alternative B 
Preserve and Protect the Cultural 
and Natural Landscape 

Alternative C 
Traditional, Historic, Socioeconomic, 
and Cultural Lifeways 

Alternative D 
Maximize Resource Production in an 
Environmentally Responsible Manner 

Purpose  

1. Fluid Minerals—General Surface Disturbance 
2.  Action: 

No similar stipulation in current BIA management. 
Action: 
To minimize surface disturbance, 
roads, utilities, and pipelines may 
share ROWs. 
 
Interim reclamation would be 
required to reestablish local native 
vegetation in areas of disturbance.  
 
As part of interim reclamation, the 
footprint of disturbance would be 
minimized by reclaiming all portions 
of the cleared areas not needed for 
production, operations, 
transportation, or safety purposes 
by recontouring them with 
stockpiled topsoil to a final or 
intermediate contour that blends 
with the surrounding topography as 
much as possible. 

Action: 
Directional drilling may be required, where practical, to collocate wells 
to reduce road, well pad, and utility surface disturbance. To minimize 
surface disturbance, roads, utilities, and pipelines may share common 
ROWs. 
 
Access roads would be designed to follow the contour of the landform 
and/or mimic lines in vegetation. This can necessitate constructing 
longer access roads. 
 
To minimize surface disturbance, roads, utilities, and pipelines may 
share common ROWs.  
 
Interim reclamation would be required to reestablish local native 
vegetation on well locations. As part of interim reclamation, the 
footprint of disturbance would be minimized by reclaiming all portions 
of the cleared areas not needed for production, operations, 
transportation, or safety purposes by recontouring them with 
stockpiled topsoil to a final or intermediate contour that blends with 
the surrounding topography as much as possible. 

Action: 
To minimize surface disturbance, 
roads, utilities, and pipelines may 
share common ROWs. Site 
infrastructure to accommodate 
the needs of the landowner.  
 
Interim reclamation would be 
required to reestablish local native 
vegetation on well locations. As 
part of interim reclamation, the 
footprint of disturbance would be 
minimized by reclaiming all 
portions of the cleared areas not 
needed for production, operations, 
transportation, or safety purposes 
by recontouring them with 
stockpiled topsoil to a final or 
intermediate contour that blends 
with the surrounding topography 
as much as possible. 

Purpose: To reduce the potential direct and 
indirect impacts from total surface disturbance, 
and minimize visual impacts from fluid mineral 
exploration, development, and operations. These 
stipulations reflect relevant issues and guidelines 
described in 25 CFR 211.47, Subparts H and I, 
and Navajo Nation Code (NNC) Title 18, 
Chapter 13, Parts 1453, 1506, 1551, and 1554. 

3.  Action: 
Lessees would abide by and conform to appropriate 
provisions of Title 25, 36, and 43 CFRs and any other 
applicable regulations and manuals of the Secretary of 
the Interior now or hereafter in force, relative to the 
surface leasing, ROWs, and oil and gas leases 
(including the National Environmental Policy Act, as 
amended, and Navajo Area Environmental Protection 
guidelines, the National Historic Preservation Act of 
1966, as amended, and Archaeological Resources 
Protection Act, hereinafter referred to as NEPA, 
NHPA, and ARPA, and other applicable laws, 36 
CFR, Part 800, and 43 CFR, Part 7. 
2(a): Prior to issuing any cultural clearances, the 
BLM would consult with the Navajo Nation Historic 
Preservation Department (P.O. Box 2898, Window 
Rock, Arizona 86515) and provide copies of all 
historic preservation and related documents 
associated with an undertaking. The Navajo Nation 
contracted with the Navajo Area Archaeology Office 
under Public Law 93-638. 
2(b): Prior to entry on the land or the disturbance 
of the surface thereof for drilling or other purposes, 
a lessee would submit a development plan for the 
surface use to the Area Manager, Farmington 
Resource Area, Bureau of Land Management (6251 
College Blvd., Suite A, Farmington, New Mexico 

Action: 
A lessee would abide by and conform to appropriate provisions of Title 25, 36, and 43 CFRs and any other applicable regulations and manuals of 
the Secretary of the Interior now or hereafter in force, relative to the surface leasing and use, ROWs, and oil and gas leases (including NEPA, 
NHPA, ESA, ARPA, and other applicable laws). 
 
The lessee would comply with all applicable laws of the Navajo Nation or requirements of the Navajo Nation Environmental Protection Agency. 
This compliance with relevant, applicable, federal and Tribal regulations would also apply to operators on split-estate with Tribal trust surface use 
agreements and federal minerals. 

Purpose: Compliance with all relevant federal 
and Tribal regulations would avoid, minimize, or 
mitigate direct and indirect impacts from fluid 
mineral exploration, development, and 
operations.  
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Table E-1 
Restrictions Applicable to Bureau of Indian Affairs Fluid Mineral Leasing: Purpose 

Line  
# 

No Action Alternative 
Current Management 

Alternative A 
Protect and Enhance Natural Ecology 

Alternative B 
Preserve and Protect the Cultural 
and Natural Landscape 

Alternative C 
Traditional, Historic, Socioeconomic, 
and Cultural Lifeways 

Alternative D 
Maximize Resource Production in an 
Environmentally Responsible Manner 

Purpose  

87402). An environmental analysis would be made by 
the BLM, in consultation with the BIA Navajo 
Regional Office, for the purpose of ensuring proper 
protection of the surface, the natural resources, and 
the environmental and existing improvements and for 
assuming timely reclamation of disturbed lands. Upon 
completion of said environmental analysis, the oil and 
gas district manager would notify the lessee of the 
conditions to which the proposed surface-disturbing 
operations would be subject. (Note: Prior to start of 
operations, lessees would furnish a copy of their 
development plans and BLM conditions to the BIA. 
The BIA reserves the right to require site-specific 
archaeological surveys and environmental reviews on 
tracts selected for development, prior to giving 
concurrence to proposed actions. The BIA would 
consult with the Navajo Nation prior to concurring 
on actions. 

4. Action: Lessees will bury all pipelines crossing tillable lands at a minimum of 4 feet or below plow depth, unless other arrangements are made with the Navajo Nation. Purpose: To reduce the total disturbance of 
agricultural and tillable lands from fluid mineral 
exploration, development, and operations.  

5. Action: 
The lessee agrees to conduct all operations 
authorized by this lease with due regard for proper 
land management; to avoid unnecessary damage to 
vegetation, timber, crops, or other cover and to 
improvements (e.g., roads, bridges, cattle guards, and 
telephone lines); to control soil erosion resulting 
from the operation; to prevent pollution of soil and 
water resources; and, whenever required by the BIA 
Navajo Agency Superintendent or authorized 
representative, to fence all sump holes or other 
excavation made by lessee. 

Action: 
The lessee agrees to conduct all 
operations authorized by this lease 
with due regard for proper land 
management; to avoid unnecessary 
damage to wildlife and vegetation, 
timber, crops, or other cover, and 
to improvements, such as roads, 
bridges, cattle guards, and 
telephone lines; to control soil 
erosion resulting from the 
operation to prevent pollution of 
soil and water resources; and, 
whenever required by the FIMO 
Director or authorized 
representative, to fence all sump 
holes or other excavations made by 
the lessee. 

Action: 
The lessee agrees to conduct all 
operations authorized by this 
lease with due regard for proper 
land management; to avoid 
unnecessary damage to cultural 
resources, burial sites, vegetation, 
timber, crops, or other cover, 
and to improvements, such as 
roads, bridges, cattle guards, and 
telephone lines; to control soil 
erosion resulting from the 
operation to prevent pollution of 
soil and water resources; and, 
whenever required by the FIMO 
Director or authorized 
representative, to fence all sump 
holes or other excavation made 
by the lessee. 

Action: 
The lessee agrees to conduct all 
operations authorized by this 
lease with due regard for proper 
land management to avoid 
unnecessary damage to human 
health and safety, culturally 
important properties (CIMPPs) 
and Indian trust assets, vegetation, 
timber, crops or other cover, and 
to improvements, such as roads, 
bridges, cattle guards, and 
telephone lines; to control soil 
erosion resulting from the 
operation to prevent pollution of 
soil and water resources; and, 
whenever required by the FIMO 
Director or authorized 
representative, to fence all sump 
holes or other excavation made 
by the lessee. 

Action: 
The lessee agrees to conduct all 
operations authorized by this lease 
with due regard for proper land 
management; to avoid unnecessary 
damage to vegetation species, 
timber, crops, or other cover, and 
to improvements, such as roads, 
bridges, cattle guards, and 
telephone lines; to control soil 
erosion resulting from the 
operation to prevent pollution of 
soil and water resources; and, 
whenever required by the FIMO 
Director or authorized 
representative, to fence all sump 
holes or other excavation made by 
the lessee. 

Purpose: To reduce the total impacts on various 
natural, cultural, and other resources on Navajo 
trust and individual Indian allotment lands from 
fluid mineral exploration, development, and 
operations. 

6. Action: 
Compliance with the stipulations of NEPA (applies to 
individual Indian allotment lands only).  
• Prior to entry upon the leased land or the 

disturbance of the surface, the lessee shall submit 
NEPA compliance documentation to FIMO, 
Navajo Regional Office, P.O. Box 1060, Gallup, 

Action: 
(Applies to individual Indian allotment lands only.) The lessee would comply with NEPA and all other applicable laws and regulations. Before leasing 
and/or surface-disturbing activities begin, the FIMO would complete NEPA compliance documentation for the entire leased area. On completion of 
the analysis, the FIMO Director would notify the lessee of the stipulations and the conditions that the proposed surface-disturbing operations 
would be subject to, based on NEPA required mitigation. 

Purpose: Compliance with all relevant federal 
and Tribal regulations would avoid, minimize, or 
mitigate direct and indirect impacts from fluid 
mineral exploration, development, and 
operations. 
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No Action Alternative 
Current Management 

Alternative A 
Protect and Enhance Natural Ecology 
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Preserve and Protect the Cultural 
and Natural Landscape 

Alternative C 
Traditional, Historic, Socioeconomic, 
and Cultural Lifeways 

Alternative D 
Maximize Resource Production in an 
Environmentally Responsible Manner 

Purpose  

New Mexico 87305. An analysis will be made of 
the plan by the BIA and the FIMO for the purpose 
of ensuring that the surface, natural resources, 
the environment, and existing improvements are 
properly protected and timely reclamation of 
disturbed areas. Upon completion of the analysis, 
the BIA shall notify the lessee of the stipulations 
and the conditions that the proposed surface 
disturbance operations will be subject to.  

 
Notwithstanding any provisions of this lease to the 
contrary, any drilling, construction, or other 
operations conducted by the lessees that would 
disturb the surface or otherwise affect the 
environment (hereinafter call surface-disturbing 
operation) shall be subject to, as set forth in this 
stipulation, the prior approval of the BLM, with 
consultation with the appropriate surface 
management agency (e.g., FIMO) and such reasonable 
conditions as may be required to protect the surface 
of the leased lands and the environment.  

7. Action: 
Forest and Land Protection Stipulation 
• Submit in advance to the Secretary for approval a 

site development and layout plan, construction 
plan, and any revisions.  

• Not to cut, destroy, or damage timber without 
prior authorization of the Secretary, such 
authorization to be made only where required to 
pursue necessary mining operations.  

• Pay for all such timber cut, destroyed, or 
damaged at rates prescribed by the Area Director 
[Regional Director], such rates to be determined 
on the basis of sales of similar timber in the 
vicinity.  

 
Not to interfere with the sale or removal of timber 
from the land covered by this lease by contractors 
operating under an approved timber sales contract 
now in effect or that may be entered into during the 
period of the lease. 

Action: 
The lessee would refrain from destroying or damaging woodlands and/or vegetation. The lessee would pay 
for all such destroyed or damaged vegetation at rates prescribed by the BIA Navajo Regional Director, based 
on fair market value. 

Action: 
The lessee (or operator with a 
SUA) would minimize destruction 
or damage to woodlands. The 
lessee would pay for all such 
destroyed or damaged woodlands 
at rates prescribed by the BIA 
Navajo Regional Director, based 
on fair market value. 

Purpose: To reduce the total disturbance of 
forest and woodland resources from fluid mineral 
exploration, development, and operations. 

8. Action: 
If so required by the Regional Director or authorized 
representative, the lessee shall make it a condition, 
under the direction of the BLM, any well drilled that 
does not produce oil or gas in paying quantities, as 
determined by the said BLM but which is capable of 
producing water or domestic, agricultural, or 
livestock use by the lessor. The lessee may remove all 

Action: 
The lessee, with the consent of the lessor, would condition any well drilled that does not produce oil or gas in paying quantities and is capable of 
producing water of applicable standards for domestic, agricultural, or livestock use by the lessor. Otherwise, after expiration or termination, the 
facilities installed by lessee within the lease premises would be removed and the surface properly reclaimed by the lessee. 

Purpose: To reduce the total disturbance from 
fluid mineral exploration, development, and 
operations, while preserving the ability of the 
Navajo Nation or allottees to benefit from the 
development of infrastructure, such as abandoned 
wells, that can be repurposed. Reconditioning 
wells with the capability to produce water for 
various uses would provide secondary benefits 
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Table E-1 
Restrictions Applicable to Bureau of Indian Affairs Fluid Mineral Leasing: Purpose 

Line  
# 

No Action Alternative 
Current Management 

Alternative A 
Protect and Enhance Natural Ecology 
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and Natural Landscape 

Alternative C 
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Alternative D 
Maximize Resource Production in an 
Environmentally Responsible Manner 

Purpose  

pumping equipment installed by the lessee at any well 
within ninety (90) days after expiration or termination 
of the lease, otherwise such equipment shall become 
the property of the lessor, except where such well is 
left for usage by the lessor or other surface owners, 
in which case all water pumping equipment and 
storage tanks shall be left on the premises and shall 
become the property of the lessor.  

for the Navajo Nation and allottees.  

11. Fluid Minerals—ROWs 
12. Action: 

Vehicular access to the well site would be limited to 
the approved access road. Additional unapproved 
accesses to the well site materializing during the 
existence of the well would be processed as trespass. 

Action: 
To limit impacts on resources, all lessee vehicular access to the well site (on lease or off lease) would be limited to the approved access road. 
Additional unapproved access by the lessee to the well site materializing during the existence of the well would be cited as a violation of the lease. 

Purpose: To avoid or minimize the impacts of 
vehicular traffic and unmanaged use of areas not 
identified in ROWs or leases related to fluid 
mineral exploration, development, and operations 
on Navajo trust and individual Indian allotment 
lands, while preserving the ability of the Navajo 
Nation or allottees to benefit from the 
development.   

13. Action: 
Erosions forming in the access road would be 
corrected. Preventative measures would be made at 
the operator’s discretion. A permanent side road of 
the erosion is prohibited. 

Action: 
Operators would ensure that dirt roads are maintained in accordance with Clean Water Act 404, 401, and 
402 standards and in accordance with BLM standards regarding road maintenance and erosion. 

Action: 
For leases on Navajo Tribal trust 
lands, operators would ensure that 
dirt roads are maintained in 
accordance with Clean Water Act 
404, 401, and 402 standards and in 
accordance with BLM standards 
regarding road maintenance and 
erosion. For leases on individual 
Indian allotments, measures to 
prevent erosion for roads that 
would not be reclaimed following 
well abandonment would be 
established through coordination 
with the landowner. 

Purpose: To avoid or minimize the impacts of 
vehicular traffic and roads related to fluid mineral 
exploration, development, and operations on 
Navajo trust and individual Indian allotment lands, 
while preserving the ability of the Navajo Nation 
or allottees to benefit from the development. 
These stipulations are intended to limit the 
indirect impacts from heavy equipment traffic on 
roads that are otherwise used by nearby 
residents who are also affected by poorly 
maintained roads that increase erosion on their 
properties.  

14. Fluid Minerals—Cultural Resources 
15. Action: 

No similar stipulation under current BIA 
management. 

Action: 
No similar action. 

Action: 
Directional drilling may be required to hide proposed well locations from 
culturally sensitive viewpoints. These viewpoints may not be on the 
proposed lease and would be defined through consultation with the BIA, 
Navajo Nation, other Tribes with TCPs in the viewshed, and local 
communities. 

Action: 
No similar action. 

Purpose: To reduce direct and indirect impacts 
from fluid mineral exploration, development, and 
operations on the visual environment of culturally 
sensitive viewpoints, such as certain 
archaeological sites, CUSPs, or other locations 
important to local communities or tribes. These 
stipulations reflect relevant issues and guidelines 
described in 36 CFR 800 and NNC Title 19, 
Chapter 11.  

16. Action:  
Lessee would not drill any well within 500 feet of any 
house, structure, or reservoir of water, live stream, or 
other body of water without the written consent of the 
Navajo Nation Minerals Department and the Water 
Code Administration. 
 

Action: 
The lessee would not construct any well pad within 1,320 feet of any home site lease, house, barn, occupied 
dwelling, or building unit (including those structures occupied intermittently or seasonally), or other 
community, municipal, and public structures and buildings, such as chapter houses and schools. 

Action: 
(Applies to Navajo Tribal trust 
lands only.) The lessee would not 
construct any well pad within 500 
feet of any home site lease, house, 
barn, occupied dwelling, or 
building unit (including those 

Purpose: To avoid or minimize the impacts of 
fluid mineral exploration, development, and 
operations on buildings and structures, along with 
the public health and safety of those who may 
reside in or use these buildings. These stipulations 
reflect guidelines described in 25 CFR 211.47, 
Subparts D and F, and NNC Title 18, Chapter 13, 
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Purpose  

(Applies to individual Indian allotment lands only) 
Lessee would not construct any well pad location 
within 200 feet of any structures or improvements. 

structures occupied intermittently 
or seasonally), or other 
community, municipal, and public 
structures and buildings, such as 
chapter houses and schools. 
 
(Applies to individual Indian 
allotment lands only.) The lessee 
would not construct any well pad 
within 200 feet of any structures 
or improvements—or at a 
distance approved by the 
allottee—without the surface 
owner’s written consent. 

Parts 1506, 1551, 1552, and 1554, and reflects the 
BIA’s commitment to Tribal sovereignty and self-
determination for the Navajo Nation and 
individual Indian allottees.  

17. Action: 
The BIA would ensure the following stipulations are 
completed prior to any development:  
• Exploration Phase: An APE of no less than 100 

feet (30 meters) in width would be inventoried 
on any proposed lines, underdeveloped roads, or 
trails that provide access to these lines.  

 Archaeological Inventories would be conducted 
on a 10-acre APE around test well, as well as a 
98-foot (30-meter) corridor along any 
underdeveloped access roads, such as two-tracks 
to the test wells.  

 The Navajo Nation THPO would be consulted to 
determine the appropriate avoidance/mitigation 
strategy for any historic properties located in 
these corridors.  

• Production phase: If exploration leads to further 
development, the BIA would consult with the 
Navajo THPO to determine the appropriate level 
of inventory, which would depend on the density 
of wells and associated infrastructure. At a 
minimum, the APE of the new gas/oil wells would 
require archaeological inventories on a 10-acre 
area around each well and a 98-foot (30-meter) 
corridor for any pipelines and access roads.  

 If full field development is proposed, then a block 
survey for the entire 160.00 acres APE may be 
required.  

 
The Navajo THPO would be consulted to determine 
the appropriate avoidance/mitigation strategy for any 
historic properties located in the APE. 

Action: 
The lessee would comply with the Navajo Nation’s Cultural Resources Protection Act (NNCRPA), as well as the Jishchaa’ Policy. A site-specific 
survey of the APE would be conducted before ground-disturbing activities identified under the APD. For leases on individual Indian allotments, the 
BIA would consult with landowners to determine final disposition of cultural resources and human remains. The Navajo Nation THPO would be 
requested to recommend the appropriate avoidance or other mitigation strategy for any historic properties, TCPs, or burials in the APE, as well as 
any other cultural resources that Navajo Nation THPO specifically identifies, with final determination from the Regional Director of the BIA. Per 
Section 106 of the NHPA and other relevant regulations, the Navajo Nation THPO would consult with Tribes, local communities and Navajo 
chapters regarding cultural resources.  

Purpose: To avoid, minimize, or mitigate direct 
and indirect impacts from fluid mineral 
exploration, development, and operations by 
complying with all relevant federal and Tribal 
regulations related to cultural resources. These 
stipulations reflect relevant issues and guidelines 
described in 36 CFR 800, Executive Order 13007, 
42 USC 1996, 25 USC 3001–3013, 16 USC 
470(aa–mm), and NNC Title 19, Chapter 11, 
Parts 1001–1061. 

18. Action: 
Lands held in trust by the Secretary for an Indian 
tribe or any individual member thereof, or held in 

Action: 
Lands held in trust by the Secretary of the Interior for an Indian Tribe or any individual member thereof or held in restricted fee status would 
continue to be so managed or held by the Secretary. Management of CCNHP under the general management plan (as amended in 2012) is limited 

Purpose: To ensure the rights and abilities of 
Navajo allottees to manage their own lands, even 
if those lands are within the boundaries of 
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Alternative A 
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Purpose  

restricted fee status, shall continue to be so managed 
or held by the Secretary (16 USC Chapter 1, 
Subchapter Lix-G: CCNHP §410ii–5). 

to NPS-administered lands and would not abridge the BIA’s trust responsibilities to manage individual Indian allotments within the boundaries of 
CCNHP. 

CCNHP, which may have management goals that 
conflict with the desires of the allottee.  

19. Fluid Minerals—Public Health and Safety 
20. Action: 

The lessee would not use or permit to be used any 
part of said leased land for unlawful conduct or 
purposes whatsoever. Lessee would not use or 
permit to be used any of said leased land for the 
manufacture, sale, gift, transportation, or storage of 
intoxicating liquors, beverages, or drugs. In the event 
any representative of lessee or its contractor or 
subcontractor, employed in connection with the 
operations on the lease premises, would be 
responsible for any of the unlawful acts described in 
this clause, the BLM would give lessee information as 
to such violation(s), with a copy of the notice to the 
BIA and the Navajo Nation. Lessee would 
immediately take steps to cure the violation, 
including the termination or transfer of such 
employee (25 CFR, Subpart 162.604; 18 USC, 
Sections 1151, 1154, and 1156, as amended). 

Action: 
The lessee would not use or permit to be used any part of said leased land for unlawful conduct or purposes whatsoever. The lessee would not 
use or permit to be used any of said leased land for illegal activities, such as the manufacture, sale, gift, transportation, or storage of intoxicating 
liquors, beverages, or drugs. In the event any representative of the lessee or its contactor or subcontractor, employed in connection with the 
operations on the lease premises, were responsible for any of the unlawful acts described in this clause or in the 2017 Legislation No. 0117-17—
Navajo Nation Law Against Human Trafficking—that amended the Navajo Nation Criminal Code Title 17, then the BIA or BLM would give lessee 
information as to such violations, with a copy of the notice to the BIA or BLM, as appropriate, and the Navajo Nation and Federal Law 
Enforcement, as appropriate. The lessee would immediately take steps to cure the violation, including terminating or transferring such employee 
(25 CFR, Subpart 162.604; 18 USC, Sections 1151, 1154, and 1156, as amended). The lease may be subject to cancellation. 

Purpose: To avoid or minimize the unwanted 
indirect social impacts from fluid mineral 
exploration, development, and operations—for 
example, illegal drug or alcohol use on Navajo 
lands.  

23. Fluid Minerals—Water Resources 
24. Action: 

Upon the request of the Navajo Nation Water Code Administration, or if so required by the Navajo Regional Director or authorized representative, and under the direction of the Field Manager, BLM, 
lessee would condition any well drilled that does not produce oil or gas in paying quantities and is capable of producing water satisfactorily for domestic, agricultural, or livestock use by the landowner. 
Otherwise, after the expiration or termination of the lease, lessee would remove all pumping equipment installed by lessee at any well and then would plug the well. 

Purpose: To avoid or minimize the impacts of 
fluid mineral exploration, development, and 
operations on Navajo trust and individual Indian 
allotment lands, while preserving the ability of the 
Navajo Nation or allottees to benefit from the 
development of infrastructure, such as 
reconditioning abandoned wells with the 
capability to produce water for various uses. 

22. Action: 
(Applies to individual Indian allotment lands only.) 
The lessor expressly reserves the right to use 
sufficient gas free of charge for all stoves and inside 
lights in the principle dwelling house on said lands by 
making connection at the lessor’s own expense with 
the well or wells thereon, the use of such gas to be 
at the lessor’s risk at all times. 

Action: 
(Applies to individual Indian allotment lands only.) For reasons of public health and safety, any new leases granted on individual Indian allotments 
would no longer include the previous lease stipulation, wherein “the lessor expressly reserves the right to use sufficient gas free of charge for all 
stoves and inside lights in the principle dwelling house on said lands by making connection at his own expense with the well or wells thereon, the 
use of such gas to be at the lessor’s risk at all times.” 

Purpose: To address safety concerns related to 
allottee use of natural gas that does not contain 
mercaptans, which gives the gas a distinctive odor 
and allows users to know when leaks have 
occurred.  

25. Action: 
Navajo grazing rights would be protected, and the 
Navajo Nation’s rights respecting the use of water 
would be unimpaired. 

Action: 
The Navajo Nation’s rights respecting the use of water would be unimpaired. The lessee would not use any waters of the Navajo Nation, such as 
wells, tanks, rivers, springs, washes, creeks, and stock water reservoirs, without a water use permit issued by the Navajo Nation Water Code 
Administration. The lessee would not drill any water wells for its use without a drilling permit from the Water Code Administration.  

Purpose: To avoid or minimize the impacts on 
the Navajo Nation’s water use from fluid mineral 
exploration, development, and operations. These 
stipulations reflect relevant issues and guidelines 
described in NNC Title 18, Chapter 13, Parts 
1506 and 1551–1554, and the BIA’s commitment 
to Tribal sovereignty and self-determination for 
the Navajo Nation. 
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27. Fluid Minerals—Livestock and Grazing 
28. Action: 

Navajo grazing rights would be protected, and the 
Navajo Nation’s rights respecting the use of water 
would be unimpaired. 

Action: 
Navajo grazing rights will be protected. The lessee will negotiate and compensate the landowner(s) for all surface use, including grazing lands.  

Purpose: To avoid or minimize impacts from 
fluid mineral exploration, development, and 
operations on grazing rights on Navajo trust and 
individual Indian allotment lands and ensure that 
the landowner would be compensated for any 
impacts from development, given how grazing 
rights and the practice of animal husbandry are 
central to the Navajo historically and to the 
present day. These stipulations reflect relevant 
issues and guidelines described in NNC Title 18, 
Chapter 13, Parts 1506 and 1551, and the BIA’s 
commitment to Tribal sovereignty and self-
determination for the Navajo Nation. 

29. Action: 
No similar stipulation in current BIA management. 

Action: 
Any range improvement (e.g., fences, pipelines, and ponds) disturbed by construction activities would be restored immediately following 
construction and would be restored to the condition they were in, prior to disturbance or better.  

Purpose: To avoid or minimize impacts from 
fluid mineral exploration, development, and 
operations on grazing, given how the practice of 
animal husbandry are central to the Navajo 
historically and to the present day. 

30. Fluid Minerals--Socioeconomics 
31. Action: 

As to the field operations carried out on the leased 
premises, the lessee shall make reasonable efforts to 
employ Navajo labor in all positions for which they 
are qualified. In the event of a conflict between the 
terms of the lease and those contained within this 
Exhibit A, the terms contained within this Exhibit A 
shall control. 

Action: 
All hiring practices would comply with Navajo or Indian preference laws in effect. The lessee would make reasonable efforts to employ Navajo or 
Indian labor in all positions for which they are qualified. 

Purpose: To avoid or minimize the potential for 
disparate secondary impacts from fluid mineral 
exploration, development, and operations, where 
Navajo communities experience negative 
environmental impacts while benefitting 
economically from jobs in the fluid mineral 
extraction industry. 

32. Fluid Minerals—Yádiłhił and Light Pollution 
33. Action: 

No similar stipulation in current BIA management. 
Action:  
Develop and implement measures 
to control lighting and light 
resulting from flaring on well sites 
and off-site facilities to limit light 
pollution. The lighting measures 
should consider sensitive wildlife 
habitat or nest locations and could 
include the following:  
• Down lighting  
• Flare shielding  
• Alternate lighting colors  

Action:  
Develop and implement measures 
to control lighting and light 
resulting from flaring on well sites 
and off-site facilities to limit light 
pollution. The lighting measures 
should emphasize limiting light 
pollution at views seen from key 
cultural resources identified by 
the NPS, Navajo Nation, or other 
tribes. The lighting measures 
should include the following:  
• Down lighting  
• Flare shielding  
• Alternate lighting colors  

Action:  
Develop and implement measures 
to control lighting and light 
resulting from flaring on well sites 
and off-site facilities, to protect 
Yádiłhił and limit light 
pollution. The lighting measures 
should be considerate of locations 
significant to local residents, such 
as any house, barn, occupied 
dwelling, or building unit 
(including those structures 
occupied intermittently or 
seasonally), or other community, 
municipal, and public structures 
and buildings, such as chapter 
houses and schools. The lighting 
measures should include the 
following:  
• Down lighting  

Action:  
Develop and implement measures 
to control lighting and light 
resulting from flaring on well sites 
and off-site facilities, to limit light 
pollution. Operators are required 
to notify the community one week 
in advance of flaring and to provide 
flaring information.  
 

Purpose: To avoid or minimize the potential for 
light pollution or Yádiłhił, impacts from fluid 
mineral exploration, development, and operations 
(for example, flaring or lighting at well locations 
and oil and gas facilities) on various resources 
such as sensitive wildlife habitat and nest 
locations; cultural resources and CUSPs; or the 
ability of Tribes to complete certain ceremonies 
within the planning area. These stipulations reflect 
relevant issues and guidelines described in 25 CFR 
211.49. 
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• Flare shielding  
• Alternate lighting colors  
• Timing restrictions  
 
Operators are required to notify 
the community one week in 
advance of flaring and to provide 
flaring information.  

34. Fluid Minerals—Noise 
35. Action: 

No similar stipulation in current BIA management. 
Action: 
Noise levels at nest sites for golden 
eagles and ferruginous hawks would 
be no higher than 48.6 dB(A).  

Action: 
Noise levels at the boundary of 
CCNHP and Chacoan outlier 
sites would be no higher than 35 
dB(A) at night. 

Action: 
Noise levels at locations 
significant to residents, such as 
any house, barn, occupied 
dwelling, or building unit 
(including those structures 
occupied intermittently or 
seasonally), or other community, 
municipal, and public structures 
and buildings, such as chapter 
houses and schools, and CIMPPs, 
would be no higher than 35 dB(A) 
at night. 

Action: 
Same as the No Action 
Alternative. 

Purpose: To reduce noise impacts from fluid 
mineral exploration, development, and operations 
on sensitive receptors, such as wildlife, cultural 
resources, and locations significant to residents. 
These stipulations reflect relevant issues and 
guidelines described in 25 CFR 211.49. 
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Appendix F. Summary Comparison of Environmental 1 

Consequences 2 

Table F-1, below, summarizes the environmental consequences of the BLM and BIA Alternatives on the resources and resource uses in the 3 
decision areas. See Chapter 3 for a detailed analysis of environmental consequences. Under all BIA alternatives, the 2018 RFD projects that up 4 
to approximately 510 new wells would be drilled in the BIA mineral decision area over the next 20 years. This includes an estimated 141 new 5 
wells on Navajo Tribal trust minerals and another 369 new wells on individual Indian allotment minerals (Appendix I). New surface disturbance 6 
within the BIA mineral decision area is estimated in the 2018 RFD to be 2,100 acres, including; 1,450 acres of individual Indian Allotted minerals 7 
and 650 acres of Navajo Tribal trust minerals (Appendix I). 8 

Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

Air Resources     
BLM Approximately 1,876 new 

oil and gas wells would be 
developed, with 50,100 
acres of maximum surface 
disturbance.  This would 
introduce new sources of 
criteria air pollutants, 
hazardous air pollutants, 
and greenhouse gas into 
the planning area over 
the life of the plan. 

BLM Alternative A would 
have the least oil and gas 
development (20 percent 
less than BLM No Action) 
and 3.5 percent less 
surface disturbance. 
Therefore, air emissions 
would be less than under 
all other alternatives.  

BLM Alternative B would 
have 18 percent less well 
development than BLM 
No Action and 3.2 
percent less surface 
disturbance. Therefore, 
air emissions would be 
the second least of all the 
alternatives. 

BLM Alternative C would 
have 5 percent less well 
development than BLM 
No Action and 1 percent 
less surface disturbance. 
Air emissions would be 
similar to BLM No Action 
and Alternative D. 

BLM Alternative D would 
have the same level of 
well development and 
surface disturbance as No 
Action. Air emissions 
therefore would be the 
same as BLM No Action. 

BIA Fluid minerals leasing 
actions would have no 
direct impacts. Indirect 
impacts from oil and gas 
development would be as 
described above in the 
BLM summary. 

The BIA would continue 

Fluid minerals leasing 
actions would have no 
direct impacts. Indirect 
impacts from oil and gas 
development would be as 
described above. 

Collocating infrastructure 
would minimize surface 

Fluid minerals leasing 
actions would have no 
direct impacts. Indirect 
impacts from oil and gas 
development would be as 
described above. 

Under BIA Alternative B, 
roads, utilities, and 

Fluid minerals leasing 
actions would have no 
direct impacts. Indirect 
impacts from oil and gas 
development would be as 
described above. 

Impacts from collocating 
infrastructure and 

Fluid minerals leasing 
actions would have no 
direct impacts. Indirect 
impacts from oil and gas 
development would be as 
described above. 

Impacts from collocating 
infrastructure would be 
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Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

to comply with all 
applicable air quality laws, 
rules, and regulations. 
NEPA compliance 
documentation submitted 
by lessees would assist 
the BIA in continuing to 
apply stipulations and 
COAs that the proposed 
surface disturbance 
operations will be subject 
to. This would maintain 
or minimize impacts on 
air quality prior to 
surface-disturbing 
activities. 

disturbances and 
associated impacts on air 
quality and AQRVs from 
fugitive dust more than 
under No Action. 

Prior to leasing and/or 
surface-disturbing 
activities, FIMO would 
complete NEPA 
compliance 
documentation for the 
entire leased area. 
Identifying stipulations 
and the conditions to 
which the proposed 
surface-disturbing 
operations would be 
subject, based on NEPA-
required mitigation, 
would maintain or 
minimize impacts on soil 
resources prior to 
surface-disturbing 
activities. 

pipelines may share 
common ROWs to 
minimize surface 
disturbance and 
directional drilling may be 
required, where practical, 
to collocate wells to 
reduce road, well pad, 
and utility surface 
disturbance. This would 
minimize surface 
disturbances and 
associated impacts on air 
quality and AQRVs from 
fugitive dust more than 
BIA No Action or BIA 
Alternatives A or D. 

The minimization of 
impacts on air quality 
from NEPA compliance 
documentation would be 
the same as described for 
Alternative A. 

requiring directional 
drilling would be the 
same as described under 
BIA Alternative B. 

The minimization of 
impacts on air quality 
from NEPA compliance 
documentation would be 
the same as described 
under Alternative A. 

similar to those described 
under BIA Alternative A. 
Accommodating the 
needs of the landowner 
may lead to more or less 
surface disturbance and 
associated impacts than 
the other alternatives, 
depending upon what 
those needs are. 

The minimization of 
impacts on air quality 
from NEPA compliance 
documentation would be 
the same as described 
under Alternative A. 

Upland Vegetation and Soil 
BLM The BLM No Action 

Alternative would 
provide the least 
protection to upland 
vegetation and soils, 
including fragile soils. 

The BLM would continue 
to conduct vegetation 

BLM Alternative A would 
provide the second-most 
protection to upland 
vegetation and soils, 
including fragile and 
sensitive soils, through 
closures to fluid mineral 
leasing, NSO stipulations 
for fluid minerals, and 

BLM Alternative B would 
provide the most 
protection to upland 
vegetation and soils, 
including fragile and 
sensitive soils, through 
closures to fluid mineral 
leasing, NSO stipulations 
for fluid minerals, and 

Under BLM Alternative 
C, there would be an 
approximately 4-percent 
decrease in projected 
new surface disturbance 
from oil and gas 
development in the BLM 
mineral decision area, 
compared with the BLM 

BLM Alternative D would 
be in the middle for 
protecting upland 
vegetation and soils, 
including fragile and 
sensitive soils, through 
closures to fluid mineral 
leasing, NSO stipulations 
for fluid minerals, and 
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Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

treatments under the 
BLM No Action 
Alternative. However, 
there would continue to 
be no GMUs with specific 
treatment purposes, 
which would provide less 
focus on vegetation 
treatments that enhance, 
maintain or improve soil 
conditions. 

ROW exclusion areas. 

Although the BLM would 
conduct vegetation 
treatments under the 
BLM No Action 
Alternative, BLM 
Alternative A formalizes 
treatment purposes in 
GMUs to include system 
resiliency and maintaining 
or improving land 
conditions, which would 
improve general soil 
health in the long term. 

ROW exclusion areas. 

Although the BLM would 
conduct vegetation 
treatments under the 
BLM No Action 
Alternative, BLM 
Alternative B formalizes 
treatment purposes in 
GMUs to include soil 
stability (and other 
attributes) in all GMUs, 
which would improve soil 
conditions in the long 
term. 

No Action Alternative. 
This alternative and BLM 
Alternative D would have 
the most acres of fragile 
soils in designated utility 
corridors. 

Impacts from oil and gas 
and ROW development 
on sensitive soils and 
pristine benches would 
be the same as those 
described under BLM 
Alternative A.  

ROW exclusion areas. 

Although the BLM would 
conduct vegetation 
treatments under the 
BLM No Action 
Alternative, BLM 
Alternative D formalizes 
treatment purposes in 
GMUs to include soil 
stability (and other 
attributes) in all GMUs, 
which would improve soil 
conditions in the long 
term. 

BIA The BIA would continue 
to have no stipulations 
with respect to 
infrastructure placement 
to minimize surface 
disturbances to upland 
vegetation and soils.  

A fluid minerals lessee 
would continue to agree 
to avoid unnecessary 
damage to vegetation, 
control erosion resulting 
from the operation, and 
prevent pollution of soil 
and water resources, 
minimizing impacts on soil 
resources.  

The BIA would continue 

Collocating infrastructure 
would minimize surface 
disturbances that can 
cause destruction of 
upland vegetation and soil 
compaction and wind and 
water erosion.  

The impacts on soil 
resources from fluid 
mineral lessees being 
required to avoid 
unnecessary damage to 
vegetation would be the 
same as those under the 
BIA No Action 
Alternative.  

Under fluid minerals 
management, the impacts 

Collocating infrastructure 
and preventing surface 
disturbance would 
minimize and prevent 
surface disturbances that 
can cause destruction of 
upland vegetation and soil 
compaction and wind and 
water erosion.  

The impacts on upland 
vegetation and soil 
resources from fluid 
mineral lessees being 
required to avoid 
unnecessary damage 
would be similar to those 
under the BIA No Action 
Alternative; however, the 
focus on upland 

Collocating infrastructure 
and preventing surface 
disturbance would 
minimize and prevent 
surface disturbances that 
can cause destruction of 
upland vegetation and soil 
compaction and wind and 
water erosion.  

The impacts on upland 
vegetation and soil 
resources from fluid 
mineral lessees being 
required to avoid 
unnecessary damage 
would be the same as 
those under BIA 
Alternative B.  

Collocating infrastructure 
and considering the needs 
of the landowner would 
minimize surface 
disturbances that can 
cause destruction of 
upland vegetation and soil 
compaction and wind and 
water erosion, as well as 
take into consideration 
the resiliency and 
condition of the 
landcover immediately 
adjacent to fluid mineral 
infrastructure.  

The impacts on upland 
vegetation and soil 
resources from fluid 
mineral lessees being 
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Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

to require the lessee to 
control soil erosion 
resulting from the 
operation authorized by 
the lease and to prevent 
pollution of soil 
resources, minimizing 
erosion and maintaining 
the resiliency of soil.  

Upon completion of 
NEPA compliance 
documentation, the BIA 
shall continue to notify 
the lessee of the 
stipulations and the 
conditions that the 
proposed surface 
disturbance operations 
would be subject to, 
maintaining or minimizing 
impacts on upland 
vegetation and soil 
resources.  

Vehicular access to the 
well site would continue 
to be limited to the 
approved access road, 
minimizing disturbance of 
upland vegetation and soil 
compaction and wind and 
water erosion of soil.  

The BIA would continue 
to not have a stipulation 

on upland vegetation and 
erosion and soil 
conditions would be the 
same as those under the 
BIA No Action 
Alternative.  

Upon completion of the 
NEPA analysis, the FIMO 
Director shall notify the 
lessee of the stipulations 
and the conditions to 
which the proposed 
surface-disturbing 
operations would be 
subject, based on NEPA-
required mitigation, 
which would maintain or 
minimize impacts on 
upland vegetation and soil 
resources prior to 
surface-disturbing 
activities.  

All lessee vehicular access 
to the well site (on lease 
or off lease) would be 
limited to the approved 
access road, minimizing 
disturbance of upland 
vegetation and soil 
compaction and wind and 
water erosion.  

Any range improvement 
disturbed by construction 

vegetation, soil and water 
would be replaced with a 
more general approach 
for conducting operations 
with regard for proper 
land management. 

The impacts on upland 
vegetation and soil 
resources from NEPA 
compliance 
documentation would be 
the same as those under 
BIA Alternative A.  

The impacts on upland 
vegetation and soil 
resources from lessee 
vehicular access to the 
well site would be the 
same as those under BIA 
Alternative A. 

The impacts on upland 
vegetation and soil 
resources from range 
improvements would be 
the same as those under 
BIA Alternative A. 

In summary, this 
alternative would 
maintain upland 
vegetation and soil 
resiliency and condition 
more than the BIA No 

The impacts on upland 
vegetation and soil 
resources from NEPA 
compliance 
documentation would be 
the same as those under 
BIA Alternative A. 

The impacts on upland 
vegetation and soil 
resources from lessee 
vehicular access to the 
well site would be the 
same as those under BIA 
Alternative A.  

The impacts on upland 
vegetation and soil 
resources from range 
improvements would also 
be the same as those 
under BIA Alternative A. 

In summary, this 
alternative would 
maintain upland 
vegetation and soil 
resiliency and condition 
more than the BIA No 
Action Alternative; 
however, there are no 
actions that specifically 
require the lessee to 
control soil erosion 
resulting from the 
operation authorized by 

required to avoid 
unnecessary damage 
would be the same as 
those under the BIA No 
Action Alternative. 

Under fluid minerals 
management, the impacts 
on upland vegetation and 
erosion and soil resiliency 
and condition would be 
the same as those under 
the BIA No Action 
Alternative. 

The impacts on upland 
vegetation and soil 
resources from NEPA 
compliance 
documentation would be 
the same as those under 
BIA Alternative A.  

The impacts on upland 
vegetation and soil 
resources from lessee 
vehicular access to the 
well site would also be 
the same as those under 
BIA Alternative A. 

The impacts on upland 
vegetation and soil 
resources from range 
improvements would be 
the same as those under 
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Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

in current BIA 
management requiring 
restoration after 
construction of range 
improvements. Some 
informal restoration, 
however, would likely 
continue, which would 
minimize impacts on 
upland vegetation and soil 
resources. 

activities would be 
restored immediately 
following construction 
and would be restored to 
the condition they were 
in prior to disturbance, 
or better. This would 
restore vegetation and 
soil conditions, which 
would minimize impacts 
on soil resources from 
surface disturbances. 

In summary, this 
alternative would 
maintain upland 
vegetation and soil 
resiliency and conditions 
the most. 

Action Alternative. There 
are no actions, however, 
that specifically require 
the lessee to control soil 
erosion resulting from 
the operation authorized 
by the lease and to 
prevent pollution of soil 
resources. This could 
increase opportunities for 
erosion and soil 
contamination compared 
with the BIA No Action 
Alternative. 

the lease and to prevent 
pollution of soil 
resources. This could 
increase opportunities for 
erosion and soil 
contamination compared 
with the BIA No Action 
Alternative. 

BIA Alternative A. 

In summary, this 
alternative would be 
similar to mostly BIA 
Alternative A, but also 
the BIA No Action 
Alternative. 

Geology      
BLM Under this alternative, 

the RFD projects that 
approximately 11,400 
acres of new surface 
disturbance would occur 
due to oil and gas 
development activities on 
BLM-managed federal 
mineral estate over the 
next 20 years. 

Under this alternative, 
the RFD projects that 
approximately 9,600 
acres of new surface 
disturbance would occur 
due to oil and gas 
development activities on 
BLM-managed federal 
mineral estate over the 
next 20 years. This 
represents a 16 percent 
decrease in projected 
disturbance compared 
with the BLM No Action 
Alternative, resulting in 

Under this alternative, 
the RFD projects that 
approximately 9,800 
acres of new surface 
disturbance would occur 
due to oil and gas 
development activities on 
BLM-managed federal 
mineral estate over the 
next 20 years. This 
represents a 14 percent 
decrease in projected 
disturbance compared 
with the BLM No Action 
Alternative, resulting in 

Under this alternative, 
the RFD projects that 
approximately 10,900 
acres of new surface 
disturbance would occur 
due to oil and gas 
development activities on 
BLM-managed federal 
mineral estate over the 
next 20 years. This 
represents a 4 percent 
decrease in projected 
disturbance compared 
with the BLM No Action 
Alternative, resulting in 

Under this alternative, 
the RFD projects that 
approximately 11,400 
acres of new surface 
disturbance would occur 
due to oil and gas 
development activities on 
BLM-managed federal 
mineral estate over the 
next 20 years. This is the 
same level of disturbance 
projected under the BLM 
No Action Alternative, 
resulting in no change in 
the potential for damage 
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Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

less potential for damage 
to traditional mineral 
gathering areas and 
culturally significant 
geologic formations. 

less potential for damage 
to traditional mineral 
gathering areas and 
culturally significant 
geologic formations. 

less potential for damage 
to traditional mineral 
gathering areas and 
culturally significant 
geologic formations. 

to traditional mineral 
gathering areas and 
culturally significant 
geologic formations. 

BIA Under this alternative, 
the BIA would limit 
vehicular access for well 
sites to approved access 
roads and would apply 
setbacks from structures 
and water bodies. This 
would limit surface 
disturbance associated 
with new roads and 
facilities, and it could limit 
the risk of impacts on 
traditional mineral 
gathering areas and 
culturally significant 
geologic formations. The 
RFD projects that 
approximately 18,200 
acres of new surface 
disturbance would occur 
due to oil and gas 
development activities 
across the entire planning 
area over the next 20 
years under this 
alternative. 

Requiring interim 
reclamation and applying 
larger setbacks from 
structures and water 
bodies could contribute 
to reduced levels of 
surface disturbance, 
resulting in less potential 
for damage to traditional 
mineral gathering areas 
and culturally significant 
geologic formations. 
Surface disturbance under 
this alternative would be 
greater than under BIA 
Alternatives B and C. 

Requiring interim 
reclamation, applying 
larger setbacks from 
structures and water 
bodies, and requiring 
directional drilling and 
collocation of facilities 
could contribute to 
further reduced surface 
disturbance projected 
under this alternative 
compared with all other 
alternatives, resulting in 
the lowest potential for 
damage to traditional 
mineral gathering areas 
and culturally significant 
geologic formations. 

Requiring interim 
reclamation, applying 
larger setbacks from 
structures and water 
bodies, and requiring 
directional drilling and 
collocation of facilities 
could contribute to 
further reduced surface 
disturbance projected 
under this alternative 
compared with all other 
alternatives, resulting in 
the lowest potential for 
damage to traditional 
mineral gathering areas 
and culturally significant 
geologic formations. 

Requiring interim 
reclamation could 
contribute to reduced 
surface disturbance 
projected under this 
alternative compared 
with the BIA No Action 
Alternative; however, 
overall surface 
disturbance in the 
planning area would be 
approximately the same 
as the BIA No Action 
Alternative and greater 
than BIA Alternatives A, 
B, and C, resulting in the 
same potential as the BIA 
No Action Alternative for 
damage to traditional 
mineral gathering areas 
and culturally significant 
geologic formations. 
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Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

Water Resources     
BLM The BLM No Action 

Alternative would 
provide the least 
protection to water 
resources and the least 
protection to 303(d) 
streams (along with BLM 
Alternative D) through 
closures to fluid mineral 
leasing, NSO stipulations 
for fluid minerals, and 
ROW exclusion areas. 

BLM Alternative A would 
provide the second-most 
protection to water 
resources and would be 
in the middle for 
protection to 303(d) 
streams (along with BLM 
Alternative B) through 
closures to fluid mineral 
leasing, NSO stipulations 
for fluid minerals, and 
ROW exclusion areas. 

BLM Alternative B would 
provide the most 
protection to water 
resources and would be 
in the middle for 
protection to 303(d) 
streams (along with BLM 
Alternative A) through 
closures to fluid mineral 
leasing, NSO stipulations 
for fluid minerals, and 
ROW exclusion areas. 

BLM Alternative C would 
be in the middle for 
protecting water 
resources and would 
provide the least 
protection to 303(d) 
streams through closures 
to fluid mineral leasing, 
NSO stipulations for fluid 
minerals, and ROW 
exclusion areas. 

BLM Alternative D would 
provide the second-least 
protection to water 
resources and would 
provide the least 
protection to 303(d) 
streams (along with the 
BLM No Action 
Alternative) through 
closures to fluid mineral 
leasing, NSO stipulations 
for fluid minerals, and 
ROW exclusion areas. 

BIA Erosions forming in the 
access road would 
continue to be corrected, 
minimizing opportunities 
for erosion associated 
with access roads to 
degrade water resource 
conditions and water 
quality. The lessee would 
continue to not drill any 
well within 500 feet of 
any house, structure, or 
reservoir of water, live 
stream, or other body of 
water, which would 
minimize impacts on 
water resource 
conditions, water quality, 
and water supplies. The 
Navajo Nation’s rights 

Operators would ensure 
that dirt roads are 
maintained in accordance 
with CWA standards and 
in accordance with BLM 
standards regarding road 
maintenance and erosion, 
minimizing impacts on 
water resource 
conditions and water 
quality. Lessees would 
not drill any well within 
1,320 feet (0.25 miles) of 
any homesite lease or 
house, barn, occupied 
dwelling (including those 
structures occupied 
intermittently or 
seasonally), churches, 
identified ceremonial 

The impacts on water 
resource conditions and 
water quality from 
maintaining dirt roads 
would be the same as 
those under BIA 
Alternative A. 

The impacts on water 
resource conditions, 
water quality, and water 
supplies from the 
prohibition on drilling 
wells would be the same 
as those under BIA 
Alternative A. 

The impacts on Navajo 
Nation water rights 
would be the same as 
those under BIA 

The impacts on water 
resource conditions and 
water quality from 
maintaining dirt roads 
would be the same as 
those under BIA 
Alternative A. 

The impacts on water 
resource conditions, 
water quality, and water 
supplies from the 
prohibition on drilling 
wells would be the same 
as those under BIA 
Alternative A. 

The impacts on Navajo 
Nation water rights 
would be the same as 
those under BIA 

The impacts on water 
resource conditions and 
water quality from 
maintaining dirt roads 
would be similar to those 
under BIA Alternative A. 
The impacts under BIA 
Alternative D, however, 
would be for only Navajo 
Tribal trust lands. 

The impacts on water 
resource conditions, 
water quality, and water 
supplies from the 
prohibition on drilling 
wells would be similar to 
those under BIA 
Alternative A; however, 
the impacts under BIA 
Alternative D would be 
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Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

respecting the use of 
water would continue to 
be unimpaired, allowing 
the Navajo Nation to 
control how fluid mineral 
activities affect water 
resource conditions, 
water quality, and water 
supplies. 

grounds, schools, medical 
facilities, community 
centers, chapter houses, 
or childcare centers. 
Compared with the BIA 
No Action Alternative, 
this would increase the 
distance and change the 
focus of sites where 
drilling well would be 
prohibited by providing 
greater protection to 
areas inhabited by 
humans. The Navajo 
Nation’s rights respecting 
the use of water would 
be unimpaired. This 
would continue to allow 
the Navajo Nation to 
control how fluid mineral 
activities affect water 
resource conditions, 
water quality, and water 
supplies. It would also 
establish parameters for 
drilling that could be used 
to ensure water 
resources are not 
degraded due to any 
permit requirements. 

In summary, this 
alternative would 
maintain water resources 
the most. Although BLM 

Alternative A. 

In summary, this 
alternative would 
maintain water resources 
more than the BIA No 
Action Alternative. 

Alternative A. 

In summary, this 
alternative would 
maintain water resources 
more than the BIA No 
Action Alternative. 

for only Navajo Tribal 
trust lands, and the lessee 
would not drill any well 
within 500 feet (instead 
of 1,320 feet) of the 
identified structures, 
which would not include 
identified ceremonial 
grounds. 

The impacts on Navajo 
Nation water rights 
would be the same as 
those under BIA 
Alternative A. 

In summary, this 
alternative would 
maintain water resources 
more than the BIA No 
Action Alternative. 
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Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

Alternatives B and C have 
the same impacts on 
water resources as BLM 
Alternative A, BLM 
Alternative A would 
maintain soil resiliency 
and condition the most, 
which would affect water 
resource through, for 
example, soil compaction 
and water erosion. 

Riparian Areas and Wetlands    
BLM Wetland areas would 

continue to be subject to 
NSO stipulations, 
reducing impacts by 
preventing loss of 
function. The BLM would 
also continue to apply a 
CSU stipulation within 
the 100-year floodplain to 
protect riparian systems 
and facilitate PFC. 
Additionally, ROW 
avoidance and exclusion 
areas would be 
determined on a case-by-
case basis. In areas 
managed as ROW 
exclusion or avoidance, 
impacts of surface 
disturbance on riparian 
areas and wetlands would 
be reduced. Where 

Approximately 37 
percent less wetland and 
riparian habitat would be 
managed as open to 
leasing than the BLM No 
Action Alternative. All 
open areas would be 
subject to NSO, CSU, or 
TL stipulations. This 
would allow facilitation of 
attainment and 
maintenance of PFC 
within these areas. The 
BLM would designate 
6,800 acres of Plant 
Conservation Areas, 
including 100 acres of 
riverine habitat. In these 
areas, impacts would be 
reduced, and wetland and 
riparian PFC would be 
maintained. BLM 

The BLM would manage 
42 percent less wetland 
and riparian habitat as 
open to leasing than the 
BLM No Action 
Alternative. All open 
areas would be subject to 
NSO, CSU, or TL 
stipulations.  

Application of NSO and 
CSU stipulations would 
reduce development and 
decrease the likelihood to 
move away from PFC, as 
well as decrease 
unmitigated loss. These 
stipulations would be 
increased compared with 
the BLM No Action 
Alternative. 

Approximately 5,000 

The BLM would manage 1 
percent more wetland 
and riparian habitat as 
open to leasing than the 
BLM No Action 
Alternative. All open 
areas would be subject to 
NSO, CSU, or TL 
stipulations. 

Approximately 5,900 
acres of BLM-managed 
surface lands would be 
open to ROW 
authorizations. 

Managed under FFO-VCC 
3, riparian areas would be 
improved. 

The BLM would also 
manage 1 percent more 
acres of wetland and 
riparian areas as open to 
fluid mineral leasing than 
the BLM No Action 
Alternative. Of these 
acres, 900 acres would be 
open to leasing subject to 
standard terms and 
conditions. ACOE-
defined wetlands and 
active floodplains in the 
Ephemeral Wash Riparian 
Area would be subject to 
NSO stipulations. This is 
the same as the current 
management in the BLM 
No Action Alternative.  

Approximately 2,900 
acres of riparian areas 
and wetlands would be 
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vegetation treatments 
would occur, they could 
result in long-term 
maintenance of wetland 
and riparian vegetation 
and movement toward 
PFC.  

Alternative A would be 
the only alternative to 
manage Plant 
Conservation Areas. 

The BLM would manage 
all but 1,600 acres of 
wetlands and riparian 
areas as ROW avoidance 
or exclusion, reducing 
impacts in those areas. 

The BLM would manage 
200 acres of riverine 
habitat to protect 
wilderness characteristics, 
management in these 
areas would minimize 
surface-disturbing 
activities.  

Managed under FFO-VCC 
2, riparian areas would be 
enhanced to the highest 
condition. 

acres of wetlands and 
riparian areas would be 
open to ROW 
authorizations. In these 
areas there would be 
significantly less impacts 
on wetlands and riparian 
areas.  

The BLM would manage 
200 acres of riverine 
habitat to protect 
wilderness 
characteristics; 
management in these 
areas would minimize 
surface-disturbing 
activities. 

Managed under FFO-VCC 
1, riparian areas would be 
enhanced to the highest 
condition. 

open to ROW 
authorizations. Managed 
under FFO-VCC 3, 
riparian areas would be 
improved. 

BIA Lessees would be 
restricted on drilling 
within 500 feet of any 
body of water, helping to 
distance development 
from riparian and wetland 
areas, minimizing impacts. 
This is unique to the No 
Action Alternative. 
Additionally, 
environmental analysis 

Lessees would be 
required to avoid 
unnecessary damage to 
vegetation, control soil 
erosion, and prevent 
pollution to soil and 
water. All of these 
actions would minimize 
impacts in wetland and 
riparian communities. 
Additionally, the BIA 

All actions affecting 
riparian areas and 
wetlands described under 
BIA Alternative A would 
also apply to BIA 
Alternative B. 
Additionally, BIA 
Alternative B would 
require directional drilling 
in some areas to hide 
proposed well locations 

Impacts on riparian areas 
and wetlands would be 
the same as those 
described under BIA 
Alternative A. 

Impacts on riparian areas 
and wetlands would be 
the same as those 
described under BIA 
Alternative A. 
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and consultations would 
continue to ensure 
proper protection of the 
surface, natural 
resources, and the 
environmental and 
existing improvements.  

would require 
reestablishment of local 
native vegetation in areas 
of disturbance. Lessees 
would not be able to use 
any waters of the Navajo 
Nation without a permit, 
potentially limiting drilling 
and protecting wetlands 
and riparian areas.  

from culturally sensitive 
viewpoints. Overlap of 
these viewpoints with 
wetlands and riparian 
areas would protect 
these areas from surface 
disturbance. 

Noxious Weeds     
BLM No impacts beyond what 

is analyzed in the 2003 
RMP would occur. 

Impacts would be the 
same as under the BLM 
No Action Alternative.  

Impacts would be the 
same as under the BLM 
No Action Alternative.  

Impacts would be the 
same as under the BLM 
No Action Alternative.  

Impacts would be the 
same as under the BLM 
No Action Alternative.  

BIA The BIA would continue 
to not require interim 
reclamation following 
surface disturbance, or 
restoration of range 
improvements after 
construction. 

The BIA would require 
interim reclamation 
including recontouring 
following surface 
disturbance. Any range 
improvements disturbed 
by construction activities 
would be restored 
following construction. 
This alternative would 
provide more protections 
against an increase in 
noxious weed 
populations compared 
with the BIA No Action 
Alternative. 

Impacts would be similar 
to Alternative A. 

Impacts would be similar 
to Alternative A. 

Impacts would be similar 
to Alternative A. 

Wildlife     
BLM The goals and objectives 

for BLM-managed surface 
lands and federal mineral 

Support and 
enhancement of wildlife 
resources would be 

Wildlife resources would 
be conserved and 
supported through 

Wildlife resources would 
be indirectly supported 
through management of 

Wildlife resources would 
be managed to promote 
development of fluid 
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estate would not change. 
Appropriate and 
allowable uses and 
restrictions pertaining to 
wildlife would apply. The 
BLM would not modify 
existing or establish 
additional criteria to 
guide the identification of 
site-specific use levels for 
implementation. 

prioritized through 
support of diverse 
vegetation management 
techniques and support of 
lands with wilderness 
characteristics. 

development scenarios 
emphasizing protection of 
the natural and cultural 
landscape and associated 
viewshed and 
soundscape. 

vegetation communities 
facilitating traditional and 
historical uses of the 
vegetation while allowing 
for resource 
development. 

mineral resources and 
would accommodate new 
uses to the greatest 
extent possible. 

BIA Continuing to limit 
vehicular access for well 
sites to approved access 
roads and applying 
setbacks from structures 
and water bodies would 
continue to limit surface 
disturbance and resulting 
impacts on wildlife. This 
alternative would be the 
least protective of 
wildlife. 

Surface disturbance 
would be reduced, which 
would reduce impacts on 
wildlife compared with 
the BIA No Action 
Alternative. Prohibiting 
unnecessary damage to 
vegetation and requiring 
lighting mitigation 
measures would also 
reduce impacts. This 
alternative would be the 
most protective of 
wildlife. 

Impacts would be similar 
to those under BIA 
Alternative A except that 
surface disturbance 
impacts on wildlife could 
be further reduced by 
requiring directional 
drilling and collocation of 
facilities. Lighting 
mitigation measures 
would be less protective 
for wildlife than under 
BIA Alternative A but 
may still indirectly reduce 
impacts.  

Impacts would be the 
same as those under BIA 
Alternative B. 

Impacts of surface 
disturbance would be the 
same as those under the 
BIA No Action 
Alternative. Impacts of 
vegetation protection and 
lighting measures would 
be the same as those 
under BIA Alternative B. 

Special Status Species     
BLM The goals and objectives 

for BLM-managed surface 
lands and federal mineral 
estate would not change. 
Appropriate and 
allowable uses and 
restrictions pertaining to 

Support and 
enhancement of special 
status species resources 
would be prioritized 
through support of 
diverse vegetation 
management techniques 

Special status species 
resources would be 
conserved and supported 
through development 
scenarios emphasizing 
protection of the natural 
and cultural landscape 

Special status species 
resources would be 
indirectly supported 
through management of 
vegetation communities 
facilitating traditional and 
historical uses of the 

Special status species 
resources would be 
managed to promote 
development of fluid 
mineral resources and 
would accommodate new 
uses to the greatest 
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special status species 
would apply. The BLM 
would not modify existing 
or establish additional 
criteria to guide the 
identification of site-
specific use levels for 
implementation. 

and support of lands with 
wilderness characteristics. 

and associated viewshed 
and soundscape. 

vegetation while allowing 
for resource 
development. 

extent possible. 

BIA There are no stipulations 
for the lessee to develop 
and implement measures 
to control lighting and 
light resulting from flaring 
on well sites and off-site 
facilities. The BIA would 
not consider sensitive 
wildlife habitat. Without 
measures to control light 
and lighting, special status 
birds and wildlife would 
be affected by altering 
behaviors for foraging, 
reproduction, 
communication, and 
other critical behaviors.  

The lessee would develop 
and implement measures 
to control lighting and 
light resulting from flaring 
on well sites and off-site 
facilities to limit light 
pollution. The lighting 
measures would consider 
sensitive wildlife habitat 
or nest locations. 
Compared with the BIA 
No Action Alternative, 
under BIA Alternative A, 
controlling light and 
lighting would reduce the 
effects of lighting on 
special status wildlife and 
bird foraging, 
reproduction, and 
communication 
behaviors.  

Artificial lighting would 
not be managed 
specifically to limit 
impacts on wildlife. 
However, controlling 
light and lighting to 
protect key viewsheds 
would indirectly reduce 
the effects of lighting on 
special status wildlife and 
bird foraging, 
reproduction, and 
communication 
behaviors. Under BIA 
Alternative B, impacts on 
special status species 
from artificial lighting 
would be reduced 
compared with the BIA 
No Action Alternative.  
 

Impacts on special status 
species from artificial 
lighting would be the 
same as those under BIA 
Alternative B.  
 

Impacts on special status 
species from artificial 
lighting would be the 
same as those under BIA 
Alternative B.  
 

Cultural Resources      
BLM The goals, objectives, and 

management for BLM-
managed surface lands 
and federal mineral estate 

The areas open to leasing 
are 5 times less than 
under the BLM No 
Action Alternative, with 

The areas open to leasing 
are 6 times less than 
under the BLM No 
Action Alternative, with 

The areas open to leasing 
would be the same as the 
BLM No Action 
Alternative. NSO 

The areas open to leasing 
are the same as under the 
BLM No Action 
Alternative, with 
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would not change. There 
would continue to be the 
potential for direct or 
indirect impacts on the 
qualities that make 
historic properties and 
CIMPPS significant to 
Tribes or eligible to the 
NRHP with decreasing 
amounts of impacts from 
areas managed with TL, 
CSU, and NSO 
stipulations. For all 
alternatives, how historic 
properties and CIMPPS 
could be specifically 
affected would be 
determined through the 
Section 106 process and 
consultation with Tribes, 
in particular at the site-
specific APD level.  

consequently fewer 
impacts on cultural 
resources. NSO 
stipulations, CSU 
stipulations, and ROW 
exclusions or avoidance 
(particularly for CIMPPS 
and Chacoan resources) 
would further reduce the 
potential for impacts on 
historic properties and 
CIMPPS when compared 
with the BLM No Action 
Alternative. There is no 
COA for dark skies, with 
the resultant potential for 
light pollution impacts on 
Yádiłhił and certain 
CIMPPS. 

consequently fewer 
impacts on cultural 
resources. NSO 
stipulations, CSU 
stipulations, and ROW 
exclusions or avoidance 
(particularly for CIMPPS 
and Chacoan resources) 
would further reduce the 
potential for impacts on 
historic properties and 
CIMPPS when compared 
with the BLM No Action 
Alternative. 
Requirements for 
operators include a 
master development plan 
to reduce the potential 
for light pollution impacts 
on Yádiłhił and certain 
CIMPPS. 

stipulations, CSU 
stipulations, and ROW 
exclusions or avoidance 
(particularly for CIMPPS 
and Chacoan resources) 
would reduce the 
potential for impacts on 
historic properties and 
CIMPPS when compared 
with the BLM No Action 
Alternative. There is a 
COA for dark skies, with 
the potential to reduce 
light pollution impacts on 
Yádiłhił and certain 
CIMPPS. 

consequently similar 
impacts on cultural 
resources. Limited NSO 
stipulations, CSU 
stipulations, and ROW 
exclusions (particularly 
for structures or 
Chacoan resources) 
would slightly reduce the 
potential for impacts on 
historic properties and 
CIMPPS when compared 
with the BLM No Action 
Alternative.  

BIA Fluid mineral leasing 
would be allowed on the 
BIA surface decision area 
except for the 6 percent 
rated as highly sensitive 
under the RCP. There 
would be the potential 
for direct or indirect 
impacts on the qualities 
that make historic 
properties and CIMPPS 
significant to Tribes or 

Stipulations that require 
consultation with Tribes, 
local communities and 
chapters, as well as 
setbacks from CIMPPS 
and structures, would 
result in fewer potential 
direct and indirect 
impacts on cultural 
resources when 
compared with the BIA 
No Action Alternative. 

Stipulations that require 
consultation with Tribes, 
local communities and 
chapters, as well as 
setbacks from CIMPPS 
and structures, would 
result in fewer potential 
direct and indirect 
impacts on cultural 
resources when 
compared with the BIA 
No Action Alternative. 

Stipulations that require 
consultation with Tribes, 
local communities and 
chapters, as well as 
setbacks from CIMPPS 
and structures, would 
result in fewer potential 
direct and indirect 
impacts on cultural 
resources when 
compared with the BIA 
No Action Alternative. 

Current management 
under the BIA No Action 
Alternative would 
continue for historic 
properties and CIMPPS, 
with similar resultant 
impacts. A stipulation to 
limit light pollution could 
reduce direct and indirect 
impacts on CIMPPS and 
Yádiłhił. 

Stipulations under BIA 
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eligible to the NRHP. For 
all alternatives, how 
historic properties and 
CIMPPS could be 
specifically affected would 
be determined through 
the Section 106 process 
and consultation with 
Tribes, in particular at the 
site-specific APD level. 

Fluid mineral wells would 
be required to be set 
back at least 500 feet 
from structures on 
Navajo Tribal trust land 
and at least 200 feet on 
individual Indian allotment 
land. 

The lack of stipulations 
related to dark skies and 
Yádiłhił could affect 
certain CIMPPS. 

Lessees would be 
required to set back fluid 
mineral wells at least 
1,320 feet (0.25 miles) 
from structures and 
CIMPPs on both Navajo 
Tribal trust and individual 
Indian allotment lands. 

Stipulations to limit noise 
at Chacoan sites and light 
pollution at certain 
locations, including some 
CIMPPS, could reduce 
potential impacts on 
cultural resources, 
CIMPPS, and Yádiłhił. 

The type of impacts 
under BIA Alternative B 
would be the same as 
those impacts described 
under BIA Alternative A. 

Nighttime noise levels 
would be required to be 
at or below 35dBA at the 
CCNHP and Chacoan 
outlier sites, which would 
limit the potential for 
indirect impacts on 
historic properties or 
CIMPPs under BIA 
Alternative B when 
compared with the BIA 
No Action Alternative. 

Stipulations to limit noise 
and light pollution at 
CIMPPS could reduce 
potential impacts on 
cultural resources, 
CIMPPS, and Yádiłhił.  

The type of impacts 
under BIA Alternative C 
would be the same as 
those impacts described 
under BIA Alternative B. 

Nighttime noise levels 
would be required at the 
same level as described in 
Alternative B. 

 

Alternative D would 
continue the current 
lease stipulations under 
the BIA No Action 
Alternative, which 
require fluid mineral wells 
to be set back at least 
500 feet from structures 
on Navajo Tribal trust 
land and at least 200 feet 
on individual Indian 
allotment land; therefore, 
the type of impacts on 
cultural resources for 
continuing this current 
management would be 
the same under BIA 
Alternative D as under 
the BIA No Action 
Alternative.  

 

Paleontological Resources      
BLM Actions associated with 

surface disturbance and 
changes in access or 
activity would continue to 
be subject to further site-
specific review to avoid 
impacts on 

The types and potential 
for impacts on 
paleontological resources 
would be similar to, but 
less than, the BLM No 
Action Alternative.  

The types and potential 
for impacts on 
paleontological resources 
would be similar to, but 
less than, BLM Alternative 
A.  

Allocations for oil and gas 
leasing would generally be 
similar to those under the 
BLM No Action 
Alternative, but BLM 
Alternative C would 
increase NSO and CSU 

Allocation acres for oil 
and gas leasing and NSO 
and CSU stipulations 
would be similar to those 
of the BLM No Action 
Alternative with a similar 
risk of potential impacts 
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paleontological resources. BLM Alternative A would 
add measures that would 
reduce the potential for 
impacts on 
paleontological resources 
from surface disturbance 
and access. This is 
because the acres closed 
to mineral leasing or 
subject to NSO 
stipulations would be 
greatly increased.  

Likewise, ROW exclusion 
and avoidance area 
designated corridors 
would be established.  

Lands managed for 
wilderness characteristics 
and plant conservation 
would further reduce the 
potential for ground 
disturbance and access 
impacts on 
paleontological resources. 

BLM Alternative B would 
add measures that would 
further reduce the 
potential for impacts on 
paleontological resources 
from surface disturbance 
and access.  

BLM Alternative B would 
reduce the risk of impacts 
on paleontological 
resources more than the 
other alternatives.  

acres from BLM 
Alternative A. These 
stipulations would further 
reduce the potential for 
impacts on 
paleontological resources 
from surface disturbance 
and access over the BLM 
No Action Alternative.  

Unlike Alternative A, 
ROW exclusion and 
avoidance areas would be 
established, but exclusion 
areas would be far less 
than under BLM 
Alternatives A and B, and 
avoidance areas would be 
larger.  

Established ROW 
corridors and lands open 
to vegetation treatments 
would be the same as 
under BLM Alternative B; 
but like the BLM No 
Action Alternative, no 
lands would be managed 
for wilderness 
characteristics.  

All these measures would 
reduce the potential for 
ground disturbance and 
access impacts on 
paleontological resources 

on paleontological 
resources from surface 
disturbance and access.   

Unlike BLM Alternative 
A, ROW exclusion and 
avoidance areas would be 
established, but under 
BLM Alternative D the 
least acres among the 
alternatives would be in 
exclusion zones, and the 
most acres would be 
designated for avoidance.  

Established ROW 
corridors and lands open 
to vegetation treatments 
would be the same as 
under BLM Alternative B; 
but like the BLM No 
Action Alternative, no 
lands would be managed 
for wilderness 
characteristics.  

All these measures would 
reduce the potential for 
ground disturbance and 
access impacts on 
paleontological resources 
over the BLM No Action 
Alternative.   
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over the BLM No Action 
Alternative.   

BIA The BIA alternatives do 
not apply general NSO, 
CSU, and TL stipulations 
and designations limiting 
the locations of oil and 
gas development, nor do 
they describe any actions 
that are specific to the 
management or 
protection of 
paleontological resources. 

The BIA would comply 
with NEPA and other 
relevant federal laws and 
regulations, as well as 
those applicable Tribal 
laws or requirements of 
the Navajo Nation. 

Compliance with these 
requirements would 
include consideration of 
the potential for impacts 
on paleontological 
resources in BIA 
decisions resulting from 
fluid mineral leasing. 
Stipulations and 
conditions of approval 
limiting surface 
disturbance and access 
would continue to be 

The types and potential 
for impacts on 
paleontological resources 
would be similar to, but 
less than, the BIA No 
Action Alternative.  

BIA Alternative A would 
clarify the applicability 
and jurisdiction of federal 
and Tribal laws and 
requirements for leasing 
and developing fluid 
mineral resources; 
stipulations and 
conditions of approval 
would be subject to 
completing NEPA-
required mitigation. 

BIA Alternative B also 
encourages collocation of 
roads, utilities, and 
pipelines to minimize 
surface disturbance, and 
that all vehicular access 
would be limited to the 
approved access road.  

Collocating infrastructure 
would minimize surface 
disturbances and reduce 
the potential for impacts 
on paleontological 

The types and potential 
for impacts on 
paleontological resources 
would be similar to, but 
less than, the BIA No 
Action Alternative.  

BIA Alternative B would 
include the authority to 
require directional drilling 
to minimize additional 
surface disturbance 
through collocation and 
specifies maintenance for 
dirt roads. These actions 
would reduce the 
potential for impacts on 
paleontological resources 
from direct ground 
disturbance, erosion, and 
access.   

The types and potential 
for impacts on 
paleontological resources 
under BIA Alternative C 
would be the same as 
under BIA Alternative B 
and less than under the 
BIA No Action 
Alternative. 

The types and potential 
for impacts on 
paleontological resources 
under BIA Alternative D 
would be the same as 
under BIA Alternative B 
and less than under the 
BIA No Action 
Alternative. 
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applied as part of the 
compliance and approval 
process. 

These actions would 
continue to protect and 
reduce the potential for 
impacts on 
paleontological resources 
from direct ground 
disturbance and access.  

resources. 

All these measures would 
reduce the potential for 
ground disturbance and 
access impacts on 
paleontological resources 
over the BIA No Action 
Alternative. 

Visual Resources     
BLM No visual impacts beyond 

what is analyzed in the 
2003 RMP and 2014 
Visual Assessment would 
occur. 

Impacts would be the 
same as under the BLM 
No Action Alternative.  

Impacts would be the 
same as under the BLM 
No Action Alternative. 

Impacts would be the 
same as under the BLM 
No Action Alternative.  

Impacts would be the 
same as under the BLM 
No Action Alternative. 

BIA Requiring oil and gas well 
setbacks up to 500 feet 
from houses, structures, 
and water bodies would 
continue to limit visual 
impacts in these areas. 
Impacts could still occur 
in the foreground. Visual 
resources and Yádiłhił 
would continue to be 
impacted by light 
pollution. 

Use of common ROWs, 
interim reclamation, and 
road maintenance, would 
reduce impacts on visual 
resources as compared 
to the BIA No Action 
Alternative. Requiring oil 
and gas well setbacks up 
to 1,320 feet (0.25 miles) 
from residential and 
community structures 
would reduce impacts on 
visual resources from the 
immediate foreground of 
these structures by 820 
feet (250 meters) further 
than under the BIA No 

Impacts would be similar 
to those described under 
BIA Alternative A, except 
that light pollution 
mitigation would 
emphasize key cultural 
resources. Therefore, the 
locations where light 
pollution mitigation 
measures occur would 
differ, as could the 
specific mitigation 
measures being 
implemented. 

Requiring directional 
drilling, use of common 
ROWs, and interim 
reclamation would 
reduce impacts on visual 
resources as compared 
to the BIA No Action 
Alternative. Access roads 
would be designed to 
follow the contour of the 
landform and/or mimic 
lines in vegetation, which 
would further reduce 
visual impacts. Requiring 
oil and gas well setbacks 
up to 1,320 feet (0.25 
miles) from residential 

Impacts from requiring 
use of common ROWs, 
interim reclamation, and 
road maintenance, would 
be the same as those 
under BIA Alternative A. 
Impacts of requiring oil 
and gas well setbacks up 
to 500 feet from 
residential and 
community structures 
would be similar to those 
under the BIA No Action 
Alternative, except that 
no setbacks would be 
required from water 
bodies under BIA 
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Action Alternative. 
Impacts to visual 
resources would still 
occur in the foreground 
of the structures. 
Implementing measures 
to control lighting and 
light resulting from flaring 
on well sites and off-site 
facilities would limit light 
pollution, especially in 
wildlife habitat and 
nesting areas. When 
compared to the BIA No 
Action Alternative, 
protective measures 
under BIA Alternative A 
would provide more 
opportunities for 
protection of Yádiłhił.  

and community 
structures would reduce 
impacts on visual 
resources as described 
under BLM Alternative A. 
Impacts of light pollution 
mitigation would be 
similar to those under 
BIA Alternative A, except 
that light pollution 
mitigation would 
emphasize residences and 
community structures. 
Therefore, the locations 
where light pollution 
mitigation measures 
occur would differ, as 
could the specific 
mitigation measures being 
implemented. 

Alternative D. As a result, 
impacts on visual 
resources in these areas 
would increase compared 
with the BIA No Action 
Alternative. There would 
be more protection from 
light pollution under BIA 
Alternative D than under 
the BIA No Action 
Alternative. 

Noise      
BLM Sensitive noise receptors 

near fluid mineral well 
sites, access roads, and 
pipelines would continue 
to experience increased 
noise levels during 
construction and ongoing 
noise from well 
operations. The greatest 
potential for impacts 
would be during the 
nighttime hours when the 
ambient noise levels are 

Compared with the BLM 
No Action Alternative, 
managing more areas as 
closed to fluid mineral 
leasing, or as open with 
NSO stipulations, would 
result in slightly less 
impacts on sensitive noise 
receptors compared with 
the No Action 
Alternative. Even on 
closed and NSO areas, 
there would be noise 

Compared with the BLM 
No Action Alternative, 
and relative to all the 
alternatives, there would 
be the fewest noise-
related impacts under 
BLM Alternative B. This is 
because there would be 
more areas managed as 
closed to fluid mineral 
leasing or as open with 
NSO stipulations. 
Seasonal restrictions 

Noise impacts under BLM 
Alternative C would be 
slightly less than under 
the BLM No Action 
Alternative. This is 
because BLM Alternative 
C would manage 94 
percent of the mineral 
decision area as open to 
fluid mineral leasing, but 
there would be more 
acres managed with NSO 
stipulations. While noise 

Noise impacts under BLM 
Alternative D could be 
slightly more than under 
the BLM No Action 
Alternative. This is 
because 96 percent of the 
BLM fluid mineral 
decision area (5 percent 
more than the BLM No 
Action Alternative) would 
be managed as open to 
fluid mineral leasing with 
either standard terms and 
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lowest. Wells that use 
compression technology 
would result in the 
highest noise levels and 
greatest impacts on 
nearby sensitive noise 
receptors.   

impacts from oil and gas 
activity on the 80 percent 
of the mineral decision 
area managed as open 
with CSU or standard 
terms and conditions.  

On lands managed as 
open with CSU or 
standard terms and 
conditions, there would 
be the same impacts on 
sensitive noise receptors 
as the No Action 
Alternative. 

Seasonal restrictions on 
construction and drilling 
in important wildlife 
areas, which would 
generally apply from 
November 1 through 
June 15, would reduce 
noise impacts on sensitive 
receptors during that 
time frame. Maintenance 
and operation of wells, 
access roads, and 
pipelines would 
contribute to year-round 
noise impacts.   

would further reduce 
noise impacts on sensitive 
cultural receptors at 
CCNHP Peak and all 
receptors in important 
wildlife areas.  

impacts from adjacent oil 
and gas activity would 
occur in some NSO 
areas, these impacts 
would be less than the 
No Action Alternative 
because NSO would 
apply to a larger area.  

Impacts from seasonal 
restriction would be the 
same as Alternative A.  

conditions, timing 
limitations, or controlled 
surface use stipulations.  

In less than one percent 
of the mineral decision 
area, seasonal restrictions 
would reduce noise levels 
from January 1 through 
July 30. In bald eagle 
winter areas, stipulations 
would reduce noise levels 
from November 1 to 
March 31. 

BIA Although there would be 
no specific noise-related 
stipulations, prohibiting 
fluid mineral wells within 

Impacts on sensitive noise 
receptors would be less 
than under the BLM No 
Action Alternative. This is 

A stipulation prohibiting 
fluid mineral wells within 
1,320 feet (0.25 miles) of 
any house, church, 

Compared with the BLM 
No Action Alternative, a 
fluid mineral stipulation 
limiting nighttime noise 

Impacts would be the 
same as those under the 
BLM No Action 
Alternative. 
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500 feet of any house or 
structure would reduce, 
but not eliminate, noise 
levels and associated 
impacts on residences 
and other sensitive 
receptors associated with 
those structures. Noise-
related impacts from fluid 
mineral activity would be 
greater at night when 
ambient noise levels are 
lower. Outside of the 
500-foot zone, there 
would be short- and long-
term noise-related 
impacts on sensitive noise 
receptors from the 
construction, operation, 
and maintenance of oil 
and gas infrastructure.  

because fluid mineral wells 
would be prohibited 
within 1,320 feet (0.25 
miles) of any house, 
church, school, 
community center, 
chapter house, childcare 
center, medical facility, or 
ceremonial grounds. 
Although noise from well 
pad construction, drilling, 
operation, and 
maintenance could still be 
evident, especially at night 
when ambient noise levels 
are lower, sustained 
impacts on sensitive noise 
receptors would be less 
than under the BLM No 
Action Alternative. 
Outside of the 1,320-foot 
(.25-mile) zone, noise 
impacts would be the 
same as under the BLM 
No Action Alternative. 

school, community 
center, chapter house, 
childcare center, medical 
facility, or ceremonial 
grounds would result in 
the same impacts as BLM 
Alternative A.  

A fluid mineral stipulation 
limiting nighttime noise 
levels to 35 dBA at the 
boundary of the CCNHP 
would nearly eliminate 
the potential for 
nighttime noise-related 
impacts on sensitive noise 
receptors in those areas. 
Daytime impacts would 
be the same as the BLM 
No Action Alternative.   

levels to 35 dBA at 
sensitive receptor 
locations, such as homes, 
schools, churches, 
medical facilities, and 
sacred sites, would 
reduce the potential for 
nighttime impacts on 
those receptors. Impacts 
from prohibiting fluid 
minerals within 1,320 feet 
(0.25 miles) of any house, 
church, school, 
community center, 
chapter house, childcare 
center, medical facility, or 
ceremonial grounds 
would result in the same 
impacts as BLM 
Alternative B.     

Lands with Wilderness Characteristics 
BLM Not managing for the 

protection of the 
inventoried lands that 
were found to have 
wilderness characteristics 
would leave these lands 
vulnerable to surface-
disturbing activities, which 

The BLM would manage 4 
units totaling 25,000 
acres (1.9 percent of the 
BLM surface decision 
area) to protect their 
wilderness characteristics 
under BLM Alternative A. 
All 4 units would be 

The BLM would manage 4 
units totaling 25,000 
acres (1.9 percent of the 
BLM surface decision 
area) to protect their 
wilderness characteristics 
under BLM Alternative B. 
Impacts would be the 

The BLM would not 
manage any lands to 
protect their wilderness 
characteristics under BLM 
Alternative C. Impacts on 
lands with wilderness 
characteristics under this 
alternative would be 

The BLM would not 
manage any lands to 
protect their wilderness 
characteristics under BLM 
Alternative D. Impacts on 
lands with wilderness 
characteristics under this 
alternative would be 
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would diminish wilderness 
characteristics over time. 
Management actions to 
protect other resources 
and ACECs or Specially 
Designated Areas would 
offer some protection of 
wilderness characteristics, 
though surface-disturbing 
activities, such as fluid 
mineral development, 
could alter the natural 
setting and reduce 
opportunities for solitude 
or primitive recreation 
for all lands with 
wilderness characteristics. 
Impacts on lands with 
wilderness characteristics 
would be greatest under 
this alternative due to the 
most acres being open to 
fluid mineral leasing, and 
the fewest acres being 
managed with NSO or 
CSU stipulations. 

managed as closed to 
fluid mineral leasing, and 
more acres would be 
managed as ACECs than 
under all other 
alternatives. This would 
provide more protection 
than all other alternatives 
to wilderness 
characteristics in these 
areas by reducing or 
eliminating surface-
disturbing activities.   

same as described under 
BLM Alternative A.  

greater than those under 
BLM Alternatives A or B 
due to more acres being 
open to fluid mineral 
leasing. Overall, impacts 
would be similar to the 
BLM No Action 
Alternative, but slightly 
less in magnitude due to 
more acres being 
managed as ROW 
avoidance or exclusion 
under BLM Alternative C, 
which would reduce the 
opportunity for surface-
disturbing activities to 
occur. 

greater than those under 
BLM Alternatives A, B, or 
C due to more acres 
being open to fluid 
mineral leasing. Overall, 
impacts would be similar 
to the BLM No Action 
Alternative, but slightly 
less in magnitude due to 
more acres being 
managed as ROW 
avoidance or exclusion 
under BLM Alternative D, 
which would reduce the 
opportunity for surface-
disturbing activities to 
occur.  

Livestock Grazing     
BLM There would be no 

impacts to grazing on 
BLM-managed lands 
beyond what is analyzed 
in the 2003 RMP from 
this RMPA amendment.  

Impacts would be the 
same as the BLM No 
Action Alternative.  

Impacts would be the 
same as the BLM No 
Action Alternative.  

Impacts would be the 
same as the BLM No 
Action Alternative.  

Impacts would be the 
same as the BLM No 
Action Alternative. 
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BIA Under the BIA No Action 
Alternative, grazing would 
continue as an authorized 
use on Tribal trust lands 
and allotted lands. Fluid 
mineral leasing and 
development in the BIA 
mineral decision area 
would continue, with the 
potential for direct and 
indirect impacts on 
livestock grazing 
operations. Under the 
BIA No Action 
Alternative, the BIA 
would continue to limit 
vehicular access for well 
sites to approved roads 
and would continue to 
apply setbacks from 
structures and water 
bodies.  

Under BIA Alternative A, 
any range improvements 
disturbed by construction 
would be restored 
immediately following 
construction to the same 
or better condition. 
There is no similar action 
under the BIA No Action 
Alternative. Under BIA 
Alternative A, lessees 
would not be permitted 
to use any waters of the 
Navajo Nation without 
permits, limiting impacts 
on water availability for 
range improvements. 
Additionally, lessees 
would be required to 
negotiate and compensate 
the landowners for all 
surface use, including 
grazing lands. This 
compensation would help 
offset costs to grazing 
lessees from impacts on 
range management. 

Under BIA Alternative B, 
impacts would be similar 
to those described under 
BIA Alternative A, with 
the addition of requiring 
directional drilling and 
collocation of facilities to 
reduce surface 
disturbance, compared 
with the BIA No Action 
Alternative. 

Under BIA Alternative C, 
impacts would be the 
same as described under 
BIA Alternative B.  

Under BIA Alternative D, 
impacts would be similar 
to those described under 
BIA Alternative A. The 
exception is that setbacks 
from structures and 
water bodies would be 
the same as those under 
the BIA No Action 
Alternative. Overall 
surface disturbance in the 
planning area is projected 
to be approximately the 
same as under the BIA 
No Action Alternative. 
This would result in the 
same potential for 
impacts on range 
management from surface 
disturbance under BIA 
Alternative D as under 
the BIA No Action 
Alternative. 

Minerals     
BLM Under the BLM No 

Action Alternative, no 
unleased high-potential 
areas would be closed, 
and only 1 percent would 
be subject to NSO 

Under BLM Alternative 
A, the limitations on fluid 
mineral development 
resulting from closures 
and stipulations would be 
the most out of any 

Under BLM Alternative B, 
the limitations on fluid 
mineral development 
resulting from closures 
and stipulations would 
increase compared with 

Under BLM Alternative 
C, the limitations on fluid 
mineral development 
resulting from NSO 
stipulations would 
increase compared with 

Under BLM Alternative 
D, the limitations on fluid 
mineral development 
resulting from closures 
and stipulations would be 
the least out of any 
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stipulations. Additionally, 
50 percent of unleased 
moderate-potential areas 
would remain open to 
leasing subject to CSU 
stipulations, and 42 
percent would be open 
to leasing subject to 
standard terms and 
conditions. 
Approximately 11 
percent of unleased 
moderate-potential areas 
would remain closed or 
subject to NSO 
stipulations. The RFD 
projects that in the BLM 
mineral decision area, 
approximately 1,876 new 
wells would be drilled on 
federal mineral estate 
over the next 20 years 
under this alternative. 

alternative. The RFD 
projects that in the BLM 
mineral decision area, 
approximately 1,388 new 
wells would be drilled on 
federal mineral estate 
over the next 20 years 
under this alternative, a 
26-percent decrease 
compared with the BLM 
No Action Alternative. 

the BLM No Action 
Alternative. The RFD 
projects that in the BLM 
mineral decision area, 
approximately 1,448 new 
wells would be drilled on 
federal mineral estate 
over the next 20 years 
under this alternative, a 
21-percent decrease 
compared with the BLM 
No Action Alternative. 

the BLM No Action 
Alternative, even though 
fewer acres would be 
closed under BLM 
Alternative C. The RFD 
projects that in the BLM 
mineral decision area, 
approximately 1,758 new 
wells would be drilled on 
federal mineral estate 
over the next 20 years 
under this alternative. 

alternative. However, like 
under the BLM No 
Action Alternative, the 
RFD projects that in the 
BLM mineral decision 
area, approximately 1,876 
new wells would be 
drilled on federal mineral 
estate over the next 20 
years under this 
alternative. 

BIA Under this alternative, 
stipulations would 
prevent the lessee from 
drilling any well within 
500 feet of any house, 
structure, or reservoir of 
water, live stream, or 
other body of water 
without the written 
consent of the Navajo 
Nation Minerals 

Under this alternative, 
stipulations would 
prevent drilling a well 
within 1,320 feet (0.25 
miles) of any homesite 
lease or house, barn, 
occupied dwelling 
(including those 
structures occupied 
intermittently or 
seasonally), churches, 

Under this alternative, 
stipulations would 
prevent drilling a well 
within 1,320 feet (0.25 
miles) of any homesite 
lease or house, barn, 
occupied dwelling 
(including those 
structures occupied 
intermittently or 
seasonally), churches, 

Under this alternative, 
stipulations would 
prevent drilling a well 
within 1,320 feet (0.25 
miles) of any homesite 
lease or house, barn, 
occupied dwelling 
(including those 
structures occupied 
intermittently or 
seasonally), churches, 

Under this alternative, 
drilling any well within 
500 feet of any homesite 
lease or house, barn, 
occupied dwelling 
(including those 
structures occupied 
intermittently or 
seasonally), churches, 
schools, medical facilities, 
community centers, 
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Department and the 
Water Code 
Administration. This 
would create a small 
reduction in the acreage 
available for mineral 
extraction, but most 
minerals could still be 
accessed by horizontal 
drilling.  

identified ceremonial 
grounds, schools, medical 
facilities, community 
centers, chapter houses, 
or childcare centers. 

Mineral resources 
accessible for extraction 
under this alternative 
would be lower than 
under the BIA No Action 
Alternative and BIA 
Alternative D and the 
same as under BIA 
Alternatives B and C.  

identified ceremonial 
grounds, schools, medical 
facilities, community 
centers, chapter houses, 
or childcare centers. 
Mineral resources 
accessible for extraction 
under this alternative 
would be lower than 
under the BIA No Action 
Alternative and BIA 
Alternative D and the 
same as under BIA 
Alternatives A and C. 

identified ceremonial 
grounds, schools, medical 
facilities, community 
centers, chapter houses, 
or childcare centers. 
Mineral resources 
accessible for extraction 
under this alternative 
would be lower than 
under the BIA No Action 
Alternative and BIA 
Alternative D and the 
same as under BIA 
Alternatives A and B. 

chapter houses, or 
childcare centers would 
be prohibited. This would 
provide the same setback 
distance from houses and 
buildings as the BIA No 
Action Alternative; 
however, this alternative 
removes the setback 
requirement from 
reservoirs of water, live 
streams, and other bodies 
of water, opening 
additional areas to drilling 
when compared with the 
BIA No Action 
Alternative. This would 
make it the alternative 
that would allow for the 
greatest acreage access 
for mineral extraction.  

Forestry     
BLM No impacts beyond what 

is analyzed in the 2003 
RMP would occur. 

Impacts would be the 
same as under the BLM 
No Action Alternative.  

Impacts would be the 
same as under the BLM 
No Action Alternative.  

Impacts would be the 
same as under the BLM 
No Action Alternative.  

Impacts would be the 
same as under the BLM 
No Action Alternative.  

BIA Under the BIA No Action 
Alternative, the BIA 
would continue to apply 
forest and land 
protection stipulations. 
These would prevent the 
cutting, destruction, or 
damage to timber 
without prior 

Under BIA Alternative A, 
the BIA would require 
lessees to refrain from 
destroying or damaging 
woodlands and 
vegetation. Lessees found 
responsible for destroying 
or damaging vegetation 
would be required to pay 

Requirements for leases 
to avoid damaging forest 
resources would have the 
same impacts as BIA 
Alternative A.   
 

Requirements for leases 
to avoid damaging forest 
resources would have the 
same impacts as BIA 
Alternative A.   

Requirements for leases 
to avoid damaging forest 
resources would have the 
same impacts as BIA 
Alternative A.   
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authorization of the 
Secretary. Payment for all 
timber cut, destroyed, or 
damaged would be 
required at rates 
prescribed by the Area 
Director; and interfering 
with the sale or removal 
of timber from the land 
would be restricted. 
These stipulations would 
maintain the short- and 
long-term viability of 
forestry resources in the 
BIA decision area. 

for the damages at rates 
prescribed by the BIA 
Navajo Regional Director. 
These requirements 
would protect forest 
resources from damage 
by oil and gas leasing.   

Lands and Realty     
BLM The BLM would evaluate 

ROW applications on a 
case-by-case basis, which 
would result in few 
limitations on the 
placement of new ROWs 
throughout the decision 
area. The BLM lands and 
realty program would be 
able to accommodate 
demand for new ROWs 
associated with energy 
and mineral development 
in the decision area. 

Managing 91 percent of 
the BLM surface decision 
area as open to fluid 
mineral leasing with 

Excluding ROW 
development on 17 
percent of the BLM 
surface decision area and 
avoiding ROWs on 
another 66 percent 
would decrease the 
BLM’s ability to 
accommodate the 
demand for new ROWs 
in the decision area 
compared with the BLM 
No Action Alternative. 
Allowing non-oil and gas 
ROWs in some areas 
would limit the placement 
of new fluid mineral 
infrastructure but would 

BLM Alternative B would 
manage the largest 
portion of the BLM 
surface decision area as 
ROW exclusion areas. 
Impacts from managing 
areas as ROW avoidance 
or exclusion would be 
similar to those under 
BLM Alternative A, with 
the exception that 37 
percent more areas 
would be managed as 
ROW exclusion areas, 
and 5 percent fewer 
acres would be ROW 
avoidance areas.  

On the 30 percent of the 

Excluding new ROW 
development on 3 
percent of the BLM 
surface decision area 
would result in slightly 
fewer opportunities for 
the placement of new 
infrastructure compared 
with the BLM No Action 
Alternative. 

Managing 62 percent of 
the BLM surface decision 
area as ROW avoidance 
areas would result in 
similar impacts as under 
BLM Alternative A, with 
the exception that 
avoidance criteria would 

Excluding new ROW 
development on less than 
1 percent of the BLM 
surface decision area 
would result in similar 
opportunities for the 
placement of new 
infrastructure as the BLM 
No Action Alternative. 

Avoidance criteria in 
ROW avoidance areas 
would result in similar 
impacts as BLM 
Alternative A but would 
apply to 8 percent more 
acres. 

Impacts from managing 88 
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either standard terms and 
conditions, timing 
limitations, or controlled 
surface use stipulations 
would maintain the 
demand for new ROWs 
associated with fluid 
mineral development. 

There would be 25,000 
acres of designated 
corridors where the BLM 
would exclude uses, such 
as saleable mineral 
material sales and 
recreational facilities, that 
could conflict with the 
placement of new power 
lines and pipelines. 

 

allow other types of 
ROWs. 

On the 70 percent of the 
BLM surface decision area 
managed as open to fluid 
mineral leasing with 
either standard terms and 
conditions, timing 
limitations, or CSU 
stipulations, there would 
be demand for new 
ROWs to support oil and 
gas activity. 

Compared with the BLM 
No Action Alternative, 
there would be more 
opportunities to collocate 
new infrastructure in a 
designated corridor; this 
is because there would be 
79,000 more acres of 
designated corridors. 
Requiring new oil and gas 
wells to be collocated at 
existing well sites would 
further encourage new 
pipeline ROWs to be 
collocated in designated 
corridors. 

Considering up to 3,400 
acres for exchange with 
the NPS could allow for 
more effective 

BLM surface decision area 
managed as open to fluid 
mineral leasing with 
either standard terms and 
conditions, timing 
limitations, or CSU 
stipulations, there would 
be demand for new 
ROWs to support oil and 
gas activity. On the 
remaining 70 percent, 
which would be closed to 
leasing or managed with 
NSO stipulations, there 
would be no demand for 
new oil and gas ROWs.  

There would be 127,000 
acres of 500-foot-wide 
designated corridors, 
which would provide 
more opportunities to 
collocate new 
infrastructure in a 
designated corridor 
compared with the BLM 
No Action Alternative.  

Impacts from potential 
land tenure adjustments 
would be the same as 
under BLM Alternative A. 

apply on 6 percent more 
acres.  

Impacts on lands and 
realty from managing 
areas as open to oil and 
gas leasing with either 
standard terms and 
conditions, timing 
limitations, or CSU 
stipulations would be 
nearly the same as BLM 
Alternative A.  

Impacts from utility 
corridors and potential 
land tenure adjustments 
would be the same as 
those under BLM 
Alternative B. 

percent of the BLM 
surface decision area as 
open to fluid mineral 
leasing with either 
standard terms and 
conditions, timing 
limitations, or CSU 
stipulations would be the 
same as the BLM No 
Action Alternative.   

Impacts from utility 
corridors and potential 
land tenure adjustments 
would be the same as 
those under BLM 
Alternative B.     
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management of the 
CCNHP compared with 
the BLM No Action 
Alternative, if the 
exchange occurred. 

BIA Prohibiting fluid mineral 
wells within 500 feet of 
any house or structure 
would reduce 
opportunities for new oil 
and gas ROWs. Outside 
of the 500-foot buffer 
area, impacts would be 
the same as the BLM No 
Action Alternative. 

Compared with the BIA 
No Action Alternative, 
prohibiting fluid mineral 
wells within 1,320 feet 
(0.25 miles) of residential 
and community 
structures would result in 
fewer locations where 
new ROWs could be 
developed. Outside of the 
buffer area, impacts 
would be the same as the 
BIA No Action 
Alternative.  

Impacts would be the 
same as BIA Alternative 
A. 

Impacts would be the 
same as BIA Alternative 
A. 

Impacts would be the 
same as the BIA No 
Action Alternative. 

Recreation and Visitor Services    
BLM There are no decisions 

being made that would 
make changes to 
recreation areas and 
visitor services on BLM-
managed and BIA-
managed lands in the 
planning area. Hunting, 
fishing, and recreational 
shooting will not be 
impacted by this 
RMPA/EIS. Designated 
recreation areas would 
continue to be managed 

Same as the BLM No 
Action Alternative.  

Same as the BLM No 
Action Alternative. 

Same as the BLM No 
Action Alternative. 

Same as the BLM No 
Action Alternative. 
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as they are currently 
through the 2003 RMP.  

BIA There are no decisions 
being made that would 
make changes to 
recreation areas and 
visitor services on BLM-
managed and BIA-
managed lands in the 
planning area. Hunting, 
fishing, and recreational 
shooting will not be 
impacted by this 
RMPA/EIS. Designated 
recreation areas would 
continue to be managed 
through current 
management. 

Same as the BIA No 
Action Alternative. 

Same as the BIA No 
Action Alternative.  

Same as the BIA No 
Action Alternative.  

Same as the BIA No 
Action Alternative.  

Wilderness and Wilderness Study Areas    
BLM There would be no 

impacts on wilderness 
areas or WSAs. The Ah-
shi-sle-pah WSA would 
continue to be managed 
as detailed in BLM Manual 
6330, requiring the 
management of 
wilderness characteristics 
in a non-impairment 
manner. The Bisti/De-na-
zin Wilderness Area 
would continue to be 
managed as detailed in 
BLM Manual 6340, 

Same as the BLM No 
Action Alternative. 

Same as the BLM No 
Action Alternative. 

Same as the BLM No 
Action Alternative. 

Same as the BLM No 
Action Alternative. 
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requiring the protection 
of wilderness areas in 
such a manner as to 
preserve wilderness 
character. 

BIA Wilderness would not be 
directly or indirectly 
affected by the BIA 
alternatives 

Same as the BIA No 
Action Alternative. 

Same as the BIA No 
Action Alternative. 

Same as the BIA No 
Action Alternative. 

Same as the BIA No 
Action Alternative. 

Specially Designated Areas     
BLM There would be no 

impacts on ACECs or 
their relevant and 
important values. See 
Chapter 3, Section 
3.5.1. 

Same as the BLM No 
Action Alternative.  

Same as the BLM No 
Action Alternative. 

Same as the BLM No 
Action Alternative. 

Same as the BLM No 
Action Alternative. 

Native American Tribal Interests and Uses    
BLM The goals, objectives, and 

management for BLM-
managed surface lands 
and federal mineral estate 
would not change. There 
would continue to be the 
potential for direct or 
indirect impacts on 
CIMPPS or ITAs, with 
decreasing amounts of 
impacts from areas 
managed with TL, CSU, 
and NSO stipulations. 
How CIMPPS or ITAs 
could be specifically 
affected would be 
determined through the 

The areas open to leasing 
are 4.1 times less than 
under the BLM No Action 
Alternative, with 
consequently fewer 
impacts on CIMPPS or 
ITAs. The BLM would 
restrict vegetation 
treatments in areas of 
CIMPPS related to plant 
gathering. NSO 
stipulations, CSU 
stipulations, and ROW 
exclusions or avoidance 
(particularly for CIMPPS, 
Chacoan resources, and 
water-related ITAs) would 

The areas open to leasing 
are 5.4 times less than 
under the BLM No 
Action Alternative, with 
consequently fewer 
impacts on CIMPPS or 
ITAs. NSO stipulations, 
CSU stipulations, and 
ROW exclusions or 
avoidance (particularly for 
CIMPPS, Chacoan 
resources, and water-
related ITAs) would 
further reduce the 
potential for impacts 
when compared with the 
BLM No Action 

The areas open to leasing 
are the same as under the 
BLM No Action 
Alternative. NSO 
stipulations, CSU 
stipulations, and ROW 
exclusions or avoidance 
(particularly for CIMPPS, 
Chacoan resources, and 
water-related ITAs) 
would further reduce the 
potential for impacts 
when compared with the 
BLM No Action 
Alternative.  

The areas open to leasing 
are the same as under the 
BLM No Action 
Alternative, with 
consequently similar 
impacts on CIMPPS or 
ITAs. Limited NSO 
stipulations, CSU 
stipulations, and ROW 
exclusions (particularly 
for CIMPPS, Chacoan 
resources, and water-
related ITAs) could 
reduce the potential for 
impacts when compared 
with the BLM No Action 
Alternative.  



F. Summary Comparison of Environmental Consequences 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 F-31 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

Section 106 process and 
consultation with Tribes, 
in particular at the site-
specific APD level. 

further reduce the 
potential for impacts when 
compared with the BLM 
No Action Alternative.  

Alternative. 
Requirements for 
operators include a 
master development plan 
to reduce the potential 
for light pollution impacts 
on Yádiłhił and certain 
CIMPPS. 

BIA Fluid mineral leasing 
would be allowed on the 
BIA surface decision area 
except for the 6 percent 
rated as highly sensitive 
under the RCP. There 
would be the potential 
for direct or indirect 
impacts on CIMPPS, and 
the BIA would manage to 
avoid impacts on water-
related ITAs for the 
Navajo Nation.  

The BIA would also 
continue its mandate to 
protect and improve the 
Navajo Tribal trust and 
individual Indian allotment 
lands, including the 
potential leasing of fluid 
minerals, which would 
avoid impacts on these 
ITAs. How CIMPPS or 
ITAs could be specifically 
affected would generally 
be determined through 

Current management 
under the BIA No Action 
Alternative would 
continue for ITAs related 
to water and fluid 
minerals, with similar 
resultant impacts. 
Setbacks for CIMPPS 
would limit potential 
direct and indirect 
impacts when compared 
with the BIA No Action 
Alternative, although the 
lack of stipulation related 
to dark skies and Yádiłhił 
could affect certain 
CIMPPS. 

Current management 
under the BIA No Action 
Alternative would 
continue for ITAs related 
to water and fluid 
minerals, with similar 
resultant impacts. 
Setbacks for CIMPPS 
would limit potential 
direct and indirect 
impacts when compared 
with the BIA No Action 
Alternative, including a 
noise limit at Chacoan 
sites that may be CIMPPS 
for some Tribes. 
Stipulations and COAs to 
limit light pollution at 
certain locations, 
including some CIMPPS, 
could limit impacts on 
dark skies and Yádiłhił. 

Current management 
under the BIA No Action 
Alternative would 
continue for ITAs related 
to water and fluid 
minerals, with similar 
resultant impacts. 
Setbacks for CIMPPS 
would limit potential 
direct and indirect 
impacts when compared 
with the BIA No Action 
Alternative. Stipulations 
and COAs to limit noise 
and light pollution at 
CIMPPS could reduce 
direct and indirect 
impacts on CIMPPS and 
Yádiłhił. 

Current management 
under the BIA No Action 
Alternative would 
continue for CIMPPS and 
ITAs related to water and 
fluid minerals, with similar 
resultant impacts. 
Stipulations and COAs to 
limit light pollution could 
reduce direct and indirect 
impacts on CIMPPS and 
Yádiłhił when compared 
with the BIA No Action 
Alternative. 
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the Section 106 process 
and consultation with 
Tribes, in particular at the 
site-specific APD level. 

Socioeconomics     
BLM Oil and gas development 

in the planning area 
would continue to 
support area 
employment, income, and 
economic contributions. 
Total economic output 
from drilling, completion, 
and production of federal 
minerals is estimated to 
be $461,688,100 at year 1 
of plan implementation. 
Development would 
continue to have the 
potential to affect quality 
of life, property values, 
other land uses, and 
nonmarket values. 

Economic impacts such as 
employment, labor 
income, royalties, taxes, 
and other indirect and 
induced economic 
contributions would be 
the lowest. Total 
economic output would 
be 24 percent less than 
the BLM No Action 
Alternative at year 1 of 
plan implementation. 
There would be the least 
potential for impacts on 
nonmarket values; values 
such as recreation, 
wilderness characteristics, 
wildlife, and ecological 
processes would be 
preserved. 

Economic impacts such as 
employment, labor 
income, royalties, taxes, 
and other indirect and 
induced economic 
contributions would be 
reduced. Total economic 
output would be 20 
percent less than the BLM 
No Action Alternative at 
year 1 of plan 
implementation. There 
would also be less 
potential for impacts on 
nonmarket values; values 
such as recreation, 
wilderness characteristics, 
cultural resources, and 
the traditional social 
setting would be 
preserved. 

Economic impacts such as 
employment, labor 
income, royalties, taxes, 
and other indirect and 
induced economic 
contributions would be 
slightly reduced. Total 
economic output would 
be 4 percent less than the 
BLM No Action 
Alternative at year 1 of 
plan implementation. 
There would also be a 
slightly reduced potential 
for impacts on nonmarket 
values; values such as 
recreation, quality of life, 
and the traditional social 
setting would be 
preserved while 
economic development 
opportunities would be 
only slightly diminished. 

Total economic output 
from drilling, completion, 
and production of federal 
minerals is estimated to 
be the same as the BLM 
No Action Alternative. 
There would also be the 
greatest potential for 
continued impacts on 
nonmarket values. 

BIA Social and economic 
impacts would continue 
to occur as they currently 
do under existing BIA 
management. Total 
economic output from 

Anticipated social and 
economic impacts would 
be similar to those 
described under the BIA 
No Action Alternative, 
but economic impacts on 

Social and economic 
impacts under BIA 
Alternative B would be 
the same as impacts 
under BIA Alternative A. 
Lessees may face 

Impacts would be the 
same as under BIA 
Alternative B. 

Impacts would be the 
same as under the BIA 
No Action Alternative. In 
addition, a new lease 
stipulation on individual 
Indian allotment lands 
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drilling, completion, and 
production of Tribal trust 
and Indian allotted wells 
is estimated to be 
$108,391,089 at year 1 of 
plan implementation. 

allottees, lessees, and 
operators could be 
increased under 
Alternative A, as there 
would be more 
enforceable regulations at 
the lease, drilling, and 
operation stages of 
development. 

additional economic costs 
to meet requirements to 
hide infrastructure from 
sensitive cultural sites and 
viewsheds. 

could have impacts on 
individual Indian allotment 
lessors with added costs 
for natural gas utilities. 

Environmental Justice     
BLM The types of impacts on 

environmental justice 
populations would be the 
same as those described 
in other resource 
analyses in this RMPA for 
the general population. 
The specific extent of 
impacts on identified 
environmental justice 
populations would be 
identified in future site-
specific NEPA analyses. 

A lower potential exists 
for impacts on all 
populations, including 
environmental justice 
populations, because 73 
percent fewer acres 
would be available for 
leasing. The specific 
extent of impacts on 
identified environmental 
justice populations would 
be identified in future 
site-specific NEPA 
analyses. 

The least potential exists 
for impacts on all 
populations, including 
environmental justice 
populations, because 83 
percent fewer acres 
would be available for 
leasing. The specific 
extent of impacts on 
identified environmental 
justice populations would 
be identified in future 
site-specific NEPA 
analyses. 

Because the same acres 
would be open to fluid 
mineral leasing, BLM 
Alternative C and the 
BLM No Action 
Alternative would result 
in the same potential for 
impacts on all 
populations, including 
environmental justice 
populations. 

Because the same acres 
would be open to fluid 
mineral leasing, BLM 
Alternative C and the 
BLM No Action 
Alternative would result 
in the same potential for 
impacts on all 
populations, including 
environmental justice 
populations. 

BIA Impacts that would be 
incurred by the general 
population under the BIA 
No Action Alternative 
would also be impacts on 
environmental justice 
populations. Additionally, 
there could be human 
health and safety impacts 
on individual Indian 

Impacts that would be 
incurred by the general 
population under BIA 
Alternative A would also 
be impacts on 
environmental justice 
populations. Additional 
impacts could include 
cost burdens on the 
lessor to obtain an 

Impacts that would be 
incurred by the general 
population under BIA 
Alternative B would also 
be impacts on 
environmental justice 
populations. Additional 
impacts would be the 
same as those described 
under BIA Alternative A. 

Impacts that would be 
incurred by the general 
population under BIA 
Alternative C would also 
be impacts on 
environmental justice 
populations. Additional 
impacts would be the 
same as those described 
under BIA Alternative A. 

Impacts that would be 
incurred by the general 
population under BIA 
Alternative D would also 
be impacts on 
environmental justice 
populations. Additional 
impacts would be the 
same as those described 
under BIA Alternative A, 
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allotment lessors. The 
specific extent of impacts 
on identified 
environmental justice 
populations would be 
identified in future site-
specific NEPA analyses. 

alternative or commercial 
energy source and new 
or additional monetary 
compensation for Navajo 
surface landowners. The 
specific extent of impacts 
on identified 
environmental justice 
populations would be 
identified in future site-
specific NEPA analyses. 

The specific extent of 
impacts on identified 
environmental justice 
populations would be 
identified in future site-
specific NEPA analyses. 

The specific extent of 
impacts on identified 
environmental justice 
populations would be 
identified in future site-
specific NEPA analyses. 

with additional land 
access and potential 
health and human safety 
impacts on Navajo Tribal 
trust and individual Indian 
allotted lands. The 
specific extent of impacts 
on identified 
environmental justice 
populations would be 
identified in future site-
specific NEPA analyses. 

Public Health and Safety     
BLM There would be 107,800 

acres closed to leasing; an 
additional 79,800 acres 
would be subject to an 
NSO stipulation. There 
would be 0 acres 
managed as ROW 
exclusion areas, and 0 
acres would be managed 
as ROW avoidance areas. 

Not designating any areas 
as ROW exclusion or 
ROW avoidance would 
increase impacts 
compared with all other 
alternatives.  

The number of new wells 
under this alternative is 
projected to be 
approximately the same 

There would be 542,900 
acres closed to leasing; an 
additional 1,037,600 acres 
would be subject to an 
NSO stipulation. There 
would be 218,400 acres 
managed as ROW 
exclusion areas, and 
870,800 acres would be 
managed as ROW 
avoidance areas. 

The additional closures 
and stipulations under 
this alternative would 
provide additional 
protections to public 
health and safety 
compared with all other 
alternatives. The number 
of new wells is projected 
to be lowest under this 

There would be 682,800 
acres closed to leasing; an 
additional 626,300 acres 
would be subject to an 
NSO stipulation. 

There would be 3000,600 
acres managed as ROW 
exclusion areas, and 
659,400 acres would be 
managed as ROW 
avoidance areas. 

The additional closures 
and stipulations under 
this alternative would 
provide additional 
protections to public 
health and safety 
compared with the BLM 
No Action Alternative 
and BLM Alternatives C 

There would be 107,800 
acres closed to leasing; an 
additional 134,000 acres 
would be subject to an 
NSO stipulation. 

There would be 37,800 
acres managed as ROW 
exclusion areas, and 
819,300 acres would be 
managed as ROW 
avoidance areas. 

The additional closures 
and stipulations under 
this alternative would 
provide additional 
protections to public 
health and safety 
compared with the BLM 
No Action Alternative 
and BLM Alternative D. 

There would be 107,800 
acres closed to leasing; an 
additional 64,100 acres 
would be subject to an 
NSO stipulation. 

There would be 10,000 
acres managed as ROW 
exclusion areas, and 
883,200 acres would be 
managed as ROW 
avoidance areas. 

The reduced acreages of 
closures and NSO 
stipulations compared 
with all other alternatives 
would reduce protections 
to public health and safety 
in some areas under this 
alternative.  
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as under Alternative D 
and greater than all other 
alternatives.  

The highest risks to 
public health and safety 
would be expected under 
this alternative. 

alternative, resulting in a 
reduced number of spills 
and reduced levels of air 
emissions, noise and light 
pollution, and traffic 
across the planning area. 

Health and public safety 
impacts would be 
expected to be lowest 
under this alternative. 

and D. The reduced 
number of wells 
projected under this 
alternative compared 
with the BLM No Action 
Alternative and BLM 
Alternatives C and D 
would result in a reduced 
potential for spills and 
reduced levels of air 
emissions, noise and light 
pollution, and traffic 
across the planning area 
compared with those 
alternatives. 

The reduced number of 
wells projected under this 
alternative compared 
with the BLM No Action 
Alternative and BLM 
Alternative D would 
result in a reduced 
number of spills and 
reduced levels of air 
emissions, noise and light 
pollution, and traffic 
across the planning area 
compared with those 
alternatives.  

The focus of management 
actions and stipulations 
under this alternative on 
balancing community 
needs and development 
by concentrating 
development away from 
communities, dwellings, 
schools, and reservoirs 
could be expected to 
result in reduced impacts 
on public health and 
safety compared with the 
BLM No Action 
Alternative and BLM 
Alternative D. It could or 
could not also result in 
reduced health impacts in 
some areas compared 
with BLM Alternatives A 

ROW exclusion areas 
under this alternative 
would be greater than the 
BLM No Action 
Alternative but smaller 
than all other action 
alternatives. This would 
reduce impacts in some 
areas compared with the 
BLM No Action 
Alternative but would 
result in increased 
impacts compared with 
BLM Alternatives A, B, 
and C.  

The RFD projects that 
under this alternative, 
approximately 3,096 new 
wells would be drilled in 
the planning area over 
the next 20 years. 
Because the number of 
new wells under this 
alternative is projected to 
be approximately the 
same as the BLM No 
Action Alternative, the 
impacts on public health 
and safety are also 
expected to be 
approximately the same 
under this alternative as 
the BLM No Action 
Alternative. The number 
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and B. of wells under this 
alternative is projected to 
be greater than under 
BLM Alternatives A, B, 
and C, resulting in greater 
impacts on health and 
safety.  

BIA The BIA No Action 
Alternative does not 
apply most stipulations 
relating to public health 
and safety. Lessees are 
responsible for complying 
with all applicable laws 
and regulations.  

Under this alternative, 
new wells could not be 
drilled within 500 feet of 
any house, structure, or 
reservoir of water, live 
stream, or other body of 
water without the 
written consent of the 
Navajo Nation Minerals 
Department and the 
Water Code 
Administration. On 
individual Indian allotment 
lands, lessees could not 
construct any well pad 
within 200 feet of any 
structures or 
improvements. 

Stipulations would 
require that lessees 
implement measures to 
control lighting and light 
resulting from flaring on 
well sites and off-site 
facilities to limit light 
pollution. The lighting 
measures should consider 
sensitive wildlife habitat 
or nest locations, and 
could include down 
lighting, flare shielding, 
and alternate lighting 
colors. This could 
incidentally reduce the 
impacts from light and 
flaring on nearby 
populations compared 
with the BIA No Action 
Alternative, which does 
not have stipulations on 
lighting or flaring.   

This alternative requires 
that noise levels at nest 
sites for golden eagles 
and ferruginous hawks 

Under this alternative, 
stipulations would require 
that lessees implement 
measures to control 
lighting and light resulting 
from flaring on well sites 
and off-site facilities to 
limit light pollution. The 
lighting measures should 
emphasize limiting light 
pollution at views seen 
from key cultural 
resources identified by 
the NPS, Navajo Nation, 
or other Tribes. The 
lighting measures could 
include down lighting, 
flare shielding, and 
alternate lighting colors. 
This could incidentally 
reduce the impacts from 
light and flaring on nearby 
populations compared 
with the BIA No Action 
Alternative, which does 
not have stipulations on 
lighting or flaring. 

Under this alternative, 
stipulations would require 
that lessees implement 
measures to control 
lighting and light resulting 
from flaring on well sites 
and off-site facilities to 
protect night sky 
(Yádiłhił) and limit light 
pollution. The lighting 
measures should be 
considerate of locations 
significant to residents, 
such as homes, churches, 
schools, chapter houses, 
clinics, sacred sites, or 
areas of traditional 
practice. Additionally, 
timing restrictions would 
require that operators 
notify the community 1 
week in advance of flaring 
operations and provide 
flaring information. These 
could reduce the impacts 
from light pollution on 
nearby populations 

Under this alternative, 
stipulations would require 
that lessees implement 
measures to control 
lighting and light resulting 
from flaring on well sites 
and off-site facilities, to 
limit light pollution. 
Additionally, operators 
are required to notify the 
community 1 week in 
advance of flaring 
operations and provide 
flaring information. This 
could incidentally reduce 
the impacts from light and 
flaring on nearby 
populations compared 
with the BIA No Action 
Alternative, which does 
not have stipulations on 
lighting or flaring. 

Under this alternative, 
new wells could not be 
drilled within 500 feet of 
any homesite lease, 
house, barn, occupied 
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Risks to public health and 
safety would be expected 
to be greatest under this 
alternative. 

shall be no higher than 
48.6 dBA. This alternative 
could, therefore, provide 
some incidental 
protection from noise 
impacts on persons living 
in proximity to golden 
eagle and ferruginous 
hawk nest sites. 

Under this alternative, 
lessees could not 
construct a well pad 
within 1,320 feet (0.25 
miles) of any homesite 
lease, house, barn, 
occupied dwelling, 
building unit, or other 
community, municipal, 
and public structures and 
buildings, such as chapter 
houses and schools. 
Requiring that wells be 
further away from 
residences and buildings 
would reduce the levels 
of exposure to harmful 
air emissions and levels of 
light and noise pollution, 
all of which dissipate over 
greater distance, 
experienced by residents 
compared with the BIA 
No Action Alternative 

A stipulation under this 
alternative requires that 
noise levels at the 
boundary of the CCNHP 
and at Chacoan outlier 
sites shall be no higher 
than 35 dBA at night. This 
alternative could provide 
some incidental 
protection from noise 
impacts on persons living 
in proximity to the 
CCNHP or Chacoan 
outlier sites.  

Under this alternative, 
lessees could not 
construct a well pad 
within 1,320 feet (0.25 
miles) of any homesite 
lease, house, barn, 
occupied dwelling, 
building unit, or other 
community, municipal, 
and public structures and 
buildings, such as chapter 
houses and schools. 
Requiring that wells be 
further away from 
residences and buildings 
would reduce the levels 
of exposure to harmful 
air emissions and levels of 
light and noise pollution, 
all of which dissipate over 

compared with the BIA 
No Action Alternative, 
which has less restrictive 
stipulations on lighting 
and flaring. 

A stipulation under this 
alternative requires that 
noise levels at locations 
significant to residents, 
such as homes, churches, 
schools, chapter houses, 
clinics, sacred sites, 
CIMPPS, or areas of 
traditional practice shall 
be no higher than 35 dBA 
at night. This alternative 
would provide protection 
from noise impacts on 
persons living in the 
aforementioned locations.  

Under this alternative, 
lessees could not 
construct a well pad 
within 1,320 feet (0.25 
miles) of any homesite 
lease, house, barn, 
occupied dwelling, 
building unit, or other 
community, municipal, 
and public structures and 
buildings, such as chapter 
houses and schools. 
Requiring that wells be 

dwelling, building unit, or 
other community, 
municipal, and public 
structures and buildings, 
such as chapter houses 
and schools. On individual 
Indian allotment lands, 
lessees could not 
construct any well pad 
within 200 feet of any 
structures or 
improvements, or at a 
distance approved by the 
allottee, unless the Indian 
surface owner's written 
consent was obtained. 
This would provide 
approximately the same 
level of protection from 
exposure to harmful air 
emissions and the same 
levels of light and noise 
pollution in residences as 
the BIA No Action 
Alternative and less 
protection than BIA 
Alternatives A, B, and C. 

Operators would ensure 
that dirt roads are 
maintained in accordance 
with the Clean Water 
Act and BLM standards, 
and route roads to share 
ROWs where feasible. 
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and Alternative D.  

Operators would ensure 
that dirt roads are 
maintained in accordance 
with the Clean Water 
Act and BLM standards, 
and route roads to share 
ROWs where feasible. 
This would reduce the 
risk of crashes and traffic 
impacts compared with 
the BIA No Action 
Alternative.  

Lessees shall develop and 
implement an emergency 
response plan that 
identifies first responders 
and interested parties to 
be contacted in the event 
of an emergency. This 
would ensure faster 
emergency response 
compared with the BIA 
No Action Alternative, 
reducing the risk to the 
public compared with the 
BIA No Action 
Alternative.  

Under this alternative, 
the lessor would no 
longer be entitled to 
connect a gas line to new 
wells for use in gas stoves 

greater distance, 
experienced by residents 
compared with the BIA 
No Action Alternative 
and BIA Alternative D.  

Operators would ensure 
that dirt roads are 
maintained in accordance 
with the Clean Water 
Act and BLM standards, 
and route roads to share 
ROWs where feasible. 
This would reduce the 
risk of crashes and traffic 
impacts compared with 
the BIA No Action 
Alternative.  

Lessees shall develop and 
implement an emergency 
response plan that 
identifies first responders 
and interested parties to 
be contacted in the event 
of an emergency. This 
would ensure faster 
emergency response 
compared with the BIA 
No Action Alternative, 
reducing the risk to the 
public compared with the 
BIA No Action 
Alternative.  

Under this alternative, 

further away from 
residences and buildings 
would reduce the levels 
of exposure to harmful 
air emissions and levels of 
light and noise pollution, 
all of which dissipate over 
greater distance, 
experienced by residents 
compared with the BIA 
No Action Alternative 
and BIA Alternative D.  

Operators would ensure 
that dirt roads are 
maintained in accordance 
with the Clean Water 
Act and BLM standards, 
and route roads to share 
ROWs where feasible. 
This would reduce the 
risk of crashes and traffic 
impacts compared with 
the BIA No Action 
Alternative.  

Lessees shall develop and 
implement an emergency 
response plan that 
identifies first responders 
and interested parties to 
be contacted in the event 
of an emergency. This 
would ensure faster 
emergency response 

This would reduce the 
risk of crashes and traffic 
impacts compared with 
the BIA No Action 
Alternative.  

Lessees shall develop and 
implement an emergency 
response plan identifying 
first responder and 
interested parties to be 
contacted in the event of 
an emergency. This would 
ensure faster emergency 
response compared with 
the BIA No Action 
Alternative, reducing the 
risk to the public 
compared with the BIA 
No Action Alternative.  

Under this alternative, 
the lessor would no 
longer be entitled to 
connect a gas line to new 
wells for use in gas stoves 
and lamps in the 
residence. This would 
protect public health and 
safety by reducing the 
risk of a gas explosion in 
residences. 
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Table F-1 
Summary Comparison of Environmental Consequences of the Alternatives 

Resource/ 
Resource Use No Action Alternative Alternative A Alternative B Alternative C Alternative D 

and lamps in the 
residence. This would 
protect public health and 
safety by reducing the 
risk of a gas explosion in 
residences. 

the lessor would no 
longer be entitled to 
connect a gas line to new 
wells for use in gas stoves 
and lamps in the 
residence. This would 
protect public health and 
safety by reducing the 
risk of a gas explosion in 
residences. 

compared with the BIA 
No Action Alternative, 
reducing the risk to the 
public compared with the 
BIA No Action 
Alternative.  

Under this alternative, 
the lessor would no 
longer be entitled to 
connect a gas line to new 
wells for use in gas stoves 
and lamps in the 
residence. This would 
protect public health and 
safety by reducing the 
risk of a gas explosion in 
residences. 

 1 
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Appendix G. Farmington Field Office 1 

Vegetation Communities Descriptions and 2 

Determination of Farmington Field Office 3 

Vegetation Condition Classes 4 

The BLM FFO has created this document to describe in detail the developed FFO broad-scale vegetation 5 
communities, and proposed FFO-VCCs. 6 

G.1 FFO VEGETATION COMMUNITY DESCRIPTIONS 7 

G.1.1 Background 8 

The BLM FFO developed broad-scale vegetation community descriptions through combined vegetation 9 
resource datasets and staff knowledge. The descriptions below present an overview of nine (9) FFO 10 
broad-scale vegetation communities. Datasets for development include the USDA NRCS ecological site 11 
descriptions (ESDs) and Southwest Regional Gap Analysis Project (SWReGAP) data. These 9 vegetation 12 
communities include pinyon-juniper, sagebrush grassland, grassland, badlands, saltbush/shadscale, 13 
greasewood, riparian, oak woodlands and ponderosa pine-mixed conifer. Seven (7) vegetation 14 
communities are described in detail. Oak woodlands and ponderosa pine-mixed conifer communities are 15 
not described in further detail as they comprise a minor percentage of the FFO vegetation community 16 
acreage. The badland and saltbush/shadscale communities are similar and are typically adjacent or mixed 17 
with each other; therefore, they have been combined for description purposes. 18 

For these seven vegetation communities, selected ESDs for FFO vegetation communities were utilized 19 
to describe the averaged, general historic climax plant community (HCPC) or reference state potential 20 
vegetation percentages for above-ground production (expressed in pounds per acre) and/or cover 21 
(expressed in percentages) when data is available. ESD and HCPC definitions are described in detail 22 
further in this document under “FFO-VCCs”. It must be emphasized that these ESDs are only discussed 23 
to provide general descriptions for the overall larger community in which they are categorized. The 24 
actual ESDs for specific sites within the vegetation community may include different values from these 25 
general presented averages. ESDs are also strongly associated with NRCS soil survey types. ESDs are 26 
periodically updated and may contain State-and-Transition models and updated values from those 27 
described in this document. The ESDs described in this document were existing in 2015. It should be 28 
emphasized that these ESDs may change with time, and the best available data should be utilized and 29 
incorporated in the future.  30 

The following Table G-1 summarizes the SWReGAP mapped vegetation types and ESDs utilized for 31 
evaluation in this document. 32 
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Table G-1 1 
FFO broad-scale vegetation communities with associated mapped SWReGAP vegetation 2 

types and ESDs utilized for evaluation. 3 

FFO Vegetation 
Community SWReGAP Vegetation Types ESDs Utilized for Evaluation 

Pinyon-juniper Southern Rocky Mountain Montane – Subalpine, 
Colorado Plateau Pinyon-Juniper Woodland, Colorado 
Plateau Mixed Bedrock-Pinyon/Juniper Rock Outcrop, 
Southern Rocky Mountain Pinyon-Juniper Woodland 

Sandstone Upland 13-17” p.z. (JUOS, PIED) 
R035XF627AZ, Sandy Loam Upland 13-17” p.z. (JUOS, 
PIED) F035XF628AZ) 

Sagebrush Grassland Intermountain Basins Semi Desert Shrub Steppe, 
Intermountain Basins Big Sagebrush, Colorado Plateau 
Mixed Low Sagebrush Shrubland 

Loamy R035XB001NM, Sandy R035XB002NM, Shallow 
R035XB006NM, Limy R035XB003NM, Deep Sand 
R035XB007NM, Loamy R036XB006NM, Loamy Savanna 
R036XB016NM, Sandy R036XB011NM, Stony Loam 
R036XB018NM 

Grassland Intermountain Basins Semi Desert Grassland (Clay Loam Terrace (sodic) 7-10" R035XB016NM, Loamy 
Upland 7-10" R035XB021NM, Loamy Upland sodic 
R035XB022NM, Saline Bottom 6-10" R035XB024NM, 
Sandy Loam Upland 6-10" R035XB030NM, Sandy Loam 
Upland 6-10" sodic R035XB033NM, Loamy 6-10" terrace 
R035XB020NM, Sandy Terrace 6-10" sodic 
R035XB034NM, Sandy Upland 6-10" R035XB035NM) 

Badland Intermountain Basins Shale Badland, Colorado Plateau 
Mixed Bedrock Canyon and Tableland, Rocky 
Mountain Cliff and Canyon 

Mudstone/Sandstone Hills 6-10" p.z. R035XB201AZ, 
Clayey R035XB004NM, Clayey R035XA128NM, Shale 
Hills 6-10” p.z. R035XB268AZ, Clayey R036XB002NM 

Saltbush/shadscale/winterfat Southern Colorado Plateau Sand Shrubland, Colorado 
Plateau Blackbrush Mormon Tea, Invasive Annual and 
Biennial Forkland 

Greasewood Intermountain Basins Greasewood Flat, Intermountain 
Basins Mixed Salt Desert Scrub 

Salt Flats R035XA126NM, Salt Flats R035XB005NM, 
Sodic Slopes R035XB008NM, Salty Bottomland 
R036XB010NM, Saline Bottom 6-10” R035XB024NM 

Riparian Rocky Mountain Lower Montane Riparian Woodlands, 
North American Arid West Emergent Wash, Invasive 
Southwest Riparian Woodland and Shrubland, Rocky 
Mountain Aspen Forest and Woodland 

Loamy Bottom 6-10" p.z. Perennial (Provisional) 
R035XB269AZ, Sandy Bottom 6-10" p.z. Perennial 
(Provisional):  R035XB273AZ 

Oak Woodlands Rocky Mountain Gamble Oak-Mixed Montane 
Shrubland, Rocky Mountain Lower Montane – Foothill 
Shrubland 

 

Ponderosa Pine-Mixed 
Conifer 

Rocky Mountain Ponderosa Pine Woodland, Rocky 
Mountain Montane Mesic Mixed Conifer Forest & 
Woodland, Rocky Mountain Montane Dry-Mesic 
Mixed Conifer Forest & Woodland 

 

 4 
The following Table G-2 lists common perennial grasses, shrubs, and trees that are found in each 5 
vegetation community, with the exclusion of riparian areas. Riparian vegetation is unique from upland 6 
vegetation and is therefore described separately in detail in Chapter 3. Species listed below also include 7 
some of those currently allowed in FFO Bare Soil Reclamation seed mixes (BLM-FFO 2013). 8 



G. Farmington Field Office Vegetation Communities Descriptions and Determination of Farmington Field Office 
Vegetation Condition Classes 

 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 G-3 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Table G-2 
Common grass, shrub, and tree species by general FFO vegetation communities, with the exception of 

riparian. 

Rangeland 
Plant Scientific Name Vegetation 

Community       

Grass  Pinyon-Juniper Sagebrush 
Grassland 

Grassland Badland & 
Saltbush/S
hadscale 

Greasewood Oak 
Woodlands 

Ponderosa 
Pine-Mixed 
Conifer 

Western 
wheatgrass 

Pascopyrum smithii X X   X X X 

Indian ricegrass Achnatherum 
hymenoides 

X X X X X X  

Needleandthread Hesperostipa 
comata 

X X X     

Bottlebrush 
squirreltail 

Elymus elymoides X X X X X  X 

Galleta Pleuraphis jamesii  X X X X X  
Blue grama Bouteloua gracilis X X X  X X X 
Alkali sacaton Sporobolus airoides   X X X   
Sand dropseed Sporobolus 

cryptandrus 
X X  X X   

Purple threeawn Aristida spp.   X     
Muhly Muhlenbergia spp.   X     
Muttongrass Poa fendleriana X     X X 
Prairie junegrass Koeleria macrantha X     X X 
Slender 
wheatgrass 

Elymus trachycaulus     X X  

Arizona fescue Festuca arizonica      X X 
Forbs         
Small burnet         
Blue flax         
Gooseberry leaf 
globemallow 

        

Palmer 
penstemon 

        

Rocky mountain 
bee plant 

        

Asclepias 
arenaria, 
Asclepias 
asperula, 
Asclepias cutleri, 
Asclepias 
fascicularis, 
Asclepias 
involucrata, 
Asclepias latifolia, 
Asclepias 
macrotis, 
Asclepias rusbyi, 
Asclepias ruthiae, 
Asclepias 
sanjuanensis, 
Asclepias 
speciosa, 
Asclepias 
subverticillata, 
Asclepias 
viridiflora 

        

Shrub         
Big sagebrush Artemisia tridentata  X  X X X  
Antelope bitter 
brush 

        

Fourwing 
saltbush 

Atriplex canescens  X  X X   
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Table G-2 
Common grass, shrub, and tree species by general FFO vegetation communities, with the exception of 

riparian. 

Rangeland 
Plant Scientific Name Vegetation 

Community       

Grass  Pinyon-Juniper Sagebrush 
Grassland 

Grassland Badland & 
Saltbush/S
hadscale 

Greasewood Oak 
Woodlands 

Ponderosa 
Pine-Mixed 
Conifer 

Mountain 
Mahogany 

        

Winterfat Krascheninnikovia 
lanata 

 X  X X   

Broom 
snakeweed 

Gutierrezia sarothrae   X X    

Rabbitbrush Chrysothamnus spp.     X   
Black 
greasewood 

Sarcobatus 
vermiculatus 

  X  X   

Rabbitbrush   X X  X   
Shadscale Atriplex confertifolia    X X   
Alder leaf 
mountain 
mahogany 

Cercocarpus 
montanus 

X     X X 

Antelope 
bitterbrush 

Purshia tridentata  X    X X 

Skunkbush sumac Rhus trilobata X       
Utah 
serviceberry 

Amelanchier 
utahensis 

X     X X 

Black sagebrush Artemisia nova X       
Mound saltbush Atriplex obovata   X     
Ephedra Ephedra spp.   X X X   
Trees         
Utah juniper Juniperus 

osteosperma 
X   X  X  

Colorado pinyon Pinus edulis X   X  X X 
Gambel’s oak Quercus gambelii X     X X 
Rocky Mountain 
Juniper 

Juniperus 
scopulorum 

X      X 

Ponderosa pine Pinus ponderosa      X X 

 1 
Additionally, forbs are variable across the vegetation communities, and include both perennials and 2 
annuals. Common important forbs include scarlet globemallow (Sphaeralcea coccinea), biscuit root 3 
(Lomatium spp.), woolly plantain (Plantago patagonica), astragalus spp. (Astragalus spp.), and asters (Aster 4 
spp.), among others. 5 

For the seven communities described in detail, a community general description, health indicators, 6 
importance, and threats are discussed. For all vegetation community types, common quantitative and 7 
qualitative indicators and assessment methods are utilized to assess ecosystem health. These are 8 
described in further detail under “FFO Vegetation Condition Classes”. Present plant species 9 
composition, cover, and abundance and their level of departure from reference conditions is an 10 
important indicator in all communities. There are also common threats to all FFO vegetation 11 
communities. These common threats include decreased biodiversity, noxious and nonnative invasive 12 
species (weed) invasion, climate fluctuation impacts such as drought, any improper grazing use by 13 
domestic and free-ranging animals, and fragmentation associated with oil and gas development, rights-of 14 
ways, cross-country travel, and community (urban) development. Threats unique or important to each 15 
community are discussed in their respective sections. Regarding importance, all communities provide 16 
wildlife habitat and/or domesticated livestock forage to varying degrees. 17 
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G.1.2 Pinyon-Juniper 1 

Description 2 

The pinyon–juniper community comprises a large percentage of the total BLM FFO-managed landscape. 3 
Pinyon trees dominate at higher elevations and tend to form more closed-canopied stands that exhibit 4 
forest-like dynamics and species composition, commonly including a substantial shrub component. 5 
Juniper tends to grow at lower elevations and in more arid areas. There is a mix of warm and cool 6 
season grass species, mostly bunch grass species within varying elevations of pinyon-juniper 7 
communities. At higher elevations or north facing aspects other shrubs and trees species may be 8 
present. 9 

Soils are variable, ranging from relatively deep soils often high in clay or sand content, to shallow rocky 10 
soils. The community can also be found in rock outcrops where no soil is present, but the trees are 11 
rooted in deep cracks of the bedrock. Woodlands of pinyon or juniper occupy a broad zone of 12 
intermediate moisture and temperature conditions between the lower elevation hot arid deserts and 13 
higher elevation cool mesic (moisture) forests. The FFO pinyon-juniper community can be further 14 
described as either persistent pinyon-juniper woodlands or wooded shrublands. 15 

Persistent pinyon–juniper woodlands are typically found on rugged uplands in shallow rocky soils, can 16 
have tree canopies dominated by either or both pinyon and juniper, and typically have sparse 17 
understories with extensive areas of litter (beneath canopies) and bare soil or rock (intercanopy). In 18 
comparison to persistent woodlands, wooded shrublands are typically found on deeper soils, may have 19 
less dominant tree cover canopies, and typically have higher understory canopy cover and production.  20 

Various ESDs occur within the pinyon-juniper vegetation community. The two ESDs with pinyon and 21 
juniper trees as major components listed in Table G-1 provide a general description of persistent 22 
pinyon-juniper woodlands (shallow, rocky soils) or wooded shrublands (deeper soils), providing that 23 
other ESDs within this community exist. 24 

Sandstone Upland 13-17” p.z. (JUOS, PIED) F035XF627AZ contains the characteristics associated more 25 
closely with the persistent pinyon-juniper woodlands (shallow, rocky soils) vegetation type. This ESD 26 
states that for the reference state, the tree overstory canopy cover is typically 40-50% within a range of 27 
25 to 65% cover, and that the understory composition is approximately 20% shorter trees below 4.5 28 
feet (’) high, 55% shrubs, 20% grasses and 5% forbs. Sandy Loam Upland 13-17” p.z. (JUOS, PIED) 29 
F035XF628AZ contains the characteristics associated more characteristic of the pinyon-juniper wooded 30 
shrublands (deeper soils) vegetation type. This ESD state that for the reference state, the tree overstory 31 
canopy cover is typically 50-60% with a composition of approximately 50% to 80% pinyon and 20% to 32 
50% juniper, and that the understory composition is approximately 10% shorter trees below 4.5’ high, 33 
30 to 40% shrubs, and 30% to 50% grasses.  34 

Indicators 35 

Important pinyon-juniper health indicators include intactness (ecological integrity), patch size for wildlife 36 
use, and obligate wildlife species. Pinyon-juniper community soils are often very erosive; therefore, 37 
biological soil crust amount and cover, bare ground amount, and active erosion evidence are important. 38 

Stand (group of trees) dynamics many be driven by climatic fluctuation such as drought, insects, disease, 39 
and wildfire. For example, a widespread and severe pinyon mortality event occurred in 2002–2004 in 40 
the Four Corners region (Colorado, Arizona, New Mexico, and Utah) as a result of drought, high 41 
temperatures, and bark beetle outbreaks. Fire may be a less influencing factor. Fire rotations and 42 
intervals vary, but typically were historically long (generally measured in centuries). Recent, large, severe 43 
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(stand-replacing) fires in pinyon and juniper woodlands are, for the most part, similar to fires that 1 
occurred historically. Tree density and canopy coverage has varied over areas, as well as expansion into 2 
neighboring vegetation communities. 3 

Importance 4 

The pinyon-juniper community provides thermal cover, mast, and migration corridors for large game, 5 
prey, and other wildlife species. These woodlands are utilized by a BLM Sensitive Species, the pinyon jay 6 
(Gymnorhinus cyanocephalus). Pinyon jays nest colonially within mature stands of pinyon and juniper trees. 7 
This community also provides habitat for cavity nesting birds and nesting substrate, perching, and 8 
roosting for birds and raptors. This habitat type is culturally significant to the local community for 9 
aesthetics, older trees, wood and pine nut gathering, and other traditional uses such as hunting. 10 

Threats 11 

Insect infestations such as the pinyon Ips beetles (Ips confusus), climate fluctuation, and disease can cause 12 
widespread pinyon and juniper mortality.  Fire regime and condition class changes and departures from 13 
reference conditions can be a threat. Fuel wood-cutting and its associated impacts of cross-country 14 
travel is a very widespread practice in the FFO and threatens the pinyon-juniper community, particularly 15 
in areas near communities and urban areas. Fragmentation associated with oil and gas development, 16 
rights-of ways, and cross-country travel can also affect intactness. Past historical vegetation treatments 17 
such as chainings have been performed on the pinyon-juniper community to reduce the amount and 18 
density of trees; some treatments have been successful, while others may not have been properly 19 
maintained. 20 

G.1.3 Sagebrush Grassland 21 

Description 22 

The sagebrush grassland vegetation community is a dominant component of the FFO area landscape. 23 
The community is comprised primarily of Wyoming big sagebrush and grasses. This plant community 24 
occupies vast areas of relatively open rolling hills to the south of Farmington and numerous mesas and 25 
canyon bottoms to the east and north. It is found on all aspects from about 5,000 to 7,200’ but is most 26 
common on southerly and western aspects. Soils vary from clayey to fine sandy loam to loamy in 27 
texture with loamy sites being more pervasive. In general, the soils underlying this plant community are 28 
moderately deep and well drained. 29 

This community is also integral to a proper functioning watershed and ecosystem. Maintaining proper 30 
hydrologic function of this plant community is essential to the ability of the plants to produce forage for 31 
livestock and wildlife, retention of soils on site and the minimization of the degradation of water quality 32 
due to the deposition of salts and sediment. 33 

At the broad-scale level, the SWReGAP land cover mapped vegetation types of intermountain basins 34 
semi-desert shrub steppe, intermountain basins big sagebrush, and Colorado Plateau mixed low 35 
sagebrush shrubland. They comprise the sagebrush grassland community. 36 

The annual production (lbs. /ac.) for the ESDs reviewed in Table G-1 only presented shrub production 37 
in two (Shallow R035XB006NM) and Loamy R036XB006NM). Calculated composition by production can 38 
be used to make a very general average of the sagebrush grassland community composition as having 39 
approximately 74-75% grass/grass-like, 8-10% forb, and 15-18% shrub components of total HCPC 40 
potential average annual production (lbs./ac). 41 
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For ground cover, the percent bare ground (%) for the ESDs reviewed did include an outlier of 10% on 1 
one site (Gravelly Fan R036XB003NM), but the remainder of the ESDs ranged from approximately 42%-2 
65%, with approximately 50% bare ground being the average. Higher percentages of bare ground are 3 
typically allowed in the lower elevation/lower precipitation areas. The percent non-vegetative litter 4 
cover (%) ranged from 10-20%, with approximately 14% as the average across all ESDs. It must be noted 5 
that the values utilized vary for individual ESDs.  6 

Indicators 7 

Some of these specific indicators were determined to be more important for the sagebrush grassland 8 
community and can also be used to assess the health of sagebrush grassland communities. Ecological 9 
succession is a strong indicator in this community as density of sagebrush cover increases with 10 
successional stages. Regarding succession, debate exists regarding the level of sagebrush cover and 11 
percent composition as well as other species required in this community for livestock use, wildlife use, 12 
and watershed function. As in all vegetation communities, species composition in comparison to the 13 
vegetation composition expected in ESDs is important. Particularly in the sagebrush grassland in the 14 
FFO, a change in the expected proportion of cool-season and warm-season grasses is an important 15 
indicator. 16 

Plant species composition relative to importance for wildlife is also critical. Patch size for wildlife habitat 17 
relative to habitat fragmentation in the sagebrush grassland community as well as the presence or 18 
absence of obligate species to this community can help indicate its health. 19 

Importance 20 

Because the sagebrush grassland vegetation community is extensive across the FFO and is productive for 21 
forage, it is very important to wildlife and domestic livestock for food and protective shelter. 22 

Permitted domestic livestock that utilize the sagebrush grassland community include cattle and sheep, 23 
and occasionally goats and horses. The sagebrush grassland community is arguably the most commonly 24 
used vegetation community for domestic livestock grazing within the FFO. The majority of permitted 25 
livestock grazing in this community occurs in the fall and winter, with a lesser number of spring/summer 26 
growing season or year-long grazing schedules. Most individual ESDs contain descriptions of plant 27 
preference by livestock animal kind as well as guides to suggested initial stocking rate acres per AUM 28 
based on similarity indexes to the reference plant community. For plant species within the sagebrush 29 
grassland, it is important to maintain proper utilization levels for both livestock and wildlife at overall 30 
conservative (31-40% use) to moderate (41-50%) use levels depending on conditions.  31 

Two important BLM Sensitive Species utilizes this vegetation community, Gunnison’s prairie dog 32 
(Cynomys gunnisoni) and Western burrowing owl (Athene cunicularia ssp. hypugaea). Prairie dog towns are 33 
often found within sagebrush communities. Prairie dog holes provide important nesting habitat for 34 
burrowing owls. This community provides habitat (including nesting), cover, and biodiversity. Wildlife in 35 
the FFO includes a variety of sagebrush obligate bird species and small mammals, as well as large 36 
ungulates such as mule deer (Odocoileus hemionus), elk (Cervus canadensis), and pronghorn (Antilocapra 37 
americana). This community also provides wildlife migratory stop-over areas and transition habitat 38 
between other vegetation communities, such as between riparian or bottom land areas and forested 39 
areas like pinyon-juniper communities. Sagebrush grassland communities also serve as large ungulate 40 
fawning areas and provide critical wintering range. In this community, large ungulates may utilize 41 
palatable grasses (both warm- and cool-season), forbs, and shrubs all year, or change preference with 42 
seasonal changes. Palatable shrubs are an important component of large ungulate diets. 43 
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The sagebrush grassland community as an upland vegetation community is critical for watershed health, 1 
particularly in helping lessen erosion in nearby-occurring communities such as riparian areas. Its 2 
perennial grass component serves to stabilize soil and facilitate water infiltration. The sagebrush 3 
grassland community has undergone vegetation treatments in many areas to restore the grassland 4 
component and the watershed and vegetative function of areas, primarily by reducing late ecological 5 
successional stage shrub density. The majority of these vegetation treatments have been through 6 
herbicide (chemical) tebuthiuron application, but other treatments have included such methods as 7 
mowing, Dixie harrowing, prescribed fire, and historic chainings. 8 

There are also other human use components of the sagebrush grassland community within the FFO 9 
aside from domestic livestock grazing. TCP areas exist within the sagebrush grassland community, and 10 
some of the plant species found within the sagebrush grassland are used traditionally. Furthermore, the 11 
area is often used for various recreational uses and for development, including oil and gas and urban 12 
growth. 13 

Threats 14 

As with most vegetation communities, drought and potential climatic changes are environmental threats 15 
to the sagebrush grassland community. Drought has led and may potentially continue leading to reduced 16 
perennial native vegetation growth and reproduction throughout the FFO, as well as desirable annuals. 17 
Disturbances, however they are caused, that lead to a lack of native perennial grass cover and increased 18 
bare ground can also lead to increases in non-native or invasive species, particularly cheatgrass (Bromus 19 
tectorum).  20 

This community can also potentially be impaired by inappropriately managed livestock grazing, both 21 
historic and current. This primarily has occurred through over-utilization of key plant species. However, 22 
overutilization is not limited to livestock, as wildlife can also over-utilize key plant species. Trespass or 23 
feral livestock such as unauthorized excess horses have also been noted to threaten the sagebrush 24 
grassland community in the FFO by consuming forage not allocated to them. While debate exists over 25 
the frequency of fire and its role in the sagebrush grassland community, its suppression may have an 26 
impact on the present-day existing vegetation.  27 

Factors such as historic grazing, fire suppression, or past vegetation treatments can also lead to a 28 
decrease in biodiversity and seral stages. Ecological succession into late seral stages is desirable for some 29 
management objectives but can also threaten the community by leading to a reduction in perennial grass 30 
understory from increased shrub cover. 31 

While each individual ESD typically describes the deterioration of the potential plant community, in 32 
general the ESDs note that inappropriate grazing use leads to a decline in perennial grasses (often cool-33 
season grasses) and palatable forbs and shrubs (such as fourwing saltbush) and an increase in less 34 
desirable and less palatable grasses (often warm-season grasses) and an increase in less palatable shrubs 35 
(such as sagebrush – on which its palatability is dependent on the animal species browsing it - and 36 
broom snakeweed).  A decline in perennial grass cover can also lead to soil degradation and erosion 37 
issues and impair water infiltration into the soil. 38 

G.1.4 Grassland 39 

Description 40 

This plant community occurs primarily in the southern FFO landscape within the BIA Eastern Navajo 41 
Agency or “Checkerboard” area of mixed land jurisdiction along the boundary of the Navajo Nation. 42 
The grassland community is dominated by perennial grasses, with a lesser shrub component primarily 43 
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dominated by saltbushes. It is found on all aspects from about 4,700 to 6,400’, generally with little slope. 1 
Soils vary from clay loam and sandy loams, with generally deep and well drained underlying soils. Some 2 
soils are more sodic than others, and salt concentrations vary with the amount and timing of 3 
precipitation and affect the growth of certain plant species. Maintaining proper hydrologic function of 4 
this plant community is essential to the ability of the plants to produce forage for livestock and wildlife, 5 
retention of soils on site, and the minimization of the degradation of water quality from salts and 6 
sediment deposition.  7 

At the broad-scale level, the SWReGAP land cover mapped vegetation types of intermountain basins 8 
semi-desert grassland to create the grassland community. 9 

The annual production (lbs. /ac.) was presented in all reviewed Table G-1 ESDs with the exception of 10 
Clay Loam Terrace (sodic) 7-10" R035XB016NM. Loamy Upland 7-10" R035XB021NM was different from 11 
the other evaluated ESDs, and removing it from estimations results in grassland community ESDs 12 
averaging similarly to the sagebrush grassland ESDs. These can be used to make a very general average 13 
of the grassland community in the FFO as having approximately 77-81% grass/grass-like, 3-5% forb, and 14 
16-18% shrub components of total HCPC potential average annual production (lbs./ac). It must be noted 15 
that the values utilized vary for ESDs. No cover values were discussed in any of the evaluated ESDs. 16 

Indicators 17 

These are the same as those for the sagebrush grassland community with the exception that ecological 18 
succession and subsequent shrub prevalence does not play as large a role as it does in the sagebrush 19 
grassland community. Also, because the soils in the grassland vegetation community generally have a 20 
severe wind erosion hazard, erosion is an important indicator. 21 

Importance 22 

The prevalence of the grassland vegetation community in the southern “Checkerboard” area of the FFO 23 
is productive for forage to both wildlife and domestic livestock with uses similar to the sagebrush 24 
grassland vegetation community. 25 

Much of the grassland community is utilized for yearlong livestock grazing of primarily cattle and sheep, 26 
and occasionally goats and horses. Navajo community grazing permittees primarily utilize this vegetation 27 
community within the FFO. Overall grazing use in the FFO is the same as that for the sagebrush 28 
grassland community, with the primary difference that most of the grazing in the grassland community is 29 
yearlong, whereas it is typically seasonal in the sagebrush grassland community. 30 

The same wildlife as the sagebrush grassland utilize this community for habitat (including nesting), cover, 31 
and biodiversity. Mountain plover (Charadrius montanus) nesting habitat can also be found in it. 32 

There are other human use components of the grassland community within the FFO aside from 33 
domestic livestock grazing. TCP areas exist within the grassland community, and some of the plant 34 
species found within the grassland are used traditionally. The area can be used for various recreational 35 
uses and for development, including oil and gas and urban growth. However, much less oil and gas 36 
development has occurred in this vegetation community than has occurred in other vegetation 37 
communities within the FFO. 38 

Threats 39 

Soils in the grassland vegetation community generally have a severe wind erosion hazard, and with site 40 
deterioration, erosion occurs on overgrazed area, roads, livestock trails, and concentration areas. 41 
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As with most vegetation communities, drought and climatic change are also environmental threats to 1 
the grassland community. Drought has led to and may potentially continue leading to reduced perennial 2 
native vegetation growth and reproduction throughout the FFO, as well as undesirable annuals. Drought 3 
may also lead to temporary annual livestock reductions in some grazing allotments in this vegetation 4 
community across the FFO. While they are not as extensive as those in the sagebrush grassland 5 
community in the FFO, disturbances and fragmentation can alter this community and introduce non-6 
native and invasive species. Erosion can increase from this, and cause such issues as blowing dust and 7 
sedimentation of adjacent areas.  8 

Like the sagebrush grassland community, the grassland community can also potentially be impaired by 9 
inappropriately managed livestock grazing, both historic and current. Trespass or feral livestock such as 10 
unauthorized excess horses have also been noted to threaten the grassland community in the FFO as 11 
well as the sagebrush grassland community through consuming forage not allocated to them. Any 12 
permanent reduction in livestock grazing based on historic use is evaluated and determined based on 13 
range inventory and long-term monitoring data. 14 

Fires are historically frequent in this community and have an important role. Factors such as historic 15 
grazing and fire suppression can also lead to a decrease in biodiversity and seral stages. However, 16 
succession is typically less of a threat in the grassland community than it is in the sagebrush grassland 17 
community in the FFO. There have been few to no vegetation treatments conducted by the FFO in this 18 
vegetation community as over-dominance of shrubs due to succession – which can occur in the 19 
sagebrush grassland community - does not occur prevalently in the grassland community in the FFO. 20 

While each individual ESD typically describes the deterioration of the potential plant community, in 21 
general the ESDs note that inappropriate grazing use or deterioration of the site leads to a decline in 22 
perennial grasses (often cool-season grasses) and an increase in less desirable and less palatable grasses 23 
(often annuals), annual weeds, and an increase in less palatable shrubs.  A decline in perennial grass 24 
cover can also lead to soil degradation and erosion issues and impair water infiltration into the soil. 25 

G.1.5 Badland and Saltbush/Shadscale/Winterfat 26 

Description 27 

The badland community comprises a relatively small but important part of the total BLM-managed 28 
surface acres within the FFO. This community generally occurs at elevations ranging from approximately 29 
4,800 to 7,000’. The general description for this site is that of a rough, broken badlands, sparsely 30 
vegetated, highly dissected and eroded into a series of low badland hills and gullies interspersed by 31 
somewhat sandy alluvial deposits. There is more of the surface area comprised of bare ground and rock 32 
than that which is vegetated. Large bare areas with only biological crust are not uncommon. 33 

Plant communities of the badland complex are typically sparsely vegetated, often with less than 10% 34 
vegetation cover but occasionally up to 30%. Cryptobiotic soil/crust is an important component of this 35 
habitat. Shrubs and half shrubs are apparent and rather unevenly distributed. The potential plant 36 
community varies somewhat with depth of soil, exposure and slope. Despite the limited cover, these 37 
areas often support many endemic species. Many endemic species in NW New Mexico are restricted to 38 
soils derived from a specific geologic formation and most occur in areas of exposed parent materials.  39 

An important component in maintaining site stability is perennial grasses, which should comprise at least 40 
15 to 20 percent canopy cover. Shrub canopy cover depends on the soil type, but on average it should 41 
be approximately 10 percent. Forbs canopy would be highest in the spring, with a minimum of 5 percent 42 
cover.  43 
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Trees are relatively rare, except for on upper and moderately steep slopes, and generally consist of 1 
invading juniper trees. Common species, in addition to saltbush, shadscale and winterfat, are galleta, 2 
fourwing saltbush, Indian ricegrass, scarlet globemallow (Sphaeralcea coccinea), snakeweed, and mustard. 3 

The saltbush/shadscale/winterfat communities comprise approximately minor component of BLM-4 
managed surface area. Variability is evident within this cover type, so site specific criteria needs to be 5 
developed for treatment areas and planned project work. The soils associated with this cover type are 6 
typically sandy loam and sandy clay loam and are generally associated with mapping units in the Badland, 7 
Monierco, Persayo, Blancot, Notal, Avalon, Farb, and Fruitland soil complexes. These soils are 8 
susceptible to wind and water erosion without adequate herbaceous cover.  9 

At the broad-scale level, the SWReGAP land cover grouped vegetation types of intermountain basins 10 
shale badland, Colorado Plateau mixed bedrock canyon and tableland, and Rocky Mountain cliff and 11 
canyon. They comprise the badlands community. The SWReGAP grouped vegetation types of southern 12 
Colorado Plateau sand shrubland, Colorado Plateau blackbrush Mormon tea, and invasive annual and 13 
biennial forkland. They comprise the saltbush/shadscale/winterfat community. 14 

As previously stated, badlands and saltbush/shadscale/winterfat are associated communities in the FFO. 15 
While there is not a specific ESD for badlands the four Table G-1 ESDs that can occur within both 16 
vegetation communities were evaluated. The annual production (lbs. /ac.) included shrub production in 17 
all Table G-1 ESDs except Shale Hills 6-10” p.z. R035XB268AZ. Mudstone/Sandstone Hills 6-10" p.z. 18 
R035XB201AZ is more representative of badlands, but may not specifically be found in the FFO as there 19 
is not a specific badlands ESD, but was used as a similar ESD to help describe the area. 20 

While the Mudstone/Sandstone Hills 6-10" p.z. R035XB201AZ does not exactly reflect the badlands in the 21 
FFO, it and Shale Hills 6-10” p.z. R035XB268AZ show a difference in proportion of annual expected 22 
production (lbs.) between it and the other ESDs more representative of the saltbush/shadscale/winterfat 23 
community. This reflects that a higher shrub component is expected in the badland community than in 24 
the shadscale/winterfat community. These values can be used to make a very general average of the 25 
badland community in the FFO as having approximately 50% grass/grass-like and forbs (with the majority 26 
being forbs) and approximately 50% shrub components of total HCPC potential average annual 27 
production (lbs. /ac). Again, the badland and saltbush/shadscale/winterfat communities are closely 28 
associated, and the values from the Clayey ESDs may be used to make a very general average of the 29 
saltbush/shadscale/winterfat community in the FFO as having approximately 74-81% grass/grass-like, 7-30 
8% forbs, and 11-19% shrub components of total HCPC potential average annual production (lbs./ac).  31 

For ground cover, Mudstone/Sandstone Hills 6-10" p.z. R035XB201AZ which is more specific to badlands 32 
than saltbush/shadscale/winterfat lists non-vegetative expected cover as 20-40% bare ground and up to 33 
40% surface fragments. For vegetation cover, this ESD lists 5-10% grass/grass-like, 0-5% forb, 5-15% 34 
shrub, and 0-1% tree as expected percentages. For the Clayey ESDs, the percent bare ground (%) for 35 
the ESDs ranged from approximately 10-20%, with approximately 15% bare ground being the average, 36 
which can be applied as a general approximate average across the saltbush/shadscale/winterfat and 37 
associated badland communities. It must be noted that the values utilized vary for individual ESDs. 38 

Overall for these communities, an important component in maintaining site stability is perennial grasses 39 
which should comprise at least 15% to 20% canopy cover. Shrub canopy cover depends on the soil type 40 
but on average should be approximately 10%. Forbs canopy cover would be highest in the spring with a 41 
minimum of 5%. 42 
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Indicators 1 

Some of these specific indicators were determined to be more important for the badlands community 2 
and can also be used to assess its health. The presence and proportion of fragile soils indicates the 3 
presence of badlands. Because of the fragile soils, the percentage of biological soil crusts and their 4 
percent cover is an important indicator. Furthermore, bare ground and the evidence of active erosion 5 
are also important indicators due to the soil fragility. For the saltbush/shadscale/winterfat community, 6 
erodible soils are also an important indicator as they are in the badland community. Shrubs are a major 7 
component of the saltbush/shadscale/winterfat community; therefore, shrub canopy cover is also an 8 
important indicator.  9 

Importance 10 

The importance of the badland vegetation community is indicated in the variety of other vegetation 11 
communities that it helps support, including saltbush/shadscale, sagebrush, juniper savanna, rock 12 
outcrops, and desert scrub type communities. The diversity of vegetation types support hundreds of 13 
different species of wildlife and rare plants, including two federally-listed plant species. Areas that appear 14 
bare and desolate can be abundant with wildlife. Additionally, there are also other resource values 15 
within the badland community, such as paleontological resources, recreational opportunities, scenic 16 
values, prey species (e.g., raptor hunting areas), cryptobiotic soils, relict plant communities (e.g., 17 
ponderosa pine trees), and cultural resources including traditional cultural properties and plant gathering 18 
sites. 19 

Several important BLM Sensitive Species utilizes this vegetation community, including the Gunnison’s 20 
prairie dog and Western burrowing owl similar to the sagebrush grassland and grassland communities. 21 
Four BLM Sensitive plant species habitat is endemic to badland, desert scrub/saltbush/shadscale soils. 22 
Brack’s cactus (Clerocactus cloverae ssp. brackii) and Aztec gilia (Aliciella formosa) habitat is often found 23 
within badland community. The San Juan milkweed (Asclepias sanjuanensis) is associated with desert scrub 24 
sub-community and the Mancos saltbush (Proatriplex pleiantha) can be found in the saltbush/shadscale 25 
complex.  Rock outcrops and cliffs within badland associated communities provides nesting and breeding 26 
habitat for a variety of raptor and small mammal species, as well as pronghorn.  27 

For the shadscale saltbush/winterfat community, winterfat is an important forage plant for livestock and 28 
wildlife, especially during winter when forage is scarce (Blaisdell 1984).  Winterfat is a staple food for 29 
jackrabbits, which are the primary food source for golden eagles (Anderson 1986).  Several passerine 30 
bird species breed in winterfat-dominated communities; these include horned lark, Brewer's sparrow, 31 
sage thrasher, horned lark, black-throated sparrow, and loggerhead shrikes (Medin 1986). 32 

Threats 33 

The badland vegetation community is adapted to highly erodible soils that may be dry throughout the 34 
growing season. Generally, the plant communities will be drought tolerant, grazing resistant, and winter 35 
hardy, and will be tolerant of managed grazing practices or light-intensity fires. Because of the erodible 36 
soils, the shale badlands system is not tolerant of heavy use. The greatest threat to the badlands 37 
ecosystem is habitat damage or loss. This can occur from human activities, particularly activities related 38 
to energy development and associated infrastructure, invasive/noxious weed introduction and spread, 39 
habitat fragmentation, erosion, easier access to illegal OHV activity and other human activities (illegal 40 
hunting/woodcutting). Like other vegetation communities, drought and climate change can threaten the 41 
badland community, and the level of impacts is dependent on drought severity and length. Soil stability 42 
impacts due to drought include erosion and loss of organic material from drought-induced plant 43 
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mortality. Soil compaction due to livestock trampling can also be a threat. Compaction reduces 1 
infiltration, available water capacity, aeration of plant roots, and habitat requirements for some soil 2 
organisms. Compaction can increase runoff, erosion, and resistance to plant root growth. Climate 3 
change can potentially threaten the badlands and other vegetation communities by potentially shifting 4 
the ranges of plant and animal species and biomes (major vegetation types), as well as altering the timing 5 
of events such as plant flowering and animal migration. 6 

Threats to the saltbush/shadscale/winterfat community are similar to those for badland and sagebrush 7 
grassland communities.  It is adapted to erodible soils that may be dry throughout the growing season. 8 
The greatest threat to the shadscale/saltbush/winterfat community is habitat loss from the 9 
aforementioned human actives described for the badland community. The aforementioned drought and 10 
climate change threats described for the badland community are also threats for the 11 
shadscale/saltbush/winterfat community. Past poor management practices such as overgrazing have 12 
reduced or eliminated winterfat within some shadscale/saltbush/winterfat communities in the FFO. 13 
Dominant species expected in the HCPC have been converted to tansymustard (Descurainia spp.) or 14 
have been invaded by the non-native and noxious species halogeton (Halogeton glomeratus) or Russian-15 
thistle (Salsola kali).   16 

G.1.6 Greasewood 17 

Description 18 

The greasewood vegetation community is predominately found in valley bottoms near riparian areas. 19 
These sites can potentially receive additional moisture from the adjacent uplands. Soils are generally 20 
deep, well drained and are sodium affected. The majority of these soils are fine sandy loams and silty clay 21 
loams.  Soils in this vegetation type can contain inclusions that have elevated soluble salts (saline) 22 
properties and may require modification to treatment methods to ensure success, or may not be 23 
suitable for treatment at all. Root penetration can be restricted in shallower soils and by the sodium 24 
content. Vegetation can be difficult to establish in the finer clay soils; therefore, site specific criteria 25 
needs to be developed for treatment areas and planned project work. 26 

The soils are generally 24 to 60 inches or deeper. They are well drained and are sodium affected. The 27 
vegetation composition of this community is primarily influenced by the soils. Most of these soils are fine 28 
sandy loams and silty clay loams. Vegetation can be difficult to establish in the finer clay soils; therefore, 29 
site-specific criteria need to be developed for treatment areas and planned project work. 30 

Important procedures for managing this community are removing, controlling, and preventing the spread 31 
of noxious and invasive plant species (especially cheatgrass), reducing soil erosion, and improving soil 32 
properties, function, and moisture retention. 33 

At the broad-scale level, the SWReGAP land cover grouped vegetation types of intermountain basins 34 
greasewood flat and intermountain basins mixed salt desert scrub. These comprise the greasewood 35 
community. 36 

The annual production (lbs. /ac.) in the Table G-1 ESDs only presented shrub production in two ESDs 37 
(Salt Flats R035XA126NM and Saline Bottom 6-10” R035XB024NM). These ESDs can be used to make a 38 
very general average of the greasewood community as having approximately 82-86% grass/grass-like, 1-39 
4% forb, and 12-14% shrub components of total HCPC potential average annual production (lbs./ac).  40 

For ground cover, Saline Bottom 6-10” R035XB024NM was excluded as it did not list any cover values, 41 
but the remaining four ESDs were assessed. The percent bare ground (%) for the ESDs ranged from 42 
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approximately 35%-65%, with approximately 50% bare ground being the average. Higher percentages of 1 
bare ground are typically allowed in the lower elevation/lower precipitation areas. The percent litter 2 
cover (%) ranged from 10-25%, with approximately 16-21% as the average across all ESDs. It must be 3 
noted that the values utilized vary for individual ESDs.  4 

Indicators 5 

Some of these specific indicators were determined to be more important for the greasewood 6 
community and can also be used to assess its health. As with the sagebrush grassland community, 7 
ecological succession is a strong indicator in this community as density of black greasewood cover 8 
increases with successional stages. Because sites supporting black greasewood typically have saline or 9 
sodic soils, black greasewood presence can be indicative of wet to partially west saline conditions, 10 
perched water tables, or improper management (NRCS 2007b). 11 

As in all vegetation communities, species composition in comparison to the vegetation composition 12 
expected in ESDs is important. This community also supports plant species that are tolerant of saline or 13 
sodic soils in which other plants are unable to establish. As with other communities, non-native invasive 14 
and/or noxious weeds can also potentially enter this community and their presence and prevalence can 15 
be an indicator of greasewood community health. 16 

Importance 17 

Soil site stabilization and protection from invasive plant species and/or noxious weeds are important 18 
roles in this vegetation community, especially because the greasewood community typically serves as a 19 
transition community between riparian areas and upland sagebrush grassland communities.  Several 20 
raptor species, including golden eagle can be commonly found foraging within this vegetation community. 21 
While black greasewood is typically considered poor browse and can be toxic to livestock, the 22 
greasewood community affords protective cover for wildlife and livestock, particularly during winter 23 
months (NRS 2007a). In addition, this community provides forage for large game and small mammals and 24 
browse for livestock in the early spring (NRS 2007b). 25 

Threats 26 

As with other vegetation communities such as the sagebrush grassland and pinyon-juniper communities, 27 
factors such as historic grazing, fire suppression, or past vegetation treatments can also lead to a 28 
decrease in biodiversity and seral stages. Changes in climate conditions are also a potential threat to this 29 
community. 30 

As with the sagebrush grassland community, ecological succession into late seral stages is desirable for 31 
some management objectives, but can also threaten the community by leading to a reduction in 32 
perennial grass understory and key plants such as shadscale from both increased black greasewood and 33 
rubber rabbitbrush density and cover. Controlling black greasewood dominance is also difficult as the 34 
species utilizes adventitious buds and crown sprouting (NRCS 2007a). The greasewood community has 35 
undergone vegetation treatments in many areas to restore the grassland component and the watershed 36 
and vegetative function of areas, primarily by reducing late ecological successional stage shrub density. 37 
As with other vegetation communities, nonnative invasive and noxious weeds can threaten this 38 
community, particularly as it departs reference conditions. 39 

Because greasewood communities are often adjacent to riparian communities, soil stability is important; 40 
therefore, soil erosion is a threat. A decline in perennial grass cover can also lead to soil degradation 41 
and erosion issues and impair water infiltration into the soil. 42 
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G.1.7 Riparian 1 

Description 2 

The riparian-vegetation type occupies a minor but important component of surface areas in the FFO. 3 
The soils in these areas are typically comprised of stratified sediments of varying textures that are 4 
subject to intermittent flooding and/or fluctuating water tables that may reach the surface. The duration 5 
of the soil-wetness feature is dependent upon the seasonal meteorological characteristics of the adjacent 6 
water body, or the subsurface water table. 7 

Riparian systems are inherently valuable within any landscape and are largely prized for the ecological 8 
functions they provide. Components within these systems allow for filtration of sediments, pollutants 9 
and nutrients. They provide for the production and cycling of organic matter and also facilitate the 10 
spatial and temporal heterogeneity necessary for regeneration of flora and fauna. 11 

The FFO manages 85 separate riparian-wetland reaches containing approximately 112 miles of perennial, 12 
intermittent, and ephemeral riparian habitats. The perennial systems flow continuously and include the 13 
San Juan, Animas, and La Plata Rivers. The intermittent systems flow for a portion of the year and 14 
include portions of Largo Canyon and Cereza Canyon. The ephemeral systems have continuous 15 
subsurface water flow and surface flow during precipitation events. The FFO further breaks down 16 
riparian vegetation species composition into the active floodplain group and the 100-year floodplain 17 
groups.  18 

At the broad-scale level, the SWReGAP land cover mapped vegetation types of Rocky Mountain Lower 19 
Montane Riparian Woodlands, North American Arid West Emergent Wash, Invasive Southwest Riparian 20 
Woodland and Shrubland, and Rocky Mountain Aspen Forest and Woodland. These vegetation types 21 
comprise the FFO riparian/wetland community. 22 

Species in riparian-wetland areas may include willows (coyote willow [Salix exigua], Goodding’s willow 23 
[S. gooddingii], peachleaf willow [S. amygdaloides], and Bebbs willow [S. bebbiana]), cottonwood (Rio 24 
Grande [Populus deltoides ssp. Wislizeni] and narrow leaf cottonwood [P. angstifolius]), stretchberry 25 
(the native New Mexico olive [Forestiera pubescens]), and invasives and nonnatives, such as Russian 26 
olive (Elaeagnus angustifolia) and tamarisk (saltcedar [Tamarix chinensis]).  27 

Graminoids include spikerush (Eleocharis spp.), sedges (Carex spp.), rushes (Juncus spp. [in wetter low-28 
lying areas in the floodplain]).  29 

Other grasses and forbs include scratchgrass (alkali muhly [Muhlenbergia asperifolia]), alkali sacaton 30 
(Sporobolus airoides), spike dropseed (S. contractus), giant dropseed (S. giganteus), sand dropseed (S. 31 
cryptandrus), Indian ricegrass (Achnatherum hymenoides), reed canarygrass (Phalaris arundinacea), 32 
Rocky Mountain beeplant (Cleome serrulata), lupine (Lupinus spp.), evening primrose (Oenothera spp.), 33 
buckwheat (Eriogonum spp.), Indian paintbrush (Castilleja spp.), and hoary tansyaster (Machaeranthera 34 
canescens).  35 

Potentially found in disturbed sites are invasive, nonnative downy brome (cheatgrass [Bromus 36 
tectorum]), Russian thistle (Salsola tragus), and Russian knapweed (Acroptilon repens) or other 37 
knapweed species. In drier portions of the floodplain can be found the native rubber rabbitbrush 38 
(Ericameria nauseosa), yellow rabbitbrush (Chrysothamnus viscidiflorus), big sagebrush (Artemisia 39 
tridentata), skunkbush (Rhus aromatica), black greasewood (Sarcobatus vermiculatus), and fourwing 40 
saltbush (Atriplex canescens). 41 
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Soils are a distinct component of this community, and BLM Technical Reference 1737-19 describes the 1 
relationship of riparian-wetland soils and hydrology and that water movement over, into, and through soil is 2 
what drives hydrology. Upon reaching a riparian-wetland area landform, moving water is slowed by vegetation (or 3 
large woody debris), which provides stability and habitat for aquatic species. 4 

Active Floodplain 5 

There is an active channel and 100-year floodplain component to riparian systems. Shrubs and trees 6 
include willows (coyote, peachleaf, Bebbs, and others), cottonwood (Rio Grande and narrow leaf), 7 
stretchberry (the native New Mexico olive), and invasive and nonnative Russian olive and tamarisk 8 
(saltcedar). Tree species diversity is low, but age class and structural diversity is high. Younger recruits 9 
are found closer to the active channel, while older more mature cottonwoods can be hundreds of yards 10 
from the active channel. 11 

The character of the understory depends on previous disturbances, for example, fire, human 12 
disturbance, livestock grazing, and flooding. But typically, it includes forbs, grasses, and graminoids, such 13 
as horsetail (Equisetum arvense), rush, cattails (Typha latifolia), spikerush, sedges, James galleta (Pleuraphis 14 
jamesii), sunflowers (Helianthus spp.), Rocky Mountain beeplant, saltgrass (Distichlis spicata), scratchgrass 15 
(alkali muhly), reed canarygrass, and common reed (Phragmites australis). Also, in disturbed sites there 16 
may be the invasive nonnatives, Russian thistle, Russian knapweed and other knapweed species, and 17 
downy brome (cheatgrass). 18 

PFC assessments are utilized to determine riparian area condition and are further described in its 19 
respective section in under FFO-VCCs.  20 

Indicators  21 

The PFC assessment refers to a consistent approach for considering hydrology, vegetation, and 22 
erosion/deposition (soils) attributes and processes to assess the condition of riparian-wetland areas. 23 
Because riparian areas are either lotic or lentic, the Lotic and Lentic assessment forms contain a list of 24 
physical indicators that can be used to identify the health of a riparian-wetland area. The PFC Lotic 25 
Assessment Form is found in BLM Technical Reference 1737-15 Appendix A. The PFC Lentic 26 
Assessment Form is found in BLM Technical Reference 1737-16 Appendix A. 27 

Importance 28 

Riparian-wetland areas are critically important in landscapes for biological and ecological, recreational, 29 
aesthetic, cultural, and economic reasons (Pritchard 1998). These areas in the FFO provide wildlife 30 
habitat, as well as some important recreational uses such as fishing on the San Juan River. Riparian areas 31 
affect ground water recharge, water quality, transfer energy, and cycle nutrients among other ecosystem 32 
services. These areas are important enough that the FFO has implemented management restrictions 33 
such as grazing deferment from May 1st (May 1) to September 30th (9/30) annually, as well as restrictions 34 
on activities such as oil and gas development. 35 

Threats 36 

As with most vegetation communities, potential drought and climate change are threats to the riparian 37 
community. Drought can negatively impact perennial native vegetation growth and reproduction, 38 
particularly for riparian species. Livestock grazing during the plant growing season was a historical threat 39 
to riparian communities and annual growing season deferment is now required; however, trespass 40 
livestock grazing during this time period remains a threat. Declining condition and management of 41 
upland vegetation communities is a threat to riparian areas, particularly through erosion. Furthermore, 42 
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the erosional features of the arid southwest are a natural occurring threat to riparian areas, in addition 1 
to heavy precipitation and flooding events.  2 

G.1.8 Oak Woodlands 3 

Oak woodland comprises a minor part of FFO acreage. Within the FFO, Gambel’s oak (Quercus gambelii) 4 
comprise small dispersed clumps, typically found on mesic (moist) sites with deeper soils, usually as 5 
clones of shrubs in dense patches on northeast slopes Gambel’s oak stands occur on uplands at 6 
elevations 6,500’ and greater with the majority found along the New Mexico/Colorado state line and in 7 
the extreme northeast section of the field office.   8 

At the broad-scale level, the SWReGAP land cover grouped vegetation types of Rocky Mountain gamble 9 
oak-mixed montane shrubland and Rocky Mountain lower montane-foothill shrubland. They comprise 10 
the oak woodlands community. 11 

Importance, indicators of health, and threats are not discussed in further detail due to the minimal size 12 
of this community. 13 

G.1.9 Ponderosa Pine-Mixed Conifer 14 

Ponderosa pine-mixed conifer forest vegetation community is also very small in the FFO and generally 15 
occurs at high elevations ranging from approximately 5,000 to 9,000’.  It is dominated by ponderosa pine 16 
and commonly includes other species such as oak, juniper, and pinyon.  This vegetation community 17 
typically occurs with an understory of grasses and forbs although it sometimes includes shrubs. Soil 18 
types within this vegetation community tend to be rocky or shallow and range from coarse textured to 19 
fine textured. 20 

In areas with a history of fire exclusion or heavy past logging, pole stands occasionally get dense. Grass 21 
production is generally moderate but can be quite reduced with erosion or heavy grazing pressure.  22 

Early successional stages generally provide excellent forage on well-maintained sites. Late successional 23 
stages may have large trees with heavy duff layers, and forage production is moderate. Dense pole 24 
stands may have little or no forage production. Soil types in this vegetation community tend to be rocky 25 
or shallow and range from coarse to fine textured. 26 

Importance, indicators of health, and threats are not discussed in further detail due to the minimal size 27 
of this community. 28 

G.2 FFO-VCCS 29 

FFO VCCs are based on the combination of many factors that vary within vegetation communities, and 30 
include the following: 31 

• ESDs and HCPC, and reference states 32 

• Habitats for threatened, endangered, and special status species managed to provide for recovery 33 
and move species toward de-listing. 34 

• Range condition 35 
• Rangeland health assessments 36 

• Wildlife habitat and obligate species that occupy the habitat, including migratory bird nesting 37 
habitat 38 

• LANDFIRE condition class  39 

• Vegetation age class 40 
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• Non-native invasive and noxious species (weeds) presence 1 

• PFC categories for riparian and wetland areas. 2 

These factors are described individually below to introduce the concepts used in developing the FFO-3 
VCCs. 4 

G.2.1 Ecological Site Descriptions (ESDs) -Historic Climax Plant Community (HCPC) and 5 
Reference States 6 

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb1068392 7 

The FFO falls within the USDA NRCS defined Land Resource Region (LRR) D-Western Range and 8 
Irrigated Pasture and E-Rocky Mountain Range and Forest Region. The LRR contains subunits known as 9 
Major Land Resource Areas (MLRAs), which are areas of similar geographic and characteristic land 10 
resource units that are important in all planning levels (USDA NRCS 2006). Specifically, the planning 11 
area is located within the following MLRAs: 12 

• 35-Colorado Plateau 13 

• 36-Southwestern Plateaus, Mesa, and Foothills 14 

• 48A-Southern Rocky Mountains.  15 

MLRAs contain specific associated units called ecological sites. Ecological sites are classified as either 16 
Rangeland or Forestland based on their Reference Plant Community vegetation. Ecological sites are 17 
utilized for inventory, assessments, and management (USDA NRCS 2003). The USDA NRCS describes 18 
them in the USDA NRCS National Range and Pasture Handbook as specifically the “the product of all 19 
the environmental factors responsible for its development, and it has a set of key characteristics that are 20 
included in the ecological site description” and that they are “recognized and described on the basis of 21 
the characteristics that differentiate it from other sites in its ability to produce and support a 22 
characteristic plant community” (USDA NRCS 2003). 23 

Ecological sites are described in reports called Ecological Site Descriptions (ESDs). The information in an 24 
ESD is presented in four major areas. According to the NRCS, these areas are site characteristics 25 
(features include physiography, climate, soil, and hydrology), plant communities (including plant species, 26 
states of vegetation, and ecological dynamics), site interpretations (site-specific management alternatives 27 
for the site) and supporting Information (including pertinent literature, sources of data, and information) 28 
(USDA NRCS ESDs).  ESDs can be found by entering the appropriate MLRA or state on the NRCS 29 
Ecological Site Description (ESD) for Rangeland and Forestland Data website. This website can be found 30 
at https://esis.sc.egov.usda.gov/Welcome/pgReportLocation.aspx?type=ESD&state=NM&mlra=. 31 

The ESDs contain a description of the HCPC, which is defined in the Interpreting Indicators of 32 
Rangeland Health Technical Reference 1734-6 as “the plant community that was best adapted to the 33 
unique combination of factors associated with the ecological site. It was in a natural dynamic equilibrium 34 
with the historic biotic, abiotic, climatic factors on its ecological site in North America at the time of 35 
European immigration and settlement” (Pellant et al. 2005).   36 

As stated earlier, ESDs individually describe the HCPC. Interpreting Indicators of Rangeland Health 37 
Technical Reference 1734-6 defines the Potential Natural Plant Community (PNCP) as “a historical term 38 
originally defined by A.W. Kuchler as the stable vegetation community which could occupy a site under 39 
current climatic conditions without further influence by people. Often used interchangeably with 40 
‘potential natural community’” (Pellant et al. 2005). Furthermore, the PNPC can be referred to as the 41 

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/landuse/rangepasture/?cid=stelprdb1068392
https://esis.sc.egov.usda.gov/Welcome/pgReportLocation.aspx?type=ESD&state=NM&mlra
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reference state, which is also described in the Interpreting Indicators of Rangeland Health Technical 1 
Reference 1734-6 as “the state where the functional capacities represented by soil/site stability, 2 
hydrologic function, and biotic integrity are performing at an optimum level under the natural 3 
disturbance regime” (Pellant et al. 2005). 4 

However, attaining HCPC for a particular ecological site may not be possible or even desired depending 5 
on management objectives. Management objectives may instead allow for a Desired Plant Community 6 
(DPC). If this is being used, the reference state will nearly always contain the DPC (Pellant et al. 2005).   7 

ESDs may also contain State-and-Transition Models (STMs), which describe site ecological dynamics. 8 
These models provide how transitions between different vegetation states function and the types of 9 
management actions that facilitate these. They also describe the characteristics of vegetation states 10 
within an ESD. 11 

Range Condition  12 

Ecological sites can be evaluated through range condition classification. Range condition refers to the 13 
rangeland health state and typically uses the four categories of “Excellent”, “Good”, “Fair”, and “Poor” 14 
(Holechek 2011). These categories were described by Dyksteruis as departure from the HCPC climax 15 
vegetation, and were categorized as the following: 16 

• Excellent = 76-100% of climax 17 

• Good = 50-75% of climax 18 

• Fair = 26-50% of climax 19 

• Poor = 0 25% of climax (Holechek 2011).  20 

An ecological site can be evaluated for these categories of range condition through a Range Condition 21 
Worksheet. The results of the assessment can provide thresholds for treatment based on the rating for 22 
the ecological site and management objectives. Range condition worksheets generate range condition 23 
ratings by considering the factors of plant composition (%) based on annual production (lbs.) by weight 24 
found at a site or by percent cover, the proportion of “allowable” species from a site according to the 25 
reference ESD, and the amount of annual production (lbs.) from a site as compared to the HCPC values 26 
in the reference ESD.  Undesirable species or a disproportionate amount of desirable or allowable 27 
species can affect this rating by replacing desirable or allowable species. The range condition worksheet 28 
also allows range condition trend to be assessed as “Improving”, “Stationary”, or “Declining” by rating 29 
composition change, abundance of seedlings and young plants, plant residues, plant vigor, and soil surface 30 
condition.  31 

Again, attaining or using HCPC values may not be relevant to the management objectives for a particular 32 
site. Range condition classes may also not be relevant to the management objectives. For example, 33 
“Excellent” in relation to HCPC does not necessarily always directly equate to “excellent” in terms of 34 
management objectives. Additionally, a “Fair” range condition rating in terms of climax vegetation may 35 
equate to acceptable or “good” conditions for certain management objectives. For example, 36 
management objectives may prescribe an area to be targeted for treatment to optimize a certain wildlife 37 
species habitat, which may be different from an area targeted for livestock grazing or watershed 38 
function.  39 

Range condition classes of “Excellent” through “Poor” can also be replaced with the following terms 40 
(Holechek 2011): 41 
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• Excellent = Climax 1 

• Good = High Seral or late seral 2 

• Fair = Mid Seral 3 

• Poor = Low Seral or early seral 4 

Trend and whether it is upward, downward, or static can also be assessed over time and utilized in 5 
relation to range condition and/or seral stage. 6 

Rangeland Health Assessments and New Mexico Standards for Public Land Health 7 

Rangeland Health Assessments (RHAs) are regularly utilized by rangeland managers to evaluate the 8 
ecological processes (water cycle, energy flow, and nutrient cycle) of an ecological site through the 9 
three attributes of rangeland health - soil/site stability, hydrologic function, and biotic integrity. 10 
Interpreting Indicators of Rangeland Health Technical Reference 1734-6 defines rangeland health as “the 11 
degree to which the integrity of the soil, vegetation, water, and air, as well as the ecological processes of 12 
the rangeland ecosystem, are balanced and sustained. Integrity is defined as maintenance of the structure 13 
and functional attributes characteristic of a locale, including normal variability” (Pellant et al. 2005). 14 

These attributes are evaluated through 17 qualitative and quantitative indicators. Results of an RHA will 15 
allow the determination of whether or not an ecological site is meeting rangeland health and inform 16 
management decisions. RHA forms as well as a more in-depth description the process and indicators are 17 
found in the Interpreting Indicators of Rangeland Health Technical Reference 1734-6. 18 

In the FFO, Rangeland Health Assessments are typically utilized for assessing sites in reference to 19 
Rangeland ESDs as Forestland ESDs are not typically key grazing areas. 20 

RHAs are also used in the FFO to determine if the New Mexico Standards for Public Land Health (2001) 21 
Upland Sites Standard, Biotic Communities, Including Native, Threatened, Endangered, and Special Status 22 
Species Standard, and the Riparian Sites Standards are being met.  23 

G.2.2 Wildlife and Wildlife Habitat, including Special Status & Threatened & Endangered 24 
Species 25 

Habitat for both wildlife and special status species and threatened and endangered (T&E) plant and 26 
animal species is important. For wildlife, plant species composition, vegetative age classes, fragmentation 27 
and continuity, and patch size and “mosaics” are important for habitat. The presence or absence of 28 
obligate species as well as abundance can indicate the overall health for a vegetation community. For 29 
special status and T&E plant species habitat, a healthy overall vegetation community reflected in other 30 
rating factors such as RHAs and minimizing non-native invasive and noxious species is important.  31 

G.2.3 LANDFIRE Vegetation Condition Classes (VCCs) 32 

LANDFIRE VCCs are categories of Vegetation Departure (VDEP) layers and describe current vegetation 33 
the overall departure level and indicate present vegetation’s general departure level from simulated 34 
historical reference conditions (LANDFIRE). VDEP ranges on a scale from 0 – 100 (LANDFIRE). 35 

According to LANDFIRE, there are six VCC classes which can be condensed into the following three 36 
classes. VCC 1 represents ecosystems with low departure and a VDEP of 0 to 33. VCCC 2 represents 37 
ecosystems with moderate departure and a VDEP of 34 to 66. VCC 3 represents ecosystems with high 38 
departure and a VDEP of 67 to 100. 39 



G. Farmington Field Office Vegetation Communities Descriptions and Determination of Farmington Field Office 
Vegetation Condition Classes 

 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 G-21 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

G.2.4 Age Class 1 

Diversity of age classes for vegetation is important for a vegetation community in terms of ecological 2 
processes, resiliency, and wildlife habitat, particularly in helping form “mosaics” on the landscape. 3 
Different age classes of vegetation also allow for recruitment and replacement plants. 4 

G.2.5 Proper Functioning Condition (PFC) 5 

BLM Technical Reference 1737-15 refers to PFC as a qualitative method for assessing the condition of 6 
riparian-wetland areas. The term PFC is used to describe both the assessment process, and a defined, 7 
on the-ground condition of a riparian-wetland area.  8 

The PFC assessment considers three primary factors when qualitatively examining the condition of a 9 
riparian-wetland system which are the hydrology, vegetation, and the geomorphological properties of 10 
the area (Pritchard 1998). PFC assessments are specific for riparian areas but can also help indicate the 11 
health of upland communities.  12 

BLM Technical Reference 1737-15 states that a riparian-wetland area is considered to be in proper 13 
functioning condition when adequate vegetation, landform, or large woody debris is present to: 14 

• dissipate stream energy associated with high waterflow, thereby reducing erosion and improving water 15 
quality; 16 

• filter sediment, capture bedload, and aid floodplain development; 17 

• improve flood-water retention and ground-water recharge; 18 

• develop root masses that stabilize streambanks against cutting action; 19 

• develop diverse ponding and channel characteristics to provide the habitat and the water depth, 20 
duration, and temperature necessary for fish production, waterfowl breeding, and other uses; 21 

• support greater biodiversity. 22 

PFC assessment forms assess whether or not the uplands are contributing to the “PFC”, “Fair with 23 
Upward, Downward, or Not Apparent Trend”, or “Not Functioning” ratings. 24 

G.2.6 Non-Native Invasive & Noxious Species (Weeds) Presence 25 

Noxious and invasive non-native species or weeds are aggressive, typically non-native, ecologically 26 
damaging, and undesirable plants. They severely threaten biodiversity, habitat quality, and ecosystems. 27 
Because of their aggressive nature, noxious weeds can spread into established plant communities mainly 28 
through ground disturbing activities that disturb vegetation and soil, such as clearing ground for 29 
development or recreation and/or animal activity and overgrazing. They will also invade areas as the 30 
native plant community declines and replace desirable species. The presence and amount or proportion 31 
of weeds can be reflected in RHAs and other assessment methods. Noxious weeds are managed 32 
according to their classifications on the New Mexico Department of Agriculture Noxious Weed List.  33 

G.3 FARMINGTON FIELD OFFICE VEGETATION CONDITION CLASSES (FFO-VCCS) 34 

Utilizing the described factors, four FFO-VCCs were defined for use to describe the current condition 35 
of the communities and in alternatives development to set management objectives for each alternative. 36 
The highest condition of a specific vegetation community would represent Class 1 and Classes 2-4 37 
represent departures from FFO-VCC 1 conditions. As each vegetation community varies in the 38 
composition of plant communities, the indicators are not all weighted equally. Any action to be taken in 39 
accordance with management objectives would be determined at the site-specific level.  40 
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G.3.1 FFO-VCC 1  1 

FFO-VCC 1 is defined as managing for 76-100% of the relevant ESD(s) potential HCPC vegetation or 2 
described reference state(s). Trends would be “Stationary/Static” or “Upward/Improving”. Additionally, 3 
the following indicators may be taken into consideration and contribute to the vegetation community’s 4 
overall condition: 5 

1. Rangeland Health Assessments in vegetation communities assessed would be targeted to rate as 6 
“None to Slight” in all categories and meet the fundamentals of rangeland health. 7 

2. New Mexico Standards for Public Land Health would be met.  8 

3. Management for this class would include managing for the percent (%) bare ground, litter, and 9 
foliar cover described in the ESD. Less than 10% weeds by percent cover would be allowed.  10 

4. LANDFIRE VCC 1 would be targeted to occur in the community.  11 

5. Habitats for threatened, endangered, and special status species managed to provide for recovery 12 
and move species toward de-listing. 13 

6. An abundance and diversity of wildlife and obligate species to the specific community would 14 
occur for what is expected.  15 

7. There would be a distribution of vegetation age classes. 16 

8. Wildlife and migratory bird nesting habitat would include being intact with limited fragmentation 17 
and would include patches and mosaics. 18 

9. For riparian areas, ratings would be PFC with an upward trend. 19 

G.3.2 FFO-VCC 2  20 

FFO-VCC 2 is defined as managing for 51-76% of the relevant ESD(s) potential HCPC vegetation or 21 
described reference state(s). Trends would be “Stationary/Static” or “Upward/Improving”. Within the 22 
“sideboards” of attaining an overall condition rating of 51-75% of the relevant ESD potential HCPC 23 
vegetation or described reference state, the above mentioned indicators 1-9 in FFO-VCC 1 could 24 
slightly depart from the baselines described, but their status is evaluated and any action to be taken in 25 
accordance with management objectives is determined at the site-specific level. 26 

G.3.3 FFO-VCC 3  27 

FFO-VCC 3 is defined as managing for 26-50% of the relevant ESD(s) potential HCPC vegetation or 28 
described reference state(s). Trends would be “Stationary/Static” or “Upward/Improving”. Within the 29 
“sideboards” of attaining an overall condition rating of 26-50% of the relevant ESD potential HCPC 30 
vegetation or described reference state, the abovementioned indicators 1-9 in FFO-VCC1 1 could 31 
depart from these baselines described, but their status is evaluated and any action to be taken in 32 
accordance with management objectives is determined at the site-specific level.  33 

G.3.4 FFO-VCC 4  34 

FFO-VCC 4 is defined as managing for 0-25% of the ESD(s) HCPC potential climax vegetation or 35 
described reference state(s). Trends would be “Stationary/Static”. Within the “sideboards” of attaining 36 
an overall condition rating of 0-26% of the relevant ESD potential HCPC vegetation or described 37 
reference state, the abovementioned indicators 1-9 in FFO-VCC 1 could depart from these baselines 38 
described, but their status is evaluated and any action to be taken in accordance with management 39 
objectives is determined at the site-specific level. 40 
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Appendix H. Rationale for CCNHP 1 

Restriction Zones 2 

This appendix describes the rationale behind the various sizes of restriction zones around CCNHP 3 
considered under BLM Alternatives A, B, and C.  4 

The CCNHP hosts the densest and most exceptional concentration of pueblos in the American 5 
Southwest. The park is located in northwestern New Mexico, between Albuquerque and Farmington, in 6 
a remote canyon cut by the Chaco Wash. Containing the most sweeping collection of ancient ruins 7 
north of Mexico, the CCNHP preserves one of the most important pre-Columbian cultural and 8 
historical areas in the United States.  9 

The CCNHP and its cultural resources are near the south edge of the planning area and are listed as 10 
Chaco Protection Sites under Public Law 96-550 and as United Nations Educational, Scientific, and 11 
Cultural Organization (UNESCO) World Heritage inscribed properties. Many of the sites in the 12 
CCNHP are considered eligible to the NRHP under multiple criteria, including A, C, and D. Part of the 13 
integrity of these historic properties is related to association, setting, and feeling, therefore potential 14 
adverse effects can be related to the visual and auditory environment. Chacoan cultural sites can be also 15 
fragile. For example, concerns with erosion caused by tourists led to the closure of Fajada Butte to the 16 
public. The CCNHP and its sites are also considered sacred ancestral homelands by the Navajo, Hopi, 17 
and Pueblo people, who maintain oral accounts of their historical migration from Chaco and their 18 
spiritual relationship to the land.  19 

The provided rationale for the restriction zones around the CCNHP incorporates the information 20 
above about how the historic properties in the park are eligible to the NRHP and how they may be 21 
impacted, along with other guidance from the BLM on visual and auditory resource management. This 22 
includes the BLM Manual 8400 on Visual Resource Management, guidance from other areas such as the 23 
BLM standards and guidance relating to VRM and the assessment of effects under the NHPA (best 24 
summarized in Appendix C to the Wyoming Protocol between BLM and the SHPO]), and local efforts 25 
to minimize and mitigate visual and auditory effects on similar Chacoan resources on BLM-managed 26 
lands outside the CCNHP, such as Pierre’s Site—a Chacoan outlier site (Haymes 2018). The BLM’s 27 
VRM Manual 8400 defines the foreground-middleground distance zones as “the area visible from a travel 28 
route, use area, or other observation point to a distance of 3 to 5 miles” and the background distance 29 
zone as “the visible area of a landscape…usually from a minimum of 3 to 5 miles to a maximum of about 30 
15 miles from a travel route, use area, or other observer point” (BLM 1984). 31 

The NPS estimates from previous modeling efforts that ambient sound levels across the CCNHP vary 32 
from 24.4 to 35.3 dBA, an expression of the relative loudness of sounds in air as perceived by the 33 
human ear). Based on information from the International Organization for Standardization (IOS) and the 34 
Federal Energy Regulatory Commission (FERC), as well as local mean atmospheric conditions, the NPS 35 
estimates that noise from oil and gas construction and drilling activities would attenuate to 35.3 dBA 36 
(the maximum ambient sound level across the CCNHP) at 0.7 miles away from the well location. 37 
Similarly, this noise is estimated to attenuate to 24 dBA (the minimum ambient sound level) at 1.75 miles 38 
away from the well location. 39 
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Additionally, Haymes (2018) suggests that under normal circumstances, oil and gas development does 1 
not result in permanent impacts to the visual or auditory environment for historic properties. The 2 
rationale for this is that all fluid mineral extraction facilities will ultimately cease production, after which 3 
wells are plugged and abandoned, above-ground facilities removed, and pads reclaimed. Leases may be 4 
held by production for decades, with some near Kutz Canyon foreseeably entering a century of 5 
production in the next twenty years. More typically, facilities remain in active production for about 30 to 6 
40 years. Necessarily, the sounds related to the oil and gas operations cease once the facility is closed; 7 
however, pads need to be reclaimed to remove most adverse visual effects on historic properties. 8 
Haymes (2018) notes that while “the success of reclamation depends greatly on a location’s geography 9 
and surrounding vegetation, pads are generally reclaimed sufficiently well to fully reverse any substantial 10 
impact on a site’s viewshed.  11 

During scoping, there were diverse comments received from Tribal communities and individuals on the 12 
potential impacts from oil and gas development and hydraulic fracturing. Some Tribal members, including 13 
individuals from Pueblos and the Navajo Nation, felt that oil and gas infrastructure growth was impacting 14 
cultural and natural resources, along with Tribal lifeways or TCPs. They indicated that agencies lack the 15 
ability to identify traditional resources such as sweathouses or other sacred sites to which Tribes have 16 
long-standing affiliations, and as a result the ongoing fluid mineral development was destroying part of 17 
these Tribes’ cultural landscape. Tribal members also expressed their concerns about the broad effects 18 
from oil and gas development that result in an altered landscape where individuals are no longer able to 19 
complete early morning prayers, night observances, or other ceremonies due to the impaired visual and 20 
auditory setting. The restriction zones described below are designed to reduce impacts on these types 21 
of cultural resources important to Tribes in the CCNHP and surrounding area.  22 

H.1 BLM ALTERNATIVE A – NO LEASING CLOSURE (MILES 0 TO 2 AROUND CCNHP) 23 
AND NSO STIPULATION (MILES 2 TO 4 AROUND CCNHP) 24 

Maintaining no-leasing and NSO zones would protect the resources in the CCNHP from the direct and 25 
indirect impacts of resource extraction and surface disturbances. The no leasing zone around CCNHP 26 
under this alternative is designed to align with the highest-priority foreground, and the NSO zone under 27 
this alternative is designed to align with the foreground-middleground distance as well as some of the 28 
background distance around CCNHP. Prohibiting development in this area is meant to reduce visual 29 
impacts from oil and gas facilities on the cultural setting and recreational experience for visitors to 30 
CCNHP and Chacoan roads and outliers. Additionally, Haymes (2018) states that “observations suggest 31 
stationary facilities other than tanks or other large buildings are negligibly visible at distances greater 32 
than 2700 meters, or 1 2/3 miles.”  33 

The NPS estimates that in the area around CCNHP, lighting from drilling rigs without shielding is visible 34 
from 8 miles away and equivalent in brightness to Venus, while mitigation for lighting can reduce this 35 
distance to 5 miles. Flaring of methane from wells has an especially noticeable impact on the viewshed at 36 
night, both in terms of individual bright spots on the landscape and contribution to overall night sky 37 
glow. Prohibiting new leasing and surface development in the no leasing and NSO zones out to 4 miles 38 
around the CCNHP under this alternative, in combination with possible lighting mitigation measures, is 39 
also meant to reduce nighttime visual impacts from oil and gas facilities on the cultural setting and 40 
recreational experience for visitors to the park. 41 



H. Rationale for CCNHP Restriction Zones 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 H-3 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

The 2-mile leasing closure and 2-mile NSO zone under this alternative are designed to align with and 1 
exceed the distance needed for the noise from oil and gas activities to attenuate and not exceed 2 
background noise levels. The restriction zones under this alternative are also designed to reduce 3 
potential impacts on the cultural resources important to Tribes in the CCNHP as certain aspects of the 4 
visual and auditory environment can be significant for ceremonies or other activities conducted at these 5 
locations. 6 

H.2 BLM ALTERNATIVE B – NO LEASING CLOSURE (MILES 0 TO 8 AROUND CCNHP) 7 
AND NSO STIPULATION (MILES 8 TO 10 AROUND CCNHP) 8 

Maintaining no leasing and NSO zones would protect the resources in the CCNHP from the direct and 9 
indirect impacts of resource extraction and surface disturbances. The no leasing zone from miles 0 to 8 10 
around CCNHP and the NSO zone from miles 8 to 10 under this alternative are designed to align with 11 
the foreground-middleground distance zones as well as the background distance zone around the 12 
CCNHP.  13 

Prohibiting new leasing and surface development in the no leasing and NSO zones up to 10 miles around 14 
CCNHP under this alternative is meant to reduce nighttime visual impacts from oil and gas facilities on 15 
the cultural setting and recreational experience for visitors to the park. Because of the closure and NSO 16 
zones considered under this alternative, nighttime visual impacts would be minimized regardless of 17 
whether additional lighting mitigation measures are implemented. 18 

The no leasing and NSO zones out to 10 miles around the CCNHP under this alternative both 19 
encompasses and goes beyond the distance needed for noise from oil and gas activities to attenuate and 20 
not exceed background noise levels in the CCNHP. The restriction zones under this alternative are also 21 
designed to reduce potential impacts on the cultural resources important to Tribes in the CCNHP as 22 
certain aspects of the visual and auditory environment can be significant for ceremonies or other 23 
activities conducted at these locations. 24 

H.3 BLM ALTERNATIVE C – NSO STIPULATION (MILES 0 TO 2 AROUND CCNHP)  25 

Maintaining an NSO zone would protect the resources in the CCNHP from the direct and indirect 26 
impacts of resource extraction and surface disturbances. The NSO zone from miles 0 to 2 around 27 
CCNHP is designed to align with the highest-priority foreground viewshed around the CCNHP. 28 
Additionally, Haymes (2018) states that “observations suggest stationary facilities other than tanks or 29 
other large buildings are negligibly visible at distances greater than 2700 meters, or 1 2/3 miles.” 30 
Prohibiting new surface development in this area is meant to reduce visual impacts from oil and gas 31 
facilities on the cultural setting and recreational experience for visitors to CCNHP and on community 32 
residents. 33 

Applying an NSO stipulation from miles 0 to 2 around CCNHP under this alternative is meant to reduce 34 
nighttime visual impacts from oil and gas facilities on the cultural setting and recreational experience for 35 
visitors to the park. Application of lighting mitigation measures could further reduce these impacts. 36 

The NSO zone out to 2 miles around CCNHP under this alternative is designed to align with the 37 
distance needed for the noise from oil and gas activities to attenuate and not exceed background noise 38 
levels. The restriction zone under this alternative is also designed to reduce potential impacts on the 39 
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cultural resources important to Tribes in the CCNHP as certain aspects of the visual and auditory 1 
environment can be significant for ceremonies or other activities conducted at these locations. 2 
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Introduction 
The purpose of this reasonable foreseeable development (RFD) scenario is to analyze the known 

and potential oil and gas resources within a portion of the Farmington Field Office in 

northwestern New Mexico, and to project the potential future oil and gas development activity 

for the next 20 years (2018-2037) based on logical and technical assumptions.  Historic and 

current activity, occurrence potential, projected development potential (including projections for 

vertical and horizontal wells drilled during the life of the plan), estimated future surface 

disturbance, estimated water use for hydraulic fracturing, and estimated oil and gas production 

volumes are presented.  This RFD scenario has been prepared in support of the Farmington Field 

Office’s Mancos-Gallup Resource Management Plan Amendment (RMPA).  Previous RFD 

scenarios for portions of the field office were completed in 2001, 2014, and 2015. 

 

The RMPA Planning Area is encompassed by the Farmington Field Office administrative 

boundary, and contains approximately 4.2 million total acres of all mineral ownership types in 

portions of San Juan, Rio Arriba, Sandoval, and McKinley Counties.  Federal oil and gas 

minerals in the area cover 2.1 million acres (51%).  Of the Federal minerals, 1.8 million acres 

(85%) are leased and 300,000 acres (15%) are currently unleased. Indian-owned oil and gas 

minerals (allotted and tribal) cover 1.4 million acres (34% of the Planning Area).  Portions of oil 

and gas minerals are State-owned or owned privately and are not subject to the RMPA.  

Specially-designated areas that are unavailable for leasing are shown in hatched shading on 

Figure 1.   

 

Under the RMPA, the Federal oil and gas minerals managed by the BLM that could potentially 

be available for leasing total 2 million acres—approximately 47% of the planning area and 92% 

of Federal fluid minerals within the planning area.  All BLM-managed oil and gas minerals 

within the RMPA Planning Area boundary are covered by decisions made in the BLM 

Farmington Field Office Mancos-Gallup RMPA.  All acreages presented herein are based on 

geographic information systems (GIS) calculations and should be considered approximate. 

 

Guidance and Data Sources 

The BLM derives guidance for RFD scenarios from the “Interagency Reference Guide: 

Reasonable Foreseeable Development Scenarios and Cumulative Effects Analysis, 2004” 

developed by the Rocky Mountain Leadership Forum, a consortium of Federal natural resource 

management agencies. This document defines the RFD scenario as a reasonable projection of the 

most likely anticipated oil and gas activity supported by a clearly stated set of assumptions. This 

projection establishes a baseline scenario that is unconstrained by management imposed 

conditions and is based on historical and geological parameters. This baseline RFD scenario can 

then be used to compare the resource management plan with its alternatives and to analyze the 
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long-term effects that could result from oil and gas activities. It must be emphasized that the 

RFD scenario is not a decision document and does not establish limitations on development. 

 

Information presented in this report was compiled from various sources.  Historical and current 

well data (including production volumes) were provided by IHS Energy.  Land and mineral 

ownership data as well as most other GIS data were provided by the BLM New Mexico State 

Office and the Farmington Field Office.  Geological data were sourced from New Mexico 

Bureau of Geology and Mineral Resources reports, U.S. Geological Survey Oil and Gas 

Assessments, and various professional publications.  Hydraulic fracturing fluid volumes were 

sourced from reports published by the New Mexico Bureau of Geology and Mineral Resources 

and by the U.S. Environmental Protection Agency.  Information regarding price trends was taken 

from the Energy Information Administration.  All data sources are cited appropriately throughout 

the text. 

 

Assumptions and Findings 

For this RFD scenario, we assume that, unless significant new oil and gas discoveries are made 

in the area, future activity will be primarily horizontal drilling for oil in the Mancos-Gallup play, 

with minor development targeted at natural gas production.  We also assume that oil and natural 

gas prices will follow Energy Information Administration projections (Annual Energy Outlook, 

2017). 

 

Within the RMPA Planning Area, the RFD baseline scenario projects 3,200 new oil and gas 

wells (2,300 horizontal and 900 vertical or directional) for period 2018-2037.  As of 2017, 

existing wells in the planning area were associated with 56,500 acres of surface disturbance.  

Over the life of the plan, the maximum potential disturbance (including existing and projected 

disturbance) is 75,000 acres.  Accounting for reclamation, we expect for 43,000 acres of surface 

disturbance to remain at the end of the plan in 2037.  Hydraulic fracturing of the projected wells 

will require an estimated 60 million barrels (2.5 billion gallons) of water.  Over the life of the 

plan, the existing and projected wells will produce an estimated 279,561,000 barrels of oil, 

5,083,680,000 thousand cubic feet (Mcf) of gas, and 187,223,000 barrels of water. 

 

Historical Activity 
A total of 37,307 wells have been drilled within the RMPA Planning Area through August 2017 

(IHS Energy Group, 2017).  The total figure includes 24,825 gas wells (67%), 2,249 oil wells 

(6%), 208 injection wells (0.5%), and 9,638 abandoned wells (26%).  The remaining 387 wells 

(1%) consist of 3 carbon dioxide wells, 51 salt water disposal wells, 63 wells in pre-productive 

statuses (start, at total depth, and treated), and 270 wells in non-productive statuses (pilot, 

service, observation, suspended, and temporarily abandoned). 
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Annual drilling activity in the planning area is shown in Figure 2.  Historically, the San Juan 

Basin has been dominated by vertical drilling for natural gas.  Drilling for coalbed gas in the 

central basin took off in the late 1980s; the sharp spike in drilling in 1990, in which 1,248 wells 

were drilled, is from coalbed development.  Horizontal drilling in the planning area has occurred 

sporadically since 1980, but began to increase sharply as a share of overall drilling in the mid-

2000s.  Figure 3 shows the locations of all horizontal wells drilled within the Farmington Field 

Office. 

 

Recent Drilling Activity 

Figure 4 shows the locations of oil and gas wells drilled in the past ten years (2008-2017) within 

the Farmington Field Office.  A total of 2,336 wells were drilled within the RMPA Planning 

Area boundary. The total figure includes 1,799 gas wells (77%), 293 oil wells (13%), 3 injection 

wells (0.1%), and 93 abandoned wells (4%).  The remaining 148 wells (6%) consist of 2 carbon 

dioxide wells, 13 salt water disposal wells, 63 wells in pre-productive statuses (start, at total 

depth, and treated), and 70 wells in non-productive statuses (pilot, service, observation, 

suspended, and temporarily abandoned). 

 

Horizontal drilling first accounted for greater than 10% of total drilling in the planning area in 

2010.  In 2014, drilling for oil (118 wells) surpassed drilling for gas (43 wells) for the first time.  

Horizontal drilling peaked in 2014, with 120 horizontal wells drilled (of which 102 were for oil). 

In 2017, horizontal drilling made up 77% of total development. 

 

Oil and Gas Production 

Supplemental Table A shows historical oil, natural gas, and water production for the RMPA 

Planning Area since 1973 (IHS Energy Group, 2018).  Gas production increased sharply from 

1991 to 1999, peaking at 1.1 billion Mcf in 1999.  Gas production remained high through 

approximately 2007 and has declined through year-end 2017.  Oil production gradually declined 

from 7,817,998 barrels in 1986 to 2,195,314 barrels in 2012 before rising sharply from 2012 to 

2015, peaking at 8,457,418 barrels in 2015.  Data are shown through year-end 2017. 

 

Oil and Gas Prices 

Historical and projected annual natural gas and oil prices are shown in Figure 5. Natural gas 

prices peaked at $8.86/Mcf in 2008 and oil prices peaked at $99.67/barrel in 2008. Drilling 

activity in the planning area (Figure 2) does not appear to correlate with the rise and fall of 

market prices. It is reasonable to assume that areas left undeveloped during the period of elevated 

prices (2000-2010) are unlikely to be developed unless either market prices meet or exceed those 

levels in the future, or technological advances result in significantly lower drilling and 

completion costs. For purposes of this RFD scenario, we assume natural gas and oil prices during 

the 2018-2037 planning period will align with the Energy Information Administration 2017 

projections. 
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Pipelines and Facilities  

Figure 6 shows the existing pipelines and facilities by owner within the Farmington Field Office 

administrative boundary (IHS Energy Group, 2017). The U.S. Energy Information 

Administration defines intrastate pipelines as pipelines that operate totally within state borders 

and link producers to local markets or to the interstate pipeline network. Conversely, interstate 

pipelines cross one or more state borders, connecting regional networks.  

 

San Juan, McKinley, and Sandoval Counties have both intrastate and interstate oil pipelines.  

Intrastate and interstate gas pipelines exist in San Juan, McKinley, Sandoval, and Rio Arriba 

Counties.  In San Juan County, the Bloomfield Terminal acts as a storage and shipping location 

for crude oil and petroleum products (New Mexico Oil Conservation Division, 2017).  Western 

Refining operates an oil refinery in Gallup, New Mexico.  The company also owns a natural gas 

liquids fractionation plant in Wingate, New Mexico, but the plant has been idle since 2014.  

Natural gas liquids pipelines connect the Gallup and Wingate plants in McKinley County, and 

also exist in San Juan, Rio Arriba, and Sandoval Counties.  In producing gas fields, gas 

compressors are a necessary part of the infrastructure to move natural gas to market. The BLM 

anticipates no additional gas compressors in producing fields since the current infrastructure is 

expected to handle present and future gas demand. Unless the gas market performs significantly 

better than projected, no new major gas pipelines or facilities are expected to be needed in the 

planning area.  Additional intrastate or interstate oil pipelines may be needed to move the 

projected oil volumes.   

Occurrence Potential 

Producing Formations 

Oil and gas occur in numerous formations within the RMPA Planning Area, ranging in time from 

the Middle Jurassic to the Eocene.  A chronostratigraphic chart for the San Juan Basin showing 

producing formations is presented in Figure 7.  The chart is modified from the U.S. Geological 

Survey’s assessment of the San Juan Basin from 2013. Formations that are predominantly oil-

producing are shown in green, predominantly gas-producing in red, and formations that have 

produced both oil and gas are shown in purple (IHS Energy Group, 2017).  Oil-producing 

intervals include the Jurassic San Rafael Group, including the Entrada Sandstone; and the 

Cretaceous Gallup Sandstone and Tocito Sandstone “lentils” within the Mancos Shale.  Gas is 

found in the Jurassic Burro Canyon Formation; the Cretaceous Mesaverde Group, Lewis Shale, 

Pictured Cliffs Sandstone, and Fruitland Formation; and the Tertiary Ojo Alamo Sandstone, 

Nacimiento Formation, Animas Formation, and San Jose Formation.  Formations that are known 

to produce both oil and gas include the Jurassic Morrison Formation, including the Brushy Basin 

Member; the Cretaceous Dakota Sandstone, and members of the Mancos Shale including the 

Graneros, Greenhorn Limestone, Juana Lopez, and El Vado Sandstone. 
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For more detail on the hydrocarbon potential and geological setting of the San Juan Basin, please 

refer to the geological discussions in Molenaar, 1987; USGS, 2013; and Broadhead, 2015.  For a 

comprehensive geologic history of the region, we suggest Geology of the American Southwest 

(Baldridge, 2004). 

 

Occurrence Potential—General 

For the purposes of this document, “occurrence potential” is defined as “the geologic likelihood 

for oil and gas accumulations to exist in a given area,” and does not account for economic factors 

or historical development trends.  (See the “Projections of Future Activity” section of this 

document for analysis that incorporates these factors.) 

 

We consider the RMPA Planning Area to have very high potential for the occurrence of oil and 

gas overall (Figure 8) and medium to very high potential for oil and gas that is likely to be 

developed by horizontal drilling (Figure 9).  The USGS has defined multiple assessment units 

with oil and gas potential that encompass the planning area (San Juan Basin Assessment, 2013). 

 

The BLM has established criteria for rating the oil and gas occurrence potential of lands studied 

for planning area documents. This rating system is based on guidance outlined in the Bureau of 

Land Management Handbook H-1624-1.  The USGS assessment units within the Planning Area 

were classified using a number of geologic characteristics that qualify them as having high 

occurrence potential:  

 presence of hydrocarbon source rocks  

 presence of reservoir rocks with adequate porosity/permeability 

 potential for structural/stratigraphic traps to exist 

 opportunity for migration from source to trap, and 

 favorable temperature, depth of burial, and subsurface pressure conditions.  

 

Table 2. Rating system for hydrocarbon occurrence potential. 

Occurrence Potential Explanation 

Very High Within two or more overlapping USGS Assessment Units 

High Within one USGS Assessment Unit 

Medium 
Outside of USGS Assessment Units, but conditions for hydrocarbon 

accumulation may exist 

None 
Intrusive igneous rocks outcrop at surface.  Conditions for 

hydrocarbon accumulation do not exist 

 

Occurrence Potential—For Horizontally-Developed Plays 

As discussed in the “Historical Activity” section of this document, horizontal drilling has 

increased as a fraction of total drilling since the mid-2000s, and we project the trend to continue 

over the life of the plan.  As such, we have generated a map (Figure 9) that focuses on oil and 
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gas plays that are likely to be developed horizontally based on past drilling activity.  Please note 

that the criteria used to generate this map (described in Table 3, below) are different from the 

criteria used to generate the general occurrence potential map (Table 2 for criteria, Figure 8 for 

map). 

 

USGS plays were identified as having major or moderate existing horizontal development using 

the “Play Name” attribute in well data from IHS (IHS Energy, 2017).  The plays with major 

existing horizontal development (more than 50 wells) were the Mancos, the Fruitland, and the 

Pictured Cliffs.  The plays with moderate existing horizontal development (five to twenty wells) 

were the Dakota, the Lewis, the Mesaverde, and Point Lookout.  Plays with fewer than five 

existing horizontal wells were not considered likely candidates for future horizontal 

development. 

 

Table 3. Rating system for occurrence potential for horizontally-developed plays. 

Occurrence Potential for 

Horizontal Development 
Explanation 

Very High Within two or more major horizontal plays 

High Within one major horizontal play 

Medium 
Within no major horizontal plays, but within one or more 

moderate horizontal plays 

Low Outside of major and moderate horizontal plays 

None 
Intrusive igneous rocks outcrop at surface.  Conditions for 

hydrocarbon accumulation do not exist 

Projections of Future Activity 

Development Potential 

Figure 10 shows the development potential (location and intensity of projected development) for 

the RMPA Planning Area.  This information is also summarized in Table 4, below. 

 

Table 4. Development potential summary for the RMPA Planning Area. 

Development Potential 
Acres in 

Planning Area 

Wells per 

Township 
Type of Development 

Negligible 249,400 < 1 Likely vertical 

Low 1,810,000 4-8 Likely vertical 

Medium 1,635,000 6-9 Likely horizontal 

High 273,000 10+ Likely horizontal 

 

Historic drilling trends, geologic assessments, and recent indications of interest from industry 

were incorporated to determine where future development activities would likely occur.  

Indications of interest from industry include locations for applications for permit to drill (APDs), 

expressions of interest for leasing (EOIs), and proposed and recently-approved unitization 

agreements. 
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Development projections were only made for those lands within the Mancos-Gallup RMPA 

Planning Area that could potentially be available for leasing.  This baseline scenario assumes all 

potentially productive areas within the planning area can be open under standard lease terms and 

conditions, except those areas designated as closed to leasing by law, regulation, or executive 

order.   

 

Future Drilling 

For the baseline development scenario, we estimate that during the 2018-2037 planning period, 

2,300 horizontal wells and 900 vertical wells may be drilled in the RMPA Planning Area.  The 

majority of horizontal drilling is expected to occur in the area of high development potential near 

Nageezi and is expected to target the Mancos-Gallup play.  Development in the area of medium 

development potential to the south and west of the high potential area is also expected to target 

the Mancos-Gallup.  The medium development potential area in the north central part of the 

planning area is anticipated to have more varied target formations; recent horizontal development 

has targeted the Fruitland, Mancos, and Pictured Cliffs, while recent vertical development has 

targeted the Dakota, Fruitland, Mancos, Morrison, Pictured Cliffs, and Point Lookout.  The low 

development potential area has had fewer than 50 wells spudded per year since 2009 (compared 

to over 250 wells per year from 1979 to 1981), and recent development has been largely vertical 

drilling targeting the Dakota, Fruitland, Mancos, and Mesaverde.  In the negligible development 

potential area, a total of four wells (all vertical) have been drilled since 2008.  For the low and 

minimal development potential areas, we anticipate the trends of low overall levels of 

development to continue throughout the planning period. 

 

Estimated Future Oil and Gas Production 

Supplemental Table B represents our baseline estimates for cumulative annual production 

volumes for oil and gas within the RMPA Planning Area for period 2018-2037.  We estimated 

the future yearly oil and gas production values by generating decline curves for vertical and 

horizontal wells from historical production data in the planning area and then convolving those 

production curves with the forecasted well counts.  These estimates include both production from 

existing wells and production from predicted wells.  Over the 20-year period, we predict a total 

of 279,561,000 barrels of oil; 5,083,680,000 thousand cubic feet of gas; and 187,223,000 barrels 

of water to be produced. 

Estimated Surface Disturbance 

Table 5 (next page) presents our estimates of surface disturbance associated with the baseline 

projections for the period 2018-2037.  In 2017, there were approximately 56,500 acres of 

existing disturbance associated with oil and gas development.  For period 2018-2037, we 

estimate an additional 18,500 acres of disturbance, which includes both new wells and new 

disturbance on existing well pads, for a maximum potential disturbance of 75,000 acres.  
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Accounting for interim and final reclamation, we expect 43,000 acres of surface disturbance to 

remain at the end of the plan.   

 

Table 5. Summary of estimated surface disturbance, 2018-2037. 

Surface Disturbance Category Acres 

Existing Disturbance, 2017 56,500 

New Disturbance, 2018 to 2037 18,500 

Maximum Potential Disturbance (New + Existing) 75,000 

Interim and Final Reclamation, 2018 to 2037 32,000 

Disturbance Remaining at End of Plan (Maximum - Reclamation) 43,000 

 

For more details on estimating existing and additional surface disturbance, please refer to 

Supplemental Table C and Supplemental Table D.  Acreage estimates for roads, flow lines, 

and well pads come from Farmington Field Office staff (Sarah Scott, personal communication, 

2018). 

Estimated Water Use for Hydraulic Fracturing 
Within the RMPA Planning Area, we estimate that hydraulically fracturing the wells projected 

for period 2018-2037 will require 2.5 billion gallons (7,683 acre-feet) of water over the 20-year 

period. 

 

These estimates assume that 100% of wells will be hydraulically fractured, and do not account 

for re-use or recycling of hydraulic fracturing fluid.  Fracturing fewer wells and/or re-using or 

recycling hydraulic fracturing fluid would reduce these volumes. 

 

Statistics for water volumes used for hydraulic fracturing in the San Juan Basin come from the 

New Mexico Bureau of Geology and Mineral Resources’ hydrologic assessment of oil and gas 

development in the San Juan Basin (Kelley, 2014) and from the U.S. Environmental Protection 

Agency’s assessment of impacts from hydraulic fracturing on drinking water resources (U.S. 

Environmental Protection Agency, 2016).  Mean water volumes for vertical and directional wells 

in the San Juan Basin vary by formation and range from 105,000 gallons per well (Dakota 

formation; Kelley, 2014) to 207,000 gallons per well (Gallup formation; Kelley, 2014). EPA data 

and other formations discussed in the Kelley assessment fall within this range.  The mean water 

volume for fracturing horizontal wells in the San Juan Basin was 1,020,000 gallons per well (not 

differentiated by formation; Kelley, 2014).  This figure does not control for the length of the 

fractured interval and could increase as longer laterals are drilled.   
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Summary 
We examined the available information on the Mancos-Gallup Resource Management Plan 

Amendment Planning Area within the Farmington Field Office administrative boundary 

(geologic reports, recent drilling data, indications of industry interest, and professional 

knowledge of the area) and used that data to prepare a map that indicates areas of potential oil 

and gas development for 2018-2037 (Figure 10).  We also estimated the number of wells that 

could be drilled during this period, as well as the disturbance associated with projected and 

existing wells over the life of the plan.  We estimated that 3,200 wells (2,300 horizontal and 900 

vertical) may be reasonably assumed to be drilled.  Within the planning area, the maximum 

potential surface disturbance over the life of the plan is 75,000 acres, and we project 43,000 

acres of disturbance to remain by 2037. 
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Figure 1. Oil and Gas Minerals within the 
Farmington Field Office Administrative Boundary
Oil and gas mineral ownership and status (available or unavailable for leasing).

Kelsey Crocker, GIS Specialist
James Glover, Geologist

Farmington Field Office RMPA
February 2018
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these data for individual or aggregate use with other data. Original data was compiled from various 
sources. This information was developed through digital means and may be updated without notice.
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Figure 2. Wells drilled within the RMPA Planning Area, 1973-2017 (IHS Energy Group, 2017). 
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Figure 3. All Horizontal Wells within the 
Farmington Field Office Administrative Boundary
All horizontal wells (first horizontal well drilled in 1980)

Kelsey Crocker, GIS Specialist
James Glover, Geologist

Farmington Field Office RMPA
February 2018

NAD 1983 Albers
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False Northing: 0.0
Central Meridian: -106.0

Standard Parallel 1: 33.0
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Well Bores

No warranty is made by the Bureau of Land Management as to the accuracy, reliability, or completeness of 
these data for individual or aggregate use with other data. Original data was compiled from various 
sources. This information was developed through digital means and may be updated without notice.
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Figure 4. Recent Oil and Gas Wells within the 
Farmington Field Office Administrative Boundary
All wells drilled between 2008 and 2017

Kelsey Crocker, GIS Specialist
James Glover, Geologist

Farmington Field Office RMPA
February 2018
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No warranty is made by the Bureau of Land Management as to the accuracy, reliability, or completeness of 
these data for individual or aggregate use with other data. Original data was compiled from various 
sources. This information was developed through digital means and may be updated without notice.
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Figure 5. Historical and projected U.S. natural gas and oil prices, 1970-2040 (Energy Information Administration, 2017). 
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Figure 6. Pipelines and Facilities within the 
Farmington Field Office Administrative Boundary

Kelsey Crocker, GIS Specialist
James Glover, Geologist

Farmington Field Office RMPA
February 2018

NAD 1983 Albers
False Easting: 0.0

False Northing: 0.0
Central Meridian: -106.0

Standard Parallel 1: 33.0
Standard_Parallel 2: 36.0

Latitude of Origin: 34.5
Linear Unit: Meter

Pipelines and Facilities
Oil Pipelines
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$+ Bloomfield Terminal
$+ Gallup Refinery
$+ Wingate Fractionation Plant (idled 2014)

RMPA Planning Area
FFO Administrative Boundary
National Park Service Boundaries
Wilderness Areas
Wilderness Study Areas

No warranty is made by the Bureau of Land Management as to the accuracy, reliability, or completeness of 
these data for individual or aggregate use with other data. Original data was compiled from various 
sources. This information was developed through digital means and may be updated without notice.
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Figure 7. Chart showing regional chronostratigraphic correlations in the San Juan Basin with formations that are predominantly oil-

producing, gas-producing, or mixed oil/gas-producing formations.  This chart is modified from the U.S. Geological Survey’s 

assessment of the San Juan Basin (U.S. Geological Survey San Juan Basin Assessment Team, 2013).  Vertical lines are 

unconformities. Production information is from IHS Energy Group, 2017. 
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Figure 8. Oil and Gas Occurrence Potential within 
the Farmington Field Office Administrative Boundary
All plays combined

Kelsey Crocker, GIS Specialist
James Glover, Geologist

Farmington Field Office RMPA
February 2018

NAD 1983 Albers
False Easting: 0.0

False Northing: 0.0
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Occurrence Potential
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RMPA Planning Area
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National Park Service Boundaries
Wilderness Areas
Wilderness Study Areas

No warranty is made by the Bureau of Land Management as to the accuracy, reliability, or completeness of 
these data for individual or aggregate use with other data. Original data was compiled from various 
sources. This information was developed through digital means and may be updated without notice.
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Figure 9. Oil and Gas Occurrence Potential within 
the Farmington Field Office Administrative Boundary
For horizontally-developed plays

Kelsey Crocker, GIS Specialist
James Glover, Geologist

Farmington Field Office RMPA
February 2018
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No warranty is made by the Bureau of Land Management as to the accuracy, reliability, or completeness of 
these data for individual or aggregate use with other data. Original data was compiled from various 
sources. This information was developed through digital means and may be updated without notice.
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Figure 10. Oil and Gas Development Potential 
within the Farmington Field Office Administrative 
Boundary, 2018-2037

Kelsey Crocker, GIS Specialist
James Glover, Geologist

Farmington Field Office RMPA
February 2018

NAD 1983 Albers
False Easting: 0.0

False Northing: 0.0
Central Meridian: -106.0

Standard Parallel 1: 33.0
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Latitude of Origin: 34.5
Linear Unit: Meter

Development Potential
Negligible (<1 well per township, likely vertical)
Low (4-8 wells per township, likely vertical)
Medium (6-9 wells per township, likely horizontal)
High (10+ wells per township, likely horizontal)

RMPA Planning Area
FFO Admin. Boundary
National Park Service
Boundaries
Wilderness Areas
Wilderness Study Areas

No warranty is made by the Bureau of Land Management as to the accuracy, reliability, or completeness of 
these data for individual or aggregate use with other data. Original data was compiled from various 
sources. This information was developed through digital means and may be updated without notice.

Areas closed to leasing by statute are not analyzed for development potential.
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Supplemental Tables 
 

Supplemental Table A. Historical oil, gas, and water production from the Mancos-Gallup 

RMPA Planning Area, 1973-2017. Cumulative volumes are from 1973 forward. 

Year 
Oil (bbl) Gas (Mcf) Water (bbl) 

ANNUAL CUM ANNUAL CUM ANNUAL CUM 

1973 5,716,800 5,716,800 531,287,668 531,287,668 10,324,391 10,324,391 

1974 5,236,789 10,953,589 525,904,604 1,057,192,272 14,769,943 25,094,334 

1975 4,495,723 15,449,312 497,517,602 1,554,709,874 13,721,771 38,816,105 

1976 4,582,245 20,031,557 509,967,363 2,064,677,237 15,896,985 54,713,090 

1977 4,787,130 24,818,687 516,087,877 2,580,765,114 19,962,508 74,675,598 

1978 5,073,495 29,892,182 526,237,398 3,107,002,512 27,213,876 101,889,474 

1979 5,349,084 35,241,266 550,930,908 3,657,933,420 31,253,586 133,143,060 

1980 5,374,917 40,616,183 553,419,713 4,211,353,133 33,303,987 166,447,047 

1981 6,213,383 46,829,566 544,379,563 4,755,732,696 37,299,198 203,746,245 

1982 5,771,394 52,600,960 450,286,390 5,206,019,086 36,995,593 240,741,838 

1983 5,885,364 58,486,324 384,564,540 5,590,583,626 35,651,214 276,393,052 

1984 6,836,401 65,322,725 424,727,288 6,015,310,914 35,575,650 311,968,702 

1985 7,420,594 72,743,319 419,577,756 6,434,888,670 46,674,111 358,642,813 

1986 7,817,998 80,561,317 303,053,821 6,737,942,491 27,666,349 386,309,162 

1987 7,357,362 87,918,679 381,101,246 7,119,043,737 26,210,387 412,519,549 

1988 6,524,802 94,443,481 359,787,979 7,478,831,716 25,476,580 437,996,129 

1989 6,239,870 100,683,351 413,222,483 7,892,054,199 29,826,262 467,822,391 

1990 5,221,494 105,904,845 498,102,640 8,390,156,839 41,334,768 509,157,159 

1991 4,468,025 110,372,870 543,249,967 8,933,406,806 39,788,923 548,946,082 

1992 4,758,817 115,131,687 747,970,801 9,681,377,607 32,959,423 581,905,505 

1993 4,480,318 119,612,005 897,879,103 10,579,256,710 31,528,469 613,433,974 

1994 4,149,299 123,761,304 950,964,342 11,530,221,052 22,790,154 636,224,128 

1995 3,863,079 127,624,383 991,282,475 12,521,503,527 27,406,814 663,630,942 

1996 3,737,614 131,361,997 1,032,946,096 13,554,449,623 29,106,512 692,737,454 

1997 3,527,475 134,889,472 1,048,412,673 14,602,862,296 30,500,370 723,237,824 

1998 3,123,784 138,013,256 1,073,319,014 15,676,181,310 27,238,632 750,476,456 

1999 3,020,326 141,033,582 1,107,058,650 16,783,239,960 20,817,132 771,293,588 

2000 2,990,259 144,023,841 1,080,591,791 17,863,831,751 22,184,310 793,477,898 

2001 2,811,017 146,834,858 1,023,338,343 18,887,170,094 22,624,225 816,102,123 

2002 2,676,747 149,511,605 968,929,539 19,856,099,633 21,470,799 837,572,922 

2003 2,561,962 152,073,567 946,806,293 20,802,905,926 24,019,135 861,592,057 

2004 2,409,369 154,482,936 964,134,462 21,767,040,388 25,020,444 886,612,501 

2005 2,378,542 156,861,478 958,487,109 22,725,527,497 25,861,523 912,474,024 

2006 2,363,695 159,225,173 963,917,906 23,689,445,403 28,167,260 940,641,284 

(continued on next page)  



RFD Scenario for Oil and Gas Activities—Farmington Field Office RMPA, New Mexico 

Supplemental Table A, continued. Historical oil, gas, and water production from the Mancos-

Gallup RMPA Planning Area, 1973-2017 (IHS Energy Group, 2018).  Cumulative volumes are 

from 1973 forward. 

Year 
Oil (bbl) Gas (Mcf) Water (bbl) 

ANNUAL CUM ANNUAL CUM ANNUAL CUM 

2007 2,266,600 161,491,773 935,226,410 24,624,671,813 34,468,372 975,109,656 

2008 2,284,345 163,776,118 896,186,332 25,520,858,145 35,425,669 1,010,535,325 

2009 2,230,399 166,006,517 864,801,616 26,385,659,761 37,435,679 1,047,971,004 

2010 2,015,139 168,021,656 804,541,980 27,190,201,741 39,083,011 1,087,054,015 

2011 2,103,028 170,124,684 775,975,741 27,966,177,482 39,607,511 1,126,661,526 

2012 2,195,314 172,319,998 741,575,511 28,707,752,993 39,920,867 1,166,582,393 

2013 2,912,460 175,232,458 687,349,503 29,395,102,496 37,704,475 1,204,286,868 

2014 5,754,767 180,987,225 664,211,261 30,059,313,757 42,362,511 1,246,649,379 

2015 8,457,418 189,444,643 642,442,712 30,701,756,469 39,180,438 1,285,829,817 

2016 6,888,791 196,333,434 596,747,304 31,298,503,773 33,757,377 1,319,587,194 

2017 5,979,536 202,312,970 464,709,385 31,763,213,158 17,068,297 1,336,655,491 

 

  



RFD Scenario for Oil and Gas Activities—Farmington Field Office RMPA, New Mexico 

Supplemental Table B. Projected oil, natural gas, and water production from the Mancos-Gallup RMPA Planning Area, 2018-2037. 

Year 
Projected 

wells 

Oil (bbl) Gas (Mcf) Water (bbl) 

ANNUAL CUM ANNUAL CUM ANNUAL CUM 

2018 67 7,728,000 7,728,000 378,604,000 378,604,000 9,405,000 9,405,000 

2019 76 8,405,000 16,133,000 313,271,000 691,875,000 5,744,000 15,149,000 

2020 86 8,954,000 25,087,000 265,002,000 956,877,000 4,453,000 19,602,000 

2021 96 9,528,000 34,615,000 231,152,000 1,188,029,000 4,164,000 23,766,000 

2022 106 10,063,000 44,678,000 208,659,000 1,396,688,000 4,340,000 28,106,000 

2023 116 10,583,000 55,261,000 197,789,000 1,594,477,000 4,919,000 33,025,000 

2024 126 11,145,000 66,406,000 191,704,000 1,786,181,000 5,564,000 38,589,000 

2025 136 11,762,000 78,168,000 189,422,000 1,975,603,000 6,281,000 44,870,000 

2026 146 12,429,000 90,597,000 191,739,000 2,167,342,000 7,052,000 51,922,000 

2027 156 13,140,000 103,737,000 197,594,000 2,364,936,000 7,888,000 59,810,000 

2028 166 13,932,000 117,669,000 206,544,000 2,571,480,000 8,687,000 68,497,000 

2029 176 14,739,000 132,408,000 217,656,000 2,789,136,000 9,518,000 78,015,000 

2030 180 14,499,000 146,907,000 229,086,000 3,018,222,000 10,328,000 88,343,000 

2031 194 16,006,000 162,913,000 244,381,000 3,262,603,000 11,294,000 99,637,000 

2032 204 17,024,000 179,937,000 260,365,000 3,522,968,000 12,108,000 111,745,000 

2033 214 17,974,000 197,911,000 276,518,000 3,799,486,000 13,120,000 124,865,000 

2034 224 18,965,000 216,876,000 293,654,000 4,093,140,000 14,116,000 138,981,000 

2035 234 19,942,000 236,818,000 310,443,000 4,403,583,000 15,077,000 154,058,000 

2036 244 20,897,000 257,715,000 330,313,000 4,733,896,000 16,094,000 170,152,000 

2037 253 21,846,000 279,561,000 349,784,000 5,083,680,000 17,071,000 187,223,000 
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Supplemental Table C. Estimated surface disturbance in 2017 from existing wells. 

 Well 

Count 

Pad 

Count 

Roads & Flow 

Lines per pad (ac.) 

Well Pad after 

interim rec. (ac.) 

Total 

acres 

Existing 

horizontal wells 

(avg. 2 wells/pad) 

557 279 0.6 2.5 865 

Existing vertical 

wells 
26,517 26,517 0.6 1.5 55,685 

Totals 27,074 26,796 -- -- 56,550 

 

 

Supplemental Table D. New surface disturbance over the life of the plan (2018-2037). 

 Well 

Count 

Pad 

Count 

Roads & Flow 

Lines per pad (ac.) 

Well Pad (ac.) Total 

acres 

Projected 

horizontal wells 

(avg. 2 wells/pad) 

2,300 1,150 0.6 6.25 7,878 

Projected vertical 

wells 
900 900 0.6 3.75 3,195 

Existing 

horizontal wells 

(avg. 2 wells/pad) 

557 279 0 0.25 70 

Existing vertical 

wells 
26,517 26,517 0 0.25 6,629 

Totals 30,274 28,846 -- -- 18,492 
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Farmington Mancos-Gallup RMPA: Reasonable Foreseeable Development (RFD) projections by alternative
4/2/2018

All development in Planning Area (including Federal, Indian, state, and fee minerals)
All projections run from 2018 through 2037

Well counts Baseline RFD A B C D No Action
Total wells 3,200 2,608 2,688 2,978 3,096 3,096
Horizontal wells 2,300 1,871 1,902 2,158 2,222 2,221
Vertical wells 900 737 766 820 874 875
% reduction in wells (vs. baseline) 0.0% 18.5% 16.0% 6.9% 3.3% 3.3%

Surface disturbance Baseline RFD A B C D No Action
Surface disturbance at beginning of 
plan (ac.) (unchanged across 
alternatives)

56,500 56,500 56,500 56,500 56,500 56,500

Max surface disturbance (ac.) 75,000 72,900 73,100 74,200 74,700 74,700
Surface disturbance at end of plan (ac.) 43,000 42,100 42,200 42,600 42,700 42,700

Production (new & existing wells) Baseline RFD A B C D No Action
Production - oil (bbl) 279,561,000 233,123,000 236,639,000 263,911,000 271,202,000 271,110,000
Production - gas (Mcf) 5,083,680,000 4,446,969,000 4,520,599,000 4,829,438,000 4,973,725,000 4,974,645,000
Production - water (bbl) 187,223,000 155,940,000 159,439,000 174,913,000 181,800,000 181,833,000

Water use for hydraulic fracturing Baseline RFD A B C D No Action
Water used for HF (gal) 2,503,500,000 2,037,454,000 2,073,806,000 2,344,765,000 2,419,803,000 2,418,958,000
Water used for HF (ac.-ft.) 7,683 6,253 6,384 7,196 7,426 7,424



Farmington Mancos-Gallup RMPA: Reasonable Foreseeable Development (RFD) projections by alternative
4/2/2018

Federal development only
All projections run from 2018 through 2037

Well counts Baseline RFD A B C D No Action
Total wells 1,980 1,388 1,448 1,758 1,876 1,876
Horizontal wells 1,580 1,151 1,182 1,438 1,502 1,501
Vertical wells 400 237 266 320 374 375
% reduction in wells (vs. baseline) 0.0% 29.9% 26.9% 11.2% 5.3% 5.3%

Surface disturbance Baseline RFD A B C D No Action
Surface disturbance at beginning of 
plan (ac.) (unchanged across 
alternatives)

38,700 38,700 38,700 38,700 38,700 38,700

Max surface disturbance (ac.) 50,500 48,300 48,500 49,600 50,100 50,100
Surface disturbance at end of plan (ac.) 34,700 33,400 34,000 34,300 34,500 34,500

Production (new & existing wells) Baseline RFD A B C D No Action
Production - oil (bbl) 187,905,000 141,451,000 145,002,000 172,236,000 179,498,000 179,408,000
Production - gas (Mcf) 3,044,124,000 2,406,199,000 2,480,562,000 2,790,216,000 2,934,106,000 2,934,884,000
Production - water (bbl) 111,583,000 80,258,000 83,790,000 99,291,000 106,154,000 106,185,000

Water use for hydraulic fracturing Baseline RFD A B C D No Action
Water used for HF (gal) 1,681,600,000 1,215,495,000 1,252,190,000 1,522,760,000 1,597,490,000 1,596,645,000
Water used for HF (ac.-ft.) 5,161 3,730 3,843 4,673 4,903 4,900
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1.0 INTRODUCTION 

The estimated emissions and air quality and Air Quality Related Value (AQRV) impacts from oil 
and gas development from the Mancos Shale modeled in the CARMMS (CARMMS 2.0 
(Vijayaraghavan et al., 2017)) are used here as an estimate of impacts from development by the 
BLM FFO. The Mancos Shale was treated as a separate source group in the CARMMS modeling 
and AQ and AQRVs impacts from the Mancos Shale separately quantified, thus facilitating this 
analysis for the FFO RMP/EIS. This use of the modeled Mancos Shale impacts as a surrogate for 
the FFO may result in an over-estimate of the FFO impacts because a portion of Mancos Shale 
extends into Colorado. The cumulative impact of all sources modeled in CARMMS (covering 
Colorado and northern New Mexico) included the effect of sources in the non-Mancos portion 
of the FFO. Thus, emissions and impacts from the non-Mancos portion of the FFO are implicitly 
included in the CARMMS cumulative impacts described in this document.  

1.1 Report Outline 

Details of the emissions inventory for the Mancos Shale and non-Mancos Shale oil and gas 
sources whose impacts are assessed are provided in Section 2. Section 3 presents an analysis of 
modeling results in comparison with the NAAQS and FFO contributions to total air 
concentrations. In Section 4, PSD pollutant concentration impacts are presented at Class I and 
sensitive Class II areas. Visibility impacts and deposition impacts at Class I and II areas are 
reported in Sections 5 and 6, respectively. Changes to acid neutralizing capacity (ANC) of 
sensitive lakes are reported in Section 7.
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2.0 EMISSIONS 

The CARMMS study (version 2.0) includes emissions from oil and gas sources in the FFO. 
CARMMS 2.0 FFO oil and gas emissions were estimated from the Mancos Shale emission 
inventory. Additionally, emissions from the Intermountain West Data Warehouse (IWDW) oil 
and gas emission inventory are present in the FFO area for non-Mancos Shale oil and gas 
activity. 

Oil and gas emissions occur during well development from sources such as drill rigs, hydraulic 
fracturing pumps, and completion venting, and during well production from sources such as 
tanks, process heaters, pneumatic controllers, and fugitive components. Oil and gas emission 
estimates per well (or other activity metric such as per unit of oil production) are typically 
developed from estimates of emission input factors including equipment counts per well, 
annual equipment operation estimates, process specific emission factors, and applicable 
controls. Oil and gas emission estimates per well (or other activity metric) are combined with 
estimates of area-wide oil and gas activity estimates to develop an area-wide well-site emission 
inventory. 

2.1 Mancos Shale 

The Mancos Shale emission inventory for CARMMS 2.0 (Vijayaraghavan et al., 2017) was 
developed primarily from oil and gas activity estimates and emission input factors from the 
initial Mancos Shale Emission Inventory Study documented in the September 2014 (Grant et al., 
2014). The Mancos Shale inventory documented in the September 2014 memorandum was 
included in CARMMS version 1.5 (Vijayaraghavan et al., 2016). For CARMMS 2.0, the CARMMS 
1.5 emission inventory was used with minor updates.  

In the initial Mancos Shale emission inventory included in CARMMS 1.5 and the most recent 
Mancos Shale emission inventory included in CARMMS 2.0, Mancos Shale emissions are 
assumed to be limited to well site emissions. Emissions from new midstream infrastructure 
development (e.g., gas gathering/boosting compressor stations, gas processing plants) are 
assumed to be negligible. Mancos Shale gas gathering and boosting requirements are assumed 
to be met by existing infrastructure inside or in close proximity to the Mancos Shale 
development area. 

2.1.1 Low and High Scenario Mancos Shale Activity Inputs 

CARMMS 2.0 Mancos Shale activity estimates were decided in collaboration with BLM Colorado 
State Office Staff during the inventory development in fall 2016. Differences between CARMMS 
2.0 and CARMMS 1.5 Mancos Shale oil and gas activity include a revised initial development 
year for oil wells (2015 in CARMMS 1.5 and 2016 in CARMMS 2.0) and reductions in gas well 
development rates (200 high scenario and 100 low scenario gas wells added per year in 
CARMMS 1.5 versus 147 high scenario and 73 low scenario gas wells added per year in 
CARMMS 2.0). Furthermore, the future year modeled in air quality modeling in CARMMS 1.5 
was 2021 while year 2025 was modeled in CARMMS 2.0. 



April 2018 
 
 

3 

In CARMMS 1.5 and CARMMS 2.0, 74% of Mancos Shale gas well activity is assumed to occur in 
New Mexico, with remaining Mancos Shale gas well activity occurring in Colorado. All Mancos 
Shale oil well activity is estimated to occur in New Mexico. Most Mancos Shale activity in New 
Mexico occurs in FFO; a small portion of the south eastern part of Mancos Shale activity is 
located outside of FFO. 70% of Mancos Shale oil and gas well development is assumed to be on 
federal mineral estate and 30% on non-federal mineral estate. The Mancos Shale well 
development is summarized in Table 2-1. 

Table 2-1. CARMMS 2.0 Mancos Shale low and high scenario development schedule1. 

Calendar Year 

Mancos Shale-wide Mancos Shale, New Mexico only 

High Low High Low 

Oil Gas Oil Gas Oil Gas Oil Gas 

Spuds 

2015 - - - - - - - - 

2016 200 - 100 - 200 - 100 - 

2017 200 - 100 - 200 - 100 - 

2018 200 - 100 - 200 - 100 - 

2019 200 147 100 73 200 108 100 54 

2020 200 147 100 73 200 108 100 54 

2021 200 147 100 73 200 108 100 54 

2022 200 147 100 73 200 108 100 54 

2023 200 147 100 73 200 108 100 54 

2024 200 147 100 73 200 108 100 54 

2025 200 147 100 73 200 108 100 54 

         

Active Well Count 

2015 - - - - - - - - 

2016 200 - 100 - 200 - 100 - 

2017 400 - 200 - 400 - 200 - 

2018 600 - 300 - 600 - 300 - 

2019 800 147 400 73 800 108 400 54 

2020 1000 294 500 146 1000 216 500 108 

2021 1200 441 600 219 1200 324 600 162 

2022 1400 588 700 292 1400 432 700 216 

2023 1600 735 800 365 1600 540 800 270 

2024 1800 882 900 438 1800 648 900 324 

2025 2000 1029 1000 511 2000 756 1000 378 

 

2.1.1.1 Comparison to Mancos-Gallup Reasonable Foreseeable Development 

The FFO Mancos-Gallup RFD2 estimates that 3200 new oil and gas wells will be developed in the 
Mancos-Gallup area between 2018 and 2037. By 2025, the RFD estimates that there will be 809 
new wells in the Mancos-Gallup area. In contrast, in CARMMS 2.0 it is estimated that by 2025, 
there will be 2756 new oil and gas wells for the high scenario and 1378 new oil and gas wells for 

                                                       
1 Mancos Shale development schedule agreed to in the 5/3/16 email from Forrest Cook (BLM Colorado). 
2 BLM, 2018. Reasonable Foreseeable Development Scenario for Oil and Gas Activities Mancos-Gallup RMPA 
Planning Area, Farmington Field Office, Northwestern New Mexico, Final Report. February 2018. 
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the low scenario in the Mancos Shale in New Mexico. A vast majority of the new wells drilled in 
the Mancos Shale in New Mexico are within the Mancos-Gallup Planning Area. The low and 
high scenario CARMMS 2.0 well development estimates are conservatively high relative to the 
RFD baseline scenario. 

2.1.2 Wellsite Emission Inventory Inputs 

Well characteristics are expected to vary significantly across the Mancos Shale Play. Generally, 
oil dominant wells are expected to be in the southern part of the play while gas dominant wells 
are expected in the northern part of the play. The suite of equipment and production 
characteristics for Mancos Shale wells is expected differ substantially for oil dominant and gas 
dominant wells. Therefore, separate emission inventory calculators were developed for oil 
dominant and gas dominant well types with inputs tailored to each well type. 

Mancos shale well site emissions were compiled primarily from typical Mancos Shale well site 
oil and gas equipment characteristics provided by BLM staff based on Mancos Shale well-site 
equipment configurations3. Appendix A shows CARMMS 2.0 Mancos Shale gas well site 
emission inventory inputs. Appendix B shows CARMMS 2.0 Mancos Shale oil well site emission 
inventory inputs. These inputs are comprehensive for the low and high scenarios. For the 
medium scenario, additional controls have been applied as described below. 

2.1.2.1 Medium Scenario Controls 

For the Mancos Shale CARMMS 2.0 medium scenario, high scenario oil and gas activity, wellsite 
configuration and emission rates were assumed. Additional emission controls (see Table 2) 
were implemented consistent with additional controls applied in several Colorado BLM Field 
Offices4.  

                                                       
3 Email from David Mankiewicz, BLM. January 8, 2014. 
4 Per Forrest Cook (BLM Colorado) comments provided to Ramboll Environ in a 6/16/16 email 
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Table 2-2. Medium scenario additional control assumptions. 
Emission Source Category Medium Scenario Controls 

Stationary engines 50% electric engines (50% natural gas-powered) 

Pneumatic devices 50% no-bleed (50% low-bleed) 

Drilling Tier 4 gen-set standards for all engines with a horsepower >750; final Tier 4 
standards for all engines with horsepower <750 Completion/Fracking 

Blowdowns 25% gas captured and routed to VRUs or flares (75% vented) 

Liquids removal system     (all 
produced liquids) 

25% taken away by pipeline (75% by truck) 

Pneumatic pumps Unchanged from the High Scenario except in cases where less than 25% of 
pneumatic pumps emissions are controlled; if less than 25% of pneumatic pumps 
emissions are controlled then the percentage of pneumatic pumps which are 
controlled is set to 25% 

Unpaved roads dust 80% fugitive dust control 

Construction fugitive dust  50% fugitive dust control 

Condensate Tanks       (all 
produced liquids)         

100% of emissions are captured and controlled by VRU or flare 

Truck loading emissions 100% of emissions are captured and controlled by VRU or flare 

VRUs 50% of emission control devices are assumed to be VRUs (50% flares) 

 

2.1.3 Emission Inventory 

Table 3 shows 2025 Mancos Shale emissions. The fraction of federal emissions from New 
Mexico is small. 91% of federal NOx and 99% of federal VOC emissions are from New Mexico, 
with the remaining emissions accounted for by federal Mancos Shale activity in Colorado.  

Table 2-3. 2025 Mancos Shale oil and gas NOX and VOC emissions by scenario. 

Scenario 
NOX Emissions (TPY) VOC Emissions (TPY) 

Federal non-Fed Total Federal non-Fed Total 

Mancos Shale-wide 

High 3,184 1,364 4,548 6,469 2,772 9,242 

Medium 1,811 1,364 3,175 2,751 2,772 5,523 

Low 1,592 682 2,274 3,235 1,386 4,621 

Mancos Shale, New Mexico only 

High 2,895 1,241 4,136 6,395 2,741 9,135 

Medium 1,716 1,241 2,957 2,704 2,741 5,444 

Low 1,448 620 2,068 3,197 1,370 4,568 

Percent of Mancos Shale-wide Emissions in New Mexico 

High 91% 91% 91% 99% 99% 99% 

Medium 95% 91% 93% 98% 99% 99% 

Low 91% 91% 91% 99% 99% 99% 
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2.2 Non-Mancos Shale Emissions 

CARMMS 2.0 base year and future year emissions for non-Mancos Shale oil and gas sources in 
the Farmington Field Office Planning Area were obtained from the IWDW5 2025b inventory. 
Like the approach adopted in CARMMS 1.5, a new emission inventory was not developed in 
CARMMS 2.0 for non-Mancos Shale oil and gas activity in the FFO. 

The IWDW South San Juan Basin emission inventory includes San Juan, Rio Arriba, Sandoval, 
and McKinley counties. The FFO includes much of the same area as the IWDW South San Juan 
Basin; the FFO includes all of San Juan County and parts of Rio Arriba, McKinley, and Sandoval 
counties. Most, but not all South San Juan Basin oil and gas emissions are expected to occur 
within the FFO. Estimates of the fraction of oil and gas emissions in the South San Juan Basin 
that are within the FFO have not been developed. 

Estimates of the fraction of non-Mancos Shale activity that is from federal and non-federal 
mineral estate have not been developed.  

The IWDW emission inventory includes a small amount of drilling (118 annual spuds) in the 
South San Juan basin outside of the Mancos Shale.  

IWDW 2025 South San Juan Basin oil and gas emissions are shown in Table 4.  

Table 2-4. 2025 non-Mancos Shale South San Juan Basin oil and gas NOX and VOC 
emissions. 

County 

IWDW 2025b South San Juan Basin Emissions 
(tons/year)  

NOx VOC 

Mckinley 229 347 

Rio Arriba 14,647 20,417 

Sandoval 284 504 

San Juan 26,959 22,777 

 

                                                       
5 http://views.cira.colostate.edu/tsdw/  

http://views.cira.colostate.edu/tsdw/


April 2018 
 
 

7 

3.0 2025 NAAQS COMPARISONS 

The Comprehensive Air Quality Model with Extensions (CAMx) was used in CARMMS for the air 
quality analysis of emissions associated with the Mancos Shale development and other existing 
and future cumulative sources. CARMMS modeling was conducted for a 2011 base case year 
and a 2025 future year scenario across three oil and gas development scenarios (High, Low and 
Medium). Several “Source Groups” are modeled to estimate impacts from different groups of 
sources or regions such as individual BLM field offices and other regional sources. As mentioned 
previously, the modeled Mancos Shale impacts are used to represent FFO air impacts here and 
in subsequent sections. 

In this section, concentrations modeled with CAMx for High, Low and Medium Development 
scenarios in 2025 are compared with the NAAQS. For the ozone NAAQS analysis, the results are 
analyzed using both the absolute CAMx 2025 modeling results as well as using the CAMx 2011 
and 2025 modeling results in a relative fashion to scale the observed Design Value Base (DVB) 
to project future year 2025 Design Value Future (DVF) as recommended by EPA (2007). 

3.1 Ozone NAAQS Analysis using the Absolute Modeling Results 

The CAMx source apportionment absolute modeling results in the 2025 High, Low and Medium 
Development Scenarios are analyzed and compared to the NAAQS in this section. The ozone 
NAAQS is defined as the three-year average of the 4th highest daily maximum 8-hour (DMAX8) 
ozone concentration. Since CARMMS 2.0 only uses one year of meteorology (2011), the 2025 
4th highest DMAX8 ozone concentration is used as a pseudo-NAAQS comparison metric. The 
contribution of each Source Group to total modeled ozone at each grid cell of the 12/4 km 
horizontal resolution modeling domain is obtained as the ozone concentration from each 
Source Group at the time when the 4th highest DMAX8 ozone concentration occurred. The 
contribution of each Source Group to modeled 2025 4th high DMAX8 ozone greater than the 
NAAQS (i.e., 71.0 ppb or greater) is also analyzed. 

3.1.1 Contributions of Source Groups to 4th High DMAX8 Ozone 

Figure 3-1 displays spatial plots of the 4th highest DMAX8 ozone due to all cumulative sources 
for the 2011 Base Case and the 2025 High Development Scenario and their differences, and the 
4th highest DMAX8 ozone for the 2025 scenario ozone contributions from natural emissions. 
This last display was generated to determine whether exceedances of the NAAQS could have 
been primarily due to natural emissions. The color scale in Figure 5-5 has a sharp contrast from 
green to yellow when an exceedance of the ozone NAAQS occurs (i.e., 71.0 ppb or higher). 
Figure 3-2 and Figure 3-3 are similar displays for the 2025 Low Development Scenario and 2025 
Medium Development Scenario, respectively. 

For the 2011 Base Case, there are vast regions where the modeled 2025 4th high DMAX8 ozone 
exceeds the NAAQS (Figure 3-1, top left) in the domain, while natural fires lead to the highest 
ozone along NM/AZ boarder and near Los Alamos of NM.  
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In the 2025 High, Low and Medium Development Scenarios, the areas of ozone exceedances 
decrease from the Base Case. The 2025 – 2011 ozone differences (bottom lefts) show decreases 
in almost all areas, with largest reductions of -8.3, -9.2, and -8.4 ppb for the High, Low and 
Medium Scenarios, respectively. The largest increase of ozone of 5.2 ppb is found in the Moffat 
County of NM in all three scenarios. The contribution of natural emissions to the modeled 4th 
highest daily maximum 8-hour ozone concentrations (bottom rights) confirms the extraordinary 
contribution from natural wild fires, with a maximum contribution at 61.3 ppb. 
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Figure 3-1. Fourth highest daily maximum 8-hour ozone concentrations for the 2011 
Base Case (top left), 2025 High Development Scenario (top right), 2025 High minus 2011 
differences (bottom left) and Natural Emissions (bottom right). 
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Figure 3-2. Fourth highest daily maximum 8-hour ozone concentrations for the 2011 
Base Case (top left), 2025 Low Development Scenario (top right), 2025 Low minus 2011 
differences (bottom left) and Natural Emissions (bottom right). 
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Figure 3-3. Fourth highest daily maximum 8-hour ozone concentrations for the 2011 
Base Case (top left), 2025 Medium Development Scenario (top right), 2025 Medium minus 
2011 differences (bottom left) and Natural Emissions (bottom right). 
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Figure 3-4 displays spatial plots of the New Mexico FFO contribution to the 4th highest DMAX8 

ozone for the 2025 High, Low and Medium Development Scenarios. Note that these are FFO 

contributions to the 4th highest DMAX8 ozone and could occur when the total 4th highest 

DMAX8 ozone is less or greater than the ozone NAAQS. The maximum ozone contributions to 

the 4th highest DMAX8 ozone for the natural source group, total source groups and the New 

Mexico FFO source group are summarized in   
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Table 3-1. The next section discusses the New Mexico FFO contributions only when the total 4th 
high DMAX8 ozone exceeds the ozone NAAQS. Maximum ozone contributions to the 2025 4th 
highest DMAX8 ozone due to the New Mexico FFO are 1.7 ppb, 0.9 ppb and 1.0 ppb for the 
2025 High, Low and Medium Development Scenarios, respectively. 
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Figure 3-4. Contributions to fourth highest daily maximum 8-hour ozone due to emissions 
from New Mexico Farmington Field Office for the 2025 High (top left), Low (bottom) and 
Medium (top right) Development Scenarios 
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Table 3-1. Maximum contribution to the 4th highest DMAX8 ozone (ppb) for Natural 
Sources, total 2011 Base Case Emissions, total 2025 High, Low and Medium Development 
Scenarios and the New Mexico FFO for each Development scenarios. 

 

3.1.2 New Mexico FFO Absolute Contributions to Ozone NAAQS Exceedances 

The contributions of the New Mexico FFO ozone to the 4th highest DMAX8 ozone above the 
current ozone NAAQS (71.0 ppb and higher) for the 2025 High, Low and Medium Development 
Scenarios are shown in Figure 3-5, and the maximum contributions are reported in Table 3-2. 
Note that the maximum values are lower than those reported in the previous section, since 
these values correspond only to regions (i.e. gridcells) with 4th highest DMAX8 ozone that 
exceeds the 70 ppb ozone NAAQS.  

Table 3-2. Maximum ozone contribution by New Mexico FFO to total modeled 2025 4th high 
DMAX8 ozone greater than the NAAQS for the 2025 High, Low and Medium Development 
Scenarios. 

 

 

  

Source Group High Low Medium

Natural Emissions 61.3 61.3 61.3

New Mexico FFO 1.7 0.9 1.0

2011 Base 122.0 122.0 122.0

2025 Scenario 119.7 119.7 119.7

FFO Scenario

Maximum 

Contribution 

(ppb)

Corresponding 

4th MDA8 

(ppb)

% Maximum 

Contribution

2025 High 1.4391 71.7 2.01

2025 Low 0.6111 72.6 0.84

2025 Medium 0.6562 72.8 0.90
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Figure 3-5. Contributions of New Mexico FFO to modeled fourth highest daily maximum 8-
hour ozone concentrations greater than the NAAQS for the 2025 High (top), Middle (middle) 
and Low (bottom) Development Scenarios, in absolute terms (left; ppb) and as a percentage 
of total fourth highest DMAX8 (right; %). 
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3.2 Ozone NAAQS Analysis using Relative Modeling Results 

EPA’s Model Attainment Test Software (MATS) was used to make future year ozone DVF 
projections using the CAMx 2011 Base Case and 2025 High and Low Development Scenario 
modeling results. MATS was also used to make 2025 ozone DVF projections at the monitoring 
sites as well as throughout the CARMMS modeling domain using the MATS Unmonitored Area 
Analysis (UAA) procedures. 

3.2.1 Ozone Design Value Projections at Monitoring Sites 

The results of the 2025 ozone DVF projections at the monitoring sites are shown in Table 3-3. 
The maximum DVB (based on 2009-2013 observations) is 80.7 ppb at the CO_Douglas_0004 
monitor in Douglas, CO, which is projected to be reduced to 74.5, 73.5 and 74.4 ppb for the 
2025 High, Low and Medium Development Scenarios, respectively. There are 26 (out of 55) 
monitoring sites in the CARMMS 12/4 km domain with DVB above the ozone NAAQS (i.e., DVB ≥ 
71 ppb). We note that 71 ppb is used for comparison rather than 70 ppb because EPA 
recommends rounding 8‐hr ozone design values to the tenths digit until the last step in the 
MATS calculation when the final base or future design value is truncated to the nearest ppb. 
We also note that the ozone NAAQS is based on a 3-year average while the DVB is based on a 5-
year observational period. Because DVBs are available here from the MATS analysis, they are 
compared to the NAAQS as they provide a measure of the severity of ozone concentrations in 
the base time period (here 2009-2013). The number of sites with DVF above the NAAQS is 
reduced to 8, 6, and 8 in the 2025 High, Low, and Medium emission scenarios, respectively.  
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Table 3-3. Current year ozone Base Design Values (DVB) and projected 2025 future year 
ozone Design Values (DVF) for the 2025 High, Medium and Low Development Scenarios.  

 

 
 

2025 High 2025 Medium 2025 Low

040170119 AZ_Navajo_0119 34.82251 -109.89249 Arizona Navajo 68.7 65.0 65.0 64.9

080013001 CO_Adams_3001 39.838119 -104.94984 Colorado Adams 73.5 69.9 69.8 68.8

080050002 CO_Arapahoe_0002 39.567887 -104.957193 Colorado Arapahoe 76.7 71.7 71.6 70.8

080050006 CO_Arapahoe_0006 39.638522 -104.569335 Colorado Arapahoe 72.7 66.5 66.4 65.9

080130011 CO_Boulder_0011 39.957212 -105.238458 Colorado Boulder 74.7 69.7 69.6 68.6

080310014 CO_Denver_0014 39.751761 -105.030681 Colorado Denver 71.0 69.0 68.9 67.9

080310025 CO_Denver_0025 39.704005 -104.998113 Colorado Denver 65.0 63.5 63.4 62.6

080350004 CO_Douglas_0004 39.534488 -105.070358 Colorado Douglas 80.7 74.5 74.4 73.5

080410013 CO_El Paso_0013 38.958341 -104.817215 Colorado El Paso 71.0 65.3 65.3 65.0

080410016 CO_El Paso_0016 38.853097 -104.901289 Colorado El Paso 72.7 67.1 67.0 66.6

080450012 CO_Garfield_0012 39.54182 -107.784125 Colorado Garfield 65.0 63.8 63.4 60.3

080590002 CO_Jefferson_0002 39.800333 -105.099973 Colorado Jefferson 74.0 71.2 71.1 70.0

080590005 CO_Jefferson_0005 39.638781 -105.13948 Colorado Jefferson 75.7 70.3 70.2 69.2

080590006 CO_Jefferson_0006 39.912799 -105.188587 Colorado Jefferson 80.3 75.3 75.2 74.1

080590011 CO_Jefferson_0011 39.743724 -105.177989 Colorado Jefferson 78.7 73.8 73.7 72.8

080590013 CO_Jefferson_0013 39.541515 -105.29841 Colorado Jefferson 74.5 67.7 67.6 66.7

080671004 CO_La Plata_1004 37.30389 -107.484167 Colorado La Plata 72.7 70.0 69.7 69.6

080677001 CO_La Plata_7001 37.13678 -107.62863 Colorado La Plata 68.7 65.1 64.6 64.5

080690007 CO_Larimer_0007 40.27813 -105.54564 Colorado Larimer 75.7 70.2 70.1 68.8

080690011 CO_Larimer_0011 40.592543 -105.141122 Colorado Larimer 78.0 75.2 75.1 73.3

080690012 CO_Larimer_0012 40.642103 -105.275029 Colorado Larimer 71.0 67.7 67.6 65.9

080691004 CO_Larimer_1004 40.57747 -105.07892 Colorado Larimer 68.7 66.5 66.4 64.9

080770020 CO_Mesa_0020 39.130575 -108.313835 Colorado Mesa 67.0 64.8 64.6 63.7

080830006 CO_Montezuma_0006 37.350054 -108.592334 Colorado Montezuma 67.3 64.4 64.3 64.2

080830101 CO_Montezuma_0101 37.1984 -108.49046 Colorado Montezuma 68.3 65.3 65.1 65.0

081030005 CO_Rio Blanco_0005 40.038889 -107.8475 Colorado Rio Blanco 63.0 61.7 61.5 60.0

081030006 CO_Rio Blanco_0006 40.086944 -108.761389 Colorado Rio Blanco 77.0 74.7 74.6 74.3

081230009 CO_Weld_0009 40.386368 -104.73744 Colorado Weld 74.7 72.2 72.1 71.1

350010023 NM_Bernalillo_0023 35.1343 -106.5852 New Mexico Bernalillo 68.0 65.6 65.6 65.6

350010024 NM_Bernalillo_0024 35.0631 -106.578785 New Mexico Bernalillo 69.3 66.1 66.0 66.0

350010027 NM_Bernalillo_0027 35.1539 -106.69715 New Mexico Bernalillo 70.0 67.2 67.2 67.2

350010029 NM_Bernalillo_0029 35.01708 -106.65739 New Mexico Bernalillo 68.7 65.2 65.2 65.2

350010032 NM_Bernalillo_0032 35.06407 -106.76151 New Mexico Bernalillo 70.0 67.2 67.2 67.2

350011012 NM_Bernalillo_1012 35.1852 -106.50815 New Mexico Bernalillo 72.0 68.5 68.4 68.4

350011013 NM_Bernalillo_1013 35.19324 -106.613815 New Mexico Bernalillo 68.7 65.9 65.8 65.8

350431001 NM_Sandoval_1001 35.299444 -106.548333 New Mexico Sandoval 61.7 59.3 59.3 59.3

350439004 NM_Sandoval_9004 35.615278 -106.724444 New Mexico Sandoval 62.0 60.1 60.1 60.0

350450009 NM_San Juan_0009 36.742222 -107.976944 New Mexico San Juan 65.3 62.8 62.5 62.4

350450018 NM_San Juan_0018 36.80973 -107.65158 New Mexico San Juan 71.0 68.0 67.7 67.5

350451005 NM_San Juan_1005 36.796667 -108.4725 New Mexico San Juan 66.0 63.4 63.3 63.2

350490021 NM_Santa Fe_0021 35.61975 -106.07968 New Mexico Santa Fe 64.3 62.2 62.2 62.2

350610008 NM_Valencia_0008 34.8147 -106.7396 New Mexico Valencia 68.5 66.6 66.6 66.6

483819991 TX_Randall_9991 34.8803 -101.6649 Texas Randall 73.0 69.7 69.7 69.7

490071003 UT_Carbon_1003 39.60996 -110.800749 Utah Carbon 69.0 65.9 65.9 65.9

490110004 UT_Davis_0004 40.902967 -111.884467 Utah Davis 69.3 65.0 65.0 65.0

490131001 UT_Duchesne_1001 40.208652 -110.841056 Utah Duchesne 68.0 64.1 64.1 64.1

490352004 UT_Salt Lake_2004 40.736389 -112.210278 Utah Salt Lake 74.0 69.4 69.4 69.3

490353006 UT_Salt Lake_3006 40.736389 -111.872222 Utah Salt Lake 75.0 70.4 70.4 70.4

490370101 UT_San Juan_0101 38.45832 -109.82126 Utah San Juan 68.7 65.8 65.7 65.5

490450003 UT_Tooele_0003 40.543309 -112.299618 Utah Tooele 72.0 67.4 67.4 67.4

490490002 UT_Utah_0002 40.253611 -111.663056 Utah Utah 70.0 66.4 66.4 66.4

490495010 UT_Utah_5010 40.136336 -111.660502 Utah Utah 69.3 65.4 65.4 65.4

490570002 UT_Weber_0002 41.206321 -111.975524 Utah Weber 71.7 67.3 67.3 67.3

560070100 WY_Carbon_0100 41.386944 -107.616667 Wyoming Carbon 63.0 60.5 60.5 60.1

560210100 WY_Laramie_0100 41.182227 -104.778334 Wyoming Laramie 68.0 66.3 66.3 65.5

DVF
CID Name Lat Long State County DVB
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3.2.2 Ozone Design Value Projection Unmonitored Area Analysis 

MATS was used to perform an unmonitored area analysis (UAA) of the 2025 ozone DVF 
projections for the 2025 High, Low and Medium Development Scenarios. The MATS UAA 
interpolates the current year observed ozone DVBs across the CARMMS 12/4 km domain and 
then makes 2025 ozone DVF projections throughout the domain using the relative change in 
the CAMx 2011 and 2025 modeling results in each 12/4 km grid cell. Figure 3-6, Figure 3-7 and 
Figure 3-8 display the spatial distribution of the MATS UAA derived 2011 ozone DVBs and 2025 
ozone DVFs and their differences for the 2025 High, Low and Medium Development Scenarios, 
respectively. The color scheme for the spatial plots has a cut-point at 71.0 ppb so tiles that are 
yellow or warmer indicate exceedances of the 0.070 ppm ozone NAAQS. 

The current year DVBs indicate areas of ozone exceedances in and around Denver, places in 
Utah, Arizona, New Mexico, and Texas, with a maximum DVB of 109.6 ppb next to the AZ/NM 
boarder that is found to be caused by wild fire emissions (Figure 3-1). For the 2025 High, Low 
and Medium Development Scenarios the areas of 2025 ozone DVF exceedances are 
substantially reduced, while the natural wild fire emissions lead to 108.8 ppb of maximum DVF 
for all three scenarios near the AZ/NM boarder (top right in Figure 3-1,Figure 3-2, and Figure 
3-3). The 2025 DVF – 2011 DVB difference plots (Figure 3-6, Figure 3-7, and Figure 3-8, bottom) 
shows ozone reductions with the largest reduction in the Denver metropolitan area. 
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Figure 3-6. 2011-centered ozone DVB (top left), 2025 High Development Scenario ozone 
DVF (top right) and their differences (2025 High – 2011) (bottom) calculated using MATS. 
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Figure 3-7. 2011-centered ozone DVB (top left), 2025 Low Development Scenario ozone 
DVF (top right) and their differences (2025 Low – 2011) (bottom) calculated using MATS. 
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Figure 3-8. 2011-centered ozone DVB (top left), 2025 Medium Development Scenario 
ozone DVF (top right) and their differences (2025 Medium – 2011) (bottom) calculated using 
MATS. 

  



April 2018 
 
 

23 

3.3 PM2.5 NAAQS Analysis 

There are two PM2.5 NAAQS, one for a 24-hour averaging time that is expressed as a three-year 
average of the 98th percentile value in a year with a threshold of 35 µg/m3 and an annual 
average over three-years with a threshold of 12 µg/m3. With a complete year of modeling 
results, the 98th percentile corresponds to the 8th highest daily PM2.5 concentration in a year.  

3.3.1 24-Hour PM2.5 NAAQS Analyses 

Figure 3-9, Figure 3-10, and Figure 3-11 display the 8th highest 24-hour PM2.5 concentrations for 
the 2011 Base Case and 2025 emission scenarios and their differences and the contributions of 
Natural Emissions to the 8th highest 24-hour PM2.5 concentration for the High, Low and Medium 
Development Scenarios, respectively. The maximum 8th high 24-hour PM2.5 in 2011 (421.3 
µg/m3) and 2025 High, Low and Medium Development Scenarios (420.9 µg/m3) far exceed the 
35 µg/m3 NAAQS (top panels). These high values occur on the AZ/NM boarder and are largely 
due to emissions from wildfires (406.5 µg/m3), as shown from the maps of contributions by 
Natural Emissions (bottom right panels). The greater Denver area shows exceedances in 2011 
Base case and all three 2025 Scenarios. The maps of the differences between the 2025 
Scenarios and 2011 Base case (bottom left panels) show decreases of PM2.5 concentrations in 
most of the domain but also increases in a number of regions, including Denver, eastern Utah, 
and central and Northwestern New Mexico. 

Figure 3-12 shows the contribution of New Mexico FFO to 8th highest 24-hour PM2.5 

concentrations in the three 2025 Development Scenarios. The peak 8th highest daily PM2.5 
concentrations are 0.8, 0.4 and 0.4 µg/m3 in the 2025 High, Low and Medium Development 
Scenarios, respectively. 

Table 3-4 summarizes the maximum contribution to the 8th highest 24-hour PM2.5 
concentrations for the natural Source Group, total Source Groups and the New Mexico FFO 
Source Group for the 2025 High, Low and Medium Development Scenarios. 

Table 3-4. Maximum contribution to the 8th high 24-hour PM2.5 concentrations (µg/m3) for 
each of the Natural Source Group, Total Source Groups and New Mexico FFO 2025 High, Low 
and Medium Development Scenarios. 

Source Group High (µg/m3) Low (µg/m3) Medium (µg/m3) 

Natural Emissions 406.5 406.5 406.5 

New Mexico FFO 0.8 0.4 0.4 

2011 Total 421.3 421.3 421.3 

2025 Total 420.9 420.9 420.9 
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Figure 3-9. Eighth highest 24-hour PM2.5 concentrations for the 2011 Base Case (top left), 
2025 High Development Scenario (top right), 2025 High minus 2011 differences (bottom left) 
and Natural Emissions (bottom right). 
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Figure 3-10. Eighth highest 24-hour PM2.5 concentrations for the 2011 Base Case (top left), 
2025 Low Development Scenario (top right), 2025 Low minus 2011 differences (bottom left) 
and Natural Emissions (bottom right). 
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Figure 3-11. Eighth highest 24-hour PM2.5 concentrations for the 2011 Base Case (top left), 
2025 Medium Development Scenario (top right), 2025 Medium minus 2011 differences 
(bottom left) and Natural Emissions (bottom right). 
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Figure 3-12. Contribution to 8th highest daily PM2.5 concentrations due to emissions from 
New Mexico FFO for the 2025 High (top left), Low (top right) and Medium (bottom) 
Development Scenarios. 
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3.3.2 Annual Average PM2.5 NAAQS Analysis 

Figure 3-13, Figure 3-14, and Figure 3-15 display the annual average PM2.5 concentrations for 
the 2011 Base Case and 2025 emissions scenarios and their differences and the annual average 
PM2.5 concentrations due to Natural Emissions concentration for the High, Low and Medium 
Development Scenarios, respectively. The highest annual average PM2.5 concentration is about 
23.5 µg/m3 for the 2011 Base Case, and 21.1, 20.9, and 21.0 µg/m3 in the 2025 High, Low, and 
Medium Development Scenarios. Compared to 2011, 2025 annual PM2.5 concentrations are 
reduced in most of the domain, but increase in a number of regions, including near Denver, 
where about 10 µg/m3of increase in annual PM2.5 occurs for the High and Medium 
Development Scenarios. 

Figure 3-16 shows the contribution of New Mexico FFO to annual average PM2.5 concentrations 
in the three 2025 Development Scenarios. The peak 8th highest daily PM2.5 concentrations are 
0.3, 0.1 and 0.1 µg/m3 in the 2025 High, Low and Medium Development Scenarios, respectively. 

Table 3-5 reports maximum contributions to the annual average PM2.5 concentrations for the 
Natural Source Group, total Source Groups and the New Mexico FFO Source Group for the 2025 
High, Low and Medium Development Scenarios. 

Table 3-5. Maximum contribution to the annual average PM2.5 concentrations (µg/m3) for 
each of the Natural Source Group, Total Source Groups and New Mexico FFO 2025 High, Low 
and Medium Development Scenarios. 

Source Group High (µg/m3) Low (µg/m3) Medium (µg/m3) 

Natural Emissions 17.4 17.4 17.4 

New Mexico FFO 0.3 0.1 0.1 

2011 Total 23.5 23.5 23.5 

2025 Total 21.1 21.1 21.1 
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Figure 3-13. Annual average PM2.5 concentrations for the 2011 Base Case (top left), 2025 
High Development Scenario (top right), 2025 High minus 2011 differences (bottom left) and 
Natural Emissions (bottom right). 
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Figure 3-14. Annual average PM2.5 concentrations for the 2011 Base Case (top left), 2025 
Low Development Scenario (top right), 2025 Low minus 2011 differences (bottom left) and 
Natural Emissions (bottom right). 
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Figure 3-15. Annual average PM2.5 concentrations for the 2011 Base Case (top left), 2025 
Medium Development Scenario (top right), 2025 Medium minus 2011 differences (bottom 
left) and Natural Emissions (bottom right). 
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Figure 3-16. Contribution to annual average PM2.5 from New Mexico FFO for the 2025 High 
(top left), Low (top right) and Medium (bottom) Development Scenarios. 
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3.4 PM10 NAAQS Analysis 

Figure 3-17 displays the 2025 High Development Scenario modeling results for 24-hour PM10 
that can be compared to the 150 µg/m3 24-hour PM10 NAAQS. Much of the discussion on 24-
hour PM2.5 also holds for 24-hour PM10, although there appear to be more exceedances of the 
24-hour PM10 NAAQS. Extremely large highest second high PM10 concentrations occur in the 
2011 and 2025 emissions scenarios that exceed 1,000 µg/m3 (Figure 3-17, top panels), which 
are largely due to natural emissions from wild fires near the AZ/NM boarder. 

Figure 3-18 repeats the 2011 Base, and 2025 High Development plots on the top panels and 
contrasts with the Low and Medium Development Scenario results on the bottom plots. Figure 
3-19 presents the difference between the 2011 Base and the three 2025 Development 
Scenarios. 

Figure 3-20 shows the contributions of New Mexico FFO to 2nd highest daily PM10 

concentrations in the three 2025 scenarios. The maximum contributions to the 2nd highest 24-
hour PM10 concentrations from the New Mexico FFO are 2.7, 1.3 and 1.1 µg/m3 in the 2025 
High, Low and Medium Development Scenarios, respectively. The low scenario and high 
scenario have the same control assumptions, but different oil and gas activity. The medium 
scenario has the same level of oil and gas activity as the high scenario, but with additional 
mitigation (i.e., control). Emission reductions from the high scenario to the medium scenario 
resulting from emission controls may be more substantial than emission reductions from the 
high scenario to the low scenario resulting from different activity levels. 

Table 3-6 reports the maximum contributions to the 2nd highest daily average PM10 
concentrations for the Natural Source Group, total Source Groups and the New Mexico FFO 
Source Group for the 2025 High, Low and Medium Development Scenarios. Note that the 
maximum contributions do not vary between the Development Scenarios for the 2025 Total 
contributions (and 2011 Base) because they are at regions of fire impacts which occurred for all 
three Development Scenarios. 

Table 3-6. Maximum contribution to the 2nd highest daily average PM2.5 concentrations 
(µg/m3) for each of the Natural Source Group, Total Source Groups and New Mexico FFO 2025 
High, Low and Medium Development Scenarios. NAAQS = 150 µg/m3. 

Source Group High (µg/m3) Low (µg/m3) Medium (µg/m3) 

Natural Emissions 1030.6 1030.6 1030.6 

New Mexico FFO 2.7 1.3 1.1 

2011 Total 1045.2 1045.2 1045.2 

2025 Total 1045.2 1045.2 1045.2 
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Figure 3-17. Second highest 24-hour average PM10 concentrations for the 2011 Base Case 
(top left), 2025 High Development Scenario (top right), 2025 minus 2011 differences (bottom 
left) and Natural Emissions (bottom right). 
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Figure 3-18. Second highest 24-hour average PM10 concentrations for the 2011 Base Case 
(top left), 2025 High Development Scenario (top right), 2025 Low Development Scenario 
(bottom left) and Medium Development Scenario (bottom right). 
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Figure 3-19. Second highest 24-hour average PM10 concentrations differences for: 2011 Base 
Case minus 2025 High Development Scenario (top left), 2011 Base Case minus 2025 Low 
Development (top right), 2011 Base Case minus 2025 Medium Development (bottom). 
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Figure 3-20. Contribution to second highest daily average PM10 concentrations from New 
Mexico FFO for the 2025 High (top left), Low (top right) and Medium (bottom) Development 
Scenarios. 
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3.5 SO2 NAAQS Analysis 

The 2011 Base Case and 2025 High Development Scenario, their differences and contributions 
of Natural Emissions to 1-hour, 3-hour, 24-hour average and annual average SO2 concentrations 
are shown in Figure 3-21, Figure 3-22, Figure 3-23, and Figure 3-24, respectively. The 1-hour SO2 
NAAQS is 75 ppb and it is exceeded when the colors in Figure 5-18 are yellow or hotter. Natural 
emissions from wild fires are the primary cause for the two exceeding areas in Arizona and New 
Mexico. 1-hour SO2 is overall below 30 ppb in most places and shows reduction from the 2011 
base year to the 2025 High Development Scenario throughout most of the domain. Similarly, 3-
hour, 24-hour and annual average SO2

 are all well below the corresponding NAAQS/CAAQS/ 
NMAAQS, except for small areas affected by extreme wild fires, and all of them show a 
reduction from the 2011 base year to the 2025 High Development Scenario throughout most of 
the domain. 

Figure 3-25 shows that the New Mexico FFO contribution to 1-hr, 3-hr, 24-hr and annual 
average SO2 concentrations. New Mexico FFO contributions for all metrics are less than less 
than 0.1 ppb. 

Since there are no NAAQS exceedances except due to natural emissions and the New Mexico 
FFO contributions, only the High Development Scenario results are presented, and these serve 
as an upper bound for the Low and Medium Development Scenario Results.  
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Figure 3-21. Fourth highest (99th percentile) daily maximum 1-hour average SO2 
concentrations for the 2011 Base Case (top left), 2025 High Development Scenario (top right), 
2025 minus 2011 differences (bottom left) and Natural Emissions (bottom right). 
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Figure 3-22. Second highest 3-hour average SO2 concentrations for the 2011 Base Case (top 
left), 2025 High Development Scenario (top right), 2025 minus 2011 differences (bottom left) 
and Natural Emissions (bottom right). 
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Figure 3-23. 24-hour average SO2 concentrations for the 2011 Base Case (top left), 2025 
High Development Scenario (top right), 2025 minus 2011 differences (bottom left) and 
Natural Emissions (bottom right). 
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Figure 3-24. Annual average SO2 concentrations for the 2011 Base Case (top left), 2025 High 
Development Scenario (top right), 2025 minus 2011 differences (bottom left) and Natural 
Emissions (bottom right). 
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Figure 3-25. Contribution to 1-hr (top left), 3-hr (top right), 24-hr (bottom left) and annual 
(bottom right) SO2 concentrations due to emissions from New Mexico FFO High Development 
Scenario. 
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3.6 NO2 NAAQS Analysis 

3.6.1 1-Hr NO2 NAQS Analysis 

Figure 3-26 displays spatial maps of the 98th percentile daily maximum 1-hour NO2 
concentrations for the 2011 Base Case and 2025 High, Low and Medium Development 
Scenarios with the differences in NO2 concentrations between the 2025 emissions scenarios 
and the 2011 Base Case shown in Figure 3-27. The 1-hour NO2 NAAQS is 188 µg/m3 (100 ppb) 
and the tile plots in Figure 3-26 have a cut-point at 100 ppb. In all four scenarios, the highest 1-
hour NO2 concentration occurs near the AZ/NM border and is above the NAAQS. This NO2 
exceedance is due to wildfires and is present in the 2011 Base Case and 2025 scenarios since 
wildfires were assumed to be unchanged.  

The differences in 1-hour NO2 concentrations between the 2011 and 2025 emission scenarios 
(Figure 3-27) indicate increases at various regions throughout the domain including large 
increases in northern, as well as eastern Arizona and New Mexico. The largest increases are 
64.1, 54.2, and 64.0 ppb for the High, Low, Medium Scenarios, respectively.  

Figure 3-28 shows the contributions from New Mexico FFO to the 98th percentile daily 
maximum 1-hour NO2 concentrations for each of the High, Low and Medium Development 
Scenarios, respectively. The maximum contributions for the High, Medium and Low 
Development Scenarios are 5.8, 3.2 and 3.0 ppb, respectively.  
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Figure 3-26. Eighth highest (98th percentile) daily maximum 1-hour average NO2 

concentrations for the 2011 Base Case (top left), 2025 High Development Scenario (top right), 
2025 Low Development Scenario (bottom left) and 2025 Medium Development Scenario 
(bottom right). 
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Figure 3-27. Differences in eighth highest (98th percentile) daily maximum 1-hour average 
NO2 concentrations between the 2025 emission scenarios and the 2011 Base Case for the 
2025 High (top left), Low (top right) and Medium (bottom) Development Scenarios. 
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Figure 3-28. Contributions from New Mexico FFO to the eighth highest (98th percentile) 
daily maximum 1-hour average NO2 concentrations in the 2025 High (top left), Low (top right) 
and Medium (bottom) Development Scenarios. 
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3.6.2 Annual Average NO2 NAAQS Analysis 

Figure 3-29 displays spatial maps of the annual average NO2 concentrations for the 2011 Base 
Case and 2025 High, Low and Medium Development Scenarios with the differences in NO2 
concentrations between the 2025 emissions scenarios and the 2011 Base Case shown in Figure 
3-30.The annual NO2 NAAQS is 100 µg/m3 (53 ppb) and Figure 3-29 shows no exceedances of 
the NAAQS.  

Figure 3-31 shows the contributions from New Mexico FFO to the annual average NO2 

concentrations for each of the High, Low and Medium Development Scenarios, respectively. 
The maximum contributions for the High, Low, and Medium Development Scenarios are 1.5, 0.8 
and 0.9 ppb, respectively.  
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Figure 3-29. Annual average NO2 concentrations for the 2011 Base Case (top left), 2025 High 
Development Scenario (top right), 2025 Low Development Scenario (bottom left) and 2025 
Medium Development Scenario (bottom right). 
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Figure 3-30. Differences in annual average NO2 concentrations between the 2025 emission 
scenarios and the 2011 Base Case for the 2025 High (top left), Low (top right) and Medium 
(bottom) Development Scenarios. 
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Figure 3-31. Contributions from New Mexico FFO to annual average NO2 concentrations in 
the 2025 High (top left), Low (top right) and Medium (bottom) Development Scenarios. 
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4.0 PSD POLLUTANT CONCENTRATION IMPACTS AT CLASS I AND SENSITIVE 
CLASS II AREAS 

In this section we present the contributions of emissions to pollutant concentrations at 27 Class 
I and 58 sensitive Class II areas for the 2025 High, Low and Medium Development Scenarios, 
respectively. Results are presented for each PSD pollutant and averaging time given in Table 
4-1. 

The PSD incremental concentrations are reported for informational purposes only and the 
analyses presented in this section are not a comprehensive PSD increment consumption 
assessment; that assessment must be performed by the appropriate state or federal agency. 
Class I and Sensitive Class II Areas for Analysis 

The CARMMS AQ/AQRV impacts due to oil and gas development on Federal lands within the 
Colorado BLM Planning Areas were assessed for the Class I areas and sensitive Class II areas 
identified in CARMMS 1.0/1.5 (Ramboll Environ and Kleinfelder, 2016a, Parker and Morris, 
2014) within the CARMMS 2.0 12/4 km modeling domain. GIS analysis was performed to 
determine the grid cell definition of the identified Class I/II areas within the CARMMS 2.0 12/4 
km modeling domain. Sensitive lakes in the region were also identified.  
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Table 4-1. Applicable National and State Ambient Air Quality Standards and PSD 
concentration increments (bold indicates units in which standard was defined, conversion to 
ppm/ppb following CDPHE modeling guidance). 

Pollutant/Averaging 
Time NAAQS CAAQS13 NMAAQS14 

PSD Class I  
Increment1 

PSD Class II 
Increment1 

CO 

1-hour2 
35 ppm 

40,000 µg/m3 -- 
13.1 ppm 

1,100 µg/m3 -- -- 

8-hour2 
9 ppm 

10,000 µg/m3 -- 
8.7 ppm 

10,000 µg/m3 -- -- 
NO2 

1-hour3 
100 ppb 

188 µg/m3 -- -- -- -- 

24-hour -- -- 
0.10 ppm 

1,953 µg/m3 -- -- 

Annual4 
53 ppb 

100 µg/m3 -- 
0.05 ppm 
98 µg/m3 2.5 µg/m3 25 µg/m3 

O3 

8-hour5 
0.070 ppm 
137 µg/m3 -- -- -- -- 

PM10 
24-hour6 150 µg/m3 -- -- 8 µg/m3 30 µg/m3 
Annual7 -- -- -- 4 µg/m3 17 µg/m3 

PM2.5 
24-hour8 35 µg/m3 -- -- 2 µg/m3 9 µg/m3 
Annual9 12 µg/m3 -- -- 1 µg/m3 4 µg/m3 

SO2 

1-hour10 
75 ppb 

196 µg/m3 -- -- 
  

3-hour11 
0.5 ppm 

1,300 µg/m3 700 µg/m3 -- 25 µg/m3 512 µg/m3 

24-hour12 -- -- 
0.10 ppm 
262 µg/m3 5 µg/m3 91 µg/m3 

Annual4 -- -- 
0.02 ppm 
52 µg/m3 2 µg/m3 20 µg/m3 

1. The PSD demonstrations serve information purposes only and do not constitute a regulatory PSD increment consumption 
analysis. 

2. No more than one exceedance per calendar year; for NMAAQS - No more than one exceedance per consecutive 12 months 
3. 98th percentile, averaged over 3 year; for NMAAQS - not to be exceeded more than once over any 12 consecutive months 
4. Annual mean not to be exceeded; for NMAAQS - arithmetic average over any four consecutive quarters not to be exceeded 
5. Fourth-highest daily maximum 8-hour ozone concentrations in a year, averaged over 3 years 
6. Not to be exceeded more than once per calendar year on average over 3 years.  
7. 3-year average of the arithmetic means over a calendar year 
8. 98th percentile, averaged over 3 years 
9. Annual mean, averaged over 3 years, NAAQS promulgated December 14, 2012 
10. 99th percentile of daily maximum 1-hour concentrations in a year, averaged over 3 years 
11. No more than one exceedance per calendar year (secondary NAAQS) and no more than one exceedance in 12 consecutive 

months (CAAQS) 
12. For areas in New Mexico not within 3.5 miles of the Chino Mines Company 
13. http://www.colorado.gov/cs/Satellite/CDPHE-Main/CBON/1251601911433 

http://www.colorado.gov/cs/Satellite/CDPHE-Main/CBON/1251601911433
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14. http://www.nmcpr.state.nm.us/nmac/parts/title20/20.002.0003.htm 

4.1 Class I and Sensitive Class II Areas 

The Class I areas where air quality and AQRV impacts were calculated within the 12/4 km 
CARMMS 2.0 modeling domain are displayed in Figure 4-1 and listed in Table 4-2. The sensitive 
Class II areas used in the CARMMS post-processing are displayed in Figure 4-2, Figure 4-3, and 
Figure 4-4 and listed in Table 4-3. Note that several of the Class I areas are portions of a 
sensitive Class II area. In total, the CARMMS modeling results were post-processed using 26 and 
58 Class I and sensitive Class II areas, respectively. Details on how the sensitive Class II areas 
were defined are provided in Parker and Morris (2014). Note that the Colorado side of Dinosaur 
National Monument is considered PSD Class I for just SO2. Sensitive lakes in the region where 
ANC calculations are made are listed in Table 7-1.  

http://www.nmcpr.state.nm.us/nmac/parts/title20/20.002.0003.htm
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Figure 4-1. Locations of Class I (light green) and sensitive Class II (light blue) areas where 
air quality and AQRV impacts were assessed as well as sensitive lakes (blue dots with black 
outlines) with ANC calculations. Class I areas are labelled, while sensitive Class II areas and 
sensitive lakes are not. 
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Table 4-2. List of Class I Areas for Impact Analysis. 

Class I State Owner 

Arches NP UT NPS 

Bandelier Wilderness NM NPS 

Black Canyon of the Gunnison Wilderness CO NPS 

Bosque del Apache NM FWS 

Canyonlands NP UT NPS 

Capitol Reef NP UT NPS 

Dinosaur NM1 CO NPS 

Eagles Nest Wilderness CO USFS 

Flat Tops Wilderness CO USFS 

Gila Wilderness NM USFS 

Great Sand Dunes Wilderness CO NPS 

La Garita Wilderness CO USFS 

Maroon Bells-Snowmass Wilderness CO USFS 

Mesa Verde NP CO NPS 

Mount Baldy Wilderness AZ USFS 

Mount Zirkel Wilderness CO USFS 

Pecos Wilderness NM USFS 

Petrified Forest NP AZ NPS 

Rawah Wilderness CO USFS 

Rocky Mountain NP CO NPS 

Salt Creek Wilderness NM FWS 

San Pedro Parks Wilderness NM USFS 

Weminuche Wilderness CO USFS 

West Elk Wilderness CO USFS 

Wheeler Peak Wilderness NM USFS 

White Mountain Wilderness NM USFS 

1. The Colorado side of Dinosaur NM is PSD Class I for SO2 
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Figure 4-2. Sensitive Class II wilderness areas for the CARMMS analysis labeled. Class I 
areas and non-wilderness sensitive Class II areas unlabelled. 
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Figure 4-3. National Wildlife Refuge sensitive Class II areas for the CARMMS analysis 
labeled. Class I area and non-National-Wildlife-Refuge Class II areas displayed but not 
labeled. 
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Figure 4-4. Other sensitive Class II areas for the CARMMS analysis labeled. Class I areas 
and Class II areas shown in Figure 4-3a and Figure 4-3b are also shown but not labelled. 
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Table 4-3. Sensitive Class II areas where air quality and AQRV impacts were assessed. 
Class II State Owner 

Alamosa National Wildlife Refuge CO FWS 

Aldo Leopold Wilderness NM USFS 

Apache Kid Wilderness NM USFS 

Aztec Ruins NM NM NPS 

Baca National Wildlife Refuge CO FWS 

Bear Wallow Wilderness AZ USFS 

Bitter Lake National Wildlife Refuge NM FWS 

Blue Range Wilderness NM USFS 

Bosque Del Apache National Wildlife Refuge NM FWS 

Browns Park National Wildlife Refuge CO FWS 

Canyon de Chelly NM AZ NPS 

Capitan Mountains Wilderness NM USFS 

Chaco Culture NHP NM NPS 

Chama River Canyon Wilderness NM USFS 

Chimney Rock NM CO USFS 

Colorado NM CO NPS 

Cruces Basin Wilderness NM USFS 

Curecanti NRA CO NPS 

Dark Canyon Wilderness UT USFS 

Dinosaur NM CO NPS 

Dome Wilderness NM USFS 

El Malpais NM NM NPS 

Escudilla Wilderness AZ USFS 

Flaming Gorge UT USFS 

Florissant Fossil Beds NM CO NPS 

Fossil Ridge Wilderness CO USFS 

Glen Canyon NRA UT NPS 

Great Sand Dunes National Park CO NPS 

Great Sand Dunes National Preserve CO NPS 

Greenhorn Mountain Wilderness CO USFS 

High Uintas Wilderness UT USFS 

Holy Cross Wilderness CO USFS 

Hovenweep NM CO NPS 

Hunter-Fryingpan Wilderness CO USFS 

Las Vegas National Wildlife Refuge NM FWS 

Latir Peak Wilderness NM USFS 

Lizard Head Wilderness CO USFS 

Lost Creek Wilderness CO USFS 

Manzano Mountain Wilderness NM USFS 

Maxwell National Wildlife Refuge NM FWS 

Monte Vista National Wildlife Refuge CO FWS 

Mount Evans Wilderness CO USFS 

Mount Sneffels Wilderness CO USFS 

Natural Bridges NM UT NPS 

Navajo NM AZ NPS 

Petroglyph NM NM NPS 

Powderhorn Wilderness CO USFS 

Raggeds Wilderness CO USFS 
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Class II State Owner 

Rio Mora National Wildlife Refuge and Conservation Area NM FWS 

Sandia Mountain Wilderness NM USFS 

Sangre de Cristo Wilderness CO USFS 

Savage Run Wilderness WY USFS 

Sevilleta National Wildlife Refuge NM FWS 

South San Juan Wilderness CO USFS 

Spanish Peaks Wilderness CO USFS 

Uncompahgre Wilderness CO USFS 

Valle De Oro National Wildlife Refuge NM FWS 

Withington Wilderness NM USFS 
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4.2 PSD Pollutant Concentration Impacts at Class I and Sensitive Class II Areas 

In this section we report the contributions of PSD pollutant concentrations across all PSD Class I 
and sensitive Class II areas for due to emissions from the FFO for each development scenario. 
We also present contributions for natural sources and 2011 Base Case Total Emissions and 2025 
total Emissions for each development scenario. 

The PSD incremental concentrations are reported for informational purposes only and the 
analyses presented in this section are not a comprehensive PSD increment consumption 
assessment; that assessment must be performed by the appropriate state or federal agency.  

4.2.1 Maximum PSD Concentration Impacts at any Class I or II Area 

EPA has defined PSD Concentrations Increments for Class I and II areas for 8 different pollutant 
concentration/averaging time combinations (see Table 4-1). In this section we present the 
“Maximum” PSD concentration impacts at Class I and sensitive Class II areas due to the FFO and 
other cumulative source groups. Note that the thresholds are project-level thresholds and the 
comparisons with total emissions are for informational purposes only. The modeled impacts are 
based on the CAMx Particulate Source Apportionment Technology (PSAT) source 
apportionment contributions. For short-term averaging times (i.e., not annual), the highest 
second high concentration at each Class I/II area is selected for comparison with the PSD 
increment. 
 

4.2.1.1 NO2 PSD Concentrations 

The maximum contribution to annual NO2 concentrations at any Class I or sensitive Class II area 
due to emissions from natural emissions, FFO emissions, 2025 total emissions and 2011 base 
case emissions are presented in Table 4-4. The FFO and 2025 total contributions vary by 
development scenario. The FFO maximum contribution to Class I area FFO PSD increments are 
1.3 %, 0.7 % and 0.7 % for the high, low and medium scenarios, respectively, and all occur at 
Mesa Verde. 
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Table 4-4. Maximum annual NO2 concentration at any Class I or sensitive Class II area due 
to the cumulative sources and the FFO for High, Low, and Medium Development scenarios. 

Choose 
NO2, 
Annual μg/m3 NO2 an         

Across grid cells Maximum Max             

Group Name 
PSD Class I 
Increment 

Max @ 
any 

Class I 
area 

Percent 
of PSD 
Class I 
Increm

ent 

Class I Area 
where Max 

occurred 

PSD 
Class 

II 
Incre
ment 

Max 
@ any 
Class 

II area 

Percent of 
PSD Class 

II 
Increment 

Class II Area 
where Max 

occurred 

Natural emissions 2.5 5.562 222.5% Bandelier 25 4.281 17.1% Bear_Wallow 

New Mexico 
Farmington Field 

Office: High 

2.5 0.033 1.3% Mesa_Verde 25 1.674 6.7% Aztec_Ruins 

New Mexico 
Farmington Field 

Office: Low 

2.5 0.016 0.7% Mesa_Verde 25 0.828 3.3% Aztec_Ruins 

New Mexico 
Farmington Field 
Office: Medium 

2.5 0.019 0.7% Mesa_Verde 25 0.947 3.8% Aztec_Ruins 

2025 Total: High 2.5 6.097 243.9% Bandelier 25 9.901 39.6% Aztec_Ruins 

2025 Total: Low 2.5 6.088 243.5% Bandelier 25 8.330 33.3% Aztec_Ruins 

2025 Total: 
Medium 

2.5 6.093 243.7% Bandelier 25 8.783 35.1% Aztec_Ruins 

2011 Total 2.5 7.986 319.5% Petrified_Forest 25 23.05
9 

92.2% Aztec_Ruins 
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4.2.1.2 SO2 PSD Concentrations 

Table 4-5, Table 4-6, and Table 4-7 present the comparison of the maximum annual, 24-hour 
and 3-hour SO2 contributions due to natural emissions, FFO emissions and 2025 total and 2011 
base case emissions respectively, with the PSD SO2 increments at Class I/II areas. Note that the 
Colorado portion of the Dinosaur National Monument is Class I for SO2 only, so it may be 
included in the Class I area grouping in these tables. Note that PSD Increments are not 
applicable for natural or 2025 total not 2011 base case emissions. The FFO does not exceed the 
annual, 24-hour and 3-hour PSD Class I Increment at any Class I/II area in any of the scenarios. 
The FFO contributions are very small, less than 0.1% of the PSD Increments. 

Table 4-5.  Maximum annual SO2 concentration at any Class I or sensitive Class II area due 
to cumulative sources and the FFO for High, Low, and Medium Development scenarios. 

Choose 
SO2, 
Annual 

μg/m
3 SO2 an         

Across grid cells Maximum Max             

Group Name 
PSD Class I 
Increment 

Max 
@ any 
Class I 
area 

Percen
t of 
PSD 

Class I 
Increm

ent 

Class I Area 
where Max 

occurred 

PSD 
Class 

II 
Incre
ment 

Max @ 
any 

Class II 
area 

Percen
t of 
PSD 

Class II 
Increm

ent 

Class II Area 
where Max 

occurred 

Natural emissions 2 2.726 136.3% Bandelier 20 2.002 10.0% Bear_Wallow 

Farmington Field 
Office : High 

2 0.000 0.0% Mesa_Verde 20 0.003 0.0% Aztec_Ruins 

Farmington Field 
Office: Low 

2 0.000 0.0% Mesa_Verde 20 0.001 0.0% Aztec_Ruins 

Farmington Field 
Office: Medium 

2 0.000 0.0% Mesa_Verde 20 0.003 0.0% Aztec_Ruins 

2025 Total: High 2 2.888 144.4% Bandelier 20 2.270 11.3% Bear_Wallow 

2025 Total: Low 2 2.887 144.4% Bandelier 20 2.270 11.3% Bear_Wallow 

2025 Total: Medium 2 2.888 144.4% Bandelier 20 2.270 11.3% Bear_Wallow 

2011 Total 2 2.986 149.3% Bandelier 20 2.502 12.5% Bear_Wallow 
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Table 4-6. Maximum 24-hour SO2 concentration at any Class I or sensitive Class II area due 
to cumulative sources and the FFO for High, Low, and Medium Development scenarios. 

Choose 
SO2, 24-
hour μg/m3 SO2 

 
2nddavg         

Across grid cells Maximum Max              

Group Name 
PSD Class I 
Increment 

Max @ 
any Class I 

area 

Percent 
of PSD 
Class I 

Incremen
t 

 

Class I Area 
where Max 

occurred 

PSD 
Class 

II 
Incre
ment 

Max @ 
any Class 

II area 

Percent 
of PSD 
Class II 
Increm

ent 

Class II Area 
where Max 

occurred 

Natural emissions 5 210.991 4219.8%  Bandelier 91 108.145 118.8% Bear_Wallow 

Farmington Field 
Office : High 

5 0.001 0.0%  Mesa_Verde 91 0.008 0.0% Aztec_Ruins 

Farmington Field 
Office: Low 

5 0.000 0.0%  Mesa_Verde 91 0.004 0.0% Aztec_Ruins 

Farmington Field 
Office: Medium 

5 0.001 0.0%  Mesa_Verde 91 0.008 0.0% Aztec_Ruins 

2025 Total: High 5 211.072 4221.4%  Bandelier 91 108.266 119.0% Bear_Wallow 

2025 Total: Low 5 211.072 4221.4%  Bandelier 91 108.266 119.0% Bear_Wallow 

2025 Total: Medium 5 211.072 4221.4%  Bandelier 91 108.266 119.0% Bear_Wallow 

2011 Total 5 211.109 4222.2%  Bandelier 91 108.726 119.5% Bear_Wallow 

 

Table 4-7. Maximum 3-hour SO2 concentration at any Class I or sensitive Class II area due to 
cumulative sources and the FFO for High, Low, and Medium Development scenarios. 

Choose SO2, 3-hour μg/m3 SO2 2ndbav3         

Across grid cells Maximum Max             

Group Name 
PSD Class I 
Increment 

Max @ 
any Class 

I area 

Percent of 
PSD Class I 
Increment 

Class I Area 
where Max 

occurred 

PSD 
Class II 
Increm

ent 

Max @ 
any 

Class II 
area 

Percent of 
PSD Class 

II 
Increment 

Class II Area 
where Max 

occurred 

Natural emissions 25 587.662 2350.6% Bandelier 512 337.323 65.9% Dome 

Farmington Field 
Office : High 

25 0.002 0.0% Mesa_Verde 512 0.013 0.0% Aztec_Ruins 

Farmington Field 
Office: Low 

25 0.001 0.0% Mesa_Verde 512 0.007 0.0% Aztec_Ruins 

Farmington Field 
Office: Medium 

25 0.002 0.0% Mesa_Verde 512 0.012 0.0% Aztec_Ruins 

2025 Total: High 25 587.878 2351.5% Bandelier 512 337.436 65.9% Dome 

2025 Total: Low 25 587.878 2351.5% Bandelier 512 337.436 65.9% Dome 

2025 Total: Medium 25 587.878 2351.5% Bandelier 512 337.436 65.9% Dome 

2011 Total 25 587.900 2351.6% Bandelier 512 338.092 66.0% Dome 



April 2018 
 
 

66 

4.2.1.3 PM2.5 PSD Concentrations 

Table 4-8 and Table 4-9 display the maximum annual and 24-hour PM2.5 concentrations due the 
FFO and natural sources and 2025 total emissions and 2011 base case emissions at any Class I 
and II area and presents a comparison with the PSD PM2.5 Increments for the 2025 High, Low 
and Medium Development Scenarios. PM2.5 concentrations due to emissions from the FFO do 
not come close to exceeding any of the PSD PM2.5 Increments. 

Extremely high maximum annual and 24-hour PM2.5 contributions are seen due to natural 
wildfire emissions that occurred in 2011, which are also reflected in the total 2025 and 2011 
base case contributions for which the PSD increments are not applicable. 

Table 4-8. Maximum Annual PM2.5 concentration at any Class I or sensitive Class II area due 
to cumulative sources and the FFO for High, Low, and Medium Development scenarios 

Choose 
PM2.5, 
Annual 

μg/m
3 PM25 a         

Across grid cells Maximum Max             

Group Name 
PSD Class I 
Increment 

Max 
@ any 
Class I 
area 

Percent of 
PSD Class I 
Increment 

Class I Area 
where Max 

occurred 

PSD 
Class II 
Incre
ment 

Max @ 
any 

Class II 
area 

Percent 
of PSD 
Class II 
Increm

ent 

Class II Area 
where Max 

occurred 

Natural emissions 1 7.833 783.3% Bandelier 4 6.155 153.9% Bear_Wallow 

Farmington Field 
Office : High 

1 0.006 0.6% Mesa_Verde 4 0.183 4.6% Aztec_Ruins 

Farmington Field 
Office: Low 

1 0.003 0.3% Mesa_Verde 4 0.092 2.3% Aztec_Ruins 

Farmington Field 
Office: Medium 

1 0.003 0.3% Mesa_Verde 4 0.095 2.4% Aztec_Ruins 

2025 Total: High 1 9.724 972.4% Bandelier 4 12.140 303.5% Valle_De_Or
o_NWR 

2025 Total: Low 1 9.720 972.0% Bandelier 4 12.132 303.3% Valle_De_Or
o_NWR 

2025 Total: 
Medium 

1 9.722 972.2% Bandelier 4 12.137 303.4% Valle_De_Or
o_NWR 

2011 Total 1 9.781 978.1% Bandelier 4 11.197 279.9% Valle_De_Or
o_NWR 
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Table 4-9. Maximum 24-Hour PM2.5 concentration at any Class I or sensitive Class II area 
due to cumulative sources and the FFO for High, Low, and Medium Development scenarios. 

Choose 

PM2.5
, 24-
hour μg/m3 PM25 2nddavg         

Across grid cells 
Maxi
mum Max             

Group Name 

PSD 
Class I 
Incre
ment 

Max @ 
any 

Class I 
area 

Percent of 
PSD Class 

I 
Increment 

Class I Area 
where Max 

occurred 

PSD 
Class 

II 
Incre
ment 

Max @ 
any Class 

II area 

Percent of 
PSD Class II 
Increment 

Class II Area 
where Max 

occurred 

Natural emissions 2 593.477 29673.8% Bandelier 9 332.517 3694.6% Bear_Wallow 

Farmington Field 
Office : High 

2 0.063 3.2% Mesa_Verde 9 0.595 6.6% Aztec_Ruins 

Farmington Field 
Office: Low 

2 0.032 1.6% Mesa_Verde 9 0.306 3.4% Aztec_Ruins 

Farmington Field 
Office: Medium 

2 0.033 1.6% Mesa_Verde 9 0.316 3.5% Aztec_Ruins 

2025 Total: High 2 608.768 30438.4% Bandelier 9 342.197 3802.2% Bear_Wallow 

2025 Total: Low 2 608.767 30438.3% Bandelier 9 342.197 3802.2% Bear_Wallow 

2025 Total: Medium 2 608.767 30438.4% Bandelier 9 342.197 3802.2% Bear_Wallow 

2011 Total 2 609.031 30451.6% Bandelier 9 342.838 3809.3% Bear_Wallow 

 

4.2.1.4 PM10 PSD Concentrations 

The results of the comparisons against the PM10 PSD increments are similar to PM2.5 with 
Natural Emissions (that are also included in the total 2025 and 2011), exceeding the annual and 
24-hour PM10 PSD increment as shown in Table 4-10 and Table 4-11. The FFO high development 
scenario has annual and 24-hour PM10 at any Class I area with maximum values of 0.6% and 2.3 
% of the PSD PM10 increment both at Mesa Verde. Note that in some cases the Medium 
Development Scenario may have lower impacts than the Low Development Scenario for PM10 
due to the Medium Development Scenario having high mitigation that resulted in lower 
emissions of PM10 than the Low Development Scenario. 
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Table 4-10. Maximum Annual PM10 concentration at any Class I or sensitive Class II area due 
to cumulative sources and the FFO for High, Low, and Medium Development scenarios. 

Choose 
PM10, 
Annual μg/m3 PM10 

 
        

Across grid cells Maximum Max             

Group Name 
PSD Class I 
Increment 

Max @ any 
Class I area 

Percent 
of PSD 
Class I 

Increme
nt 

Class I Area 
where Max 

occurred 

PSD 
Class 

II 
Incre
ment 

Max @ 
any 

Class II 
area 

Percent of 
PSD Class II 
Increment 

Class II Area 
where Max 

occurred 

Natural emissions 4 9.282 232.0% Bandelier 17 9.167 53.9% Sevilleta_NWR 

Farmington Field 
Office : High 

4 0.022 0.6% Mesa_Verde 17 0.828 4.9% Aztec_Ruins 

Farmington Field 
Office: Low 

4 0.011 0.3% Mesa_Verde 17 0.416 2.4% Aztec_Ruins 

Farmington Field 
Office: Medium 

4 0.009 0.2% Mesa_Verde 17 0.324 1.9% Aztec_Ruins 

2025 Total: High 4 16.212 405.3% Bandelier 17 70.901 417.1% Valle_De_Oro_
NWR 

2025 Total: Low 4 16.201 405.0% Bandelier 17 70.890 417.0% Valle_De_Oro_
NWR 

2025 Total: Medium 4 16.205 405.1% Bandelier 17 70.897 417.0% Valle_De_Oro_
NWR 

2011 Total 4 13.893 347.3% Bandelier 17 58.983 347.0% Valle_De_Oro_
NWR 

 

Table 4-11. Maximum 24-Hour PM10 concentration at any Class I or sensitive Class II area due 
to cumulative sources and the FFO for High, Low, and Medium Development scenarios. 

Choose 
PM10, 24-
hour μg/m3 PM10 2nddavg         

Across grid cells Maximum Max             

Group Name 
PSD Class I 
Increment 

Max @ 
any Class 

I area 

Percent of 
PSD Class I 
Increment 

Class I Area 
where Max 

occurred 

PSD 
Class II 
Increm

ent 

Max @ 
any 

Class II 
area 

Percent of 
PSD Class II 
Increment 

Class II Area 
where Max 

occurred 

Natural emissions 8 674.493 8431.2% Bandelier 30 372.753 1242.5% Bear_Wallow 

Farmington Field 
Office : High 

8 0.186 2.3% Mesa_Verde 30 2.129 7.1% Aztec_Ruins 

Farmington Field 
Office: Low 

8 0.094 1.2% Mesa_Verde 30 1.076 3.6% Aztec_Ruins 

Farmington Field 
Office: Medium 

8 0.076 0.9% Mesa_Verde 30 0.862 2.9% Aztec_Ruins 

2025 Total: High 8 692.086 8651.1% Bandelier 30 383.645 1278.8% Bear_Wallow 

2025 Total: Low 8 692.079 8651.0% Bandelier 30 383.645 1278.8% Bear_Wallow 

2025 Total: 
Medium 

8 692.079 8651.0% Bandelier 30 383.645 1278.8% Bear_Wallow 

2011 Total 8 692.117 8651.5% Bandelier 30 384.256 1280.9% Bear_Wallow 
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4.2.2 PSD Concentration across All Class I and Sensitive Class II Areas 

In this section we present the contributions of FFO emissions to PSD increments across all PSD 
Class I and sensitive Class II areas for each FFO development scenario.  

Table 4-12 and Table 4-13 present the High Development scenario results for the Class I and 
sensitive Class II areas, respectively, and show that the concentrations are far below the PSD 
thresholds at all Class I/II areas. The maximum concentrations occur at Mesa Verde, and Aztec 
Ruins (as reported in previous section) and the concentrations at the other Class I/II areas are 
much lower. Generally, the second most impacted Class I area is Weminuche. 

Table 4-14, Table 4-15, Table 4-16, and Table 4-17 present the analogous results for the Low 
Development Scenario and Medium Development Scenario. 
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Table 4-12. Contributions of FFO emissions to PSD pollutant concentrations at Class I areas 
for the 2025 High Development Scenario. 

Pollutant 
NO2 

(μg/m
3
) 

PM10 (μg/m
3
) PM25 (μg/m

3
) SO2 (μg/m

3
) 

Averaging Time Annual
3
 

24-
hour

2
 

Annual
3
 

24-
hour

4
 

Annual
3
 

3-
hour

2
 

24-
hour

2
 

Annual
3
 

Class I State Owner 
PSD Class I Increment

1
 

2.5 8 4 2 1 25 5 2 

Arches NP UT NPS 0.001 0.022 0.001 0.009 0.000 0.000 0.000 0.000 

Bandelier Wilderness NM NPS 0.010 0.085 0.009 0.027 0.002 0.001 0.000 0.000 

Black Canyon of the 
Gunnison Wilderness 

CO NPS 0.001 0.013 0.002 0.005 0.001 0.000 0.000 0.000 

Bosque del Apache NM FWS 0.000 0.023 0.001 0.012 0.000 0.000 0.000 0.000 

Canyonlands NP UT NPS 0.003 0.045 0.003 0.014 0.001 0.000 0.000 0.000 

Capitol Reef NP UT NPS 0.001 0.034 0.001 0.010 0.000 0.000 0.000 0.000 

Dinosaur NM CO NPS 0.000 0.012 0.000 0.005 0.000 0.000 0.000 0.000 

Eagles Nest Wilderness CO USFS 0.001 0.006 0.001 0.002 0.000 0.000 0.000 0.000 

Flat Tops Wilderness CO USFS 0.000 0.006 0.001 0.002 0.000 0.000 0.000 0.000 

Gila Wilderness NM USFS 0.000 0.008 0.000 0.003 0.000 0.000 0.000 0.000 

Great Sand Dunes 
Wilderness-NPS 

CO NPS 0.004 0.027 0.004 0.010 0.001 0.000 0.000 0.000 

La Garita Wilderness CO USFS 0.005 0.027 0.004 0.009 0.001 0.000 0.000 0.000 

Maroon Bells-Snowmass 
Wilderness 

CO USFS 0.001 0.010 0.001 0.004 0.000 0.000 0.000 0.000 

Mesa Verde NP CO NPS 0.033 0.186 0.022 0.063 0.006 0.002 0.001 0.000 

Mount Baldy Wilderness AZ USFS 0.000 0.006 0.000 0.002 0.000 0.000 0.000 0.000 

Mount Zirkel Wilderness CO USFS 0.000 0.006 0.000 0.002 0.000 0.000 0.000 0.000 

Pecos Wilderness NM USFS 0.008 0.087 0.008 0.027 0.002 0.001 0.000 0.000 

Petrified Forest NP AZ NPS 0.000 0.016 0.000 0.005 0.000 0.000 0.000 0.000 

Rawah Wilderness CO USFS 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 

Rocky Mountain NP CO NPS 0.000 0.005 0.001 0.003 0.000 0.000 0.000 0.000 

Salt Creek Wilderness NM FWS 0.001 0.011 0.001 0.003 0.000 0.000 0.000 0.000 

San Pedro Parks Wilderness NM USFS 0.014 0.086 0.010 0.022 0.003 0.001 0.000 0.000 

Weminuche Wilderness CO USFS 0.031 0.121 0.021 0.042 0.006 0.002 0.001 0.000 

West Elk Wilderness CO USFS 0.001 0.012 0.001 0.005 0.000 0.000 0.000 0.000 

Wheeler Peak Wilderness NM USFS 0.006 0.038 0.005 0.011 0.001 0.000 0.000 0.000 

White Mountain Wilderness NM USFS 0.000 0.011 0.001 0.003 0.000 0.000 0.000 0.000 
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Table 4-13. Contributions of FFO emissions to PSD pollutant concentrations at sensitive Class 
II areas for the 2025 High Development Scenario. 

Class II State Owner 
PSD Class II Increment

1
 

25 30 17 9 4 512 91 20 

Alamosa National Wildlife Refuge CO FWS 0.007 0.056 0.007 0.030 0.003 0.000 0.000 0.000 

Aldo Leopold Wilderness NM USFS 0.000 0.007 0.000 0.003 0.000 0.000 0.000 0.000 

Apache Kid Wilderness NM USFS 0.000 0.009 0.000 0.004 0.000 0.000 0.000 0.000 

Aztec Ruins NM NM NPS 1.674 2.129 0.828 0.595 0.183 0.013 0.008 0.003 

Baca National Wildlife Refuge CO FWS 0.005 0.038 0.005 0.025 0.002 0.000 0.000 0.000 

Bear Wallow Wilderness AZ USFS 0.000 0.007 0.000 0.002 0.000 0.000 0.000 0.000 

Bitter Lake National Wildlife 
Refuge 

NM FWS 0.001 0.011 0.001 0.003 0.000 0.000 0.000 0.000 

Blue Range Wilderness NM USFS 0.000 0.007 0.000 0.003 0.000 0.000 0.000 0.000 

Bosque Del Apache National 
Wildlife Refuge 

NM FWS 0.000 0.023 0.001 0.012 0.000 0.000 0.000 0.000 

Browns Park National Wildlife 
Refuge 

CO FWS 0.000 0.009 0.000 0.003 0.000 0.000 0.000 0.000 

Canyon de Chelly NM AZ NPS 0.001 0.061 0.001 0.044 0.001 0.001 0.000 0.000 

Capitan Mountains Wilderness NM USFS 0.000 0.010 0.001 0.003 0.000 0.000 0.000 0.000 

Chaco Culture NHP NM NPS 0.006 0.066 0.004 0.023 0.001 0.001 0.000 0.000 

Chama River Canyon Wilderness NM USFS 0.057 0.219 0.033 0.063 0.009 0.002 0.001 0.000 

Chimney Rock NM CO USFS 0.161 0.355 0.086 0.108 0.023 0.003 0.002 0.000 

Colorado NM CO NPS 0.001 0.019 0.001 0.011 0.000 0.000 0.000 0.000 

Cruces Basin Wilderness NM USFS 0.024 0.089 0.017 0.024 0.005 0.001 0.000 0.000 

Curecanti NRA CO NPS 0.002 0.012 0.001 0.005 0.000 0.000 0.000 0.000 

Dark Canyon Wilderness UT USFS 0.004 0.063 0.003 0.019 0.001 0.001 0.000 0.000 

Dinosaur NM CO NPS 0.000 0.014 0.000 0.005 0.000 0.000 0.000 0.000 

Dome Wilderness NM USFS 0.007 0.049 0.006 0.020 0.002 0.000 0.000 0.000 

El Malpais NM NM NPS 0.001 0.028 0.001 0.009 0.000 0.000 0.000 0.000 

Escudilla Wilderness AZ USFS 0.000 0.008 0.000 0.002 0.000 0.000 0.000 0.000 

Flaming Gorge UT USFS 0.000 0.006 0.000 0.003 0.000 0.000 0.000 0.000 

Florissant Fossil Beds NM CO NPS 0.001 0.008 0.001 0.004 0.000 0.000 0.000 0.000 

Fossil Ridge Wilderness CO USFS 0.001 0.011 0.001 0.005 0.000 0.000 0.000 0.000 

Glen Canyon NRA UT NPS 0.009 0.134 0.008 0.048 0.002 0.001 0.000 0.000 

Great Sand Dunes National Park CO NPS 0.005 0.035 0.004 0.012 0.001 0.000 0.000 0.000 

Great Sand Dunes National 
Preserve CO NPS 

0.004 0.025 0.004 0.008 0.001 0.000 0.000 0.000 

Greenhorn Mountain Wilderness CO USFS 0.003 0.018 0.002 0.005 0.001 0.000 0.000 0.000 

High Uintas Wilderness UT USFS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000 

Holy Cross Wilderness CO USFS 0.001 0.007 0.001 0.003 0.000 0.000 0.000 0.000 

Hovenweep NM CO NPS 0.013 0.111 0.011 0.038 0.003 0.001 0.000 0.000 

Hunter-Fryingpan Wilderness CO USFS 0.001 0.008 0.001 0.004 0.000 0.000 0.000 0.000 

Las Vegas National Wildlife 
Refuge NM FWS 

0.003 0.025 0.003 0.011 0.001 0.000 0.000 0.000 

Latir Peak Wilderness NM USFS 0.006 0.039 0.005 0.009 0.001 0.000 0.000 0.000 
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Class II State Owner 
PSD Class II Increment

1
 

25 30 17 9 4 512 91 20 

Lizard Head Wilderness CO USFS 0.005 0.026 0.004 0.008 0.001 0.000 0.000 0.000 

Lost Creek Wilderness CO USFS 0.001 0.007 0.001 0.003 0.000 0.000 0.000 0.000 

Manzano Mountain Wilderness NM USFS 0.004 0.060 0.005 0.018 0.001 0.001 0.000 0.000 

Maxwell National Wildlife Refuge NM FWS 0.002 0.015 0.002 0.005 0.001 0.000 0.000 0.000 

Monte Vista National Wildlife 
Refuge CO FWS 

0.011 0.052 0.008 0.039 0.003 0.000 0.000 0.000 

Mount Evans Wilderness CO USFS 0.001 0.006 0.001 0.003 0.000 0.000 0.000 0.000 

Mount Sneffels Wilderness CO USFS 0.004 0.021 0.003 0.006 0.001 0.000 0.000 0.000 

Natural Bridges NM UT NPS 0.005 0.079 0.004 0.023 0.001 0.001 0.000 0.000 

Navajo NM AZ NPS 0.001 0.059 0.001 0.015 0.000 0.000 0.000 0.000 

Petroglyph NM NM NPS 0.004 0.054 0.004 0.026 0.001 0.001 0.000 0.000 

Powderhorn Wilderness CO USFS 0.003 0.023 0.003 0.006 0.001 0.000 0.000 0.000 

Raggeds Wilderness CO USFS 0.001 0.010 0.001 0.004 0.000 0.000 0.000 0.000 

Rio Mora National Wildlife 
Refuge and Conservation Area NM FWS 

0.003 0.022 0.003 0.008 0.001 0.000 0.000 0.000 

Sandia Mountain Wilderness NM USFS 0.003 0.036 0.004 0.019 0.001 0.000 0.000 0.000 

Sangre de Cristo Wilderness CO USFS 0.005 0.028 0.004 0.009 0.001 0.000 0.000 0.000 

Savage Run Wilderness WY USFS 0.000 0.005 0.000 0.002 0.000 0.000 0.000 0.000 

Sevilleta National Wildlife Refuge NM FWS 0.001 0.032 0.002 0.017 0.001 0.000 0.000 0.000 

South San Juan Wilderness CO USFS 0.057 0.162 0.037 0.050 0.010 0.002 0.001 0.000 

Spanish Peaks Wilderness CO USFS 0.004 0.018 0.003 0.007 0.001 0.000 0.000 0.000 

Uncompahgre Wilderness CO USFS 0.004 0.023 0.003 0.008 0.001 0.000 0.000 0.000 

Valle De Oro National Wildlife 
Refuge NM FWS 

0.003 0.052 0.004 0.028 0.002 0.000 0.000 0.000 

Withington Wilderness NM USFS 0.000 0.012 0.000 0.005 0.000 0.000 0.000 0.000 
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Table 4-14. Contributions of FFO emissions to PSD pollutant concentrations at Class I areas 
for the 2025 Low Development Scenario. 

Pollutant 
NO2 

(μg/m
3
) 

PM10 (μg/m
3
) PM25 (μg/m

3
) SO2 (μg/m

3
) 

Averaging Time 
Annual

3
 

24-
hour

2
 

Annual
3
 

24-
hour

4
 

Annual
3
 

3-
hour

2
 

24-
hour

2
 

Annual
3
 

Class I State Owner 
PSD Class I Increment

1
 

2.5 8 4 2 1 25 5 2 

Arches NP UT NPS 0.001 0.011 0.001 0.004 0.000 0.000 0.000 0.000 

Bandelier Wilderness NM NPS 0.005 0.042 0.004 0.013 0.001 0.000 0.000 0.000 

Black Canyon of the Gunnison 
Wilderness 

CO NPS 0.001 0.007 0.001 0.002 0.000 0.000 0.000 0.000 

Bosque del Apache NM FWS 0.000 0.012 0.000 0.006 0.000 0.000 0.000 0.000 

Canyonlands NP UT NPS 0.001 0.023 0.001 0.007 0.000 0.000 0.000 0.000 

Capitol Reef NP UT NPS 0.001 0.017 0.001 0.005 0.000 0.000 0.000 0.000 

Dinosaur NM CO NPS 0.000 0.006 0.000 0.002 0.000 0.000 0.000 0.000 

Eagles Nest Wilderness CO USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Flat Tops Wilderness CO USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Gila Wilderness NM USFS 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 

Great Sand Dunes Wilderness-nps CO NPS 0.002 0.014 0.002 0.005 0.001 0.000 0.000 0.000 

La Garita Wilderness CO USFS 0.002 0.014 0.002 0.005 0.001 0.000 0.000 0.000 

Maroon Bells-Snowmass 
Wilderness 

CO USFS 0.000 0.005 0.001 0.002 0.000 0.000 0.000 0.000 

Mesa Verde NP CO NPS 0.016 0.094 0.011 0.032 0.003 0.001 0.000 0.000 

Mount Baldy Wilderness AZ USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Mount Zirkel Wilderness CO USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Pecos Wilderness NM USFS 0.004 0.044 0.004 0.014 0.001 0.000 0.000 0.000 

Petrified Forest NP AZ NPS 0.000 0.008 0.000 0.003 0.000 0.000 0.000 0.000 

Rawah Wilderness CO USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Rocky Mountain NP CO NPS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Salt Creek Wilderness NM FWS 0.000 0.005 0.000 0.002 0.000 0.000 0.000 0.000 

San Pedro Parks Wilderness NM USFS 0.007 0.044 0.005 0.011 0.001 0.000 0.000 0.000 

Weminuche Wilderness CO USFS 0.015 0.061 0.011 0.022 0.003 0.001 0.000 0.000 

West Elk Wilderness CO USFS 0.001 0.006 0.001 0.002 0.000 0.000 0.000 0.000 

Wheeler Peak Wilderness NM USFS 0.003 0.019 0.003 0.005 0.001 0.000 0.000 0.000 

White Mountain Wilderness NM USFS 0.000 0.006 0.000 0.001 0.000 0.000 0.000 0.000 
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Table 4-15. Contributions of FFO emissions to PSD pollutant concentrations at sensitive Class 
II areas for the 2025 Low Development Scenario. 

Class II State Owner 
PSD Class II Increment

1
 

25 30 17 9 4 512 91 20 

Alamosa National Wildlife Refuge CO FWS 0.004 0.027 0.003 0.014 0.001 0.000 0.000 0.000 

Aldo Leopold Wilderness NM USFS 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 

Apache Kid Wilderness NM USFS 0.000 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

Aztec Ruins NM NM NPS 0.828 1.076 0.416 0.306 0.092 0.007 0.004 0.001 

Baca National Wildlife Refuge CO FWS 0.002 0.019 0.002 0.012 0.001 0.000 0.000 0.000 

Bear Wallow Wilderness AZ USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Bitter Lake National Wildlife Refuge NM FWS 0.000 0.005 0.000 0.002 0.000 0.000 0.000 0.000 

Blue Range Wilderness NM USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Bosque Del Apache National Wildlife Refuge NM FWS 0.000 0.012 0.000 0.006 0.000 0.000 0.000 0.000 

Browns Park National Wildlife Refuge CO FWS 0.000 0.005 0.000 0.001 0.000 0.000 0.000 0.000 

Canyon de Chelly NM AZ NPS 0.001 0.031 0.001 0.022 0.000 0.000 0.000 0.000 

Capitan Mountains Wilderness NM USFS 0.000 0.005 0.000 0.001 0.000 0.000 0.000 0.000 

Chaco Culture NHP NM NPS 0.003 0.033 0.002 0.012 0.001 0.000 0.000 0.000 

Chama River Canyon Wilderness NM USFS 0.028 0.109 0.016 0.032 0.005 0.001 0.001 0.000 

Chimney Rock NM CO USFS 0.079 0.178 0.043 0.055 0.012 0.002 0.001 0.000 

Colorado NM CO NPS 0.001 0.010 0.001 0.005 0.000 0.000 0.000 0.000 

Cruces Basin Wilderness NM USFS 0.012 0.045 0.009 0.012 0.002 0.000 0.000 0.000 

Curecanti NRA CO NPS 0.001 0.006 0.001 0.003 0.000 0.000 0.000 0.000 

Dark Canyon Wilderness UT USFS 0.002 0.031 0.002 0.009 0.001 0.000 0.000 0.000 

Dinosaur NM CO NPS 0.000 0.007 0.000 0.003 0.000 0.000 0.000 0.000 

Dome Wilderness NM USFS 0.004 0.024 0.003 0.010 0.001 0.000 0.000 0.000 

El Malpais NM NM NPS 0.001 0.014 0.001 0.004 0.000 0.000 0.000 0.000 

Escudilla Wilderness AZ USFS 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 

Flaming Gorge UT USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Florissant Fossil Beds NM CO NPS 0.000 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

Fossil Ridge Wilderness CO USFS 0.001 0.005 0.001 0.002 0.000 0.000 0.000 0.000 

Glen Canyon NRA UT NPS 0.005 0.067 0.004 0.024 0.001 0.000 0.000 0.000 

Great Sand Dunes National Park CO NPS 0.002 0.017 0.002 0.006 0.001 0.000 0.000 0.000 

Great Sand Dunes National Preserve CO NPS 0.002 0.013 0.002 0.004 0.000 0.000 0.000 0.000 

Greenhorn Mountain Wilderness CO USFS 0.001 0.009 0.001 0.002 0.000 0.000 0.000 0.000 

High Uintas Wilderness UT USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Holy Cross Wilderness CO USFS 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 

Hovenweep NM CO NPS 0.007 0.056 0.005 0.019 0.002 0.000 0.000 0.000 

Hunter-Fryingpan Wilderness CO USFS 0.000 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

Las Vegas National Wildlife Refuge NM FWS 0.001 0.012 0.001 0.005 0.000 0.000 0.000 0.000 

Latir Peak Wilderness NM USFS 0.003 0.019 0.003 0.005 0.001 0.000 0.000 0.000 

Lizard Head Wilderness CO USFS 0.003 0.013 0.002 0.004 0.001 0.000 0.000 0.000 

Lost Creek Wilderness CO USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Manzano Mountain Wilderness NM USFS 0.002 0.030 0.003 0.009 0.001 0.000 0.000 0.000 
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Class II State Owner 
PSD Class II Increment

1
 

25 30 17 9 4 512 91 20 

Maxwell National Wildlife Refuge NM FWS 0.001 0.008 0.001 0.002 0.000 0.000 0.000 0.000 

Monte Vista National Wildlife Refuge CO FWS 0.005 0.026 0.004 0.019 0.001 0.000 0.000 0.000 

Mount Evans Wilderness CO USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Mount Sneffels Wilderness CO USFS 0.002 0.011 0.001 0.003 0.000 0.000 0.000 0.000 

Natural Bridges NM UT NPS 0.002 0.039 0.002 0.011 0.001 0.000 0.000 0.000 

Navajo NM AZ NPS 0.000 0.029 0.000 0.008 0.000 0.000 0.000 0.000 

Petroglyph NM NM NPS 0.002 0.027 0.002 0.013 0.001 0.000 0.000 0.000 

Powderhorn Wilderness CO USFS 0.002 0.011 0.001 0.003 0.000 0.000 0.000 0.000 

Raggeds Wilderness CO USFS 0.000 0.005 0.001 0.002 0.000 0.000 0.000 0.000 

Rio Mora National Wildlife Refuge and 
Conservation Area NM FWS 

0.001 0.011 0.001 0.004 0.000 0.000 0.000 0.000 

Sandia Mountain Wilderness NM USFS 0.002 0.018 0.002 0.009 0.001 0.000 0.000 0.000 

Sangre de Cristo Wilderness CO USFS 0.002 0.014 0.002 0.004 0.001 0.000 0.000 0.000 

Savage Run Wilderness WY USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Sevilleta National Wildlife Refuge NM FWS 0.001 0.016 0.001 0.009 0.000 0.000 0.000 0.000 

South San Juan Wilderness CO USFS 0.028 0.081 0.019 0.025 0.005 0.001 0.000 0.000 

Spanish Peaks Wilderness CO USFS 0.002 0.009 0.002 0.003 0.000 0.000 0.000 0.000 

Uncompahgre Wilderness CO USFS 0.002 0.012 0.001 0.004 0.000 0.000 0.000 0.000 

Valle De Oro National Wildlife Refuge NM FWS 0.002 0.026 0.002 0.014 0.001 0.000 0.000 0.000 

Withington Wilderness NM USFS 0.000 0.006 0.000 0.002 0.000 0.000 0.000 0.000 
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Table 4-16. Contributions of FFO emissions to PSD pollutant concentrations at Class I areas 
for the 2025 Medium Development Scenario 

Pollutant 
NO2 

(μg/m
3
) 

PM10 (μg/m
3
) PM25 (μg/m

3
) SO2 (μg/m

3
) 

Averaging Time Annual
3
 24-hour

2
 Annual

3
 

24-
hour

4
 

Annual
3
 

3-
hour

2
 

24-
hour

2
 

Annual
3
 

Class I State Owner 
PSD Class I Increment

1
 

2.5 8 4 2 1 25 5 2 

Arches NP UT NPS 0.001 0.009 0.000 0.004 0.000 0.000 0.000 0.000 

Bandelier Wilderness NM NPS 0.005 0.034 0.004 0.014 0.001 0.001 0.000 0.000 

Black Canyon of the Gunnison 
Wilderness 

CO NPS 0.001 0.005 0.001 0.003 0.000 0.000 0.000 0.000 

Bosque del Apache NM FWS 0.000 0.010 0.000 0.006 0.000 0.000 0.000 0.000 

Canyonlands NP UT NPS 0.002 0.018 0.001 0.007 0.000 0.000 0.000 0.000 

Capitol Reef NP UT NPS 0.001 0.013 0.000 0.005 0.000 0.000 0.000 0.000 

Dinosaur NM CO NPS 0.000 0.005 0.000 0.003 0.000 0.000 0.000 0.000 

Eagles Nest Wilderness CO USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Flat Tops Wilderness CO USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Gila Wilderness NM USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Great Sand Dunes Wilderness-
nps 

CO NPS 0.003 0.011 0.002 0.005 0.001 0.000 0.000 0.000 

La Garita Wilderness CO USFS 0.003 0.011 0.002 0.005 0.001 0.000 0.000 0.000 

Maroon Bells-Snowmass 
Wilderness 

CO USFS 0.001 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

Mesa Verde NP CO NPS 0.019 0.076 0.009 0.033 0.003 0.002 0.001 0.000 

Mount Baldy Wilderness AZ USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Mount Zirkel Wilderness CO USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Pecos Wilderness NM USFS 0.005 0.035 0.003 0.013 0.001 0.001 0.000 0.000 

Petrified Forest NP AZ NPS 0.000 0.007 0.000 0.003 0.000 0.000 0.000 0.000 

Rawah Wilderness CO USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 

Rocky Mountain NP CO NPS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Salt Creek Wilderness NM FWS 0.000 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

San Pedro Parks Wilderness NM USFS 0.008 0.034 0.004 0.011 0.001 0.001 0.000 0.000 

Weminuche Wilderness CO USFS 0.018 0.049 0.009 0.021 0.003 0.002 0.000 0.000 

West Elk Wilderness CO USFS 0.001 0.005 0.001 0.003 0.000 0.000 0.000 0.000 

Wheeler Peak Wilderness NM USFS 0.003 0.015 0.002 0.005 0.001 0.000 0.000 0.000 

White Mountain Wilderness NM USFS 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 
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Table 4-17. Contributions of FFO emissions to PSD pollutant concentrations at sensitive Class 
II areas for the 2025 Medium Development Scenario. 

Pollutant NO2 (μg/m
3
) PM10 (μg/m

3
) PM25 (μg/m

3
) SO2 (μg/m

3
) 

Averaging Time Annual
3
 

24-
hour

2
 

Annual
3
 

24-
hour

4
 

Annual
3
 

3-
hour

2
 

24-
hour

2
 

Annual
3
 

Class II State Owner 
PSD Class II Increment

1
 

25 30 17 9 4 512 91 20 

Alamosa National Wildlife Refuge CO FWS 0.004 0.025 0.003 0.016 0.001 0.000 0.000 0.000 

Aldo Leopold Wilderness NM USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Apache Kid Wilderness NM USFS 0.000 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

Aztec Ruins NM NM NPS 0.947 0.862 0.324 0.316 0.095 0.012 0.008 0.003 

Baca National Wildlife Refuge CO FWS 0.003 0.018 0.002 0.013 0.001 0.000 0.000 0.000 

Bear Wallow Wilderness AZ USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Bitter Lake National Wildlife Refuge NM FWS 0.000 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

Blue Range Wilderness NM USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Bosque Del Apache National Wildlife Refuge NM FWS 0.000 0.010 0.000 0.006 0.000 0.000 0.000 0.000 

Browns Park National Wildlife Refuge CO FWS 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 

Canyon de Chelly NM AZ NPS 0.001 0.029 0.001 0.023 0.000 0.001 0.000 0.000 

Capitan Mountains Wilderness NM USFS 0.000 0.004 0.000 0.001 0.000 0.000 0.000 0.000 

Chaco Culture NHP NM NPS 0.003 0.027 0.002 0.012 0.001 0.001 0.000 0.000 

Chama River Canyon Wilderness NM USFS 0.032 0.087 0.013 0.032 0.005 0.002 0.001 0.000 

Chimney Rock NM CO USFS 0.091 0.142 0.034 0.056 0.012 0.003 0.002 0.000 

Colorado NM CO NPS 0.001 0.009 0.001 0.006 0.000 0.000 0.000 0.000 

Cruces Basin Wilderness NM USFS 0.013 0.035 0.007 0.013 0.002 0.001 0.000 0.000 

Curecanti NRA CO NPS 0.001 0.005 0.001 0.003 0.000 0.000 0.000 0.000 

Dark Canyon Wilderness UT USFS 0.002 0.025 0.001 0.009 0.000 0.000 0.000 0.000 

Dinosaur NM CO NPS 0.000 0.005 0.000 0.003 0.000 0.000 0.000 0.000 

Dome Wilderness NM USFS 0.004 0.021 0.002 0.011 0.001 0.000 0.000 0.000 

El Malpais NM NM NPS 0.001 0.011 0.000 0.005 0.000 0.000 0.000 0.000 

Escudilla Wilderness AZ USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Flaming Gorge UT USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Florissant Fossil Beds NM CO NPS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000 

Fossil Ridge Wilderness CO USFS 0.001 0.005 0.001 0.003 0.000 0.000 0.000 0.000 

Glen Canyon NRA UT NPS 0.005 0.053 0.003 0.024 0.001 0.001 0.000 0.000 

Great Sand Dunes National Park CO NPS 0.003 0.014 0.002 0.007 0.001 0.000 0.000 0.000 

Great Sand Dunes National Preserve CO NPS 0.002 0.010 0.001 0.004 0.001 0.000 0.000 0.000 

Greenhorn Mountain Wilderness CO USFS 0.001 0.007 0.001 0.002 0.000 0.000 0.000 0.000 

High Uintas Wilderness UT USFS 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 

Holy Cross Wilderness CO USFS 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 

Hovenweep NM CO NPS 0.007 0.045 0.004 0.020 0.002 0.001 0.000 0.000 

Hunter-Fryingpan Wilderness CO USFS 0.000 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

Las Vegas National Wildlife Refuge NM FWS 0.001 0.011 0.001 0.006 0.000 0.000 0.000 0.000 

Latir Peak Wilderness NM USFS 0.003 0.015 0.002 0.005 0.001 0.000 0.000 0.000 

Lizard Head Wilderness CO USFS 0.003 0.011 0.001 0.004 0.001 0.000 0.000 0.000 
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Pollutant NO2 (μg/m
3
) PM10 (μg/m

3
) PM25 (μg/m

3
) SO2 (μg/m

3
) 

Averaging Time Annual
3
 

24-
hour

2
 

Annual
3
 

24-
hour

4
 

Annual
3
 

3-
hour

2
 

24-
hour

2
 

Annual
3
 

Class II State Owner 
PSD Class II Increment

1
 

25 30 17 9 4 512 91 20 

Lost Creek Wilderness CO USFS 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000 

Manzano Mountain Wilderness NM USFS 0.002 0.024 0.002 0.009 0.001 0.001 0.000 0.000 

Maxwell National Wildlife Refuge NM FWS 0.001 0.006 0.001 0.002 0.000 0.000 0.000 0.000 

Monte Vista National Wildlife Refuge CO FWS 0.006 0.026 0.003 0.021 0.002 0.000 0.000 0.000 

Mount Evans Wilderness CO USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Mount Sneffels Wilderness CO USFS 0.002 0.008 0.001 0.003 0.000 0.000 0.000 0.000 

Natural Bridges NM UT NPS 0.003 0.031 0.001 0.011 0.001 0.001 0.000 0.000 

Navajo NM AZ NPS 0.000 0.023 0.000 0.008 0.000 0.000 0.000 0.000 

Petroglyph NM NM NPS 0.002 0.024 0.002 0.014 0.001 0.001 0.000 0.000 

Powderhorn Wilderness CO USFS 0.002 0.009 0.001 0.003 0.000 0.000 0.000 0.000 

Raggeds Wilderness CO USFS 0.001 0.004 0.000 0.002 0.000 0.000 0.000 0.000 

Rio Mora National Wildlife Refuge and 
Conservation Area NM FWS 

0.002 0.009 0.001 0.004 0.000 0.000 0.000 0.000 

Sandia Mountain Wilderness NM USFS 0.002 0.016 0.001 0.010 0.001 0.000 0.000 0.000 

Sangre de Cristo Wilderness CO USFS 0.003 0.012 0.002 0.004 0.001 0.000 0.000 0.000 

Savage Run Wilderness WY USFS 0.000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 

Sevilleta National Wildlife Refuge NM FWS 0.001 0.015 0.001 0.009 0.000 0.000 0.000 0.000 

South San Juan Wilderness CO USFS 0.033 0.065 0.015 0.027 0.005 0.002 0.001 0.000 

Spanish Peaks Wilderness CO USFS 0.002 0.008 0.001 0.003 0.000 0.000 0.000 0.000 

Uncompahgre Wilderness CO USFS 0.002 0.009 0.001 0.004 0.000 0.000 0.000 0.000 

Valle De Oro National Wildlife Refuge NM FWS 0.002 0.024 0.002 0.015 0.001 0.000 0.000 0.000 

Withington Wilderness NM USFS 0.000 0.005 0.000 0.002 0.000 0.000 0.000 0.000 
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5.0 VISIBILITY IMPACTS AT CLASS I/II AREAS USING “FLAG” 

Visibility impacts were calculated for oil and gas emissions from the New Mexico FFO as well as 
for cumulative emissions sources. The approach uses incremental concentrations as quantified 
by the CAMx PSAT tool. Changes in light extinction from CAMx model concentration increments 
were calculated for each day at grid cells that intersect Class I and sensitive Class II areas within 
the 12/4 km modeling domain following Federal Land Managers Air Quality Related Values 
Work Group (FLAG) (2010) procedures.  

The visibility evaluation metric used in this analysis is based on the Haze Index which is 
measured in deciview (dv) units and is defined as follows: 

HI = 10 x ln[bext/10] 
 
bext is the atmospheric light extinction measured in inverse megameters (Mm-1) and is 
calculated primarily from atmospheric concentrations of particulates. A more intuitive measure 
of haze is visual range (VR), which is defined as the distance at which a large black object just 
disappears from view, and is measured in km. Visual range is related to bext by the formula VR = 
3912 / bext. Visual range will not be used as a threshold in the analysis, but could be back-
calculated from extinction to give a more easily understood visibility metric. 

The incremental concentrations due to FFO area emissions were added to background 
concentrations in the extinction equation (bext) and the difference between the Haze Index with 
added FFO area concentrations to the Haze Index based solely on background concentrations 
was calculated. This quantity is the change in Haze Index, which is referred to as “delta 

deciview” (dv) : 

Δdv = 10 x ln[bext(BLM+background)/10] - 10 x ln[bext(background)/10] 

Δdv = 10 x ln[bext(BLM+background)/bext(background)] 

Here bext(BLM+background) refers to atmospheric light extinction due to oil and gas and other 
activities in the FFO area plus background concentrations, and bext(background) refers to 
atmospheric light extinction due to background concentrations only.  

For the FFO area, the estimated visibility degradation at the Class I areas and sensitive Class II 
areas due to new oil and gas emissions are presented in terms of the number of days that 

exceed a threshold change in deciview (dv) relative to background conditions. In the next 
section we describe the method for calculating the extinction, bext. 

5.1 IMPROVE Reconstructed Mass Extinction Equations 

The FLAG (2010) procedures for evaluating visibility impacts at Class I areas use the revised 
IMPROVE reconstructed mass extinction equation to convert PM species in μgm-3 to light 
extinction (bext) in inverse megameters (Mm-1) as follows: 
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bext = bSO4 + bNO3 + bEC + bOCM + bSoil + bPMC+ bSeaSalt+ bRayleigh+ bNO2 

where 

bSO4 =  2.2 × fS(RH) × [Small Sulfate] + 4.8 × fL(RH) × [Large Sulfate] 

bNO3 =  2.4 × fS(RH) × [Small Nitrate] + 5.1 × fL(RH) × [Large Nitrate] 

bOCM =  2.8 × [Small Organic Mass] + 6.1 × [Large Organic Mass] 

bEC =  10 × [Elemental Carbon] 

bSoil =  1 × [Fine Soil] 

bCM =  0.6 × [Coarse Mass] 

bSeaSalt = 1.7 × fSS(RH) × [Sea Salt] 

bRayleigh = Rayleigh Scattering (Site-specific) 

bNO2 =  0.33 × [NO2 (ppb)] {or as: 0.1755 × [NO2 (μg/m3)]}. 

f(RH) are relative humidity adjustment factors that account for the fact that sulfate, nitrate and 
sea salt aerosols are hygroscopic and are more effective at scattering radiation at higher 
relative humidity. FLAG (2010) recommends using monthly average f(RH) values rather than the 
hourly averages recommended in the previous FLAG (2000) guidance document in order to 
moderate the effects of extreme weather events on the visibility results.  

The revised IMPROVE equation treats “large sulfate” and “small sulfate” separately because 
large and small aerosols affect an incoming beam of light differently. However, the IMPROVE 
measurements do not separately measure large and small sulfate; they measure only the total 
PM2.5 sulfate. Similarly, CAMx writes out a single concentration of particulate sulfate for each 
grid cell. Part of the definition of the new IMPROVE equation is a procedure for calculating the 
large and small sulfate contributions based on the magnitude of the model output sulfate 
concentrations; the procedure is documented in FLAG (2010). The sulfate concentration 
magnitude is used as a surrogate for distinguishing between large and small sulfate 
concentrations. For a given grid cell, the large and small sulfate contributions are calculated 
from the model output sulfate (which is the “Total Sulfate” referred to in the FLAG (2010) 
guidance) as: 

For Total Sulfate < 20 μg/m3:  

[Large Sulfate] = ([Total Sulfate] / 20 μg/m3) × [Total Sulfate] 

For Total Sulfate ≥ 20 μg/m3:  

[Large Sulfate] = [Total Sulfate] 



April 2018 
 
 

81 

For all values of Total Sulfate: 

[Small Sulfate] = [Total Sulfate] – [Large Sulfate] 

The procedure is identical for nitrate and organic mass. Sulfate, nitrate and organic mass 
concentrations for the western U.S. are expected to be mainly in the small fraction.  

The PSAT source apportionment algorithm does not separately track NO2 concentrations but 
instead tracks total reactive nitrogen (RGN) that consistent mainly of NO plus NO2. Thus, for 
each hour and each grid cell representing a Class I/II area, a Source Group’s incremental PSAT 
RGN contribution is converted to NO2 by multiplying by the total (all emissions) CAMx model 
NO2/RGN concentration ratio, which is then used in the IMPROVE visibility equation. 

Although sodium and particulate chloride are treated in the CAMx core model, these species 
are not carried in the CAMx PSAT tool; neglecting sea salt in the visibility calculations in FFO 
impact assessment does not compromise the accuracy of the analysis as IMPROVE 
measurements show that sea salt concentrations are negligible in this inland area and there 
would be no sea salt associated with any of the oil and gas emissions. 

Predicted daily average modeled concentrations due to the FFO area for grid cells containing 
Class I and sensitive Class II area receptors were processed using the revised IMPROVE 
reconstructed mass extinction equation FLAG (2010) to obtain changes in bext at each sensitive 
receptor area which are then converted to deciview and reported. 

The FLAG (2010) method was used to estimate the visibility impacts from the FFO area. This 
method used the revised IMPROVE equation together with annual average natural conditions 
(see Table 6 in FLAG, 2010) and monthly relative humidity factors for each Class I area (see 

Tables 7-9 in FLAG, 2010). The dv was calculated for each grid cell that overlaps a Class I or 

sensitive Class II area for each day of the annual CAMx run. The highest dv across all grid cells 
overlapping a Class I or sensitive Class II area was selected to represent the daily value at that 
Class I/II area. Visibility impacts due to new oil and gas emissions from the FFO area that are 
more than 0.5 and 1.0 dv are reported.  

5.2 FFO Contributions to Visibility Impairment at Class I and II Areas using FLAG 
(2010) 

In this section, we present the visibility impacts at Class I and Class II areas due to Federal oil 
and gas emissions in the FFO for the 2025 High, Low and Medium Development Scenarios. 
Table 5-1 and   
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Table 5-2 display the maximum Δdv and number of days Δdv exceeds the 0.5 and 1.0 thresholds 
due to FFO emissions for all Class I and Class II areas, respectively, for the High Development 
Scenario. Table 5-3 and Table 5-4 display the equivalent results for the Low Development 
Scenario and Table 5-5 and Table 5-6 display the equivalent results for the Medium 
Development Scenario. 

For the all three Development Scenarios, there are no days with Δdv > 0.5 at any Class I area 
due to emissions from the FFO and the only Class II area with days with Δdv > 0.5 is Aztec Ruins 
National Monument with Δdv summarized below: 

 High Scenario has 261 days of Δdv > 0.5 and 80 days with Δdv > 1.0 and maximum Δdv 
of 2.66. 

 Low Scenario has 82 days of Δdv > 0.5 and 6 days with Δdv > 1.0 and a maximum Δdv of 
1.49. 

 Medium Scenario has 84 days of Δdv > 0.5 and 9 days with Δdv > 1.0 and maximum Δdv 
of 1.55. 

For the High Development Scenario, the maximum Δdv at a Class I area is at Mesa Verde NP, 
with Δdv = 0.39. 
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Table 5-1. Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal oil and gas within the FFO Area (2025 High Development 
Scenario). 

New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of 
Day 

> 1.0 > 0.5 

Class I 

Arches NP 0.03212 12/12/2011 0 0 

Bandelier Wilderness 0.11158 2/10/2011 0 0 

Black Canyon of the Gunnison Wilderness 0.03077 12/3/2011 0 0 

Bosque del Apache 0.04811 12/24/2011 0 0 

Canyonlands NP 0.04789 12/11/2011 0 0 

Capitol Reef NP 0.07101 12/11/2011 0 0 

Dinosaur NM 0.01952 12/13/2011 0 0 

Eagles Nest Wilderness 0.01554 12/11/2011 0 0 

Flat Tops Wilderness 0.01127 12/11/2011 0 0 

Gila Wilderness 0.01674 12/24/2011 0 0 

Great Sand Dunes Wilderness-nps 0.05551 12/30/2011 0 0 

La Garita Wilderness 0.04206 11/19/2011 0 0 

Maroon Bells-Snowmass Wilderness 0.02339 3/19/2011 0 0 

Mesa Verde NP 0.39291 12/10/2011 0 0 

Mount Baldy Wilderness 0.00888 2/3/2011 0 0 

Mount Zirkel Wilderness 0.01098 12/12/2011 0 0 

Pecos Wilderness 0.13243 12/21/2011 0 0 

Petrified Forest NP 0.02546 1/27/2011 0 0 

Rawah Wilderness 0.00586 12/12/2011 0 0 

Rocky Mountain NP 0.01433 12/12/2011 0 0 

Salt Creek Wilderness 0.00962 2/11/2011 0 0 

San Pedro Parks Wilderness 0.10555 2/3/2011 0 0 

Weminuche Wilderness 0.18961 12/22/2011 0 0 

West Elk Wilderness 0.02615 12/11/2011 0 0 

Wheeler Peak Wilderness 0.03934 12/29/2011 0 0 

White Mountain Wilderness 0.01089 1/16/2011 0 0 

Note that the thresholds shown are project-level thresholds. The comparisons shown above are for informational 
purposes only. 
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Table 5-2. Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class II area 
due to emissions from Federal oil and gas within the FFO Area (2025 High Development 
Scenario). 

New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of 
Day 

> 1.0 > 0.5 

Class II 

Alamosa National Wildlife Refuge 0.23605 12/30/2011 0 0 

Aldo Leopold Wilderness 0.01051 12/24/2011 0 0 

Apache Kid Wilderness 0.01102 12/24/2011 0 0 

Aztec Ruins NM 2.66071 1/7/2011 80 261 

Baca National Wildlife Refuge 0.12384 12/30/2011 0 0 

Bear Wallow Wilderness 0.00707 2/3/2011 0 0 

Bitter Lake National Wildlife Refuge 0.00962 2/11/2011 0 0 

Blue Range Wilderness 0.01145 12/24/2011 0 0 

Bosque Del Apache National Wildlife Refuge 0.04811 12/24/2011 0 0 

Browns Park National Wildlife Refuge 0.01565 12/12/2011 0 0 

Canyon de Chelly NM 0.20695 12/18/2011 0 0 

Capitan Mountains Wilderness 0.00899 1/16/2011 0 0 

Chaco Culture NHP 0.10749 1/13/2011 0 0 

Chama River Canyon Wilderness 0.23492 1/29/2011 0 0 

Chimney Rock NM 0.37469 12/20/2011 0 0 

Colorado NM 0.11858 12/11/2011 0 0 

Cruces Basin Wilderness 0.16604 2/24/2011 0 0 

Curecanti NRA 0.03375 12/11/2011 0 0 

Dark Canyon Wilderness 0.05661 12/11/2011 0 0 

Dinosaur NM 0.03534 12/12/2011 0 0 

Dome Wilderness 0.10548 2/10/2011 0 0 

El Malpais NM 0.04254 12/24/2011 0 0 

Escudilla Wilderness 0.01211 12/24/2011 0 0 

Flaming Gorge 0.01323 12/13/2011 0 0 

Florissant Fossil Beds NM 0.02060 11/7/2011 0 0 

Fossil Ridge Wilderness 0.02386 3/7/2011 0 0 

Glen Canyon NRA 0.13996 12/10/2011 0 0 

Great Sand Dunes National Park 0.10014 12/30/2011 0 0 

Great Sand Dunes National Preserve 0.03048 3/6/2011 0 0 

Greenhorn Mountain Wilderness 0.01866 11/12/2011 0 0 

High Uintas Wilderness 0.01079 12/12/2011 0 0 

Holy Cross Wilderness 0.01815 3/19/2011 0 0 

Hovenweep NM 0.18390 12/10/2011 0 0 

Hunter-Fryingpan Wilderness 0.01598 12/11/2011 0 0 

Las Vegas National Wildlife Refuge 0.04965 12/21/2011 0 0 

Latir Peak Wilderness 0.03491 1/4/2011 0 0 

Lizard Head Wilderness 0.03225 3/19/2011 0 0 

Lost Creek Wilderness 0.01726 3/19/2011 0 0 

Manzano Mountain Wilderness 0.07242 12/25/2011 0 0 

Maxwell National Wildlife Refuge 0.01722 11/15/2011 0 0 

Monte Vista National Wildlife Refuge 0.19759 12/30/2011 0 0 

Mount Evans Wilderness 0.01751 3/19/2011 0 0 



April 2018 
 
 

85 

New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of 
Day 

> 1.0 > 0.5 

Class II 

Mount Sneffels Wilderness 0.02674 1/8/2011 0 0 

Natural Bridges NM 0.06557 12/11/2011 0 0 

Navajo NM 0.05209 12/17/2011 0 0 

Petroglyph NM 0.12440 1/13/2011 0 0 

Powderhorn Wilderness 0.03050 3/19/2011 0 0 

Raggeds Wilderness 0.01669 3/6/2011 0 0 

Rio Mora National Wildlife Refuge and Conservation Area 0.03564 10/29/2011 0 0 

Sandia Mountain Wilderness 0.10919 1/13/2011 0 0 

Sangre de Cristo Wilderness 0.03292 3/6/2011 0 0 

Savage Run Wilderness 0.01106 12/12/2011 0 0 

Sevilleta National Wildlife Refuge 0.07039 12/24/2011 0 0 

South San Juan Wilderness 0.20681 12/21/2011 0 0 

Spanish Peaks Wilderness 0.02811 10/31/2011 0 0 

Uncompahgre Wilderness 0.03914 12/3/2011 0 0 

Valle De Oro National Wildlife Refuge 0.17526 12/25/2011 0 0 

Withington Wilderness 0.01584 12/24/2011 0 0 
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Table 5-3. Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal oil and gas within the FFO Area (2025 Low Development 
Scenario). 

New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of Day 

> 1.0 > 0.5 

Class I 

Arches NP 0.01569 12/12/2011 0 0 

Bandelier Wilderness 0.05591 2/10/2011 0 0 

Black Canyon of the 
Gunnison Wilderness 0.01520 12/3/2011 0 0 

Bosque del Apache 0.02396 12/24/2011 0 0 

Canyonlands NP 0.02351 12/11/2011 0 0 

Capitol Reef NP 0.03559 12/11/2011 0 0 

Dinosaur NM 0.00966 12/13/2011 0 0 

Eagles Nest Wilderness 0.00774 12/11/2011 0 0 

Flat Tops Wilderness 0.00561 12/11/2011 0 0 

Gila Wilderness 0.00826 12/24/2011 0 0 

Great Sand Dunes 
Wilderness-nps 0.02764 12/30/2011 0 0 

La Garita Wilderness 0.02117 11/19/2011 0 0 

Maroon Bells-Snowmass 
Wilderness 0.01169 3/19/2011 0 0 

Mesa Verde NP 0.20245 12/10/2011 0 0 

Mount Baldy Wilderness 0.00448 2/3/2011 0 0 

Mount Zirkel Wilderness 0.00547 12/12/2011 0 0 

Pecos Wilderness 0.06774 12/21/2011 0 0 

Petrified Forest NP 0.01275 1/27/2011 0 0 

Rawah Wilderness 0.00287 12/12/2011 0 0 

Rocky Mountain NP 0.00701 12/12/2011 0 0 

Salt Creek Wilderness 0.00481 2/11/2011 0 0 

San Pedro Parks Wilderness 0.05316 2/3/2011 0 0 

Weminuche Wilderness 0.09989 12/22/2011 0 0 

West Elk Wilderness 0.01323 12/11/2011 0 0 

Wheeler Peak Wilderness 0.01969 12/29/2011 0 0 

White Mountain Wilderness 0.00546 1/16/2011 0 0 
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Table 5-4. Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class II area 
due to emissions from Federal oil and gas within the FFO Area (2025 Low Development 
Scenario). 

New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of 
Day 

> 1.0 > 0.5 

Class II 

Alamosa National Wildlife Refuge 0.11771 12/30/2011 0 0 

Aldo Leopold Wilderness 0.00525 12/24/2011 0 0 

Apache Kid Wilderness 0.00550 12/24/2011 0 0 

Aztec Ruins NM 1.49245 1/7/2011 6 82 

Baca National Wildlife Refuge 0.06182 12/30/2011 0 0 

Bear Wallow Wilderness 0.00356 2/3/2011 0 0 

Bitter Lake National Wildlife Refuge 0.00481 2/11/2011 0 0 

Blue Range Wilderness 0.00570 12/24/2011 0 0 

Bosque Del Apache National Wildlife Refuge 0.02396 12/24/2011 0 0 

Browns Park National Wildlife Refuge 0.00777 12/12/2011 0 0 

Canyon de Chelly NM 0.10263 12/18/2011 0 0 

Capitan Mountains Wilderness 0.00450 1/16/2011 0 0 

Chaco Culture NHP 0.05408 1/13/2011 0 0 

Chama River Canyon Wilderness 0.11819 1/29/2011 0 0 

Chimney Rock NM 0.19321 12/20/2011 0 0 

Colorado NM 0.05287 12/11/2011 0 0 

Cruces Basin Wilderness 0.08436 2/24/2011 0 0 

Curecanti NRA 0.01657 12/11/2011 0 0 

Dark Canyon Wilderness 0.02830 12/11/2011 0 0 

Dinosaur NM 0.01762 12/12/2011 0 0 

Dome Wilderness 0.05314 2/10/2011 0 0 

El Malpais NM 0.02118 12/24/2011 0 0 

Escudilla Wilderness 0.00603 12/24/2011 0 0 

Flaming Gorge 0.00656 12/13/2011 0 0 

Florissant Fossil Beds NM 0.01029 11/7/2011 0 0 

Fossil Ridge Wilderness 0.01198 3/7/2011 0 0 

Glen Canyon NRA 0.06999 12/10/2011 0 0 

Great Sand Dunes National Park 0.05027 12/30/2011 0 0 

Great Sand Dunes National Preserve 0.01513 3/6/2011 0 0 

Greenhorn Mountain Wilderness 0.00920 11/12/2011 0 0 

High Uintas Wilderness 0.00538 12/12/2011 0 0 

Holy Cross Wilderness 0.00901 3/19/2011 0 0 

Hovenweep NM 0.09470 12/10/2011 0 0 

Hunter-Fryingpan Wilderness 0.00804 12/11/2011 0 0 

Las Vegas National Wildlife Refuge 0.02443 12/21/2011 0 0 

Latir Peak Wilderness 0.01768 1/4/2011 0 0 

Lizard Head Wilderness 0.01630 3/19/2011 0 0 

Lost Creek Wilderness 0.00867 3/19/2011 0 0 

Manzano Mountain Wilderness 0.03619 12/25/2011 0 0 

Maxwell National Wildlife Refuge 0.00855 11/15/2011 0 0 

Monte Vista National Wildlife Refuge 0.09759 12/30/2011 0 0 

Mount Evans Wilderness 0.00878 3/19/2011 0 0 
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New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of 
Day 

> 1.0 > 0.5 

Class II 

Mount Sneffels Wilderness 0.01369 1/8/2011 0 0 

Natural Bridges NM 0.03269 12/11/2011 0 0 

Navajo NM 0.02603 12/17/2011 0 0 

Petroglyph NM 0.06225 1/13/2011 0 0 

Powderhorn Wilderness 0.01536 3/19/2011 0 0 

Raggeds Wilderness 0.00839 12/11/2011 0 0 

Rio Mora National Wildlife Refuge and Conservation Area 0.01769 10/29/2011 0 0 

Sandia Mountain Wilderness 0.05463 1/13/2011 0 0 

Sangre de Cristo Wilderness 0.01656 1/9/2011 0 0 

Savage Run Wilderness 0.00567 12/12/2011 0 0 

Sevilleta National Wildlife Refuge 0.03495 12/24/2011 0 0 

South San Juan Wilderness 0.10500 12/21/2011 0 0 

Spanish Peaks Wilderness 0.01395 10/31/2011 0 0 

Uncompahgre Wilderness 0.02010 12/3/2011 0 0 

Valle De Oro National Wildlife Refuge 0.08842 12/25/2011 0 0 

Withington Wilderness 0.00790 12/24/2011 0 0 
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Table 5-5. Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class I area 
due to emissions from Federal oil and gas within the FFO Area (2025 Medium Development 
Scenario). 

New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of 
Day 

> 1.0 > 0.5 

Class I 

Arches NP 0.01720 12/12/2011 0 0 

Bandelier Wilderness 0.06174 2/10/2011 0 0 

Black Canyon of the Gunnison Wilderness 0.01719 12/3/2011 0 0 

Bosque del Apache 0.02654 12/24/2011 0 0 

Canyonlands NP 0.02483 12/11/2011 0 0 

Capitol Reef NP 0.03675 12/11/2011 0 0 

Dinosaur NM 0.01072 12/13/2011 0 0 

Eagles Nest Wilderness 0.00851 12/11/2011 0 0 

Flat Tops Wilderness 0.00586 12/11/2011 0 0 

Gila Wilderness 0.00911 12/24/2011 0 0 

Great Sand Dunes Wilderness-nps 0.03105 12/30/2011 0 0 

La Garita Wilderness 0.02248 11/19/2011 0 0 

Maroon Bells-Snowmass Wilderness 0.01284 3/19/2011 0 0 

Mesa Verde NP 0.21445 12/10/2011 0 0 

Mount Baldy Wilderness 0.00474 2/3/2011 0 0 

Mount Zirkel Wilderness 0.00596 12/12/2011 0 0 

Pecos Wilderness 0.06977 12/21/2011 0 0 

Petrified Forest NP 0.01435 12/19/2011 0 0 

Rawah Wilderness 0.00307 12/12/2011 0 0 

Rocky Mountain NP 0.00794 12/12/2011 0 0 

Salt Creek Wilderness 0.00482 2/11/2011 0 0 

San Pedro Parks Wilderness 0.05498 2/3/2011 0 0 

Weminuche Wilderness 0.10689 12/22/2011 0 0 

West Elk Wilderness 0.01439 12/11/2011 0 0 

Wheeler Peak Wilderness 0.02011 12/29/2011 0 0 

White Mountain Wilderness 0.00556 1/16/2011 0 0 
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Table 5-6. Maximum Δdv and number of days Δdv exceeds 0.5 and 1.0 for each Class II area 
due to emissions from Federal oil and gas within the FFO Area (2025 Medium Development 
Scenario). 

New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of 
Day 

> 1.0 > 0.5 

Class II 

Alamosa National Wildlife Refuge 0.13285 12/30/2011 0 0 

Aldo Leopold Wilderness 0.00555 12/24/2011 0 0 

Apache Kid Wilderness 0.00587 12/24/2011 0 0 

Aztec Ruins NM 1.54887 1/7/2011 9 84 

Baca National Wildlife Refuge 0.06970 12/30/2011 0 0 

Bear Wallow Wilderness 0.00369 2/3/2011 0 0 

Bitter Lake National Wildlife Refuge 0.00482 2/11/2011 0 0 

Blue Range Wilderness 0.00598 12/24/2011 0 0 

Bosque Del Apache National Wildlife Refuge 0.02654 12/24/2011 0 0 

Browns Park National Wildlife Refuge 0.00811 12/12/2011 0 0 

Canyon de Chelly NM 0.11579 12/18/2011 0 0 

Capitan Mountains Wilderness 0.00460 1/16/2011 0 0 

Chaco Culture NHP 0.05898 1/13/2011 0 0 

Chama River Canyon Wilderness 0.12511 12/9/2011 0 0 

Chimney Rock NM 0.20171 12/20/2011 0 0 

Colorado NM 0.06460 12/11/2011 0 0 

Cruces Basin Wilderness 0.09269 2/24/2011 0 0 

Curecanti NRA 0.01874 12/11/2011 0 0 

Dark Canyon Wilderness 0.02841 12/11/2011 0 0 

Dinosaur NM 0.01961 12/12/2011 0 0 

Dome Wilderness 0.05841 2/10/2011 0 0 

El Malpais NM 0.02280 12/24/2011 0 0 

Escudilla Wilderness 0.00626 12/24/2011 0 0 

Flaming Gorge 0.00734 12/13/2011 0 0 

Florissant Fossil Beds NM 0.01132 11/7/2011 0 0 

Fossil Ridge Wilderness 0.01326 3/7/2011 0 0 

Glen Canyon NRA 0.07143 12/10/2011 0 0 

Great Sand Dunes National Park 0.05621 12/30/2011 0 0 

Great Sand Dunes National Preserve 0.01628 3/6/2011 0 0 

Greenhorn Mountain Wilderness 0.00943 11/12/2011 0 0 

High Uintas Wilderness 0.00570 12/12/2011 0 0 

Holy Cross Wilderness 0.00990 3/19/2011 0 0 

Hovenweep NM 0.10168 12/10/2011 0 0 

Hunter-Fryingpan Wilderness 0.00871 12/11/2011 0 0 

Las Vegas National Wildlife Refuge 0.02753 12/21/2011 0 0 

Latir Peak Wilderness 0.01870 1/4/2011 0 0 

Lizard Head Wilderness 0.01733 3/19/2011 0 0 

Lost Creek Wilderness 0.00945 3/19/2011 0 0 

Manzano Mountain Wilderness 0.04036 12/25/2011 0 0 

Maxwell National Wildlife Refuge 0.00891 11/15/2011 0 0 

Monte Vista National Wildlife Refuge 0.11085 12/30/2011 0 0 

Mount Evans Wilderness 0.00963 3/19/2011 0 0 



April 2018 
 
 

91 

New Mexico Farmington Field Office 

Class I&II Name dv Date 

Number of 
Day 

> 1.0 > 0.5 

Class II 

Mount Sneffels Wilderness 0.01407 1/8/2011 0 0 

Natural Bridges NM 0.03274 12/11/2011 0 0 

Navajo NM 0.02555 12/17/2011 0 0 

Petroglyph NM 0.06912 1/13/2011 0 0 

Powderhorn Wilderness 0.01624 3/19/2011 0 0 

Raggeds Wilderness 0.00915 3/6/2011 0 0 

Rio Mora National Wildlife Refuge and Conservation Area 0.01810 10/29/2011 0 0 

Sandia Mountain Wilderness 0.06052 1/13/2011 0 0 

Sangre de Cristo Wilderness 0.01758 3/6/2011 0 0 

Savage Run Wilderness 0.00601 12/12/2011 0 0 

Sevilleta National Wildlife Refuge 0.03896 12/24/2011 0 0 

South San Juan Wilderness 0.11154 12/21/2011 0 0 

Spanish Peaks Wilderness 0.01372 10/31/2011 0 0 

Uncompahgre Wilderness 0.02221 12/3/2011 0 0 

Valle De Oro National Wildlife Refuge 0.09894 12/25/2011 0 0 

Withington Wilderness 0.00841 12/24/2011 0 0 

 

5.3 Cumulative Visibility 

In CARMMS 2.0, the cumulative visibility impacts due to development of oil and gas and other 
(e.g., mining) activities on all BLM Planning Areas were assessed following the 
recommendations from the FWS and NPS that was outlined in their February 10, 2012 letter to 
the Wyoming Department of Environmental Quality on recommended cumulative visibility 
method for the Continental Divide-Creston gas infill development EIS (FWS and NPS, 2012) and 
subsequent conversations with the FLMs. This approach is based on an abbreviated regional 
haze rule method that estimates the future year visibility at Class I and sensitive Class II areas 
for the average of the Worst 20 % (W20%) and Best 20 % (B20%) visibility days with and 
without the effects of the cumulative emissions on visibility impairment. The cumulative 
visibility impacts used CAMx model output from the 2011 Base Case and 2025 emissions 
scenarios in conjunction with monitoring data to produce cumulative visibility impacts at each 
Class I area in the CARMMS domain. EPA’s Modeled Attainment Test Software (MATS6) was 
used to make the 2025 visibility projections for the W20% and B20% days. The basic steps in 
the recommended cumulative visibility method are as follows (FWS and NPS, 2012): 

1. Calculate the observed average 2011 current year cumulative visibility impact using 
the Haze Index (HI, in deciviews) at each Class I or associated sensitive Class II area 
to determine the 20% of days with the worst and 20% of days with the best visibility. 
The intent is to incorporate 5 years of monitoring data surrounding the 2011 Base 
Case year, which would include 2009-2013. MATS uses the IMPROVE data associated 

                                                       
6 http://www.epa.gov/ttn/scram/modelingapps_mats.htm 

http://www.epa.gov/ttn/scram/modelingapps_mats.htm
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with each Class I area and modeling results at the location of the IMPROVE 
monitoring site.  

2. Estimate the relative response factors (RRFs) for each component of PM2.5 and for 
coarse mass (CM) corresponding to the new IMPROVE visibility algorithm using the 
CAMx 2011 and 2025 model output. 

3. Using the RRFs and ambient data, calculate 2025 future-year daily concentration 
data for the B20% and W20% days using the CAMx 2011 Base Case and 2025 
standard model concentration estimates and PSAT source apportionment modeling 
results two ways:  

4. 2025 Total Emissions: Use total 2025 High, Low and Medium Development Scenario 
CAMx concentration results due to all emissions; 

5. 2025 No Cumulative Emissions: Use PSAT source apportionment results to eliminate 
contributions of PM concentrations associated with combined emission scenarios.  

6. Use the information in step 3 to calculate the average 2025 visibility for the 20% 
Best and 20% Worst visibility days and the 2025 emissions. 

7. Assess the average differences in cumulative visibility impacts for the combined 
scenarios and also compare with the current observed Baseline visibility conditions. 

Since FFO cumulative impacts (i.e. impacts from the FFO and other oil and gas Development 
sources) were not quantified together as a combined emissions scenario in CARMMS, it is not 
possible to assess the FFO cumulative visibility impact. However, the FFO emissions are 
included in the 2025 Total Emissions (for each Scenario). Therefore, in this section, we present 
MATS visibility results for 2011 Baseline and 2025 Development Scenarios (i.e. we omit steps 5 
and 7 from the list above).  

Table 5-7, Table 5-8, and Table 5-9 present the MATS visibility results for the High, Low, and 
Medium Development Scenarios respectively. For both W20% days and B20% days, visibility is 
predicted to be generally better in the year 2025 than it was in 2011, even for the High 
Development Scenario which on average reports a 0.22 dv improvement on W20% days and a 
0.15 dv improvement on B20% days. The visibility improvement is likely attributable to 
emissions reductions in non-oil and gas anthropogenic source categories. 
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Table 5-7. MATS cumulative visibility impacts for the High Development Scenario. 
      Worst 20% Visibility (dv) Best 20% Visibility (dv) 

Class I Name State IMPROVE Site 2011 Base 2025 High 2011 Base 2025 High 

Arches NP UT CANY1 
10.
83 10.63 3.06 2.91 

Mount Baldy Wilderness AZ BALD1 
10.
53 9.98 2.73 2.56 

Bandelier NM NM BAND1 
11.
92 11.85 3.99 3.81 

Black Canyon of the Gunnison NM CO WEMI1 
9.7

7 9.55 2.06 1.89 

Bosque del Apache NM BOAP1 
14.
02 13.56 5.72 5.50 

Canyonlands NP AZ PEFO1 
11.
92 11.24 4.08 3.62 

Capitol Reef NP NM WHIT1 
14.
19 14.22 3.34 3.25 

Eagles Nest Wilderness CO WHRI1 
8.4

7 8.24 0.51 0.32 

Flat Tops Wilderness CO WHRI1 
8.4

7 8.24 0.51 0.32 

Gila Wilderness NM GICL1 
11.
19 10.85 2.46 2.41 

Great Sand Dunes NM CO GRSA1 
11.
57 11.43 3.81 3.69 

La Garita Wilderness CO WEMI1 
9.7

7 9.55 2.06 1.89 

Maroon Bells-Snowmass 
Wilderness CO WHRI1 

8.4
7 8.24 0.51 0.32 

Mesa Verde NP CO MEVE1 
11.
22 11.18 2.97 2.78 

Mount Zirkel Wilderness CO MOZI1 
9.1

3 8.97 0.89 0.81 

Pecos Wilderness NM WHPE1 
9.9

0 9.68 4.08 3.62 

Petrified Forest NP AZ PEFO1 
11.
92 11.24 1.09 1.08 

Rawah Wilderness CO MOZI1 
9.1

3 8.97 0.89 0.81 

Rocky Mountain NP CO ROMO1 
11.
84 11.93 1.61 1.47 

Salt Creek NM SACR1 
17.
42 17.53 7.37 7.38 

San Pedro Parks Wilderness NM SAPE1 
9.8

6 9.56 1.42 1.33 

West Elk Wilderness CO WHRI1 
8.4

7 8.24 0.51 0.32 

Weminuche Wilderness CO WEMI1 
9.7

7 9.55 2.06 1.89 

Wheeler Peak Wilderness NM WHPE1 
9.9

0 9.68 1.09 1.08 
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      Worst 20% Visibility (dv) Best 20% Visibility (dv) 

Class I Name State IMPROVE Site 2011 Base 2025 High 2011 Base 2025 High 

White Mountain Wilderness NM WHIT1 
14.
19 14.22 3.34 3.25 

Dinosaur NM CO MOZI1 
9.1

3 8.97 0.89 0.81 

 

 

Table 5-8. MATS cumulative visibility impacts for the Low Development Scenario. 

 
Worst 20% Visibility (dv) Best 20% Visibility (dv) 

Class I Name State IMPROVE Site 2011 Base 2025 Low 2011 Base 2025 Low 

Arches NP UT CANY1 10.83 10.41 3.06 2.87 

Mount Baldy Wilderness AZ BALD1 10.53 9.98 2.73 2.56 

Bandelier NM NM BAND1 11.92 11.84 3.99 3.80 

Black Canyon of the 
Gunnison NM CO WEMI1 9.77 9.53 2.06 1.86 

Bosque del Apache NM BOAP1 14.02 13.55 5.72 5.49 

Canyonlands NP AZ PEFO1 11.92 11.24 4.08 3.61 

Capitol Reef NP NM WHIT1 14.19 14.22 3.34 3.25 

Eagles Nest Wilderness CO WHRI1 8.47 8.19 0.51 0.26 

Flat Tops Wilderness CO WHRI1 8.47 8.19 0.51 0.26 

Gila Wilderness NM GICL1 11.19 10.85 2.46 2.41 

Great Sand Dunes NM CO GRSA1 11.57 11.40 3.81 3.64 

La Garita Wilderness CO WEMI1 9.77 9.53 2.06 1.86 

Maroon Bells-Snowmass 
Wilderness CO WHRI1 8.47 8.19 0.51 0.26 

Mesa Verde NP CO MEVE1 11.22 11.13 2.97 2.72 

Mount Zirkel Wilderness CO MOZI1 9.13 8.86 0.89 0.76 

Pecos Wilderness NM WHPE1 9.90 9.67 4.08 3.61 

Petrified Forest NP AZ PEFO1 11.92 11.24 1.09 1.06 

Rawah Wilderness CO MOZI1 9.13 8.86 0.89 0.76 

Rocky Mountain NP CO ROMO1 11.84 11.63 1.61 1.43 

Salt Creek NM SACR1 17.42 17.53 7.37 7.38 

San Pedro Parks Wilderness NM SAPE1 9.86 9.56 1.42 1.31 

West Elk Wilderness CO WHRI1 8.47 8.19 0.51 0.26 

Weminuche Wilderness CO WEMI1 9.77 9.53 2.06 1.86 

Wheeler Peak Wilderness NM WHPE1 9.90 9.67 1.09 1.06 

White Mountain Wilderness NM WHIT1 14.19 14.22 3.34 3.25 

Dinosaur NM CO MOZI1 9.13 8.86 0.89 0.76 
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Table 5-9. MATS cumulative visibility impacts for the Medium Development Scenario. 
   Worst 20% Visibility (dv) Best 20% Visibility (dv) 

Class I Name State IMPROVE Site 2011 Base 
2025 

Medium 
2011 Base 

2025 
Medium 

Arches NP UT CANY1 10.83 10.60 3.06 2.90 

Mount Baldy Wilderness AZ BALD1 10.53 9.98 2.73 2.56 

Bandelier NM NM BAND1 11.92 11.85 3.99 3.81 

Black Canyon of the Gunnison NM CO WEMI1 9.77 9.54 2.06 1.88 

Bosque del Apache NM BOAP1 14.02 13.56 5.72 5.49 

Canyonlands NP AZ PEFO1 11.92 11.24 4.08 3.62 

Capitol Reef NP NM WHIT1 14.19 14.22 3.34 3.25 

Eagles Nest Wilderness CO WHRI1 8.47 8.23 0.51 0.31 

Flat Tops Wilderness CO WHRI1 8.47 8.23 0.51 0.31 

Gila Wilderness NM GICL1 11.19 10.85 2.46 2.41 

Great Sand Dunes NM CO GRSA1 11.57 11.42 3.81 3.68 

La Garita Wilderness CO WEMI1 9.77 9.54 2.06 1.88 

Maroon Bells-Snowmass 
Wilderness CO WHRI1 8.47 8.23 0.51 0.31 

Mesa Verde NP CO MEVE1 11.22 11.15 2.97 2.75 

Mount Zirkel Wilderness CO MOZI1 9.13 8.95 0.89 0.80 

Pecos Wilderness NM WHPE1 9.90 9.68 4.08 3.62 

Petrified Forest NP AZ PEFO1 11.92 11.24 1.09 1.07 

Rawah Wilderness CO MOZI1 9.13 8.95 0.89 0.80 

Rocky Mountain NP CO ROMO1 11.84 11.92 1.61 1.47 

Salt Creek NM SACR1 17.42 17.53 7.37 7.38 

San Pedro Parks Wilderness NM SAPE1 9.86 9.56 1.42 1.32 

West Elk Wilderness CO WHRI1 8.47 8.23 0.51 0.31 

Weminuche Wilderness CO WEMI1 9.77 9.54 2.06 1.88 

Wheeler Peak Wilderness NM WHPE1 9.90 9.68 1.09 1.07 

White Mountain Wilderness NM WHIT1 14.19 14.22 3.34 3.25 

Dinosaur NM CO MOZI1 9.13 8.95 0.89 0.80 
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6.0 SULFUR AND NITROGEN DEPOSITION 

CAMx-predicted wet and dry fluxes of sulfur- and nitrogen-containing species were processed 
to estimate total annual sulfur (S) and nitrogen (N) deposition values at each Class I and 
sensitive Class II area. The maximum annual S and N deposition values from any grid cell that 
intersects a Class I or sensitive Class II receptor area was used to represent deposition for that 
area, in addition to the average annual deposition values of all grid cells that intersect a Class I 
or sensitive Class II receptor area. Predicted maximum and average annual S and N deposition 
impacts due to FFO area emissions are reported.  

Nitrogen deposition impacts were calculated by taking the sum of the nitrogen contained in the 
fluxes of all nitrogen species modeled by the CAMx PSAT source apportionment tool. CAMx 
species used in the nitrogen deposition flux calculation are: reactive gaseous nitrate species, 
RGN (NO, NO2, NO3 radical, HONO, N2O5), TPN (PAN, PANX, PNA), organic nitrates (NTR), 
particulate nitrate formed from primary emissions plus secondarily formed particulate nitrate 
(NO3), gaseous nitric acid (HNO3), gaseous ammonia (NH3) and particulate ammonium (NH4). 
CAMx species used in the sulfur deposition calculation are primarily sulfur dioxide emissions 
(SO2) and particulate sulfate ion from primary emissions plus secondarily formed sulfate (SO4).  

FLAG (2010) recommends that applicable sources assess impacts of nitrogen and sulfur 
deposition at Class I areas. This guidance recognizes the importance of establishing critical 
deposition loading values (“Critical Loads”) for each specific Class I area as these Critical Loads 
are completely dependent on local atmospheric, aquatic and terrestrial conditions and 
chemistry. Critical Load thresholds are essentially a level of atmospheric pollutant deposition 
below which negative ecosystem effects are not likely to occur. FLAG (2010) does not include 
any Critical Load levels for specific Class I areas and refers to site-specific critical load 
information on FLM websites for each area of concern. This guidance does, however 
recommend the use of deposition analysis thresholds (DATs7) developed by the National Park 
Service and the Fish and Wildlife Service. The DATs represent screening level values for nitrogen 
and sulfur deposition for individual projects with deposition impacts below the DATS 
considered negligible. Note that DATs are Project-level thresholds. DAT have been established 
for both nitrogen and sulfur deposition and in western Class I areas they are 0.005 kilograms 
per hectare per year (kg/ha-yr) for both nitrogen and sulfur deposition. As a screening analysis, 
results for oil and gas activities of the FFO was compared to the DATs.  

For the 2025 total emissions, the annual nitrogen and sulfur deposition were compared against 
Critical Load values established for the Rocky Mountain region to assess total deposition 
impacts. The NPS has provided recent information on nitrogen critical load values applicable for 
Wyoming and Colorado Class I and sensitive Class II areas (NPS, 2014). For Class I and sensitive 
Class II areas in Wyoming a critical load value of 2.2 kg/ha-yr for nitrogen deposition (estimated 
from a wet deposition critical load value of 1.4 kg N/ha-yr) is applicable, based on research 
conducted by Saros et. al. (2010) in the eastern Sierra Nevada and Greater Yellowstone 
ecosystems. This is a critical load value that is protective of high elevation surface waters. For 

                                                       
7 http://www.nature.nps.gov/air/Pubs/pdf/flag/nsDATGuidance.pdf  

http://www.nature.nps.gov/air/Pubs/pdf/flag/nsDATGuidance.pdf
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Colorado Class I and sensitive Class II areas (with the exception of Dinosaur National 
Monument) a critical load value 2.3 kg N/ha-yr is applicable for total nitrogen deposition, based 
on research conducted by Jill Baron (Baron 2006) that estimated 1.5 kg/ha-yr as a critical 
loading value for wet nitrogen deposition for high-elevation lakes in Rocky Mountain National 
Park, Colorado. For Dinosaur National Monument, which is an arid region, a nitrogen deposition 
critical load value is based on research conducted by Pardo et al. (2011) which concluded that 
the cumulative critical load necessary to protect shrublands and lichen communities in Dinosaur 
NM is 3 kg N/ha/year. 

For sulfur deposition, the critical load threshold published by Fox et al. (Fox 1989) for total 
sulfur deposition of 5 kg/ha-yr, for the Bob Marshall Wilderness Area in Montana and Bridger 
Wilderness Area in Wyoming, was used as critical load threshold for each of the Class I and 
sensitive Class II areas. 

In summary, we compare the 2025 total annual sulfur and nitrogen deposition amounts to the 
following Critical Load values: 

Nitrogen 

 Wyoming – 2.2 kg/ha-yr 

 Colorado – 2.3 kg/ha-yr, except for Dinosaur Monument that will use 3.0 kg/ha-yr 

Sulfur 

 5.0 kg/ha-yr – all areas 

6.1 Sulfur and Nitrogen Deposition from New Mexico FFO emissions at Class I 
and Sensitive Class II Areas 

Table 6-1 and Table 6-2 report sulfur and nitrogen deposition due to emissions from the FFO for 
the High Development Scenario for Class I and Class II areas, respectively.  

Table 6-3 and Table 6-4, report the analogous results for the Low Development Scenario and 
Table 6-5 and Table 6-6 report the Medium Development Scenario results.  

Sulfur deposition at all Class I and Class II areas is well below the DATs. For the High 
Development Scenario, nitrogen deposition at some Class I and Class II areas located close to 
the FFO exceed the DATs. The highest Class I area deposition is at Mesa Verde with maximum 
nitrogen deposition of 0.0345 kgN/ha and average nitrogen deposition of 0.0271 kgN/ha. The 
highest Class II area deposition is at Aztec Ruins NM with maximum nitrogen deposition of 
0.1413 kgN/ha and average nitrogen deposition of 0.1376 kgN/ha.  

For the Low Development Scenario, the nitrogen deposition is lower than for the High 
Development Scenario but still exceeds the DATs at some Class I and Class II areas. In particular, 
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the highest deposition Class I area is still Mesa Verde, with maximum and average nitrogen 
deposition for Mesa Verde, of 0.0172 kgN/ha and 0.0134 kgN/ha, respectively. 

Table 6-1. FFO sulfur and nitrogen deposition Impacts at Class I areas for High Development 
Scenario. 

Class I Area 

New Mexico Farmington Field Office 

Nitrogen- Max Nitrogen- Avg Sulfur- Max Sulfur- Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Arches NP 0.0021 0.0018 0.0000 0.0000 

Bandelier Wilderness 0.0074 0.0067 0.0001 0.0000 

Black Canyon of the Gunnison Wilderness 0.0035 0.0031 0.0000 0.0000 

Bosque del Apache 0.0010 0.0008 0.0000 0.0000 

Canyonlands NP 0.0051 0.0020 0.0000 0.0000 

Capitol Reef NP 0.0012 0.0006 0.0000 0.0000 

Dinosaur NM 0.0008 0.0005 0.0000 0.0000 

Eagles Nest Wilderness 0.0020 0.0016 0.0000 0.0000 

Flat Tops Wilderness 0.0018 0.0014 0.0000 0.0000 

Gila Wilderness 0.0003 0.0002 0.0000 0.0000 

Great Sand Dunes Wilderness-nps 0.0085 0.0069 0.0001 0.0001 

La Garita Wilderness 0.0089 0.0072 0.0001 0.0001 

Maroon Bells-Snowmass Wilderness 0.0032 0.0025 0.0001 0.0000 

Mesa Verde NP 0.0345 0.0271 0.0002 0.0002 

Mount Baldy Wilderness 0.0003 0.0003 0.0000 0.0000 

Mount Zirkel Wilderness 0.0013 0.0010 0.0000 0.0000 

Pecos Wilderness 0.0111 0.0082 0.0001 0.0001 

Petrified Forest NP 0.0004 0.0003 0.0000 0.0000 

Rawah Wilderness 0.0013 0.0011 0.0000 0.0000 

Rocky Mountain NP 0.0015 0.0011 0.0000 0.0000 

Salt Creek Wilderness 0.0008 0.0007 0.0000 0.0000 

San Pedro Parks Wilderness 0.0120 0.0091 0.0001 0.0001 

Weminuche Wilderness 0.0328 0.0161 0.0006 0.0003 

West Elk Wilderness 0.0034 0.0027 0.0001 0.0000 

Wheeler Peak Wilderness 0.0100 0.0084 0.0001 0.0001 

White Mountain Wilderness 0.0010 0.0009 0.0000 0.0000 
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Table 6-2. FFO sulfur and nitrogen deposition Impacts at Class II areas for High 
Development Scenario. 

Class II Area 

New Mexico Farmington Field Office 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Alamosa National Wildlife Refuge 0.0086 0.0080 0.0001 0.0001 

Aldo Leopold Wilderness 0.0004 0.0003 0.0000 0.0000 

Apache Kid Wilderness 0.0005 0.0005 0.0000 0.0000 

Aztec Ruins NM 0.1413 0.1376 0.0017 0.0016 

Baca National Wildlife Refuge 0.0070 0.0059 0.0001 0.0000 

Bear Wallow Wilderness 0.0002 0.0002 0.0000 0.0000 

Bitter Lake National Wildlife Refuge 0.0008 0.0006 0.0000 0.0000 

Blue Range Wilderness 0.0004 0.0003 0.0000 0.0000 

Bosque Del Apache National Wildlife Refuge 0.0010 0.0008 0.0000 0.0000 

Browns Park National Wildlife Refuge 0.0003 0.0003 0.0000 0.0000 

Canyon de Chelly NM 0.0014 0.0010 0.0000 0.0000 

Capitan Mountains Wilderness 0.0011 0.0010 0.0000 0.0000 

Chaco Culture NHP 0.0045 0.0039 0.0000 0.0000 

Chama River Canyon Wilderness 0.0364 0.0247 0.0003 0.0002 

Chimney Rock NM 0.0721 0.0721 0.0005 0.0005 

Colorado NM 0.0024 0.0022 0.0000 0.0000 

Cruces Basin Wilderness 0.0277 0.0237 0.0004 0.0003 

Curecanti NRA 0.0033 0.0025 0.0000 0.0000 

Dark Canyon Wilderness 0.0063 0.0049 0.0000 0.0000 

Dinosaur NM 0.0008 0.0005 0.0000 0.0000 

Dome Wilderness 0.0066 0.0063 0.0000 0.0000 

El Malpais NM 0.0017 0.0010 0.0000 0.0000 

Escudilla Wilderness 0.0004 0.0004 0.0000 0.0000 

Flaming Gorge 0.0005 0.0002 0.0000 0.0000 

Florissant Fossil Beds NM 0.0022 0.0021 0.0000 0.0000 

Fossil Ridge Wilderness 0.0038 0.0033 0.0001 0.0000 

Glen Canyon NRA 0.0114 0.0019 0.0001 0.0000 

Great Sand Dunes National Park 0.0088 0.0070 0.0001 0.0001 

Great Sand Dunes National Preserve 0.0096 0.0084 0.0001 0.0001 

Greenhorn Mountain Wilderness 0.0068 0.0060 0.0001 0.0001 

High Uintas Wilderness 0.0003 0.0002 0.0000 0.0000 

Holy Cross Wilderness 0.0021 0.0018 0.0000 0.0000 

Hovenweep NM 0.0131 0.0125 0.0001 0.0001 
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Class II Area 

New Mexico Farmington Field Office 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Hunter-Fryingpan Wilderness 0.0026 0.0021 0.0000 0.0000 

Las Vegas National Wildlife Refuge 0.0036 0.0029 0.0000 0.0000 

Latir Peak Wilderness 0.0096 0.0084 0.0001 0.0001 

Lizard Head Wilderness 0.0096 0.0086 0.0002 0.0001 

Lost Creek Wilderness 0.0025 0.0021 0.0000 0.0000 

Manzano Mountain Wilderness 0.0068 0.0056 0.0000 0.0000 

Maxwell National Wildlife Refuge 0.0032 0.0028 0.0000 0.0000 

Monte Vista National Wildlife Refuge 0.0098 0.0081 0.0001 0.0001 

Mount Evans Wilderness 0.0020 0.0018 0.0000 0.0000 

Mount Sneffels Wilderness 0.0075 0.0067 0.0002 0.0001 

Natural Bridges NM 0.0063 0.0056 0.0000 0.0000 

Navajo NM 0.0009 0.0009 0.0000 0.0000 

Petroglyph NM 0.0036 0.0034 0.0000 0.0000 

Powderhorn Wilderness 0.0067 0.0057 0.0001 0.0001 

Raggeds Wilderness 0.0027 0.0023 0.0000 0.0000 

Rio Mora National Wildlife Refuge and 
Conservation Area 0.0043 0.0037 0.0000 0.0000 

Sandia Mountain Wilderness 0.0062 0.0043 0.0000 0.0000 

Sangre de Cristo Wilderness 0.0111 0.0072 0.0002 0.0001 

Savage Run Wilderness 0.0007 0.0006 0.0000 0.0000 

Sevilleta National Wildlife Refuge 0.0023 0.0015 0.0000 0.0000 

South San Juan Wilderness 0.0482 0.0341 0.0007 0.0005 

Spanish Peaks Wilderness 0.0084 0.0078 0.0001 0.0001 

Uncompahgre Wilderness 0.0075 0.0052 0.0001 0.0001 

Valle De Oro National Wildlife Refuge 0.0021 0.0021 0.0000 0.0000 

Withington Wilderness 0.0006 0.0005 0.0000 0.0000 
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Table 6-3. FFO sulfur and nitrogen deposition Impacts at Class I areas for Low Development 
Scenario 

Class I Area 

New Mexico Farmington Field Office 

Nitrogen- Max Nitrogen- Avg Sulfur- Max Sulfur- Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Arches NP 0.0010 0.0009 0.0000 0.0000 

Bandelier Wilderness 0.0037 0.0033 0.0000 0.0000 

Black Canyon of the Gunnison Wilderness 0.0017 0.0015 0.0000 0.0000 

Bosque del Apache 0.0005 0.0004 0.0000 0.0000 

Canyonlands NP 0.0025 0.0010 0.0000 0.0000 

Capitol Reef NP 0.0006 0.0003 0.0000 0.0000 

Dinosaur NM 0.0004 0.0003 0.0000 0.0000 

Eagles Nest Wilderness 0.0010 0.0008 0.0000 0.0000 

Flat Tops Wilderness 0.0009 0.0007 0.0000 0.0000 

Gila Wilderness 0.0002 0.0001 0.0000 0.0000 

Great Sand Dunes Wilderness-nps 0.0042 0.0034 0.0000 0.0000 

La Garita Wilderness 0.0044 0.0036 0.0001 0.0001 

Maroon Bells-Snowmass Wilderness 0.0016 0.0012 0.0000 0.0000 

Mesa Verde NP 0.0172 0.0134 0.0001 0.0001 

Mount Baldy Wilderness 0.0001 0.0001 0.0000 0.0000 

Mount Zirkel Wilderness 0.0006 0.0005 0.0000 0.0000 

Pecos Wilderness 0.0055 0.0040 0.0001 0.0000 

Petrified Forest NP 0.0002 0.0002 0.0000 0.0000 

Rawah Wilderness 0.0007 0.0006 0.0000 0.0000 

Rocky Mountain NP 0.0007 0.0005 0.0000 0.0000 

Salt Creek Wilderness 0.0004 0.0004 0.0000 0.0000 

San Pedro Parks Wilderness 0.0060 0.0045 0.0000 0.0000 

Weminuche Wilderness 0.0163 0.0080 0.0003 0.0002 

West Elk Wilderness 0.0017 0.0013 0.0000 0.0000 

Wheeler Peak Wilderness 0.0050 0.0042 0.0001 0.0000 

White Mountain Wilderness 0.0005 0.0004 0.0000 0.0000 
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Table 6-4. FFO sulfur and nitrogen deposition Impacts at Class II areas for Low Development 
Scenario. 

Class II Area 

New Mexico Farmington Field Office 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Alamosa National Wildlife Refuge 0.0043 0.0040 0.0000 0.0000 

Aldo Leopold Wilderness 0.0002 0.0001 0.0000 0.0000 

Apache Kid Wilderness 0.0003 0.0002 0.0000 0.0000 

Aztec Ruins NM 0.0712 0.0694 0.0008 0.0008 

Baca National Wildlife Refuge 0.0034 0.0029 0.0000 0.0000 

Bear Wallow Wilderness 0.0001 0.0001 0.0000 0.0000 

Bitter Lake National Wildlife Refuge 0.0004 0.0003 0.0000 0.0000 

Blue Range Wilderness 0.0002 0.0002 0.0000 0.0000 

Bosque Del Apache National Wildlife Refuge 0.0005 0.0004 0.0000 0.0000 

Browns Park National Wildlife Refuge 0.0002 0.0001 0.0000 0.0000 

Canyon de Chelly NM 0.0007 0.0005 0.0000 0.0000 

Capitan Mountains Wilderness 0.0005 0.0005 0.0000 0.0000 

Chaco Culture NHP 0.0022 0.0020 0.0000 0.0000 

Chama River Canyon Wilderness 0.0181 0.0123 0.0001 0.0001 

Chimney Rock NM 0.0360 0.0360 0.0003 0.0003 

Colorado NM 0.0012 0.0011 0.0000 0.0000 

Cruces Basin Wilderness 0.0137 0.0117 0.0002 0.0002 

Curecanti NRA 0.0016 0.0013 0.0000 0.0000 

Dark Canyon Wilderness 0.0031 0.0024 0.0000 0.0000 

Dinosaur NM 0.0004 0.0003 0.0000 0.0000 

Dome Wilderness 0.0033 0.0031 0.0000 0.0000 

El Malpais NM 0.0008 0.0005 0.0000 0.0000 

Escudilla Wilderness 0.0002 0.0002 0.0000 0.0000 

Flaming Gorge 0.0002 0.0001 0.0000 0.0000 

Florissant Fossil Beds NM 0.0011 0.0011 0.0000 0.0000 

Fossil Ridge Wilderness 0.0019 0.0017 0.0000 0.0000 

Glen Canyon NRA 0.0057 0.0010 0.0000 0.0000 

Great Sand Dunes National Park 0.0044 0.0035 0.0000 0.0000 

Great Sand Dunes National Preserve 0.0047 0.0041 0.0001 0.0000 

Greenhorn Mountain Wilderness 0.0034 0.0030 0.0000 0.0000 

High Uintas Wilderness 0.0001 0.0001 0.0000 0.0000 

Holy Cross Wilderness 0.0011 0.0009 0.0000 0.0000 

Hovenweep NM 0.0065 0.0062 0.0000 0.0000 

Hunter-Fryingpan Wilderness 0.0013 0.0010 0.0000 0.0000 
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Class II Area 

New Mexico Farmington Field Office 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Las Vegas National Wildlife Refuge 0.0018 0.0015 0.0000 0.0000 

Latir Peak Wilderness 0.0048 0.0042 0.0000 0.0000 

Lizard Head Wilderness 0.0048 0.0042 0.0001 0.0001 

Lost Creek Wilderness 0.0012 0.0011 0.0000 0.0000 

Manzano Mountain Wilderness 0.0034 0.0028 0.0000 0.0000 

Maxwell National Wildlife Refuge 0.0016 0.0014 0.0000 0.0000 

Monte Vista National Wildlife Refuge 0.0049 0.0040 0.0000 0.0000 

Mount Evans Wilderness 0.0010 0.0009 0.0000 0.0000 

Mount Sneffels Wilderness 0.0037 0.0033 0.0001 0.0001 

Natural Bridges NM 0.0031 0.0028 0.0000 0.0000 

Navajo NM 0.0005 0.0005 0.0000 0.0000 

Petroglyph NM 0.0018 0.0017 0.0000 0.0000 

Powderhorn Wilderness 0.0033 0.0028 0.0001 0.0000 

Raggeds Wilderness 0.0014 0.0012 0.0000 0.0000 

Rio Mora National Wildlife Refuge and Conservation 
Area 0.0021 0.0018 0.0000 0.0000 

Sandia Mountain Wilderness 0.0031 0.0022 0.0000 0.0000 

Sangre de Cristo Wilderness 0.0055 0.0036 0.0001 0.0000 

Savage Run Wilderness 0.0003 0.0003 0.0000 0.0000 

Sevilleta National Wildlife Refuge 0.0011 0.0008 0.0000 0.0000 

South San Juan Wilderness 0.0240 0.0170 0.0004 0.0003 

Spanish Peaks Wilderness 0.0042 0.0039 0.0001 0.0001 

Uncompahgre Wilderness 0.0037 0.0026 0.0001 0.0000 

Valle De Oro National Wildlife Refuge 0.0010 0.0010 0.0000 0.0000 

Withington Wilderness 0.0003 0.0003 0.0000 0.0000 
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Table 6-5. FFO sulfur and nitrogen deposition Impacts at Class I areas for Medium 
Development Scenario. 

Class I Area 

New Mexico Farmington Field Office 

Nitrogen- Max Nitrogen- Avg Sulfur- Max Sulfur- Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Arches NP 0.0012 0.0010 0.0000 0.0000 

Bandelier Wilderness 0.0042 0.0038 0.0001 0.0000 

Black Canyon of the Gunnison Wilderness 0.0020 0.0018 0.0000 0.0000 

Bosque del Apache 0.0006 0.0005 0.0000 0.0000 

Canyonlands NP 0.0029 0.0011 0.0000 0.0000 

Capitol Reef NP 0.0007 0.0003 0.0000 0.0000 

Dinosaur NM 0.0004 0.0003 0.0000 0.0000 

Eagles Nest Wilderness 0.0012 0.0009 0.0000 0.0000 

Flat Tops Wilderness 0.0010 0.0008 0.0000 0.0000 

Gila Wilderness 0.0002 0.0001 0.0000 0.0000 

Great Sand Dunes Wilderness-nps 0.0048 0.0039 0.0001 0.0000 

La Garita Wilderness 0.0051 0.0041 0.0001 0.0001 

Maroon Bells-Snowmass Wilderness 0.0018 0.0014 0.0000 0.0000 

Mesa Verde NP 0.0195 0.0153 0.0002 0.0001 

Mount Baldy Wilderness 0.0002 0.0002 0.0000 0.0000 

Mount Zirkel Wilderness 0.0007 0.0006 0.0000 0.0000 

Pecos Wilderness 0.0063 0.0046 0.0001 0.0000 

Petrified Forest NP 0.0002 0.0002 0.0000 0.0000 

Rawah Wilderness 0.0008 0.0006 0.0000 0.0000 

Rocky Mountain NP 0.0009 0.0006 0.0000 0.0000 

Salt Creek Wilderness 0.0004 0.0004 0.0000 0.0000 

San Pedro Parks Wilderness 0.0068 0.0052 0.0001 0.0000 

Weminuche Wilderness 0.0186 0.0091 0.0004 0.0002 

West Elk Wilderness 0.0019 0.0015 0.0000 0.0000 

Wheeler Peak Wilderness 0.0057 0.0047 0.0001 0.0001 

White Mountain Wilderness 0.0006 0.0005 0.0000 0.0000 
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Table 6-6. FFO sulfur and nitrogen deposition Impacts at Class II areas for Medium 
Development Scenario. 

Class II Area 

New Mexico Farmington Field Office 

Nitrogen- Max Nitrogen- Avg Sulfur- Max Sulfur- Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Alamosa National Wildlife Refuge 0.0049 0.0045 0.0001 0.0001 

Aldo Leopold Wilderness 0.0002 0.0002 0.0000 0.0000 

Apache Kid Wilderness 0.0003 0.0003 0.0000 0.0000 

Aztec Ruins NM 0.0807 0.0786 0.0012 0.0012 

Baca National Wildlife Refuge 0.0039 0.0033 0.0000 0.0000 

Bear Wallow Wilderness 0.0001 0.0001 0.0000 0.0000 

Bitter Lake National Wildlife Refuge 0.0004 0.0004 0.0000 0.0000 

Blue Range Wilderness 0.0002 0.0002 0.0000 0.0000 

Bosque Del Apache National Wildlife Refuge 0.0006 0.0005 0.0000 0.0000 

Browns Park National Wildlife Refuge 0.0002 0.0002 0.0000 0.0000 

Canyon de Chelly NM 0.0008 0.0005 0.0000 0.0000 

Capitan Mountains Wilderness 0.0006 0.0006 0.0000 0.0000 

Chaco Culture NHP 0.0026 0.0022 0.0000 0.0000 

Chama River Canyon Wilderness 0.0206 0.0140 0.0002 0.0001 

Chimney Rock NM 0.0409 0.0409 0.0004 0.0004 

Colorado NM 0.0014 0.0012 0.0000 0.0000 

Cruces Basin Wilderness 0.0156 0.0134 0.0003 0.0002 

Curecanti NRA 0.0018 0.0014 0.0000 0.0000 

Dark Canyon Wilderness 0.0035 0.0028 0.0000 0.0000 

Dinosaur NM 0.0005 0.0003 0.0000 0.0000 

Dome Wilderness 0.0038 0.0036 0.0000 0.0000 

El Malpais NM 0.0009 0.0006 0.0000 0.0000 

Escudilla Wilderness 0.0002 0.0002 0.0000 0.0000 

Flaming Gorge 0.0003 0.0001 0.0000 0.0000 

Florissant Fossil Beds NM 0.0012 0.0012 0.0000 0.0000 

Fossil Ridge Wilderness 0.0021 0.0019 0.0000 0.0000 

Glen Canyon NRA 0.0065 0.0011 0.0000 0.0000 

Great Sand Dunes National Park 0.0050 0.0039 0.0001 0.0000 

Great Sand Dunes National Preserve 0.0054 0.0047 0.0001 0.0001 

Greenhorn Mountain Wilderness 0.0039 0.0034 0.0001 0.0000 

High Uintas Wilderness 0.0002 0.0001 0.0000 0.0000 

Holy Cross Wilderness 0.0012 0.0010 0.0000 0.0000 

Hovenweep NM 0.0074 0.0071 0.0000 0.0000 

Hunter-Fryingpan Wilderness 0.0015 0.0012 0.0000 0.0000 
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Class II Area 

New Mexico Farmington Field Office 

Nitrogen- Max Nitrogen- Avg Sulfur- Max Sulfur- Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Las Vegas National Wildlife Refuge 0.0021 0.0017 0.0000 0.0000 

Latir Peak Wilderness 0.0054 0.0047 0.0001 0.0001 

Lizard Head Wilderness 0.0054 0.0048 0.0001 0.0001 

Lost Creek Wilderness 0.0014 0.0012 0.0000 0.0000 

Manzano Mountain Wilderness 0.0038 0.0032 0.0000 0.0000 

Maxwell National Wildlife Refuge 0.0018 0.0016 0.0000 0.0000 

Monte Vista National Wildlife Refuge 0.0056 0.0046 0.0001 0.0001 

Mount Evans Wilderness 0.0012 0.0010 0.0000 0.0000 

Mount Sneffels Wilderness 0.0042 0.0038 0.0001 0.0001 

Natural Bridges NM 0.0035 0.0032 0.0000 0.0000 

Navajo NM 0.0005 0.0005 0.0000 0.0000 

Petroglyph NM 0.0021 0.0019 0.0000 0.0000 

Powderhorn Wilderness 0.0038 0.0032 0.0001 0.0001 

Raggeds Wilderness 0.0015 0.0013 0.0000 0.0000 

Rio Mora National Wildlife Refuge and 
Conservation Area 0.0024 0.0021 0.0000 0.0000 

Sandia Mountain Wilderness 0.0035 0.0025 0.0000 0.0000 

Sangre de Cristo Wilderness 0.0063 0.0041 0.0001 0.0001 

Savage Run Wilderness 0.0004 0.0003 0.0000 0.0000 

Sevilleta National Wildlife Refuge 0.0013 0.0009 0.0000 0.0000 

South San Juan Wilderness 0.0273 0.0193 0.0005 0.0004 

Spanish Peaks Wilderness 0.0048 0.0044 0.0001 0.0001 

Uncompahgre Wilderness 0.0042 0.0030 0.0001 0.0001 

Valle De Oro National Wildlife Refuge 0.0012 0.0012 0.0000 0.0000 

Withington Wilderness 0.0004 0.0003 0.0000 0.0000 

 
 

6.2 Cumulative Deposition 

Table 6-7 reports total nitrogen and sulfur deposition at the Class I areas for the 2025 High 
Development Scenario. Table 6-8 and Table 6-9 report the same information for the 2025 Low 
and Medium Development Scenarios, respectively. Table 6-10, Table 6-11, and Table 6-12 
report the same information for the Class II areas, for 2025 High, Low and Medium 
Development Scenarios. These values can be compare with Critical Loads that were discussed in 
Section 6.0. 
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Table 6-7. 2025 Total Deposition: High Scenario at Class I Areas. 

Class I Area 

2025 Total 

Nitrogen- Max Nitrogen- Avg Sulfur- Max Sulfur- Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Arches NP 1.4707 1.3396 0.2345 0.2003 

Bandelier Wilderness 7.0526 2.9486 1.0210 0.4449 

Black Canyon of the Gunnison Wilderness 2.4137 1.9468 0.3206 0.2848 

Bosque del Apache 1.6093 1.3927 0.4326 0.3383 

Canyonlands NP 1.4534 1.1933 0.3246 0.1979 

Capitol Reef NP 2.1542 1.2894 0.3160 0.2071 

Dinosaur NM 2.6162 1.8164 0.4209 0.3139 

Eagles Nest Wilderness 2.2708 1.8496 0.8305 0.5547 

Flat Tops Wilderness 2.3209 1.9607 0.8434 0.6501 

Gila Wilderness 2.7461 1.9479 1.3161 0.7020 

Great Sand Dunes Wilderness-nps 1.9011 1.5270 0.4241 0.3229 

La Garita Wilderness 1.5820 1.2759 0.6165 0.4708 

Maroon Bells-Snowmass Wilderness 2.1762 1.7599 0.9006 0.6671 

Mesa Verde NP 2.2714 2.0241 0.4812 0.4112 

Mount Baldy Wilderness 1.9079 1.9079 0.7259 0.7259 

Mount Zirkel Wilderness 3.1053 2.4635 1.2684 0.9162 

Pecos Wilderness 4.0067 1.9903 0.8080 0.5308 

Petrified Forest NP 2.1944 1.7117 0.3302 0.2791 

Rawah Wilderness 2.5901 2.1470 0.9076 0.6674 

Rocky Mountain NP 2.4848 2.0216 0.8493 0.6302 

Salt Creek Wilderness 2.4210 2.3604 0.4762 0.4469 

San Pedro Parks Wilderness 2.0221 1.8944 0.6368 0.5347 

Weminuche Wilderness 2.1008 1.6242 0.9580 0.6711 

West Elk Wilderness 1.9710 1.5706 0.7511 0.5250 

Wheeler Peak Wilderness 2.1621 1.9412 0.8166 0.6862 

White Mountain Wilderness 1.8789 1.7175 0.5388 0.3977 
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Table 6-8. 2025 Total Deposition: Low Scenario at Class I Areas. 

Class I Area 

2025 Total 

Nitrogen- Max Nitrogen- Avg Sulfur- Max Sulfur- Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Arches NP 1.3646 1.2578 0.2329 0.1987 

Bandelier Wilderness 7.0361 2.9315 1.0207 0.4446 

Black Canyon of the Gunnison Wilderness 2.2918 1.8526 0.3186 0.2822 

Bosque del Apache 1.6048 1.3888 0.4326 0.3382 

Canyonlands NP 1.4289 1.1632 0.3241 0.1972 

Capitol Reef NP 2.1497 1.2829 0.3159 0.2070 

Dinosaur NM 2.5708 1.7595 0.4187 0.3100 

Eagles Nest Wilderness 2.1010 1.7179 0.8232 0.5488 

Flat Tops Wilderness 2.0892 1.7525 0.8288 0.6351 

Gila Wilderness 2.7450 1.9465 1.3161 0.7020 

Great Sand Dunes Wilderness-nps 1.8696 1.4918 0.4232 0.3221 

La Garita Wilderness 1.5356 1.2418 0.6147 0.4697 

Maroon Bells-Snowmass Wilderness 2.0513 1.6502 0.8952 0.6628 

Mesa Verde NP 2.2004 1.9632 0.4799 0.4102 

Mount Baldy Wilderness 1.9056 1.9056 0.7258 0.7258 

Mount Zirkel Wilderness 2.8813 2.2887 1.2534 0.9041 

Pecos Wilderness 3.9852 1.9694 0.8075 0.5305 

Petrified Forest NP 2.1906 1.7078 0.3301 0.2790 

Rawah Wilderness 2.4246 2.0103 0.8981 0.6592 

Rocky Mountain NP 2.3280 1.9027 0.8415 0.6241 

Salt Creek Wilderness 2.4161 2.3554 0.4761 0.4469 

San Pedro Parks Wilderness 2.0013 1.8733 0.6364 0.5343 

Weminuche Wilderness 2.0345 1.5836 0.9568 0.6701 

West Elk Wilderness 1.8832 1.4946 0.7476 0.5222 

Wheeler Peak Wilderness 2.1319 1.9144 0.8160 0.6857 

White Mountain Wilderness 1.8743 1.7129 0.5387 0.3977 
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Table 6-9. 2025 Total Deposition: Medium Scenario at Class I Areas. 

Class I Area 

2025 Total 

Nitrogen- Max Nitrogen- Avg Sulfur- Max Sulfur- Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Arches NP 1.4574 1.3290 0.2344 0.2002 

Bandelier Wilderness 7.0459 2.9417 1.0210 0.4449 

Black Canyon of the Gunnison Wilderness 2.3975 1.9341 0.3206 0.2847 

Bosque del Apache 1.6081 1.3917 0.4326 0.3383 

Canyonlands NP 1.4466 1.1881 0.3246 0.1979 

Capitol Reef NP 2.1534 1.2881 0.3160 0.2071 

Dinosaur NM 2.6103 1.8091 0.4209 0.3139 

Eagles Nest Wilderness 2.2513 1.8345 0.8303 0.5546 

Flat Tops Wilderness 2.2873 1.9368 0.8433 0.6500 

Gila Wilderness 2.7459 1.9475 1.3161 0.7020 

Great Sand Dunes Wilderness-nps 1.8915 1.5167 0.4240 0.3228 

La Garita Wilderness 1.5692 1.2650 0.6163 0.4707 

Maroon Bells-Snowmass Wilderness 2.1608 1.7465 0.9005 0.6670 

Mesa Verde NP 2.2305 1.9880 0.4810 0.4110 

Mount Baldy Wilderness 1.9074 1.9074 0.7259 0.7259 

Mount Zirkel Wilderness 3.0786 2.4426 1.2684 0.9162 

Pecos Wilderness 3.9968 1.9813 0.8079 0.5307 

Petrified Forest NP 2.1937 1.7110 0.3302 0.2791 

Rawah Wilderness 2.5699 2.1303 0.9075 0.6673 

Rocky Mountain NP 2.4678 2.0091 0.8492 0.6301 

Salt Creek Wilderness 2.4200 2.3593 0.4762 0.4469 

San Pedro Parks Wilderness 2.0135 1.8855 0.6367 0.5347 

Weminuche Wilderness 2.0591 1.6024 0.9577 0.6709 

West Elk Wilderness 1.9589 1.5604 0.7510 0.5249 

Wheeler Peak Wilderness 2.1508 1.9315 0.8165 0.6862 

White Mountain Wilderness 1.8777 1.7163 0.5388 0.3977 
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Table 6-10. 2025 Total Deposition: High Scenario at Class II Areas. 

Class II Area 

2025 Total 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Alamosa National Wildlife Refuge 1.7089 1.5269 0.3320 0.3036 

Aldo Leopold Wilderness 2.4100 1.7663 1.2150 0.6125 

Apache Kid Wilderness 1.5464 1.3838 0.5415 0.4129 

Aztec Ruins NM 3.6796 3.6167 0.5004 0.4604 

Baca National Wildlife Refuge 5.4321 1.4201 0.2470 0.2141 

Bear Wallow Wilderness 3.4518 3.4518 0.8781 0.8781 

Bitter Lake National Wildlife Refuge 2.4253 2.2551 0.4762 0.4211 

Blue Range Wilderness 2.7774 2.3338 0.8289 0.7716 

Bosque Del Apache National Wildlife Refuge 1.6093 1.3927 0.4326 0.3383 

Browns Park National Wildlife Refuge 1.8043 1.4577 0.2632 0.2092 

Canyon de Chelly NM 2.2300 1.3434 0.4224 0.2949 

Capitan Mountains Wilderness 2.7110 2.3117 0.6931 0.4722 

Chaco Culture NHP 3.2284 1.5106 0.3921 0.2821 

Chama River Canyon Wilderness 2.2063 1.8721 0.4136 0.3483 

Chimney Rock NM 2.0070 2.0070 0.2970 0.2970 

Colorado NM 2.2594 1.8499 0.3255 0.2800 

Cruces Basin Wilderness 2.0753 1.7757 0.7385 0.6222 

Curecanti NRA 1.5873 1.2398 0.3635 0.2789 

Dark Canyon Wilderness 1.7298 1.5633 0.4735 0.3818 

Dinosaur NM 2.7915 1.8910 0.4209 0.2990 

Dome Wilderness 3.4851 3.0375 0.4983 0.4589 

El Malpais NM 1.9295 1.5673 0.4703 0.3578 

Escudilla Wilderness 3.6592 3.6592 0.9981 0.9981 

Flaming Gorge 2.1847 1.4678 0.5670 0.3287 

Florissant Fossil Beds NM 2.0221 1.9479 0.3743 0.3539 

Fossil Ridge Wilderness 1.7268 1.5281 0.5955 0.4618 

Glen Canyon NRA 2.0622 1.2266 0.5549 0.2088 

Great Sand Dunes National Park 3.8392 1.5875 0.4241 0.3066 

Great Sand Dunes National Preserve 2.0863 1.8863 0.6980 0.5124 

Greenhorn Mountain Wilderness 2.1615 1.9822 0.6050 0.4892 

High Uintas Wilderness 1.8813 1.6166 0.7594 0.5759 

Holy Cross Wilderness 2.0649 1.7310 0.7511 0.5627 

Hovenweep NM 1.5112 1.4144 0.2691 0.2580 

Hunter-Fryingpan Wilderness 2.0197 1.6520 0.8038 0.5751 

Las Vegas National Wildlife Refuge 2.7316 2.0411 0.3819 0.3256 
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Class II Area 

2025 Total 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Latir Peak Wilderness 1.9568 1.7195 0.6451 0.4722 

Lizard Head Wilderness 2.1222 1.8279 0.9914 0.8031 

Lost Creek Wilderness 2.2579 2.0096 0.6529 0.5312 

Manzano Mountain Wilderness 4.8088 4.1048 0.9896 0.7728 

Maxwell National Wildlife Refuge 1.3254 1.2228 0.3344 0.3270 

Monte Vista National Wildlife Refuge 1.7027 1.3470 0.2774 0.2352 

Mount Evans Wilderness 2.3480 1.9593 0.8136 0.6207 

Mount Sneffels Wilderness 2.1489 1.9009 1.0421 0.8279 

Natural Bridges NM 1.3686 1.3442 0.2753 0.2672 

Navajo NM 1.2611 1.2611 0.2406 0.2406 

Petroglyph NM 3.7103 2.3813 0.2838 0.2650 

Powderhorn Wilderness 1.6256 1.3051 0.6183 0.4356 

Raggeds Wilderness 1.9941 1.6986 0.8704 0.6043 

Rio Mora National Wildlife Refuge and Conservation 
Area 1.8258 1.6365 0.3419 0.3233 

Sandia Mountain Wilderness 4.4567 2.8582 0.5315 0.4343 

Sangre de Cristo Wilderness 2.4266 1.8615 0.9611 0.5233 

Savage Run Wilderness 2.3146 2.0161 0.7030 0.5180 

Sevilleta National Wildlife Refuge 3.9195 2.0158 0.3987 0.3205 

South San Juan Wilderness 2.1968 1.9442 0.8765 0.7124 

Spanish Peaks Wilderness 2.5412 2.3513 0.8968 0.7875 

Uncompahgre Wilderness 1.9665 1.5887 0.8554 0.6562 

Valle De Oro National Wildlife Refuge 5.7340 5.7340 0.2130 0.2130 

Withington Wilderness 1.6900 1.3676 0.6645 0.4661 
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Table 6-11. 2025 Total Deposition: Low Scenario at Class II Areas. 

Class II Area 

2025 Total 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Alamosa National Wildlife Refuge 1.6835 1.5013 0.3315 0.3031 

Aldo Leopold Wilderness 2.4083 1.7646 1.2150 0.6125 

Apache Kid Wilderness 1.5434 1.3811 0.5414 0.4128 

Aztec Ruins NM 3.5358 3.4815 0.4982 0.4584 

Baca National Wildlife Refuge 5.4111 1.3907 0.2465 0.2136 

Bear Wallow Wilderness 3.4499 3.4499 0.8780 0.8780 

Bitter Lake National Wildlife Refuge 2.4215 2.2507 0.4761 0.4210 

Blue Range Wilderness 2.7749 2.3314 0.8288 0.7715 

Bosque Del Apache National Wildlife Refuge 1.6048 1.3888 0.4326 0.3382 

Browns Park National Wildlife Refuge 1.7801 1.4333 0.2621 0.2081 

Canyon de Chelly NM 2.2199 1.3345 0.4222 0.2947 

Capitan Mountains Wilderness 2.7055 2.3058 0.6930 0.4721 

Chaco Culture NHP 3.2162 1.4973 0.3919 0.2818 

Chama River Canyon Wilderness 2.1534 1.8343 0.4131 0.3478 

Chimney Rock NM 1.8880 1.8880 0.2958 0.2958 

Colorado NM 2.1135 1.7276 0.3219 0.2769 

Cruces Basin Wilderness 2.0284 1.7354 0.7376 0.6215 

Curecanti NRA 1.5138 1.1856 0.3615 0.2774 

Dark Canyon Wilderness 1.7044 1.5380 0.4729 0.3810 

Dinosaur NM 2.7579 1.8284 0.4187 0.2943 

Dome Wilderness 3.4687 3.0204 0.4980 0.4587 

El Malpais NM 1.9200 1.5609 0.4700 0.3576 

Escudilla Wilderness 3.6562 3.6562 0.9980 0.9980 

Flaming Gorge 2.1731 1.4596 0.5666 0.3284 

Florissant Fossil Beds NM 1.9657 1.8934 0.3730 0.3527 

Fossil Ridge Wilderness 1.6601 1.4673 0.5932 0.4599 

Glen Canyon NRA 2.0458 1.2119 0.5547 0.2085 

Great Sand Dunes National Park 3.8090 1.5539 0.4232 0.3059 

Great Sand Dunes National Preserve 2.0422 1.8418 0.6968 0.5114 

Greenhorn Mountain Wilderness 2.1127 1.9372 0.6040 0.4883 

High Uintas Wilderness 1.8786 1.6128 0.7590 0.5757 

Holy Cross Wilderness 1.9193 1.6094 0.7441 0.5571 

Hovenweep NM 1.4721 1.3783 0.2674 0.2565 

Hunter-Fryingpan Wilderness 1.8995 1.5479 0.7979 0.5701 

Las Vegas National Wildlife Refuge 2.7179 2.0290 0.3816 0.3253 
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Class II Area 

2025 Total 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Latir Peak Wilderness 1.9235 1.6898 0.6444 0.4717 

Lizard Head Wilderness 2.0761 1.7858 0.9900 0.8018 

Lost Creek Wilderness 2.1568 1.9195 0.6498 0.5285 

Manzano Mountain Wilderness 4.7812 4.0825 0.9891 0.7725 

Maxwell National Wildlife Refuge 1.3040 1.2038 0.3340 0.3266 

Monte Vista National Wildlife Refuge 1.6724 1.3241 0.2768 0.2347 

Mount Evans Wilderness 2.2320 1.8596 0.8094 0.6171 

Mount Sneffels Wilderness 2.1002 1.8508 1.0398 0.8260 

Natural Bridges NM 1.3485 1.3245 0.2748 0.2668 

Navajo NM 1.2522 1.2522 0.2403 0.2403 

Petroglyph NM 3.6992 2.3698 0.2836 0.2648 

Powderhorn Wilderness 1.5756 1.2656 0.6165 0.4343 

Raggeds Wilderness 1.8643 1.5778 0.8659 0.6003 

Rio Mora National Wildlife Refuge and Conservation 
Area 1.8078 1.6215 0.3416 0.3231 

Sandia Mountain Wilderness 4.4401 2.8417 0.5312 0.4341 

Sangre de Cristo Wilderness 2.3747 1.8167 0.9595 0.5223 

Savage Run Wilderness 2.2188 1.9353 0.6962 0.5129 

Sevilleta National Wildlife Refuge 3.9136 2.0093 0.3986 0.3203 

South San Juan Wilderness 2.1192 1.8838 0.8753 0.7113 

Spanish Peaks Wilderness 2.4838 2.2984 0.8950 0.7859 

Uncompahgre Wilderness 1.9159 1.5456 0.8536 0.6544 

Valle De Oro National Wildlife Refuge 5.7279 5.7279 0.2129 0.2129 

Withington Wilderness 1.6863 1.3643 0.6644 0.4660 
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Table 6-12. 2025 Total Deposition: Medium Scenario at Class II Areas. 

Class II Area 

2025 Total 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Alamosa National Wildlife Refuge 1.6992 1.5176 0.3319 0.3035 

Aldo Leopold Wilderness 2.4096 1.7659 1.2150 0.6125 

Apache Kid Wilderness 1.5457 1.3831 0.5415 0.4129 

Aztec Ruins NM 3.5736 3.5186 0.4993 0.4595 

Baca National Wildlife Refuge 5.4256 1.4110 0.2470 0.2141 

Bear Wallow Wilderness 3.4514 3.4514 0.8781 0.8781 

Bitter Lake National Wildlife Refuge 2.4245 2.2542 0.4762 0.4211 

Blue Range Wilderness 2.7768 2.3332 0.8289 0.7716 

Bosque Del Apache National Wildlife Refuge 1.6081 1.3917 0.4326 0.3383 

Browns Park National Wildlife Refuge 1.8014 1.4549 0.2632 0.2092 

Canyon de Chelly NM 2.2278 1.3417 0.4224 0.2949 

Capitan Mountains Wilderness 2.7098 2.3104 0.6931 0.4722 

Chaco Culture NHP 3.2246 1.5061 0.3921 0.2820 

Chama River Canyon Wilderness 2.1763 1.8518 0.4135 0.3482 

Chimney Rock NM 1.9127 1.9127 0.2964 0.2964 

Colorado NM 2.2415 1.8346 0.3254 0.2799 

Cruces Basin Wilderness 2.0477 1.7522 0.7383 0.6220 

Curecanti NRA 1.5771 1.2318 0.3634 0.2789 

Dark Canyon Wilderness 1.7211 1.5560 0.4735 0.3818 

Dinosaur NM 2.7869 1.8829 0.4209 0.2990 

Dome Wilderness 3.4788 3.0309 0.4982 0.4589 

El Malpais NM 1.9270 1.5658 0.4703 0.3578 

Escudilla Wilderness 3.6585 3.6585 0.9981 0.9981 

Flaming Gorge 2.1830 1.4666 0.5670 0.3287 

Florissant Fossil Beds NM 2.0158 1.9418 0.3743 0.3539 

Fossil Ridge Wilderness 1.7166 1.5189 0.5954 0.4617 

Glen Canyon NRA 2.0585 1.2232 0.5549 0.2088 

Great Sand Dunes National Park 3.8296 1.5774 0.4240 0.3065 

Great Sand Dunes National Preserve 2.0738 1.8735 0.6979 0.5123 

Greenhorn Mountain Wilderness 2.1526 1.9725 0.6049 0.4891 

High Uintas Wilderness 1.8808 1.6160 0.7594 0.5759 

Holy Cross Wilderness 2.0479 1.7168 0.7510 0.5626 

Hovenweep NM 1.4947 1.3987 0.2690 0.2579 

Hunter-Fryingpan Wilderness 2.0051 1.6395 0.8036 0.5750 

Las Vegas National Wildlife Refuge 2.7277 2.0377 0.3819 0.3255 
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Class II Area 

2025 Total 

Nitrogen- 
Max 

Nitrogen- 
Avg 

Sulfur- 
Max 

Sulfur- 
Avg 

 (kgN/ha)  (kgN/ha)  (kgS/ha)  (kgS/ha) 

Latir Peak Wilderness 1.9454 1.7094 0.6450 0.4722 

Lizard Head Wilderness 2.1082 1.8150 0.9912 0.8030 

Lost Creek Wilderness 2.2478 2.0000 0.6529 0.5311 

Manzano Mountain Wilderness 4.8004 4.0979 0.9895 0.7728 

Maxwell National Wildlife Refuge 1.3211 1.2190 0.3344 0.3270 

Monte Vista National Wildlife Refuge 1.6907 1.3375 0.2773 0.2352 

Mount Evans Wilderness 2.3364 1.9490 0.8135 0.6207 

Mount Sneffels Wilderness 2.1365 1.8896 1.0420 0.8278 

Natural Bridges NM 1.3605 1.3367 0.2753 0.2672 

Navajo NM 1.2593 1.2593 0.2406 0.2406 

Petroglyph NM 3.7065 2.3774 0.2838 0.2650 

Powderhorn Wilderness 1.6143 1.2954 0.6182 0.4355 

Raggeds Wilderness 1.9807 1.6854 0.8703 0.6042 

Rio Mora National Wildlife Refuge and Conservation 
Area 1.8206 1.6321 0.3419 0.3233 

Sandia Mountain Wilderness 4.4513 2.8530 0.5315 0.4343 

Sangre de Cristo Wilderness 2.4121 1.8500 0.9610 0.5232 

Savage Run Wilderness 2.3030 2.0062 0.7030 0.5180 

Sevilleta National Wildlife Refuge 3.9177 2.0139 0.3987 0.3205 

South San Juan Wilderness 2.1450 1.9057 0.8761 0.7121 

Spanish Peaks Wilderness 2.5296 2.3407 0.8967 0.7874 

Uncompahgre Wilderness 1.9551 1.5789 0.8553 0.6561 

Valle De Oro National Wildlife Refuge 5.7320 5.7320 0.2130 0.2130 

Withington Wilderness 1.6891 1.3668 0.6645 0.4661 
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7.0 ACID NEUTRALIZING CAPACITY AT SENSITIVE LAKES 

In addition to calculation of total deposition fluxes, an additional analysis was performed to 
assess the change in water chemistry associated with atmospheric deposition from FFO 
emissions and cumulative sources for each of the sensitive lakes in the 12/4 km CARMMS 2.0 
modeling domain. These lakes are listed in Table 7-1 and are also shown in Figure 4-1. This 
analysis assesses the change in the acid neutralizing capacity (ANC) of sensitive lakes. An 
estimate of potential changes in ANC was made by following the procedure developed by the 
USFS Rocky Mountain Region (USFS, 2000). Predicted changes in ANC are compared with the 
threshold (10 percent change in ANC for lakes with background ANC values greater than 25 
micro equivalents per liter [µeq/L], and no more than a 1 µeq/L change in ANC for lakes with 
background ANC values equal to or less than 25 µeq/L). The list of sensitive lakes was obtained 
from the USFS. The most recent lake chemistry background ANC data was obtained from the 
VIEWS website for each of the sensitive lakes and is shown in Table 7-2. 

Table 7-1. List of sensitive lakes for ANC analysis. 

Lake National Forest Wilderness Area 

Brooklyn Lake White River Collegiate Peaks 

Tabor Lake White River Collegiate Peaks 

Booth Lake White River Eagles Nest 

Upper Willow Lake White River Eagles Nest 

Ned Wilson Lake White River Flat Tops 

Upper Ned Wilson Lake White River Flat Tops 

Lower NWL Packtrail Pothole White River Flat Tops 

Upper NWL Packtrail Pothole White River Flat Tops 

Walk Up Lake Ashley -- 

Bluebell Lake Ashley High Uintas 

Dean Lake Ashley High Uintas 

No Name (Utah, Duchesne – 4D2-039) Ashley High Uintas 

Upper Coffin Lake Ashley High Uintas 

Fish Lake Wasatch-Cache High Uintas 

Blodgett Lake, Colorado White River Holy Cross 

Upper Turquoise Lake White River Holy Cross 

Upper West Tennessee Lake San Isabel Holy Cross 

Blue Lake (Colorado; Boulder – 4E1-040) Arapaho and Roosevelt Indian Peaks 

Crater Lake Arapaho and Roosevelt Indian Peaks 

King Lake (Colorado; Grand – 4E1-049) Arapaho and Roosevelt Indian Peaks 

No Name Lake (Colorado; Boulder – 4E1-055) Arapaho and Roosevelt Indian Peaks 

Upper Lake Arapaho and Roosevelt Indian Peaks 

Small Lake Above U-Shaped Lake Rio Grande La Garita 
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Lake National Forest Wilderness Area 

U-Shaped Lake Rio Grande La Garita 

Avalanche Lake White River Maroon Bells 

Capitol Lake White River Maroon Bells 

Moon Lake (Upper) White River Maroon Bells 

Upper Middle Beartrack Lake Arapaho and Roosevelt Mount Evans 

Abyss Lake Pike and San Isabel Mount Evans 

Frozen Lake Pike and San Isabel Mount Evans 

North Lake Pike and San Isabel Mount Evans 

South Lake Pike and San Isabel Mount Evans 

Lake Elbert Medicine Bow-Routt Mount Zirkel 

Seven Lakes (LG East) Medicine Bow-Routt Mount Zirkel 

Summit Lake Medicine Bow-Routt Mount Zirkel 

Deep Creek Lake Gunnison Raggeds 

Island Lake Arapaho and Roosevelt Rawah 

Kelly Lake Arapaho and Roosevelt Rawah 

Rawah Lake #4 Arapaho and Roosevelt Rawah 

Crater Lake (Sangre de Cristo) Rio Grande Sangre de Cristo 

Lower Stout Lake San Isabel Sangre de Cristo 

Upper Little Sand Creek Lake San Isabel Sangre de Cristo 

Upper Stout Lake San Isabel Sangre de Cristo 

Glacier Lake (Colorado) San Juan-Rio Grande South San Juan 

Lake South of Blue Lakes San Juan-Rio Grande South San Juan 

Big Eldorado Lake San Juan-Rio Grande Weminuche 

Four Mile Pothole San Juan-Rio Grande Weminuche 

Lake Due South of Ute Lake San Juan-Rio Grande Weminuche 

Little Eldorado San Juan-Rio Grande Weminuche 

Little Granite Lake San Juan-Rio Grande Weminuche 

Lower Sunlight Lake San Juan-Rio Grande Weminuche 

Middle Ute Lake San Juan-Rio Grande Weminuche 

Small Pond Above Trout Lake San Juan-Rio Grande Weminuche 

Upper Grizzly Lake San Juan-Rio Grande Weminuche 

Upper Sunlight Lake San Juan-Rio Grande Weminuche 

West Snowdon Lake San Juan-Rio Grande Weminuche 

White Dome Lake San Juan-Rio Grande Weminuche 

South Golden Lake 
Grand Mesa, Uncompahgre and 
Gunnison West Elk 
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Table 7-2. Lake chemistry monitored background data for ANC analysis. 

Lake State 
Latitude 
(Deg N) 

Longitude 
(Deg W) 

10th 
Percentile 

Lowest ANC 
Value 

(µeq/L) 

Number 
of 

Samples 

Period of 
Monitoring 

Brooklyn Lake CO 39.0495 -106.6569 101.7 59 1991-2010 

Tabor Lake CO 39.0628 -106.6564 112.4 63 1991-2010 

Booth Lake CO 39.6986 -106.3050 86.8 49 1993-2010 

Upper Willow Lake CO 39.6458 -106.1747 134.1 52 1990-2011 

Ned Wilson Lake CO 39.9614 -107.3239 39.0 191 1981-2007 

Upper Ned Wilson Lake CO 39.9628 -107.3236 12.9 143 1983-2007 

Lower NWL Packtrail 
Pothole CO 39.9682 -107.3241 29.7 96 1987-2007 

Upper NWL Packtrail 
Pothole CO 39.9656 -107.3238 48.7 96 1987-2007 

Walk Up Lake UT 40.8110 -110.0383 55.2 10 2002-2011 

Bluebell Lake UT 40.6970 -110.4822 55.5 2 1985-2002 

Dean Lake UT 40.6785 -110.7616 48.9 9 2001-2010 

No Name (Utah, Duchesne 
- 4D2-039) UT 40.6710 -110.2758 67.0 7 2006-2011 

Upper Coffin Lake UT 40.8342 -110.2383 64.9 6 2006-2011 

Fish Lake UT 40.8361 -110.0676 105.8 9 2001-2011 

Blodgett Lake, Colorado CO 39.4062 -106.5352 47.7 47 1994-2010 

Upper Turquoise Lake CO 39.5098 -106.5332 104.0 45 1994-2010 

Upper West Tennessee 
Lake CO 39.3445 -106.4250 114.2 47 1995-2010 

Blue Lake (Colorado; 
Boulder - 4E1-040) CO 40.0876 -105.6169 19.3 35 1995-2010 

Crater Lake CO 40.0755 -105.6639 53.1 29 1996-2010 

King Lake (Colorado; Grand 
- 4E1-049) CO 39.9441 -105.6858 52.3 29 1985-2010 

No Name Lake (Colorado; 
Boulder - 4E1-055) CO 40.0375 -105.6269 25.6 27 1996-2010 

Upper Lake CO 40.1545 -105.6805 69.0 30 1995-2010 

Small Lake Above U-Shaped 
Lake CO 37.9436 -106.8639 59.9 24 1992-2009 

U-Shaped Lake CO 37.9422 -106.8606 81.4 23 1992-2009 

Avalanche Lake CO 39.1439 -107.0998 158.8 55 1991-2010 

Capitol Lake CO 39.1630 -107.0820 154.4 57 1991-2010 

Moon Lake (Upper) CO 39.1644 -107.0589 53.0 54 1991-2010 

Upper Middle Beartrack 
Lake CO 39.5711 -105.6067 50.9 44 1993-2010 

Abyss Lake CO 39.5858 -105.6592 81.1 49 1993-2010 

Frozen Lake CO 39.5775 -105.6583 93.3 48 1993-2010 

North Lake CO 39.5914 -105.6733 80.9 15 1993-1998 

South Lake CO 39.5903 -105.6714 66.7 15 1993-1998 

Lake Elbert CO 40.6342 -106.7069 56.6 67 1985-2007 

Seven Lakes (LG East) CO 40.8958 -106.6819 36.2 67 1985-2007 

Summit Lake CO 40.5453 -106.6819 48.0 107 1985-2007 
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Lake State 
Latitude 
(Deg N) 

Longitude 
(Deg W) 

10th 
Percentile 

Lowest ANC 
Value 

(µeq/L) 

Number 
of 

Samples 

Period of 
Monitoring 

Deep Creek Lake CO 39.0089 -107.2400 20.6 24 1995-2009 

Island Lake CO 40.6272 -105.9411 71.0 30 1995-2010 

Kelly Lake CO 40.6256 -105.9594 179.9 30 1995-2010 

Rawah Lake #4 CO 40.6711 -105.9578 41.3 30 1995-2010 

Crater Lake (Sangre de 
Cristo) CO 37.5756 -105.4951 162.9 27 1995-2009 

Lower Stout Lake CO 38.3528 -105.8892 145.2 44 1996-2010 

Upper Little Sand Creek 
Lake CO 37.9039 -105.5356 129.5 36 1995-2010 

Upper Stout Lake CO 38.3503 -105.8908 76.3 44 1996-2010 

Glacier Lake (Colorado) CO 37.2594 -106.5879 63.4 31 1993-2009 

Lake South of Blue Lakes CO 37.2243 -106.6307 16.9 41 1992-2009 

Big Eldorado Lake CO 37.7133 -107.5433 19.6 55 1985-2007 

Four Mile Pothole CO 37.4684 -107.0525 123.4 19 2000-2009 

Lake Due South of Ute Lake CO 37.6361 -107.4428 13.2 24 1992-2009 

Little Eldorado CO 37.7133 -107.5458 -3.3 54 1985-2007 

Little Granite Lake CO 37.6205 -107.3317 80.7 20 2000-2009 

Lower Sunlight Lake CO 37.6331 -107.5830 80.9 52 1985-2007 

Middle Ute Lake CO 37.6483 -107.4752 42.8 29 1985-2009 

Small Pond Above Trout 
Lake CO 37.6519 -107.1564 25.5 27 1992-2009 

Upper Grizzly Lake CO 37.6200 -107.5836 29.9 45 1985-2007 

Upper Sunlight Lake CO 37.6278 -107.5797 28.0 51 1985-2007 

West Snowdon Lake CO 37.7103 -107.6935 39.4 26 2000-2009 

White Dome Lake CO 37.7089 -107.5525 2.1 52 1985-2007 

South Golden Lake CO 38.7776 -107.1828 111.4 25 1995-2008 

 
 

7.1 Changes in ANC at Sensitive Lakes due to Emissions from FFO 

Table 7-3 reports changes in ANC at sensitive lakes caused by FFO emissions for the 2025 High 
Development Scenario. The most impacted lake is Lake South of Blues Lake in Colorado, with a 
predicted change in ANC of 0.3339 μeq/L which is well below the 1.0 μeq/L USFS LAC threshold. 

The Low and Medium Development Scenario changes in ANC impacts are presented in Table 
7-4 and Table 7-5, respectively. As in the High Scenario, the most impacted lake is Lake South of 
Blues Lake for the other two Development Scenarios, with changes in ANC well below the USFS 
LAC thresholds.  
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Table 7-3. Changes in ANC at sensitive lakes due to FFO emissions for the 2025 High 
Development Scenario. 

Lake 
Total S 

Dep (kg-
S/ha-yr) 

Total N Dep 
(kg-N/ha-

yr) 

PPT 
(m) 

Delta ANC 
(%)* 

Delta 
ANC 

(eq/L)* 

USFS LAC 
Threshold 

Below 
Thresh

old? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 

Brooklyn Lake 0.0000 0.0028 1.162 0.03% 0.0260 <10% yes 101.7 

Tabor Lake 0.0000 0.0024 1.182 0.02% 0.0223 <10% yes 112.4 

Booth Lake 0.0000 0.0016 1.223 0.02% 0.0145 <10% yes 86.8 

Upper Willow 
Lake 0.0000 0.0016 1.143 0.01% 0.0155 <10% yes 

134.1 

Ned Wilson 
Lake 0.0000 0.0014 1.180 0.03% 0.0130 <10% yes 

39.0 

Upper Ned 
Wilson Lake 0.0000 0.0014 1.180 0.10% 0.0130 <1(µeq/L) yes 

12.9 

Lower NWL 
Packtrail 
Pothole 0.0000 0.0014 1.180 0.04% 0.0130 <10% yes 

29.6 

Upper NWL 
Packtrail 
Pothole 0.0000 0.0014 1.180 0.03% 0.0130 <10% yes 

48.7 

Walk Up Lake 0.0000 0.0003 1.011 0.01% 0.0028 <10% yes 55.2 

Bluebell Lake 0.0000 0.0002 0.943 0.00% 0.0023 <10% yes 55.5 

Dean Lake 0.0000 0.0002 1.024 0.00% 0.0019 <10% yes 48.9 

No Name 
(Utah, 
Duchesne - 
4D2-039) 0.0000 0.0003 0.845 0.01% 0.0037 <10% yes 

67.0 

Upper Coffin 
Lake 0.0000 0.0002 1.047 0.00% 0.0025 <10% yes 

64.8 

Fish Lake 0.0000 0.0003 1.062 0.00% 0.0027 <10% yes 105.8 

Blodgett Lake, 
Colorado 0.0000 0.0019 1.159 0.04% 0.0181 <10% yes 

47.6 

Upper 
Turquoise Lake 0.0000 0.0020 1.121 0.02% 0.0196 <10% yes 

104.0 

Upper West 
Tennessee 
Lake 0.0000 0.0021 1.161 0.02% 0.0199 <10% yes 

114.2 

Blue Lake 
(Colorado; 
Boulder - 4E1-
040) 0.0000 0.0014 1.348 0.06% 0.0112 <1(µeq/L) yes 

19.2 

Crater Lake 0.0000 0.0012 1.241 0.02% 0.0104 <10% yes 53.1 

King Lake 
(Colorado; 
Grand - 4E1-
049) 0.0000 0.0014 1.237 0.02% 0.0124 <10% yes 

52.2 
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Lake 
Total S 

Dep (kg-
S/ha-yr) 

Total N Dep 
(kg-N/ha-

yr) 

PPT 
(m) 

Delta ANC 
(%)* 

Delta 
ANC 

(eq/L)* 

USFS LAC 
Threshold 

Below 
Thresh

old? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 

No Name Lake 
(Colorado; 
Boulder - 4E1-
055) 0.0000 0.0016 1.449 0.05% 0.0118 <10% yes 

25.6 

Upper Lake 0.0000 0.0013 1.225 0.02% 0.0114 <10% yes 69.0 

Small Lake 
Above U-
Shaped Lake 0.0001 0.0080 0.816 0.18% 0.1055 <10% yes 

59.8 

U-Shaped Lake 0.0001 0.0080 0.816 0.13% 0.1055 <10% yes 81.3 

Avalanche Lake 0.0000 0.0030 1.337 0.02% 0.0239 <10% yes 158.8 

Capitol Lake 0.0001 0.0031 1.434 0.02% 0.0234 <10% yes 154.4 

Moon Lake 
(Upper) 0.0001 0.0031 1.434 0.04% 0.0234 <10% yes 

53.0 

Upper Middle 
Beartrack Lake 0.0000 0.0020 1.018 0.04% 0.0212 <10% yes 

50.9 

Abyss Lake 0.0000 0.0020 1.118 0.02% 0.0192 <10% yes 81.1 

Frozen Lake 0.0000 0.0020 1.118 0.02% 0.0192 <10% yes 93.3 

North Lake 0.0000 0.0020 1.118 0.02% 0.0192 <10% yes 80.9 

South Lake 0.0000 0.0020 1.118 0.03% 0.0192 <10% yes 66.7 

Lake Elbert 0.0000 0.0012 1.694 0.01% 0.0078 <10% yes 56.6 

Seven Lakes 
(LG East) 0.0000 0.0011 1.576 0.02% 0.0079 <10% yes 

36.2 

Summit Lake 0.0000 0.0012 1.523 0.02% 0.0082 <10% yes 48.0 

Deep Creek 
Lake 0.0000 0.0021 0.836 0.13% 0.0265 <1(µeq/L) yes 

20.6 

Island Lake 0.0000 0.0012 1.204 0.02% 0.0109 <10% yes 71.0 

Kelly Lake 0.0000 0.0012 1.204 0.01% 0.0109 <10% yes 179.8 

Rawah Lake #4 0.0000 0.0013 1.246 0.03% 0.0112 <10% yes 41.3 

Crater Lake 
(Sangre de 
Cristo) 0.0002 0.0111 0.959 0.08% 0.1255 <10% yes 

162.8 

Lower Stout 
Lake 0.0001 0.0063 0.646 0.07% 0.1043 <10% yes 

145.1 

Upper Little 
Sand Creek 
Lake 0.0001 0.0088 0.803 0.09% 0.1182 <10% yes 

129.4 

Upper Stout 
Lake 0.0001 0.0063 0.646 0.14% 0.1043 <10% yes 

76.2 

Glacier Lake 
(Colorado) 0.0005 0.0264 1.071 0.42% 0.2673 <10% yes 

63.1 

Lake South of 
Blue Lakes 0.0006 0.0335 1.084 1.98% 0.3339 <1(µeq/L) yes 

16.6 
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Lake 
Total S 

Dep (kg-
S/ha-yr) 

Total N Dep 
(kg-N/ha-

yr) 

PPT 
(m) 

Delta ANC 
(%)* 

Delta 
ANC 

(eq/L)* 

USFS LAC 
Threshold 

Below 
Thresh

old? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 

Big Eldorado 
Lake 0.0002 0.0101 1.159 0.48% 0.0943 <1(µeq/L) yes 

19.5 

Four Mile 
Pothole 0.0004 0.0241 0.902 0.23% 0.2888 <10% yes 

123.1 

Lake Due 
South of Ute 
Lake 0.0003 0.0123 1.106 0.92% 0.1209 <1(µeq/L) yes 

13.0 

Little Eldorado 0.0002 0.0101 1.159 2.86% 0.0943 <1(µeq/L) yes -3.4 

Little Granite 
Lake 0.0003 0.0147 1.034 0.19% 0.1545 <10% yes 

80.6 

Lower Sunlight 
Lake 0.0003 0.0122 1.136 0.14% 0.1169 <10% yes 

80.7 

Middle Ute 
Lake 0.0003 0.0117 1.110 0.27% 0.1142 <10% yes 

42.7 

Small Pond 
Above Trout 
Lake 0.0003 0.0165 1.027 0.68% 0.1736 <10% yes 

25.3 

Upper Grizzly 
Lake 0.0003 0.0131 1.199 0.40% 0.1189 <10% yes 

29.8 

Upper Sunlight 
Lake 0.0003 0.0131 1.199 0.42% 0.1189 <10% yes 

27.9 

West Snowdon 
Lake 0.0002 0.0091 0.914 0.27% 0.1082 <10% yes 

39.2 

White Dome 
Lake 0.0002 0.0101 1.159 4.58% 0.0943 <1(µeq/L) yes 

2.0 

South Golden 
Lake 0.0000 0.0028 0.861 0.03% 0.0355 <10% yes 

111.4 
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Table 7-4. Changes in ANC at sensitive lakes due to FFO emissions for the 2025 Low 
Development Scenario. 

Lake 
Total S 

Dep (kg-
S/ha-yr) 

Total N 
Dep (kg-
N/ha-yr) 

PPT 
(m) 

Delta ANC 
(%)* 

Delta 
ANC 

(eq/L)* 

USFS 
LAC 

Thresh
old 

Below 
Thresho

ld? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 
Brooklyn Lake 0.0000 0.0014 1.162 0.01% 0.0129 <10% yes 101.7 

Tabor Lake 0.0000 0.0012 1.182 0.01% 0.0111 <10% yes 112.4 

Booth Lake 0.0000 0.0008 1.223 0.01% 0.0072 <10% yes 86.8 

Upper Willow 
Lake 0.0000 0.0008 1.143 0.01% 0.0078 <10% yes 134.1 

Ned Wilson 
Lake 0.0000 0.0007 1.180 0.02% 0.0064 <10% yes 39.0 

Upper Ned 
Wilson Lake 0.0000 0.0007 1.180 0.05% 0.0064 

<1(µeq
/L) yes 12.9 

Lower NWL 
Packtrail 
Pothole 0.0000 0.0007 1.180 0.02% 0.0064 <10% yes 29.6 

Upper NWL 
Packtrail 
Pothole 0.0000 0.0007 1.180 0.01% 0.0064 <10% yes 48.7 

Walk Up Lake 0.0000 0.0001 1.011 0.00% 0.0014 <10% yes 55.2 

Bluebell Lake 0.0000 0.0001 0.943 0.00% 0.0011 <10% yes 55.5 

Dean Lake 0.0000 0.0001 1.024 0.00% 0.0010 <10% yes 48.9 

No Name 
(Utah, 
Duchesne - 
4D2-039) 0.0000 0.0001 0.845 0.00% 0.0019 <10% yes 67.0 

Upper Coffin 
Lake 0.0000 0.0001 1.047 0.00% 0.0013 <10% yes 64.8 

Fish Lake 0.0000 0.0001 1.062 0.00% 0.0014 <10% yes 105.8 

Blodgett 
Lake, 
Colorado 0.0000 0.0010 1.159 0.02% 0.0090 <10% yes 47.7 

Upper 
Turquoise 
Lake 0.0000 0.0010 1.121 0.01% 0.0098 <10% yes 104.0 

Upper West 
Tennessee 
Lake 0.0000 0.0011 1.161 0.01% 0.0099 <10% yes 114.2 

Blue Lake 
(Colorado; 
Boulder - 4E1-
040) 0.0000 0.0007 1.348 0.03% 0.0055 

<1(µeq
/L) yes 19.2 

Crater Lake 0.0000 0.0006 1.241 0.01% 0.0052 <10% yes 53.1 

King Lake 
(Colorado; 
Grand - 4E1-
049) 0.0000 0.0007 1.237 0.01% 0.0062 <10% yes 52.3 
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Lake 
Total S 

Dep (kg-
S/ha-yr) 

Total N 
Dep (kg-
N/ha-yr) 

PPT 
(m) 

Delta ANC 
(%)* 

Delta 
ANC 

(eq/L)* 

USFS 
LAC 

Thresh
old 

Below 
Thresho

ld? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 
No Name 
Lake 
(Colorado; 
Boulder - 4E1-
055) 0.0000 0.0008 1.449 0.02% 0.0059 <10% yes 25.6 

Upper Lake 0.0000 0.0006 1.225 0.01% 0.0057 <10% yes 69.0 

Small Lake 
Above U-
Shaped Lake 0.0001 0.0040 0.816 0.09% 0.0524 <10% yes 59.8 

U-Shaped 
Lake 0.0001 0.0040 0.816 0.06% 0.0524 <10% yes 81.3 

Avalanche 
Lake 0.0000 0.0015 1.337 0.01% 0.0119 <10% yes 158.8 

Capitol Lake 0.0000 0.0015 1.434 0.01% 0.0117 <10% yes 154.4 

Moon Lake 
(Upper) 0.0000 0.0015 1.434 0.02% 0.0117 <10% yes 53.0 

Upper Middle 
Beartrack 
Lake 0.0000 0.0010 1.018 0.02% 0.0106 <10% yes 50.9 

Abyss Lake 0.0000 0.0010 1.118 0.01% 0.0096 <10% yes 81.1 

Frozen Lake 0.0000 0.0010 1.118 0.01% 0.0096 <10% yes 93.3 

North Lake 0.0000 0.0010 1.118 0.01% 0.0096 <10% yes 80.9 

South Lake 0.0000 0.0010 1.118 0.01% 0.0096 <10% yes 66.7 

Lake Elbert 0.0000 0.0006 1.694 0.01% 0.0038 <10% yes 56.6 

Seven Lakes 
(LG East) 0.0000 0.0006 1.576 0.01% 0.0039 <10% yes 36.2 

Summit Lake 0.0000 0.0006 1.523 0.01% 0.0041 <10% yes 48.0 

Deep Creek 
Lake 0.0000 0.0010 0.836 0.06% 0.0134 

<1(µeq
/L) yes 20.6 

Island Lake 0.0000 0.0006 1.204 0.01% 0.0054 <10% yes 71.0 

Kelly Lake 0.0000 0.0006 1.204 0.00% 0.0054 <10% yes 179.8 

Rawah Lake 
#4 0.0000 0.0006 1.246 0.01% 0.0056 <10% yes 41.3 

Crater Lake 
(Sangre de 
Cristo) 0.0001 0.0055 0.959 0.04% 0.0622 <10% yes 162.9 

Lower Stout 
Lake 0.0000 0.0031 0.646 0.04% 0.0518 <10% yes 145.1 

Upper Little 
Sand Creek 
Lake 0.0001 0.0044 0.803 0.05% 0.0585 <10% yes 129.4 

Upper Stout 
Lake 0.0000 0.0031 0.646 0.07% 0.0518 <10% yes 76.3 

Glacier Lake 
(Colorado) 0.0002 0.0132 1.071 0.21% 0.1333 <10% yes 63.3 

Lake South of 
Blue Lakes 0.0003 0.0167 1.084 0.99% 0.1665 

<1(µeq
/L) yes 16.7 

Big Eldorado 
Lake 0.0001 0.0050 1.159 0.24% 0.0470 

<1(µeq
/L) yes 19.6 
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Lake 
Total S 

Dep (kg-
S/ha-yr) 

Total N 
Dep (kg-
N/ha-yr) 

PPT 
(m) 

Delta ANC 
(%)* 

Delta 
ANC 

(eq/L)* 

USFS 
LAC 

Thresh
old 

Below 
Thresho

ld? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 
Four Mile 
Pothole 0.0002 0.0119 0.902 0.12% 0.1434 <10% yes 123.2 

Lake Due 
South of Ute 
Lake 0.0001 0.0061 1.106 0.46% 0.0602 

<1(µeq
/L) yes 13.1 

Little 
Eldorado 0.0001 0.0050 1.159 1.42% 0.0470 

<1(µeq
/L) yes -3.3 

Little Granite 
Lake 0.0001 0.0073 1.034 0.10% 0.0769 <10% yes 80.6 

Lower 
Sunlight Lake 0.0001 0.0061 1.136 0.07% 0.0582 <10% yes 80.8 

Middle Ute 
Lake 0.0001 0.0058 1.110 0.13% 0.0569 <10% yes 42.7 

Small Pond 
Above Trout 
Lake 0.0001 0.0082 1.027 0.34% 0.0862 <10% yes 25.4 

Upper Grizzly 
Lake 0.0002 0.0065 1.199 0.20% 0.0592 <10% yes 29.8 

Upper 
Sunlight Lake 0.0002 0.0065 1.199 0.21% 0.0592 <10% yes 27.9 

West 
Snowdon 
Lake 0.0001 0.0045 0.914 0.14% 0.0537 <10% yes 39.3 

White Dome 
Lake 0.0001 0.0050 1.159 2.28% 0.0470 

<1(µeq
/L) yes 2.0 

South Golden 
Lake 0.0000 0.0014 0.861 0.02% 0.0177 <10% yes 111.4 
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Table 7-5. Changes in ANC at sensitive lakes due to FFO emissions for the 2025 Medium 
Development Scenario. 

Lake 
Total S Dep 
(kg-S/ha-yr) 

Total N 
Dep (kg-
N/ha-yr) 

PPT 
(m) 

Delta 
ANC (%)* 

Delta 
ANC 

(eq/L)* 

USFS LAC 
Threshold 

Below 
Thres
hold? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 

Brooklyn Lake 0.0000 0.0016 1.162 0.01% 0.0148 <10% yes 101.7 

Tabor Lake 0.0000 0.0014 1.182 0.01% 0.0127 <10% yes 112.4 

Booth Lake 0.0000 0.0009 1.223 0.01% 0.0083 <10% yes 86.8 

Upper Willow Lake 0.0000 0.0009 1.143 0.01% 0.0089 <10% yes 134.1 

Ned Wilson Lake 0.0000 0.0008 1.180 0.02% 0.0074 <10% yes 39.0 

Upper Ned Wilson 
Lake 0.0000 0.0008 1.180 0.06% 0.0074 <1(µeq/L) yes 12.9 

Lower NWL 
Packtrail Pothole 0.0000 0.0008 1.180 0.02% 0.0074 <10% yes 29.6 

Upper NWL 
Packtrail Pothole 0.0000 0.0008 1.180 0.02% 0.0074 <10% yes 48.7 

Walk Up Lake 0.0000 0.0002 1.011 0.00% 0.0016 <10% yes 55.2 

Bluebell Lake 0.0000 0.0001 0.943 0.00% 0.0013 <10% yes 55.5 

Dean Lake 0.0000 0.0001 1.024 0.00% 0.0011 <10% yes 48.9 

No Name (Utah, 
Duchesne - 4D2-
039) 0.0000 0.0002 0.845 0.00% 0.0021 <10% yes 67.0 

Upper Coffin Lake 0.0000 0.0001 1.047 0.00% 0.0015 <10% yes 64.8 

Fish Lake 0.0000 0.0002 1.062 0.00% 0.0016 <10% yes 105.8 

Blodgett Lake, 
Colorado 0.0000 0.0011 1.159 0.02% 0.0103 <10% yes 47.6 

Upper Turquoise 
Lake 0.0000 0.0012 1.121 0.01% 0.0112 <10% yes 104.0 

Upper West 
Tennessee Lake 0.0000 0.0012 1.161 0.01% 0.0113 <10% yes 114.2 

Blue Lake 
(Colorado; Boulder 
- 4E1-040) 0.0000 0.0008 1.348 0.03% 0.0064 <1(µeq/L) yes 19.2 

Crater Lake 0.0000 0.0007 1.241 0.01% 0.0059 <10% yes 53.1 

King Lake 
(Colorado; Grand - 
4E1-049) 0.0000 0.0008 1.237 0.01% 0.0071 <10% yes 52.3 

No Name Lake 
(Colorado; Boulder 
- 4E1-055) 0.0000 0.0009 1.449 0.03% 0.0067 <10% yes 25.6 

Upper Lake 0.0000 0.0007 1.225 0.01% 0.0065 <10% yes 69.0 

Small Lake Above 
U-Shaped Lake 0.0001 0.0045 0.816 0.10% 0.0599 <10% yes 59.8 

U-Shaped Lake 0.0001 0.0045 0.816 0.07% 0.0599 <10% yes 81.3 

Avalanche Lake 0.0000 0.0017 1.337 0.01% 0.0136 <10% yes 158.8 

Capitol Lake 0.0000 0.0018 1.434 0.01% 0.0133 <10% yes 154.4 
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Lake 
Total S Dep 
(kg-S/ha-yr) 

Total N 
Dep (kg-
N/ha-yr) 

PPT 
(m) 

Delta 
ANC (%)* 

Delta 
ANC 

(eq/L)* 

USFS LAC 
Threshold 

Below 
Thres
hold? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 

Moon Lake (Upper) 0.0000 0.0018 1.434 0.03% 0.0133 <10% yes 53.0 

Upper Middle 
Beartrack Lake 0.0000 0.0011 1.018 0.02% 0.0121 <10% yes 50.9 

Abyss Lake 0.0000 0.0011 1.118 0.01% 0.0110 <10% yes 81.1 

Frozen Lake 0.0000 0.0011 1.118 0.01% 0.0110 <10% yes 93.3 

North Lake 0.0000 0.0011 1.118 0.01% 0.0110 <10% yes 80.9 

South Lake 0.0000 0.0011 1.118 0.02% 0.0110 <10% yes 66.7 

Lake Elbert 0.0000 0.0007 1.694 0.01% 0.0044 <10% yes 56.6 

Seven Lakes (LG 
East) 0.0000 0.0007 1.576 0.01% 0.0045 <10% yes 36.2 

Summit Lake 0.0000 0.0007 1.523 0.01% 0.0047 <10% yes 48.0 

Deep Creek Lake 0.0000 0.0012 0.836 0.07% 0.0151 <1(µeq/L) yes 20.6 

Island Lake 0.0000 0.0007 1.204 0.01% 0.0062 <10% yes 71.0 

Kelly Lake 0.0000 0.0007 1.204 0.00% 0.0062 <10% yes 179.8 

Rawah Lake #4 0.0000 0.0007 1.246 0.02% 0.0064 <10% yes 41.3 

Crater Lake (Sangre 
de Cristo) 0.0001 0.0063 0.959 0.04% 0.0713 <10% yes 162.8 

Lower Stout Lake 0.0001 0.0035 0.646 0.04% 0.0592 <10% yes 145.1 

Upper Little Sand 
Creek Lake 0.0001 0.0050 0.803 0.05% 0.0669 <10% yes 129.4 

Upper Stout Lake 0.0001 0.0035 0.646 0.08% 0.0592 <10% yes 76.3 

Glacier Lake 
(Colorado) 0.0003 0.0150 1.071 0.24% 0.1523 <10% yes 63.2 

Lake South of Blue 
Lakes 0.0004 0.0190 1.084 1.13% 0.1902 <1(µeq/L) yes 16.7 

Big Eldorado Lake 0.0002 0.0057 1.159 0.27% 0.0537 <1(µeq/L) yes 19.6 

Four Mile Pothole 0.0003 0.0136 0.902 0.13% 0.1638 <10% yes 123.2 

Lake Due South of 
Ute Lake 0.0002 0.0070 1.106 0.52% 0.0689 <1(µeq/L) yes 13.1 

Little Eldorado 0.0002 0.0057 1.159 1.63% 0.0537 <1(µeq/L) yes -3.4 

Little Granite Lake 0.0002 0.0083 1.034 0.11% 0.0879 <10% yes 80.6 

Lower Sunlight 
Lake 0.0002 0.0069 1.136 0.08% 0.0666 <10% yes 80.8 

Middle Ute Lake 0.0002 0.0066 1.110 0.15% 0.0650 <10% yes 42.7 

Small Pond Above 
Trout Lake 0.0002 0.0093 1.027 0.39% 0.0986 <10% yes 25.4 

Upper Grizzly Lake 0.0002 0.0074 1.199 0.23% 0.0678 <10% yes 29.8 

Upper Sunlight 
Lake 0.0002 0.0074 1.199 0.24% 0.0678 <10% yes 27.9 

West Snowdon 
Lake 0.0001 0.0052 0.914 0.16% 0.0614 <10% yes 39.3 

White Dome Lake 0.0002 0.0057 1.159 2.61% 0.0537 <1(µeq/L) yes 2.0 
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Lake 
Total S Dep 
(kg-S/ha-yr) 

Total N 
Dep (kg-
N/ha-yr) 

PPT 
(m) 

Delta 
ANC (%)* 

Delta 
ANC 

(eq/L)* 

USFS LAC 
Threshold 

Below 
Thres
hold? 

2025 Hi 
Predicted 10th 

Percentile 
Lowest ANC 

Value (µeq/L) 

South Golden Lake 0.0000 0.0016 0.861 0.02% 0.0202 <10% yes 111.4 

 

 

7.2 ANC Calculations for Cumulative Emissions 

Note that the USFS ANC LAC thresholds were developed for evaluating potential changes to 
lake ANC for individual Projects and are not relevant for cumulative emissions sources. In 
particular, the baseline ANC values that are used in the ANC change calculations already 
account for existing emissions. Therefore, no assessment of cumulative impacts to sensitive 
lakes is presented. 
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Appendix K. List of Areas of Critical 1 

Environmental Concern by Type and BLM 2 

Resource Use Management Actions 3 

Table K-1, below, lists the ACECs by type and BLM fluid mineral leasing management actions. See the 4 
2003 BLM Resource Management Plan (BLM 2003) for more information.  5 

Table K-1  
ACECs 

ACEC Name BLM Fluid Mineral Leasing 
Management Actions 

Cultural ACECs 
Adams Canyon ACEC NSO stipulation  
Ah-shi-sle-pah Road ACEC NSO stipulation OG-A-4  
Angel Peak ACEC NSO stipulation OG-A-4  
Ashii Na’a’a’ ACEC NSO stipulation OG-A-4  
Bi Yaazh ACEC NSO stipulation OG-A-4  
Blanco Mesa ACEC NSO stipulation OG-A-4  
Blanco Star Panel ACEC NSO stipulation OG-A-4  
Cagle’s Site ACEC NSO stipulation OG-A-4  
Canyon View ACEC NSO stipulation OG-A-4  
Cho’li’l ACEC NSO stipulation OG-A-4  
Christmas Tree Ruin ACEC NSO stipulation OG-A-4  
Crow Canyon ACEC (portions identified in 2003 RMP) NSO stipulation OG-A-4  
Deer House ACEC NSO stipulation OG-A-4  
Delgadita/Pueblo Canyons ACEC NSO stipulation OG-A-4  
Devil’s Spring Mesa ACEC NSO stipulation OG-A-4  
Dogie Canyon School ACEC NSO stipulation OG-A-4  
Dzil’na’oodlii ACEC NSO stipulation OG-A-4  
East Side Rincon Site ACEC NSO stipulation OG-A-4  
Encierro Canyon ACEC NSO stipulation OG-A-4  
Encinada Mesa-Carrizo Canyon ACEC (portions identified in 2003 RMP) NSO stipulation OG-A-4  
Farmer’s Arroyo ACEC NSO stipulation OG-A-4  
Four Ye’I ACEC NSO stipulation OG-A-4  
Frances Mesa ACEC NSO stipulation OG-A-4  
Gonzalez Canyon-Senon S. Vigil Homestead ACEC NSO stipulation OG-A-4  
Gould Pass Camp ACEC NSO stipulation OG-A-4  
Haynes Trading Post ACEC NSO stipulation OG-A-4  
Hummingbird ACEC NSO stipulation OG-A-4  
Hummingbird Canyon ACEC NSO stipulation OG-A-4  
Jacques Chacoan Community ACEC NSO stipulation OG-A-4  
Kachina Mask ACEC NSO stipulation OG-A-4  
Kin Yazhi ACEC NSO stipulation OG-A-4  
Kiva ACEC NSO stipulation OG-A-4  
Largo Canyon Star Ceiling ACEC NSO stipulation OG-A-4  
Margarita Martinez Homestead ACEC NSO stipulation OG-A-4  
Martin Apodaca Homestead ACEC NSO stipulation OG-A-4  
Martinez Canyon ACEC NSO stipulation OG-A-4  
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Table K-1  
ACECs 

ACEC Name BLM Fluid Mineral Leasing 
Management Actions 

Moss Trail ACEC NSO stipulation OG-A-4  
North Road ACEC NSO stipulation OG-A-4  
Pointed Butte ACEC NSO stipulation OG-A-4  
Pregnant Basketmaker ACEC NSO stipulation OG-A-4  
Pretty Woman ACEC NSO stipulation OG-A-4  
Prieta Mesa ACEC NSO stipulation OG-A-4  
Rincon Largo District ACEC NSO stipulation OG-A-4  
Rincon Rockshelter ACEC NSO stipulation OG-A-4  
River Tracts ACEC NSO stipulation OG-A-4  
Rock House-Nestor Martin Homestead ACEC NSO stipulation OG-A-4  
Santos Peak ACEC NSO stipulation OG-A-4  
Shield Bearer ACEC NSO stipulation OG-A-4  
Simon Ruin ACEC NSO stipulation OG-A-4  
Star Rock ACEC NSO stipulation OG-A-4  
Star Spring-Jesus Canyon ACEC NSO stipulation OG-A-4  
Superior Mesa ACEC (portions identified in 2003 RMP) NSO stipulation OG-A-4  
Tapacito and Split Rock ACEC NSO stipulation OG-A-4  
Truby’s Tower ACEC NSO stipulation OG-A-4  
Bis sa’ani ACEC Closed 
Chacra Mesa Complex ACEC Closed 
Halfway House ACEC Closed 
The Hogback ACEC Closed 
Holmes Group ACEC Closed 
Morris 41 ACEC Closed 
Pierre’s Site ACEC Closed 
Simon Canyon ACEC Closed 
Twin Angels ACEC Closed 
Upper Kin Klizhin ACEC  Closed 

Anasazi Communities (Non-Chacoan) 
Cedar Hill ACEC CSU  
 La Jara ACEC CSU  

Early Navajo Defensive Sites and Communities 
Crow Canyon ACEC CSU  
Encinada Mesa-Carrizo Canyon ACEC CSU  
Munoz Canyon ACEC CSU 
San Rafael Canyon ACEC CSU 
Superior Mesa ACEC CSU 

Wildlife ACECs 
Mexican Spotted Owl ACEC CSU-4 
Bald Eagle ACEC TL- November 1 to March 31 

Paleontological ACECs 
Torrejon Fossil Fauna ACEC West (the eastern portion of this ACEC is 
in the Rio Puerco Field Office [RPFO]) 

CSU (F-9)  

 1 
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Appendix L. Acronyms and Abbreviations 1 

AAQS Ambient Air Quality Standards  2 
ACEC area of critical environmental concern 3 
ACHP Advisory Council on Historic Preservation 4 
afy acre-feet per year 5 
AIRFA American Indian Religious Freedom Act 6 
APD Application for Permit to Drill 7 
APE area of potential effect 8 
AQRV Air Quality Related Values 9 
ARPA Archaeological Resources Protection Act 10 
ATV all-terrain vehicle 11 
AUM animal unit month 12 

BIA  United States Department of the Interior, Bureau of Indian Affairs 13 
BLM United States Department of the Interior, Bureau of Land Management 14 
BMP best management practice 15 
BOR United States Department of the Interior, Bureau of Reclamation 16 
BTU British thermal unit 17 

CARMMS Colorado Air Resources Management Modeling Study 18 
CASTNET  Clean Air Status and Trends Network 19 
CBM coal bed methane 20 
CCNHP Chaco Culture National Historical Park 21 
CEQ Council on Environmental Quality 22 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 23 
CFR Code of Federal Regulations 24 
CIMPP culturally important property 25 
CO2 carbon dioxide 26 
CO2e carbon dioxide equivalent 27 
COA condition of approval 28 
CSU controlled surface use 29 
CWA Clean Water Act 30 

dBA a-weighted decibel 31 
DECRM Division of Environmental and Cultural Resources Management  32 
DOE United States Department of Energy 33 
DOI United States Department of the Interior 34 

EIS environmental impact statement 35 
EO executive order 36 
EPA United States Environmental Protection Agency 37 
ERMA extensive recreation management area 38 
ESA Endangered Species Act of 1973 39 
ESD ecological site description 40 

FAR functional-at risk 41 
FFO Farmington Field Office 42 
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FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 1 
FIMO Federal Indian Minerals Office 2 
FLPMA Federal Land Policy and Management Act of 1976 3 
FMG Farmington Mancos-Gallup 4 
Forest Service United States Department of Agriculture, Forest Service 5 
FRCC fire regime condition class 6 

GHG greenhouse gas 7 
GIS geographic information system 8 
GMU game management unit 9 

HA herd area 10 
HAP hazardous air pollutant 11 
HCPC historic climax plant community 12 
HMA herd management area 13 
HPD Historic Preservation Division 14 
HUC hydrologic unit code 15 

IMPROVE  Interagency Monitoring of Protected Visual Environments 16 
IPCC  Intergovernmental Panel on Climate Change  17 
ISOP interagency standard operating procedure 18 
ITA Indian trust asset 19 

Leq equivalent continuous 24-hour period 20 
LUA  land use authorization 21 

m/s meters per second 22 
mcf thousand cubic feet 23 
MDP master development plan 24 
MLA Mineral Leasing Act  25 
MOA memorandum of agreement 26 
MSO Mexican spotted owl 27 

NAAQS National Ambient Air Quality Standards  28 
NADP National Atmospheric Deposition Program 29 
NAGPRA Native American Graves Protection and Repatriation Act 30 
NCDC National Climatic Data Center  31 
NEPA National Environmental Policy Act of 1969 32 
NHPA National Historic Preservation Act of 1966 (54 U.S.C. 300101) 33 
NHT National Historic Trail 34 
NIIP Navajo Indian Irrigation Project 35 
NMBGMR New Mexico Bureau of Geology and Mineral Resources 36 
NMCRIS New Mexico Cultural Resource Inventory System 37 
NMDGF  New Mexico Department of Game and Fish 38 
NMED  New Mexico Environment Department 39 
NMWA New Mexico Wilderness Alliance 40 
NNDFW Navajo Nation Department of Fish and Wildlife 41 
NNDPS Navajo Nation Division of Public Safety 42 
NNEPA Navajo Nation Environmental Protection Agency 43 
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NNRHP Navajo Nation Registrar of Historic Places 1 
NNWCA  Navajo Nation Water Code Administration 2 
NOA Notice of Availability 3 
NOAA National Oceanic and Atmospheric Administration  4 
NOI Notice of Intent 5 
NPS United States Department of the Interior, National Park Service 6 
NRCS USDA Natural Resources Conservation Service  7 
NRHP National Register of Historic Places 8 
NRO Navajo Regional Office 9 
NSA noise-sensitive area 10 
NSO no surface occupancy 11 
NTL notice to lessee 12 

OHV off-highway vehicle  13 

PCA Plant Conservation Areas 14 
PEIS preliminary environmental impact statement 15 
PFC proper functioning condition 16 
PFYC potential fossil yield classification 17 
PIF  Partners in Flight 18 
PSD prevention of significant deterioration 19 

RCP Biological Resource Land Use Clearance Policies and Procedures 20 
RCRA Resource Conservation and Recovery Act 21 
REA rapid ecoregional assessment (climate model) 22 
RFD reasonably foreseeable development scenario 23 
RMP resource management plan 24 
RMPA resource management plan amendment 25 
RNA research natural area 26 
ROD Record of Decision 27 
ROW right-of-way 28 
RPFO Rio Puerco Field Office 29 

SDA specially designated area 30 
SEZ solar energy zone 31 
SHPO State Historic Preservation Officer 32 
SIL significant impact level 33 
SOP standard operating procedure 34 
SRMA special recreation management area 35 
SUYL sheep units year-long 36 
SWReGAP Southwest Regional Gap Analysis Program 37 

TCP traditional cultural property 38 
THPO Tribal Historic Preservation Officer 39 
TL timing limitation 40 

US United States 41 
USACE US Army Corps of Engineers 42 
USC United States Code 43 
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USDA US Department of Agriculture 1 
USFWS United States Department of the Interior, Fish and Wildlife Service 2 

VCC vegetation condition class 3 
VOC volatile organic compound 4 
VRI visual resource inventory 5 
VRM visual resource management 6 

WFDSS Wildland Fire Decision Support System 7 
WQCC Water Quality Control Commission 8 
WRCC Western Regional Climate Center 9 
WSA wilderness study area 10 
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Appendix M. Glossary 1 

Active Floodplain. The portion of the floodplain that contains water during flooding events. 2 

Actual use. The amount of animal unit months consumed by livestock based on the numbers of 3 
livestock and grazing dates submitted by the livestock operator and confirmed by the BLM during 4 
periodic field checks. 5 

Adaptive management. A type of natural resource management in which decisions are made as part 6 
of an ongoing science-based process. Adaptive management involves testing, monitoring, and evaluating 7 
applied strategies, and incorporating new knowledge into management approaches that are based on 8 
scientific findings and the needs of society. Results are used to modify management policy, strategies, and 9 
practices. 10 

Air basin. A land area with generally similar meteorological and geographic conditions throughout. To 11 
the extent possible, air basin boundaries are defined along political boundary lines and include both the 12 
source and receptor areas.  13 

Air pollution. The addition to the atmosphere of any material that may have a deleterious effect on life 14 
on our planet. 15 

Allotment. An area of land in which one or more livestock operators graze their livestock. Allotments 16 
generally consist of BLM-administered lands but may include other federally managed, state-owned, and 17 
private lands. An allotment may include one or more separate pastures. Livestock numbers and periods 18 
of use are specified for each allotment.  19 

Alluvial soil. A soil developing from recently deposited alluvium and exhibiting essentially no horizon 20 
development or modification of the recently deposited materials. 21 

Alluvium. Clay, silt, sand, gravel, or other rock materials transported by moving water. Deposited in 22 
comparatively recent geologic time as sorted or semi-sorted sediment in rivers, floodplains, lakes, and 23 
shores, and in fans at the base of mountain slopes. 24 

Ambient air quality. The state of the atmosphere at ground level as defined by the range of measured 25 
or predicted ambient concentrations of all significant pollutants for all averaging periods of interest. 26 

Amendment. The process for considering or making changes in the terms, conditions, and decisions 27 
of approved resource management plans or management framework plans. Usually only one or two 28 
issues are considered, and they involve only a portion of the planning area. 29 

Animal unit month (AUM). The amount of forage necessary for the sustenance of one cow or its 30 
equivalent for a period of one month.  31 

Anthropogenic disturbances. Those caused by human actions. Examples are paved highways, graded 32 
gravel roads, transmission lines, substations, wind turbines, oil and gas wells, geothermal wells and 33 
associated facilities, pipelines, landfills, agricultural conversion, homes, and mines. 34 

Aquatic. Living or growing in or on the water. 35 

Area of critical environmental concern (ACEC). Special area designation established through the 36 
BLM’s land use planning process (43 CFR 1610.7-2) where special management attention is required 37 

http://www.arb.ca.gov/html/gloss.htm#source
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(when such areas are developed or used or where no development is required) to protect and prevent 1 
irreparable damage to important historic, cultural, or scenic values, fish and wildlife resources, or other 2 
natural systems or processes, or to protect life and safety from natural hazards. The level of allowable 3 
use within an ACEC is established through the collaborative planning process. Designation of an ACEC 4 
allows for resource use limitations in order to protect identified resources or values. 5 

Atmospheric deposition. Air pollution produced when acid chemicals are incorporated into rain, 6 
snow, fog, or mist and fall to the earth. Sometimes referred to as acid rain, it comes from sulfur oxides 7 
and nitrogen oxides, products of burning coal and other fuels and from certain industrial processes. If 8 
the acid chemicals in the air are blown into the area where the weather is wet, the acids can fall to earth 9 
in the rain, snow, fog, or mist. In areas where the weather is dry, the acid chemicals may become 10 
incorporated into dust or smoke. 11 

Attainment area. A geographic area in which levels of a criteria air pollutant meet the health-based 12 
National Ambient Air Quality Standard for that specific pollutant. 13 

Authorized/authorized use. This is an activity (i.e., resource use) occurring on the public lands that 14 
is either explicitly or implicitly recognized and legalized by law or regulation. This term may refer to 15 
those activities occurring on the public lands for which the BLM, Forest Service, or other appropriate 16 
authority (e.g., Congress for RS 2477 rights-of-way, Federal Energy Regulatory Commission for major, 17 
interstate rights-of-way), has issued a formal authorization document (e.g., livestock grazing lease/permit, 18 
right-of-way grant, coal lease, and oil and gas permit to drill). Formally authorized uses typically involve 19 
some type of commercial activity, facility placement, or event. These formally authorized uses are often 20 
spatially or temporally limited. Unless constrained or bounded by statute, regulation, or an approved 21 
land use plan decision, legal activities involving public enjoyment and use of the public lands (e.g., hiking, 22 
camping, and hunting) require no formal BLM or Forest Service authorization. 23 

Avoidance/avoidance area. An area identified through resource management planning to be avoided 24 
but may be available for right-of-way location with special stipulations. 25 

Baseline. The preexisting condition of a defined area or resource that can be quantified by appropriate 26 
metrics. During environmental reviews, the baseline is considered the affected environment that exists 27 
at the time of the reviews initiation and is used to compare predictions of the effects of the proposed 28 
action or a reasonable range of alternatives. 29 

Best management practices (BMPs). A suite of techniques that guide or may be applied to 30 
management actions to aide in achieving desired outcomes. BMPs are often developed in conjunction 31 
with land use plans, but they are not considered a planning decision unless the plans specify that they are 32 
mandatory. 33 

Big game. Indigenous, ungulate (hoofed) wildlife species that are hunted, such as elk, deer, bison, 34 
bighorn sheep, and pronghorn antelope. 35 

Biodiversity (biological diversity). The variety of life and its processes, and the interrelationships 36 
within and among various levels of ecological organization. Conservation, protection, and restoration of 37 
biological species and genetic diversity are needed to sustain the health of existing biological systems. 38 
Federal resource management agencies must examine the implications of management actions and 39 
development decisions on regional and local biodiversity. 40 

Biological soil crust. A complex association between soil particles and cyanobacteria, algae, 41 
microfungi, lichens, and bryophytes that live within or atop the uppermost millimeters of soil. 42 
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BLM Sensitive Species. Those species that are not federally listed as endangered, threatened, or 1 
proposed under the Endangered Species Act, but that are designated by the BLM State Director under 2 
16 USC, Subsection 1536(a)(2), for special management consideration. By national policy, federally listed 3 
candidate species are automatically included as sensitive species. Sensitive species are managed so they 4 
will not need to be listed as proposed, threatened, or endangered under the Endangered Species Act. 5 

Candidate species. Taxa for which the US Fish and Wildlife Service has sufficient information on their 6 
status and threats to propose the species for listing as endangered or threatened under the Endangered 7 
Species Act, but for which issuing a proposed rule is currently prevented by higher priority listing 8 
actions. Separate lists for plants, vertebrate animals, and invertebrate animals are published periodically 9 
in the Federal Register (BLM 20081). 10 

Carrying Capacity. Describes the number of grazing animals a management unit is able to support 11 
without depleting rangeland vegetation or soil resources. 12 

Casual use. Activities ordinarily resulting in no or negligible disturbance of the public lands, resources, 13 
or improvements. For examples for rights-of-way casual uses see 43 CFR 2801.5. For examples for 14 
locatable minerals casual uses see 43 CFR 3809.5. 15 

Categorical exclusion. A category of actions (identified in agency guidance) that do not individually or 16 
cumulatively have a significant effect on the human environment, and for which neither an environmental 17 
assessment nor an environmental impact statement is required (40 CFR 1508.4), but a limited form of 18 
NEPA analysis is performed. 19 

Chacoan Outlier. Large structural complexes with plazas and kivas like the Great Houses of Chaco 20 
Canyon, but located in other areas of the San Juan Basin. How these outliers functioned in the overall 21 
Chacoan system is unclear; however, researchers have suggested these complexes were ceremonial 22 
sites for agricultural communities in the Chaco system or even trading posts. Some of these outliers are 23 
connected to Chaco Canyon by a series of Chacoan roads that extend for miles straight across the San 24 
Juan Basin. Chacoan outliers include, but are not limited to, those listed in Section 502 of PL 96-550. 25 
This legislation, which enabled the CCNHP, defines 33 Chaco Culture Archeological Protection Sites, 26 
including: Allentown; Andrews Ranch; Bee Burrow; Bisa'ani; Casa del Rio; Coolidge; Dalton Pass; Great 27 
Bend; Greenlee Ruin; Grey Hill Spring; Halfway House; Haystack; Hogback; Indian Creek; Jacques; Kin 28 
Nizhoni; Lake Valley; Las Ventanas; Morris; Muddy Water; Newcomb; Peach Springs; Pierre's Site; Raton 29 
Well; San Mateo; Sanostee; Section 8; Skunk Springs/Crumbled House; Squaw Springs; Standing Rock; 30 
Twin Angels; Toh-la-kai; and Upper Kin Klizhin.  31 

Checkerboard. This term refers to a landownership pattern of alternating sections of federal owned 32 
lands with private, tribal, or State-owned lands for 20 miles on either side of a land grant railroad (e.g., 33 
Union Pacific and Northern Pacific). On land status maps this alternating ownership is either delineated 34 
by color-coding or alphabetic code resulting in a checkerboard visual pattern.  35 

Chemical vegetation treatment. Application of herbicides to control invasive species and noxious 36 
weeds and other unwanted vegetation. To meet resource objectives, the preponderance of chemical 37 
treatments would be used in areas where cheatgrass or noxious weeds have invaded sagebrush steppe.  38 

                                                 
1US Department of the Interior, Bureau of Land Management. 2008. Manual 6840—Special Status Species 
Management. Rel. 6-125. Washington, DC. December 12, 2008. Internet website: https://www.blm.gov/style/ 
medialib/blm/wo/Information_Resources_Management/policy/blm_manual.Par.43545.File.dat/6840.pdf. 
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Culturally important property (CIMPP). Culturally important properties are defined for this 1 
RMPA/EIS to include a variety of resource types (for example, traditional cultural properties, sacred 2 
sites, ceremonial grounds, and areas of traditional cultural practice) that are generally significant because 3 
of their importance to living communities such as Tribes or other groups and are discussed in greater 4 
detail below. Some of the CIMPPs are relevant to both the BLM and BIA on the lands they manage, 5 
while other CIMPP definitions are specifically related to BIA-managed Tribal trust lands and Navajo 6 
Nation regulations noted below.  7 

The term CIMPP is intended to provide ease of use when referring to the various resources listed 8 
below, which may not fall within the definitions of a historic property per the NHPA, but may be 9 
considered under other legislation as described in greater detail. This umbrella term removes the need 10 
to continuously refer to all the relevant definitions and regulations beyond the NHPA for these types of 11 
resources. Some of the CIMPPs are relevant to both the BLM and BIA on the lands they manage, while 12 
other CIMPP definitions are specifically related to BIA-managed Tribal trust lands and Navajo Nation 13 
regulations noted below.  14 

CIMPPs include the following (although this list is not meant to exclude appropriate resources not listed 15 
below): 16 

• TCPs as defined in National Register Bulletin 38;  17 

• Sacred sites as defined in EO 13007 or AIRFA;  18 

• TCPs as identified in the Navajo Nation Policy to Protect TCPs;  19 

• Loci of traditional cultural practices as defined in the Navajo Nation Guidelines for the 20 
Treatment of Historic, Modern and Contemporary Abandoned Sites (e.g., Navajo home sites that 21 
have been blessed or sites of ceremonial activity) that may not be older than 50 years, and, as 22 
such, would not be considered historic properties, but could be considered under AIRFA; or 23 

• Jishchaa’ (e.g., gravesites, human remains, or funerary items) as defined in the Navajo Nation Policy 24 
for the Protection of Jishchaa’. 25 

Often these CIMPPs are identified by Tribes or tribal individuals in the process of working with agency 26 
or other personnel (in many cases these are cultural anthropologists) for specific undertakings. 27 

Clean Air Act of 1963 (as amended). Federal legislation governing air pollution control. 28 

Clean Water Act of 1972 (as amended). Federal legislation governing water pollution control. 29 

Climate change. Any significant change in measures of climate (such as temperature, precipitation, or 30 
wind) lasting for an extended period (decades or longer). Climate change may result from the following: 31 

• Natural factors, such as changes in the sun’s intensity or slow changes in the Earth’s orbit 32 
around the sun 33 

• Natural processes within the climate system (e.g., changes in ocean circulation) 34 

• Human activities that change the atmosphere’s composition (e.g., driving motor vehicles) and 35 
the land surface (e.g., deforestation, reforestation, urbanization, and desertification). 36 

Closed area. Closed area means an area where off-road vehicle (aka OHV) use is prohibited. Use of 37 
off-road vehicles in closed areas may be allowed for certain reasons; however, such use shall be made 38 
only with the approval of the authorized officer (43 CFR 8340.0-5 [h]).  39 
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Collaboration. A cooperative process in which interested parties, often with widely varied interests, 1 
work together to seek solutions with broad support for managing public and other lands. Collaboration 2 
may take place with any interested parties, whether or not they are a cooperating agency. 3 

Communication site. Sites that include broadcast types of uses (e.g., television, AM/FM radio, cable 4 
television, and broadcast translator) and non-broadcast uses (e.g., commercial or private mobile radio 5 
service, cellular telephone, microwave, local exchange network, and passive reflector). 6 

Community waters. Water wells being used by more than five people. 7 

Condition class (fire regimes). Fire regime condition classes are a measure describing the degree of 8 
departure from historical fire regimes, possibly resulting in alterations of key ecosystem components, 9 
such as species composition, structural stage, stand age, canopy closure, and fuel loadings. One or more 10 
of the following activities may have caused this departure: fire suppression, timber harvesting, livestock 11 
grazing, introduction and establishment of exotic plant species, or introduced insects or disease. 12 

Conformance. A proposed action should be specifically provided for in the land use plan or, if not 13 
specifically mentioned, should be clearly consistent with the goals, objectives, or standards of the 14 
approved land use plan. 15 

Conservation strategy. A strategy outlining current activities or threats that are contributing to the 16 
decline of a species, along with the actions or strategies needed to reverse or eliminate such a decline 17 
or threats. Conservation strategies are generally developed for species of plants and animals that are 18 
designated as BLM sensitive species or that have been determined by the US Fish and Wildlife Service or 19 
National Oceanographic and Atmospheric Administration-Fisheries to be federal candidates under the 20 
Endangered Species Act. 21 

Controlled surface use (CSU). A category of moderate constraint stipulations that allows some use 22 
and occupancy of public land while protecting identified resources or values and is applicable to fluid 23 
mineral leasing and all activities associated with fluid mineral leasing (e.g., truck-mounted drilling and 24 
geophysical exploration equipment off designated routes, and construction of wells and pads). CSU areas 25 
are open to fluid mineral leasing, but the stipulation allows the BLM to require special operational 26 
constraints, or the activity can be shifted more than 200 meters (656 feet) to protect the specified 27 
resource or value. 28 

Cooperating agency. Assists the lead federal agency in developing an environmental assessment or 29 
environmental impact statement. These can be any agency with jurisdiction by law or special expertise 30 
for proposals covered by NEPA (40 CFR 1501.6). Any tribe or federal, state, or local government 31 
jurisdiction with such qualifications may become a cooperating agency by agreement with the lead 32 
agency. 33 

Council on Environmental Quality (CEQ). An advisory council to the President, established by the 34 
National Environmental Policy Act of 1969. It reviews federal programs to analyze and interpret 35 
environmental trends and information. 36 

Criteria pollutant. The US Environmental Protection Agency uses six criteria pollutants as indicators 37 
of air quality. It has established for each of them a maximum concentration above which adverse effects 38 
on human health may occur. These threshold concentrations are called National Ambient Air Quality 39 
Standards. The criteria pollutants are ozone, carbon monoxide, nitrogen dioxide, sulfur dioxide, 40 
particulate matter, and lead. 41 
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Crucial wildlife habitat. The environment essential to plant or animal biodiversity and conservation at 1 
the landscape level. Crucial habitats include biological core areas, severe winter range, winter 2 
concentration areas, reproduction areas, and movement corridors. 3 

Crucial winter range. That part of the winter range where a high proportion of the species 4 
population is located during severe winter conditions. 5 

Cultural resources. Locations of human activity, occupation, or use. Cultural resources include 6 
archaeological, historic, or architectural sites, structures, or places with important public and scientific 7 
uses, and locations of traditional cultural or religious importance to specified social or cultural groups. 8 

Cumulative effects. The direct and indirect effects of a proposed project alternative’s incremental 9 
impacts when they are added to other past, present, and reasonably foreseeable actions, regardless of 10 
who carries out the action. 11 

Decibels (dB). A measure of sound intensity over the standard threshold of hearing. An A-weighted 12 
decibel (dBA) adjusts the measurement to account for the way in which the ear responds to different 13 
frequencies of sound, which relates to the pitch of the sound. Measurements in dBA, or dB(A) as it is 14 
sometimes written, are decibel scale readings that have been adjusted to attempt to take into account 15 
the varying sensitivity of the human ear to different frequencies of sound. Another system of adjustment 16 
is C-weighting, the dBC scale. dBC is sometimes used for specifying peak or impact noise levels, such as 17 
gunfire. Leq, or equivalent continuous sound level, accompanies these measures, and is a reference to 18 
fluctuations in sound levels over a period of time.  19 

Decision area. Lands and federal mineral estate within the BLM-managed or BIA-managed planning 20 
area. 21 

Deferred use. To set aside, or postpone, a particular resource use or activity on the public lands to a 22 
later time. Generally, when this term is used, the period of the deferral is specified. Deferments 23 
sometimes follow the sequence time frame of associated serial actions (e.g., Action B will be deferred 24 
until Action A is completed). 25 

Designated roads and trails. Specific roads and trails identified by the BLM or other agency where 26 
some type of motorized or nonmotorized use is appropriate and allowed, either seasonally or yearlong 27 
(BLM 2005a). 28 

Direct impact. Caused by an action or implementation of an alternative; a direct impact take place at 29 
the same time and place.  30 

Directional drilling. A drilling technique whereby a well is deliberately deviated from the vertical in 31 
order to reach a particular part of the oil- or gas-bearing reservoir. Directional drilling technology 32 
enables the driller to steer the drill stem and bit to a desired bottom hole location. Directional wells 33 
initially are drilled straight down to a predetermined depth and then are gradually curved at one or 34 
more different points to penetrate one or more given target reservoirs. This specialized drilling usually 35 
is accomplished with the use of a fluid-driven downhole motor, which turns the drill bit. Directional 36 
drilling also allows multiple production and injection wells to be drilled from a single surface location, 37 
such as a gravel pad, thus minimizing cost and the surface impact of oil and gas drilling, production, and 38 
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transportation facilities. It can be used to reach a target beneath an environmentally sensitive area 1 
(ADNR 20092). 2 

Drainage. In the fluid mineral leasing context, drainage refers to the migration, or movement, of 3 
hydrocarbons, inert gases (other than helium), or associated resources caused by production from other 4 
wells. 5 

Easement. A right afforded a person or agency to make limited use of another’s real property for 6 
access or other purposes. 7 

Endangered species. Any species that is in danger of extinction throughout all or a significant portion 8 
of its range (BLM 2008a). Under the Endangered Species Act in the US, endangered is the more 9 
protected of two categories; the other is “threatened.” Designation as endangered or threatened is 10 
determined by US Fish and Wildlife Service as directed by the Endangered Species Act. 11 

Endangered Species Act of 1973 (as amended). Designed to protect critically imperiled species 12 
from extinction as a consequence of economic growth and development untempered by adequate 13 
concern and conservation. The act is administered by the US Fish and Wildlife Service and the National 14 
Oceanic and Atmospheric Administration. Its purpose is to protect species and the ecosystems that 15 
they depend on (16 US Code, Sections 1531-1544). 16 

Environmental assessment (EA). A concise public document prepared to provide sufficient 17 
evidence and analysis for determining whether to prepare an environmental impact statement or a 18 
finding of no significant impact. An EA includes a brief discussion of the need for the proposal, 19 
alternatives considered, environmental impact of the proposed action and alternatives, and a list of 20 
agencies and individuals consulted. 21 

Environmental impact statement (EIS). A detailed statement prepared by the responsible official 22 
in which a major federal action that significantly affects the quality of the human environment is 23 
described, alternatives to the proposed action are provided, and effects are analyzed (BLM 20013). 24 

Ephemeral. A stream that flows only in direct response to precipitation and whose channel is at all 25 
times above the water table. 26 

Exclusion area. An area identified through resource management planning that is not available for 27 
right-of-way location under any conditions. 28 

Existing routes. The roads, trails, or ways that are used by motorized vehicles (such as jeeps, all-29 
terrain vehicles, and motorized dirt bikes), mechanized uses (such as mountain bikes, wheelbarrows, ad 30 
game carts), pedestrians (hikers), and horseback riders and are, to the best of the BLM’s knowledge, in 31 
existence at the time of resource management plan/environmental impact statement publication. 32 

Exploration. Active drilling and geophysical operations to determine the presence of the mineral 33 
resource or the extent of the reservoir or mineral deposit. 34 

Extensive Recreation Management Area (ERMA). Administrative units that require specific 35 
management consideration in order to address recreation use, demand, or recreation and visitor 36 

                                                 
2Alaska Department of Natural Resources. 2009. Beaufort Sea Areawide Oil and Gas Lease Sale: Final Finding of 
the Director. November 9, 2009. 
3US Department of the Interior, Bureau of Land Management. 2001. National Management Strategy for Motorized 
Off-Highway Vehicle Use on Public Lands. Washington, DC. January 19, 2001. 
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services program investments. ERMAs are managed to support and sustain the principal recreation 1 
activities and the associated qualities and conditions of the ERMA. ERMA management is commensurate 2 
and considered in context with the management of other resources and resource uses (BLM 20144). 3 

Federal Land Policy and Management Act of 1976 (FLPMA). Public Law 94-579, October 21, 4 
1976, often referred to as the BLM’s Organic Act, which provides most of its legislated authority, 5 
direction policy, and basic management guidance. 6 

Federal mineral estate. Subsurface mineral estate owned by the United States and administered by 7 
the BLM. It is the mineral estate underlying BLM-managed land, privately owned lands and state-owned 8 
land. 9 

Fire frequency. A general term referring to the recurrence of fire in a given area over time. 10 

Fire management plan (FMP). A plan that identifies and integrates all wildland fire management and 11 
related activities within the context of approved land/resource management plans. It defines a program 12 
to manage wildland fires (wildfire and prescribed fire). The plan is supplemented by operational plans 13 
including, but not limited to, preparedness plans, preplanned dispatch plans, and prevention plans. FMPs 14 
ensure that wildland fire management goals and components are coordinated. 15 

Fluid minerals. Oil, gas, coal bed natural gas, and geothermal resources. 16 

Forage. All browse and herbaceous foods that are available to grazing animals. 17 

Forage base. The amount of vegetation available for wildlife and livestock use. 18 

Fragile soils. Soils having a shallow depth to bedrock, minimal surface layer of organic material, 19 
textures that are more easily detached and eroded, or are on slopes over 35 percent. 20 

Fugitive dust. Significant atmospheric dust arises from the mechanical disturbance of granular material 21 
exposed to the air. Dust generated from these open sources is termed fugitive because it is not 22 
discharged to the atmosphere in a confined flow stream. Common sources of fugitive dust include 23 
unpaved roads, agricultural tilling operations, aggregate storage piles, and heavy construction operations. 24 

General Mining Law of 1872. Provides for claiming and gaining title to locatable minerals on public 25 
lands. Also referred to as the General Mining Law or Mining Law. 26 

Geographic information system (GIS). A system of computer hardware, software, data, people, 27 
and applications that capture, store, edit, analyze, and display a potentially wide array of geospatial 28 
information.  29 

Geophysical exploration. Work to locate deposits of oil and gas resources and to better define the 30 
subsurface. 31 

Geothermal leasing/energy. Natural heat from within the Earth captured for production of electric 32 
power, space heating, or industrial steam. 33 

Goal. A broad statement of a desired outcome; usually not quantifiable and may not have established 34 
time frames for achievement. 35 
                                                 
4US Department of Interior, Bureau of Land Management. 2014. Handbook H-8320-1—Planning for Recreation 
and Visitor Services. Rel. 8-85. Washington, DC. August 22, 2014. Internet website: 
https://www.blm.gov/style/medialib/blm/wo/Information_Resources_Management/policy/blm_handbook.Par.36142.
File.dat/H-8320-1%20Recreation%20and%20Visitor%20Services%20Planning.pdf. 
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Great North Road. A Chacoan road that stretches from Pueblo Alto, in Chaco Canyon, New Mexico, 1 
to Kutz Canyon in the northern portion of the San Juan Basin. Chacoan roads are generally not visible 2 
on the ground and have been identified mainly through aerial photography. The Great North Road is 3 
one of the best studied Chacoan roads, and includes four parallel roads along some segments, as well as 4 
low masonry features thought to be curbs. The Great North Road is also known as the Chaco Great 5 
North Road or the North Road. It includes the BLM-designated North Road ACEC, which covers a 6 
subset of the overall Great North Road. 7 

Greenhouse gas (GHG). A gas in an atmosphere that absorbs and emits radiation within the thermal 8 
infrared range. This process is the fundamental cause of the greenhouse effect. The primary greenhouse 9 
gases in Earth’s atmosphere are water vapor, carbon dioxide, methane, nitrous oxide, and ozone. 10 

Great house. Large or very large masonry complexes constructed within Chaco Canyon from around 11 
A.D. 900 to 1200, with some complexes having up to 700 rooms. These structural complexes were 12 
well-planned, included certain features such as large plazas and kivas (ceremonial structures), and were 13 
often multiple stories with distinctive core-and-veneer masonry walls. These great houses were critical 14 
elements in an overall Chacoan system that eventually extended across the San Juan Basin and included 15 
many other communities. 16 

Groundwater. Water held underground in soil or permeable rock, often feeding springs and wells. 17 

Guidelines. Actions or management practices that may be used to achieve desired outcomes, 18 
sometimes expressed as BMPs. Guidelines may be identified during the land use planning process, but 19 
they are not considered a land use plan decision unless the plan specifies that they are mandatory. 20 
Guidelines for grazing administration must conform to 43 CFR 4180.2.  21 

Habitat. An environment that meets a specific set of physical, biological, temporal, or spatial 22 
characteristics that satisfy the requirements of a plant or animal species or group of species for part or 23 
all of their life cycle. 24 

Hazardous material. A substance, pollutant, or contaminant that, due to its quantity, concentration, 25 
or physical or chemical characteristics, poses a potential hazard to human health and safety or to the 26 
environment if released into the workplace or the environment. 27 

Historic properties. According to the National Register of Historic Places (NRHP), historic 28 
properties are defined as districts, sites, buildings, structures, and objects significant in American history, 29 
archaeology, engineering, and culture. 30 

Impact. The effect, influence, alteration, or imprint caused by an action. 31 

Impairment. The degree to which a distance of clear visibility is degraded by human-made pollutants. 32 

Implementation decisions. Decisions that take certain actions to implement land use planning; 33 
generally appealable to Interior Board of Land Appeals under 43 CFR 4.410.  34 

Implementation plan. An area- or site-specific plan written to implement decisions made in a land 35 
use plan. Implementation plans include both activity plans and project plans.  36 

Indicators. Factors that describe resource condition and change and can help the BLM determine 37 
trends over time. 38 

Indirect impact. Result from implementing an action or alternative but usually occurs later in time or 39 
is removed in distance and is reasonably certain to occur.  40 
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Individual Indian allotment. Allotments are parcels of land held in trust by the United States 1 
for individual Indians or held by Indians and otherwise subject to a restriction on alienation. That is, 2 
there would be a restriction on the Indian owner's ability to sell or transfer the allotment to another 3 
party.  4 

Intermittent stream. A stream that flows only at certain times of the year when it receives water 5 
from springs or from some surface sources, such as melting snow in mountainous areas. During the dry 6 
season and throughout minor drought periods, these streams will not exhibit flow. Geomorphological 7 
characteristics are not well defined and are often inconspicuous. In the absence of external limiting 8 
factors, such as pollution and thermal modifications, species are scarce and adapted to the wet and dry 9 
conditions of the fluctuating water level. 10 

Indian Trust Assets (ITA). Legal interests in property held in trust by the United States for Indian 11 
Tribes or individuals. The Secretary of the Interior, acting as the trustee, holds many assets in trust. 12 

LANDFIRE VCC. A landscape-scale fire, ecosystem, and fuel assessment mapping project designed to 13 
generate comprehensive maps of vegetation, fire and fuel characteristics nationally and identify and 14 
develop a set of tools to create and distribute data to users. 15 

Land health condition. A classification for land health that includes these categories: Meeting land 16 
health standard(s) and not meeting land health standard(s). 17 

Land tenure adjustments. Land ownership or jurisdictional changes. To improve the manageability of 18 
the BLM-administered lands and their usefulness to the public, the BLM has numerous authorities for 19 
repositioning lands into a more consolidated pattern, disposing of lands, and entering into cooperative 20 
management agreements. These land pattern improvements are completed primarily through the use of 21 
land exchanges but also through land sales, through jurisdictional transfers to other agencies, and 22 
through the use of cooperative management agreements and leases. 23 

Land use allocation. The identification in a land use plan of the activities and foreseeable development 24 
that are allowed, restricted, or excluded for all or part of the planning area, based on desired future 25 
conditions (BLM 20055). 26 

Land use plan. A set of decisions that establish management direction for land within an administrative 27 
area, as prescribed under the planning provisions of Federal Land Policy and Management Act; an 28 
assimilation of land use plan level decisions developed through the planning process outlined in 43 CFR 29 
1600, regardless of the scale at which the decisions were developed. The term includes both resource 30 
management plans and management framework plans (BLM 20056). 31 

Land use plan decision. Establishes desired outcomes and actions needed to achieve them. Decisions 32 
are reached using the planning process in 43 CFR 1600. When they are presented to the public as 33 
proposed decisions, they can be protested to the BLM Director. They are not appealable to the Interior 34 
Board of Land Appeals. 35 

Leasable minerals. Those minerals or materials designated as leasable under the Mineral Leasing Act 36 
of 1920. These include energy-related mineral resources, such as oil, natural gas, coal, and geothermal, 37 
                                                 
5US Department of the Interior, Bureau of Land Management. 2005. Handbook H-1601-1—Land Use Planning 
Handbook. Rel. 1-1693. Washington, DC. March 11, 2005. Internet website: https://www.blm.gov/style/medialib/ 
blm/ak/aktest/planning/planning_general.Par.65225.File.dat/blm_lup_handbook.pdf. 
6Ibid. 

http://www.blm.gov/id/st/en/prog/energy/oil_and_gas0.html
http://www.blm.gov/wo/st/en/prog/energy/coal_and_non-energy.html
http://www.blm.gov/id/st/en/prog/energy/geothermal.html
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and some nonenergy minerals, such as phosphate, sodium, potassium, and sulfur. Geothermal resources 1 
are also leasable under the Geothermal Steam Act of 1970. 2 

Lease. Section 302 of the Federal Land Policy and Management Act of 1976 provides the BLM with the 3 
authority to issue leases for the use, occupancy, and development of public lands. Leases are issued for 4 
such purposes as commercial filming, advertising displays, commercial or noncommercial croplands, 5 
apiaries, livestock holding or feeding areas not related to grazing permits and leases, native or 6 
introduced species harvesting, temporary or permanent facilities for commercial purposes (does not 7 
include mining claims), residential occupancy, ski resorts, construction equipment storage sites, assembly 8 
yards, oil rig stacking sites, mining claim occupancy (if the residential structures are not incidental to the 9 
mining operation), and water pipelines and well pumps related to irrigation and non-irrigation facilities. 10 
The regulations establishing procedures for processing these leases and permits are found in 43 CFR 11 
2920. 12 

Lease stipulation. A modification of the terms and conditions on a standard lease form at the time of 13 
the lease sale. 14 

Lentic. Pertaining to standing water, such as lakes and ponds. 15 

Limited area. Means an area restricted at certain times, in certain areas, and/or to certain vehicular 16 
use. These restrictions may be of any type, but can generally be accommodated within the following type 17 
of categories: Numbers of vehicles; types of vehicles; time or season of vehicle use; permitted or 18 
licensed use only; use on existing roads and trails; use on designated roads and trails (43 CFR 8340.0-5 19 
[g]). 20 

Locatable minerals. Minerals subject to exploration, development, and sale, exchange, or conveyance 21 
by staking mining claims as authorized by the Mining Law of 1872, as amended. This includes deposits of 22 
gold, silver, and other uncommon minerals not subject to lease or sale. 23 

Loci of traditional cultural practices. Defined in the Navajo Nation Guidelines for the Treatment of 24 
Historic, Modern & Contemporary Abandoned Sites as abandoned cultural sites of recent historic, modern 25 
or contemporary age [that] are frequently encountered during cultural resource inventories. Examples 26 
could include Navajo home sites, which are the location of a variety of ceremonies and related practices 27 
that are “sacred.” Hogans and sweathouses are usually blessed, and sites of ceremonial activity such as 28 
Enemy-way and other religious observances are also examples. Some of these loci may not be NRHP-29 
eligible but are still considered in their significance under AIRFA. Reasonable attempts should be made 30 
to locate and interview former users or knowledgeable local residents about the locus significance and 31 
any potential methods to avoid or minimize impacts.  32 

Long-term effect. The effect could occur for an extended period after implementation of the 33 
alternative. The effect could last several years or more. 34 

Lotic. Pertaining to moving water, such as streams or rivers. 35 

Management decision. A decision made by the BLM to manage public lands. Management decisions 36 
include both land use plan decisions and implementation decisions. 37 

Master development plans. A set of information common to multiple planned wells, including drilling 38 
plans, surface use plans of operations, and plans for future production. 39 

Mineral. Any naturally formed inorganic material, solid or fluid inorganic substance that can be 40 
extracted from the earth, any of various naturally occurring homogeneous substances (such as stone, 41 

http://www.blm.gov/id/st/en/prog/lands_and_realty/minerals/phosphate.html
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coal, salt, sulfur, sand, petroleum, water, or natural gas) obtained usually from the ground. Under federal 1 
laws, considered as locatable (subject to the general mining laws), leasable (subject to the Mineral 2 
Leasing Act of 1920), and salable (subject to the Materials Act of 1947). 3 

Mineral entry. The filing of a claim on public land to obtain the right to any locatable minerals it may 4 
contain. 5 

Mineral estate. The ownership of minerals, including rights necessary for access, exploration, 6 
development, mining, ore dressing, and transportation operations. 7 

Mineral materials. Common varieties of mineral materials, such as soil, sand and gravel, stone, 8 
pumice, pumicite, and clay, that are not obtainable under the mining or leasing laws but that can be 9 
acquired under the Materials Act of 1947, as amended. 10 

Mining claim. A parcel of land that a miner takes and holds for mining purposes, having acquired the 11 
right of possession by complying with the Mining Law and local laws and rules. A mining claim may 12 
contain as many adjoining locations as the locator may make or buy. There are four categories of mining 13 
claims: lode, placer, mill site, and tunnel site. 14 

Mining Law of 1872. Provides for claiming and gaining title to locatable minerals on public lands. Also 15 
referred to as the General Mining Law or Mining Law. 16 

Mitigation. Specific means, measures, or practices that could reduce, avoid, or eliminate adverse 17 
impacts. Mitigation can include avoiding the impact altogether by not taking a certain action or parts of 18 
an action, minimizing the impact by limiting the degree of magnitude of the action and its 19 
implementation, rectifying the impact by repairing, rehabilitating, or restoring the affected environment, 20 
reducing or eliminating the impact over time by preservation and maintenance operations during the life 21 
of the action, and compensating for the impact by replacing or providing substitute resources or 22 
environments. 23 

Modification. A change to the provisions of a lease stipulation, either temporarily or for the term of 24 
the lease. Depending on the specific modification, the stipulation may or may not apply to all sites within 25 
the leasehold to which the restrictive criteria are applied. 26 

Monitoring (plan monitoring). The process of tracking the implementation of land use plan 27 
decisions and collecting and assessing data necessary to evaluate the effectiveness of land use planning 28 
decisions. 29 

Motorized travel. Moving by means of vehicles that are propelled by motors, such as cars, trucks, off-30 
highway vehicles, motorcycles, snowmobiles, aircraft, and boats. 31 

Motorized vehicles or uses. Vehicles that are motorized, such as jeeps, all-terrain vehicles (e.g., four-32 
wheelers and three-wheelers), trail motorcycles or dirt bikes, and aircraft. 33 

Multiple-use. The management of the public lands and their various resource values so that they are 34 
used in the combination that will best meet the present and future needs of the American people; 35 
making the most judicious use of the land for some or all of these resources or related services over 36 
areas large enough to provide sufficient latitude for periodic adjustments in use to changing needs and 37 
conditions; the use of some land for less than all of the resources; a combination of balanced and diverse 38 
resource uses that takes into account the long-term needs of future generations for renewable and 39 
nonrenewable resources, including recreation, range, timber, minerals, watershed, wildlife and fish, and 40 
natural scenic, scientific and historical values; and harmonious and coordinated management of the 41 
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various resources without permanent impairment of the productivity of the land and the quality of the 1 
environment with consideration being given to the relative values of the resources and not necessarily 2 
to the combination of uses that will give the greatest economic return or the greatest unit output 3 
(Federal Land Policy and Management Act; BLM 20087). 4 

Municipal watershed. A watershed area that provides water for use by a municipality as defined by 5 
the community and accepted by the State. 6 

National Environmental Policy Act of 1969 (NEPA). Public Law 91-190. Establishes 7 
environmental policy for the nation. Among other items, NEPA requires federal agencies to consider 8 
environmental values in decision-making processes. 9 

National Historic Trail (NHT). A congressionally designated trail that is an extended, long-distance 10 
trail, not necessarily managed as continuous, that follows as closely as possible and practicable the 11 
original trails or routes of travel of national historic significance. The purpose of a NHT is the 12 
identification and protection of the historic route and the historic remnants and artifacts for public use 13 
and enjoyment. A NHT is managed in a manner to protect the nationally significant resources, qualities, 14 
values, and associated settings of the areas that such trails may pass through, including the primary use 15 
or uses of the trail (BLM 20128). 16 

Native vegetation. Plant species that were found here prior to Euro-American settlement and 17 
consequently are in balance with these ecosystems because they have well developed parasites, 18 
predators, and pollinators. 19 

Natural. The Wilderness Act states that wilderness is “protected and managed so as to preserve its 20 
natural conditions.” In short, wilderness ecological systems should be as free as possible from the effects 21 
of modern civilization. Management must foster a natural distribution of native wildlife, fish, and plants 22 
by ensuring that ecosystems and ecological processes continue to function naturally. Watersheds, water 23 
bodies, water quality, and soils are maintained in a natural condition; associated ecological processes 24 
previously altered by human influences will be allowed to return to their natural condition. Fire, insects, 25 
and diseases are allowed to play their natural role in the wilderness ecosystem except where these 26 
activities threaten human life, property, or high value resources on adjacent non-wilderness lands. 27 
Additional guidance on this is provided in section 1.6.C of this manual, which addresses the management 28 
of specific activities in wilderness. This quality may be affected by intended or unintended effects of 29 
human activities on the ecological systems inside the wilderness. 30 

Natural processes. Fire, drought, insect and disease outbreaks, flooding, and other events that existed 31 
prior to Euro-American settlement and that shaped vegetation composition and structure. 32 

Navajo Tribal fee lands. Lands owned in fee simple by the Navajo Nation. These lands are not part of 33 
the BLM or BIA decision areas because the agencies do not have management authority over them.  34 

                                                 
7US Department of the Interior, Bureau of Land Management. 2008. Manual 6840—Special Status Species 
Management. Rel. 6-125. Washington, DC. December 12, 2008. Internet website: https://www.blm.gov/style/ 
medialib/blm/wo/Information_Resources_Management/policy/blm_manual.Par.43545.File.dat/6840.pdf. 
8US Department of the Interior, Bureau of Land Management. 2012. Manual 6280—Management of National Scenic 
and Historic Trails and Trails Under Study or Recommended as Suitable for Congressional Designation. Rel. 6-139. 
Washington, DC. September 14, 2012. Internet website: https://www.blm.gov/style/medialib/blm/wo/ 
Information_Resources_Management/policy/blm_manual.Par.1039.File.dat/M6280%20NSHT%20Management_Final
_091212%20(2).pdf. 
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Navajo Tribal trust lands. Lands within a Tribe’s reservation that is held by the United States in trust 1 
for the tribe. Under federal law, such lands generally may not be sold, taxed, encumbered. However, 2 
Tribes may be able to ease trust lands and the lessee or sublessees of sch lands may be able to grant 3 
leasehold mortgages on their leasehold interests subject to federal approval. 4 

Nonenergy leasable minerals. Those minerals or materials designated as leasable under the Mineral 5 
Leasing Act of 1920. Nonenergy minerals include resources such as phosphate, sodium, potassium, and 6 
sulfur. 7 

Nonmotorized travel. Moving by foot, stock or pack animal, nonmotorized boat, ski, or mechanized 8 
vehicle, such as a bicycle. 9 

Nonfunctional condition. Riparian-wetland areas that clearly are not providing adequate vegetation, 10 
landform, or woody debris to dissipate energies associated with flow events, and thus are not reducing 11 
erosion or improving water quality.  12 

No surface occupancy (NSO). A major constraint where use or occupancy of the land surface for 13 
fluid mineral exploration or development and all activities associated with fluid mineral leasing (e.g., 14 
truck-mounted drilling and geophysical exploration equipment off designated routes, and construction of 15 
wells and pads) are prohibited to protect identified resource values. Areas identified as NSO are open 16 
to fluid mineral leasing, but surface occupancy or surface-disturbing activities associated with fluid 17 
mineral leasing cannot be conducted on the surface of the land. Access to fluid mineral deposits would 18 
require horizontal drilling from outside the boundaries of the NSO area. 19 

Noxious weeds. A plant species designated by federal or state law as generally possessing one or more 20 
of the following characteristics: aggressive and difficult to manage, parasitic, a carrier or host of serious 21 
insects or disease or nonnative, new, or not common to the United States. 22 

Objective. A description of a desired outcome for a resource. Objectives can be quantified and 23 
measured and, where possible, have established time frames for achievement. 24 

Occupancy. Full-time or part-time residence on public lands. It also means activities that involve 25 
residence; the construction, presence, or maintenance of temporary or permanent structures that may 26 
be used for such purposes; or the use of a watchman or caretaker to monitor activities. Residences or 27 
structures include barriers to access, fences, tents, motor homes, trailers, cabins, houses, buildings, and 28 
storage of equipment or supplies (43 CFR 3715.0-5). 29 

Off-highway vehicle or off-road vehicle (OHV). Any motorized vehicle capable of, or designated 30 
for travel on or immediately over land, water or other natural terrain. OHV does not include the 31 
following:  32 

• Any non-amphibious registered motorboat 33 

• Any military, fire, emergency, or law enforcement vehicle while being used for emergencies 34 

• Any vehicle whose use is expressly authorized by the authorized officer or otherwise officially 35 
approved 36 

• Vehicles in official use 37 

• Any combat or combat support vehicle when used for national defense emergencies (43 CFR 38 
8340.0-5) 39 

Oil and Gas ROW (Right-of-Way). Specific to industrial transport of oil, gas or other oil and gas 40 
field related products, e.g. produced water. Not to be confused with residential or commercial utility 41 

http://www.blm.gov/id/st/en/prog/lands_and_realty/minerals/phosphate.html
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rights-of-way that provide gas to homes or commercial buildings, such as schools, churches, chapter 1 
house, or other businesses. 2 

Open. Generally, denotes that an area is available for a particular use or uses. Refer to specific program 3 
definitions found in law, regulations, or policy guidance for application to individual programs. For 4 
example, 43 CFR 8340.0-5 defines open as it relates to OHV use. 5 

Ozone. A faint blue gas produced in the atmosphere from chemical reactions of burning coal, gasoline, 6 
and other fuels and chemicals found in such products as solvents, paints, and hairsprays. 7 

Paleontological resources. Any fossilized remains, traces, or imprints of organisms, preserved in the 8 
Earth's crust, that are of paleontological interest and that provide information about the history of life 9 
on Earth (PRPA Section 6301, 16 USC 470aaa-1). 10 

Particulate matter (PM). One of the six criteria pollutants for which the US Environmental 11 
Protection Agency established National Ambient Air Quality Standards. Particulate matter is defined as 12 
two categories: fine particulate, with an aerodynamic diameter of 10 micrometers (PM10) or less, and 13 
fine particulate, with an aerodynamic diameter of 2.5 micrometers or less (PM2.5). 14 

Perennial stream. One that flows continuously. Perennial streams are generally associated with a 15 
water table in the localities that they flow through. 16 

Permitted use. The forage allocated by, or under the guidance of, an applicable land use plan for 17 
livestock grazing in an allotment under a permit or lease and expressed in animal unit months (43 CFR 18 
4100.0-5). 19 

Permittee. A person or company permitted to graze livestock on public land. 20 

Physiography. The study and classification of the surface features of the Earth. 21 

Plan of Operations. Required for all mining activity exploration greater than 5 acres or surface 22 
disturbance greater than casual use on certain special category lands. Special category lands are 23 
described under 43 CFR 3809.11(c), and include such lands as designated ACECs, lands in the National 24 
Wilderness Preservation System, and areas closed to OHVs, among others. In addition, a plan of 25 
operations is required for activity greater than casual use on lands patented under the Stock Raising 26 
Homestead Act with federal minerals, where the operator does not have the written consent of the 27 
surface owner (43 CFR 3814). The plan of operations needs to be filed in the BLM field office with 28 
jurisdiction over the land involved. It does not need to be on a particular form but must address the 29 
information required by 43 CFR 3809.401(b). 30 

Planning area. The planning area consists of a portion of the FFO and NRO in San Juan, Rio Arriba, 31 
McKinley, and Sandoval Counties. It encompasses 4,189,460 acres, including lands managed by the BLM, 32 
the BIA (Tribal Trust lands and Individual Indian Allotments), the State of New Mexico, the US Forest 33 
Service, the National Park Service, the Bureau of Reclamation, and New Mexico Game and Fish; it also 34 
includes private property.  35 

Planning criteria. The standards, rules, and other factors developed by managers and interdisciplinary 36 
teams for their use in forming judgments about decision-making, analysis, and data collection during 37 
planning. Planning criteria streamlines and simplifies the resource management planning actions. 38 

Planning issues. Concerns, conflicts, and problems with the existing management of public lands. 39 
Frequently, issues are based on how land uses affect resources. Some issues are concerned with how 40 
land uses can affect other land uses or how the protection of resources affects land uses. 41 
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Policy. This is a statement of guiding principles, or procedures, designed and intended to influence 1 
planning decisions, operating actions, or other affairs of the BLM. Policies are established interpretations 2 
of legislation, executive orders, regulations, or other presidential, secretarial, or management directives. 3 

Potential wind development area. BLM-managed lands in areas open for wind energy development 4 
that exhibit wind speeds of 7 meters (23 feet) per second or greater when measured at 120 meters 5 
(394 feet). 6 

Preceramic occupation. Occupation that occurred prior to the use of ceramics, where the most 7 
common tools would have been stone or perishable materials. Most researchers identify the initial use 8 
of ceramics in the southwestern United States as having occurred sometime around A.D. 200 during the 9 
Basketmaker II period.  10 

Prehistoric. In the southwestern United States, prehistoric refers to the period prior to the entrance 11 
of Europeans to the Southwest with the respective 1539 and 1540 journeys of Fray Marcos de Niza and 12 
Coronado through Arizona and New Mexico. 13 

Prescribed fire. A wildland fire originating from a planned ignition to meet specific objectives identified 14 
in a written, approved, prescribed fire plan for which National Environmental Policy Act requirements 15 
(where applicable) have been met before ignition. 16 

Produced water. Water trapped in underground formations that is brought to the surface during oil 17 
and gas exploration and production. In traditional oil and gas wells, produced water is brought to the 18 
surface along with oil or gas. 19 

Proper functioning condition (PFC). A term describing stream health that is based on the presence 20 
of adequate vegetation, landform and debris to dissipate energy, reduce erosion, and improve water 21 
quality. 22 

Protohistoric. In the southwestern United States, protohistoric refers to the early historic period 23 
when there was limited contact with Europeans. This period is generally considered to start with 24 
Coronado’s 1540 entrada and end with the Don Juan de Oñate’s 1598 arrival with hundreds of Spanish 25 
to settle New Mexico. 26 

Public domain. Any or all of those areas of land ceded to the federal government by the original states 27 
and other lands that were later acquired by treaty, purchase, or cession and are disposed of only under 28 
the authority of Congress. 29 

Public land. Land or interest in land owned by the United States and administered by the Secretary of 30 
the Interior through the BLM without regard to how the United States acquired ownership, except 31 
lands on the Outer Continental Shelf and lands held for the benefit of Indians, Aleuts, and Eskimos (BLM 32 
20059). 33 

Public lands not designated as recreation management areas. All lands not designated as a 34 
SRMA or ERMA. 35 

Range Improvement. An authorized physical modification or treatment which is designed to improve 36 
production of forage, to change vegetation composition, to control patterns of use, to provide water, to 37 
                                                 
9US Department of the Interior, Bureau of Land Management. 2005. Handbook H-1601-1—Land Use Planning 
Handbook. Rel. 1-1693. Washington, DC. March 11, 2005. Internet website: https://www.blm.gov/style/medialib/ 
blm/ak/aktest/planning/planning_general.Par.65225.File.dat/blm_lup_handbook.pdf. 
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stabilize soil and water conditions, to restore, protect, and improve the condition of rangeland 1 
ecosystems to benefit livestock, wild horses and burros, and fish and wildlife. The term includes 2 
structures, treatment projects, and use of mechanical devices or modifications achieved through 3 
mechanical means (43 CFR 4100.0-5). 4 

Range improvement. An authorized physical modification or treatment which is designed to improve 5 
production of forage, to change vegetation composition, to control patterns of use, to provide water, to 6 
stabilize soil and water conditions, to restore, protect, or improve the condition of rangeland 7 
ecosystems to benefit livestock, wild horses and burros, and fish and wildlife. This definition includes, but 8 
is not limited to: structures, treatment projects and use of mechanical devices, or modifications achieved 9 
through mechanical means. 10 

Rangeland treatment. All methods of artificial range improvement arid soil stabilization, such as 11 
reseeding, brush control (chemical and mechanical), pitting, furrowing, and water spreading. 12 

Raptor. Bird of prey with sharp talons and strongly curved beaks, such as a hawk, owl, falcon, or eagle. 13 

Reasonable foreseeable development (RFD) scenario. The prediction of the type and amount of 14 
oil and gas activity that would occur in a given area. The prediction is based on geologic factors, past 15 
history of drilling, projected demand for oil and gas, and industry interest. 16 

Reclamation. The suite of actions taken within an area affected by human disturbance, the outcome of 17 
which is intended to change the condition of the disturbed area to meet predetermined objectives or 18 
make it acceptable for certain defined resources (e.g., wildlife habitat, grazing, and ecosystem function). 19 

Recreation experiences. Psychological outcomes realized either by recreation-tourism participants as 20 
a direct result of their on-site leisure engagements and recreation-tourism activity participation or by 21 
nonparticipating community residents as a result of their interaction with visitors and guests within their 22 
community or interaction with the BLM and other public and private recreation-tourism providers and 23 
their actions. 24 

Recreation management area (RMA). Includes SRMAs and ERMAs; see SRMA and ERMA. 25 

Recreation management zone (RMZ). A subdivision of a recreation management area that further 26 
delineates specific recreation opportunities and recreation setting characteristics (BLM 201410). 27 

Recreation opportunities. Favorable circumstances enabling visitors’ engagement in a leisure activity 28 
to realize immediate psychological experiences and attain more lasting, value-added beneficial outcomes. 29 

Recreation settings. The collective distinguishing attributes of landscapes that influence and 30 
sometimes actually determine what kinds of recreation opportunities are produced.  31 

Reference state. The state where the functional capacities represented by soil/site stability, hydrologic 32 
function, and biotic integrity are performing at an optimum level under the natural disturbance regime. 33 
This state usually includes what is often referred to as the potential natural plant community. 34 

Rehabilitate/rehabilitation. Returning disturbed lands as near to its pre-disturbed condition as is 35 
reasonably practical or as specified in approved permits. 36 
                                                 
10US Department of Interior, Bureau of Land Management. 2014. Handbook H-8320-1—Planning for Recreation 
and Visitor Services. Rel. 8-85. Washington, DC. August 22, 2014. Internet website: https://www.blm.gov/style/ 
medialib/blm/wo/Information_Resources_Management/policy/blm_handbook.Par.36142.File.dat/H-8320-
1%20Recreation%20and%20Visitor%20Services%20Planning.pdf. 
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Relict forest communities. (1) A species properly belonging to an earlier vegetation than that which 1 
is now found. (2) A plant community or species which, through the operation of some compensatory or 2 
protective environmental feature has survived some important change, e.g., climate or land use, that has 3 
altered the general vegetation in the surrounding area. (3) A remnant or fragment of a flora that remains 4 
from some former period when it was more completely developed. (4) A remnant of the population of a 5 
species that was formerly more widespread and is unique and/or rare to the present-day vegetation 6 
community. Within the FFO, remnant ponderosa pine trees found in badlands represent relict species in 7 
the present-day badlands vegetation community. 8 

Renewable energy. Energy resources that constantly renew themselves or that are regarded as 9 
practically inexhaustible. These include solar, wind, geothermal, hydro, and biomass. Although particular 10 
geothermal formations can be depleted, the natural heat in the Earth is a virtually inexhaustible reserve 11 
of potential energy. 12 

Resource management plan (RMP). A land use plan prescribed by the Federal Land Policy and 13 
Management Act that establishes, for a given area of land, land use allocations and coordination 14 
guidelines for multiple-use, objectives, and actions to be achieved. 15 

Restore/restoration. Implementation of passive or active management actions designed to increase or 16 
maintain perennial herbaceous species and landscape cover of sagebrush so that plant communities are 17 
more resilient to disturbance and invasive species over the long term. The long‐term goal is to create 18 
functional, high quality habitat that is occupied by sage‐grouse. A short‐term goal may be to restore the 19 
landform, soils, and hydrology and to increase the percentage of preferred vegetation, seeding of desired 20 
species, or treatment of undesired species.  21 

Restriction/restricted use. A limitation or constraint on public land uses and operations. Restrictions 22 
can be of any kind, but most commonly apply to certain types of vehicle use, temporal or spatial 23 
constraints, or certain authorizations. 24 

Revegetate/revegetation. The process of putting vegetation back in an area where it previously 25 
existed, which may or may not simulate natural conditions. 26 

Revision. The process of completely rewriting the land use plan due to changes in the planning area 27 
affecting major portions of the plan or the entire plan.  28 

Right-of-way (ROW). Public lands that the BLM authorizes a holder to use or occupy under a grant; 29 
examples are roads, pipelines, power lines, and fiber optic lines.  30 

Right-of-way (ROW) avoidance area. An area identified through resource management planning to 31 
be avoided but may be available for ROW location with special stipulations. 32 

Right-of-way (ROW) exclusion area. An area identified through resource management planning that 33 
is not available for ROW location under any conditions. 34 

Riparian area. A form of wetland transition between permanently saturated wetlands and upland 35 
areas. Riparian areas exhibit vegetation or physical characteristics that reflect the influence of permanent 36 
surface or subsurface water. Typical riparian areas include lands along, next to, or contiguous with 37 
perennially and intermittently flowing rivers and streams, glacial potholes, and the shores of lakes and 38 
reservoirs with stable water levels. Excluded are ephemeral streams or washes that lack vegetation and 39 
depend on free water in the soil. 40 
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Riparian management zone. Areas where riparian values receive primary emphasis with all activities 1 
to the extent possible. Maintaining and restoring quality riparian habitat (including vegetation) is 2 
important as habitat for many wildlife species, to maintain water quality, appropriate woody material, 3 
and nutrient routing to aquatic habitats, and to maintain appropriate stream channel morphology. 4 

Riparian zone. An area one-quarter-mile wide encompassing riparian and adjacent vegetation. 5 

Road. A linear route declared a road by the owner, managed for use by low-clearance vehicles having 6 
four or more wheels, and maintained for regular and continuous use. 7 

Rotation. Grazing rotation between pastures in the allotment for the permitted time. 8 

Routes. Multiple roads, trails, and primitive roads; a group or set of roads, trails, and primitive roads 9 
that represents less than 100 percent of the BLM transportation system. Generically, components of the 10 
transportation system.  11 

Sale (public land). A method of land disposal pursuant to Section 203 of the Federal Land Policy and 12 
Management Act, whereby the United States receives a fair-market payment for the transfer of land 13 
from federal ownership. Public lands determined suitable for sale are offered on the initiative of the 14 
BLM. The lands must be identified in the RMP. Any lands to be disposed of by sale that are not identified 15 
in the current RMP, or that meet the disposal criteria identified in the RMP, require a plan amendment 16 
before a sale can occur. 17 

Saturated soils. Occur when the infiltration capacity of the soil is exceeded from above due to rainfall 18 
or snowmelt runoff. Soils can also become saturated from groundwater inputs. 19 

Scarification. Shallow loosening of the soil surface. 20 

Scoping process. An early and open public participation process for determining the scope of issues 21 
to be addressed and for identifying the significant issues related to a proposed action. 22 

Season of use. The time during which livestock grazing is permitted on a given range area, as specified 23 
in the grazing lease. 24 

Seeding. A vegetation treatment that includes the application of grass, forb, or shrub seed, either by air 25 
or from the ground. In areas of gentle terrain, ground applications of seed are often accomplished with a 26 
rangeland drill. Seeding allows the establishment of native species or placeholder species and restoration 27 
of disturbed areas to a perennial-dominated cover type, thereby decreasing the risk of subsequent 28 
invasion by exotic plant species. Seeding would be used primarily as a follow-up treatment in areas 29 
where disturbance or the previously described treatments have removed exotic plant species and their 30 
residue. 31 

Sensitive soils. Sensitive soils have a high risk of degradation from surface uses, such as the soils 32 
poorly suited to reclamation, badlands, soils with severe erosion hazard, soils on steep slopes, and 33 
hydric soils. Criteria used to determine soil sensitivity to surface uses are continually adapted as 34 
conditions change or new information or technology becomes available. 35 

Short-term effect. Occurs only during or immediately after implementation of an alternative. 36 

Solitude or Primitive and Unconfined Recreation. The Wilderness Act states that wilderness has 37 
“outstanding opportunities for solitude or a primitive and unconfined type of recreation.” Wilderness 38 
provides opportunities for people to experience: natural sights and sounds; remote, isolated, 39 
unfrequented, or secluded places; and freedom, risk, and the physical and emotional challenges of self-40 
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discovery and self-reliance. Any one wilderness does not have to provide all these opportunities, nor is 1 
it necessary that they be present on every acre of a given wilderness. Where present, however, the 2 
preservation of these opportunities is important to the preservation of wilderness character as a whole. 3 
This quality is impaired by settings that reduce these opportunities, such as visitor encounters, signs of 4 
modern civilization, recreation facilities, and management restrictions on visitor behavior. 5 

Special Recreation Management Area (SRMA). An administrative public lands unit identified in 6 
land use plans where the existing or proposed recreation opportunities and recreation setting 7 
characteristics are recognized for their unique value, importance, or distinctiveness, especially as 8 
compared to other areas used for recreation (BLM 2014)11. 9 

Special recreation permit (SRP). Authorization that allows for recreational uses of public lands and 10 
related waters. Issued as a means to control visitor use, protect recreational and natural resources, and 11 
provide for the health and safety of visitors. Commercial SRPs are also issued to provide a fair return 12 
for the commercial use of public lands. 13 

Special status species. BLM special status species are those listed, candidate, or proposed for listing 14 
under the Endangered Species Act and those requiring special management consideration to promote 15 
their conservation and reduce the likelihood and need for future listing under the Endangered Species 16 
Act that are designated as BLM sensitive by a BLM State Director. All federally listed candidate species, 17 
proposed species, and delisted species in the five years following delisting are conserved as BLM 18 
sensitive species. 19 

Split-estate. The circumstance where the surface of a particular parcel is owned by a different party 20 
than the minerals underlying the surface. Split-estates may have any combination of surface/subsurface 21 
owners: federal/state, federal/private, state/private, Navajo trust/federal, Navajo allotment/federal, or 22 
percentage ownerships. When referring to the split-estate ownership on a particular parcel of land, it is 23 
generally necessary to describe the surface/subsurface ownership pattern of the parcel. 24 

Stabilize. The process of stopping further damage from occurring. 25 

Standard. A description of the physical and biological conditions or degree of function required for 26 
healthy, sustainable lands (e.g., land health standards). To be expressed as a desired outcome (goal).  27 

Standard lease terms and conditions. Areas may be open to leasing with no specific management 28 
decisions defined in an RMP; however, these areas are subject to lease terms and conditions as defined 29 
on the lease form (Form 3100-11, Offer to Lease and Lease for Oil and Gas; and Form 3200-24, Offer 30 
to Lease and Lease for Geothermal Resources). 31 

State. An integrated soil and vegetation unit having one or more biological communities that occur on 32 
a particular ecological site and that are functionally similar with respect to the three attributes (soil/site 33 
stability, hydrologic function, and biotic integrity) under natural disturbance regimes. 34 

Steep slopes. Those that are 30 percent or greater. 35 

Stipulation (general). A term or condition in an agreement or contract. 36 

                                                 
11US Department of Interior, Bureau of Land Management. 2014. Handbook H-8320-1—Planning for Recreation 
and Visitor Services. Rel. 8-85. Washington, DC. August 22, 2014. Internet website: https://www.blm.gov/style/ 
medialib/blm/wo/Information_Resources_Management/policy/blm_handbook.Par.36142.File.dat/H-8320-
1%20Recreation%20and%20Visitor%20Services%20Planning.pdf. 
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Stipulation (oil and gas). A provision that modifies standard oil and gas lease terms and conditions in 1 
order to protect other resource values or land uses and is attached to and made a part of the lease. 2 
Typical lease stipulations are no surface occupancy (NSO), timing limitations (TL), and controlled surface 3 
use (CSU). Lease stipulations are developed through the RMP process. 4 

Surface disturbance. Surface-disturbing activities result from land uses and affect soils and vegetation 5 
to varying degrees depending on the amount, location, and type of disturbance; soil type; time of year; 6 
climate; and surface hydrology. Surface-disturbing activities remove protective vegetative cover and soil 7 
crusts and can alter soil physical, chemical, and biological properties, increasing soil susceptibility to 8 
water and wind erosion and decreasing its quality and site productivity. 9 

Surface-disturbing activities. An action that alters the vegetation, surface/near surface soil 10 
resources, or surface geologic features beyond natural site conditions and on a scale that affects other 11 
public land values. Examples of surface-disturbing activities are operation of heavy equipment to 12 
construct well pads, roads, pits and reservoirs; installation of pipelines and power lines; and the conduct 13 
of several types of vegetation treatments (e.g., prescribed fire). Surface-disturbing activities may be 14 
either authorized or prohibited. 15 

Surface uses. These are all the various activities that may be present on the surface or near-surface 16 
(e.g., pipelines) of the public lands. The term does not refer to those subterranean activities (e.g., 17 
underground mining) on public lands or federal mineral estate. When administered as a use restriction 18 
(e.g., No Surface Use), this phrase prohibits all but specified resource uses and activities in a certain area 19 
to protect particular sensitive resource values and property. This designation typically applies to small 20 
acreage sensitive resource sites (e.g., plant community study exclosure) and administrative sites (e.g., 21 
government ware-yard) where only authorized agency personnel are admitted. 22 

Surface Use Plan of Operations. Describes the operators plans for the surface use, disturbance and 23 
operations and is one of the required components of a "complete APD package", in accordance with 43 24 
CFR 3162.3-1(d)(2)  (https://ecfr.io/Title-43/pt43.2.3160#se43.2.3162_13_61).    25 

Sustained yield. The achievement and maintenance in perpetuity of a high-level annual or regular 26 
periodic output of the various renewable resources of the public lands consistent with multiple uses. 27 

Technically/economically feasible. Actions that are practical or feasible from the technical and 28 
economic standpoint and using common sense, rather than simply desirable from the standpoint of the 29 
applicant. It is the BLM’s sole responsibility to determine what actions are technically and economically 30 
feasible. The BLM will consider whether implementation of the proposed action is likely given past and 31 
current practice and technology; this consideration does not necessarily require a cost-benefit analysis 32 
or speculation about an applicant’s “costs and profit” (CEQ 198112; BLM 200813). 33 

Temporary use. The opposite of permanent/permanent use. It is a relative term and has to be 34 
considered in the context of the resource values affected and the nature of the resource uses and 35 

                                                 
12Council on Environmental Quality. 1981. Forty Most Asked Questions Concerning CEQ’s National 
Environmental Policy Act Regulations. Washington, DC. March 23, 1981. 
13US Department of the Interior, Bureau of Land Management. 2008. Handbook H-1790-1—National 
Environmental Policy Act. Rel. 1-1710. Washington, DC. January 30, 2008. Internet website: 
https://www.blm.gov/style/medialib/blm/ak/aktest/planning/planning_general.Par.2116.File.dat/Handbook.NEPA.H-
1790-1.2k8.01.30[1].pdf. 
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activities taking place. Generally, a temporary activity is considered to be one that is not fixed in place 1 
and is of short duration. 2 

Temporary route. Temporary routes are defined as short-term overland roads, primitive roads or 3 
trails; authorized or acquired for the development, construction or staging of a project or event that has 4 
a finite lifespan. 5 

Terrestrial. Living or growing in or on the land. 6 

Threatened species. Any species that is likely to become endangered in the foreseeable future 7 
throughout all or a significant portion of its range (BLM 2008a). Under the Endangered Species Act in 8 
the United States, threatened is less protected than endangered. Designation as threatened or 9 
endangered is determined by US Fish and Wildlife Service, as directed by the Endangered Species Act. 10 

Timber. Standing trees, downed trees, or logs that are capable of being measured in board feet. 11 

Timing limitation (TL). This stipulation, a moderate constraint, is applicable to fluid mineral leasing, 12 
all activities associated with fluid mineral leasing (e.g., truck-mounted drilling and geophysical exploration 13 
equipment off designated routes, and construction of wells and pads), and other surface-disturbing 14 
activities (i.e., those not related to fluid mineral leasing). Areas identified for TL are closed to fluid 15 
mineral exploration and development, surface-disturbing activities, and intensive human activity during 16 
identified time frames. This stipulation does not apply to operation and basic maintenance, including 17 
associated vehicle travel, unless otherwise specified. Construction, drilling, completions, and other 18 
operations considered to be intensive are not allowed. Intensive maintenance, such as workovers on 19 
wells, is not permitted. TLs can overlap spatially with no surface occupancy and controlled surface use, as 20 
well as with areas that have no other restrictions. 21 

Total dissolved solids. Salt, or an aggregate of carbonates, bicarbonates, chlorides, sulfates, 22 
phosphates, and nitrates of calcium, magnesium, manganese, sodium, potassium, and other cations that 23 
form salts. 24 

Total maximum daily load (TMDL). An estimate of the total quantity of pollutants (from all point, 25 
nonpoint, and natural sources) that may be allowed into waters without exceeding applicable water 26 
quality criteria. 27 

Traditional Cultural Property (NPS definition). A property that is eligible for inclusion in the 28 
National Register of Historic Places (NRHP) based on its associations with the cultural practices, 29 
traditions, beliefs, lifeways, arts, crafts, or social institutions of a living community, as defined in NPS 30 
Bulletin 38 (Parker and King 1998). TCPs are rooted in a traditional community’s history and are 31 
important in maintaining the continuing cultural identity of the community. The cultural practices or 32 
beliefs that give a TCP its significance are, in many cases, still observed at the time a TCP is considered 33 
for inclusion in the NRHP. Because of this, it is sometimes perceived that the practices or beliefs 34 
themselves, not the property, make up the TCP. While the beliefs or practices associated with a TCP 35 
are of central importance, the NRHP does not include intangible resources. The TCP must be a physical 36 
property or place--that is, a district, site, building, structure, or object. 37 

Traditional Cultural Property (Navajo Nation definition). Most traditional cultural properties 38 
(TCPs) significant to Navajos are of the type commonly called “sacred places” (hodiyin) as defined in the 39 
Navajo Nation Policy to Protect Traditional Cultural Properties. The Navajo Nation use of TCP is—at least in 40 
part—talking about the same kinds of TCPs as described in NPS Bulletin 38. They note, however, that 41 
this term offends many Navajo traditional practitioners and instead focus on how what makes a place 42 
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sacred is its association with aspects of the past that people connect with their present concerns of 1 
living.  2 

Navajo TCPs without clear evidence of human use include, but are not limited to, the following types: 3 
places for gathering plants for use in ceremonies and other traditional purposes; places for gathering 4 
minerals for ceremonial and other traditional uses; places for gathering contents of sacred bundles; 5 
places for gathering other materials for ceremonial and other traditional purposes; prayer offering 6 
places; places associated with the origin stories of particular ceremonials; places associated with the 7 
general Navajo origin story; places associated with origin stories of particular ceremonials; places 8 
associated with the origin of a clan; places associated with the origin of a Navajo custom; places 9 
identified as the home of a Holy Being such as Wind, Lightning, Big Snake; location of echoes (Talking 10 
Rocks, which convey human words to the Holy People); natural discoloration of rock that has some 11 
kind of supernatural power; places where an apparition or other supernatural event occurred; and 12 
places that have played a part in the life cycle rituals of individuals (such as the spot where a newborn 13 
baby’s umbilical cord is placed). Many of these sorts of places are features of the natural landscape, such 14 
as mountains, hills, rocky outcrops, springs and individual trees. 15 

Traditional use. An ongoing and continuing use of the land. Examples include grazing and piñon nut 16 
gathering. 17 

Trail. A linear route managed for human-power (e.g., hiking or bicycling), stock (e.g., horseback riding), 18 
or off-highway vehicle forms of transportation or for historical or heritage values. Trails are not 19 
generally managed for use by four-wheel drive or high-clearance vehicles. 20 

Transition. A shift between two states. Transitions are not reversible by simply altering the intensity 21 
or direction of factors that produced the change. Instead, they require new inputs such as revegetation 22 
or shrub removal. Practices such as these that accelerate succession are often expensive to apply. 23 

Transmission. The movement or transfer of electric energy over an interconnected group of lines and 24 
associated equipment between points of supply and points where it is transformed for delivery to 25 
consumers or is delivered to other electric systems. Transmission is considered to end when the energy 26 
is transformed for distribution to the consumer. 27 

Transportation system. The sum of the BLM’s recognized inventory of linear features (roads, 28 
primitive roads, and trails) formally recognized, designated, and approved as part of the BLM’s 29 
transportation system.  30 

Travel management areas (TMA). Polygons or delineated areas where a rational approach has 31 
been taken to classify areas open, closed or limited, and has identified or designated a network of roads, 32 
trails, ways, landing strips, and other routes that provide for public access and travel across the planning 33 
area. All designated travel routes within travel management areas should have a clearly identified need 34 
and purpose, as well as clearly defined activity types, modes of travel, and seasons or time frames for 35 
allowable access or other limitations (BLM 200514).  36 

Trespass. Any unauthorized use of public land. 37 

                                                 
14US Department of the Interior, Bureau of Land Management. 2005. Handbook H-1601-1—Land Use Planning 
Handbook. Rel. 1-1693. Washington, DC. March 11, 2005. Internet website: https://www.blm.gov/style/medialib/ 
blm/ak/aktest/planning/planning_general.Par.65225.File.dat/blm_lup_handbook.pdf. 
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Tribal interests. Native American or Native Alaskan economic rights, such as Indian trust assets, 1 
resource uses, access guaranteed by treaty rights, and subsistence uses.  2 

Tribal Trust Land. Lands that are held in trust by the United States government for the use of a tribe. 3 
The United States holds the legal title, and the tribe holds the beneficial interest. This is the largest 4 
category of Indian land. Tribal trust land is held communally by the tribe and is managed by 5 
the tribal government. 6 

Understory. That portion of a plant community growing underneath the taller plants on the site. 7 

Undeveloped. The Wilderness Act states that wilderness is an area “of undeveloped Federal land 8 
retaining its primeval character and influence, without permanent improvements or human habitation,” 9 
“where man himself is a visitor who does not remain,” and “with the imprint of man’s work substantially 10 
unnoticeable.” Wilderness has minimal evidence of modern human occupation or modification. This 11 
quality is impaired by the presence of structures or installations, and by the use of motor vehicles, 12 
motorized equipment, or mechanical transport that increases people’s ability to occupy or modify the 13 
environment. More detail on the activities that impair this quality is found in Section 1.6.B of this policy. 14 

Unique or Supplemental Values. The Wilderness Act states that wilderness areas “may also contain 15 
ecological, geological, or other features of scientific, educational, scenic, or historical value.” Though 16 
these values are not required of any wilderness, where they are present they are part of that area’s 17 
wilderness character and must be protected as rigorously as any of the four required qualities. They may 18 
include historical, cultural, paleontological, or other resources not necessarily considered a part of any 19 
of the other qualities. These values are identified in a number of ways: in the area’s designating 20 
legislation, through its legislative history, by the original wilderness inventory, in a wilderness 21 
management plan, or at some other time after designation. 22 

Unitization. Operation of multiple leases as a single lease under a single operator. 23 

Unitized area. A group of contiguous oil and gas lease holdings where the lessee holds an agreement 24 
with the federal government so that exploration, drilling, and production of the resource proceeds in 25 
the most efficient and economical manner. 26 

Untrammeled. The Wilderness Act states that wilderness is “an area where the earth and its 27 
community of life are untrammeled by man.” A “trammel” is literally a net, snare, hobble, or other 28 
device that impedes the free movement of an animal. Here, used metaphorically, “untrammeled” refers 29 
to wilderness as essentially unhindered and free from modern human control or manipulation. This 30 
quality is impaired by human activities or actions that control or manipulate the components or 31 
processes of ecological systems inside wilderness. 32 

Utility corridor. Tract of land varying in width and forming a passageway that various commodities 33 
such as oil, gas, and electricity are transported through. 34 

Valid existing rights. Documented legal rights or interests in the land that allow a person or entity to 35 
use said land for a specific purpose and that are still in effect. Such rights include fee title ownership, 36 
mineral rights, rights-of-way, easements, permits, and licenses. Such rights may have been reserved, 37 
acquired, leased, granted, permitted, or otherwise authorized over time. 38 

Vegetation condition class (VCC). Quantifies the amount that current vegetation has departed 39 
from the simulated historical vegetation reference conditions. Three condition classes describe low 40 
departure (VCC 1), moderate departure (VCC 2), and high departure (VCC 3). VCC is calculated based 41 
on changes to species composition, structural stage, and canopy closure. 42 
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Vegetation manipulation. Planned alteration of vegetation communities through use of mechanical 1 
or chemical means, seeding, or prescribed fire or managed fire to achieve desired resource objectives. 2 

Vegetation treatments. Management practices that change the vegetation structure to a different 3 
stage of development. Vegetation treatment methods include managed fire, prescribed fire, chemical or 4 
mechanical means, and seeding.  5 

Vegetation type. A plant community with immediately distinguishable characteristics based on and 6 
named after the apparent dominant plant species. 7 

Visibility (air quality). A measure of the ability to see and identify objects at different distances. 8 

Visitor day. Twelve visitor hours that may be aggregated by one or more persons in single or multiple 9 
visits. 10 

Visual resources. The visible physical features on a landscape, (topography, water, vegetation, animals, 11 
structures, and other features) that comprise the scenery of the area. 12 

Watershed. Topographical region or area delineated by water draining to a particular watercourse or 13 
body of water. 14 

Wild and Scenic Study River. Rivers identified for study by Congress under Section 5(a) of the Wild 15 
and Scenic Rivers Act or identified for study by the Secretary of Agriculture or the Secretary of the 16 
Interior under Section 5(d)(1) of the Wild and Scenic Rivers Act. These rivers are studied under the 17 
provisions of Section 4 of the Wild and Scenic Rivers Act (BLM 201215). 18 

Eligible river. A river or river segment found to meet criteria found in Sections 1(b) and 2(b) 19 
of the Wild and Scenic Rivers Act of being free flowing and possessing one or more 20 
outstandingly remarkable value 21 

Suitable river. An eligible river segment found through administrative study to meet the 22 
criteria for designation as a component of the National System, as specified in Section 4(a) of 23 
the Wild and Scenic Rivers Act 24 

Wildcat well. An exploratory oil well drilled in land not known to be an oil field. 25 

Wilderness. A congressionally designated area of undeveloped federal land retaining its primeval 26 
character and influence, without permanent improvements or human habitation, that is protected and 27 
managed to preserve its natural conditions and that has the following characteristics: 28 

• Generally, appears to have been affected mainly by the forces of nature, with human imprints 29 
substantially unnoticeable 30 

• Has outstanding opportunities for solitude or a primitive and unconfined type of recreation 31 

• Has at least 5,000 acres or is large enough to make practical its preservation and use in an 32 
unimpaired condition 33 

• May also contain ecological, geological, or other features of scientific, educational, scenic, or 34 
historic value 35 

                                                 
15US Department of the Interior, Bureau of Land Management. 2012. Manual 6400—Wild and Scenic Rivers – 
Policy and Program Direction for Identification, Evaluation, Planning, and Management. Rel. 6-136. Washington, 
DC. July 13, 2012. Internet website: https://www.blm.gov/style/medialib/blm/wo/Information_Resources_ 
Management/policy/blm_manual.Par.76771.File.dat/6400.pdf. 
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The definition is contained in Section 2(c) of the Wilderness Act of 1964 (78 Stat. 891). 1 

Wilderness characteristics. Wilderness characteristics attributes are the area’s size, its apparent 2 
naturalness, and outstanding opportunities for solitude or a primitive and unconfined type of recreation. 3 
They may also include supplemental values, such as ecological, geological, or other features of scientific, 4 
educational, scenic, or historical value. Lands with wilderness characteristics have been inventoried and 5 
determined by the BLM to contain wilderness characteristics, as defined in section 2(c) of the 6 
Wilderness Act, as follows:  7 

• Naturalness—The degree to which an area generally appears to have been affected primarily by 8 
the forces of nature with the imprint of people’s work substantially unnoticeable 9 

• Opportunity—A situation or condition favorable for attainment of a goal 10 

• Outstanding—1. Standing out among others of its kind, conspicuous, prominent; 2. Superior to 11 
others of its kind, distinguished, excellent 12 

• Primitive and Unconfined recreation—Nonmotorized, nonmechanized (except as provided by 13 
law), and undeveloped types of recreational activities 14 

• Solitude—The state of being alone or remote from others, isolation; a lonely or secluded place 15 

Wilderness Study Area (WSA). A designation made through the land use planning process of a 16 
roadless area found to have wilderness characteristics, as described in Section 2(c) of the Wilderness 17 
Act of 1964. 18 

Wildland fire. Wildland fire is a general term describing any non-structure fire that occurs in the 19 
wildland. Wildland fires are categorized into two distinct types (USDA and DOI 200916):   20 

• Wildfires—Unplanned ignitions or prescribed fires that are declared wildfires. 21 

• Prescribed Fires—Planned ignitions 22 

Wildland-urban interface (WUI). The line, area, or zone where structures and other human 23 
development meet or intermingle with undeveloped wildland or vegetative fuels. 24 

Withdrawal. An action that restricts the use of public land and segregates the land from the operation 25 
of some or all of the public land and mineral laws. Withdrawals are also used to transfer jurisdiction of 26 
management of public lands to other federal agencies. 27 

Yearling factor. Adjustments made to grazing permits in which yearlings are the class of livestock. 28 
Yearlings were rated at 0.75 animal unit months for these permits, allowing for more yearlings to be run 29 
then cattle. 30 

                                                 
16US Department of Agriculture and US Department of the Interior. 2009. Guidance for Implementation of Federal 
Wildland Fire Management Policy. Wildland Fire Leadership Council. Internet website: 
https://www.nifc.gov/policies/policies_documents/GIFWFMP.pdf. February 2009. 



 

 

Appendix N 
References; Related Land Use Plans; and Laws, 

Regulations, and Agency Guidance 
  



 
 

 

 



 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-1 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Appendix N. References; Related Land Use 1 

Plans; and Laws, Regulations, and  2 

Agency Guidance 3 

N.1 REFERENCES 4 

Abramzon, S., Samaras, C., Curtright, A., Litovitz, A., Burger, N. 2014. Estimating the Consumptive Use 5 
Costs of Shale Natural Gas Extraction on Pennsylvania Roadways. Journal of Infrastructure 6 
Systems. http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.474.9858& rep=rep1& 7 
type=pdf. 8 

ACHP (Advisory Council on Historic Preservation). 2013. The Relationship Between Executive Order 9 
13007 Regarding Indian Sacred Sites and Section 106. Internet website: 10 
http://www.achp.gov/eo13007-106.html.   11 

_____. 2016. Review of “no adverse effect” finding, Vernal Field Office Gas and Oil Lease Sales, Uintah 12 
and Duchesne Counties, Utah. December 12, 2016, letter from Reid J. Nelson, Director of the 13 
ACHP, to Ester McCullough, BLM Field Office Manager, Vernal Field Office, Utah. 14 

_____. 2017. Review of “no adverse effect” finding, Price Office Gas and Oil Lease Sales, Emery County, 15 
Utah. November 7, 2017, letter from Reid J. Nelson, Director of the ACHP, to Deborah Brown, 16 
BLM Acting Field Office Manager, Price Field Office, Utah. 17 

_____. 2018. Review of “no adverse effect” finding, Canyon Country Gas and Oil Lease Sale for March 18 
2018, San Juan and Grand Counties, Utah. March 7, 2018, letter from Reid J. Nelson, Director 19 
of the ACHP, to Lance Porter, District Manager, BLM Canyon Country District, Utah.  20 

Adams, M. B. 2011. “Land application of hydrofracturing fluids damages a deciduous forest stand in West 21 
Virginia.” Journal of Environmental Quality 40(4):1340–1344. 22 

American Academy of Audiology. 2010. Levels of Noise in decibels (dB). Internet website: 23 
http://www.audiology.org/publications-resources/consumer-information/audiology-awareness/ 24 
posters.   25 

Anderson, Robin J. 2009. “Tribal Casino Impacts on American Indian Household Well-being.” Paper 26 
presented at the Population Association of America Annual Meeting, 2009, Detroit.  27 

APLIC (Avian Power Line Interaction Committee). 2012. Reducing Avian Collisions with Power Lines: 28 
The State 3 of the Art in 2012. Edison Electric Institute and APLIC, Washington, DC. 29 

Archibald, J. David, Philip D. Gingerich, Everett H. Lindsay, William A. Clemens, David W. Krause, and 30 
Kenneth D. Rose. 1987. “First North American land mammal ages of the Cenozoic Era.” 31 
Cenozoic Mammals of North America. University of California Press, Berkeley. Pp. 24-76. 32 

Archbold, Carol A. 2015. Established-Outside Relations, Crime Problems, and Policing in Oil 33 
Boomtowns in Western North Dakota. Criminology, Criminal Justice Law, & Society and The 34 
Western Society of Criminology. Volume 16, Issue 3, Pages 19-40. June 1, 2015.  35 

Arizona Public Services Electric Company. 2017. Integrated Resource Plan. Internet website: 36 
https://www.aps.com/library/resource%20alt/2017IntegratedResourcePlan.pdf.  37 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-2 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Assal, T. J., C. P. Melcher, and N. B. Carr (editors). 2015. Southern Great Plains Rapid Ecoregional 1 
Assessment—Pre-assessment report: US Geological Survey Open-File Report 2015–1003. 2 
Internet website: http://pubs.usgs.gov/of/2015/1003/pdf/ofr2015-1003.pdf. 3 

Ayers W. B., Jr., and W. R. Kaiser (editors). 1994. Coal bed methane in the Upper Cretaceous Fruitland 4 
Formation, San Juan Basin, New Mexico and Colorado. New Mexico Bureau of Mines and 5 
Mineral Resources Bulletin 146. Internet website: https://geoinfo.nmt.edu/publications/ 6 
monographs/bulletins/downloads/146/Bulletin146.pdf. 7 

Aztec Trails and Open Space and City of Aztec. 2010. The Animas River Trails System: A conceptual 8 
plan for a trails system and open space use in Aztec, New Mexico.  9 

Barber, J. R., K. M. Fristrup, C. L. Brown, A. R. Hardy, L. M. Angeloni, and K. R. Crooks. 2009. “The 10 
costs of chronic noise exposure for terrestrial organisms.” Trends in Ecology and Evolution 11 
25(3):180–189. 12 

Barnett, T. P., D. W. Pierce, H. G. Hidalgo, C. Bonfils, B. D. Santer, T. Das, G. Bala, et al. 2008. “Human-13 
induced changes in the hydrology of the western United States.” Science 319:1080–1083. 14 
Internet website: http://tenaya.ucsd.edu/~dettinge/barnett08.pdf. 15 

Batker, D., Z. Christin, C. Cooley, W. Graf, K. B. Jones, J. Loomis, and J. Pittman. 2014. Nature’s Value 16 
in the Colorado River Basin. Earth Economics. 17 

BEA (US Department of Commerce, Bureau of Economic Analysis). 2016. GDP & Personal Income 18 
Interactive Tables for 2015: CA91, CA25N, and CA05N. Internet website: 19 
http://www.bea.gov/iTable/index_regional.cfm.  20 

Begay, R. 2001. “Doo Dilzin Da: Abuse of the natural world.” American Indian Quarterly 25(1):21–27.  21 

Behnke, R. J. 1979. Monograph of the Native Trouts of the Genus Salmo of Western North America. 20 22 
USDA Forest Service, Rocky Mountain Region, Denver, Colorado. 23 

Belnap, J., J. H. Kaltenecker, R. Rosentreter, J. Williams, S. Leonard, and D. Eldridge. 2001. Biological Soil 24 
Crusts: Ecology and Management. Technical Reference 1730-2. US Department of the Interior, 25 
Bureau of Land Management, National Science and Technology Center, Denver, Colorado. 26 
BLM/ID/ST-01/001+1730.  27 

Belsky, A. J., A. Matzke, and S. Uselman. 1999. “Survey of livestock influences on stream and riparian 28 
ecosystems in the western United States.” Journal of Soil and Water Conservation 54:419–431. 29 

Bennet, Christopher J. 2013. Inference for dominance relations. International Economic Review. Volume 30 
54, Issue 4, Pages 1309-1328. November 1, 2013. 31 

BIA. (US Department of the Interior, Bureau of Indian Affairs). 2012. Indian Affairs National 32 
Environmental Policy Act (NEPA) Guidebook. 59 IAM 3-H. August 2012. US Department of the 33 
Interior, Bureau of Indian Affairs, Reston, Virginia. 34 

_____. 2012a. Fluid Mineral Estate Procedural Handbook. BIA, Division of Real Estate Services, 35 
Washington, DC. July 2012. 36 

_____. 2012b. IAM. Environmental and Cultural Resources Management Paleontological Resources. 37 
Indian Affairs (Management), Washington D.C. April 30, 2012. Internet website: 38 
https://www.bia.gov/sites/bia.gov/files/assets/public/raca/manual/pdf/idc-017700.pdf. 39 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-3 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

_____. 2013. Onshore Energy and Mineral Lease Management Interagency Standard Operating 1 
Procedures. Effective October 1, 2013. Washington, DC. 2 

_____. 2017. Livestock grazing trust data for the Northern Navajo (Shiprock) Agency.  Unpublished 3 
data provided by Calvert L. Curley, BIA. 4 

_____. 2018. Livestock grazing trust data for the Eastern Navajo Agency.  Unpublished data provided by 5 
Treva Henio, BIA. 6 

BIA, BLM, Minerals Management Service, Indian Energy and Minerals Steering Committee. 2017. 7 
Memorandum of Agreement—Management of Federal Indian Minerals Office, Farmington, New 8 
Mexico.  9 

BIA, BLM, Office of Natural Resources Revenue (ONRR), Office of Surface Mining (OSM), Office of the 10 
Special Trustee (OST), and Office of Indian Energy and Economic Development (IEED). 2013. 11 
Onshore Energy and Mineral Lease Management Interagency Standard Operating Procedures. 12 
Washington, DC. 13 

Birnbaum, Charles. 1994. Protecting Cultural Landscapes: Planning, Treatment and Management of 14 
Historic Landscapes. National Park Service Preservation Brief 36. Internet website: 15 
https://www.nps.gov/tps/how-to-preserve/preservedocs/preservation-briefs/36Preserve-Brief-16 
Landscapes.pdf 17 

Bisson, P. A., B. E. Rieman, C. Luce, P. F. Hessburg, D. C. Lee, J. L. Kershner, G. H. Reeves, et al. 2003. 18 
“Fire and aquatic ecosystems of the western USA: Current knowledge and key questions.” Forest 19 
Ecology and Management 178:213–229. 20 

Bjornn, T. C., and D. W. Reiser. 1991. “Influences of forest and rangeland management on salmonid 21 
fishes and their habitats.” American Fisheries Society Special Publication 19:83–138.  22 

BLM (US Department of the Interior, Bureau of Land Management). 1984. Manual 8400 – Visual 23 
Resource Management. BLM, Washington, DC. April 5, 1984.  24 

_____. 1985. San Juan/San Miguel Planning Area Resource Management Plan. BLM, Montrose District. 25 

_____. 1986a. Handbook H-8410-1- Visual Resource Inventory. Rel. 8-28. BLM, Washington, DC. 26 
January 17, 1986.  27 

_____. 1986b. Manual 8431 – Visual Resource Contrast Rating. BLM, Washington, DC. January 17, 28 
1986.  29 

_____. 1986c. Rio Puerco Resource Management Plan and Record of Decision. BLM, Rio Puerco Field 30 
Office. 31 

_____. 1987. Proposed Farmington Resource Management Plan and Final Environmental Impact 32 
Statement. Farmington Field Office. Farmington, New Mexico. September 1987. 33 

_____. 1998. BLM Handbook 8270-1. General Procedural Guidance for Paleontological Resource 34 
Management. Bureau of Land Management, Washington, DC. July 13, 1998. Internet website: 35 
https://www.wilderness.net/toolboxes/documents/paleo/H-8270-1%20BLM%20General%20 36 
Paleontological%20Procedural%20Guidance.pdf 37 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-4 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

_____. 2001. Oil and Gas Resource Development for San Juan Basin, New Mexico. A 20-year, 1 
Reasonable Foreseeable Development (RFD) Scenario Supporting the Resource Management 2 
Plan for the Farmington Field Office, Farmington, New Mexico. 3 

_____. 2000a. Final Environmental Impact Statement for Riparian and Aquatic Habitat Management in 4 
the Farmington Field Office – New Mexico, Volumes 1 and 2: Proposed Riparian and Aquatic 5 
Habitat Management Plan. August 2000. US Department of the Interior, Bureau of Land 6 
Management, Farmington, New Mexico. 7 

_____. 2000b. New Mexico Standards for Public Land Health and Guidelines for Livestock Grazing 8 
Management. Santa Fe, New Mexico. 9 

_____. 2001. Record of Decision for the New Mexico Statewide Resource Management Plan 10 
Amendment/Environmental Impact Statement (RMPA/EIS) for Standards for Public Land Health 11 
and Guidelines for Livestock Grazing Management. Washington DC. 12 

_____. 2003. Farmington Resource Management Plan with Record of Decision. December 2003. US 13 
Department of the Interior, Bureau of Land Management, Farmington, New Mexico. 14 

_____. 2005. Handbook H-1601-1—Land Use Planning Handbook. BLM, Washington, DC. March 11, 15 
2005.  16 

_____. 2005a. Final programmatic environmental impact statement on wind energy development on 17 
BLM-administered lands in the western United States. Washington Office, USDI, BLM, 18 
Washington, DC. 19 

_____. 2007. Final Vegetation Treatments Using Herbicides on the Bureau of Land Management Lands 20 
in 17 Western States Final Programmatic EIS Record of Decision. September 2007. US 21 
Department of the Interior, Bureau of Land Management, Washington, DC. 22 

_____. 2008a. Farmington Field Office Specially Designated Areas, 1:250,000 Map. 23 

_____. 2008b. Manual 6840—Special Status Species Management. Rel. 6-125. BLM, Washington, DC. 24 
December 12, 2008. 25 

_____. 2009. Approved Resource Management Plan Amendments/Record of Decision (ROD) for 26 
Designation of Energy Corridors on Bureau of Land Management-Administered Lands in the 11 27 
Western States. January 2009. US Department of the Interior, Bureau of Land Management, 28 
Washington, DC. 29 

_____. 2010a. Climate Change Supplementary Information Report: Montana, North Dakota and South 30 
Dakota. Internet website: http://www.blm.gov/style/medialib/blm/mt/blm_programs/energy/15 31 
oil_and_gas/leasing/eas.Par.26526.File.dat/SIRupdate.pdf. 32 

_____. 2010b. Instruction Memorandum No. NM-F00-2010-001. Migratory Bird Treaty Act – BLM/FFO 33 
Interim Management Policy.  34 

_____. 2010c. H2S Wells in the San Juan Basin. Internet website:  https://publiclab.org/sites/default/ 35 
files/H2S_Map_08302010_legal.pdf. Edited 08/30/2010. 36 

_____. 2012a. Manual 6310-Conducting Wilderness Characteristics Inventory on BLM Lands. Rel. 6-37 
129. BLM, Washington, D.C. March 15, 2012. 38 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-5 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

_____. 2012b. Manual 6320-Considering Lands with Wilderness Characteristics in the BLM Land Use 1 
Planning Process. Rel. 6-130. BLM, Washington, DC. March 15, 2012. 2 

_____. 2012c. Approved Resource Management Plan Amendments and Record of Decision for Solar 3 
Energy Development in Six Southwestern States. Washington, DC. October 2012. 4 

_____. 2012d. (Manual 6330). Management of Wilderness Study Areas. Rel. 6-134. BLM, Washington, 5 
DC. July 13, 2012. 6 

_____. 2012e. (Manual 6340). Management of Designated Wilderness Areas. Rel. 6-135. BLM, 7 
Washington, DC. July 13, 2012. 8 

_____. 2012f. Taos Resource Management Plan. BLM, Taos Field Office. 9 

_____. 2013a. United States Department of the Interior Bureau of Land Management New Mexico 10 
State Office Plan Maintenance Change Sheet. Change Number 30. March 19, 2013.  11 

_____. 2013. Farmington Field Office Bare Soil Reclamation Procedures. Internet website: 12 
http://www.blm.gov/nm/st/en/fo/FarmingtonFieldOffice/ffoplanning/surfaceuseplanaof.html. 13 

_____. 2014a. Decision Record for the Farmington Field Office Visual Resource Management Resource 14 
Management Plan Amendment. 2014. US Department of the Interior, Bureau of Land 15 
Management, Farmington, New Mexico. 16 

_____. 2014b. Scoping Report, Mancos-Gallup Resource Management Plan Amendment and 17 
Environmental Impact Statement. Farmington Field Office.  November 2014 18 

_____. 2014c. Proper Functioning Condition spreadsheet provided by Sarah Scott. 19 

_____. 2014d. Tracking document of weeds occurring in Farmington Field Office. Sent by Stan Dykes. 20 
Farmington Field Office. Farmington, New Mexico. 21 

_____. 2014e. Decision Record for the Farmington Field Office, Visual Resource Management Resource 22 
Management Plan Amendment. NEPA No. DOI-BLM-NM- F010-2013-0047-EA. Farmington, 23 
New Mexico. Signed June 2014. NPS. 2006. Management policies. Washington, DC. 24 

_____. 2014f. United States Department of the Interior Bureau of Land Management New Mexico State 25 
Office Plan Maintenance Change Sheet. Change Number 34. April 3, 2014. 26 

_____. 2014g. Mancos-Gallup RMPA/EIS Socioeconomic Baseline Report. Internet website: 27 
http://www.blm.gov/style/medialib/blm/nm/field_offices/farmington/farmington_planning/ 28 
ffo_planning_docs/rmpa_mancos/reports.Par.21357.File.dat/FFO_SEbaseline_20140904_ 29 
newcover.pdf. 30 

_____. 2014h. Draft Greater Chaco Landscape Area of Critical Environmental Concern (ACEC) 31 
Evaluation. Interim work product.  32 

_____. 2014. State Protocol between the New Mexico Bureau of Land Management and the New 33 
Mexico Historic Preservation Officer regarding the Manner in Which BLM Will Meet Its 34 
Responsibilities Under the National Historic Preservation Act in New Mexico. On file, BLM 35 
New Mexico State Office, Santa Fe, NM.  36 

_____. 2015a. Decision Record for the Glade Run Recreation Area Recreation and Travel Management 37 
Plan. BLM, Farmington Field Office. 38 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-6 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

_____. 2015b. Tres Rios Field Office Resource Management Plan and Record of Decision. BLM, Tres 1 
Rios Field Office. 2 

_____. 2015c. Mancos-Gallup Resource Management Plan Amendment and Environmental Impact 3 
Statement, Assessment of the Management Situation. Bureau of Land Management, Farmington 4 
Field Office. Farmington, New Mexico. 5 

_____. 2016a. Vegetation Treatments Using Aminopyralid Fluroxypyr and Rimsulfuron on BLM Lands in 6 
17 Western States PEIS. August 2016. US Department of the Interior, Bureau of Land 7 
Management, Washington, DC.  8 

_____. 2016b. Air Resources Technical Report for Oil and Gas Development. New Mexico State 9 
Office, Santa Fe, New Mexico. January 2016. 10 

_____. 2016c. Farmington Field Office Vegetation Communities and Determination of Condition Class 11 
for the Affected Environment. Farmington Field Office. Farmington, New Mexico. 12 

_____. 2016e. Land and Mineral Legacy Rehost 2000 System (LR2000). Internet website: 13 
http://www.blm.gov/lr2000/.  14 

_____. 2016f. Farmington Field Office Data for Forest Product. Farmington, New Mexico. Updated June 15 
2016.  16 

_____. 2016g. LR2000 Summary Report. Produced May 18, 2016. Farmington, New Mexico.   17 

_____. 2016h. The BLM- A Sound Investment for America-2016. Internet website: https://www.blm.gov/ 18 
sites/blm.gov/files/AboutUs_SoundInvestmentsocioeconomicreport_lettersize. 19 

_____. 2016i. Forest and Woodland Product Harvest and Sales Information for FFO. Farmington Field 20 
Office, Farmington, New Mexico. Updated 2016.  21 

_____. 2017a. Grazing data provided by Farmington Field Office, New Mexico. April 2017. 22 

_____. 2017b. Farmington Mancos-Gallup Resource Management Plan Amendment and Environmental 23 
Impact Statement Scoping Report. May 2017. Farmington Field Office, Farmington, New Mexico. 24 

_____. 2017c. Recreation Visitor Information for the Farmington Field Office. Recreation Management 25 
Information System. Fiscal Year 1998 to 2016, Farmington Field Office, Farmington, New 26 
Mexico.  27 

_____. 2017d. Special Recreation Permit Data in Farmington Field Office. Cumulative Yearly SRP Fees 28 
2003-Present, Farmington Field Office, New Mexico. 29 

_____. 2017e. BLM and Forest Service Announce 2017 Grazing Fee. BLM News Release. January 31, 30 
2017. Internet website: https://www.blm.gov/press-release/blm-and-forest-service-announce-31 
2017-grazing-fee.  32 

_____. 2017f. ROW Receipts data for Farmington Field Office. Report generated from Census Bureau 33 
Statistics August 2017.  34 

_____. 2017g. S.436 San Juan County Settlement Implementation Act. Internet website: 35 
https://www.doi.gov/ocl/s-436. July 26, 2017. 36 

BLM GIS. 2017. GIS developed for BLM alternatives and impact analysis, and base GIS data on file with 37 
BLM’s eGIS server. BLM Farmington Field Office, New Mexico. 38 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-7 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

BLM and BOR. 1983. Interagency Agreement between the Bureau of Reclamation and the Bureau of 1 
Land Management. March 25, 1983. US Department of the Interior, Bureau of Land Management 2 
and Bureau of Reclamation, Washington, DC. 3 

BLM and Forest Service. 2007. Surface Operating Standards and Guidelines for Oil and Gas Exploration 4 
and Development: The Gold Book. Fourth edition. Internet website: 5 
https://www.blm.gov/sites/blm.gov/files/Gold%20Book%202007%20Revised.pdf. 6 

BLM and NPS. 2013. Old Spanish Trail: Official Map and Guide. Internet website: https://www.nps.gov/ 7 
olsp/planyourvisit/publications.htm.  8 

BLM, Ramboll Environ US Corporation, and Kleinfelder, Inc. 2016. Colorado Air Resource Management 9 
Modeling Study (CARMMS) with Updated Mancos Shale Modeling, 2021 Modeling Results for 10 
the High, Low and Medium Oil and Gas Development Scenarios. New Mexico State Office, 11 
Santa Fe, New Mexico. March 2016. 12 

BLS (US Department of Labor, Bureau of Labor Statistics). 2017a. Local Area Unemployment Statistics 13 
(2006-2016). Internet website: https://data.bls.gov/cgi-bin/dsrv?la.  14 

_____. 2017b. Customized Tables: Quarterly Census of Employment and Wages. Internet website: 15 
https://data.bls.gov/cgi-bin/dsrv?en. 16 

_____. 2017c CPI inflation calculator. Internet website: https://www.bls.gov/data/inflation_ 17 
calculator.htm. 18 

BOR (US Department of the Interior, Bureau of Reclamation). 2009. Navajo-Gallup Water Supply 19 
Project, New Mexico-Arizona, Final Environmental Impact Statement. Internet website: 20 
https://www.usbr.gov/uc/envdocs/eis/navgallup/FEIS/. 21 

_____. 2014. Navajo Reservoir. Upper Colorado Region. Internet website: https://www.usbr.gov/ 22 
uc/water/crsp/cs/nvd.html.  23 

_____. 2017. Navajo Indian Irrigation Project. Internet website: https://www.usbr.gov/projects/ 24 
index.php?id=360 25 

Boshell 2010. Public Land Policy as a Cultural Empowerment Tool: The Federal Land Policy and 26 
Management Act of 1976 (FLPMA), with special emphasis on the California Traditional 27 
Gathering Policy. Internet website: http://users.humboldt.edu/boshell/PDF/boshell_FLPMA.pdf.  28 

Boyd, Lynn. 2001. “Buffer Zones and Beyond: Wildlife Use of Wetland Buffer Zones and their 29 
Protection under the Massachusetts Wetland Protection Act.” Wetland Conservation 30 
Professional Program, Department of Natural Resources Conservation, University of 31 
Massachusetts.  32 

Brown, Kenneth L., M. Brown, and M. Quirolo. 2014. Fruitland Coal Gas Gathering System Data 33 
Recovery Program, San Juan Basin, San Juan and Rio Arriba Counties, New Mexico.  TRC. 34 
Report 186154-C-01. Albuquerque, NM. 35 

Burris, L., and S. K. Skagen. 2013. “Modeling sediment accumulation in North American playa wetlands 36 
in response to climate change, 1940–2100.” Climatic Change 117(1–2):69–83. 37 

Burton, T. A., E. R. Cowley, and S. J. Smith. 2008. Monitoring Stream Channels and Riparian 38 
Vegetation—Multiple Indicators. Version 5.0. US Department of the Interior. Bureau of Land 39 
Management. Idaho State Office, Boise. 40 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-8 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Butler, J. L., M. A. Williams, P. J. Bottomley, and D. D. Myrold. 2003. “Microbial community dynamics 1 
associated with rhizosphere carbon flow.” Applied and Environmental Microbiology 69(11):6793-2 
6800. 3 

Buto, S.G et al. 2010. Land disturbance associated with oil and gas development and effects of 4 
development-related land disturbance on dissolved-solids loads in streams in the Upper 5 
Colorado River Basin, 1991, 2007, and 2025: U.S. Geological Survey Scientific Investigations 6 
Report 2010-5064. 56 p. Internet website: https://pubs.usgs.gov/sir/2010/5064/.  7 

Crawford, D. 2000. Under the Apple Tree: A Personal History of Apple Growing in San Juan County. Las 8 
Cruces, NM :Sky Eagle Design, 2000. Print. 9 

CEQ (Council on Environmental Quality). 1997. Environmental Justice Guidance Under the National 10 
Environmental Policy Act. Council on Environmental Quality. Executive Office of the President. 11 
Washington, D.C. December 10, 1997. 12 

_____. 2014. Supporting the Health of Honey Bees and Other Pollinators. Internet website: 13 
https://xerces.org/wp-content/uploads/2015/02/CEQ-2014-Supporting-the-Health-of-Honey-14 
Bees-and-Other-Pollinators-White-House-CEQ.pdf. 15 

Chapman, D. W. 1988. “Critical review of variables used to define effects of fines in redds of large 16 
salmonids.” Transactions of the American fisheries Society 117(1988):1–21. 17 

Counselor Health Impact Assessment Committee. 2017. Health Impact Reports Summary. Internet 18 
website: https://www.nmlegis.gov/handouts/IAC%20100417%20Item%208%20Drilling%20on% 19 
20and%20Near%20Sacred%20Sites%203.pdf. 20 

County of La Plata. 2001. La Plata County, Colorado, Comprehensive Plan. 21 

County of McKinley. 2003. McKinley County Comprehensive Plan. April 8. 22 

County of Rio Arriba. 2014. Comprehensive Plan County of Rio Arriba. December. 23 

County of Sandoval. 2013. Sandoval County Comprehensive Plan. Amended and Re-adopted February 24 
21. 25 

County of San Juan. 2012. San Juan County Growth Management Plan Update. September. 2012. 26 

Craigg, Steven D. 2001. “Geologic Framework of the San Juan Structural Basin of New Mexico, 27 
Colorado, Arizona, and Utah, with Emphasis on Triassic through Tertiary Rocks.” US Geological 28 
Survey Professional Paper 1420. 29 

Crocker, K. and J.F. Glover. 2018. Reasonably Foreseeable Development Scenario for Oil and Gas 30 
Activities, Mancos-Gallup RMPA Planning Area, Farmington Field Office, northwestern New 31 
Mexico. United States Department of the Interior, Bureau of Land Management. February 2018.  32 

Crone, E.E., M. Marler, and D.E. Pearson. 2009. Non-target effects of broadleaf herbicide on a native 33 
perennial forb: a demographic framework for assessing and minimizing impacts. Journal of 34 
Applied Ecology 46: 673-682. 35 

Dam, W. L. 1995, Geochemistry of Groundwater in the Gallup, Dakota, and Morrison Aquifers, San Juan 36 
Basin, New Mexico. US Geological Survey Water-Resources Investigations Report 94-4253. 37 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-9 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

DECRM (Division of Environmental and Cultural Resources Management, Bureau of Indian Affairs). 1 
2012. Indian Affairs National Environmental Policy Act (NEPA) Guidebook 59 IAM 3-H. Reston, 2 
Virginia. 3 

Department of State. 2016. Second Biennial Climate Action Report. Internet website: 4 
http://unfccc.int/national_reports/biennial_reports_and_iar/submitted_biennial_reports/items/755 
50.php. 6 

Dodds, W. K., K. Gido, M. R. Whiles, K. M. Fritz, and W. J. Matthews. 2004. “Life on the edge: The 7 
ecology of Great Plains prairie streams.” BioScience 54(3):205–216. 8 

DOE (US Department of Energy). 2009. Modern shale gas development in the United States: A primer. 9 
National Energy Technology Laboratory, Morgantown, West Virginia, and Office of Fossil 10 
Energy, Washington, DC. April 2009. 11 

DOI (US Department of the Interior) 2017. Payment in lieu of taxes data. Internet website: 12 
http://www.doi.gov/pilt/county-payments.cfm?term=county&state_code=NM&fiscal_yr=2.  13 

Dubiel, R. F. 2013. Geology, Sequence Stratigraphy, and Oil and Gas Assessment of the Lewis Shale 14 
Total Petroleum System, San Juan Basin, New Mexico and Colorado, chapter 5 in Total 15 
Petroleum Systems and Geologic Assessment of Undiscovered Oil and Gas Resources in the San 16 
Juan Basin Province, Exclusive of Paleozoic Rocks, New Mexico and Colorado. Compiled by U.S. 17 
Geological Survey San Juan Basin Assessment Team, U.S. Geological Survey Digital Data Series 18 
69–F, Pp. 1–45. 19 

Dunham, J. B., S. B. Adams, R. E. Schroeter, and D. C. Novinger. 2003. “Alien invasions in aquatic 20 
ecosystems: Toward an understanding of brook trout invasions and potential impacts on inland 21 
cutthroat trout in western North America.” Reviews in Fish Biology 12:373–391. 22 

DZHC (Dzilth-Na-O-Dith-Hle Health Center). 2018. Dzilth-Na-O-Dith-Hle Health Center Indian 23 
Health Service. Internet website: https://www.ihs.gov/navajo/healthcarefacilities/dzilthnaodithhle/ 24 

EIA (Energy Information Administration). 2017a. Major US Coal Mines. US Energy Information 25 
Administration, Annual Coal Report 2016. Washington D.C. Available at: http://www.eia.gov/ 26 
coal/annual/archive/05842016.pdf 27 

_____. 2017. State Profiles and Energy Estimates. U.S. Energy Information Administration. April 2018. 28 
https://www.eia.gov/state/seds/ 29 

_____. 2018. Annual Energy Outlook 2018, with projections to 2050. US Energy Information 30 
Administration Office of Energy Analysis, US Department of Energy, Washington, DC. 31 
#AEO2018.  32 

EMNRD (New Mexico Energy, Minerals and Natural Resources Department Forestry Division). 2017. 33 
Endangered Plants. Internet website. http://www.emnrd.state.nm.us/SFD/ForestMgt/ 34 
Endangered.html / 35 

Engler, Thomas W., B. S. Brister, H. Chen, and L. W. Teufel. 2001. Oil and Gas Resource Development 36 
for San Juan Basin, New Mexico. New Mexico Institute of Mining and Technology, Socorro. 37 

Engler, T. W., S. Kelley, and M. Cather. 2015. Reasonable Foreseeable Development (RFD) Scenario for 38 
Northern New Mexico. Open-file Report 567. New Mexico Bureau of Geology and Mineral 39 
Resources. New Mexico Institute of Mining & Technology. Socorro, New Mexico. January 2015. 40 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-10 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

EPA (US Environmental Protection Agency). 1999. Regional Haze Regulations. Federal Register Vol. 64, 1 
No. 126. Thursday, July 1, 1999, p. 35714-35774. 2 

_____. 2011. Level III Ecoregions of the Continental United States, revised December 2011. National 3 
Health and Environmental Effects Research Laboratory, US Environmental Protection Agency. 4 
Internet website: www.epa.gov/wed/pages/ecoregions/level_iii_iv.htm.  5 

_____. 2012. Overview of Final Amendments to Air Regulations for the Oil and Natural Gas Industry. 6 
Internet website: https://www.epa.gov/sites/production/files/2016-09/documents/natural_gas_ 7 
transmission_fact_sheet_2012.pdf. April 17, 2012. 8 

_____. 2016a. 2014 National Emissions Inventory. Internet website: https://www.epa.gov/air-emissions-9 
inventories/2014-national-emissions-inventory-nei-data. Version 1 released September 30, 2016. 10 

_____. 2016b. EPA’s Actions to Reduce Methane Emissions from the Oil and Natural Gas Industry: Final 11 
Rules and Draft Information Collection Request. Internet website: https://www.epa.gov/sites/ 12 
production/files/2016-09/documents/nsps-overview-fs.pdf. May 12, 2016. 13 

_____. 2016c. Implementing Clean Water Act Section 303(d): Impaired Waters and Total Maximum 14 
Daily Loads (TMDLs). Internet website: https://www.epa/gov/tmdl. 15 

_____. 2016d. Promising Practices for EJ Methodologies in NEPA Reviews- Report of the Federal 16 
Interagency Working Group on Environmental Justice & NEPA Committee. Internet website: 17 
https://www.epa.gov/sites/production/files/2016-08/documents/nepa_promising_practices_ 18 
document_2016.pdf. 19 

_____. 2016. Hydraulic Fracturing for Oil and Gas: Impacts from the Hydraulic Fracturing Water Cycle 20 
on Drinking Water Resources in the United States. EPA-600-R-16-236ES. EPA, Office of 21 
Research and Development. Washington, DC. Executive Summary, Pp.1-2. Internet website: 22 
https://cfpub.epa.gov/ncea/hfstudy/recordisplay.cfm?deid=332990. 23 

_____. 2017a. National Ambient Air Quality Standards. Internet website: https://www.epa.gov/criteria-24 
air-pollutants/naaqs-table.  25 

_____. 2017b. EPA Green Book, Nonattainment Areas, New Mexico Nonattainment/Maintenance 26 
Status for Each County by Year for All Criteria Pollutants. Internet website: 27 
https://www3.epa.gov/airquality/greenbook/anayo_nm.html. 28 

_____. 2017c. EPA AirData Monitor Values Report. Internet website: https://www3.epa.gov/airdata.  29 

_____. 2017d. Air Quality Index (AQI) Basics. Internet website: https://www.airnow.gov/ 30 
index.cfm?action=aqibasics.aqi. 31 

_____. 2017e. Daily AQI. Internet website: https://aqs.epa.gov/aqsweb/airdata/download_ 32 
files.html#AQI. 33 

_____. 2017f. Actions and Notices about Oil and Natural Gas Air Pollution Standards. Internet website: 34 
https://www.epa.gov/controlling-air-pollution-oil-and-natural-gas-industry/actions-and-notices-35 
about-oil-and-natural-gas#regactions. 36 

_____. 2017g. Inventory of US Greenhouse Gas Emissions and Sinks: 1990-2015. Internet website: 37 
https://www.epa.gov/sites/production/files/2017-02/documents/2017_complete_report.pdf. 38 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-11 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

_____. 2017h. Facility Level Greenhouse Gas Emissions Data. Internet website: 1 
https://ghgdata.epa.gov/ghgp/main.do. 2 

_____. 2017i. Oil and Gas Stormwater Permitting. Internet website: https://www.epa.gov/npdes/oil-and-3 
gas-stormwater-permitting#undefined. 4 

_____. 2018a. Inventory of US Greenhouse Gas Emissions and Sinks: 1990-2016. Internet website: 5 
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks. 6 

_____. 2018b. Memorandum: Guidance on Significant Impact Levels for Ozone and Fine Particles in the 7 
Prevention of Significant Deterioration Permitting Program. April 17, 2018. Internet website: 8 
https://www.epa.gov/sites/production/files/2018-04/documents/sils_policy_guidance_document_ 9 
final_signed_4-17-18.pdf. 10 

Evans, W. N. and J. H. Topoleski. 2002. The Social and Economic Impact of Native American Casinos. 11 
National Bureau of Economic Research Working Paper No. 9198. Issued in September 2002. 12 
Internet website: http://www.nber.org/papers/w9198. 13 

Fassett, James E., and Spencer G. Lucas. 2000. “Evidence for Paleocene Dinosaurs in the Ojo Alamo 14 
Sandstone, San Juan Basin, New Mexico.” Bulletin 17 - Dinosaurs of New Mexico. New Mexico 15 
Museum of Natural History and Science. Pp. 221-230. 16 

FEMA GIS. 2017. National Flood Hazard Layer. Internet website: https://www.fema.gov/national-flood-17 
hazard-layer-nfhl 18 

First Nations Development Institute (2011). Developing Innovations in Tribal Per Capita Distribution 19 
Payment Programs: Promoting Education, Savings, and Investments for the Future. Longmont, 20 
CO. Internet website: www.bncweb.org/sites/default/files/Developing_Innovations.pdf 21 

Forest Service. 2007. Final Environmental Impact Statement Northern Rockies Lynx Management 22 
Direction Volume 1. National Forests in Montana, and parts of Idaho, Wyoming, and Utah.  23 

Four Corners Air Quality Task Force. 2007. Four Corners Air Quality Task Force Report of Mitigation 24 
Options. Internet website: www.nmenv.state.nm.us/aqb/4C/Docs/4CAQTF_Report_ 25 
FINAL_Introduction.pdf. November 1, 2007. 26 

Frohlich, Thomas C. 2016. Going, gone: America’s fastest-shrinking cities. 24/7 Wall St. USA Today. 27 
April 8, 2016 Available at: https://www.usatoday.com/story/money/2016/04/08/24-7-wallst-28 
america-shrinking-cities-population-migration/82740600/ 29 

Fuller, Steven, P. Stirniman, and D. Silverman. 2017. A Cultural Resources Survey of the WPX Energy 30 
Production LLC’s Rodeo Unit Number 508H-510H Dual Well Pad, Access Road, and Pipeline, 31 
San Juan County, New Mexico.  La Plata Archaeological Consultants. LAC Report 2017-2k. 32 
Dolores, Colorado. 33 

Gannon, W. L. 1998. 1997 Bat Survey Final Report: Bureau of Land Management, Farmington District. 34 
Museum of Southwestern Biology, University of New Mexico, Albuquerque, cited in BLM 2003. 35 
Farmington Proposed Resource Management Plan and Final Environmental Impact Statement. 36 
BLM Farmington Field Office, Farmington, New Mexico. 37 

Garbrecht, J., M. Van Liew, and G. O. Brown. 2004. “Trends in precipitation, streamflow, and 38 
evapotranspiration in the Great Plains of the United States.” Journal of Hydrologic Engineering 39 
9:360–367. 40 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-12 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Gilpin, Dennis, and Linda Thompson. 2013. A Class I Archaeological Inventory of the Navajo-Gallup 1 
Water Supply Project. PaleoWest Archaeology, Phoenix, Arizona. 2 

Hafen, L. R., and A. Armijo. 1947. “Armijo’s journal.” The Huntington Library Quarterly 11(1):87-101. 3 

Hafele, M., P. Morton, and N. Culver. 2007. Natural Dividends: Wildland Protection and the Changing 4 
Economy of the Rocky Mountain West. The Wilderness Society, Washington, DC. 5 

Haefele, M. and P. Morton. 2009. The influence of the pace and scale of energy development on 6 
communities: Lessons from the natural gas drilling boom in the Rocky Mountains. Western 7 
Economics Forum 8(2): 1-13.  8 

Hall, Jean P., Donald L. Wolberg, and Stephen West. 1988. “Dinosaur-skin impressions from the 9 
Fruitland Formation (Campanian-Maastrichtian) of the Fossil Forest, San Juan Basin, San Juan 10 
County, New Mexico. Bulletin 122 – Contributions to Late Cretaceous Paleontology and 11 
Stratigraphy of New Mexico, Part III. New Mexico Bureau of Mines and Mineral Resources, 12 
Socorro. Pp. 23-27. 13 

Hampton, L. 2017. “Meth, coke and oil: A drug boom in the Texas shale patch.” Internet website: 14 
https://www.reuters.com/article/us-usa-oil-drugs/meth-coke-and-oil-a-drug-boom-in-the-texas-15 
shale-patch-idUSKCN1BI0F5. 16 

Hauer, F. R., G. C. Poole, J. T. Gangemi, and C. V. Baxter. 1999. “Large woody debris in bull trout 17 
(Salvelinus confluentus) spawning streams of logged and wilderness watershed in northwest 18 
Montana.” Canadian Journal of Fisheries and Aquatic Sciences 56:915–924. 19 

Headwaters Economics. 2017. Economic Profile System Data for McKinley, Rio Arriba, Sandoval, and 20 
San Juan Counties, New Mexico. Internet website: http://headwaterseconomics.org/tools/ 21 
economic-profile-system. 22 

Horvat, Mary, and Robert Melnick. 1988. Dorris Ranch National Register Nomination. Internet website: 23 
http://focus.nps.gov/nrhp/GetAsset?assetID=c3cdf149-0312-4499-926e-45d8dafc357a.  24 

Horwitz, Sari. 2014. Dark Side of the Boom: North Dakota’s Oil Rush Brings Cash and Promise to 25 
Reservation, Along with Drug-fueled crime. The Washington Post. Internet website: 26 
https://www.washingtonpost.com/sf/national/2014/09/28/dark-side-of-the-boom/?noredirect= 27 
on&utm_term=.940c26fc2056. September 28, 2014. 28 

Hunt, Adrian P., and Spencer G. Lucas. 1992. “Stratigraphy, paleontology and age of the Fruitland and 29 
Kirtland Formations (Upper Cretaceous), San Juan Basin, New Mexico.” New Mexico Geological 30 
Society Guidebook, 43rd Field Conference, San Juan Basin IV. New Mexico Geological Society. 31 
Pages 217-240.  32 

IDEM (Indiana Department of Environmental Management). 2003. Public Comment on Docket ID no. 33 
OW-2002-0050. April 16, 2003. Internet website: 34 
https://earthjustice.org/sites/default/files/library/legal_docs/IN-20DEM-201391.pdf. 35 

IHS (Indian Health Service). 2014. Navajo Area, Shiprock – Northern Navajo Medical Center. Internet 36 
website: https://www.ihs.gov/navajo/index.cfm? module=nao_hcc_shiprock. 37 

_____. 2017. Crown Point Medical Center. Internet website: https://www.ihs.gov/navajo/ 38 
healthcarefacilities/crownpoint/. 39 

Integra Realty Resources. 2010. IRR Viewpoint 2010. January 2010. https://www.irr.com/ 40 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-13 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

IPCC (Intergovernmental Panel on Climate Change). 2013. Climate Change 2013: The Physical Science 1 
Basis, Contribution of Working Group I to the Fifth Assessment Report of the 2 
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, United 3 
Kingdom, and New York, New York. 4 

_____. 2014. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II, and III to 5 
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (R. K. Pachauri 6 
and L. A. Meyer, editors). Geneva, Switzerland. 7 

Indian Affairs. 2012. Indian Affairs Manual. Environmental and Cultural Resources Management. 8 
Paleontological Resources. Part 59. Chapter 7. April 30, 2012. 9 

Johansen, J. R., L. L. St. Clair, B. L. Webb, and G. T. Nebeker. 1984. “Recovery patterns of cryptogamic 10 
soil crusts in desert rangelands following fire disturbance.” Bryologist 87(3):238-243. 11 

Johnson, Kristine & Wickersham, Lynn & Smith, Jacqueline & Petersen, Nathan & Wickersham, John. 12 
2015. Nest-scale habitat use by Pinyon Jay and Gray Vireo in the BLM Farmington resource area 13 
2013−2014 Final Report. Internet website: https://www.researchgate.net/publication/ 14 
284187643_Nest-scale_habitat_use_by_Pinyon_Jay_and_Gray_Vireo_in_the_BLM_ 15 
Farmington_resource_area_2013-2014_Final_Report.  16 

Kelsey, T. W., and M. W. Ward. 2010. Natural Gas Drilling Effects on Municipal Governments 17 
throughout Pennsylvania’s Marcellus Shale Region, 2010, Penn State Cooperative Extension, 18 
2011. Internet website: http://extension.psu.edu/publications/ee0009.  19 

Kues, Barry S. 2008. The Paleontology of New Mexico. University of New Mexico Press, Albuquerque. 20 

Landes, Kenneth K. 1970. Petroleum Geology of the United States. John Wiley and Sons, New York, 21 
New York. 22 

LANDFIRE GIS. 2017. Published GIS data of Vegetation Condition Class. Internet website: 23 
http://landfire.cr.usgs.gov/viewer/. 24 

La Plata County. 2002. La Plata County Final Impact Report. Durango, Colorado. October 2002.  25 

Lee, K. H., T. M. Isenhart, and R. C. Schultz. 2003. “Sediment and nutrient removal in an established 26 
multi-species riparian buffer.” Journal of Soil and Water Conservation 58:1–8. 27 

Longcore, Travis, and Catherine Rich. 2004. Ecological Light Pollution. Frontiers in Ecology and the 28 
Environment. 2:4. Internet website: https://esajournals.onlinelibrary.wiley.com/doi/abs/ 29 
10.1890/1540-9295%282004%29002%5B0191%3AELP%5D2.0.CO%3B2. Accessed April 2018.  30 

Longworth, John W., Julie M. Valdez, Molly L. Magnuson, and Kenneth Richard. 2013. New Mexico 31 
Water Use by Categories 2010. New Mexico Office of the State Engineer Technical Report 54. 32 
October 2013. Santa Fe, NM. 33 

LSR Innovations. 2004. Chapter Images: 2004, Profiles of 110 Navajo Nation Chapters, Navajo 34 
Department of Community Development, Window Rock, Arizona. 35 

Lucas, Spencer G., Keith Rigby, Jr., and Barry S. Kues. 1981. Advances in San Juan Basin Paleontology. 36 
University of New Mexico Press, Albuquerque. 37 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-14 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Lucas, Spencer G., Adrian P. Hunt, and Randy Pence. 1988. “Some Late Cretaceous Reptiles from New 1 
Mexico.” Bulletin 122 – Contributions to Late Cretaceous paleontology and stratigraphy of New 2 
Mexico, Part III. New Mexico Bureau of Mines and Mineral Resources, Socorro. Pp. 49-60. 3 

Lucas, Spencer G., and Thomas E. Williamson. 1992. “Fossil mammals and the early Eocene age of the 4 
San Jose Formation, San Juan Basin, New Mexico.” New Mexico Geological Society Guidebook, 5 
43rd Field Conference, San Juan Basin IV. New Mexico Geological Society. Pp. 311-316. 6 

Lucas, Spencer G., Robert M. Sullivan, Steven M. Cather, Steven E. Jasinski, Denver W. Fowler, Andrew 7 
B. Heckert, Justin A. Spielmann, and Adrian P. Hunt. 2009. “No definitive evidence of Paleocene 8 
dinosaurs in the San Juan Basin.” Palaeontologia Electronica 12(2). 9 

Mahlum, S. K., L. A. Eby, M. K. Young, C. G. Clancy, and M. Jakober. 2011. “Effects of wildfire on stream 10 
temperatures in the Bitterroot River Basin, Montana.” International Journal of Wildland Fire 11 
6(20):240–247. 12 

Max Post van der Burg, Brian A. Tangen, Monitoring and modeling wetland chloride concentrations in 13 
relationship to oil and gas development, Journal of Environmental Management, Volume 150, 14 
2015, Pages 120-127, ISSN 0301-4797, https://doi.org/10.1016/j.jenvman.2014.10.028 15 

McKinley County. 2014. Programs and Services. Internet website: http://www.co.mckinley.nm.us/ 16 
fire_programs_and_services.htm.  17 

Merriam, K.E., J.E. Keeley, and J.L. Beyers. 2006. Fuel breaks affect nonnative species abundance in 18 
Californian plant communities. Ecological Applications 16 (2): 515-527. 19 

Mikesic, David and Daniela Roth. 2008. Navajo Nation Endangered Species List Species Accounts. 20 
Version 3.08: for Navajo Endangered Species List-August 2008. Navajo Natural Heritage 21 
Program. Navajo Nation Department of Fish and Wildlife. Window Rock, Arizona. August 2008. 22 

Monsen S. B., R. Stevens, and N. L. Shaw. 2004. Restoring Western Ranges and Wildlands (General 23 
Technical Report RMRS-GTR-136, Volume 1). Forest Service, Rocky Mountain Research Station, 24 
Fort Collins, Colorado. Internet website: http://www.fs.fed.us/rm/pubs/rmrs_gtr136_1.pdf. 25 

Mosskov, J. I., and J. H. Ettema. 1977. “Extra-auditory effects in short-term exposure to aircraft and 26 
traffic noise.” International Archives of Occupational and Environmental Health 40(3):165–73. 27 

Muhlfeld, C. C., R. P, Kovach, L. A. Jones, R. Al-Chokhachy, M. C. Boyer, R. F. Leary, W. H Winsor, et 28 
al. 2014. “Invasive hybridization in a threatened species is accelerated by climate change.” Nature 29 
Climate Change 4:620–624. 30 

Muldavin, E., R. Sivinski, M. East, Y. Chauvin, M. Horner. 2016. Brack’s hardwall cactus distribution, 31 
habitat, and status survey 2015. Natural Heritage New Mexico, Museum of Southwestern 32 
Biology and Department of Biology, University of New Mexico. Albuquerque.  33 

NAS (National Academy of Sciences). 2012. Induced seismicity potential in energy technologies. National 34 
Academies Press, Washington, DC.  35 

NNEPA. (Navajo Nation Environmental Protection Agency). 2017. Annual Ambient Air Monitoring 36 
Report. Counselor, New Mexico. September. 37 

NPS (National Park Service). 1985. Chaco Culture National Historic Park, New Mexico. General 38 
Management Plan and Development Concept Plan. September 20, 1985. 39 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-15 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

_____. 1998. National Park Service NPS-28 Cultural Resource Management Guideline. June 1998. 1 
Internet website: https://www.nps.gov/parkhistory/online_books/nps28/28contents.htm.  2 

_____. 2001. National Historic Trail Feasibility Study and Environmental Assessment: Old Spanish Trail. 3 
United States Department of the Interior. Internet website: http://parkplanning.nps.gov/ 4 
document.cfm?parkID=454&projectID=12591&documentID=38207.  5 

_____. 2002. How to Apply the National Register Criteria for Evaluation. National Register Bulletin 15. 6 
Internet website: https://www.nps.gov/nr/publications/bulletins/pdfs/nrb15.pdf.  7 

_____. 2010. Aztec Ruins National Monument, New Mexico. General Management Plan/Environmental 8 
Assessment. February. 9 

_____. 2014. Chaco Cultural National Historical Park, Chaco Night Sky Program. Internet website: 10 
www.nps.gov/chcu/planyourvisit/nightsky.htm.  11 

_____. 2017. Chaco Natural Historical Park, Recreation Visitors by Month. Internet website: 12 
https://irma.nps.gov/Stats/SSRSReports/Park%20Specific%20Reports/Recreation%20Visitors%20B13 
y%20Month%20(1979%20-%20Last%20Calendar%20Year)?Park=CHCU   14 

National Renewable Energy Laboratory. 2003. Map: New Mexico - Wind Resource at 50-Meter. Internet 15 
website: www.windpoweringamerica.gov/maps_template.asp?stateab=nm.  16 

Natural Gas Intel. 2018. Information on the San Juan Basin. Internet website: 17 
http://www.naturalgasintel.com/sanjuaninfo. 18 

NatureServe. 2014. NatureServe Explorer: An online encyclopedia of life. Internet website: 19 
www.natureserve.org/explorer.  20 

Navajo Agricultural Products Industry. 2017. History. Internet website: http://www.navajopride.com/ 21 
index.php/history/. 22 

Navajo EMS (Navajo Nation Emergency Medical Service) 2017. Internet website: 23 
http://www.navajoems.navajo-nsn.gov/Field-Offices. 24 

Navajo Epidemiology Center. 2013. Navajo Mortality Report, New Mexico Portion, 2010–2013. Internet 25 
website: http://www.nec.navajo-nsn.gov/Portals/0/Reports/Navajo%20Mortality%20NM%20 26 
Portion%202010-2013_opt.pdf.  27 

Navajo Forestry Department. 2017. Navajo Forestlands Integrated Resource Management Plan. Internet 28 
website: https://navajoirmp.wixsite.com/irmp. 29 

Navajo Minerals Department. 2017. Coal production information. August 3, 2017. 30 

Navajo Nation. 2001. Navajo Nation Ten-Year Forest Management Plan. 31 

_____. 2002. San Juan Chapter Community-Based Land Use Plan. Fruitland, New Mexico. 32 

_____. 2008a. Tax Regulations for Possessory interest tax. Office of the Navajo Tax commission.  July 33 
21, 2008. Internet Website: http://www.tax.navajo-nsn.gov/ 34 

_____. 2008b. Tax Regulations for Business activity tax . Office of the Navajo Tax commission.  July 21, 35 
2008. Internet Website: http://www.tax.navajo-nsn.gov/ 36 

_____. 2008c. Tax Regulations for Oil and Gas Severance Tax. Office of the Navajo Tax 37 
commission.  July 21, 2008. Internet Website: http://www.tax.navajo-nsn.gov/ 38 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-16 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

_____. 2008d. Biological Resource Land Use Clearance Policies and Procedures (RCP). RCS-44-08. 1 
September 10. 2 

_____. 2017a. Draft Programmatic Environmental Impact Statement for the Navajo Nation Integrated 3 
Weed Management Plan. Gallup, New Mexico. 4 

_____. 2017b. Navajo Forestry Department. Unpublished information provided by Alex Becanti, Navajo 5 
Forestry, August 9, 2017. 6 

_____. 2017c. General Fund Revenue. August 2017. 7 

_____. 2017d. Taxes Collected 2013-2017. Internet website: http://www.navajotax.org/. 8 

_____. Undated. Navajo Nation Woodland Management Plan. 9 

Navajo Nation Code. 2009. Title 19 Parks and Monuments. Internet website: 10 
http://www.navajonationcouncil.org/Code%20Page.html. December 2009. 11 

Navajo Nation Ten-Year Forest Management Plan. 2000. Apache, Coconino, and Navajo Counties, 12 
Arizona, and McKinley and San Juan Counties, New Mexico.: EPA number: 000099F, Final EIS--13 
147 pages, Appendices--177 pages, April 6, 2000. 14 

Navajo Parks and Recreation. 2017. NPS Visits 2012 to 2016. January 24, 2017. Navajo Tourism Office. 15 
Window Rock, Arizona.  16 

Navajo-tec. 2017. Navajo Mine: A brief history. Internet website: http://www.navajo-tec.com/ 17 
history.html. 18 

Navajo Times. 2014. “Agreement gets oil flowing from Navajo land.” By Alastair Lee Bitsoi. March 6, 19 
2014.  20 

Navara, K. J., and R. J. Nelson. 2007. “The dark side of light at night: Physiological, epidemiological, and 21 
ecological consequences.” Journal of Pineal Research 43:215–224. 22 

New Mexico Commission of Public Records. 2002. 20.2.3 NMAC - Ambient Air Quality Standards. 23 
Effective October 31, 2002. Internet website: www.nmcpr.state.nm.us/nmac/parts/title20/ 24 
20.002.0003.htm. 25 

New Mexico Department of Game and Fish. 2006. Comprehensive Wildlife Conservation Strategy for 26 
New Mexico. New Mexico Department of Game and Fish. Santa Fe, New Mexico.  27 

_____. 2016a. Threatened and Endangered Species of New Mexico. 2016 Biennial Review. Available 28 
online at: http://www.wildlife.state.nm.us/download/conservation/threatened-endangered-29 
species/biennial-reviews/2016-Biennial-Review-FINAL.pdf. Accessed on February 9, 2018.  30 

_____. 2016b. State Wildlife Action Plan for New Mexico. Available online at: 31 
http://www.wildlife.state.nm.us/download/conservation/swap/New-Mexico-State-Wildlife-Action-32 
Plan-SWAP-Final-2017.pdf. Accessed on February 9, 2018.  33 

New Mexico Department of Transportation. 2015. The New Mexico 2040 Plan. NMDOT’s Long Range, 34 
Multi-Modal Transportation Plan. September. 35 

New Mexico Energy, Minerals, and Natural Resources Department. 2015. Annual Report 2015. Internet 36 
website: http://www.emnrd.state.nm.us/ADMIN/documents/2015_EMNRD_AnnualReport_ 37 
web.pdf.  38 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-17 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

New Mexico Rare Plant Technical Council. 2016a. Aliciella formosa (Aztec gilia, beautiful gilia). Internet 1 
website: http://nmrareplants.unm.edu/ rarelist_single.php?SpeciesID=7. 2 

_____. 2016b. Proatriplex pleiantha (Mancos saltplant). Internet website: http://nmrareplants.unm.edu/ 3 
rarelist_single.php?SpeciesID=38. 4 

NHD GIS. 2016. National Hydrography Dataset (NHD) published GIS data on surface water and 5 
watersheds. Internet website: nhd.usgs.gov/data.html. June 2016. 6 

NMDA (New Mexico Department of Agriculture). 2016. New Mexico Noxious Weed List Update. 7 
Internet website: www.nmda.nmsu.edu/apr/noxious-weed-information/. 8 

NMBGMR (New Mexico Bureau Geology and Mineral Resources). 2014. Hydrologic Assessment of Oil 9 
and Gas Resource Development of the Mancos Shale in the San Juan Basin, New Mexico. 10 
Socorro, New Mexico. November 2014. 11 

NMDFA (New Mexico Department of Finance and Administration). 2016a. Local Government Division, 12 
Property Tax Facts for Tax Year 2016. Santa Fe, New Mexico. Internet website: 13 
http://nmdfa.state.nm.us/uploads/FileLinks/ff1373ca37bb4c4f800f868687821827/Property_Tax_ 14 
Facts_2016. 15 

_____. 2016b. Major Components of New Mexico General Fund Revenue. 2012-2016. Internet website: 16 
http://www.nmdfa.state.nm.us/General_Fund_Revenue_Estimates.aspx.  17 

NMDOT (New Mexico Department of Transportation). 2017a. 2016 Community Report: McKinley 18 
County. Geospatial and Population Studies Traffic Research Unit, University of New Mexico, 19 
Albuquerque. 20 

_____. 2017b. 2016 Community Report: Rio Arriba County. Geospatial and Population Studies Traffic 21 
Research Unit, University of New Mexico, Albuquerque. 22 

_____. 2017c. 2016 Community Report: Sandoval County. Geospatial and Population Studies Traffic 23 
Research Unit, University of New Mexico, Albuquerque. 24 

_____. 2017d. 2016 Community Report: San Juan County. Geospatial and Population Studies Traffic 25 
Research Unit, University of New Mexico, Albuquerque. 26 

NMDPS (New Mexico Department of Public Safety). 2017a. New Mexico Summary Crime Data. Year: 27 
2016. Internet website. Accessed September 28, 2017. http://www.dps.state.nm.us/docs/ 28 
ucr_crime_data_2016.pdf. Santa Fe, New Mexico. 29 

NMDTR (New Mexico Department of Taxation and Revenue). 2009. Taxation of Coal and Other 30 
Natural Resources. July 2009. Internet website: http://old.tax.newmexico.gov/SiteCollection 31 
Documents/Tax-Library/Economic-and-Statistical-Information/Mineral%20Extraction%20Taxes/ 32 
taxation_of_coal_and_other_energy_resources.pdf.  33 

_____. 2014. Overview of Oil and Gas Tax Programs. Internet website: http://www.tax.newmexico.gov/ 34 
all-nm-taxes.aspx?9674a2e28c1442ce8b25e81c6d015418blogPostId=ba1c6d6acfa244f7 35 
8ea15f5a3edfc50f. 36 

_____. 2017. Quarterly RP-80 Reports: Gross Receipts by Geographic Area and 2-digit NAICS Code. 37 
Internet website: http://www.tax.newmexico.gov/quarterly-rp-80-reports-gross-receipts-by-38 
geographic-area-and-2- digit-naics-code.aspx.  39 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-18 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

NMED (New Mexico Environment Department). 2005. Total Maximum Daily Load (TMDL) for the San 1 
Juan River Watershed (Part One), Navajo Nation Boundary at the Hogback to Navajo Dam. 2 
June 2005. Internet website: https://www.env.nm.gov/swqb/Projects/SanJuan/TMDL1/ 3 
index.html. 4 

_____. 2007a. WQCC Approved Total Maximum Daily Load (TMDL) for the Río Puerco Watershed 5 
(Part One). November 14, 2007. 6 

_____. 2007b. WQCC Approved Draft Total Maximum Daily Load (TMDL) for the Río Puerco 7 
Watershed (Part One). August 14, 2007. 8 

_____. 2014. 2014 – 2016 State of New Mexico Clean Water Act Section 303(d)/Section 305(b) 9 
Integrated Report. Santa Fe, New Mexico. November 2014. Internet web site: 10 
https://www.env.nm.gov/swqb/303d-305b/2014-2016/. 11 

_____. 2016. Inventory of New Mexico Greenhouse Gas Emissions: 2000 – 2013. Internet website: 12 
https://www.env.nm.gov/wp-content/uploads/2017/01/NM_GHGInventory_2013_Update.pdf. 13 
December 9. 14 

NMEMNRD (New Mexico Energy, Minerals and Natural Resources Department). 2016. Annual Report 15 
2016. Santa Fe, New Mexico Internet website: http://www.emnrd.state.nm.us/ADMIN/ 16 
documents/Final_2016_EMNRD_AnnualReport.pdf. 17 

NMOCD (New Mexico Oil Conservation Division). 2005. Hydrogen Sulfide: Issues and Answers 18 
Workshop.  Internet website: http://octane.nmt.edu/sw-pttc/proceedings/H2S_05/Hydrogen 19 
Sulfide_OCD.pdf. December 7, 2005. 20 

_____. 2017a. Well Statistics. Internet website: http://www.emnrd.state.nm.us/OCD/statistics.html. 21 

_____. 2017b. Ongard active wells database for San Juan Basin Counties. Extracted by BLM, August 22 
2017. 23 

NMOSE/ISC (New Mexico Office of the State Engineer/Interstate Stream Commission). 2018. New 24 
Mexico Water Rights Reporting System; Water Rights Lookup. Internet website: 25 
http://nmwrrs.ose.state.nm.us/nmwrrs/index.html  26 

_____. 2017. Navajo Nation Water Rights Settlement. Internet website: http://www.ose.state.nm.us/ 27 
Legal/settlements/NNWRS/index.php 28 

_____. 2003. New Mexico State Water Plan. December 23.  29 

NMSP (New Mexico State Parks). 2012. New Mexico Energy, Minerals, and Natural Resources 30 
Department, State Park Division. Navajo Lake State Park Lake Management Plan. 31 

_____. 2014. New Mexico Energy, Minerals, and Natural Resources Department, State Park Division. 32 
Navajo Lake State Park River Management Plan. January. 33 

NNCRC (Navajo Nation Council, Resource Council). 2003. Biological Resource Land Use Clearance 34 
Policies and Procedures. Resolution No. RCMA-34-03. Window Rock, Arizona. March 13, 2003. 35 

NNFD (Navajo Nation Fire Department) 2018. Internet website: http://www.firerescue.navajo-nsn.gov/.  36 

NNDFW. 2015. Cutter Dam Report: FY 2015. Window Rock, Arizona. 37 

_____. 2016. Morgan Lake Report: FY 2016. Window Rock, Arizona. 38 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-19 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

NNDPS (Navajo Nation Division of Public Safety). 2017. Calls & Arrests 2006-2016. Unpublished 1 
Report. Spreadsheet. Provided by Robert Begay. Navajo Nation Division of Public Safety. 2 
Window Rock, Arizona. 3 

NNEPA (Navajo Nation Environmental Protection Agency). 2017. Navajo Nation Clean Water Act. 4 
Internet website: http://www.navajonationepa.org/Pdf%20files/Clean%20Water.pdf. 5 

North American Coal. 2016. About. Internet website: http://www.nacoal.com/operations/ 6 
BistiFuels.shtml. 7 

Northwest New Mexico Council of Governments. 2007. City of Bloomfield Comprehensive Plan, 2007 8 
– 2017. Final Draft approved by City Council April 9, 2007.  9 

NREL. 2010. Map: New Mexico – Annual Average Wind Speed at 80 meters. Golden, Colorado.  10 

_____. 2012a. Photovoltaic Solar Resource of the United States. Golden, Colorado. September 2012.  11 

_____. 2012b. Concentrating Solar Resource of the United States. Golden, Colorado. September 2012.  12 

NREL and Lawrence Berkeley National Laboratory. 2012. Recent Developments in the Levelized Cost 13 
of Energy from US Wind Power Projects.  14 

NRCS GIS. 2014. Natural Resources Conservation Service published GIS data on SSURGO Soil Survey 15 
data. United States Department of Agriculture. Internet website: 16 
www.datagateway.nrcs.usda.gov.  17 

Office of Pipeline Safety. 2005. Pipeline and Hazardous Materials Safety Administration, Washington, DC. 18 
Internet website: http://ops.dot.gov/. 19 

Ortega, C. P., and C. D. Francis. 2007. Effects of Gas Well Compressor Noise on Breeding Birds in the 20 
Rattlesnake Canyon Habitat Management Area, San Juan County, New Mexico. Report to the 21 
Bureau of Land Management, Farmington Field Office, New Mexico. Final Report 2007. 22 

Otak. 2009. Visual Resource Inventory. On file at the BLM Farmington Field Office. Farmington, New 23 
Mexico. 24 

Ouren, D. S., C. Haas, C .P. Melcher, S. C. Stewart, P. D. Ponds, N. R. Sexton, L. Burris, T. Fancher, and 25 
Z. H. Bowen. 2007. Environmental Effects of Off-Highway Vehicles on Bureau of Land 26 
Management Lands: A Literature Synthesis, Annotated Bibliographies, Extensive Bibliographies, 27 
and Internet Resources. US Department of the Interior, US Geological Survey, Open-File 28 
Report 2007-1353. 225 p.  29 

Papadopoulos and Associates. 2007. Piceance Basin Phase IV Baseline Water Quality Study – Garfield 30 
County, Colorado. Prepared for Colorado Oil and Gas Conservation Commission. Internet 31 
website: http://cogcc.state.co.us/Library/PiceanceBasin/BaselineH20_PhaseIV_study_TEXT.pdf. 32 

Parker, Patricia L., and Thomas F. King. 1998. Guidelines for Evaluating and Documenting Traditional 33 
Cultural Properties. National Register Bulletin No. 38. Internet website: https://www.nps.gov/nr/ 34 
publications/bulletins/pdfs/nrb38.pdf. 35 

Parrish, J. R., F. P. Howe, and R. E. Norvell. 2002. Utah Partners in Flight Avian Conservation Strategy. 36 
UDWR Publication Number 02-27. Utah Division of Wildlife Resources, Salt Lake City. 37 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-20 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Pellant, M., P. Shaver, D. A. Pyke, and J. E. Herrick. 2005. Interpreting Indicators of Rangeland Health, 1 
Version 4. Technical Reference 1734-6. US Department of the Interior, Bureau of Land 2 
Management, National Science and Technology Center, Denver, Colorado. BLM/WO/ST-3 
00/001+1734/REV05.  4 

Perry, Steven W. Tribal Crime Data Collection Activities, 2015. US Department of Justice. Office of 5 
Justice Programs. Bureau of Justice Statistics. July 2015. Washington, DC. 6 

Petersen, Mark D., Charles S. Mueller, Morgan P. Moschetti, Susan M. Hoover, Justin L. Rubinstein, 7 
Andrea L. Llenos, Andrew J. Michael, et al. 2015. Incorporating Induced Seismicity in the 2014 8 
United States National Seismic Hazard Model—Results of 2014 Workshop and Sensitivity 9 
Studies. Open-File Report 2015–1070. US Geological Survey. Reston, Virginia. 10 

Petersen, Mark D., Charles S. Mueller, Morgan P. Moschetti, Susan M. Hoover, Allison M. Shumway, 11 
Daniel E. McNamara, Robert A. Williams, et al. 2017. 2017 One‐Year Seismic‐Hazard Forecast 12 
for the Central and Eastern United States from Induced and Natural Earthquakes. Seismological 13 
Research Letters: Volume 88 Issue 3. Internet website: http://srl.geoscienceworld.org/ 14 
content/88/3/772 15 

Phillips, F. M., M. K. Tansey, L. A. Peters, S. Cheng, and A. Long. 1989. “An isotopic investigation of 16 
groundwater in the central San Juan Basin, New Mexico: Carbon 14 dating as a basis for 17 
numerical flow modeling.” Water Resources Research 25:2259-2273. 18 

Polley, H. W., D. D. Briske, J. A. Morgan, K. Wolter, D. W. Bailey, and J. R. Brown. 2013. “Climate 19 
change and North American rangelands—Trends, projections, and implications.” Rangeland 20 
Ecology and Management 66:493–511. 21 

Preister. 2001. Report Number One: Citizen’s Issues and Opportunities Related to Bureau of Land 22 
Management Activities in the Farmington District Office. Unpublished report for Bureau of Land 23 
Management, Farmington Field Office. Farmington, New Mexico. April 2001. 24 

Prichard, D., J. Anderson, C. Correll, J. Fogg, K. Gebhardt, R. Krapf, S. Leonard, B. Mitchell, and J. Staats. 25 
1998. Riparian area management: a user guide to assessing proper functioning condition and the 26 
supporting science for lotic areas. TR 1737-15. Bureau of Land Management, 27 
BLM/RS/ST98/001+1737.136 pp. 28 

Pritzker, Barry M. 2000. Native American Encyclopedia. History, Culture, and Peoples. Oxford University 29 
Press, New York, New York.   30 

Public Service Company of New Mexico. 2017. Integrated Resource Plan, 2017-2036. Internet website: 31 
https://www.pnm.com/documents/396023/396193/PNM+2017+IRP_Executive+Summary.pdf/99232 
f1578-8eb1-4454-a51e-7ea19cf39833.  33 

Radle, A. L. 2007. The Effect of Noise on Wildlife: A Literature Review. World Forum for Acoustic 34 
Ecology Online Reader. Internet website: http://wfae.proscenia.net/library/articles/ 35 
radle_effect_noise_ wildlife.pdf. 36 

Raish, Carol. 1996. Historic land use and grazing patterns in northern New Mexico.   37 

Raymond Cross, Development's Victim or Its Beneficiary?: The Impact of Oil and Gas Development on 38 
the Fort Berthold Indian Reservation. 87 N.D. L. Rev. 535 (2011). Internet Website: 39 
http://scholarship.law.umt.edu/faculty_lawreviews/76 40 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-21 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Rich, T. D., C. J. Beardmore, H. Berlanga, P. J. Blancher, M. S. W. Bradstreet, G. S. Butcher, D. W. 1 
Demarest, et al. 2004. Partners in Flight North American Landbird Conservation Plan. Cornell 2 
Lab of Ornithology. Ithaca, New York.  3 

Riese, W. C., W. L. Pelzmann, and G. T. Snyder. 2005. “New insights on the hydrocarbon system of the 4 
Fruitland Formation coal beds, northern San Juan Basin, Colorado and New Mexico, USA.” 5 
Geological Society of America Special Paper 387. Pp. 73-111. 6 

Rio Arriba County. 2014. Rio Arriba County Fire Marshal’s Office. Internet website: http://www.rio- 7 
arriba.org/departments_and_divisions/fire_marshal.html.  8 

Rio Puerco Alliance and Hasbidito. 2013. Tri-Chapter Food and Energy Economic Survey Results. 9 
RMCHCS (Rehoboth McKinley Christian Health Care Services). 2014. Internet website: 10 
http://www.rmch.org/about-us/.  11 

RMCHCS (Rehoboth McKinley Christian Health Care Services). 2014. About Us. Internet website: 12 
http://www.rmch.org/about-us/.  13 

Rose S., K.,Turner, D. Blanford, G. Bistline, J. de la Chesnaye, F. Wilson, T... 2014. Understanding the 14 
social cost of carbon: A technical assessment. Palo Alto, CA: Electric Power Research Institute. 15 

Roth, D. 2014a. Monitoring report, Mancos milkvetch (Astragalus humillimus: Fabaceae). San Juan County, 16 
New Mexico. 1990-2014. New Mexico Energy, Minerals, and Natural Resource Department, 17 
Forestry Division. Santa Fe. 18 

_____. 2014b. Monitoring report, Mesa Verde cactus (Sclerocactus mesae-verdae) 1986-2014. New 19 
Mexico Energy, Minerals, and Natural Resource Department, Forestry Division. Santa Fe. 20 

_____. 2015. Pediocactus knowltonii (Knowlton’s cactus) 2015 summary report. New Mexico Energy, 21 
Minerals, and Natural Resources Department, Forestry Division. Santa Fe. 22 

Roth, D., and R. Sivinski. 2014. Status report for Zuni fleabane on the Cibola National Forest, New 23 
Mexico. Report for US Forest Service. Albuquerque, New Mexico. 24 

Sada, D. W., and K. F. Pohlman. 2002. “Spring inventory and monitoring protocols.” Conference 25 
proceedings. Spring-Fed Wetlands: Important Scientific and Cultural Resources of the 26 
Intermountain Region. Internet website: https://www.dri.edu/images/stories/conferences_and_ 27 
workshops/spring-fed-wetlands/spring-fed-wetlands-sada-pohlmann-protocol.pdf 28 

Sakai, A.K., F.W. Allendorf, J.S. Holt, D.M. Lodge, J. Molofsky, K.A., with, S. Baughman, R.J. Cabin, J.E. 29 
Cohen, N.C. Ellstrand, D.E. McCauley, P. O’Neil, I.M. Parker, J.N. Thompson, and S.G. Weller. 30 
2001. The population biology of invasive species. Annual Review of Ecology and Systematics 32: 31 
305-332. 32 

Salo, E. D., K. F. Higgins, B. D. Patton, K. K. Bakker, W. T. Barker, B. Kreft, and P. E. Nyren. 2004. 33 
“Grazing intensity effects on vegetation, livestock and non-game birds in North Dakota mixed-34 
grass prairie.” Proceedings of the North American Prairie Conferences, 2004, Paper 88. 35 

Sandoval County. 2014. Fire Department and Emergency Services. Internet website: 36 
http://www.sandovalcounty.com/fire.  37 

San Juan County. 2011. San Juan County Community Health Profile. Internet website: 38 
http://www.nmhealthcouncils.org/Resources/Pictures/SanJuanProfile_060714.pdf 39 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-22 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

San Juan County. 2013. County Fast Facts. Internet website: http://www.sjcounty.net/images/ 1 
stories/fast_facts_Jan2013.pdf.  2 

San Juan Regional Medical Center. 2014. About Us. Internet website: 3 
http://www.sanjuanregional.com/?id=3&sid=1.   4 

San Juan Regional Rehabilitation Hospital. 2014. Welcome to San Juan Regional Rehabilitation Hospital. 5 
Internet website: http://www.sjrrh.com/index.htm.  6 

San Juan River Basin Recovery Implementation Program. 2015. Upper Colorado River Endangered Fish 7 
Recovery Program and San Juan River Basin Recovery Implementation Program: Highlights 2015 8 
- 2016. Internet website: https://www.fws.gov/southwest/sjrip/PH.cfm.  9 

Santucci, Vincent L., Jason P. Kenworthy, and Alison L. Mims. 2009. “Monitoring in situ paleontological 10 
resources.” In: Geological Monitoring (Rob Young and Lisa Norby, editors). Geological Society of 11 
America. Pp. 189–204. 12 

Sarche, Michelle and Paul Spicer. 2009. Poverty and Health Disparities for American Indian and Alaska 13 
Native Children: Current Knowledge and Future Prospects. National Instituties of Health. 14 
University of Colorado Devner, American Indian and Alaska Native Program. Aurora, Colorado  15 

Schmitt, C. G. 2009. Investigations of Late Spring and Summer Birds in Tebuthiuron-Treated and 16 
Nontreated Big Sagebrush (Artemisia tridentata) Habitat near Huerfano Mountain, San Juan 17 
County, New Mexico. Unpublished report provided to BLM FFO. December 18, 2009. 18 

Scott, G. R., and K. A. Sloman. 2004. “The effects of environmental pollutants on complex fish behavior: 19 
Integrating behavioral and physiological indicators of toxicity.” Aquatic Toxicology 68:369–392. 20 

Sealey, Paul L., and Spencer G. Lucas. 1997. “Paleontology, Stratigraphy and Biostratigraphy of the Upper 21 
Cretaceous Lewis Shale near Waterflow, San Juan County, New Mexico.” New Mexico 22 
Geological Society Guidebook, 48th Field Conference, Mesozoic Geology and Paleontology of 23 
the Four Corners Region. New Mexico Geological Society. Pp. 233-238. 24 

Shonkoff, S., J. Hays, and M. L. Finkel. 2014. Environmental Public Health Dimensions of Shale and Tight 25 
Gas Development. Environmental Health Perspectives. Vol 122(8). Internet website: 26 
https://ehp.niehs.nih.gov/wp-content/uploads/122/8/ehp.1307866.pdf. 27 

Simons, George. 2005. Developing Cost-Effective Solar Resources with Electricity System Benefit – In 28 
Support of the 2005 Integrated Energy Policy Report. Staff Paper. California Energy Commission. 29 
June 2005.  30 

Sites Southwest. 2002. Tending to the Heart of Rural Community in a Changing Landscape: City of 31 
Aztec Comprehensive Plan Update.  32 

Smith, Jane Kapler (editor). 2000. Wildland Fire in Ecosystems: Effects of Fire on Fauna. Gen. Tech. Rep. 33 
RMRS-GTR-42-vol. 1. Ogden, Utah. 34 

Smith, M. D., R. S. Krannich, and L. M. Hunter. 2001. “Growth, decline, stability, and disruption: A 35 
longitudinal analysis of social well-being in four western rural communities.” Rural Sociology 36 
66:425-450. 37 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-23 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Stocker, T. F., Q. Dahe, G. Plattner, L. V. Alexander, S. K. Allen, N. L. Bindoff, F. Bréon, et al. 2013. 1 
“Technical summary.” In “Climate Change 2013—The Physical Science Basis” (T. F. Stocker, Q. 2 
Dahe, G. Plattner, M. M. B. Tignor, S. K. Allen, J. Boschung, A. Nauels, et al., editors). 3 
Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental 4 
Panel on Climate Change: Cambridge University Press, Cambridge, New York. 5 

Sullivan, K., T. E. Lisle, A. C. Dolloff, G. E. Grant, and L. M. Reid. 1987. “Stream channels: The link 6 
between forests and fishes.” Chapter 3 In: “Streamside management: Forestry and fishery 7 
interactions (Ernest O. Salo and Terrance W. Cundy, editors). Proceedings of a symposium held 8 
at the University of Washington, February 12–14, 1986. Contribution no. 57, Institute of Forest 9 
Resources. Seattle, Washington. Pp. 39–97. 10 

Sutter, Lori, Nathaniel Weston, and Steven Goldsmith. (2015). Hydraulic Fracturing: Potential Impacts 11 
[on] Wetlands. 32:7–16. Internet website: https://www.researchgate.net/publication/ 12 
282860011_Hydraulic_Fracturing_Potential_Impacts_to_Wetlands. 13 

SVP (Society of Vertebrate Paleontologists). 2010. Standard Procedures for the Assessment and 14 
Mitigation of Adverse Impacts to Paleontological Resources. Internet website: 15 
http://vertpaleo.org/Membership/Member-Ethics/SVP_Impact_Mitigation_Guidelines.aspx pg .1 16 

SWReGAP GIS. 2016. Southwest Regional GAP Analysis Project (SWReGAP) published GIS land cover 17 
dataset. Multi-institutional cooperative effort. June 2016. 18 

Tourism Economics 2016. The Economic Impacts of Tourism in New Mexico. 2015 Analysis. Internet 19 
website: https://res.cloudinary.com/simpleview/image/upload/v1/clients/newmexico/NM_Visitor_ 20 
Economic_Impact_2015_FINAL_7c937a91-e3de-4e78-a1f2-85c3c2371369.pdf. July 2016. 21 

Tribal Energy and Environmental Information Clearinghouse. 2018. Oil and Gas Drilling/Development 22 
Impacts. Internet website: https://teeic.indianaffairs.gov/er/oilgas/impact/drilldev/.  23 

University of Colorado Boulder. 2015. Intermountain Oil and Gas BMP Project. Internet website: 24 
http://www.oilandgasbmps.org/resources/economics.php. 25 

University of New Mexico. 2017. Geospatial and Population Studies Group. New Mexico County 26 
Population Projections July 1, 2015 to July 1, 2040. Internet website: http://bber.unm.edu/ 27 
demo/PopProjTable1.htm.  28 

USACE (U.S. Army Corps of Engineers). 1987. Corps of Engineers Wetlands Delineation Manual. 29 
Environmental Laboratory U.S. Army Corps of Engineers, Waterways Experiment Station., 30 
Wetlands Research Program Technical Report Y-87-1. Vicksburg, MS. Internet website: 31 
http://www.lrh.usace.army.mil/Portals/38/docs/USACE%2087%20Wetland%20Delineation%20 32 
Manual.pdf. 33 

_____. 2008. Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Arid West 34 
Region (Version 2) ed J.S. Wakeley, R. W. Lichvar, and C.V. Noble. ERDC/EL TR-08-28. 35 
Vicksburg, MS: U.S. Army Engineer Research and Development Center.  36 

US Census Bureau. 1980. 1980 Census of Population: General Population Characteristics, United States 37 
Summary. Internet website: http://www.census.gov/prod/www/abs/decennial/1980.html. 38 

_____. 1990. 1990 Census of Population: General Population Characteristics, United States Summary. 39 
Internet website: http://www.census.gov/prod/www/abs/decennial/1990.html. 40 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-24 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

_____. 2000. Census 2000, Summary File 1, Table DP-1 and Summary File 3, Table DP-3; American 1 
FactFinder. Internet website: http://factfinder2.census.gov.  2 

_____. 2010. Census 2010, Summary File 1, Table DP-1 and Summary File 3, Table DP-3; American 3 
FactFinder. Internet website: http://factfinder2.census.gov. 4 

_____. 2015a. American Community Survey, 2010-2015 American Community Survey 5-Year Estimates, 5 
Tables DP-02, DP-03, DP-04, DP-05; American FactFinder. Internet website: 6 
http://factfinder2.census.gov. 7 

_____. 2015b. Small Area Estimates Branch 2015 Poverty Estimates. Internet website: 8 
https://www.census.gov/did/www/saipe/data/interactive/saipe.html?s_appName=saipe&map_year9 
Selector=2015&map_geoSelector=aa_c&s_county=35045,35031,35043,35039&s_state=35& 10 
menu=grid_proxy. 11 

_____. 2016a. Poverty threshold by size of family. Internet website: http://www.census.gov/hhes/ 12 
www/poverty/data/threshld/index.html.  13 

_____. 2016b. American Community Survey, 2016 American Community Survey 5-Year Estimates, 14 
Tables DP-02, DP-03, DP-04, DP-05; American FactFinder. Internet website: 15 
http://factfinder2.census.gov. 16 

USDA NASS (US Department of Agriculture, National Agricultural Statistical Service). 2014. 2012 17 
Agricultural Census. Internet website: https://agcensus.usda.gov/Publications/2012/. 18 

_____. 2017a. Honey Bee Colonies. Internet website: https://www.usda.gov/nass/PUBS/TODAYRPT/ 19 
hcny0817.pdf. 20 

_____. 2017b. Private Land Grazing Fee. Internet website: http://www.nass.usda.gov/Charts_and_Maps/ 21 
Grazing_Fees/gf_am.asp.  22 

USDA, USDOI, and USEPA. 2011. Memorandum of Understanding Regarding Air Quality Analyses and 23 
Mitigation for Federal Oil and Gas Decisions Through the National Environmental Policy Act 24 
Process. Internet website: https://www.epa.gov/sites/production/files/2014-08/documents/air-25 
quality-analyses-mou-2011.pdf. 26 

USDOI (United States Department of the Interior). 2013. Best Management Practices for Reducing 27 
Visual Impacts of Renewable Energy Facilities on BLM-Administered Lands. Bureau of Land 28 
Management. Cheyenne, Wyoming. 342 pp, April. 29 

USDOJ (United States Department of Justice). 2017. 2016 Crime in the United States. US Department 30 
of Justice. Federal Bureau of Investigation. Criminal Justice Information Services Division. 31 
Internet website. Accessed September 28, 2017. https://ucr.fbi.gov/crime-in-the-u.s/2016/crime-32 
in-the-u.s.-2016.  33 

United States Department of State. 2017. The Link Between Extractive Industries and Sex Trafficking. 34 
Office to Monitor and Combat Trafficking in Persons. Washington, DC. Internet website: 35 
https://www.state.gov/documents/organization/272964.pdf 36 

USEITI (United States Extractive Industries Transparency Initiative). 2017. Production on Federal Lands 37 
in New Mexico. Internet website: https://useiti.doi.gov/explore/NM/#production. 38 

USEPA (United States Environmental Protection Agency). 2018. Navajo Nation: Cleaning Up Abandoned 39 
Uranium Mines. Internet website: https://www.epa.gov/navajo-nation-uranium-cleanup.  40 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-25 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

USFWS (US Fish and Wildlife Service). 2000. Wildlife Mortality Risk in Oil Field Waste Pits. Region 6 7 1 
Contaminants Information Bulletin. Cheyenne, Wyoming. December 2000. 2 

_____. 2016. ECOS Environmental Conservation Online System. Internet website: 3 
https://ecos.fws.gov/ecp/. 4 

USFWS and US Census (US Department of the Interior, Fish and Wildlife Service, and US Department 5 
of Commerce, Census Bureau). 2011. National Survey of Fishing, Hunting, and Wildlife-6 
Associated Recreation. Available at: http://www.census.gov/prod/2012pubs/fhw11-nat.pdf. 7 

USGS. 1984. Groundwater Regions of the United States. Geological Survey Water-Supply Paper 2242. 8 
Washington, DC.  9 

_____. 2000. Land Subsidence in the United States. USGS Fact Sheet-165-00. Internet website: 10 
https://water.usgs.gov/ogw/pubs/fs00165/. December 2000. 11 

_____. 2001. Groundwater Atlas of the United States—Arizona, Colorado, New Mexico, Utah: HA 12 
730-C. Colorado Plateaus Aquifer. Internet website: http://pubs.usgs.gov/ha/ha730/ch_c/C-13 
text8.html. 14 

_____. 2012. Water Quality Studied in Areas of Unconventional Oil and Gas Development, Including 15 
Areas Where Hydraulic Fracturing Techniques are Used, in the United States. U.S. Geological 16 
Survey Powell Center for Analysis and Synthesis. Fact Sheet 2012-3049. April 2012. 17 

_____. 2014. New Mexico 2014 Seismic Hazard Map. Internet website: https://earthquake.usgs.gov/ 18 
earthquakes/byregion/newmexico-haz.php. 19 

_____. 2016. Groundwater Depletion. Internet website: https://water.usgs.gov/edu/gwdepletion.html. 20 
Last modified on December 9, 2016. 21 

_____. 2018. Search Earthquake Catalog. Internet website: https://earthquake.usgs.gov/earthquakes/ 22 
search/  23 

_____. 2018a. Increases in Wildfire-Caused Erosion Could Impact Water Supply and Quality in the 24 
West. Internet website: https://www.usgs.gov/news/increases-wildfire-caused-erosion-could-25 
impact-water-supply-and-quality-west-2. Release Date: September 7, 2017.  26 

_____. 2018b. Can hydraulic fracturing impact the quality of groundwater or surface water? Internet 27 
website: https://www.usgs.gov/faqs/can-hydraulic-fracturing-impact-quality-groundwater-or-28 
surface-water?qt-news_science_products=0#qt-news_science_products 29 

Van Kamp I, and Davies H. 2013. “Noise and health in vulnerable groups: A review.” Noise Health 30 
15:153–9. 31 

Van Leeuwen, W. J. D. 2008. “Monitoring the effects of forest restoration treatments on post-fire 32 
vegetation recovery with MODIS multitemporal data.” Sensors 8: 2017–2042. 33 

Vijayaraghavan et al. 2016. Colorado Air Resource Management Modeling Study (CARMMS) with 34 
Updated Mancos Shale Modeling: 2021 Modeling Results for the High, Low and Medium Oil and 35 
Gas Development Scenarios, CARMMS 1.5 Final Report. Internet website: https://www.blm.gov/ 36 
sites/blm.gov/files/uploads/program_natural%20resources_soil%20air%20water_airco_quick% 37 
20link_CARMMS1.5.pdf. 38 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
N-26 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 November 2018 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Vijayaraghavan et al. 2017. Colorado Air Resource Management Modeling Study (CARMMS) with 1 
Updated Mancos Shale Modeling: 2025 Modeling Results for the High, Low, and Medium Oil and 2 
Gas Development Scenarios. CARMMS 2.0. Internet website: https://www.blm.gov/documents/ 3 
colorado/public-room/report. 4 

Vijayaraghavan, Krish, J. Grant, and L. Parker. 2018. Air Impact Assessment for BLM Farmington Field 5 
Office Oil and Gas Development. Prepared by Ramboll, Novato, CA. April 2018. 6 

Wakeling, S. et al. 2001. Policing on American Indian Reservations. US Department of Justice. Office of 7 
Justice Programs. National Institute of Justice. Washington, DC.  8 

Warpinski, N. R. 2011. “Fracture growth in layered and discontinuous media.” Proceedings of the 9 
Technical Workshops for the Hydraulic Fracturing Study: Fate and Transport. US Environmental 10 
Protection Agency, Washington, DC. May 2011. 11 

Warpinski, N. R., J. Du, and U. Zimmer. 2012. ‘Measurements of hydraulic-fracture induced seismicity in 12 
gas shales.’ Paper SPE 151597, presented at the SPE Hydraulic Fracture Technology Conference, 13 
The Woodlands, Texas. February 6 to 8, 2012. 14 

Watson et al. 2007. Determining Economic Contributions and Impacts: What is the difference and why 15 
do we care? The Journal of Regional Analysis and Policy. JRAP 37(2):1-15. 16 
https://www.ntc.blm.gov/krc/uploads/74/Watson, %20et%20al%20Impacts%20vs%20Contribution 17 
%2037-2-6.pdf 18 

Weingarten, M., S. Ge, J. W. Godt, B. A. Bekins, and J. L. Rubinstein. 2015. “High-rate injection is 19 
associated with the increase in U.S. mid-continent seismicity.” Science 348(6241):1339. 20 

Werner, A.K., S. Vink, K. Watt, and P. Jagals. 2015. “Environmental health impacts of unconventional 21 
natural gas development: A review of the current strength of evidence.” Science of The Total 22 
Environment 505:1127–1141. 23 

Westbrooks, Randy G., 1953- Invasive plants: changing the landscape of America: fact book/ [senior 24 
author, Randy Westbrooks]. Washington, D.C.: Federal Interagency Committee for the 25 
Management of Noxious and Exotic Weeds, 1998. ........[vi], 107 p.: colt III.; 28 cm. 26 

Western Ecosystems Technology, Inc. Environmental & Statistical Consultants. 2017. Unpublished data. 27 
Received via Personal Communication, email. Jeff Tafoya BLM Natural Resources Supervisor. 28 

WGA (Western Governors Association). 2006. Western Governors Association Clean and Diversified 29 
Energy Initiative. Solar Energy Task Force Report. June 2006. Denver, Colorado.  30 

Wethington, C. M., and P. Wilkinson. 2005. Management Plan for the San Juan River: 2004-2008. New 31 
Mexico Department of Game and Fish, Fisheries Management Division.  32 

WFDSS (Wildland Fire Decision Support System) GIS. 2009. Class I airshed data. 33 

Wilbur Smith Associates, Four Corners Planning Inc., McGinty, Southwest Planning & Marketing, James 34 
Duncan and Associates, William Freimuth Architecture. 2002. Farmington Comprehensive Plan: 35 
Framing the Future. October 2002.  36 

Williamson, Thomas E., and Spencer G. Lucas. 1992. Stratigraphy and mammalian biostratigraphy of the 37 
Paleocene Nacimiento Formation, southern San Juan Basin, New Mexico. New Mexico 38 
Geological Society Guidebook, 43rd Field Conference, San Juan Basin IV. New Mexico 39 
Geological Society. Pp. 265-296. 40 



N. References; Related Land Use Plans; and Laws, Regulations, and Agency Guidance 
 

 
November 2018 Farmington Mancos-Gallup Administrative Draft RMPA/EIS v.2 N-27 

INTERNAL DRAFT – DO NOT DISTRIBUTE 

Williamson, Thomas E. 1996. “The beginning of the age of mammals in the San Juan Basin, New Mexico: 1 
Biostratigraphy and evolution of Paleocene mammals of the Nacimiento Formation.” Bulletin 8. 2 
New Mexico Museum of Natural History and Science, Albuquerque, New Mexico.  3 

Winter, John R., and J. K. Whittaker. 1981. “The relationship between private ranchland prices and 4 
public land grazing permits.” Land Econ. 57:414-421. 5 

Witter, Roxana, Lisa McKenzie, Kaylan Stinson, Kenneth Scott, Lee S. Newman, and John Adgate. 2008. 6 
The Use of Health Impact Assessment for a Community Undergoing Natural Gas Development. 7 
Framing Health Matters. American Journal of Public Health. Vol 103, No. 6, June 2013.  8 

Wolberg, Donald L., Stephen West, Jean P. Hall, and Jiri Zidek. 1988. “Probable caddisfly (Trichoptera: 9 
Insecta) larval cases from the Fruitland Formation (Campanian-Maastrichtian) of the Fossil 10 
Forest, San Juan County, New Mexico.” Bulletin 122 – Contributions to Late Cretaceous 11 
paleontology and stratigraphy of New Mexico, Part III. New Mexico Bureau of Mines and 12 
Mineral Resources, Socorro. Pp. 29-31. 13 

WRI (World Resources Institute). 2017. World Resources Institute Climate Analysis Indicators Tool 14 
(CAIT). Internet website: http://cait.wri.org. 15 

WRCC (Western Regional Climate Center). 2014a. Monthly Normal Temperatures and degrees 16 
Fahrenheit Precipitation, 1981-2010, for Shiprock, New Mexico. 17 

_____. 2014b. Monthly Normal Temperatures and degrees Fahrenheit Precipitation, 1981-2010, for 18 
Farmington, New Mexico. 19 

_____. 2014c. Monthly Normal Temperatures and degrees Fahrenheit Precipitation, 1981-2010, for 20 
Bloomfield, New Mexico. 21 

_____. 2014d. Monthly Normal Temperatures and degrees Fahrenheit Precipitation, 1981-2010, for 22 
Navajo Dam, New Mexico. 23 

_____. 2014e. Monthly Normal Temperatures and degrees Fahrenheit Precipitation, 1981-2010, for 24 
Lybrook, New Mexico. 25 

_____. 2014f. Monthly Normal Temperatures and degrees Fahrenheit Precipitation, 1981-2010, for 26 
Lindrith, New Mexico. 27 

WUG. 1992. Western Regional Corridor Study. 1992. Sierra Pacific Power Company, Reno, Nevada. 28 

_____. 2002. Priority Corridors with National Landscape Conservation System Data. BLM Update of 29 
the WUG Western Regional Corridor Study of 1993. September.  30 

Zoback, Mary L., and Mark D. Zoback. 1989. Tectonic stress field of the continental United States. 31 
Geological Society of America. Memoir 172. 32 
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Mexico, as well as the San Juan/San Miguel Field Office (BLM 1985) and Tres Rios (BLM 2015b) RMPs in 36 
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The RMPA/EIS will strive for consistency with the following programmatic EISs:  1 

• Vegetation Treatments Using Herbicides on Bureau of Land Management Lands in 17 Western 2 
States Programmatic EIS, 2007  3 

• West-wide Energy Corridor Programmatic EIS, 2009 4 

• Final Programmatic Environmental Impact Statement for Vegetation Treatments Using 5 
Aminopyralid, Fluroxypyr, and Rimsulfuron on Bureau of Land Management Lands in 17 6 
Western States, 2016a 7 

Additionally, the following are federal, state, Tribal, and local government plans considered during the 8 
development of the draft RMPA/EIS:  9 

Federal 10 

• Aztec Ruins National Monument General Management Plan (NPS 2010) 11 

• Chaco Culture National Historic Park General Management Plan (NPS 1985) 12 

• Farmington Field Office Visual Resource Management Resource Management Plan Amendment 13 
(BLM 2014a) 14 

State 15 

• New Mexico Comprehensive Wildlife Conservation Strategy (New Mexico Department of Fish 16 
and Game 2006) 17 

• New Mexico State Parks, Navajo Lake Management Plans, Lakeside (NMSP 2012) and Riverside 18 
(NMSP 2014) 19 

• New Mexico State Water Plan (New Mexico Office of the State Engineer/Interstate Stream 20 
Commission 2003) 21 

• The New Mexico 2040 Plan NMDOT’s Long Range, Multi-Modal Transportation Plan (New 22 
Mexico Department of Transportation 2015) 23 

Tribal and Local Government 24 

• Animas River Trails System Plan, 2010 (Aztec Trails and Open Space and City of Aztec 2010) 25 

• Bloomfield Comprehensive Plan, 2007 (Northwest New Mexico Council of Governments 2007) 26 

• City of Aztec Comprehensive Plan, 2002 (Sites Southwest 2002) 27 

• City of Farmington Comprehensive Plan, 2002 (Wilbur Smith  Associates et al. 2002) 28 

• La Plata County Comprehensive Plan (Colorado), 2001 (County of La Plata 2001) 29 

• McKinley County Comprehensive Plan, 2003 (County of McKinley 2003) 30 

• Navajo Nation, Biological Resource Land Use Clearance Policy and Procedures (Navajo Nation 31 
2008) 32 

• Navajo Nation, Chapter House Community-Based Land Use Plans 33 

• Navajo Nation Cultural Resources Protection Act (CMY-19-88) 34 

• Navajo Nation, Policy for the Disposition of Cultural Resources Collection 35 

• Navajo Nation Natural Heritage Program’s Biological Resource Land Use Clearance Policies 36 

• Comprehensive Plan County of Rio Arriba (County of Rio Arriba 2014) 37 

• Sandoval County Comprehensive Plan, 2013 (County of Sandoval 2013) 38 

• San Juan County Growth Management Plan Update (County of San Juan 2012) 39 
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N.3 LAWS, REGULATIONS, AND AGENCY GUIDANCE 1 

This list of applicable laws and regulations provides an overview of the regulatory framework for this 2 
RMPA/EIS. It is not considered exhaustive as some resource-specific regulations are discussed 3 
individually in the resource sections of Chapter 3 in the RMPA/EIS. Further, not all laws, regulations, or 4 
guidance apply to both the BLM and BIA. For example, certain BLM guidance or state regulations only 5 
apply to that agency, and certain Tribal laws or regulations may only apply to the BIA. 6 

N.3.1 Federal 7 

Laws and Regulations 8 

• National Environmental Policy Act of 1969 (NEPA) (Public Law [PL] 91-190; 83 Stat. 852; 42 9 
United States Code [USC] § 4321 et seq.) 10 

• Council on Environmental Quality Executive Office of the President, Regulations for 11 
Implementing the Procedural Provisions of the National Environmental Policy Act (40 Code of 12 
Federal Regulations [CFR] §§ 1500-1508) 13 

• Federal Land Policy and Management Act of 1976 (FLPMA) (PL 94-579; 90 Stat. 2743; 43 USC 14 
35 § 1701 et seq.) 15 

• Mineral Leasing Act of 1920 as amended (MLA) (41 Stat. 437; 30 USC § 181 et seq.) 16 

• Mining and Minerals Policy Act of 1970 (30 USC § 21 et seq.) 17 

• National Materials and Minerals Policy Research and Development Act of 1980 (PL 96-479) 18 

• Federal Onshore Oil and Gas Leasing Reform Act of 1987 (30 USC § 181 et seq.) 19 

• Indian Mineral Leasing Act of 1938 (25 USC §§ 396a-g)  20 

• Indian Mineral Development Act of 1982 (25 USC § 2101 et seq.) 21 

• Rights of Way Over Indian Land (25 USC § 323; 25 CFR § 169) 22 

• Clean Water Act (PL 92-500; 86 Stat. 816; 33 USC §§ 1251-1387) 23 

• Clean Air Act (PL 88-206; 77 Stat. 392; 42 USC 85.1 § 7401 et seq.) 24 

• National Historic Preservation Act of 1966 (NHPA) (PL 89-665; 80 Stat. 915; 54 USC 300101 et 25 
seq. and Implementing Regulations at 36 CFR § 800) 26 

• Archaeological Resources Protection Act of 1979 (PL 96-95; 93 Stat. 721; 16 USC, § 470aa) and 27 
Implementing Regulations at 36 CFR § 296 28 

• American Indian Religious Freedom Act of 1978 (PL 95-341; 92 Stat. 469; 42 USC § 1996) 29 

• Native American Graves Protection and Repatriation Act of 1990 (25 USC § 3001) 30 

• Title V—Chaco Culture National Historical Park (Chaco Sites Protection Act) (PL 96-550)  31 

• Chacoan Outliers Protection Act of 1995 (PL 104-11; 109 Stat. 158; 16 USC § 410ii) 32 

• BIA Grazing (25 CFR § 166) 33 

• Onshore Oil and Gas Order No. 1 – Approval of Operations on Onshore Federal and Indian 34 
Oil and Gas Leases (43 CFR 3160) 35 

Executive Orders 36 

• Executive Order (EO) 13175, Consultation and Coordination with Indian Tribal Governments 37 
(65 Federal Register [FR] 67249)  38 

• EO 13007, Indian Sacred Sites (61 FR 26771-26772) 39 
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• EO 13186, Responsibility of Federal Agencies to Protect Migratory Birds (66 FR 3853-3856) 1 

• EO 12898, Federal Actions to Address Environmental Justice in Minority Populations and Low-2 
Income Populations (59 FR 7629) 3 

• EO 13045,  Protection of Children from Environmental Health Risks and Safety Risks 4 

• EO 13783, Promoting Energy Independence and Economic Growth (82 FR 16093-16097) 5 

• EO 13790, Promoting Agriculture and Rural Prosperity in America (82 FR 20237-20239) 6 

Agency Guidance 7 

• BLM NEPA Handbook (H-1790-1; revision in progress) 8 

• BLM Manual MS1601—Land Use Planning 9 

• BLM Land Use and Planning Handbook (H-1601-1) 10 

• BLM Manual 6320—Considering Lands with Wilderness Characteristics in the BLM Land Use 11 
Planning Process 12 

• BIA Fluid Mineral Estate Procedural Handbook (52 IAM X-H) 13 

• BIA NEPA Guidebook (59 IAM 3-H) 14 

• Onshore Energy and Mineral Lease Management Interagency Standard Operating Procedures 15 
(Interagency SOP 2013)  16 

• Secretarial Order (SO) 3355, Streamlining National Environmental Policy Act Reviews and 17 
Implementation of Executive Order 13807  18 

N.3.2 State 19 

• New Mexico’s Air Quality Act (20.2.3 New Mexico Administrative Code [NMAC]) 20 

N.3.3 Tribal 21 

• Navajo Nation Clean Water Act (Navajo Nation Code [NNC] Title 4) 22 

• Navajo Nation Safe Water Drinking Act (NNC Title 22, Chapter 11, Subchapter 15) 23 

• Navajo Nation Environmental Policy Act (NNC Title 4, Chapter 9, Subchapters 901-906) 24 

• Navajo Nation Off-Reservation Grazing (NNC Title 3, Subsections 931-950) 25 

• Navajo Nation Tribal Ranch Leases (NNC Title 3, Subsection 503) 26 

• Navajo Nation Cultural Resources Protection Act (NNC Title 19 Chapter 11–Sections 1001-27 
1061)  28 

• Navajo Nation’s Policy to Protect Traditional Cultural Properties  29 

• Guidelines for the Treatment of Historic, Modern, and Contemporary Abandoned Sites  30 

• Navajo Nation Policy for the Protection of Jishchaa’ 31 

• Navajo Nation Surface Management Stipulations 32 

• Navajo Nation Department of Fish and Wildlife, Biological Resource  Land Use Clearance 33 
Policies and Procedures (RCS-44-08) 34 

• Navajo Nation Department of Fish and Wildlife, Navajo Natural Heritage Program, Endangered 35 
Species List Species Accounts  36 
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Appendix O. Cooperating Agencies 1 

Table O-1, below, lists the entities that have been invited to participate as cooperating agencies in the 2 
Farmington Mancos-Gallup RMPA/EIS process. The status column indicates their response to the 3 
invitation, if one has been received. A status of “pending” means that no response has been received to 4 
date. 5 

Table O-1 
Cooperating Agency Participation 

Agency/Tribe Invited to be a Cooperating Agency Status 
US Department of Agriculture, Forest Service, Carson National Forest, Jicarilla Ranger District Declined 
All Pueblos Council of Governors Accepted 
Navajo Nation – Division of Natural Resources Accepted 
Navajo Nation, Historic Preservation Department/Traditional Culture Program Accepted 
New Mexico Department of Cultural Affairs, Historic Preservation Division Accepted 
US Department of Agriculture, Forest Service, Santa Fe National Forest Accepted 
US Department of the Interior, National Park Service, Chaco Culture National Historic Park Accepted 
US Department of the Interior, Bureau of Reclamation, Western Colorado Area Durango 
Field Office 

Declined 

US Environmental Protection Agency, Region 6 Accepted 
Advisory Council on Historic Preservation Declined 
City of Aztec Declined 
City of Bloomfield Declined 
City of Farmington Accepted 
Hopi Tribe Declined 
Jicarilla Apache Nation Declined 
Kewa Pueblo Declined 
La Plata County, Colorado Declined 
Natural Resources Conservation Service Declined 
Navajo Nation Land Department Declined 
New Mexico Department of Game and Fish Accepted 
New Mexico Department of Transportation, Environmental Design Bureau Declined 
New Mexico Energy, Minerals and Natural Resources Department Declined 
New Mexico Energy, Minerals and Natural Resources Department, Forestry Division Pending 
New Mexico Energy, Minerals and Natural Resources Department, Mining & Minerals Division Declined 
New Mexico Energy, Minerals and Natural Resources Department, Oil Conservation Division Declined 
New Mexico Energy, Minerals and Natural Resources Department, Parks Division Declined 
New Mexico Environment Department Declined 
New Mexico Office of the State Engineer Declined 
New Mexico State Land Office, Surface Resources Division Declined 
New Mexico State Parks, Navajo Lake State Park Declined 
Navajo Nation - Ojo Encino Chapter House (Tri-Chapters) Accepted 
Navajo Nation - Counselor Chapter House (Tri-Chapters) Declined 
Navajo Nation - Torreon Chapter House (Tri-Chapters) Declined 
Pueblo of Acoma Accepted 
Pueblo of Cochiti Declined 
Pueblo of Isleta Declined 
Pueblo of Jemez Declined 
Pueblo of Laguna Declined 
Pueblo of San Felipe Accepted 
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Table O-1 
Cooperating Agency Participation 

Agency/Tribe Invited to be a Cooperating Agency Status 
Pueblo of Sandia Declined 
Pueblo of Santa Ana Declined 
Pueblo of Zia Declined 
Pueblo of Zuni Accepted 
Rio Arriba County Declined 
San Juan County Accepted 
Sandoval County Declined 
San Joaquin Del Rio de Chama Land Grant (La Merced Del Pueblo de San Joaquin Del Rio de 
Chama) 

Accepted 

Southern Ute Indian Tribe Declined 
US Army Corps of Engineers, Durango Regulatory Office Declined 
US Department of Agriculture, Rural Utilities Services Declined 
US Department of the Interior, Bureau of Indian Affairs, Division of Real Estate Services Declined 
US Department of the Interior, Bureau of Indian Affairs, Navajo Region, Shiprock Agency Declined 
US Department of the Interior, Bureau of Indian Affairs, Southwest Region Accepted 
US Department of the Interior, Bureau of Indian Affairs, Southwest Region, Jicarilla Agency Declined 
US Department of the Interior, Bureau of Indian Affairs, Southwest Region, Southern Pueblos 
Agency 

Declined 

US Department of the Interior, Bureau of Indian Affairs, Southwest Region, Southern Ute 
Agency 

Declined 

US Department of the Interior, Fish and Wildlife Service Accepted 
US Department of the Interior, Geological Survey, New Mexico Water Science Center Declined 
US Department of the Interior, National Park Service, Aztec Ruins National Monument Accepted 
US Geological Survey-New Mexico Water Science Center Accepted 
Ute Mountain Ute Tribe Declined 
Village of Cuba Declined 
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GUADALUPE MOUNTAIN RARE PLANT SURVEY, 
RIO GRANDE DEL NORTE NATIONAL 
MONUMENT, NEW MEXICO 
ROBERT SIVINSKI, RCS Southwest 
for 
USDI-Bureau of Land Management 
Taos Field Office, New Mexico 
JUNE 2017 

INTRODUCTION 
Ripley’s milkvetch (Astragalus ripleyi Barneby) and Taos springparsley (Cymopterus spellenbergii 
Hartman & Larson) are rare regionally endemic plant species of north-central New Mexico. Both 
species occur on Guadalupe Mountain in the Rio Grande del Norte National Monument on land 
managed by Taos District Office of the Bureau of Land Management (BLM). This low mountain 
northwest of Questa is dominated by piñon-juniper woodland. BLM proposes to thin and burn or 
clear portions of this woodland. Treatment polygons are illustrated in Figure 3. Elevation in the 
treatment area ranges from 7,540-8,370 feet msl and the exposure is generally north-facing. The 
pre-treatment survey for these two rare, BLM Sensitive plants was conducted from May 29 to June 
6, 2017 while both species were in flower or fruit and readily identifiable. 
 
Both Ripley’s milkvetch and Taos springparsley are listed as BLM Sensitive Species, which has 
management requirements prescribed in BLM Manual 6840 – Special Status Species Management 
(BLM 2008). This formal policy directs BLM to initiate proactive conservation measures that reduce 
or eliminate threats to Bureau sensitive species to minimize the likelihood of and need for listing of 
these species under the Endangered Species Act. 
 
 

Astragalus ripleyi  Ripley’s milkvetch 
Ripley’s milkvetch is easily recognizable as a perennial, tall, cream- or pale yellow-flowered 
milkvetch with stipitate, laterally compressed pods and linear leaflets. It is endemic to the pine-oak 

forest, piñon-juniper woodland and sagebrush steppe of the northern 
Rio Grande basin in Rio Arriba and Taos counties, New Mexico and 
adjacent Conejos County, Colorado. Nature Serve (2015) ranks this 
plant as a G3 with S2 for Colorado and S3? for New Mexico. The 
question mark indicates status uncertainty since several New Mexico 
locations are known, but it is not especially abundant at any location. 
The State of New Mexico informally recognizes this plant as a Species 
of Concern (Heil and Herring 1999).  
 
 
Figure 1. Ripley’s milkvetch 
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Cymopterus spellenbergii  Taos springparsley  
Taos springparsley was recently described by Hartman and Larson in 2011 in a very thorough 
publication of its habitat and distribution. It is endemic to Taos and southeastern Rio Arriba 
counties where it occurs in widely scattered populations from Guadalupe Mountain in the north to 
near Embudo at the south end of its range. Taos springparsley typically occurs in piñon-juniper 
woodland on rocky slopes of basalt, but has one known location on metamorphic rock. It has no 
federal status, but the State of New Mexico informally recognizes it as a Species of Concern 
(McDonald 2012). Nature Serve ranks this species as G2 S2 based upon its small range and few 
populations Very little is known about its abundance and potential threats to its habitats.  
 

Figure 2. Taos springparsley. Lower right shows tiny granular hairs below inflorescence branches.  
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Taos springparsley is an acaulescent perennial with divided linear leaves and peduncles arising from 
a basal caudex. The umbels are bright yellow-flowered with very short pedicles and the fruits have 
thickend, longitudinal dorsal ridges (Figure 2). The apex of the pecuncle is usually scarious with tiny 
granular hairs, but this characteristic is variable within the Guadalupe Mountain population. One 
plant may have numerous granular hairs while the plant next to it may have only a few or none. 
 

Figure 3.  Locations of proposed woodland treatment polygons, Taos County, New Mexico. 

METHODS 
Rare plant survey protocols within the treatment polygons called for walking lines across the area 
that are 50-80 meters apart and then closer inspection of habitats when the target species were 
located. In this survey a Garmin 64S GPS unit was used with an accuracy of 2-3 meters. Normally in 
rare plant surveys a polygon can be walked with a GPS unit around the perimeter of the habitat 
occupied by the rare plant. Neither of these plant species, however, had the local patchiness nor 
habitat fidelity that lends itself to the exclusive use of patch polygons. Ripley’s milkvetch was very 
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rare and scattered in the treatment area, so each location of only one or few plants was simply 
marked with a waypoint. Taos springparsley was found to be widespread and abundant throughout 
most of the treatment area. Polygons for this species were utilized only when the patch of plants 
occupied a discrete habitat like a drainage bottom or hillside (Figure 4). The number of plants in the 
polygon was visually estimated. In areas where this species was continuously encountered, a 
waypoint was made at 30-50 m intervals and the number of plants visible from the point (a radius 
of 10 m) was recorded (Figure 5). Numbers of plants at these points cannot be summed for total 
density since numerous plants were not visible in the dense woodland. So a mixture of polygons 
and waypoints were used for Taos springparsley – especially at higher elevations where patches 
were sometimes smaller and more scattered. Very little effort was made to extend the polygons 
outside the treatment area where the distributions of this plant usually extended well beyond the 
treatment area boundaries. 
 

 
Figure 4. Northeastern treatment area. Example of polygons (red) for Taos springparsley. Yellow triangle marks 

three plants of Ripley’s milkvetch. 
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Figure 5. Easternmost treatment area. Example of waypoints (red) used to illustrate nearly continuous distribution 

of Taos springparsley. Yellow triangles are locations of only one or two Ripley’s milkvetch. Blue line is the 
survey track. 

 
 

RESULTS 
 

Taos springparsley was found in all treatment polygons and mapped with 19 patch polygons and 
206 waypoints (figure 6). At the time the survey was undertaken, it is the most frequent and 
abundant herbaceous dicot in the treatment area and is roughly estimated at several thousand 
individuals. Ripley’s milkvetch is much rarer and was mapped at 21 waypoints for a total of 37 
plants. (Figure 6). All plants of both species were healthy and had individuals in all age classes. 
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Figure 6.  Rare plant distributions within the entire treatment area. Red circles and polygons are Taos springparsley and yellow triangles are Ripley’s milkvetch. 
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Habitat 
Almost the entire treatment area consists of basaltic rocky slopes and ridges with a few minor 
drainages that are armored with rock. The eastern edge is a small area of toe slope at the lowest 
elevation, which has deeper soils and some arroyo erosion features. Most of the treatment area is 
densely covered with piñon-juniper woodland except the western and northern edges, which are 
dense with big sagebrush and scattered young piñon. There are, however, several small areas 
within the treatment polygons that are old growth piñon-juniper and not especially overgrown. 
These areas have trees in all age classes at moderate density, snags for cavity-nesting birds. Ripley’s 
milkvetch occurs in both habitats (pinyon-juniper and big sagebrush), but was more often found on 
the rocky shallower soils. Ladyman (2003) describes Ripley’s milkvetch habitat as generally open 
areas of pine forest and sagebrush. This is not always the case within the treatment area where 
most the plants occur on duff in partial shade under piñon and juniper trees. A few were found on 
the west side with Artemisia tridentata, but some of these were sheltered inside the large shrubs. 
Most milkvetch in the treatment area co-occured with Taos springparsley on the rocky, densely 
wooded slopes (Figure 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Ripley’s milkvetch habitat on a rock wooded slope (left) and on deeper soil with big sagebrush (right). 

 
Taos springparsely habitat on Guadalupe Mountain was usually with rocky, shallow soils that are 
densely wooded with Pinus edulis and Juniperus scopulorum (Figure 8). A few locations at the 
highest elevations also have scattered Pinus ponderosa and Pseudotsuga menziesii. Woody shrubs 
are uncommon with only a few Cercocarpus montanus. The herbaceous and subshrub understory is 
sparse with scattered Poa fendleriana, Piptochaetium fimbriatum, Bouteloua gracilis, Carex rossii, 
Penstemon crandallii, Penstemon inflatus, Anemone cylindrica, Astragalus drummondii and 
Gutierrezia sarothrae. The only non-native species in this habitat is a few plants of Melilotus sp. 
Taos springparsley will also found growing in the duff under trees, but was observed more frequent 
out in the sunlight of rocky openings.  
 

Potential Threats 
Other than a few very old and unused or rarely used access roads there is presently no physical 
disturbance to the north slope of Guadalupe Mountain. Ripley’s milkvetch was not found along 
these roads, but Taos springparsley was common on this disturbance and the openings created 
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through the woodland. Both of these rare plants are palatable and grazed by herbivores including 
rabbits, deer, elk and livestock. No livestock were presently in the area, but a small group of elk 
have grazed the tops off a few milkvetch and springparsley.  
 
Potential impacts of forest thinning and/or burning on both Taos springparsley and Ripley’s 
milkvetch are unknown and unstudied. There is but one anecdotal report for Ripley’s milkvetch 
from the adjacent Carson National Forest which reported new shoots of Ripley’s milkvetch 
sprouting within a few weeks after the habitat was burned in a 1996 wildfire (Ladyman 2003). 
Subsequent survival in the fire modified habitat, however, was not studied and the intensity of the 
1996 wildfire in the Carson and associated, site-specific environmental variables were not reported. 
Thus, nothing can be said with scientific support regarding the response or survivorship of Ripley’s 
milkvetch following fire.   
  
 
 

 

 

 

 

 

 

 

 
 
 
 
 
Figure 7. Taos springparsley habitat on a rocky, densely wooded slopes. 

 
 
The impact of fire on Taos springparsely has not been studied in any regard.  
 

CONCLUSION & RECOMMENDATIONS 
 

Ripley’s milkvetch is numerically very scarce in the proposed treatment area. Moreover, the species 
is scarce throughout its relatively small range and the impacts of thinning and burning are unknown 
on the taxon. Thus, know individuals and populations should be avoided.  This survey found the 
Taos springparsley to be much more locally abundant on Guadalupe Mountain than previously 
known. It has also recently been found in abundance in two select drainages of the Copper Hills 
ACEC within the BLM Taos District (Lillis Urban, personal communication, June 2017). However, a 
search for the species undertaken June 2017 on nearby and geologically similar Cerro del Aire found 
no individuals (Lillis Urban, personal communication, June 2017). Thus, although the species is 
common on Guadalupe Mountain it appears to be regionally rare and additional surveys are needed 
in order to understand the full range and population size of the species. It should also be noted that 
the population on Guadalupe Mountain represents the northern-most population of the species 
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throughout its entire range. Thinning and fuels treatments should be modified to ensure 
survivorship of populations on Guadalupe Mountain. This could be done though buffering of the 
population in select areas throughout the proposed treatment at appropriately spaced intervals to 
ensure gene flow and pollinator travel distances can be maintained. Specifics of such 
recommendations should be developed by the botanical resource specialist in the Taos Field Office. 
 
Walking this rare plant survey was, at times, a struggle through very dense piñon-juniper woodland. 
There are, however, several small areas within the treatment polygons that are old growth piñon-
juniper and not especially overgrown. These areas have trees in all age classes at moderate density, 
snags for cavity-nesting birds, and do not need to be severely thinned. Too many old trees will be 
cut if the 2017 prescription is similar to the recently carried out thinning /burning treatment on the 
northwestern part of Guadalupe Mountain wherein virtually all of the piñon-juniper woodland in 
was cut down and the slash later burned.  For the sake of ecological diversity, some woodland 
islands of several acres each should not be touched at all.  
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Summary:  
 
Hexalectris colemanii is a recently described terrestrial, mycoheterotrophic orchid that 
was originally collected by Larry Toolin and Frank Reichenbacher in 1981 from the 
Baboquivari Mountains, Pima County, Arizona.  The data needed for the recognition of 
H. colemanii as a separate taxon are credited to Ronald Coleman, an orchid enthusiast 
and rocket scientist from Tucson, Arizona, who has surveyed for and monitored this 
species and others for several years.  When the taxon was first named, there were a 
total of four known sites. For this report, a collection of previous reports, journal articles, 
herbarium data, and personal communications were acquired and reviewed.  In 
addition, 22 days of fieldwork were conducted performing surveys for undocumented 
populations of the species. GIS layers for habitat criteria from known occupied sites, 
including elevation, slope inclination and exposure, accessibility, and soil type were 
used to assess known populations and determine potential survey areas.  Of the 22 
sites attempted, individuals of H. colemanii were recorded at only three, all of which 
were in close proximity within the Peloncillo Mountains.  One of these sites, however, 
included a single individual from New Mexico, which provided the state with a new 
orchid. Westland Resources, Inc, who have been studying the species since 2010, 
performed 2012 surveys concurrently with ours and discovered several new sites. There 
are now 12 generally locations for the species, five of which were discovered by crews 
from Westland.  Ironically, there have been no individuals of  H. colemanii seen at the 
site of the original collection since it was first recorded by Toolin in 1981.  Populations of 
H. colemanii occur exclusively in Quercus woodland, primarily Q. grisea within an 
elevational range of 511 m (1315 – 1826).  Individuals occur primarily on lower slopes of 
small canyons in oak leaf litter under a moderately dense overstory.  There seems to be 
little correlation between soil or bedrock type and known occurrences of the species. 
Although populations occur over a substantial geographic area, a large percentage of 
the total number of H. colemanii individuals occur within areas that may soon be 
impacted by mining. 
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I. Classification and Systematics 

 
Scientific Name: Hexalectris colemanii (Catling) A. H. Kennedy & L. E. Watson  – 
Systematic Botany 35(1), 2010, p. 74.  

Type locality: U. S. A. Arizona: Pima County. northern Santa Rita Mountains, McCleary 
Canyon, elevation 5,000’, NE ¼ Section 30, T18S, R16E 

Type Specimens: Steven P. Mclaughlin 344,  3 May 1986 (holotype: ARIZ!). 
 
4.  Hexalectris colemannii (Catling) A. H. Kennedy & L. E. Watson. 
 
Original Description (unedited from Catling [2004] where he published the new taxon as 
Hexalectris revoluta Correll var. colemannii Catling var. nov.): 
 

A var. revoluta floribus magnioribus labio 16‐20 mm longo, petalis lateralibus 
17‐21 mm longis et lobo centrali labii acuto differt. Differing from var. revoluta 
in its larger flowers with lip 16‐20 mm long, lateral petals 17‐21mm long, and 
central lobe of the lip acute. 

 
Kennedy and Watson (2010) conducted a phylogenetic analyses on six plastid markers 
and ITS from 43 accessions representing all eight currently recognized Hexalectris 
species in order to determine interspecific relationships. According to Kennedy and 
Watson (2010) the Hexalectris colemanii clade differs morphologically from the western 
H. spicata clade with respect to the following character states: individuals of the H. 
colemanii clade have shorter inflorescences that are cream to white in color vs. creamy 
dull purple to purple brown; longer tepals, wider sepals, longer columns, and tepals that 
are white to magenta vs. yellow to yellow brown. In addition, individuals of the H. 
colemanii clade possess chasmogamous flowers with a well developed rostellum, and 
revolute sepals and lateral petals vs. cleistogamous flowers with a reduced or absent 
rostellum and tepals that are sometimes spreading and rarely revolute. Kennedy and 
Watson (2010) also detected 14 unique cloned ITS PCR products for H .colemanii in 
their plastid DNA sequencing study.  Based on their analyses, they concluded that H. 
colemanii belonged under its own species and should not be placed under H. revoluta. 
They also suggested that because of the incongruence between plastid and ITS 
topologies H. colemanii may be of hybrid origin. 
 
Synonyms: Hexalectris revoluta var. colemanii Catling, The Native Orchid Conference 
Journal 1:14–16. 2004 (see also original description). 

Vernacular Names: Coleman’s coral-root. Named in honor of Ronald A. Coleman, 
author of The Wild Orchids of California and The Wild Orchids of Arizona and New 
Mexico. According to Catling (2004), Ron Coleman provided much of the information 
necessary to characterize the new taxon. 
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Family: (Orchidaceae) 

 Major groups of higher classification hierarchy for Orchidaceae 
Class Liliopsida (monotyledoneae) 
Subclass Liliidae 
Order Orchidales 
 
Review of Alternative Taxonomic Treatments: The taxon was originally recognized 
as Hexalectris spicata and later H. revoluta by Coleman. Populations of H. revoluta (H. 
revoluta var. revoluta sensu Catling) occur in western Texas, Nuevo León, San Luis 
Potosí and Tamaulipas. Catling (2004) argued that the major differences between 
individuals of H. colemanii and those of H. revoluta were largely size-related and, 
therefore, the rank of variety was appropriate.  However, he also described qualitative 
differences distinguishing the two species; the central lobe of the lip in individuals of H. 
colemanii is acute compared to the truncate lobes in those of H. revoluta; the midlobe of 
the lip extends more than twice the length of the lateral lobe, instead of less than twice 
the length; and the tepals are more strongly revolute. 
 
Although there appears to be a general agreement within the scientific community that 
populations here referred to as Hexalectris colemanii should be circumscribed within 
their own taxon, there are some scientists that feel there are not enough data to 
properly place the taxon as a species as opposed to a variety and there are certainly 
those that would suggest that subspecies is appropriate, especailly considering the 
morophological correlation with geographic distribution. The Arizona Ecological Services 
Office of the USFWS solicited independent peer reviews of the Kennedy and Watson 
(2010) study of H. colemanii.  Two reviewers felt that, although populations referred to 
here as H. colemanii represent a distinct taxon, they do not merit treatment as a 
separate species (Goldman and Freudenstein).  Three reviewers were in aggreement 
with the findings of Kennedy and Watson (2010) in that H. colemanii should be treated 
as a distinct species (Jenkins, Sharma, and Liggio).  Although Goldman was inclined 
toward the recognition of H. colemanii as a speceis, he was not convinced by the 
analysis by Kennedy and Watson and suggested that further data are required in order 
to make a final evaluation. Similarly, Freudenstein felt that the data presented by 
Kennedy and Watson fell short of providing evidence to place populations of H. 
colemanii at the species level.  He observed that the cluster analysis tree they obtained 
from ITS (internal transcribed spacer) nuclear locus data suggested that the two 
varieties of H. revoluta (considered at the time to be H. revoluta var. revoluta and H. 
revoluta var. colemanii) were not very distinct from one other, and, although the plastid 
genome data indicated that they are more distinct, they still did not support an argument 
for species status.  In sharp contrast to Freudenstein’s comments, Sharma felt that the 
sequence analysis indicated that H. colemanii stood out as a species, especially 
considering the morphological characteristics that distinguish it from its closest relatives. 
Liggio is in agreement with Sharma and adds that the geographic separation of more 



 
 3

than 500 km contributes to the recognition of H. colemanii as a species separate from 
H. revoluta. 
 
It is the present author’s opinion that, until there is evidence to the contrary, H. 
colemanii be recognized as a species.  The correlation between morphological 
characteristics and georaphic isolation alone is compelling.  I would suggest that, if 
interested parties are in need further evidence, a rigorous morphological study with a 
large sample size be conducted in order to assess the variation within populations of 
both H. colemanii, H. revoluta, and an appropriate outgroup. Of course, an even more 
ideal study would be to evaluate all of the taxa within the genus, with a close relative 
outside the genus as an outgroup. If further DNA are conducted, I would suggest that 
more variable sequences are used, such as those contained within microsatellites, and 
that a much larger sample sized be obtained. Kennedy and Watson (2010), for 
example, sampled 43 accessions, where an adequate sample for the number of taxa 
studied would have been much greater to far greater depending upon the utility of the 
sequences used. 
 

II. Taxon history 
 
An individual of the taxon was first collected by Larry Toolin and Frank Reichenbacher 
in 1981 from the Baboquivari Mountains, Pima County, Arizona, but was identified by 
them as Hexalectris spicata. In 1986, Steve McLaughlin collected H. colemanii in 
McCleary Canyon in southern Pima County and also identified it as H. spicata (Coleman 
2012). Coleman reported the McLaughlin collection as a major disjunction of Hexalectris 
revoluta in 1996 (Coleman 1999, 2001). It was not until Coleman found additional sites 
in Pima Co. and sent photographs of flowers to Catling that Catling felt he had sufficient 
data to propose a new taxon, H. revoluta var. colemanii. Kennedy and Watson (2010) 
elevated the taxon to species status after conducting a DNA phylogenetic analyses of 
the genus using six plastid markers and ITS sequences. 
 
 

III. Present Legal or Other Formal Status 
 
International: According to NatureServe, Hexalectris colemanii is included under the 
umbrella for protection of H. revoluta in Arizona with a global protection status of G1G2 
as of November 2004 (NatureServe 2012). Hexalectris colemanii or its synonym H. 
revoluta var. colemanii are not specifically listed, but Hexalectris spp., which implies all 
species within the genus, are on the list of protected taxa published by CITES (the 
Convention on International Trade in Endangered Species of Wild Fauna and Flora) 
(CITES 2011).  Essentially all wild orchids are considered protected by CITES. The 
genus has not been reviewed for the IUCN (International Union for Conservation of 
Nature) Red List of Threatened Species (IUCN 2012). CITES Appendix II lists species 
that are not necessarily now threatened with extinction but that may become so unless 
trade is closely controlled. It also includes so-called “look-alike species”, i.e. species of 
which the specimens in trade look like those of species listed for conservation reasons 
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of the Convention. International trade in specimens of Appendix II species may be 
authorized by the granting of an export permit or re-export certificate; no import permit is 
necessary. Permits or certificates should only be granted if the relevant authorities are 
satisfied that certain conditions are met, above all that trade will not be detrimental to 
the survival of the species in the wild.  

Federal: None 

USFWS/ESA: None 

BLM: Sensitive  
USFS: Forest Service sensitive for the Coronado National Forest 

State of Arizona: None 

Arizona Native Plant Society (ANPS): None 

Hexalectris colemanii does not currently have formal protection status as it is a newly 
described species. However, it was originally described as H. revoluta which was 
considered in 2009 for Endangered Species Status due to loss of habitat by mining 
(FWS 2009). H. revoluta is currently deemed a Sensitive Species by both the Bureau of 
Land Management and Forest Service Region 3 in Arizona (AFGD 2004).  

 
IV. Description 

 
Non-technical: Perennial herb forming a short segmented, nearly white, vertical 
rhizome, about 1cm in diameter.  At the base of each segment there is a sheath 
clasping nearly the entire circumference of the rhizome.  Small branches often arise 
from one or more segments. Flowering stems, which develop after several years, reach 
55 cm in height, are erect, cream to pale pink in color, with up to six reduced leaves or 
bracts that are well spread along the stem below the inflorescence. These bracts, which 
are turned about 90° with respect to each other, are brown and end in a narrowly 
triangular tip.  Up to 19 flowers occur along the upper one third of the stem, each turned 
about 90° from the one below it.  Each flower is subtended by a bract that is up to 12 
mm long  and ends in a narrow tip.  The narrow ovary is attached to the stem with a 
short stalk and occurs below the sepals.  As in most orchids, the flowers are turned 
180° by the twisting of the flower stalk. The flower parts, both sepals and petals have a 
base color of almost white but are variously tinged with pink and yellow.  The veins are 
pale shades of maroon, which generally bleeds into the spaces between them. The 
sepals or outer floral parts are up to 25 mm long, are often slightly more yellow tinged 
than the petals, narrow (to 5 mm broad), and coiled back onto itself in the upper half.  
The two upper (toward the top of the plant at flowering time) petals are slightly shorter 
than the sepals and coiled in a similar manner. The lower petal or lip appears dark 
magenta to maroon from copious amounts of color along and between the veins, the 
nearly white color showing primarily between the veins toward the base of the lip.  
There is a short, broad lobe on each side and toward the base of the lip and often a 
very narrow low ridge along the center of the lip.  As in all orchids, the stamens and 
pistil are fused into a single structure called the column, which in this case is almost 
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white, slightly curved, thick, narrow, and about 15 mm long.  There is a small flap of 
tissue derived from a sterile stigma lobe called a rostellum on the lower surface of the 
column near its tip.  The rostellum separates the fertile stigma lobes from the stamens, 
creating a preventative barrier to self-fertilization. 
Technical: Adapted from Catling (2004): Rhizome vertical, ca. 1 cm dia., to 6 cm long, 
with pale brown, clasping sheaths and lateral branches with age; aerial shoots erect, 
cream colored, tinged pink, 46-55 cm tall, with 4-6 sheathing bracts. Inflorescence 20-
23 cm long, floral bracts lanceolate, 3-12 mm. Flowers 13-19 in number; ovaries 
pedicellate, 12-14 mm long; tepals nearly white to cream colored with a pink cast, partly 
suffused with magenta or maroon, the veins maroon or brownish-maroon, tepal apices 
often very pale brown; dorsal sepal 20-25 mm long × 4.5-5 mm broad; lateral sepals 17-
21 mm long × 6.5-7.5 mm broad; petals obovate-falcate or lanceolate-falcate, 19-22 mm 
long × 4-5 mm broad; lip pale cream with maroon to magenta veins (color generally 
extending between the veins, especially distally, making the lip appear mostly maroon to 
magenta), the tips of the lateral and terminal lobes maroon or white between the veins, 
16-20 mm long × 10.5-12 mm broad, with five central veins with keels 0.2-0.5 mm high, 
midvein keeled or not keeled in the midlobe, lateral lobes extending 1/5– 1/4 length of 
midlobe; column white above, 14-15 mm long, rostellum present. 

Field Characteristics: Within the genus, individuals of Hexalectris arizonica and H. 
warnockii have been recorded within the range of H. colemanii (Kennedy and Watson 
2010). Individuals of H. colemanii differ those of from H. arizonica in having thinner 
perianth parts and an acute instead of rounded apex of the central lobe of the lip and in 
bearing a rostellum.  Individuals of H. warnockii, which generally flower in August (July 
at the earliest), are very unique with pronounced keels that are irregularly scalloped and 
broken toward the apex of the midlobe. Also, their petals are purple or maroon, linear- 
or lanceolate-falcate, and not revolute. 



 
 6

Key to Hexalectris within the range of H. colemanii (southeastern Arizona and 
extreme southwestern New Mexico). Adapted from Catling (2004). 
 
1a. Keels pronounced, irregularly scalloped and broken toward the apex of the midlobe; 

petals purple or maroon, linear- or lanceolate-falcate, not revolute ....H. warnockii 
 

1b. Keels pronounced near the base of midlobe, never prominent, scalloped and broken 
toward its apex; petals pinkish-brown, yellowish-brown or brown, with or without 
purple stripes, elliptic-falcate, strongly revolute to not revolute.............................. 2 

 
2a. Lateral lobes of the lip extending to or beyond the middle of the midlobe; central lobe 

of lip acute; 19-22 mm long, strongly revolute; column 14-15 mm longH. colemanii 
 

2b. Lateral lobes of the lip barely extending beyond the base of midlobe; central lobe of 
lip rounded or truncate; the five central veins of the lip with their highest keels raised 
0.4-0.7 mm above the lip surface; column without a rostellar flap separating the 
pollen masses from the stigmatic surface; flowers often remaining closed or petals 
and sepals spreading but not revolute .................................................H. arizonica 
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Published Photographs and line drawings: 
Color photo of flower, side view (Center for Biological Diversity 2010)  

Color photos of habitat, habit, and flower side and front views (Coleman, R. A. 2002; 
Plate 12, labeled as H. revoluta)  

Color photos of habitat, habit, flower side and front views, and line drawings of floral 
parts (Catling, P. M. 2004; Figures 11, 12, and 13; labeled as H. revoluta var. colemanii) 
 
Unpublished Photographs and line drawings: 
Color photos of habitat, habit, and flower side and front views (Baker, M. A. 2003; 
Figures 63-70) 

Photos associated with herbarium sheets, see Appendix 4. 
 

V. Significance of Taxon 
 
Natural: It is known that members of the Hexalectris genus are edible and are therefore 
subject to predation by rabbits, deer, and cattle. Also, their subterranean rhizomes or 
tubers may be subject to predation by feral pigs and rodents (Hill 2007).  
Human: Beyond the intrinsic value of any plant species, wild orchids have a particular 
appeal to amateur plant enthusiasts and finding and photographing them has become a 
popular hobby in recent decades.  These efforts of amateur enthusiasts have lead to 
recent discoveries of several new taxa in the United States (Coleman 2002). 

 
VI. Geographic Distribution 

 
Geographic Range: Populations of Hexalectris colemanii occur in the sky islands of SE 
Arizona (Cochise, Pima, and Santa Cruz Counties) and extreme SW New Mexico 
(Hidalgo County).  In 2012, populations have been verified in the Dragoon, Peloncillo, 
Santa Rita, and Whetstone Mountains (Westland Resources 2012a).  Recent attempts 
by Ron Coleman to find individuals in the original Toolin site along Baboquivari Canyon 
in the Baboquivari Mountains were unsuccessful. 

Known Field Surveys:  
Field surveys for this species are difficult given  the cryptic nature of individuals and 
enormous amount of potential habitat.  For timing purposes, surveys include a pre-
survey monitoring of known sites that are as geographically close as possible to 
targeted survey sites in order to establish when new shoots of Hexalectris colemanii are 
emerging.  New survey sites are choosen based on elevation and presence of Quercus 
groves, especially those dominated by Q. grisea. Survey efforts are then focused within 
areas of denser canopy and leaf litter covers. It should be noted that not all individuals 
of H. colemanii have been found in the types of habitat described above and thus 
surveyors should continue searching when they happen to be in areas that may appear 
less than ideal.  Non-flowering shoots need to be revisited when flowers are present in 
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order to verify their identification. 

Ronald Coleman. 1996 – 2012. Surveys been conducted by Coleman in search of new 
populations (Coleman 2012).  He attempted unsuccessfully to relocate individuals in 
Baboquivari Canyon in the Baboquivari Mountians, Pima County, where the original 
Toolin and Reichenbacher collection was made in 1981. In addition, Coleman has been 
monitoring populations in McCleary and Sawmill Canyons in the Santa Rita Mountains 
and West Cochose Stronghold in the Dragoon Mountains for several years. 
Marc Baker. 2003.  As a part of rare plant surveys on the Coronado National Forest in 
the Santa Rita Mountains, Baker confirmed the existence of populations of H. revoluta, 
now known to be H. colemanii, in McCleary Canyon and Cave Creek (Baker 2003). 

Westland. 2010. A survey conducted by Westland Resources for Rosemont Copper 
Company confirmed the occurrence of Hexalectris colemanii inidividuals in all but one 
historical location and recorded a new population in Wasp Canyon just south of 
McCleary Canyon (Westland Resources 2010). 

Westland. 2011. Surveys were conducted for both Hexalectris colemanii and H. 
arizonica in Coronado National Forest within the Rosemont Mine Plan of Operations, 
alternatives, and additional canyons outside the Rosemont Area. Six individual H. 
colemanii inflorescences were recorded in upper McCleary Canyon in the Rosemont 
Area, six in Sawmill Canyon in the Santa Rita Mountains south of the Rosemont Area, 
and one in West Cochise Stronghold Canyon in the Big Dragoon Mountains. 

Marc Baker. 2012. Surveys were conducted by Baker and Michelle Cloud-Hughes 
between 24 May and 1 June. Ronald Coleman joined the group between 28 May and 1 
June. Based on elevation, topography, community type, and proximity to known 
locations, Baker mapped numerous target sites that he judged to be the most promising 
in terms of possible occupied habitat for individuals of H. colemanii.  After meeting with 
Westland, however, he discovered that many of these sites had been or were in the 
process of being surveyed by Westland teams.  In response, Baker selected several 
sites that, although not as ideal as many of those being surveyed by Westland, were 
within the parameter values associated with known occupied habitat. The sites 
surveyed by Baker et al. are presented in Table 5 of Appendix 1. 
 
Westland. 2012. Westland Resources, Inc. conducted surveys for both Hexalectris 
colemanii and H. arizonica within several mountain ranges of southeastern Arizona.  
Funding was provided by the Rosemont Copper Company as part of baseline resource 
studies to support permitting of a proposed copper mine in the northern Santa Rita 
Mountains. They sampled the following mountain ranges with the number of canyons 
surveyed in parentheses: Atascosa (7), Baboquivari (1), Big Dragoon (23), Canelo Hills 
(15), Chiricahua (15), Huachuca (19), Mustang (2), Pajarito (1), Patagonia (15), 
Pinaleno (15), Peloncillo (12), Rincon (7), Santa Catalina (13), Santa Rita (23), 
Tumacacori (1), and Whetstone (12). 

Historical sites: Prior to 2012, individuals of Hexalectris colemanii were known to occur 
in only four sites, Baboquivari Canyon, McCleary Canyon, Sawmill Canyon, and West 
Stronghold Canyon, which represent sites 1, 2, 4, and 5, respectively (Table 1 of 
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Appendix 1).  Individuals of the species have not been seen in Baboquivari Canyon 
since there discovery in 1981. 
In 2010, survey crews from Westland Resources, Inc. discovered individuals of 
Hexalectris colemanii in Wasp, Canyon (site 3) (Westland Resources 2010) (Table 1 of 
Appendix 1).   
 
New sites discovered:  In 2012, during surveys for this study, individuals of Hexalectris 
colemanii were located for the first time in the Peloncillo Mountains, including a single 
individual in New Mexico, which was a state record (see sites 6, 7, and 12 of Table 1 of 
Appendix 1). 
In 2012, concurrently with surveys for this study, Westland Resources, Inc. discovered 
individuals of Hexalectris colemanii in French Joe, Dry, Middlemarch, and Skeleton 
(South Fork) Canyons, which represent sites 8, 9, 10, and 11, respectively (Table 1 of 
Appendix 1).   
 

VII. Habitat Characteristics 
 
Environment and Habitat Summary: In terms of elevation and vegetation type, 
occupied habitats for Hexalectris colemanii are similar throughout the range of the 
species. Elevational range is 511 m: 1315-1826 m (4315-5990 ft).  This represents only 
about 19% of the elevational range of Quercus grisea, under which individuals of of H. 
colemanii most commonly occur, and which occurs over a range of 2732 m, 11-2743 m 
(36-6520 ft). Individuals of H. colemanii occur most commonly in well developed stands 
of Q. grisea (Arizona white oak) in areas of high oak leaf litter with low forb and grass 
densities. Common associated species include Q. emoryi (Emory Oak), Garrya wrightii 
(Wright’s silktassel), Prosopis velutina (velvet mesquite), Juglans major (Arizona 
walnut), Rhus aromatica (skunkbush), Juniperus deppeana (Alligator juniper) and 
Acacia biuncifera (catclaw) (Baker 2003, Coleman 2002, Catlin 2004, Westland 
Resources 2010, 2012a, 2012b, and SWCA 2011).  As applied here, Quercus grisea 
includes the name Quercus arizonica as proposed by Landrum (1993).  Although some 
botanists still recognize the two as separate species (USDA 2012), it is obvious from the 
collections information posted on Seinet that the two names have been used 
interchangeably by collectors and others that have identified their specimens. In any 
case, no attempt is made here to differentiate the two species either morphologically or 
geographically. Percent canopy cover within known occupied habitat of H. colemanii  
ranges between 10 and 64, with a mean of 44 (Westland 2012b).  Not surprisingly, leaf 
litter under individuals of H. colemanii was comprised  50% to 100% Quercus leaves.  In 
Middle McCleary, the leaves of Rhus choriophylla  (evergreen sumac [R. virens var. 
choriophylla]) contributed to 40% of the litter. In West Cochise Stronghold Canyon, the 
leaves of Sideroxylon lanuginosum (gum bully) contributed to 30% of the litter 
(Westland 2012b).  The mean leaf litter depth was 4.5 cm among all 26 sites (Westland 
2012b) 
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In terms of topography, soils, and geology, habitats for the species vary dramatically. 
Individuals of H. colemanii occur on all aspects of rocky and alluvial slopes of 
intermittent drainages (see below). 

Habitat descriptions and common associated species for H. colemanii by population are 
given in Appendix 1, Table 3. 

Physical Characteristics: Individuals of Hexalectris colemanii occur primarily on 
moderate to steep, rocky slopes at all aspects in canyons and drainages. Individuals are 
primarily found on lower slopes, near, but not in canyon bottoms, and occasionally 
above rock outcroppings (Baker 2003, Westland Resources 2010, 2012b, SWCA 2011, 
and Coleman 2012). According to Westland (2012b), of the 27 known sites for H. 
colemanii and H. arizonica; ten occurred in canyons, eight in bedrock hills, seven along 
stream terraces, one in a floodplain, and one on an alluvial fan remnant. Percent slope 
ranged from 1 to 60 (Westland 2012b). 

Hydrology: Individuals of Hexalectris colemanii generally occur close to bottoms of 
small canyons where water flows only after significant rains.  This habitat has been 
referred to as Xeroriparian (SWCA 2011).  At least one location, Wasp Canyon, is near 
a spring (Westland Resources 2010) and another on an apparently dry hillside 
(Westland 2012b).  In general, soils classifications (see below) place the water table at 
a depth of more than 2m within areas of occuppied habitat. 
 
Modern Climate: Climatic data for the range of Hexalectris colemanii are provided in 
Appendix 1, Table 6. The average elevation is 1577m (5143 ft) for the five closest 
NOAA cooperative weather stations to known localities of H. colemanii.  Average annual 
rainfall ranged between 23.3 in at Kitt peak and 14.0 in at Kartchner Caverns with an 
overall average of 17.3 in. The overall average for snowfall was 9.9 in.  Maximum 
average annual temperature varied between 64.4° F at Kitt Peak and 80° F at Kartchner 
Caverns.  The overall average was 73.7° F. Minimum average annual temperature 
ranged between 41.6° F at Eicks Ranch to 51.6° F at Helvetia with an overall average of 
45.7° F. 

Soils and Bedrock: Soils among sites varied dramatically but are generally well-
drained and with the water table more than 2 m from the surface (See Appendix 5). Soil 
types are given in Appendix 1, Table 4 for the following sites: Baboquivari Canyon, 
Wasp Canyon, the east side of McCleary Canyon, Montosa Canyon, the west side of 
McCleary Canyon, Sawmill Canyon, French Joe Canyon, Agua Caliente Canyon, and 
Cottonwood Creek. No data were available from the USDA (Soil Survey Staff 2012) for 
the remainder of the sites.  Westland (2012b) collected soil samples from 21 occuppied 
sites and found that both pH values (4.0-8.7) and electricaly conductivity (EC, 75\-600 
μS/cm) were wide ranging.  With regard to soil texture, Westland (2012b) found that 
52% were sandy loam, 27% were sandy clay loam and the remainder were silty clay 
loam, silt loam, and loamy sand. 

Bedrock types for various Hexalectris site are presented in Appendix 1, Table 4.  
Although, because of map resolutions, it is sometimes difficult to associate a known H. 
colemanii individual to a specific geolological polygon, it is clear that individuals occur 
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on a vast array of unrelated geological substrates, which include extrusive and intrusive 
volcanics, and a variety of very old to very recent sediments. 
 
Community physiognomy 

 
Vegetation type: Quercus grisea woodland (= Q. arizonica woodland) and occasionally 
Q. emoryi, Q. oblongifolia, or Q. rugosa woodland. 

Associated vascular plant species: Data from all studies indicated that the most 
frequent and abundant vascular plant associate for individuals of Hexalectris colemanii 
was Quercus grisea.  According to Westland (2012b) perennial grasses were the 
closest vascular plant to H. colemanii individuals nine times and the shrub Rhus 
choriophylla eight times.  Known vascular plant associates of Hexalectris colemanii are 
given in Appendix 1, Table 2.  

 
VIII. Biology and Ecology 

 
Population Summary: Populations of Hexalectris colemanii are somewhat 
geographically isolated from one another and occur in small numbers.  To date, there 
are 18 general localities known for the species ranging through Pima, Santa Cruz, and 
Cochise County, Arizona, and Hidalgo County, New Mexico.  Westland (2012a) reports 
at total of 26 subpopulations.  Populations occur primarily in small canyons of sky island 
mountain ranges. 

 Demography: Prior to 2010, individuals of Hexalectris colemanii were known from four 
locations in Arizona; Cochise Stronghold West Canyon in the Dragoon Mountains, Pima 
County; and McCleary, Wasp, and Sawmill Canyons in the Santa Rita Mountains, Santa 
Cruz County (Catling 2004 and Westland Resources 2010).  Because the aerial shoots 
of Hexalectris colemanii die back soon after they produce flowers and/or fruits, and 
individual rhizomes may or or may not send up new shoots in any one year, the number 
of shoots in any one site may be variable from year to year. Over the course of 13 years 
of surveys for the species Coleman found a maximum of 30 individuals in Sawmill 
Canyon, 40 individuals in McCleary Canyon, six individuals in Cochise Stronghold West 
Canyon, and zero in Baboquivari Canyon, the site of the original 1981 collection 
(Coleman 2012 and Westland Resources 2010). In 2010, Westland Resources was 
commissioned by Rosemont Copper Company to survey for H. colemanii in a potential 
mine site. A total of 124 inflorescences were located in and around McCleary Canyon 
and in a tributary of Wasp Canyon, while 25 inflorescences in were found in Sawmill 
Canyon.  During that year, the largest group of 140 inflorescences was found in Cochise 
Stronghold West Canyon (Westland Resources 2010).  In 2012, Westland recorded 
only 31 inflorescences in Cochise Stronghold West Canyon (Westland Resources 
2012a).  Other sites with large numbers of H. colemanii shoots in 2012 included 
McCleary Canyon (50), Sawmill Canyon (23), and French Joe Canyon (29).  
Middemarch Canyon supported four shoots while the remaining sites each supported 
mostly one or two shoots.  The total number of H. colemanii shoots recorded in 2012 
was 147, which included those found by our group in the Peloncillo Mountains 
(Westland Resources 2012a).  
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Phenology: Individuals of Hexalectris colemanii have adapted to arid and cold 
conditions by remaining underground in the form of tubers for most of the year and 
sending out above-ground spikes from mid-May to mid-June. Inflorescence production 
for individuals of Hexalectris are generally unpredictable, and vary greatly based on 
temperature, nutrient availability, and rainfall, or a mixture of these factors (Hill 2007). 
This may help to explain the variability in numbers of individuals found among survey 
years in any one site. 

Genetics:  Phylogenetic analyses were conducted by Kennedy and Watson (2010) in 
order to assess circumscription of taxa within Hexalectris.  They used six plastid 
markers and ITS from 43 accessions representing all Hexalectris species that were 
recognized at the time.  Their data supported the taxonomic status of all species except 
for H. spicata s. l., which was recircumscribed as H. spicata s. s. and H. arizonica; H. 
revoluta s. l. as H. revoluta s. s. and H. colemanii, and H. fallax as a synonym of H. 
parviflora. The phylogenetic positions of H. colemanii and H. arizonica were not clear 
because of  incongruence between plastid and ITS topologies.  The  incongruence 
within ITS topologies suggested to them that either or both species are of hybrid origin 
or that the ITS topology had been influenced by incomplete lineage sorting. 
 
Reproduction and Dispersal: 
Pollination: Individuals of Hexalectris colemanii posses a rostellum which prevents the 
kind of self-pollination characteristic of H. arizonica (Catling 2004).  Considering the lack 
of insect visiters that have been observed by surveyors, its may be that the flowers are 
pollinated at night. 

Pollen-ovule ratio: Unknown 

Seed set: Unknown but Westland (2012c) found a great deal of annual variation in the 
numbers of inflorescences produced within populations of Hexalectris colemanii and 
that rainfall may be an influential factor. 

Pollen stainability: Unknown 

Seedling presence: Unknown 

Hybridization: Unknown 

Pathology: There is no information on any diseases that my affect individuals of 
Hexalectris colemanii. 

Predation: Insect and animal herbivory on inflorescences could have negative impacts 
on the survival of the plants. However, research on this subject is lacking. 

Competition: Unknown but known occupied habitat for Hexalectris colemanii should be 
monitored for invasive plant and animal species. 

Response to Disturbance: Unknown but individuals of Hexalectris colemanii probably 
do not tolerate disturbance considering their specific habitat requirements and their 
relationship with specific mycorrhizae (see below). 
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Other Interactions: Species within Hexalectris, including H. colemanii, are obligate 
mycoheterotrophic, which means they obtain carbon exclusively from mycorrhizal fungi. 
In the case of H. colemanii, carbon and energy is most likely provided indirectly by its 
host plant, which in most cases is probably Quercus. Although this form of parasitism is 
known in other plant families, it has evolved most commonly in the Orchidaceae 
(Kennedy et al. 2011).  Many of these mycorrhizal relationships are species specific and 
indeed, this seems to be the case with H. colemanii (Taylor et al. 2003). For more 
detailed information see Westland (2012c). 

 
IX. Evidence of Threats to Survival 

 
Present or Threatened Destruction, Modification, or Curtailment of Habitat or 
Range:  Overall, very little disturbance has occurred within known occupied habitat. 

Road development and maintenance and off-road vehicle use: Because of the 
remote, very rocky, and often steep locations, there is very little, if any, threat from off-
road vehicles, primarily because individuals of Hexalectris do not generally occur where 
off-road vehicles travel.  At least a moderate amount of dust and pollution from nearby 
vehicle travel also does not appear to affect the orchid.  For example, there is a 
designated Forest Service Road through the middle of the McCleary Canyon population 
but the site continues to support more Hexalectris colemanii individuals than the 
majority of remaining known sites.  The road runs along the dry gravel at the bottom of 
the ravine where individuals of Hexalectris do not occur and probability would not occur 
if the road was absent since the hydromorphology of the wash indicates frequent 
flooding that would scour soil and leaf litter. 

Animal grazing or trampling: The subterranean tubers of Hexalectris colemanii may 
be subject to predation by rodents and feral pigs, while above ground portions of the 
plant may be vulnerable to grazing by rabbits, deer and cattle (Hill 2007). 

Mineral or leaseable materials exploration and development:  NatureServe (2012) 
reports mining as a major threat to the species. The Rosemont Copper Company plans 
to open a mine that would potentially impact populations of Hexalectris colemanii in the 
Santa Rita Mountains (FS 2011). A draft EIS (Environmental Impact Statement) of the 
proposed mine was prepared by the Coronado National Forest in 2011 and was, 
according to the Center for Biological Diversity (2012), deemed inadequate by the U.S. 
Environmental Protection Agency due to faulty science.  

Fire: There has been no scientific study on the impacts of fire on Hexalectris colemanii 
but surveys within the Parajito and Atascosa Mountains indicate that potential habitat for 
the species has been severely altered by recent fires.  No individuals were found in 
these Mountain Ranges by our crew or by Westland’s crew in 2012. 

Urban and residential development: Because the Santa Rita populations lie mostly on 
National Forest and lands owned by Rosemont Copper Company, urban and residential 
development are not thought to be a threat to the species. 

Utility corridor development and maintenance: Although there have been no impacts 
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recorded from utility corridor development and/or maintenance, surveys are 
recommended if there are any future proposals for utility corridors in the vicinity of 
known populations of Hexalectris colemanii.  

Invasion of exotic plant species: The introduction and spread of buffelgrass 
(Cenchrus ciliaris), Lehmans lovegrass (Eragrostis lehmanniana), rose natal grass 
(Melinis repens) and other aggressive, exotic plants could pose a threat to Hexalectris 
colemanii. However, specific research is lacking on the impacts of exotic species upon 
individuals and habitat of H. colemanii.  

Over Utilization for Commercial, Recreational, Scientific, or Education Purposes: 
There is no indication that plants have been removed from any of the known localities in 
Arizona. In addition, because there is no record that the species has been collected 
from the wild in any instances other than for voucher identification or seed collection for 
the purpose of conserving the species, it is not thought that collection for scientific 
purposes is a threat to its survival. 

Inadequacy of Existing Regulatory Mechanisms: Hexalectris colemanii is not listed 
as a protected species by Arizona Native Plant Law (Arizona Revised Statutes, Chapter 
7 1993, entire). According to NatureServe, H. colemanii is included under the umbrella 
for protection of H. revoluta in Arizona with a global protection status of G1G2 as of 
November 2004 (NatureServe 2012). H. colemanii or its synonym H. revoluta var. 
colemanii are not specifically listed, but Hexalectris spp., which implies all species within 
the genus, are on the list of protected taxa published by CITES (the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora) (CITES 2011). The 
genus has not been reviewed for the IUCN (International Union for Conservation of 
Nature) Red List of Threatened Species (IUCN 2012). The species is also not listed as 
a sensitive species by the Forest Service.  

Other Natural or Man-Made Factors: The small population size of Hexalectris 
colemanii poses a significant threat to its continued survival due to potential of 
environmental events such as prolonged drought or flooding to wipe out entire 
populations (Shaffer 1981).  On the otherhand, many, if not most orchid species occur 
as isolated individuals or small populations.  Although we may not fully understand the 
selection processes that led to the evolution of this strategy, it seems to be successful 
within the family. In his review of the Kennedy and Watson (2010) paper Jenkins (see 
also above under Review of AlternativeTaxonomic Treatments) notes that these orchids 
need specific fungi to grow and reproduce.  In this regard, any factors that affect the 
fungus or fungi would affect the orchid.  Thus, it could be postulated, for example, that 
moisture levels within the soil/leaf litter layer my be more of a critical factor for these 
orchid than for the typical rhizomatous perennial and any man-made or natural change 
that brought about a change in soil/leaf litter moisture may be detrimental to the orchid. 
Similarly, factors that affect pollinators would also affect the survival of the orchid by 
potentally reducing seed-set.  For instance, the use of insecticides or the introduction of 
a pollinator preditor could adversely affect the continued survival of an orchid 
population.  
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X. General Assessment and Recommendations 
 
Status Recommendations:  

Note that, although some scientists believe that Hexalectris colemanii should, a least 
until further data are published, may be better treated within a subspecific rank. I 
suggest that present data overwhelmingly evidences that populations of the orchid 
represent a unique taxon and that H. colemanii should be recognized as a species until 
further evidence points to the contrary.  In the meantime, whether the USFWS or any 
other insitution recognizes the orchid at a specific or subspecific level, steps should be 
taken to insure the survival of its populations. 

State of Arizona: FULLY PROTECTED.  The retention of the state status of this 
species is necessary to insure continued scrutiny, especially in the advent of any 
potential dangers to populations of Hexalectris colemanii. 

State of New Mexico: ENDANGERED.  (“the taxon is a rare plant across its range 
within the state, and of such limited distribution and population size that unregulated 
taking could adversely impact it and jeopardize its survival in New Mexico”).  To date, 
there is a single individual of Hexalectris colemanii recorded within New Mexico.  
Habitat within the area of site, which is on U. S. Forest Service land, should be set aside 
as critical habitat and considered off limits to human disturbances that would cause 
significant alterations in the soil layer, litter layer, and vegetation structure. 

BLM: Special Status Species. As with the state status, the retention of the state status 
of this species as a federal concern is necessary to insure continued scrutiny of 
populations of Hexalectris colemanii.  Additionally, it would provide incentive for 
continued monitoring of populations.  Although no populations of the species are known 
to occur on BLM land, there is potenial habitat for the species (John Anderson, pers. 
comm. 2012). 

USFS: Retention as a Forest Service sensitive species within the Coronado National 
Forest. 

USFWS: Listing is recommended. Although populations of the species occur over a 
substantial geographic area, a large percentage of the total number of Hexalectris 
colemanii individuals occur within areas that may soon be impacted by mining on Forest 
Service lands. 

Critical Habitat Recommendations:   

Critical habitat locations are recommended for areas in suitable habitats in the Santa 
Rita, Big Dragoon, Peloncillo, and Whetstone Mountains. These areas should include 
narrow canyon bottoms and lower slopes with Quercus woodland (especially Q. grisea 
and with a canopy approaching 40% or more) between 1220m (4000 ft) and 1828m 
(6000ft) elevation.  Priority should be given to areas within 100 m of known occupied 
habitat of Hexalectris colemanii. Critical habitat should be considered off-limits to human 
disturbances that would cause significant alterations in the soil layer, litter layer, and 
vegetation structure. 
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Conservation and Recovery Recommendations:  
Select populations of Hexalectris colemanii should be monitored in terms of any future 
impending threats, such as mining, utility construction, and commercial development. 

Data from further surveys would be valuable in the assessment of any future changes in 
conservation status of Hexalectris colemanii.  Although much effort has been made 
conducting surveys in Arizona, there have been few surveys north of Interstate 40.  
Also, the bulk of the surveys were conducted in 2012, which was not a banner year for 
the species.  There are areas of potential habitat that have not been surveyed because 
of problems with access, primarily locked gates.  Steps could be taken to gain 
persmission to survey these areas. Since the Peloncillo Mountains, where we now know 
individuals of H. colemanii occur, could be considered geographically as a northern 
extension of the Sierra Madre Occidental and, thus, surveys within the latter may prove 
valuable.  Surveys within other areas of Mexico may also prove valuable considering 
there is a large amount of Quercus grisea habitat primarily in northern Sonora (Map 8, 
Appendix 3). 

Research: Further research would greatly enhance conservation efforts for populations 
of Hexalectris colemanii. 

Fire 

Within Quercus grisea and related woodlands, fire has played an historic role long 
before modern human encroachment (Baison and Swetnam 1990, Wright and Bailey 
1982). Large individuals of Q. grisea and similar species generally survive ground fires 
(Bock et al. 1990) but since oak foliage is highly flammable (Rice 1989), hotter fires 
severely alter the vegetation structure. However, since affected trees often resprout and 
grow vigorously (Bennett and Kunzmann 1992, Knipe et al. 1979), the woodland may 
take only a few decades to return to a semblance of what it was.  Thus, management of 
fire may play a crucial role in habitat maintenance for populations of Hexalectris 
colemanii.  Baseline sampling before controlled burns followed by yearly post-fire 
sampling may be crucial for conservation efforts.  Also, since Quercus grisea and 
related woodlands do recover after hotter fires, it may prove fruitful to conduct surveys 
in these areas if and when habitat appears similar to that of known occupied habitats of 
H. colemanii. 

Grazing and other human impacts 

Although there is little evidence that grazing has had negative effects on individuals of 
Hexalectris colemanii, further research in this regard may facilitate conservation efforts. 
If indeed, grazing proves not to be an issue (see Hill, 2007), then future political 
ramifications may be avoided in this regard, although protection of the orchid from cattle 
grazing may be as simple as leaving the cattle off the allotement in question for a short 
period while the orchids produce flowers and fruits.  Small exclosures may also provide 
protection, not only from cattle but other herbivores as well. Other human impacts, such 
as camping, hiking, and vehicle travel may addressed in a similar fashion. 
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Herbivory 

Although herbivory is a natural phenomenon, studies are needed to ascertain whether 
herbivores are causing the demise of populations of Hexalectris colemanii and whether 
this demise is a result of indirect human influences, such as the introduction of exotic 
insects and other animals. 

Pollination 

From Roberts, D. L. 2003: There is a trend in the Orchidaceae towards a reduction 
in the number of pollinator species per orchid species (Tremblay 1992), and 
therefore they are tightly linked to their surrounding environment. Van der Cingel 
(1995) described the interaction between the orchid and its pollinator using van 
Valen’s “Red Queen effect”. In Lewis Carroll’s Alice Through the Looking Glass, 
the Red Queen takes Alice by the hand and drags her, ever faster through the 
countryside, but no matter how fast they run they seem to stay in the same place. 
When Alice asks the Queen why this is so, she replies, “Now, here, you see, it 
takes all the running you can do to keep in the same place. If you want to get 
somewhere else you must run at least twice as fast as that”. In the case of the 
evolution of the Orchidaceae, it has been “running” at least twice as fast resulting 
in the large number of species that we see today. However, the “countryside” is 
now “speeding up” due to human activities. The question is whether orchids can 
keep pace with the rate of anthropogenic changes to their environment’s. 

Very little is known about pollination in Hexalectris, much less in H. colemanii, and 
research in this regard is crucial for the understanding of the orchid’s life cycle.  
Therefore, the understanding of pollination, especially as to the identification of the 
successful pollinators is imperative for conservation efforts.  Because pollinators are 
necessary for the survival of H. colemanii populations, their welfare must be considered 
in terms of overall habitat management. 

Other research 

In addition to the types of research summarized above, the further understanding of 
other elements of Hexalectris colemanii biology, such as the average life-span of an 
individual, specific mycorrhizal relationships, adequate substrate conditions, rate of 
rhizome growth, seed germination requirements, and seed dispersal mechanisms are 
important for conservation efforts.  Research relating to some of these areas, however, 
would be invasive to the orchid individuals and their habitat.  In this regard, the 
necessary prudence must be taken when designing research projects. “Genius always 
gives its best at first; prudence, at last.” Lucius Annaeus Seneca. 
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Table 1. General locations of documented populations of Hexalectris colemanii 

Site 
no. 

Map 
fig. 

Source, 
Year* 

Site name and locality data 
      

Area ha 
(a) 

Elevation 
range m (ft) 

Number 
of aerial 
shoots  

Threats 
** 

Manage
-ment*** 

PIMA COUNTY, ARIZONA 

1 1 
ARIZ 
252881, 
1981 

Baboquivari Canyon, in stream bed, 
about ½ mile up-canyon from the end of 
the road. 12 individuals. [ca. Z12 04 41 
190mE 35 16 890mN], Baboquvari Peak 
quadrangle, Baboquivari Mountains, 
Toolin 1412 and Reichenbacher. 

<1 ha 
1372m 
(4500 ft) 

12 
Cattle 
grazing 

Tohono 
O’Odha
m?? 

2 1 

ARIZ 
271012, 
Baker 2003, 
Wes. Res. 
2010,  
McLaughlin 
(3441, U of 
A) 
1986 

North of Empire Gulch, McCleary 
Canyon, 1.8 km NW of Rosemont 
Junction, Empire Ranch quadrangle, 
Santa Rita Mountains , T18S, R16E., 
:Z12 523939 mE,  3523300 mN,  ca. 20 ha 

1463-1570 
m 
(4800-
5150 ft) 

4-120 unknown f 

3 1 
Wes. Res. 
2010 

Wasp Canyon, 1.75 km WNW of 
Rosemont Junction, Helvetia Quadrangle, 
Santa Rita Mountains, Z12 05 23 540 mE, 
35 22 250 mN. 

<1 ha 

1524-1554 
m 
(5000-
5100 ft) 

1-4 unknown f 

SANTA CRUZ COUNTY, ARIZONA 

4 1 
Baker 2003, 
Wes. Res. 
2010 

Sawmill Canyon, 500 m NW of  its 
confluence with Cave Creek,  Mount 
Wrightson quadrangle, 11 km WSW of 
Sonoita, Santa Rita Mountains 

<1 ha 
1600-1615 
m (5270-
5290 ft) 

23-25 unknown f 
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Table 1. General locations of documented populations of Hexalectris colemanii 

Site 
no. 

Map 
fig. 

Source, 
Year* 

Site name and locality data 
      

Area ha 
(a) 

Elevation 
range m (ft) 

Number 
of aerial 
shoots  

Threats 
** 

Manage
-ment*** 

COCHISE COUNTY, ARIZONA 

5 1 
Wes. Res. 
2010 

West Stronghold Canyon, 2 km WNW to 
WSW of Rockfellow Dome, Big Dragoon 
Mountains, Cochise Stronghold 
quadrangle, Z12 05 94 720 mE, 35 33 
320 mN (center of large cluster of 
individuals) 

1.05 ha 
(2.6 a) 
 

1554 - 
1640m 
(5160- 
5385 ft) 

31-140 unknown f 

6 1 Baker, 2012 

Cottonwood Creek, Peloncillo Mountains, 
1km SE of the summit of Outlaw 
Mountain, Guadalupe Spring quadrangle, 
Baker 17564 and Cloud-Hughes, Z12 06 
83 556 mE 34 85 937 mE (NAD83) 
N31.4937º W109.0674º 

<1 ha 
1536m 
(5038ft)  

2 unknown f 

7 1 Baker, 2012 

Peloncillo Mountains, 2km SE of the 
summit of Outlaw Mountain, Guadalupe 
Spring quadrangle, Baker 17565and 
Cloud-Hughes, Z12 06 84 231 mE 34 85 
156 mE (NAD83) N31.4866º  W109.0604º

<1 ha 
1529m 
(5013ft) 

2 unknown f 

8 1 
Wes. Res. 
2012 

French Joe Canyon, 1.7 – 3.3 km ESE of 
French Joe Peak, Whetstone Mountains, 
Apache Peak quadrangle, Z12 05 56 845 
mE 35 19 900 mN (midpoint of 
population) 

ca. 8 ha 
1570-1740 
m (5140-
5685ft) 

29 unknown f 

9 1 
Wes. Res. 
2012 

Dry Canyon, south branch, 3.7 km SSE of 
French Joe Peak, Whetstone Mountains, 
Apache Peak quadrangle, Z12 05 55 640 
mE 35 17 015 mN 

<1 ha 
1670 m 
(5485 ft) 

1 unknown f 
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Table 1. General locations of documented populations of Hexalectris colemanii 

Site 
no. 

Map 
fig. 

Source, 
Year* 

Site name and locality data 
      

Area ha 
(a) 

Elevation 
range m (ft) 

Number 
of aerial 
shoots  

Threats 
** 

Manage
-ment*** 

10 1 
Wes. Res. 
2012 

Middlemarch Canyon, 1.2 km ENE and 
1.5 km SE of Cochise Peak, Dragoons 
Mountains, Cochise Stronghold 
quadrangle, Z12 05 98 620 mE 35 29 370 
mN (most individuals) 

<1 ha 
1695-1780 
m (5560-
5820 ft) 

4 unknown f 

11 1 
Wes. Res. 
2012 

Skeleton Canyon, south fork, 1.9 km NNE 
of Outlaw Mountain, Peloncillo Mountains, 
Skeleton Canyon quadrangle, Z12 06 83 
425 mN, 34 88 120 m E 

<1 ha 
1713 m 
(5620 ft) 

1 unknown f 

HIDALGO COUNTY, NEW MEXICO 

12 1 Baker, 2012 

Cottonwood Creek, Peloncillo Mountains, 
410m east of the Arizona State Line, 
Skeleton Canyon quadrangle, Cloud-
Hughes, Baker, and Coleman, Z12 06 85 
597 mE 34 86 698 mN, N31.5028º 
W109.0457º,  

<1 ha 
1622m 
(5322ft) 

1 unknown f 

 
* Most recent year documented. 

** b: Bureau of Land Management; p: private, municipal, County; refuge; National Park, s: state; f: Forest Service 

*** d: urban/ residential development; g: grazing/ trampling/ browsing by domestic or feral animals; m: mineral exploration/ 
development; o: off-road vehicle use; p: public purpose uses (military, nuclear testing, etc.); r: road development/ 
maintenance; u: utility corridor development/ maintenance; x: competition with invasive exotics; y: herbivory from 
domestic/feral animal 
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Table 2. Vascular plant associates recorded for populations of Hexalectris 
colemanii. 

Taxon Common name 

Acacia biuncifera catclaw 

Agave palmeri Palmer’s century plant 

Bothriochloa barbinodis cane bluestem 

Bouteloua curtipendula sideoats grama 

Bouvardia glaberrima firecrackerbush 

Cercocarpus montanus mountain mahogany 

Chilopsis linearis desert willow 

Choisya arizonica Mexican orange 

Cylindropunita spinosior cane cholla  

Dalea sp.  

Dasylirion wheeleri common sotol 

Fallugia paradoxa Apache plume 

Garrya wrightii Wright’s silktassel 

Juglans major Arizona walnut 

Juniperus coahuilensis redberry juniper 

Juniperus deppeana alligator juniper 

Lotus sp.  

Mimosa biuncifera catclaw mimosa 

Muhlenbergia emerselyi bullgrass 

Nolina microcarpa beargrass 

Opuntia chlorotica dollarjoint pricklypear 

Opuntia engelmannii cactus-apple 

Opuntia phaeacantha brown-spined pricklypear 

Pinus cembroides Mexican pinyon 

Prosopis velutina   velvet mesquite 
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Table 2. Vascular plant associates recorded for populations of Hexalectris 
colemanii. 

Taxon Common name 

Ptelea trifoliata hoptree 

Quercus emoryi Emory oak 

Quercus grisea Arizona white oak 

Quercus hypoleucoides silverleaf oak 

Quercus rugosa netleaf oak 

Quercus toumeyana Toumey oak 

Rhamnus californica California buckthorn 

Rhus aromatica skunkbush 

Rhus choriophylla sumac 

Rhus virens evergreen sumac 

Robina neomexicana New Mexico locust 

Sideroxylon lanuginosum gum bully 

Symphoricarpos oreophilus snowberry 

Yucca madrensis Schott’s yucca 

Ziziphus obtusifolia graythorn 
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Table 3. Habitat description and common associated species for Hexalectris colemanii for selected 
populations. 
Population Habitat description Associated species 

Arizona 
1. Baboquivari 
Canyon 

Leaf litter of 
streambed in bottom 
of canyon. 

Quercus oblongifolia 

2. McCleary 
Canyon 

Quercus arizonica 
dominant with high 
percent canopy 
cover in Lower and 
Middle McCleary. 
Upper McCleary 
characterized by 10 
percent canopy 
cover.  High 
accumulation of litter 
at all sites. Prosopis 
found higher up on 
dry slopes. 

Acacia biuncifera, Agave palmeri, Bothriochloa barbinodis, 
Dasylirion wheeleri, Garrya wrightii, Juniperus deppeana, J. 
coahuilensis, Nolina microcarpa, Opuntia chlorotica, O. 
engelmannii, Quercus arizonica, Q. emoryi, Q. rugosa, 
Rhus aromatica, R. virens, and Yucca madrensis. 
 

3. Wasp 
Canyon, Santa 
Rita Mountains 

Quercus arizonica 
dominant with high 
percent canopy 
cover and high 
accumulation of 
litter. Prosopis found 
higher up on dry 
slopes. 

Quercus arizonica, Q. emoryi, Juniperus deppeana and 
Prosopis sp. 

4. Sawmill 
Canyon, Santa 
Rita Mountains 

Little understory 
growth with high 
percent canopy 
cover and large 
accumulation of loak 
leaf itter.   

Acacia biuncifera, Agave palmeri, Cercocarpus montanus, 
Dasylirion wheeleri, Garrya wrightii, Juniperus deppeana, 
Muhlenbergia longiligula [probably M. emersleyi], Nolina 
microcarpa, Opuntia engelmannii, O. phaeacantha, Pinus 
cembroides, Quercus grisea, Q. rugosa, Rhus aromatica, 
R.virens, and Yucca madrensis. 

5. Cochise 
Stronghold 
West Canyon, 
Big Dragoon 
Mountains 

Quercus arizonica 
woodland with 
accumulation of 
litter.   
 

Quercus arizonica, Q. emoryi, Juniperus deppeana Garrya 
wrightii, and Sideroxylon lanuginosum 
 

6. Cottonwood 
Creek, 
Peloncillo 
Mountains, AZ 

North-facing, 10% 
slope of dark gray 
silt and rhyolitic 
gravel; Quercus 
grisea dominated 
woodland 

Agave palmeri, Boechera perennans, Cylindropuntia 
spinosior, Galium wrightii, Juniperus coahuilensis, 
Muhlenbergia emersleyi, Nolina microcarpa, Opuntia 
phaeacantha, Pinus cembroides, Rhus virens, Rhus 
aromatica, and Yucca madrensis. 

7. SE of Miller 
Spring, 
Peloncillo 
Mountains 

North-facing, 3-5% 
slope with some 
rhyolite rocks and 
gravel; nearly close 
canopy of Quercus 
grisea woodland 

Cylindropuntia spinosior, Juniperus coahuilensis, 
Muhlenbergia emersleyi, Nolina microcarpa, Quercus 
emoryi, Rhus aromatica, and Yucca madrensis. 
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Table 3. Habitat description and common associated species for Hexalectris colemanii for selected 
populations. 
Population Habitat description Associated species 
8. French Joe 
Canyon, 
Whetstone 
Mountains 

High percent cover 
of low-canopy 
vegetation with high 
oak leaf litter ground 
cover 

Rhus chiophylla, Quercus arizonica, Q. emoryi, Juniperus 
deppeana Choisya arizonica, Garrya wrightii, Ptelea 
trifoliata, and Juglans major 

9. Dry Canyon, 
Whetstone 
Mountains 

High percent cover 
of low-canopy 
vegetation with high 
oak leaf litter 

Quercus arizonica, Q. emoryi, Juniperus deppeana and 
Choisya arizonica 

10. 
Middlemarch 
Canyon, Big 
Dragoon 
Mountains 

High percent cover 
of low-canopy 
vegetation with an 
estimated 50 percent 
Quercus arizonica 
canopy cover 

Quercus arizonica, Q. emoryi, Juniperus deppeana Garrya 
wrightii, Mimosa biuncifera, Cercocarpus montanus, and 
Dalea sp. 

11. South Fork 
of Skelton 
Canyon, 
Peloncillo 
Mountains  

 Quercus arizonica, Q. emoryi, and Juniperus deppeana 

12. 
Cottonwood 
Creek, 
Peloncillo 
Mountains, NM 

Quercus grisea 
woodland, in sandy 
soil with a layer of 
leaf litter, between 
boulders on east 
side of canyon, in 
shade 

Agave palmeri, Arctostaphylos pungens, Rhus 
choriophylla, Elymus elymoides, Eragrostis intermedia, 
Ericameria laricifolia, Juniperus deppeana, Muhlenbergia 
emersleyi, Nolina microcarpa, Quercu emoryi, and Rhus 
aromatica. 
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Table 4. Soils and Bedrock for known locations of Hexalectris colemanii and H. arizonica*. 
General 
Location 

Site name Soil type and description Bedrock type and description 

Baboquivari 
Mountains 

Baboquivari 
Canyon 
 

Keysto-Riverwash Complex 
Stream alluvium and/ or mixed 
fan alluvium 

Andesitic and dacitic flows and intrusions (Haxel et al. 1980) 
 

Wasp Canyon 
and east side of 
McCleary 
Canyon 

Chiricahua cobbly sandy loam 
Residuum weathered from 
granodiorite and/or granite 

Unknown 

Montosa 
Canyon* and 
West side of 
McCleary 
Canyon 
 

Mabray-Chiricahua-Rock 
outcrop association 
Weathered from limestone 
 

Unknown 

Santa Rita 
Mountains 
 

Sawmill Canyon 
 

Tortugas-Rock outcrop 
complex 
Alluvium derived from 
limestone 

Colina Limestone- dark gray, slightly cherty limestone containing 
zones of large echinoderm spines (Drewes 1971, 1972) 

Henry Canyon* 
 

Unknown Glance Conglomerate- lower Cretaceous, think-bedded to 
massive limestone cobble and pebble conglomerate 

Middlemarch 
Canyon 

Unknown Granodiorite- middle Proterozoic, course grained altered 
granodiorite 

Big Dragoon 
Mountains 
 

West Cochise 
Stronghold and 
Jordan 
Canyons 

Unknown Pleistocene alluvial deposits (Drewes 1987) 
 

French Joe 
Canyon  

Gravel deposits from the 
Quarternary and Teriary 
 

Granodiorite- Cretaceous, fine grained  Whetstone 
Mountains 
 

Dry Canyon 
 

Unknown Clack Prince limestone - lower Pennsylvanian, bioclastic 
limestone with chert-pebble conglomerate (Bank and Kleinkopf 
1985) 
 

Whetstone 
Mountains 

French Joe and 
Aqua Caliente* 

Barkerville-Gaddes 
association 

Dacite and Latitic flows (Drewes 1966, 1971) 
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Table 4. Soils and Bedrock for known locations of Hexalectris colemanii and H. arizonica*. 
General 
Location 

Site name Soil type and description Bedrock type and description 

Canyons  Derived from granite 
 

South Skeleton 
Canyon 
 

Unknown Rhyolite - Miocene and Oligocene lava flows, tuffs, and/or 
tuffaceous sandstone 

Peloncillo 
Mountains 
 

Cottonwood 
Creek (NM) 
 

Rough broken land and Rock 
land 
Derived from igneous, 
metamorphic and sedimentary 
rock 

Rhyolite - Arifall tuff, ash flow tuff, tuff, tuff breccia, welded tuff, 
and/or sedimentary rocks (Drewes 1996) 

Chiricahua 
Mountains 

Tex Canyon* 
 

Gravel, sand, and 
conglomerate from the 
Holocene and Miocene 

Unknown 
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Table 5. Survey sites from Baker 2012 study where no individuals of Hexalectris colemanii were recorded. 
Locality Mountain Range Area Starting and Ending points, 

NAD83, zone 12 
Notes 

Alambre Wash Baboquivari n/a n/a Locked gate prevented access, Solano Wash to south may 
be an option 

Mendoza 
Canyon 

Baboquivari n/a n/a Locked gate prevented access 

Peck Canyon Atascosa n/a n/a Not surveyed because of difficult access and an apparent 
lack of suitable habitat 

Ramote Canyon Atascosa 9 ha 490517mE 3478694mN 
488910mE 3478192mN 

Habitat spotty; Much of the otherwise suitable habitat, 
however, had suffered an apparently hot fire. 

Alamo Canyon Pajarito 110ha 488305mE 3472625mN 
486753mE 3470104mN 

Habitat spotty, although some areas along the ravine 
appeared very similar to known occupied habitat 

Peña Blanca 
Canyon 

Pajarito 250ha 490527mE 3471733mN 
487532mE 3468312mN 

Numerous areas along the ravine appeared very similar to 
known occupied habitat, this would be the best ravine of the 
three surveyed in the area to revisit during a better year for 
the orchid 

Walker Canyon Pajarito 120ha 492520mE 3471057mN 
490907mE 3468257mN 

Habitat spotty, although some areas along the ravine 
appeared very similar to known occupied habitat; much of the 
duff had been recently burned 

Abbot Canyon Mule 2.5ha 601881mE 3487503mN 
601548mE 3487200mN 

The wooded area in the vicinity of the spring appeared very 
similar to known occupied habitat 

Cutoff Canyon Chiricahua n/a n/a Not surveyed because an apparent lack of suitable habitat 
Ruins Canyon Chiricahua 1ha 645791mE 3558806mN 

645970mE 3558625mN 
Habitat very spotty 

Siphon Canyon Chiricahua n/a n/a Not surveyed because of limited access and an apparent lack 
of suitable habitat 

Bear Canyon Chiricahua n/a n/a Not surveyed because of limited access and an apparent lack 
of suitable habitat 

Emigrant 
Canyon 

Chiricahua 4ha 653231mE 3556061mN 
653884mE 3555314mN 

Habitat spotty, although a few areas along the ravines 
appeared very similar to known occupied habitat.  Much of 
the otherwise suitable habitat, however, had suffered an 
apparently hot fire. 

Wood Canyon Chiricahua n/a n/a Not surveyed because of limited access, an apparent lack of 
suitable habitat, and recent burns that had removed most the 
litter and cover. 
 

Cave Creek Chiricahua 7ha 669665mE 3529022mN The wooded area just west of the research facility appeared 
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Table 5. Survey sites from Baker 2012 study where no individuals of Hexalectris colemanii were recorded. 
Canyon, 1650m 669326mE 3529374mN very similar to known occupied habitat 
Cave Creek 
Canyon, 1750m 

Chiricahua 3ha 668317mE 3530521mN 
668008mE 3530617mN 

Wooded area appeared similar to known occupied habitat 

East Turkey 
Creek 

Chiricahua 1ha 665353mE 3531713mN 
665192mE 3531681mN 

Wooded area appeared similar to known occupied habitat but 
recent flooding had altered much of it 

Madrone Canyon Chiricahua 1ha 655168mE 3542215mN 
655263mE 3542245mN 

Wooded area appeared similar to known occupied habitat 

Skeleton Canyon Peloncillos n/a n/a Locked gate prevented access, aerial photos indicated that 
most of the habitat in the area may not be as dense as that in 
known occupied habitat 

Skeleton 
Canyon, south 
fork 

Peloncillos n/a n/a As ibid. 

Clanton Draw Peloncillos 11ha 688321mE 3488756mN 
689327mE 3488881mN 

Much of the wooded area appeared similar to known 
occupied habitat 

Clanton Draw, 
1655m 

Peloncillos 2ha 691172mE 3488563mN 
691508mE 3488720mN 

Rather dense wooded area 
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Table 6. Historic climate data weather stations nearest to the known Hexalectris colemanii and H. a. Data from Western Regional 
Climate Center (2012). 

KITT PEAK, ARIZONA (024675) Period of Record: 9/ 1/1960 to 6/30/2012 
31.58° 111.36°; elevation: 2085m (06840ft), 20km north of the Baboquivari Canyon site. 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. 
Temperature (F)  

49.6 50.8 54.3 61.7 70.4 79.5 80.4 77.9 74.9 66.9 56.8 50.0 64.4 

Average Min. Temperature 
(F)  

33.0 33.6 35.8 41.3 49.2 58.5 60.9 59.8 57.0 48.6 39.5 33.7 45.9 

Average Total 
Precipitation (in.)  

1.77 1.60 1.80 0.55 0.44 0.44 4.43 4.58 2.31 1.50 1.14 2.65 23.20 

Average Total SnowFall 
(in.)  

3.0 4.3 4.1 1.2 0.1 0.0 0.0 0.0 0.0 0.3 1.2 3.8 18.1 

Average Snow Depth (in.)  0 1 0 0 0 0 0 0 0 0 0 1 0 

HELVETIA SANTA RITA RAN, ARIZONA (023981) Period of Record :  6/ 1/1916 to 4/30/1950 
31.52° 110.47° 04300ft WGS84; elevation: (4300ft), 2.5 km NE of McCleary Canyon population, Santa Rita Mountains. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. 
Temperature (F)  

57.9 61.1 66.4 74.8 82.9 92.1 91.3 87.9 86.5 78.3 67.8 60.5 75.6 

Average Min. Temperature 
(F)  

35.9 38.2 42.4 49.4 56.0 64.4 67.6 65.8 63.4 54.5 43.6 38.3 51.6 

Average Total 
Precipitation (in.)  

1.58 1.72 1.14 0.52 0.28 0.67 4.05 4.15 2.19 0.68 1.22 1.52 19.73 

Average Total SnowFall 
(in.)  

3.2 2.0 0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.5 7.7 

Average Snow Depth (in.)  0 0 0 0 0 0 0 0 0 0 0 0 0 



 
 37

Table 6. Historic climate data weather stations nearest to the known Hexalectris colemanii and H. a. Data from Western Regional 
Climate Center (2012). 

COCHISE STRONGHOLD, ARIZONA (021874) Period of Record :  6/ 1/1925 to 12/31/1948 
31.53° 109.54° WGS84; elevation: (4920ft), 5 km ESE of Middlemarch Canyon site, Dragoon Mountains. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. 
Temperature (F)  

57.5 61.3 67.3 74.7 83.8 92.4 92.3 89.2 86.7 78.7 65.8 58.0 75.6 

Average Min. Temperature 
(F)  

27.8 32.6 35.7 42.3 48.8 58.1 62.3 59.9 55.7 45.0 33.3 29.5 44.2 

Average Total 
Precipitation (in.)  

1.20 1.92 1.15 0.81 0.40 0.39 3.34 3.64 2.28 0.90 1.11 1.70 18.85 

Average Total SnowFall 
(in.)  

1.6 1.7 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.3 5.4 

Average Snow Depth (in.)  0 0 0 0 0 0 0 0 0 0 0 0 0 

SALA RANCH, ARIZONA (027445) Period of Record :  8/ 1/1947 to 8/31/1978 
31.52° 109.59° WGS84; elevation: (5160ft), 7 km SSE of the West Cochise Stronghold site and 4 km SW of Middlemarch Cayon 
site, Dragoon Mountains. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. 
Temperature (F)  

 Insufficient  data  

Average Min. Temperature 
(F)  

 Insufficient  data  

Average Total 
Precipitation (in.)  

1.11 0.77 0.80 0.32 0.13 0.62 4.41 3.68 1.48 0.97 0.55 0.97 15.80 

Average Total SnowFall 
(in.)  

3.7 2.6 3.3 1.2 0.0 0.0 0.0 0.0 0.0 0.0 1.3 3.0 15.2 

Average Snow Depth (in.)  0 0 0 0 0 0 0 0 0 0 0 0 0 

EICKS RANCH, NEW MEXICO (292757) Period of Record :  : 2/ 1/1916 to 10/31/1961 
31.483°, 108.933° WGS84; elevation:  1620m (5400ft), 11 km ESE of Cottonwood Creek site, Peloncillo Mountains, New 
Mexico. 
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Table 6. Historic climate data weather stations nearest to the known Hexalectris colemanii and H. a. Data from Western Regional 
Climate Center (2012). 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. 
Temperature (F)  

54.1 58.4 63.6 72.9 81.0 90.4 89.8 86.8 83.2 74.5 63.9 57.4 73.0 

Average Min. Temperature 
(F)  

26.1 28.1 32.6 38.3 44.9 54.8 60.0 58.5 53.2 42.8 31.8 28.2 41.6 

Average Total 
Precipitation (in.)  

1.35 1.02 0.97 0.35 0.20 0.60 2.86 2.75 1.46 0.95 0.74 1.08 14.34 

Average Total SnowFall 
(in.)  

3.1 1.9 0.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0 1.1 0.8 7.8 

Average Snow Depth (in.)  0 0 0 0 0 0 0 0 0 0 0 0 0 

ELGIN 5N, Arizona (022797) Period of Record :  : 10/01/1912 to 131/1970 
31.733°, -110.533° WGS84; elevation:  1495m (4905ft), 13 km SW of Dry Canyon site, Whetstone Mountains area 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. 
Temperature (F)  

 Insufficient  data  

Average Min. Temperature 
(F)  

 Insufficient  data  

Average Total 
Precipitation (in.)  

0.97 0.90 0.60 0.30 0.15 0.58 3.90 3.57 1.62 0.70 0.67 1.08 15.02 

Average Total SnowFall 
(in.)  

1.5 1.5 0.7 0.3 0.0 0.0 0.0 0.0 0.0 0.1 0.4 1.1 5.4 

Average Snow Depth (in.)  0 0 0 0 0 0 0 0 0 0 0 0 0 

KARTCHNER CAVERNS, Arizona (02534) Period of Record :  unknown 
31.83528°, -110.35528° WGS84; elevation:  1430m (4690ft), 5 km NE of French Joe Canyon site, Whetstone Mountains area 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max. 
Temperature (F)  63 67 71 79 87 96 95 93 90 81 71 63 80
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Table 6. Historic climate data weather stations nearest to the known Hexalectris colemanii and H. a. Data from Western Regional 
Climate Center (2012). 

Average Min. Temperature 
(F)  29 32 36 41 49 58 65 64 57 46 33 28 45
Average Total 
Precipitation (in.)  1.05 0.58 0.53 0.26 0.24 0.51 3.49 3.16 1.73 1.34 0.5 0.82 14
Average Total SnowFall 
(in.)  

 no data  

Average Snow Depth (in.)   no data  
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Table 7.  Herbarium specimens that represent populations of Hexalectris colemanii. 

Collector (s) 
Collector 
no. 

Herbarium/ 
accession 
no. 

Collection 
Date 

Mountain 
Range/Drainage Locality Data 

Arizona 
L. J. Toolin & 
F. W. 
Reichenbach
er 

1412 ARIZ 
252881 

16 June 1981 Baboquivari 
Mountains 

Pima County, Arizona, in leaf litter under Quereus 
oblongifolia in the stream bed in the bottom of 
Baboquivari Canyon, elevation 1372m (4500 ft), about ½ 
mile up-canyon from the end of the road. 12 individuals. 
[ca. Z12 04 41 190mE 35 16 890mN] 

Steven P. 
McLaughlin 

3441 ARIZ 
271012 

3 May 1986 Santa Rita 
Mountains 

Pima County, Arizona, in dense litter below Quercus 
emoryi, McCleary Canyon, elevation 1524 m (5000 ft), 
NE1/4 S. 30, T18S R16E [ca. Z12 05 24 180mE 35 23 
120mN] 

Marc A. Baker 15411 ASU 
268827 
268828 

two sheets 

28 May 2003 Santa Rita 
Mountains 

Pima County, Arizona, 12R 05 24 000-014mE 35 23 104-
164mN (NAD27 ConUS), N31º 50.70' W110º 44.78', 
1524m (5000ft) elevation, 21km NW of Sonoita, 1.8km NW 
of Rosemont Junction, along McCleary Creek, dry ravine 
bottom of schist and quartz rock and gravel; Quercus 
rugosa/Q. emoryi woodland with Acacia biuncifera, Agave 
palmeri, Bothriochloa barbinodis, Bouteloua curtipendula, 
Dasylirion wheeleri, Garrya wrightii, Juniperus 
coahuilensis, Nolina microcarpa, Opuntia chlorotica, O. 
engelmannii, Rhus trilobata (R. aromatica), Rhus virens, 
and Yucca schottii (Y. madrensis). 
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Table 7.  Herbarium specimens that represent populations of Hexalectris colemanii. 

Collector (s) 
Collector 
no. 

Herbarium/ 
accession 
no. 

Collection 
Date 

Mountain 
Range/Drainage Locality Data 

Marc A. Baker 15410 ASU 
268831 
268832 

two sheets 

28 May 2003 Santa Rita 
Mountains 

Santa Cruz County, Arizona, 12R 05 22 610-620mE 35 09 
500-735mN (NAD27 ConUS), N31º 43.34' W110º 45.68', 
1600-1615m (5200-5240ft) elevation, 11.3km NW of 
Sonoita, 2km NW of the confluence of Gardner Canyon 
and Cave Creek; woodland with Acacia biuncifera, Agave 
palmeri, Cercocarpus montanus, Dasylirion wheeleri, 
Garrya wrightii, Juniperus deppeana, Muhlenbergia 
longiligula [probably M. emersleyi], Nolina microcarpa, 
Opuntia engelmannii, O. phaeacantha, Pinus cembroides, 
Quercus rugosa, Rhus trilobata (R. aromatica), Rhus 
virens, and Yucca schottii (Y. madrensis). 

Marc A. Baker 
& Michelle 
Cloud-
Hughes 

17564 undeposited, 
one partially 
eaten stem 
collected 

27 May 2012 Peloncillo 
Mountains 

Cochise County, Arizona, Z12 06 83 556mE 34 85 937mE 
(NAD83) N31.4937º W109.0674º, 1536m (5038ft) 
elevation, Peloncillo Mountains, 1km SE of the summit of 
Outlaw Mountain, along Cottonwood Creek, 460m NNE of 
Miller Spring, 47km ENE of Douglas, north-facing, 10% 
slope of dark gray silt and rhyolitic gravel; Quercus grisea 
dominated woodland with Agave palmeri, Boechera 
perennans, Cylindropuntia spinosior, Galium wrightii, 
Juniperus coahuilensis, Muhlenbergia emersleyi, Nolina 
microcarpa, Opuntia phaeacantha, Pinus cembroides, 
Rhus virens, Rhus aromatica, and Yucca madrensis. 
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Table 7.  Herbarium specimens that represent populations of Hexalectris colemanii. 

Collector (s) 
Collector 
no. 

Herbarium/ 
accession 
no. 

Collection 
Date 

Mountain 
Range/Drainage Locality Data 

Marc A. Baker 
& Michelle 
Cloud-
Hughes 

17565 undeposited, 
photo 

voucher only

27 May 2012 Peloncillo 
Mountains 

Cochise County, Arizona, 12 06 84 231mE 34 85 156mE 
(NAD83) N31.4866º, W109.0604º,, 1529m (5013ft) 
elevation, Peloncillo Mountains, 2km SE of the summit of 
Outlaw Mountain, 950m SE of Miller Spring, 49km ENE of 
Douglas, north-facing, 3-5% slope with some rhyolite rocks 
and gravel; nearly close canopy of Quercus grisea 
woodland with Cylindropuntia spinosior, Juniperus 
coahuilensis, Muhlenbergia emersleyi, Nolina microcarpa, 
Quercus emoryi, Rhus aromatica, and Yucca madrensis. 
Individuals first discovered by M. Cloud-Hughes. 

Michelle 
Cloud-
Hughes, 
Ronald 
Coleman & 
Marc A. Baker 

027 undeposited, 
one flower 
collected 

31 May 2012 Peloncillo 
Mountains 

Hidalgo County, New Mexico, Z12 06 85 597 m E 34 86 
698 m N, N31.5028º W109.0457º, 1622m (5322ft) 
elevation, Peloncillo Mountains, along Cottonwood Creek, 
410m east of the Arizona State Line, 3km ENE of Outlaw 
Mountain, 50km ENE of Douglas, Arizona. Quercus grisea 
woodland with Agave palmeri, Arctostaphylos pungens, 
Rhus choriophylla, Elymus elymoides, Eragrostis 
intermedia, Ericameria laricifolia, Juniperus deppeana, 
Muhlenbergia emersleyi, Nolina microcarpa, Quercu 
emoryi, and Rhus aromatica. 



Appendix 2. Photographs
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Figure 4. Niche of Hexalectris colemanii 
on east side of canyon, McCleary Canyon, 
Santa Rita, Mountains, 2012, 10 m south 
of area in Figure 3, shoots present. 

Figure 6. Side view of Hexalectris 
colemanii flower in McCleary Canyon, 
Santa Rita Mountains, 2003. 

Appendix 2. PhotographsMcCleary Canyon, type locality, Pima 
County, Arizona, 2003 and 2012, 2003 photographs from Baker (2003). 

Figure 3. Niche of Hexalectris colemanii 
on east side of canyon, McCleary Canyon, 
Santa Rita, Mountains, 2012, shoots 
absent. 

Figure 2. Niche of Hexalectris colemanii 
on east side of canyon, McCleary Canyon, 
Santa Rita, Mountains, 2003. 

Figure 1. Habitat of Hexalectris colemanii 
in McCleary Canyon, Santa Rita 
Mountains, 2003. 

Figure 5. Flower face of Hexalectris 
colemanii in McCleary Canyon, Santa Rita 
Mountains, 2003.
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Cottonwood Canyon, Peloncillo Mountains, 460 m NNE of Miller 
Spring, Cochise County, Arizona, Baker 17564  

Figure 10.  Side view of Hexalectris 
colemanii flower in Cottonwood Canyon, 
460 m NNE of Miller Creek, Peloncillo 
Mountains, 2012. 

Figure 9. Leaf litter under shoots of 
Hexalectris colemanii in Cottonwood 
Canyon, 460 m NNE of Miller Creek, 
Peloncillo Mountains, 2012. 

Figure 7. Habitat of Hexalectris colemanii 
in Cottonwood Canyon, 460 m NNE of 
Miller Creek, Peloncillo Mountains, 2012.

Figure 8. Niche of Hexalectris colemanii in 
Cottonwood Canyon, 460 m NNE of Miller 
Creek, Peloncillo Mountains, 2012.

Figure 11. Primary substrate of hillside for 
Hexalectris colemanii site in Cottonwood 
Canyon, 460 m NNE of Miller Creek, 
Peloncillo Mountains, 2012. 

Figure 12. Stem bract of Hexalectris 
colemanii in Cottonwood Canyon, 
460 m NNE of Miller Creek, 
Peloncillo Mountains, 2012. 
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Cottonwood Canyon, Peloncillo Mountains, 460 m NNE of Miller 
Spring, Cochise County, Arizona, Baker 17564, photographs by 

Ronald Coleman 

Figure 13. Rhizome of Hexalectris 
colemanii in Cottonwood Canyon, 460 m 
NNE of Miller Creek, Peloncillo 

Figure 14. Shoot of Hexalectris 
colemanii in Cottonwood Canyon, 460 
m NNE of Miller Creek, Peloncillo 

Figure 16. Face view of Hexalectris 
colemanii flower in Cottonwood Canyon, 
460 m NNE of Miller Creek, Peloncillo 
Mountains, 2012.

Figure 15. Developing fruits of 
Hexalectris colemanii flower in 
Cottonwood Canyon, 460 m NNE of 
Miller Creek, Peloncillo Mountains, 
2012. 
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Peloncillo Mountains, 950 m SE of Miller Spring, Cochise County, Arizona, 
Baker 17565 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 17. Habitat of Hexalectris 
colemanii, 950 m SE of Miller Creek, 
Peloncillo Mountains, 2012. 

Figure 18. Leaf litter under shoots of 
Hexalectris colemanii, 950 m SE of Miller 
Creek, Peloncillo Mountains, 2012. 

Figure 19. Soil under leaf litter under 
shoots of Hexalectris colemanii, 950 m 
SE of Miller Creek, Peloncillo 
Mountains, 2012. 

Figure 20. Inflorescence of Hexalectris 
colemanii, 950 m SE of Miller Creek, 
Peloncillo Mountains, 2012. 
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Peloncillo Mountains, 950 m SE of Miller Spring, Cochise County, Arizona, 
Baker 17565, photos by Ronald Coleman 

 
 

Figure 23. Face of Hexalectris 
colemanii flower, 950 m SE of Miller 
Creek, Peloncillo Mountains, 2012. 

Figure 21. Shoot of Hexalectris 
colemanii, 950 m SE of Miller 
Creek, Peloncillo Mountains, 
2012. 

Figure 22. Apex of 
inflorescence of Hexalectris 
colemanii, 950 m SE of Miller 
Creek, Peloncillo Mountains, 
2012. 
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Cottonwood Creek, Peloncillo Mountains, Hidalgo County, New 
Mexico, Cloud-Hughes 027, photos by Ronald Coleman 

Figure 24. Shoot of Hexalectris 
colemanii flower in Cottonwood 
Canyon, Hidalgo County, Peloncillo 
Mountains, 2012. Figure 25. Inflorescence of Hexalectris 

colemanii flower in Cottonwood 
Canyon, Hidalgo County, Peloncillo 
Mountains, 2012. 

Figure 26. Face of Hexalectris 
colemanii flower in Cottonwood 
Canyon, Hidalgo County, Peloncillo 
Mountains, 2012. 
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Map 1. General locations for documented populations of Hexalectris colemanii as of September 2012.   
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Map 2. Survey routes for 2012 Hexalectris colemanii surveys conducted by Baker et al. 2012. 
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Map 3. Routes of foot surveys for Hexelectris colemanii made during this study 
in the Atascosa and Pajarito Mountains. 
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Map 4. Routes of foot surveys for Hexelectris colemanii made during this study 
in the Mule Mountains. 
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Map 5. Routes of foot surveys for Hexelectris colemanii made during this study 
in the Chircahua Mountains. 
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Map 6. Routes of foot surveys for Hexelectris colemanii made during this study 
in the Peloncillo Mountains. 
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¯ Legend
Potential habitat for Hexalectris colemanii

United States

Quercus grisea locations from SEINET

50 0 5025 Kilometers

Map 7. Potential habitat for populations of Hexalectris colemanii in the United States, south of Interstate 10 
and locations of Quercus grisea (including Q. arizonica) collections from SEINET (2012). 
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Map 8. Potential habitat for populations of Hexalectris colemanii in Mexico and locations of Quercus grisea 
(including Q. arizonica) collections from SEINET (2012). 
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Appendix 4. Selected herbarium specimens
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Figure 1. Holotype of Hexalectris revoluta var. colemanii (ARIZ 27102) 
collected by Steven P. McLaughlin 3441 from Pima County, Arizona, 
McCleary Canyon, Santa Rita Mountains, 3 May 1986. 
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Figure 2. Hexalectris colemanii (ARIZ 252881) collected by L. J. Toolin 1412 
and F. W. Reichenbacher from Baboquivari Canyon, Baboquivari 
Mountains, Pima County, Arizona, 16 June 1981.
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Figure 3. Hexalectris colemanii (ASU 268831), sheet 1 of 2, collected by 
Marc A. Baker 15410 from the confluence of Garder Canyon and Cave 
Creek, Santa Rita Mountains, Santa Cruz County, Arizona, 28 May 2003. 
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Figure 4. Hexalectris colemanii (ASU 268832), sheet 2of 2, collected by Marc 
A. Baker 15410 from the confluence of Garder Canyon and Cave Creek, 
Santa Rita Mountains, Santa Cruz County, Arizona, 28 May 2003. 
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Figure 5. Hexalectris colemanii (ASU 268827), sheet 2 of 2, collected by 
Marc A. Baker 15411 from McLeary Canyon, Santa Rita Mountains, Pima 
County, Arizona, 28 May 2003.
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Figure 6. Hexalectris colemanii (ASU 268828), sheet 2 of 2, collected by 
Marc A. Baker 15411 from McLeary Canyon, Santa Rita Mountains, Pima 
County, Arizona, 28 May 2003. 
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Figure 7. Hexalectris colemanii (unaccessioned), sheet 1 of 2, collected by 
Marc A. Baker 17564 from Cottonwood Creek, 560m NE of Miller Spring, 
Peloncillo Mountains, Cochise County, Arizona, 27 May 2012. 
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Figure 8. Hexalectris colemanii (unaccessioned), sheet 2 of 2, collected 
by Marc A. Baker 17564 from Cottonwood Creek, 560m NE of Miller 
Spring, Peloncillo Mountains, Cochise County, Arizona, 27 May 2012.
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Figure 9. Hexalectris colemanii (unaccessioned), photo voucher by Marc A. 
Baker 17565 from 950m SE of Miller Spring, Peloncillo Mountains, Cochise 
County, Arizona, 27 May 2012.



 
 66

Figure 10. Hexalectris colemanii (unaccessioned),collected by Michelle Cloud-
Hughes 027 from Cottonwood Creek, Peloncillo Mountains, Hidalgo County, 
New Mexico, 31 May 2012. 

 
 



Appendix 5. Soils Data (Soil Survey Staff 2011) 
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Site 1. Baboquivari Canyon 
 
38—Keysto-Riverwash complex, 0 to 5 percent slopes 
Map Unit Setting 
Elevation: 3,000 to 5,000 feet 
Mean annual precipitation: 12 to 16 inches 
Mean annual air temperature: 63 to 66 degrees F 
Frost-free period: 215 to 250 days 
Map Unit Composition 
Keysto and similar soils: 75 percent 
Riverwash: 15 percent 
Description of Keysto 
Setting 
Landform: Stream terraces, alluvial fans 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Tread 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Mixed stream alluvium and/or mixed fan alluvium 
Properties and qualities 
Slope: 0 to 5 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 
to 5.95 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Very low (about 2.9 inches) 
Interpretive groups 
Land capability (nonirrigated): 7s 
Ecological site: Sandy Wash 12-16" p.z. (R041XC316AZ) 
Typical profile 
0 to 3 inches: Very gravelly sandy loam 
3 to 24 inches: Extremely cobbly sandy loam 
24 to 60 inches: Extremely cobbly loamy sand 
 
Sites 1 (in part) and 2.  McCleary (east slope) and Wasp Canyon 
 
CoE—Chiricahua cobbly sandy loam, 10 to 45 percent slopes 
Map Unit Setting 
Elevation: 3,000 to 5,400 feet 
Mean annual precipitation: 12 to 20 inches 
Mean annual air temperature: 57 to 64 degrees F 
Frost-free period: 170 to 240 days 
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Map Unit Composition 
Chiricahua and similar soils: 90 percent 
Description of Chiricahua 
Setting 
Landform: Mountains, ridges 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Mountainflank 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Residuum weathered from granodiorite and/or 
residuum weathered from granite 
Properties and qualities 
Slope: 10 to 45 percent 
Depth to restrictive feature: 10 to 20 inches to paralithic bedrock; 20 
to 30 inches to lithic bedrock 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Very low 
to low (0.00 to 0.01 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Very low (about 2.6 inches) 
Interpretive groups 
Land capability (nonirrigated): 6e 
Ecological site: Granitic Hills 12-16" p.z. (R041XC306AZ) 
Typical profile 
0 to 3 inches: Cobbly sandy loam 
3 to 11 inches: Clay 
11 to 19 inches: Gravelly clay loam 
19 to 28 inches: Bedrock 
28 to 60 inches: Bedrock 
Data Source Information 
Soil Survey Area: Santa Cruz and Parts of Cochise and Pima Counties, Arizona 
Survey Area Data: Version 6, Feb 24, 2010 
 
Sites 1 (in part) and 7.  McCleary (west slope) and Montosa Canyon 
 
McF—Mabray-Chiricahua-Rock outcrop association, steep 
Map Unit Setting 
Elevation: 3,000 to 5,400 feet 
Mean annual precipitation: 12 to 18 inches 
Mean annual air temperature: 57 to 64 degrees F 
Frost-free period: 180 to 260 days 
Map Unit Composition 
Chiricahua and similar soils: 35 percent 
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Mabray and similar soils: 35 percent 
Rock outcrop: 30 percent 
Description of Mabray 
Setting 
Landform: Mountains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Mountainflank 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Residuum weathered from limestone 
Properties and qualities 
Slope: 30 to 45 percent 
Depth to restrictive feature: 4 to 20 inches to lithic bedrock 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Very low 
to moderately low (0.00 to 0.06 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Calcium carbonate, maximum content: 60 percent 
Available water capacity: Very low (about 1.1 inches) 
Interpretive groups 
Land capability (nonirrigated): 6e 
Ecological site: Limestone Hills 12-16" p.z. (R041XC307AZ) 
Typical profile 
0 to 1 inches: Very gravelly loam 
1 to 12 inches: Very cobbly loam 
12 to 60 inches: Bedrock 
Description of Chiricahua 
Setting 
Landform: Mountains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Mountainflank 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Residuum weathered from granodiorite and/or 
residuum weathered from granite 
Properties and qualities 
Slope: 8 to 45 percent 
Depth to restrictive feature: 10 to 20 inches to paralithic bedrock; 20 
to 30 inches to lithic bedrock 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Very low 
to low (0.00 to 0.01 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
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Frequency of ponding: None 
Available water capacity: Very low (about 2.6 inches) 
Interpretive groups 
Land capability (nonirrigated): 6e 
Ecological site: Granitic Hills 12-16" p.z. (R041XC306AZ) 
Typical profile 
0 to 3 inches: Cobbly sandy loam 
3 to 11 inches: Clay 
11 to 19 inches: Gravelly clay loam 
19 to 28 inches: Bedrock 
28 to 60 inches: Bedrock 
Description of Rock Outcrop 
Properties and qualities 
Depth to restrictive feature: 0 inches to lithic bedrock 
Data Source Information 
Soil Survey Area: Santa Cruz and Parts of Cochise and Pima Counties, Arizona 
Survey Area Data: Version 6, Feb 24, 2010 
 

Site 5.  Sawmill Canyon 
 
TrF—Tortugas-Rock outcrop complex, 25 to 60 percent slopes 
Map Unit Setting 
Elevation: 4,800 to 7,000 feet 
Mean annual precipitation: 16 to 24 inches 
Mean annual air temperature: 48 to 59 degrees F 
Frost-free period: 140 to 220 days 
Map Unit Composition 
Tortugas and similar soils: 50 percent 
Rock outcrop: 40 percent 
Description of Tortugas 
Setting 
Landform: Mountains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Mountainflank 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Alluvium derived from limestone 
Properties and qualities 
Slope: 25 to 60 percent 
Depth to restrictive feature: 6 to 20 inches to lithic bedrock 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Very low 
to moderately low (0.00 to 0.06 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
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Calcium carbonate, maximum content: 60 percent 
Available water capacity: Very low (about 1.3 inches) 
Interpretive groups 
Land capability (nonirrigated): 7e 
Ecological site: Limestone Hills 16-20" p.z. (R041XA103AZ) 
Typical profile 
0 to 14 inches: Very cobbly loam 
14 to 60 inches: Bedrock 
Description of Rock Outcrop 
Properties and qualities 
Depth to restrictive feature: 0 inches to lithic bedrock 
Data Source Information 
Soil Survey Area: Santa Cruz and Parts of Cochise and Pima Counties, Arizona 
Survey Area Data: Version 6, Feb 24, 2010 
 
Sites 4 and 6.  French Joe and Agua Caliente Canyons 
 
BgF—Barkerville-Gaddes association, steep 
Map Unit Setting 
Elevation: 5,000 to 7,500 feet 
Mean annual precipitation: 18 to 25 inches 
Mean annual air temperature: 50 to 63 degrees F 
Frost-free period: 160 to 220 days 
Map Unit Composition 
Barkerville and similar soils: 60 percent 
Gaddes and similar soils: 25 percent 
Rock outcrop: 15 percent 
Description of Barkerville 
Setting 
Landform: Mountains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Mountainflank 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Residuum weathered from granite 
Properties and qualities 
Slope: 30 to 60 percent 
Depth to restrictive feature: 10 to 20 inches to paralithic bedrock; 20 
to 40 inches to lithic bedrock 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Very low 
to low (0.00 to 0.01 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
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Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm) 
Available water capacity: Very low (about 2.2 inches) 
Interpretive groups 
Land capability (nonirrigated): 7e 
Ecological site: Granitic Hills 16-20" p.z. (R041XA102AZ) 
Typical profile 
0 to 6 inches: Cobbly sandy loam 
6 to 14 inches: Coarse sandy loam, sandy loam 
14 to 30 inches: Bedrock 
30 to 60 inches: Bedrock 
Description of Gaddes 
Setting 
Landform: Mountains 
Landform position (two-dimensional): Summit 
Landform position (three-dimensional): Mountainflank 
Down-slope shape: Convex 
Across-slope shape: Convex 
Parent material: Alluvium derived from granite 
Properties and qualities 
Slope: 30 to 60 percent 
Depth to restrictive feature: 20 to 30 inches to paralithic bedrock 
Drainage class: Well drained 
Capacity of the most limiting layer to transmit water (Ksat): Very low 
to moderately low (0.00 to 0.06 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm) 
Available water capacity: Low (about 3.0 inches) 
Interpretive groups 
Land capability (nonirrigated): 7e 
Ecological site: Granitic Hills 16-20" p.z. (R041XA102AZ) 
Typical profile 
0 to 2 inches: Gravelly sandy loam 
2 to 5 inches: Sandy loam 
5 to 8 inches: Sandy clay loam 
8 to 16 inches: Gravelly clay 
16 to 23 inches: Gravelly sandy clay loam 
23 to 60 inches: Bedrock 
Description of Rock Outcrop 
Properties and qualities 
Depth to restrictive feature: 0 inches to lithic bedrock 
Data Source Information 
Soil Survey Area: Santa Cruz and Parts of Cochise and Pima Counties, Arizona 
Survey Area Data: Version 6, Feb 24, 2010 
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Site 18.  Cottonwood Canyon, NM 
 
RU—Rough broken land and Rock land 
Map Unit Setting 
Mean annual air temperature: 58 to 60 degrees F 
Map Unit Composition 
Rough broken land: 45 percent 
Rock land (rock outc: 35 percent 
Description of Rough Broken Land 
Setting 
Landform: Mountain slopes 
Landform position (three-dimensional): Center third of 
mountainflank, lower third of mountainflank, upper third of 
mountainflank 
Down-slope shape: Linear 
Across-slope shape: Linear 
Parent material: Igneous, metamorphic and sedimentary rock 
Description of Rock Land (rock Outc 
Setting 
Parent material: Igneous, metamorphic and sedimentary rock 
Properties and qualities 
Slope: 25 to 75 percent 
Depth to restrictive feature: 0 inches to lithic bedrock 
Capacity of the most limiting layer to transmit water (Ksat): Very low 
to moderately low (0.00 to 0.06 in/hr) 
Interpretive groups 
Land capability (nonirrigated): 8s 
Typical profile 
0 to 60 inches: Bedrock 
Data Source Information 
Soil Survey Area: Hidalgo County, New Mexico 
Survey Area Data: Version 9, Sep 23, 2009 









































STATE LISTING NOMINATION FOR ALLRED’S FLAX – FEBRUARY 2019  
 
Allred’s flax (Linum allredii Sivinski & Howard) (LIAL) is a long-lived suffrutescent perennial, sometimes 
sprouting shoots (ramets) from shallow, thickened and woody lateral roots; stems up to 25 cm tall; 
flowers orange or salmon with a dark orange or reddish proximal band and a yellow eye.  It is a narrow 
edaphic endemic known only to occur in Eddy County, NM and Culberson County, TX.  The plant can be 
common within occupied habitat, but occupied habitat, as it is currently known, is quite limited.  Little 
additional survey and study has been completed for this species since description.   
 
The only known population of LIAL occurs within the outcropped Permian Castile Formation (Fma.) 
southwest of Carlsbad Caverns/Whites City.  The entire outcrop of the Castile Fma., referred to as the 
“Gypsum Plain”, extends over an area of approximately 600,000 ac. in southeastern NM, and adjacent 
Texas.   In New Mexico, GIS analysis shows the Castile Fma. covers 75,722 ac. in 9 distinct but closely 
associated polygons.  The largest of the polygons, covering 64,951 ac., contains the “Yeso Hills” and 
includes all but 1 (the Texas location) of the known occurrences of LIAL.  The name “Yeso Hills” appears 
to be a local reference to a particularly hilly 32,000 ac. portion of the large Castile Fma. polygon along 
Highway 62/180 in New Mexico, but also extending southward in Texas; the acreage estimate is based 
on a quick measurement of the concentrated barren outcrops of gypsum apparent on a landsat image.   
 
All known occurrences of LIAL are within the Yeso Hills portion of the Castile Fma./Gypsum Plain.  
Topography of the Yeso Hills and area immediately surrounding on Castile Fma. is characterized by 
gypsum ridges divided by sometimes widely eroded  draws ultimately draining eastward to the Pecos 
River.  On close inspection of aerial photography, nearly all of the known locations of LIAL, to date, occur 
on barren, paired linear scarps having subsidence depressions between them; the barren margins of 
major drainages (apparently having captured some of the subsidence depressions of linear scarps), both 
extending northeastward across the Yeso Hills; and on groupings of low gypsum hills in the upper 
portions (usually southwest most extent) of subsidence depressions.  It is estimated that these habitats 
comprise no more than 10-15 percent of the large (64,951 ac.) Castile polygon. 
 
Limited surveys of remaining extent of the Gypsum Plain in Texas dating from the 1960s to 2018 have 
not documented new locations of LIAL other than the known location associated with the Yeso Hills on 
Texas Ranch Road 652.  Potential habitat in Texas appears to be extensive.  However, further survey and 
documentation of LIAL in Texas may never occur due to severe limitations for access to private lands.  
Because of this, it appears that New Mexico will have primary responsibility for conservation of LIAL. 
 
The known population of LIAL occurs within a 5 by 8 mile area totaling approximately 10,000 ac. (but 
includes large areas of non-habitat) and is located primarily in New Mexico.  The population comprises 2 
general population segments or patches containing 400 discrete observation or collection sites and 3.3 
miles of occupied linear habitat (point and line GPS data).  The majority of the occurrence points occur 
in the scarps, drainage margins, and hill groupings associated with upper portions of the North and 
South Forks of Hay Hollow. The remaining point locations and occupied linear observations are 
associated with the similar topographic features in Ben Slaughter Draw.   Ownership of the majority of 



the known locations is BLM.  Several locations occur on State land, although surveys generally avoid 
State and Private land.  However, juxtaposition of locations bordering State and Private land suggest 
continuation of populations onto those ownerships.  Total known occupied habitat is estimated to be 
1,250 ac. However, further survey of the Yeso Hills will likely document additional locations.  Mean LIAL 
density at the type locality was estimated at 2.65 ± 4.8 plants/m2 (density range was 0 to 27 plants/m2, 
median density 1 plant/m2, mode density 0 plants/m2); frequency of occurrence was 65%.  No trend 
monitoring data are available.   
 
Habitat for LIAL was modelled by BLM for use in NEPA analyses.  The model uses a number of derived 
variables such as REGAP vegetation, NRCS soils, watershed, hydrology, slope, aspect, temperature, 
precipitation, and elevation.  Total area of the model predicted LIAL habitat was 23,221 ac., of which 
19,526 ac. was BLM surface.  The predicted habitat contains all known occurrences of LIAL, but does not 
appear to contain all areas of potential LIAL habitat based on Landsat imagery depiction of gypsum 
outcrops.   
 
Threats to LIAL include oil and gas development, herbicide treatments, mining, grazing, and recreation.  
Because the majority of occupied habitat occurs on Public Land, the overall conservation responsibility 
resides with the BLM.  Conservation of sensitive and ESA listed species is guided by BLM policy under 
BLM Manual 6840 Special Status Species Management and a very large collection of other regulations 
and policies guiding public land administration, and by the Resource Management Plan (RMP) prepared 
by the administering office.  RMPs guide the overall allocation of land use activities through a process of 
public review and decision making.  Currently the BLM, Carlsbad Field Office is preparing to finalize a 
revision of its RMP.  A number of alternative natural resource conservation measures have been 
proposed in the RMP that could be of some benefit to the Yeso Hills area.  However, it is expected that 
many, if not all, of these measures will be foregone in support of minerals development.  Even if enacted 
it appears that virtually all of the conservation measures proposed would have minimal ability to 
conserve sensitive resources.  For example, many of the proposed ACEC management decisions include 
withdrawal from the mining laws.  Such withdrawals are expensive and technically complicated and 
require either Secretarial or Congressional approval.  In practice, such withdrawals are rarely completed.   
Ability to protect natural resources from oil and gas development is extremely limited, as leasing 
conveys a property right to develop with policies severely limiting the ability of the agency to deny or 
move activities or facilities more than 200 m unless specific protective stipulations are incorporated into 
the lease when the lease is issued.  Leases are issued for a period of 10yrs unless production occurs; 
where production occurs, leases remain in effect (for decades) until it ceases and the area abandoned.  
In addition, it is rumored that National policies/manuals guiding conservation designation for natural 
resources may be diluted via revision.  It appears that the conservation of rare plant resources in the 
area in question will come down to the ability of the local staff and managers to work with companies 
on a project by project basis.  That said, it appears that the staff of BLM Carlsbad are doing an excellent 
job of working with companies to survey for and avoid special status plants, including LIAL when 
approving surface disturbances. 
 



Oil and gas development is a significant threat to LIAL due to the ongoing intensive exploration and 
development of newly documented significant oil and gas reserves in the Permian Basin (including the 
Delaware Basin in NM and TX).  BLM data indicates 88% of modelled habitat is leased for oil and gas 
development.  State Land minerals development usually follows a pattern similar to BLM, but is not 
quantifiable here.  Development of wells continues to occur within modelled habitat.  Exploratory work 
includes the conduct of seismic exploration using large off road vehicles in extensive gridded patterns.  A 
recent seismic project was surveyed for LIAL and other species and directed around occupied habitat.  
Infrastructure supporting O&G production can be extensive and includes roads, powerlines, pipelines, 
work, and storage areas.  Some other effects noted in oil and gas areas include dust emissions from 
roads covering plant resources within a few hundred feet of active roadways.  Also, survey crews that 
survey in new facilities (such as well pads) typically drive off road (even in closed areas), thus creating 
some resource disturbance and also potential for unintended establishment of new roads later used by 
recreationists.  Currently BLM is proposing to establish dedicated 300 ft wide right-of-way corridors 
supporting oil and gas development within the modelled habitat of LIAL extending more than 24 miles 
and causing approximately 414 ac. of total disturbance.  Portions of the proposed corridors cross 
occupied and potential habitat.  If constructed, the corridor will significantly disturb the type locality of 
LIAL.   
 
Herbicide treatments have potential to cause mortality of shrubs and subshrub plants over large areas if 
not avoided.  At least 1 herbicide treatment has occurred in vicinity of modelled habitat. 
 
Grazing represents a lower level, but none the less important threat.  Grazing is pervasive across the 
landscape and has many direct and indirect effects to plants and communities in general.  The most 
severe impacts from grazing occur near watering and corral facilities (sacrifice areas), of which several 
occur within and near LIAL habitat.  One instance of heavy grazing use of LIAL plants has been noted, 
although no livestock facilities are visible nearby on imagery. 
 
Mining represents a lower level threat due to minimal development.   Mining in the Castile Fma. is 
currently targeted to develop economically viable deposits of gypsum and sulfur.  There is 1 small, 
apparently inactive, gypsum mine within modelled habitat.  The extent of mining claims within the 
modelled habitat areas is unknown, but expected to be limited (perhaps limited to the single mine).  
Sulfur mining in the Castile Fma. currently occurs only in Texas.  However, discovery of commercial 
deposits gypsum, sulfur, or unexpected other minerals could rapidly change the threat level.  It is 
expected that mining for gypsum and sulfur would be guided by regulations under the Mining Laws of 
1872, which are treated minimally under NEPA (and include non-discretionary approval for small 
activities less than 5 ac. in size).   
 
Protective designations for LIAL are limited to listing as a BLM Sensitive Species with policy protections 
in BLM Manual 6840.  A portion of the LIAL Hay Hollow population occurs in the Yeso Hills Research 
Natural Area.  However the RNA designation is proposed to be dropped with completion of the RMP; 
none of the RMP decisions for the RNA (including No Surface Occupancy stipulations) were ever 
implemented.  The existing Chosa Draw Cave ACEC on the northern extent of the Yeso Hills, which 



contains potential but not modelled habitat, would continue to be designated; though management of 
the area could vary depending on the final decision.  Two new ACECs in the potential habitat are under 
consideration in the RMP, but actual designation of either is considered unlikely.  Even if designated, the 
likelihood of adding planning decisions that actually protect the values for which the area was 
nominated is even more unlikely.  No other protective areas exist or are expected to be designated in 
the foreseeable future.   
 
Recreation impacts have been increasing within the modelled habitat.  Activities are primarily camping 
(usually along existing roads) and hunting.   Hunting includes camping impacts, but can lead to off road 
vehicle impacts when new roads are established through illicit hunting from vehicles or off road retrieval 
of downed game (precluded by State regulations where OHV use is closed by the landowner or 
manager).  Camping impacts may also be related to the proximity of 2 National Parks and the ability for 
visitors to camp on public land free and with little control. 
 
Current activities, as summarized above, constitute a threat to the continued existence of Allred’s 
Linum.  This species is rare in terms of distribution and although populations may large, it is believed 
that unregulated taking and disturbance could adversely impact it and potentially jeopardize the 
species’ survival.  State Listing as Endangered would support long term protection of the species through 
cooperative focus on avoiding taking and potential impacts, and expanded ability to survey and monitor 
the population.  
 
Compiled and Nominated by Mike Howard, Retired Botanist, 27 February 2019 
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Summary 
Brack’s hardwall cactus (Sclerocactus cloverae subsp. brackii) is a rare plant that occurs on the 
Nacimiento Formation of northwestern New Mexico. It is listed as a BLM sensitive species and is 
included on the State of New Mexico list of endangered plant species. Most of the known populations of 
Brack’s are on lands under Bureau of Land Management (BLM) jurisdiction (about 80%), but it is also 
present on the Navajo Nation, State of New Mexico Trust Lands, and private property. Portions of the 
Nacimiento Formation have actively developing oil and gas fields that include the construction of well 
pads, roads and pipelines that have the potential to significantly negatively impact this species. Yet, the 
full extent of the species regionally, its habitat requirements, and abundance have not been 
systematically addressed to support the management of the species. Accordingly, Natural Heritage New 
Mexico (NHNM) conducted field study in 2015 with two primary objectives:  1) provide a regional 
assessment of the overall distribution of Sclerocactus cloverae ssp. brackii on the Nacimiento 
Formation in the context of other closely related Sclerocactus species; and 2 ) describe the potential 
habitats and relative degree of occupancy by the species within those habitats focusing on the 
Lybrook area, a major population center for the species and an area of ongoing intensive oil and gas 
exploration. Based on these surveys, in combination with legacy data, we provide a provisional 
assessment of the status of Brack’s hardwall cactus in the context of land use, particularly energy 
development, along with ecological factors.  

The regional assessment sets the range limits of potential habitat for Brack’s hardwall cactus to the 
northern portion of the Nacimiento Formation (from the Aztec/Bloomfield region southward to just 
southwest of Lybrook ), but it also uncovered a range of variability in  the size and other characteristics 
of the taxon. Within this range, we identified 56 local populations that were ascribed either to Brack’s 
hardwall cactus, or Clover’s hardwall cactus (Sclerocactus cloverae subsp. cloverae), or as intermediate 
“Indeterminate” forms. The Brack’s and Indeterminate occurrences were then grouped into six larger 
population centers (metapopulations), two of which are core for the species: the Kutz-Angel Peak area 
associated with the type locality of the subspecies, and the Lybrook  region at the southern end of the 
range (and a zone of intensive oil and gas development). 
                                                           
1 Funding provided by the Bureau of Land Management through Colorado Plateau Cooperative Ecosystems Studies Unit Agreement # 
L12AC20119 SUP0005 in cooperation with Natural Heritage New Mexico, a Division of the Museum of Southwestern Biology, University of New 
Mexico, Albuquerque, NM. 
2 E. Muldavin, Ph.D., Director of Natural Heritage New Mexico, was the lead ecologist on the project; M. East is the NHNM Asst. Data Manager; 
M. Horner is the NHNM GIS Analysist ; Y. Chauvin is the NHNM senior botany technician.   
3 R. Sivinski, M.S., of RCS Southwest, Santa Fe, was the lead botanist on the project. 
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To support management of the species in the Lybrook region where development pressures are 
currently high, we conducted a habitat assessment to identify suitable habits at the local scale and 
evaluate the degree of occupancy by the species in those habitats. This was based on detailed ground 
measurements anchored at known locations along with aerial photo interpretation. Relative densities of 
plants varied among habitats. The highest densities were found on eroding soils within grasslands, open 
sagebrush/sparse grasslands, and pinyon-juniper woodland savannas of valley bottoms within shale 
barrens (badlands) or on sandstone hill slopes adjacent to the badlands (these were also habitats where 
there is significant oil and gas development). Plants were scarce or absent in dense sagebrush 
shrublands or on the barren gray and white shales of the badlands. In addition, individuals were shown 
to be highly clustered within habitats. That is, on average of only 10% of suitable habitat was occupied 
by the cactus. This provides both a concern and an opportunity. Highly clustered populations can be 
inordinately impacted when disturbance occurs, but because they are clustered, with careful planning 
impacts can be avoided at the local scale.  

Brack’s hardwall cactus remains a species at risk. Based on the 2015 survey data and legacy observation 
data, and analysis of trends and threats, NHNM updated the conservation state status rank to S2, or 
Imperiled. The limited number of high-quality local populations and metapopulations coupled with high 
incidence of damage from beetles and other animals, trampling, increased drought, as well as habitat 
fragmentation by development drove this ranking. While an S2 rank is high, it provides the context for 
future monitoring of population trends of the subspecies across its range in support of adaptive 
management. In the meantime, there are opportunities for conservation and resource planning that 
have potential for alleviating conflict and avoiding further impacts on the species. As a first step , we 
identified ten Conservation Opportunity Areas (COAs) in the Lybrook region where the Brack’s hardwall 
cactus is present but extensive development has not yet taken place—potential non-conflict safe sites 
where the species can be sustained. Beyond this, additional COAs should be identified throughout the 
range of the species to avoid a concentration of conservation activities in one particular place, 
particularly with respect to issues beyond oil and gas development.  

The 2015 NHNM survey of the distribution and habitat of Brack’s hardwall cactus (Sclerocactus cloverae  
subsp. brackii) represents the most comprehensive analysis to date, but much remains to be understood 
about the species. We recommend the following: 

1. A genetic and plant morphology study to further clarify the differences among the subspecies 
and their taxonomic status. 

2. A validation study of the suitable habitats and their density ranks using randomized sampling to 
alleviate bias, and then expanding the habitat modeling across the range of the species to 
support environmental review and conservation planning. 

3. Refine the provisional Conservation Opportunity Areas (COAs) provided here and develop 
additional COAs throughout the range of the subspecies in the context of expected future oil 
and gas development.  

4. Establish a long-term, range-wide monitoring grid to support adaptive management of the 
species using the survey plots provided here as a foundation. 

5. Develop an overall conservation strategy to ensure the long-term sustainability of the species.  
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INTRODUCTION 
 
Brack’s hardwall cactus (Sclerocactus cloverae Heil & Porter subsp. brackii Heil & Porter) is a rare plant 
that occurs on the Nacimiento Formation of northwestern New Mexico (Figure 1). It is listed as a BLM 
sensitive species and is included on the State of New Mexico list of endangered plant species. Most of 
the known populations of Brack’s hardwall cactus are on lands under Bureau of Land Management 
(BLM) jurisdiction (about 80%), but it is also present on the Navajo Nation, State of New Mexico Trust 
Lands, and private property. Portions of the Nacimiento Formation have actively developing oil and gas 
fields that include the construction of well pads, roads and pipelines that have the potential to 
significantly negatively impact this species. Plant surveys conducted as part of environmental 
assessments of these activities have been finding Sclerocactus plants in oil and gas project areas, most of 
which appear to be Brack’s hardwall cactus. Yet, the full extent of the species regionally, its habitat 
requirements, and abundance have not been systematically addressed to support the management of 
the species. As a first step towards gaining a better understanding of the species distribution and 
ecology, Natural Heritage New Mexico (NHNM) conducted field study in 2015 with two primary 
objectives:  1) provide a regional assessment of the overall distribution of Sclerocactus cloverae ssp. 
brackii on the Nacimiento Formation in the context of other closely related Sclerocactus species; and  
2) describe the potential habitats and relative degree of occupancy by the species within those 
habitats focusing on the Lybrook area, a major population center for the species and an area of 
ongoing intensive oil and gas exploration. Based on these surveys, in combination with legacy data, we 
provide a provisional assessment of status of Brack’s hardwall cactus in the context of land use, 
particularly energy development, along with ecological factors. This assessment lays the foundation for 
future work on the taxonomic and genetic relationship to closely related species, estimating true 
population numbers, habitat mapping, and monitoring population trends to support adaptive 
management of the species to avoid future land use conflicts.  

BACKGROUND 

Plant Description 
Sclerocactus cloverae is a flowering stem succulent in the cactus family (Cactaceae) (Figure 2). 
Morphological characteristics from the original description (Heil and Porter 1994), Flora of North 
America (Heil and Porter 2003), and the Four Corners Flora (Heil and Porter 2013) are slightly different, 
but summarized as follows:  Stem usually solitary, occasionally with one or few additional stems 
sprouting from the base, ovoid or elongate-cylindric, usually with 13 ribs. Central spines 4-9, 1.5-4.6 cm 
long, the lower one hooked or absent, the upper one flattened on the outer (abaxial) face and often 
ribbon-like. Lateral spines 3-8, usually not hooked and a bit shorter than the centrals. Radial spines 2-8, 
somewhat thinner than the laterals. Flower buds rounded at the apex. Flowers pink-purple, 2.3-4 cm 
long. Fruit green, tan or pink, 7-15 mm long, 5-12 mm wide, opening along an irregular line of 
dehiscence just below the middle. Seeds black or brown, 1.5-3 mm long, 2-4 mm wide. Flowers from 
mid-April to early June. 
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Figure 1. The NHNM 2015 Brack’s hardwall cactus survey focused on the Nacimiento geologic formation and had two 
components:  a wide-area reconnaissance to help determine the extent of the subspecies, and an intensive focal-zone survey 
in the Lybrook region to describe potential habitats and estimate plant numbers in a core population that is also in a region 
of active oil-and gas exploration. Geology based on the Geologic Map of New Mexico (New Mexico Bureau of Geology and 
Mineral Resources (2003)). 
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There are two subspecies that are distinguished by the characteristics outlined in Table 1. The size 
difference between the two subspecies is not only the generally smaller stem size within a subsp. brackii 
population, but rather the small size and juvenile spine arrangement of individual cacti when they first 
attain reproductive maturity. Subspecies brackii plants are often in the 2-3 cm diameter range when 
flowers are first produced (Heil and Porter 1994). These small flowering cacti still have their immature 
spine arrangements with areoles of short-spine radials that are usually missing the hooked lower central 
spine. This juvenile spine arrangement is often retained in subsequent years and the development of full 
areoles with adult spines may not occur until after a few years of reproductive maturity. Subspecies 
cloverae cacti begin blooming at a larger size when at least some of the upper areoles are producing 
hooked central spines. As subsp. brackii ages, however, the morphologies of the two subspecies tend to 
become more convergent (Porter and Prince 2011). 

Table 1. Morphological distinctions of Sclerocactus cloverae subsp. cloverae and subsp. brackii, summarized from Porter and 
Prince (2011), Heil (2013) and Heil and Porter (2013). 

Plant character subsp. cloverae subsp. brackii 
Stem length Mostly 5-25 cm Mostly 3-7 cm 
Stem width 5-15 cm 2-6 cm 
Number of central spines 5-9, mostly 8 Mostly 4 
Lower hooked central Present Often absent 
Number of lateral spines 5-8 3 
Number of radial spines 2-6 5-8 
 
Spine prominence 

 
Very dense, obscuring the stem 

Spines very sparse and not 
obscuring the stem, in age becoming 
more dense and ± obscuring the stem 

 

 

 

  

 

 

 

 

 

 

Figure 2. Brack’s hardwall cactus with 2 x 3 cm stem and 3-4 central spines per areole at lower Kutz Canyon south of 
Bloomfield (left). Clover’s hardwall cactus with 12 x 17 cm stem and 4 central spines per areole at Navajo Lake (right). 
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For survey purposes, our standard methodology for counting central spines is illustrated in Figure 3. It is 
based upon the arrangement of the upper central spine being flattened or ribbon-like at the 12:00 
position on the areole and the lower central spine being the erect hooked spine in the center of the 
areole. Heil and Porter (1994); Porter and Prince (2011), and Heil and Porter (2013) all call the hooked 
spine the lower central. The other two central spines found in our survey are laterals at the 11:00 and 
1:00 positions. These are usually not hooked. The remaining spines in the areole are radial spines, but 
some of these can be different in color and size from the others. The two lower, lateral radials at the 
4:00 and 8:00 positions are often well developed and similar to the lateral centrals at the top of the 
areole. The lowest radial at the 6:00 position can occasionally be a different color and size than the 
other radials.  

 

 

 

 

 

 

 

 

 

 

 
 

Distribution and General Habitat 
Sclerocactus cloverae, including both subspecies, is almost entirely endemic to New Mexico, but extends 
a short distance into La Plata and Archuleta Counties in southern Colorado. The total range of this 
species is about 150 miles north to south and about 60 miles wide. Heil and Porter (2013) describe its 
range as scattered locations from south of Albuquerque, northward up the Rio Puerco, San Pedro and 
San Juan River valleys to near Waterflow, then northward into southern Colorado along the Animas, La 
Plata and Los Pinos Rivers. The New Mexico counties cited, however, include only Rio Arriba, Sandoval 
and San Juan, which exclude any other county locations south of Albuquerque. Herbarium specimen 
records of New Mexico collections are from only those three counties with the southernmost collections 
being from south and west of San Ysidro in Sandoval County and just east of Laguna in Cibola County 
(SEINet 2015). 

 

Figure 3.  Spine arrangement in a new, developing areole of Brack’s hardwall cactus west of Lybrook (left) and mature areole on 
Brack’s hardwall cactus at Kutz Canyon, south of Bloomfield (right).  1 = upper flattened central; 2 and 3 = lateral centrals; 4 = lower 
hooked central; R = radial; L = lower lateral radial.   
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Subspecies cloverae occurs throughout the range of the species in a variety of habitats from sandy shale 
badlands to deeper soils with big sagebrush (Artemisia tridentata)  and shallower sandy soils on or near 
sandstone outcrops in pinyon-juniper woodland up to ponderosa pine (Pinus ponderosa), both on and 
off the Nacimiento Formation. Elevations range from 1,500 – 2,200 m (4,920 – 7,220 ft) (Porter and 
Prince 2011). 

Subspecies brackii occurs on the Nacimiento Formation in Rio Arriba, Sandoval and San Juan Counties, 
New Mexico. When initially described (Heil and Porter 1994), this subspecies was known from a few San 
Juan County locations near Bloomfield and Aztec and south to near Huerfano Mountain. Subsequent 
field surveys extended the southern range of Brack’s hardwall cactus into the extensive badlands of the 
Nacimiento Formation between Nageezi and Lybrook, including the southwest corner of Rio Arriba 
County and northwest corner of Sandoval County. The elevation range for this subspecies is 1,680 – 
2,200 m (5,510 – 7,220 ft). For further details on the range see “Range limits” under “Results.”  

In general, Brack’s hardwall cactus usually occurs on eroding sandy clay soils derived from shales and 
sandstones in badlands regions of the Nacimiento. The Nacimiento Formation is well known for its 
Paleocene mammal fossils (Williamson and Lucas 1992), but very little is published about the surface 
outcrops of its geologic strata. It is not a marine deposit, but the Lybrook badlands are extensive, barren 
depositional shales and mudstones. Barite nodules are common on the dark mudstones and occasional 
selenite crystals are found in the shale and silty sandstone. Terrains are variable and include low ridges, 
slopes, pockets of soil at or near the base of steep sandy shale or sandstone slopes, and eroding alluvial 
fans and valley fill sediments on the edges of dry washes. On occasion it can also occur in gypseous soils, 
especially north of the San Juan River, but is not classified as a gypsophile (a small portion of these 
badlands are classified as gypsum soils in the San Juan County soil survey (USDA-SCS 1980)). Habitat has 
commonly been used to allocate plants to subspecies. Brack’s hardwall cactus is usually relegated to 
open desert scrub habitats on gypseous soils or badlands, while Clover’s hardwall cactus occurs in 
pinyon-juniper woodland or big sagebrush shrubland and often in loamy soils with deposits of river 
gravel and cobble (Heil and Porter 1994, Porter and Prince 2011). Below we provide a detailed habitat 
analysis for the Lybrook area. 

Brack’s hardwall cactus occurs within a variety of vegetation communities including sparse grasslands 
dominated by blue grama (Bouteloua gracilis), Galleta (Pleuraphis jamesii), Indian ricegrass 
(Achnatherum hymenoides), and needle and thread grass (Hesperostipa comata); open to dense 
shrublands dominated big sagebrush and rabbitbrush (Ericameria nauseosa), and woodlands dominated 
by pinyon pine (Pinus edulis) and Utah juniper (Juniperus osteosperma) (see Tables 2 and 3 for additional 
details). It is also associated with sparsely vegetated badland habitats with species that indicate saline 
and clayey substrates such as shadscale (Atriplex confertifolia), stalked orach (Atriplex saccaria), bud 
sagebrush (Picrothamnus desertorum), oblongleaf basin daisy (Platyschkuhria integifolia), alkali sacaton 
(Sporobolus airoides), and greasewood (Sarcobatus vermiculatus). Some areas in these badlands have 
high concentrations of selenium, which was obvious by its odor and by the presence of seleniphytic 
plants such as yellow milkvetch (Astragalus flavus) and Aztec milkvetch (Astragalus proximus). Common 
gypsophilic plant species (e.g., Sporobolus nealleyi) that indicate gypseous soils on the Todilto Formation 
of southern Sandoval County, New Mexico and other gypsum strata in southwestern Colorado are 
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absent from Brack’s hardwall cactus habitats on the Nacimiento Formation. A list of species 
encountered during the 2015 NHNM surveys is provided in Appendix A. 

Taxon History 
Heil and Porter (1994) published Sclerocactus cloveriae and both subspecies as a reassessment and 
revised circumscription of existing Sclerocactus taxa. Their revision confined S. whipplei to northeastern 
Arizona, but acknowledged the close relationship between S. whipplei, S. parviflorus and the newly 
named S. cloverae. Unpublished molecular phylogenetic analyses of trnL–F DNA sequences also support 
a close relationship between S. cloverae, S. whipplei and S. parviflorus (Porter and Prince 2011). The 
New Cactus Lexicon (Hunt et al. 2006) continues to place S. cloverae populations into synonymy with S. 
whipplei. Some floristic databases such as a BONAP (Kartesz 2015) and PLANTS (USDA-NRCS 2015) treat 
S. cloverae as a synonym of S. parviflorus, and, whether overlooked or ignored, S. cloverae is not 
mentioned in the recently published Flora of Colorado (Ackerfield 2015). 

Sclerocactus parviflorus is the most widespread and variable species in the genus. It occurs in 
northwestern New Mexico, but is generally allopatric in its distribution to the west of S. cloverae. The 
only area where both species occur together is on the north side of the San Juan River at the east base 
of the Hogback (Ferguson 1998b). The two species are similar and can easily be confused with one 
another except that S. cloverae has smaller, narrower flowers and blooms two to three weeks earlier 
than S. parviflorus (Ferguson 1998b). Very little laboratory research has been published to quantify the 
genetic distinctions between these three closely related species. One DNA analysis from this Hogback 
population of S. cloverae has been published for comparison with S. parviflorus DNA and the results 
were mixed. The chloroplast analysis indicated they are not diverged enough to be separate species. 
Microsatellite diversity statistics, however, showed (for this one population) that based on genetic 
differentiation, S. cloverae is a distinct species (Schwabe 2012). 

Sclerocactus cloverae subsp. brackii is named for Steven Brack (owner of Mesa Gardens, Belen, NM). The 
type locality population at Kutz Canyon, south of Bloomfield, had been known since 1982 as Sclerocactus 
gradyi – a nomen nudum that was never validly published (Ferguson 1998a). When Heil and Porter 
(1994) finally did make a valid publication, they chose a different epithet at subspecific rank. The Flora of 
North America treatment of Sclerocactus (Heil and Porter 2003) only briefly mentions subsp. brackii in 
the S. cloverae discussion stating “Populations with all reproductive individuals maintaining juvenile 
morphology have been segregated as S. cloverae subsp. brackii.” This is an inaccurate characterization 
since there are no subsp. brackii populations with only juvenile morphology because most older plants 
begin to acquire the adult morphology as they age (Heil and Porter 1994, Ferguson 1998a, Porter and 
Prince 2011).  

DNA samples of S. cloverae subsp. cloverae and S. cloverae subsp. brackii possess identical sequences in 
portions of the genome (Porter unpubl. data), confirming their close relationship (Porter and Prince 
2011), however, no comprehensive genetic studies have been conducted to compare populations of 
these subspecies. 
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Conservation Status 
The only current federal policy or law protecting Brack’s hardwall cactus is its listing as a BLM Sensitive 
Species, which has management requirements prescribed in BLM Manual 6840 – Special Status Species 
Management (BLM 2008). This formal policy directs BLM to initiate proactive conservation measures 
that reduce or eliminate threats to Bureau sensitive species to minimize the likelihood of and need for 
listing of these species under the Endangered Species Act. The State of New Mexico lists Brack’s 
hardwall cactus as a New Mexico Endangered Plant Species (NMAC 19.21.2). This state law only 
prohibits unauthorized collection and transport of species on the state endangered plant list and does 
not protect them from destruction within their natural habitats. Navajo Nation (2008) includes Brack’s 
hardwall cactus in Group 4 of its endangered species list. Group 4 is a candidate list of species or 
subspecies for which the Navajo Nation Department of Fish and Wildlife does not have sufficient 
information to support their being listed as endangered, but has reason to consider them and is actively 
seeking additional information. 

NatureServe (2015) ranks Brack’s hardwall cactus with a global status of G3T1 and S1 for both Navajo 
Nation and New Mexico in 1995. These ranks indicate a subspecies that is critically imperiled (this rank is 
reviewed in detail below). The New Mexico Rare Plant Technical Council (NMRPTC 1999) includes 
Brack’s hardwall cactus on the list of New Mexico rare plants because the length of its range is less than 
100 miles. Its NMRPTC R-E-D Code is 2-1-3 (2 = occurrence confined to several populations, 1 = not 
endangered, 3 = endemic to New Mexico). 

Legacy data 
We compiled all known locations and associated data for both Brack’s and Clover’s from museum 
records and observations in the NHNM NMBiotics database along with data obtained from clearance 
surveys provided to us by the BLM (many of these surveys were conducted by consultants as part of 
biological assessments for proposed well pads, pipelines and roads--these are referred to as the 
“Consultant” observations). All of the data was entered into a Microsoft Access relational database and 
an ArcMap 10.2 geodatabase. NHNM data collected in 2015 was also added to this dataset and the 
databases are provided in Digital Addendum to this report.  
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METHODS 
Two types of surveys were used to meet the study objectives: a Regional Reconnaissance Survey to 
evaluate the overall distribution of Brack's hardwall cactus on the Nacimiento Formation (Objective 1) 
and a Focal Zone Habitat Survey to address the cactus habitat and occupancy (Objective 2), and the 
spatial distribution of the species at a local to landscape scale. We describe each method below 
beginning with the Focal Zone Habitat Survey, which chronologically came first and provided the 
foundation for the Regional Reconnaissance Survey that followed.  

Lybrook Focal Zone Habitat Survey 
As a first step towards understanding the status of this species, we conducted a Focal Zone Habitat 
Survey within a major population area centered in the Lybrook region (Figure 4). The aim was to 
describe suitable habitats for species, percent occupancy among those habitats, and the relative 
importance of the habitats and their extent in the zone. Coupled with determining occupancy, we 
conducted an initial analysis of the ranges of patch sizes of local occurrences of cacti. This region was 
also chosen because it is an area intensive oil and gas development with ongoing road, well pad, and 
pipeline construction occurring through known Brack’s populations. Hence, understanding suitable 
habitats and its distribution in the area is vital to effective management at the local site level to avoid or 
mitigate impacts on the species.  

Sampling design and field methods   
The focal zone was delineated using the Minimum Bounding Geometry tool within ArcGIS 10.2 (ESRI 
2013) based on known Brack’s hardwall cactus locations (consultant observations and herbarium 
collections) in the Lybrook area. The GIS tool produces a convex bounding polygon wrapped around the 
input observations extending out 500 m from the perimeter of the observations (See Figure 4). To be 
included in the input data set, a cactus observation had to be within a 3 km radius of another location.  

We used a belt-transect approach with opportunity-based quadrat sampling within the transect to 
gather field data on habitat and occupancy. Using the known locations from our database, we created 
field maps and GPS files to guide survey teams of two to three people to initial starting points for the 
belt transects. Given that most of the starting points were from previous clearance surveys along roads 
and pipelines they were inherently positively biased, but to help minimize bias, the belt transects were 
established at right angles to the road and extended outward into the adjacent landscape for 90 m to 
2,750 m. To further minimize bias, transects followed a straight line along a compass bearing except 
when avoiding topographic obstacles (in which case they were offset and resumed in the same 
direction). Transects were terminated at significant topographic obstacles such as steep shale barren 
slopes, when they entered extensive unsuitable habitat for Brack’s, or when surveyors ran out of time. 
At the terminus of a transect, the team moved 150–200 m at a right angle to begin a second belt 
transect in an opposite and parallel line to the first transect for a return trip. Upon completion of a two-
transect set, the team would either move to the other side of the road if there was space for transects 
or travel to a new starting point at least 1 km distant (but usually more), and begin the process again.  
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Figure 4. The distribution of the Lybrook Focal Zone belt transects and the distribution of random aerial-photo interpreted 
samples for estimating habitat extent.  
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On each of the transects, each person visually searched a 5-m wide area of the line (2.5 m left and 2.5 m 
right) at a pace suitable for a thorough scan for cacti. Distance between the surveyors was kept at 5 m 
so the belt transect was 10 m wide (or 15 m wide when three team members worked the transect). 
Whenever a Brack’s hardwall cactus was encountered within a transect, the next 20 m of transect 
became a quadrat plot of 10 x 20 m for a count of all cacti (living and dead) within the quadrat and 
estimated abundance of dominant vegetation species (Figure 5). Dominant plant species within each 
plot were visually scored for canopy cover using the broad classes of Braun-Blanquet cover scale:  + < 
1%, 1 = 1-5%, 2 = 5-25%, 3 = 25-50%, 4 = 50-75%, 5= 75-100% (Braun-Blanquet 1932). Evidence of 
ungulate herbivores (domestic or wild) was noted, as was any habitat damage or damage to the cacti by 
insects or vertebrate herbivores. Each quadrat was located by GPS (+/- 2 m) at the transect center 
position lined up laterally with the first sighting of a plant. All data were recorded on paper data sheets; 
scanned versions are provided in the digital addendum. Photos of plants and habitat conditions are also 
provided in the digital addendum  

A total of 131 transects were established and 100 km of transect length surveyed in 2015, representing a 
total area of 123 ha. All sampling was conducted at the height of flowering season during the month of 
May to maximize visibility of the population. All three survey team leads were professional botanists 
with extensive experience in rare cactus surveys in New Mexico. All transect survey data was entered in 
a Microsoft Access relational database and quality controlled for errors of transcription. Locational 
information was entered into an ArcMap 10.2 geodatabase (plot locations and survey tracks). All data 
and photos are provided in the digital addendum.  

  
Figure 5.  An example of a belt transect with 10 x 20 m 
quadrat plots at Brack’s detection points.  In each 
quad, all cacti were counted and the cover of the 
dominant plant species recorded.  At a minimum, a 
photograph was taken from each end down the 
transect.  Each quadrat was assigned a habitat based 
on species cover and aerial-photo interpretation and 
the entire belt transect was mapped by the habitats in 
Tables 2 and 3. 
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Analysis 
To evaluate cactus occupancy by habitat, we developed a habitat classification based the transect data 
and aerial imagery. Habitats in the focal zone were defined in terms of vegetation composition and 
cover, geology, and landform. We developed a two-tiered classification where the upper level 1 was 
represented by broad landscape elements such as hills, mesa tops and valleys (Table 2), and the lower 
level 2 by generalized vegetation types e.g., woodlands, sparse shrublands, etc.(Table 3). Using recent 
aerial imagery (2014 NAIP and high-resolution ortho-photography and imagery provided by ESRI in 
ArcMap) along with the transects’ quadrat data as ground control, we then mapped the entire length of 
transects by habitat and assigned each occupied quadrat along the transect to a type (the minimum 
mapped-segment length in the transects was 20 m, equivalent to a single quadrat). The ratio of 
occupied area within a habitat type to the total habitat area along a transect is a measure of percentage 
occupancy stratified by type. Percentage occupancy also reflects the degree of clustering of 
individuals—greater occupancy leads to more continuous populations.  

To estimate the amount of each habitat type that occurred within the focal zone as a whole, we used 
the GIS to establish 500 random points across the zone and assigned them to habitats based on aerial 
photo interpretation (see Figure 4). The aerial extent of each habitat was computed by multiplying the 
total zone area (20,793 ha) by the percentage. These sample points also represent a set that can 
subsequently be used for unbiased sampling and estimation of cactus numbers in the focal zone 
(numbers derived from the known locations of the belt transects are inherently positively biased to an 
unknown degree).  

Conservation Opportunity Areas (COAs) 
To support integrated conservation and oil and gas development planning within the focal zone, we 
identified a set of  draft Conservation Opportunity Areas (COAs) for Brack’s hardwall cactus where the 
cactus might be present but the oil and gas development limited, i.e., areas of potentially low conflict 
between the species and other resource uses. We used the observations associated with clearance 
surveys, belt transect observations, and habitat type data to delineate areas within the focal zone that 
are not currently developed but might have potential cactus occupancy based on habitat and offer 
refuge for the species. Lack of development was based on an impact layer of roads, well pads, and other 
structures developed by us from 2014 NAIP aerial imagery. Potential habitat was identified by aerial 
photo interpretation in a similar way to the belt transect mapping. These provisionally defined areas will 
need to be validated with field reconnaissance for both cacti and impacts, but they may offer 
opportunities to efficiently ease pressure on the species while still facilitating development.  
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1. Mesa Top 4. Yellow Hills 

 
 

Summits of table lands interspersed among badlands, 
canyons and valleys. 

Hills and associated alluvial fans composed of yellow to 
tan sandstones (sometimes orange) and some shale. 

2. Gray/White Hills 5. Valley 

  
Badlands dominated by gray (blue) and white 
shales. Includes barren alluvial fans extending out 
from the hill slopes. 

Valleys, including dissected alluvial fan piedmonts and 
valley bottom fills. May also include remnant pediments 
of hills.   

3. Red hills 6. Dry Wash 

  
Hills and associated alluvial fans composed of red-
colored baked sandstone and ancient unconsolidated 
river gravels. 

Ephemeral desert washes; includes adjacent alluvial 
terraces deposited by intermittent high flows.  

Table 2.  Level 1 Brack’s hardwall cactus habitats focused on landscape features of soils and 
l  
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Table 3. Level 2 habitats are focused on vegetation and are nested within Level 1 habitats in Table 2. 

Level 2  
a. Woodlands d. Grassland 

  
Open to moderately closed woodlands (10-60% canopy 
cover) dominated by pinyon pine and Utah juniper with 
grassy to sparse understories.  

Grasslands with low to moderate cover dominated by blue 
grama with galleta and alkali sacaton as common associates.  

b. Dense Shrubland e. Barren/Sparse Grassland 

  
Dense canopied shrublands (>33% cover) dominated by big 
sage with rabbitbrush a common associate. Grass cover is 
generally low or absent. 

Sparsely vegetated or with scattered grasses (seldom greater 
than 5% cover). 

c. Open Shrubland f. Barren (channel) 

  
Open shrublands (10-33% canopy cover) dominated by big 
sage; inter-shrub spaces can be grassy or sparse but are 
often grassy. 

Open, active, sparsely vegetated desert washes. 



NHNM Brack’s Hardwall Cactus 2015 Survey Final Report May 2016 

14 

Regional Reconnaissance Survey  
The objectives of the Regional Reconnaissance Survey were to evaluate the range-wide distribution of 
Brack’s hardwall cactus across entire Nacimiento Formation (over 1,500 sq. miles) and to differentiate 
Brack’s versus Clover’s distributions at transition zones between the two subspecies (but this survey was 
not intended to determine the entire range of the species).  

Sampling design and field methods  
For the reconnaissance survey, we developed a two-step sampling strategy that would allow us to cover 
the large survey area within the available time while still collecting sufficient quantitative plant data to 
meet the objectives. First, we sampled all the known locations across the current range to confirm 
cactus presence and identity. If cacti were located at these locations, teams established 20 m- diameter 
circular plots, counted all living and dead cacti, and assigned them to subspecies (Brack’s, Clover’s or 
Indeterminate). Vegetation cover and herbivore use were assessed in the same way as on the belt 
transects (see above). Then, new locations that had not been searched previously by consultants or 
botanists were identified based on habitat indicators of geology, soils, and vegetation from aerial 
imagery or opportunistically during the reconnaissance itself. The new areas were deliberately searched 
for cacti in walking surveys across what the surveyors felt was the best habitat at a particular location. 
When Sclerocactus plants were located, 20 m-diameter circular plots were established, with the first 
cactus at the center. Whenever one or two positive plot locations were established, the crew 
discontinued the search and moved to a new location. Overall survey tracks are illustrated in Figure 1. A 
total of 155 positive-location plots were established and geo-located. The plot design was also adopted 
with an eye to the future, where the network of plots can serve to monitor the status of the species 
across its range with consistent, repeatable plant counts. The two-step process was begun in June 2015 
after the completion of the Lybrook Focal Survey. While the species had mostly bloomed by then, the 
search experience gained by the teams in the focal survey lent a high confidence to locating the cacti in 
a vegetative and fruiting state along with a good understanding of potential habitats for detecting the 
species elsewhere in its range. 

Analysis 
We used the 2015 NHNM survey data (both transects and recon plots), legacy data (consultant and  
herbarium records) and  negative survey information to: 1) evaluate the overall distribution of Brack’s 
hardwall cactus; 2) define local populations (element occurrences) and meta-populations (sub-regional 
groups of local populations); and 3) evaluate the overall status of the species. The overall range of the 
species was evaluated by the inspection of the Brack’s, Clover’s or Indeterminate observations in 
combination with the negative surveys. Discrete local populations were delineated using the 
NatureServe (2002) element-occurrence methodology and the guidance of Ladyman (1999) for S. 
cloverae at the species level. Element occurrences (EOs) are operational surrogates for local populations 
in lieu of data on individual plant interactions, genetic isolation and population dynamics. A key rule is 
that when an individual or group of individuals are separated by more than 3 km with suitable 
intervening habitat, they are considered separate EOs. This is reduced to 1 km when there is significant 
non-habitat between individuals. The condition of each element occurrence was provisionally ranked 
based on the plant counts from the observations (EO ranks).  
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Metapopulations as defined by Hanski and Simberloff (1997) are ‘sets of local populations within some 
larger area, where typical migration from one local population to at least some other patches is 
possible.’  Delineating definitive metapopulations can be complex, requiring observations through time 
and an understanding of habitats and their distribution. Yet, even roughly outlined they can provide a 
framework for addressing species status and conservation at broader landscape scales. Accordingly, we 
used the EO distribution coupled with a regional predictive density surface based on the observations to 
delineate a set or working metapopulations for Brack’s. The surface was interpolated using the Inverse 
Distance Weighted (IDW) algorithm in ArcGIS 10.2 (ESRI 2013). All interpolation methods estimate the 
value at a given, unsampled location as the weighted sum of the values in the local neighborhood. IDW 
is an exact interpolator. That is, it preserves the values at sampled points, which is often an important 
aspect to continuous surface creation and use but can create a more heterogeneous surface. For 
Brack’s, we wished to preserve the values at the sampled locations as well as identify and visualize a 
reasonable delineation of the Brack’s hardwall cactus population center(s). To smooth the surface 
somewhat, we chose to aggregate point counts by 1-km2 grids and create a surface at that resolution 
which would be sufficient for a region-wide analysis. The resulting interpolated surface was then 
visualized in ArcGIS 10.2 (ESRI 2013) using Jenks Natural Breaks, which seeks to minimize variation 
within groups while maximizing variation among groups. Class intervals were rounded to the nearest 
integer value. Given the interpolated surface and the sample points, we broadly delineated the 
provisional metapopulations using heads-up digitizing in the GIS. 

To address the overall status of the Brack’s hardwall cactus we followed the NatureServe status ranking 
approach and standard (Faber-Langendoen et al. 2009; Master et al. 2009) using a standardized 
spreadsheet rank calculator (the rank calculator is provided in the digital addendum). The calculator 
uses the number of EOs, their condition (EO rank based on plant numbers), along with an overall 
assessment of trends and threats, to derive state status (S-rank) as shown in Table 4. 

Table 4. State conservation status rank definitions based on the NatureServe standard of Faber-Langendoen et al. (2009) and 
Master et al. (2009). 

S1 = Critically Imperiled  
Critically imperiled in the state because of extreme rarity or because of some factor(s) making it especially vulnerable to 
extirpation. Typically 5 or fewer high-quality occurrences or very few remaining individuals (<1,000). 
S2 = Imperiled 
Imperiled in the state because of extreme rarity or because of some factor(s) making it especially vulnerable to extirpation. 
Typically 6 to 20 high-quality occurrences or few remaining individuals (1,000 to 3,000). 
S3 = Vulnerable 
Vulnerable in the state either because very rare and local throughout its range, found only in a restricted range (even if 
abundant at some locations), or because of other factors making it vulnerable to extirpation. Typically 21 to 100 high-quality 
occurrences or between 3,000 and 10,000 individuals 
S4 = Apparently Secure 
Uncommon but not rare, and usually widespread. Possible cause for long-term concern. Typically more than 100 occurrences 
in the state or more than 10,000 individuals. 
S5 = Secure 
Common, typically widespread and abundant. 
SH = Possibly Extirpated 
Known only from historical occurrences. Still some hope of rediscovery. 
SX = Presumed Extirpated  
Believed to be extirpated. Not located despite intensive searches and virtually no likelihood that it will be rediscovered. 
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RESULTS 

Suitable habitats and occupancy 
As part of the 2015 Lybrook Focal Zone Survey, we identified 22 provisional habitat types in the zone, of 
which 19 were occupied by Brack’s hardwall cactus (Table 5). We detected 2,571 live cactus plants in 
483 quadrats along the 100 km of belt transects, but plants were not equally distributed among or 
within habitats. The highest densities were found in sparse grama-galleta grasslands (types 5d, 6d) and 
open sagebrush shrublands (type 5d) with scattered grass understories that occurred in valleys and 
along dry washes (Figure 6). Cacti tended to prefer eroding sandy-loam to sandy-clay substrates within 
the valleys. This includes eroding alluvial terraces along washes and channel edges, but not the active 
channels themselves (type 6f). Other valley occurrences tended to be on eroded alluvial fans and 
remnant hill slope pediments, that is, patches of eroded yellow/tan sandstone hills within the valleys. 
These latter sites often had scattered open woodlands (4a, 5a) with fewer cacti (woodland inset Figure 
6). Grasslands without significant shrubs while ranked high for cactus density (1 and 2), were relatively 
uncommon across the focal zone (Zone Habitat Area ranks of 16 and 17 among 22). Hence, their 
contribution of grasslands to overall cactus numbers is likely relatively low. In contrast, valley open 
shrubland (5c) with some grass cover have a modest density rank but was the most common habitat 
across the focal zone and is therefore potentially the most important habitat for the cactus. 

The next highest densities were on red hills where plants tended to occur directly on eroding hills of the 
baked red sandstone and ancient alluvial cobble, or on colluvial/alluvial rubble veneers deposited over 
other rock types like gray shales (Figure 7). These sites were sparsely vegetated but usually had 
scattered grasses (type 3e) and occasional cacti and were moderately prevalent across the focal zone 
(Zone Habitat Area rank 7). Red hill woodlands and open shrubland had modest density ranks but were 
less prevalent across the zone (Zone Habitat Area ranks of 17 and 21, respectively). There were modest 
densities of cacti in the woodlands and open shrublands at higher elevations of the hill country 
(yellow/tan hills) that flank the eastern edge of the Nacimiento Formation (type 4a; Figure 8). The open 
shrublands dominated by big sage and rabbit brush were limited in extent (Zone Habitat Area rank 17) 
and tended to lie between the woodlands on the slopes and the valley fill areas dominated by dense 
shrubs. Cacti could also occupy woodland, open shrub and grassland habitats and along edges and 
interior drainages of the mesas (types 1a, c & d; Figure 9) but these habitats are scattered and limited in 
area. The common denominator throughout was that plants preferred erosional sites at the local scale. 
In contrast, plants were scarce or absent in valley fill areas (type 5b) dominated by dense sagebrush or 
on the dense sagebrush areas on mesa tops (type 1b) with deep soils (inset Figure 9). They also had 
relatively low abundance in conspicuous barren badlands dominated by gray and white shales and silty 
sandstones (types 2a, c, & e; see #2 Table 2) or gypsum outcrops.  
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Table 5. Brack’s hardwall cactus transect occupancy and density summary by habitat and habitat distribution across the 
Lybrook Focal Zone .  

Habitat 
 

Transect 
% Occu-
pancy.  

Transect 
Density 

(plants/ha) 

Relative 
Density 

Rank 
 

Zone 
Habitat 

Area 
(ha) 

Zone 
Habitat  

% 

Zone 
Habitat 

Area 
Rank 

1. Mesa Top        
  a. Woodlands 6 15.7 11  374 1.8 15 
  b. Dense Shrubland 0 0 20  1456 7 5 
  c. Open Shrubland 8.9 5.9 17  665 3.2 12 
  d. Grassland 14.9 9.9 14  208 1 16 

2. Gray/White hills        
  a. Woodlands 6.7 7.5 15  832 4 9 
  c. Open Shrubland 7 20.4 10  42 0.2 22 
  e. Barren/Sparse Grassland 1.2 3.4 18  2620 12.6 2 

3. Red Hills        
  a. Woodlands 5.4 15.3 12  125 0.6 17 

  c. Open Shrubland 7.5 26.2 6  83 0.4 21 

  e. Barren/Sparse Grassland 11 42.4 4  956 4.6 7 

4. Yellow/Tan Hills        
  a. Woodlands 9 22.6 9  2537 12.2 3 
  c. Open Shrubland 12.4 24.8 8  125 0.6 17 
  d. Grassland 40.1 62.6 1  125 0.6 17 

5. Valley        
  a. Woodlands 9 12.4 13  1331 6.4 6 
  b. Dense Shrubland 1.6 2.2 19  1913 9.2 4 
  c. Open Shrubland 14.4 35.5 5  3660 17.6 1 

  d. Grassland 22.5 52.9 2  125 0.6 17 
6. Dry Wash        

  a. Woodlands 5.1 25 7  790 3.8 10 
  c. Open Shrubland 6.6 6.6 16  790 3.8 10 

  d. Grassland 18.4 47.3 3  665 3.2 12 
  f. Barren (channel) 0 0 20  457 2.2 14 

7. Disturbed        
  g. Barren 0 0 20  915 4.4 8 

Summary  9.8 20.8 --  20794 100 -- 
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Figure 6.  Brack’s often occurred on eroding alluvial fans and alluvial terraces adjacent to active dry washes.  These sites were 
characterized by scattered grasses and shrubs.  Cacti were also present amongst valley woodlands that occur on remnant 
hillslope pediments (e.g., lower right woodlands on yellow to tan substrates).  Green squares are occupied transect quadrats. 
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Figure 7.  In the badlands, Brack’s is most common on baked red sandstone hills and alluvial fans.  Green squares are occupied 
transect quadrats.  

Red Hills 
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Figure 8.  Brack’s hardwall cactus could also be moderately common in pinyon-juniper woodlands on eroding hillslopes of 
sandstones and shales.  
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Figure 9.  Brack’s also occurred on mesa tops, but was mostly associated with the eroding mesa edges, while the heart of the 
mesas was dominated by dense big sagebrush shrublands. 
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Plants are not uniformly distributed within habitats as well. Percent occupancy in suitable habitat in the 
focal zone varied from 1% to 40% and averaged 9.8% (see Table 5). Even among the key habitats such as 
valley grasslands and open shrublands or dry wash terraces, occupancy was less than 25%. Based on 
their distribution along our belt transects, plants tended to form small patches with the majority of 
occurrences limited to single quadrats (minimum length 20 m by 10 m wide) (Figure 10). These small 10 
x 20 m patches ranged from 1 plant (50/ha) to 27 plants (1,350/ha). The largest continuous patch (with 
no breaks greater than 50 m) was 278 m, but cacti densities were relatively low across this cluster. This 
suggests that plants are very clumped in their distribution—forming local “family” clusters of low to high 
density driven by local dispersal of seeds and micro-habitat conditions (Figure 11). In addition, several 
transects had little or no detections despite the availability of habitat. That is, there were relatively large 
places in the Lybrook zone with suitable habitat where we expected to find plants but did not. This may 
be an indication of landscape-scale processes and habitat differences at work that need to be further 
investigated. Additional validation field studies are needed to correct for the known sampling bias and to 
confirm the spatial extent of the habitats derived from aerial imagery interpretation.  

  

Figure 10.  Frequency of Brack’s hardwall cactus patch 
sizes based on the length of occupied continuous habitat 
along the belt transects.  Habitat was considered 
continuous if contiguous occupied transect quadrats 
were separated by less than 50 m.   
 

Figure 11.  Quadrat densities and patch size measured by 
length of continuous occupied habitat showing that plants 
could be highly clustered and have high densities in small 
areas.  

 



NHNM Brack’s Hardwall Cactus 2015 Survey Final Report May 2016 

23 

Suitable habitats tended to be associated with specific soils as mapped by NRCS (Figure 12). The high-
density ranked suitable habitats tended to occur on soils mapped as Badlands, which account for about 
35% of the zone area (Group 1, Table 6). Relatively high ranking Habitat Valley Open Shrublands (5c), 
Yellow/Tan Hills Woodlands (4a), and Dry Wash Grassland could be found across various soil types, but it 
is likely that the majority of suitable habitat still lies within Badlands. Gray/White Hills Open Shrubland 
(2c), Red Hills Barren/Sparse Grassland (3e), Yellow/Tan Hills Grasslands (4d), and Valley Grasslands (5d) 
were restricted to Badlands. In contrast, habitats with low density ranks tended to be more prevalent on 
other soils besides Badlands (e.g., 1b, 1c, 5b, 8e). Accordingly, mapped soils can provide a rough but not 
definitive guide to suitable Brack’s hardwall cactus habitat.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Lybrook Focal Zone soils as mapped by NRCS. See Table 6 for key to map unit symbols. 
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Table 6. Brack’s hardwall cactus habitat type percent distribution by soil types as mapped by Keetch (1980; NM618), Hacker and Banet (2008; NM656), and Roybal (2008; NM650). See Figure 12 
for spatial distribution. 

Soil 
Mapping 

Area 
Symbol 

MU 
Symbol Map Unit                    Habitat 1a 1b 1c 1d 2a 2c 2e 3a 3c 3e 4a 4c 4d 5a 5b 5c 5d 6a 6c 6d 6e 8e All 

   
Density rank 11 20 17 14 15 10 18 12 6 4 9 8 1 13 19 5 2 7 16 3 20 20 

 NM618 BA Badland 
    

1.8 0.2 5.6 0.2 0.2 2.8 1.2 0.4 0.2 0.6 0.4 2.8 
 

0.6 0.6 0.8 0.2 0.2 19 
NM656 57 Badland 

    
0.2 

 
3.8 0.2 

 
1.6 1.4 

 
0.4 0.8 

 
0.8 0.6 0.8 0.2 1 0.4 

 
12 

NM650 230 Badland 
    

0.2 
 

0.6 
  

0.2 0.6 
  

0.6 
 

0.2 
 

0.2 
    

2.6 

NM618 GY 

Gypsiorthids-Badland-
Stumble complex, 
moderately steep 

      
0.6 

        
0.4 

   
0.2 

  
1.2 

NM656 101 
Blancot-Lybrook association, 
0 to 8 percent slopes 

  
0.2 

                   
0.2 

NM618 BT 
Blancot-Notal association, 
gently sloping 

 
0.6 0.2 0.2 

      
0.2 

  
0.6 3.4 4.4 

  
1.4 0.2 0.4 1.4 13 

NM656 270 

Blancot-Councelor-Tsosie 
association, 0 to 5 percent 
slopes 

 
0.2 

    
0.4 

    
0.2 

  
1.2 2.6 

  
0.4 0.2 

 
0.2 5.4 

NM618 DS 
Doak-Sheppard-Shiprock 
association, rolling 

 
4.4 1 0.4 

          
0.2 

   
0.4 0.2 

 
0.2 6.8 

NM656 150 
Doakum-Betonnie fine sandy 
loams, 0 to 8 percent slopes 

 
0.8 0.6 

                   
1.4 

NM618 FX 
Fruitland-Persayo-Sheppard 
complex, hilly 0.2 0.8 0.8 0.4 0.6 

 
0.4 

 
0.2 

 
3.2 

  
1.8 1.8 3 

 
1.4 0.4 0.6 0.4 0.8 17 

NM650 110 

Vessilla-Menefee-Orlie 
complex, 1 to 30 percent 
slopes 0.8 

   
0.6 

  
0.2 

  
3.2 

  
1.4 0.2 0.6 

 
0.4 

   
0.6 8 

NM656 422 

Vessilla-Menefee-Orlie 
association, 0 to 30 percent 
slopes 0.8 0.4 0.2 

   
0.2 

   
1.6 

  
0.2 0.2 0.6 

      
4.2 

NM656 220 

Rock outcrop-Vessilla-
Menefee complex, 30 to 40 
percent slopes 

    
0.6 

 
1 

   
0.4 

   
0.2 

       
2.2 

NM650 10 

Sparank-San Mateo silt 
loams, saline, sodic, 0 to 3 
percent slopes 

             
0.2 1.4 0.6 

  
0.2 

  
0.4 2.8 

NM650 9 
Pinavetes-Florita complex, 2 
to 10 percent slopes 

             
0.2 0.2 0.8 

     
0.2 1.4 

NM656 180 

Councelor-Eslendo-Mespun 
complex, 5 to 30 percent 
slopes 

  
0.2 

       
0.4 

    
0.2 

     
0.4 1.2 

NM656 31 Riverwash 
               

0.6 
 

0.2 0.2 
 

0.8 
 

1.8 

  
Summary 1.8 7.2 3.2 1 4 0.2 13 0.6 0.4 4.6 12 0.6 0.6 6.4 9.2 18 0.6 3.6 3.8 3.2 2.2 4.4 100 
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Range-wide distribution of populations and meta populations  

Taxonomic variation  
Based on the reconnaissance survey across the Nacimiento Formation, Sclerocactus cloverae 
populations were variable in size and spine density and determinations of subspecies was often difficult 
based on central spine characteristics alone (see Table 1). Operationally, we classified plants in the 
survey into either subsp. brackii, subsp. cloverae or as “Indeterminate” between the two based on a 
combination of spine characteristics and size. Populations with generally small (<8 cm) cacti with 
relatively sparse spine cover not obscuring the stem and frequent or occasional mature plants missing 
hooked central spines on their areoles were classified as subsp. brackii. Exceptional cacti within these 
populations with large stems and/or dense spines including hooked centrals were not important in this 
decision, if there was a general population trend toward subsp. brackii morphology. Populations with 
relatively large individuals with dense spines were called subsp. cloverae. Individuals that did not exhibit 
strong morphological or phenological features towards one taxon or the other were classified as 
“Indeterminate” e.g., all reproductive individuals were relatively small, but many had adult 
arrangements of four longer central spines, or reproductive individuals ranging from small to large 
stems (<4 cm to >8 cm wide) with short, sparse spine cover. The reconnaissance survey produced 155 
positive locations of which only 20, or 13%, were assigned subsp. cloverae. Indeterminates accounted 
for another 46%, or 72 plots. The remaining 41%, or 63 plots, were classified as subsp. brackii (Table 6). 
A genetic study will be necessary to help clarify the population and regional variability of S. cloverae and 
efficacy of these assignments.  
 
Although most populations displayed a tendency towards one subspecies or the other, exceptions could 
occur within local patches of cacti. Figure 13 illustrates the usual variations that can be found in patches 
of Brack’s hardwall cactus where many small flowering individuals have a juvenile spine arrangement of 
three central spines (hooked central lacking), but older individuals begin to develop mature areoles with 
a lower hooked central spine. Occasional older individuals had fairly dense covering of well-developed 
spines. If Brack’s hardwall cactus plants survive to old age, they can eventually attain a size and spine 
arrangement indistinguishable from typical Clover’s hardwall cactus (Ferguson 1998b).  
 
Another distinguishing characteristic of Brack’s hardwall cactus is its ability to flower at a very small size, 
in the range of 2-3 cm wide, with juvenile spine arrangement (Figure 14). But individual cacti in this size 
class are difficult to find and most of those that were located were not flowering (very few Brack’s 
hardwall cactus <4 cm in diameter were seen in flower or fruit in 2015). Populations with some relatively 
large individuals with dense spines that might be called subsp. cloverae also occasionally had very small 
flowering plants in the range of 2.5 to 3.5 cm wide (Figure 15). These had areoles with lower hooked 
central spines and illustrated the ability of both subspecies to flower at a small stem size.  
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Figure 13.  Morphological variation within the Brack’s hardwall cactus population in the badlands between Lybrook and Nageezi.  All 
photos taken on 22 April 2015 within 1 km of each other in similar soils and habitats.  Photo A shows the common juvenile spine 
arrangement of three central spines (lacking the hooked central) on a flowering plant (see flower buds).  Photo B shows the common spine 
arrangement of older cacti with some or all areoles having four central spines including the lower hooked central.  Photo C shows an 
uncommon old individual with long, dense spines on areoles with three to four central spines. All three cacti are <8 cm wide. 

Figure 14.  Brack’s hardwall cactus flower on 2.5 cm wide stem (lacks hooked central spines) with foliose lichen, west of 
Lybrook (left).  Clover’s hardwall cactus fruit on 2.7 cm wide stem (has hooked central spines) in Largo Canyon (right). 



NHNM Brack’s Hardwall Cactus 2015 Survey Final Report May 2016 

27 

 

 

 
 

 

 
 
 
 
 
 

 
 
 

 
 

General distribution and range limits 
Overall, the 2015 survey, including negative observations along with the legacy data, indicated that 
Brack’s hardwall cactus is confined to discontinuous portions in the northern portion of the Nacimiento 
Formation in northwestern New Mexico (Figure 16). Its total geographic range is only about 55 miles 
north to south by 10 miles at it widest point. It extends north of the San Juan River to the vicinity of 
Aztec on the east side of the Animas River, but then morphological distinctions become more 
indeterminate further north to Cedar Hill and west to breaks of the La Plata River valley. The length of 
Gallegos Canyon through Navajo Agricultural Products Industries land west of Kutz Canyon was briefly 
surveyed and no Brack’s hardwall cactus or suitable habitat was found in that area. The upper parts of 
the De-Na-Zin badlands also occur along the western margin of the Nacimiento Formation. Sclerocactus 
cloverae was observed in the eastern part of these badlands, but was classified as Indeterminate 
although other nearby populations are clearly subsp. cloverae. To the south, a large population of subsp. 
brackii occurs near the junction of the Rio Arriba, Sandoval and San Juan County lines in the extensive 
badlands that lie between Lybrook and Nageezi north of Highway 550 in the upper breaks of Blanco 
Wash, and south of the highway along the Sandoval/San Juan County line to the Escavada Wash. Based 
on the extensive negative surveys, no Brack’s hardwall cactus populations were found further south on 
the Nacimiento Formation, but subsp. cloverae extended another 15 km southward to just north of Ojo 
Encino. No other Sclerocactus spp. were found in field surveys or in herbarium records further south on 
the formation all the way to Cuba, New Mexico. 

  

 

Figure 15.  Mature, small, < 8 cm wide Sclerocactus cloverae with mostly 3 central spines per areole on sandy 
cobbley south flank of Mount Nebo near Colorado border (left).  Large 12 x 17 cm S. cloverae with shadscale on 
sandy shale of Angel Peak badlands, south of Bloomfield (right). 
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Figure 16.  Distribution of Sclerocactus cloverae based on NHNM 2015 plots, herbarium specimens from SEINet (2015), and 
consultant surveys. 
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The reconnaissance survey counted 1,141 live plants of either Brack’s or Indeterminates (Table 7). For 
these, densities averaged about eight plants per 20 m-radius plot but they could have as much as 46 
plants. Densities were higher for the Clover’s subspecies, but samples were about one third that of the 
other two. In addition, we recorded dead plants when detected, which averaged about 10% of the total. 
 
Table 7. Reconnaissance survey total numbers of Brack’s and Indeterminate individuals with statistics on a per-plot basis. 
Plot size 314 sq. m.  

 Brack’s Indeterminate Clovers 
Status  (n = 63) (n = 72) (n = 20) 

Live Plants 529 612 427 

 
Maximum/plot 46 46 314 

 
Avg/plot 8.3 8.5 21.4 

 
StDev 8.9 10.8 68.5 

Dead Plants 59 51 51 

 
Maximum/plot 9 14 38 

 
Avg/plot 0.9 0.7 2.6 

 
StDev 1.6 1.9 8.4 

 

Brack’s hardwall cactus local and metapopulations  
We delineated 56 isolated local populations or “element occurrences” (EOs) of Brack’s, Indeterminates 
and in some cases combinations of the two, plus Clover’s (Figure 17). The element occurrence 
boundaries were based on all the available data as of January 1, 2016 and included the NHNM 
reconnaissance plots, the Lybrook Focal Zone transect data, consultant observations, and herbarium 
collections (Table 8). In most cases, these occurrences were separated by three or more km unless there 
was a significant habitat break at a smaller distance. With respect to subspecies assignment, NHNM 
determinations took priority over consultant assignments in the same occurrence. Based on site live-
plant counts, most of the occurrences (39 or 70%) were represented by less than 50 individuals and 
were provisionally considered small populations and were given a provisional element-occurrence rank 
of “D” following NatureServe guidelines for evaluating the condition of occurrences. Another 12 (23%) 
ranged between 50 and 120 plants and were considered moderate populations and were give a “C” 
rank. Only four populations (7%) of the 53 occurrences were between 200 and 539 plants, and  
considered relatively large populations with a Rank of “B” (Blanco6, Kutz, Angel Peak, and Nageezi 
North). The Lybrook occurrence (2%) had by far the most plants detected, at 13,536, and is considered a 
very large population with an EO rank of “A.”  Determining final element-occurrence ranks will require 
additional sampling at the locations to determine the actual extent of each occurrence and the number 
plants. Pending that, these are the plant numbers and EO ranks that were used in part to evaluate the 
status of Brack’s hardwall cactus (see Conservation Rank below). 

Based on the EOs, negative surveys, and an underlying interpolated density surface, we provisionally 
defined six metapopulations—groups of local, potentially interacting populations/EOs that represent 
overall pattern and distribution of the sub-species species at a broader scale (Table 8; Figure 14). We 
included all Indeterminate EOs in the metapopulations until there is further clarification of their status. 
The Kutz-Angel Peak is a major metapopulation which encompasses the type locality of Brack’s hardwall 
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cactus (Kutz Canyon) and most of the observations associated with shale badlands in the region of the 
San Juan River in the Bloomfield area. While there were several Indeterminate EOs and also scattered 
individuals of subsp. cloverae, the central tendency is towards subsp. brackii. We also included in this 
metapopulation the occurrences north of the San Juan River, although it could be argued that the river 
offers a significant barrier to local population interactions from north to south. But since all of the 
occurrences are in the same drainage basin with similar geology, we chose to keep them together in the 
same metapopulation for now.  

The Lybrook metapopulation is the largest in terms of plat counts. Although Indeterminates were found 
more towards the periphery and occasionally mixed within local populations, it was still considered a 
Brack’s hardwall cactus core metapopulation. In contrast, the Nageezi, Blanco, and Largo 
metapopulations were made up mostly of Indeterminates and plant counts were lower. Largo in 
particular is located in a region where the Nacimiento Formation become more reticulate and less 
uniform, which may be leading to ambiguity in the taxon attribution. Clearly, these metapopulation are 
in need of further investigation with respect to the taxon distribution and density.  

Lastly, at the northern end of the range we delineated the Aztec metapopulation. This metapopulation 
had definite tendencies towards the Clover’s subspecies, and clear Brack’s were less common. 
Substrates also become more heterogeneous in this region with sedimentary rocks and alluviums 
becoming more common intermixed with shale badlands. Based on the negative surveys and routes 
traveled in 2015, other areas of the Nacimiento Formation had little significant suitable habitat (see 
Figure 1). In particular, there were large expanses of dense sagebrush shrubland or riverine riparian 
habitats where there was little expectation of Sclerocactus occupancy. Additional surveys may find 
additional outliers, but we would suggest that metapopulations outlined here constitute the major 
population centers.  
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Figure 17.  Brack’s hardwall cactus occurences and metapopulations overlain on an interpolated density surface 
based on field-survey counts of plants.  Occurrences are separated by at least 3 km in contiguous potential habitat 
(most cases) or by 1 km where there are significant habitat barriers.  BR = Brack’s per NHNM;  BTc = Brack’s per 
consultants; IN = Indeterminate per NHNM; and CL = Clover’s per NHNM and herbarium records. 
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Table 8. Brack’s hardwall cactus element occurences (EOs) across the Nacimiento Formation. Br = Brack’s per NHNM;  BRc = 
Brack’s per consultants; IN = Indeterminate per NHNM; and CL = Clover’s per NHNM and herbarium records. Occuurences are 
in order from smallest to largest plant counts based on all surveys. See Table 9 for summary by metapopulation. 

Metapop. 
No. 

Metapopulation Occ. 
No 

Local Population 
 

Subsp. Live Plants Area (ha) EO Rank 

2 Aztec 33 Animas1 IN (BRc) 80 279.6 C 
2 Aztec 34 Aztec1 CL (BRc) 116 3362.4 B 
2 Aztec 42 Aztec2 Estes IN 19 324.3 D 
2 Aztec 38 FamingtonGlade IN 5 65 D 
2 Aztec 46 FamingtonGlade2 IN 2 13.5 D 
2 Aztec 32 HartCanyon IN (Brc) 7 1.8 D 
2 Aztec 37 LaPlata1 BRc 10 3.8 D 
2 Aztec 36 LaPlata2 BRc 1 0.7 D 
2 Aztec 35 LaPlata3 BRc 1 0.4 D 
2 Aztec 45 LaPlata4 BRc 1 43.1 D 
6 Blanco 39 AdamsCanyon BRc 7 1.1 D 
6 Blanco 3 Blanco1 BR 1 14.1 D 
6 Blanco 5 Blanco2 IN 25 0.7 D 
6 Blanco 6 Blanco3 IN 4 2.7 D 
6 Blanco 4 Blanco4 IN 21 486.6 D 
6 Blanco 57 Blanco6 IN 201 1312.3 B 
6 Blanco 22 Huerfanito BRc 15 1.8 D 
1 Kutz-Angel Peak 14 AngelPeak BR 525 4587.2 B 
1 Kutz-Angel Peak 24 Armenta IN (BRc) 80 2499.6 C 
1 Kutz-Angel Peak 26 BloomField1 BR 62 1757 C 
1 Kutz-Angel Peak 27 BloomField2 IN 1 0.5 D 
1 Kutz-Angel Peak 51 BloomField3 IN 2 13.3 D 
1 Kutz-Angel Peak 28 BloomfieldEast BRc 4 14.7 D 
1 Kutz-Angel Peak 43 BloomfieldEast1 BR 2 4.5 D 
1 Kutz-Angel Peak 44 BloomfieldEast2 BRc 63 13 C 
1 Kutz-Angel Peak 15 Kutz BR 222 3304.2 B 
1 Kutz-Angel Peak 50 Kutz 2 IN 19 39.3 D 
1 Kutz-Angel Peak 13 Largo3 IN (Brc) 115 1185.7 B 
1 Kutz-Angel Peak 30 Manzanatres BRc 12 1.2 D 
1 Kutz-Angel Peak 47 MiddleKutz1 IN 21 527.9 D 
1 Kutz-Angel Peak 48 MIddleKutz2 IN 116 432.1 B 
1 Kutz-Angel Peak 49 MiddleKutz3 BR 1 25.9 D 
1 Kutz-Angel Peak 31 NavajoLake BRc 7 2.6 D 
1 Kutz-Angel Peak 29 SanJuanEast1 IN (Brc) 106 167.2 B 
1 Kutz-Angel Peak 25 SanJuanSouth BRc 81 404.8 C 
4 Largo 23 Blanco5 BRc 3 1.4 D 
4 Largo 40 BlueMesa BRc 1 0.3 D 
4 Largo 11 Carrizo IN (BRc) 56 65.6 C 
4 Largo 9 Cottonwood IN 1 7.2 D 
4 Largo 10 Largo1 IN 3 2.9 D 
4 Largo 12 Largo2 IN 2 3.5 D 
4 Largo 7 Palluche1 IN (BRc) 7 77.6 D 
4 Largo 8 Palluche2 IN 3 0.3 D 
3 Lybrook 18 LybrookEast1 IN (Brc) 4 2.6 D 
3 Lybrook 2 Lybrook-Nageezi BR 13536 13144.7 A 
3 Lybrook 55 Lybrook-Nageezi SW BR 61 954.1 C 
3 Lybrook 56 LybrookSouth1 IN 1 14.9 D 
3 Lybrook 17 LybrookSouth2 IN 15 69.8 D 
3 Lybrook 53 LybrookSouth2 IN 64 54.8 C 
3 Lybrook 52 LybrookSouth3 BR 39 92.9 D 
3 Lybrook 54 LybrookSouth4 BR 40 29.8 D 
5 Nageezi 19 Bisti1 IN 12 70 D 
5 Nageezi 20 Bisti2 IN 31 9.5 D 
5 Nageezi 21 Nageezi2 BRc 9 3.7 D 
5 Nageezi 1 NageeziNorth IN BRc CLs 503 3775.5 B 
5 Nageezi 41 TsahTah BRc 1 8.6 D 
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Table 9. Brack’s hardwall cactus metapopulations. Occurrence types refers to the taxons assigned to each element 
occurrence (EO) as follows:  Br = Brack’s per NHNM;  BRc = Brack’s per consultants; IN = Indeterminate per NHNM; and CL = 
Clover’s per NHNM and herbarium records. Live plants refers to the number plants that have been observed in the 
populations across all surveys. 

Metapopulation. 
name 

Metapop. 
Area (ha) 

Occurrence types 

 

 

EO Area 
Live 

Plants BR BRc IN 
IN 
Brc 

CL 
BRc 

IN 
BRc 
CLs 

All 
EOs 

Kutz-Angel Peak 51574 5 5 5 3 
  

 
18 14981 1439 

Aztec 35589 
 

4 3 2 1 
 

 
10 4095 242 

Lybrook 33805 4 
 

3 1 
  

 
8 14364 13760 

Largo 15796 
 

2 4 2 
  

 
8 159 76 

Nageezi 18161 
 

2 2 
  

1 
 

5 3867 556 

Blanco 12368 1 2 4 
   

 
7 1819 274 

Summary 167293 10 15 21 8 1 1 
 

56 39284 16347 
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Cactus health  
The spring of 2015 was unusually wet so the Sclerocactus cloverae plants observed in this survey were 
typically turgid and healthy. Most of the mature cacti flowered during the period from mid-April to mid-
June. Flowering cacti usually set fruit and only a few flowers appear to have been aborted. Most 
flowering individuals had more than one flower and when some aborted, at least one or a few flowers 
succeeded in making fruit. No pollination studies have been conducted specifically for Sclerocactus 
cloverae, but some rare Sclerocactus species in adjacent Utah have been studied and are likely similar to 
New Mexico Sclerocactus species (Tepidino et al. 2010). The two Utah species, Sclerocactus wetlandicus 
and Sclerocactus brevispinus, are usually self-incompatible outcrossers and predominantly pollinated by 
small, native, ground-nesting bees in the subfamily Halictinae. Bees observed in the flowers of 
Sclerocactus cloverae during this survey belonged to Halictinae in the genera Agapostemon and 
Lasioglossum (Figure 18). These bees are indiscriminate collectors of pollen and nectar from 
Sclerocactus flowers and other flowering plant species (Tepidino et al. 2010). 

 

 

 

 

 

 

 

 

 

 

 

New seedlings of both Brack’s and Clover’s hardwall cactus were found during the 2015 field survey, 
perhaps in response to the unusually wet spring. Some of the closely examined plots had numerous 
seedlings in close proximity to living and dead cacti. Seed dispersal, for the most part, appears to be 
over very short distances.  

Both subspecies of Sclerocactus cloverae are preyed upon by the native stem-boring insect, cactus 
longhorn beetle (Moneilema sp.) and between 25% and 35% of the samples had evidence of beetle 
impact (Table 10). Many other sclerocacti in the Four Corners region, including the nearby and 
endangered Mesa Verde cactus (Sclerocactus mesae-verdae), are attacked by the longhorn beetle 
Moneilema semipunctatum, which can cause dramatic levels of mortality in cactus populations (Coles et 

 

Figure 18.  Native bee pollinators for Brack’s hardwall cactus west of Lybrook, NM. Agapostemon sp. (left), Lasioglossum sp. (right). 
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al. 2012; Roth 2014). Cactus longhorn beetles feed on a variety of cacti as adults and larvae, but 
mortality of larval host plants is very high in single-stem barrel cacti such as Sclerocactus (Woodruff 
2010). Female beetles lay an egg at the base of the plant and the larval stages develop inside the body of 
the cactus. Late instar larvae are relatively large and a single larva can consume most of the interior 
cortex of a small Sclerocactus (Figure 19A). Pupating adult beetles emerge by burrowing out of the 
cactus, leaving a gaping hole, which usually kills the host by desiccation or infection from bacteria and 
fungi (Figure 19B). Individual cacti being parasitized by beetle larvae may have chlorotic blotches on 
their stem (Figure 19A) or, if large enough, may not show symptoms until after the adult beetle has 
emerged and left a hole in the side of the cactus. When the soft tissue of the dead cactus decays, the 
interlocking spine clusters form a hollow basket-shaped pile of spines that persist for a year or two and 
usually indicate a victim of cactus longhorn beetle (Figure 19C). 

 

 

 

 

 

 

 

 

 

 

Brack’s hardwall cactus were also preyed upon by mammalian herbivores and were likely causalities. 
Dead and dying individual cacti that had chewed-off stems with only a caudex and scattered spine 
clusters remaining were frequently encountered during this field survey (Figure 20). Rabbits were 
assumed to be the primary herbivores responsible because their pellets were sometimes associated 
with the scattered spine clusters of dead cacti. Severely damaged stems can occasionally produce new 
stems from surviving tubercles, but most rabbit-damaged cacti will die of desiccation.  

The remains of dead cacti were common throughout the populations of Brack’s and Clover’s hardwall 
cactus and assumed to be fatalities from the current and previous year. The belt transect count of 
Brack’s in the Lybrook region detected 812 dead plants intermixed among the 2,571 live plants, or 24% 
of the total plants found both alive and dead. The cause of death could not always be determined, but 
predation by cactus longhorn beetle and rabbits appeared to be the most frequent agents of natural 
mortality, with beetle parasitism especially common (Table 10). The number of dead plants detected on 
the 155 reconnaissance plots across the range of the species was lower at 161 of 1,729 plants or 10% 
(see Table 7). This is a lower mortality rate that reflects both subspecies across a much larger geographic 

 

Figure 19.  Photo A shows a small Brack’s hardwall cactus west of Lybrook that has been torn open on 7 May 2015 to reveal a large larva 
of cactus longhorn beetle.  Photo B shows a large Brack’s hardwall cactus in the same area with a gaping longhorn beetle emergence hole 
(see arrow).  Photo C shows the remnant spine cluster of a dead Clover’s hardwall cactus in Largo Canyon that likely was a cactus 
longhorn beetle victim of the previous year. 
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range where there may be different local causes and rates of mortality. Overall, rates are comparable to 
those detected in different episodes for Mesa Verde cactus (Coles et al. 2012; Roth 2014) but lower than 
those reported recently (2011-13) for Sclerocactus wrightiae in Southern Utah (CRNP 2014). Further 
studies may help answer why and where the most healthy populations of Brack’s exist and determine 
those that are most at risk.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 10. Herbivory on Brack’s hardwall cactus in 483 belt transect plots in the Lybrook Region and 155 reconnaissance plots 
with Brack’s and Clover’s hardwall cacti throughout the Nacimiento Formation in 2015. Most of the herbivore-damaged cacti 
in these plots had died within the last year. 

Herbivore 
Impact 

No Herbivore 
Damage 

Cactus Longhorn 
Beetle Damage Rabbit Damage Beetle and 

Rabbit Damage 
Herbivore not 

Identified 
No. Transect 
Quads 268 149 24 25 17 

Percent of 
Transect Quads 55% 31% 5% 5% 4% 

No. Recon Plots 
 94 33 14 9 5 

Percent of Recon 
Plots 60% 21% 9% 6% 3% 

 

Figure 20.  Sclerocactus cloverae plants eaten by rabbits. Areoles with spine clusters are chewed off and scattered about the damaged 
stems. 
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STATUS ASSESSMENT  

Threat Analysis – 5 Factors 

1. Present or Threatened Destruction, Modification, or Curtailment of the Species’ Habitat 
or Range  

The prevailing and most destructive land use in the habitats of Brack’s hardwall cactus is exploration and 
development of oil and natural gas. San Juan and Rio Arriba are the largest natural gas-producing 
counties in New Mexico and also provide a significant portion of the state’s oil production (NMEMNRD 
2014). Natural gas wells have long been producing from the Nacimiento Formation and the formations 
directly below the Nacimiento are reservoirs for oil (Engler et al. 2001). New well-field development is 
currently impacting a large area of the Nacimiento Formation in the Lybrook region (see Figure 24). 
Engler et al. (2001) predicted construction of 16,615 new wells in the San Juan Basin over a 20-year 
period (with three acres of associated disturbance/well), but the number of wells within Brack’s 
hardwall cactus habitat will be a much smaller subset. For instance, only 100 wells were predicted to be 
drilled into the Nacimiento/Ojo Alamo Formation pools during the 20-year period from 2002-2022. The 
Mancos Formation was anticipated to be much more developed throughout the San Juan Basin, but 
mostly for natural gas. This prediction apparently did not anticipate the recent development of 
horizontal fractured oil wells and new pipeline requirements in the Lybrook region. A more recent 
assessment of reasonably foreseeable Mancos shale oil well production (Engler et al. 2014) identifies the 
highest potential for development in the Lybrook region – mostly within Brack’s hardwall cactus habitats 
(see Figure 1). This oil pool is expected to support up to five wells per section for a total build-out of 
1,600 oil wells and associated infrastructure. Approximately 2,000 additional wells are also anticipated 
to make natural gas available from the Mancos shale – mostly from the central part of the formation 
near the Colorado boarder. This could continue to impact the Bloomfield/Aztec region habitats for 
Brack’s cactus, which is an area already densely developed by more traditional vertical wells (Engler et 
al. 2014). 

Gas and oil wells and their associated road and pipeline infrastructure are already established or actively 
developing throughout all Brack’s hardwall cactus habitats, regardless of surface ownership. Direct 
impacts of gas and oil development are mostly associated with the surface activities of creating well 
pads and connecting them with broad and extensive networks of pipelines and roads. Most of the 
currently producing vertical-well oil and gas fields within the range of Brack’s hardwall cactus have well 
spacing of one well per 80 to 160 acres, but could be allowed to in-fill up to a maximum of one well 
every 40 acres (16/ square mile) if the resource is economical (Engler et al. 2001). Vertical well pads 
cover about two acres with an additional one acre of disturbance for associated infrastructure (Engler et 
al. 2001). Therefore, the worst-case oil and gas field development of the Angel Peak, Bloomfield and 
Aztec habitats would likely destroy about 48 acres per section, or 7.5% of the land surface. Horizontal oil 
wells such as those currently being constructed in the Lybrook region are not as dense, but the existing 
well pads are larger (4 to 5.5 acres) and require at least the same amount of infrastructure as a vertical-
well oil field. If the anticipated maximum of five wells per section were constructed at 5.5 acres per pad 
and an equal amount of land impacted by infrastructure, then 55 acres per section, or 8.6% of the land 
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surface in the Lybrook region could potentially be destroyed. This impact would be reduced if each well 
pad hosted more than one well. 

Well-field pipeline and road alignments often purposely avoid the steep slopes of valley sides and the 
large drainage channels of valley bottoms, which are not especially good habitats for Brack’s hardwall 
cactus. The best and most densely occupied cactus habitats are the grasslands and open shrublands of 
valleys and channel margins (see Table 5), which are also preferred areas for pipeline and road 
placement. Even though the surface disturbance of energy development may ultimately impact less 
than 10% of the surface area, the percentage of occupied Brack’s hardwall cactus habitat impacted by 
this activity will likely be larger because the cactus and well-field development prefer similar locations. 

Plants not directly impacted by energy exploration and development can suffer indirect impacts when in 
close proximity to roads and pipelines including impacts of dust, chemicals, air pollution, invasive 
species, and impacts on pollinators (FWS 2014). Fugitive dust from vehicles traveling unpaved roads will 
settle on nearby plants and can reduce photosynthesis and decrease water-use efficiency (Sharifi et al. 
1997). Disturbance may also attract cactus predators, such as rabbits, because of new growth of weedy 
plant species and emerging new seedlings of forage plants used in reclamation seed mixes. Some 
impacts can be subtle, e.g., it has been suggested that Brack’s hardwall cacti in the Lybrook region that 
had been pin-flagged during the surveys at the edges of new roads and pipelines might be subject to 
higher rabbit predation than unmarked cacti far away from surface disturbing activities (Greenlee 2015; 
Sivinski, unpublished observations).  

Roads and pipelines also fragment habitats into smaller pieces and that potentially creates smaller 
patches of cacti from fewer larger patches. These fragments might not be as stable as the larger 
undisturbed patches, but the long-term impacts of habitat fragmentation in well fields has not been 
studied for plants.4  Distribution of Brack’s hardwall cactus is naturally very patchy with distances 
between patches often exceeding 100 m and some patches containing only a few individuals. Gene flow 
between patches may be almost entirely mediated by small native bees carrying pollen. Habitat 
fragmentation by 10 m-wide roads is unlikely to inhibit pollinator movement and cactus gene flow. Seed 
dispersal for this cactus is generally localized around maternal plants, but occasional longer distance 
dispersal by ants and cyclonic whirlwinds likely occurs. If ants are important to longer distance seed 
dispersal a 10 m-wide road could inhibit recolonization of any habitat fragment that has, for some 
reason, lost its cactus patch. Further understanding of the mechanisms of dispersal and colonization of 
Brack’s is key to understanding its conservation and management.  

Brack’s hardwall cactus cacti in the Kutz-Angel Peak metapopulation have persisted within the intensive 
development of the Angel Peak oil and gas field over the years, but there has been no monitoring of the 
population and the overall trend and long-term viability of the populations is unknown. This badland 
region has been widely impacted by oil and gas wells and crisscrossed with roads and pipelines for 

                                                           
4 Studies of dune sagebrush lizard habitat in southeastern New Mexico suggest that as well pad density approaches 
eight per section, the habitat becomes irreparably fragmented and unsuitable for the species (Keetch and 
Fitzgerald 2013).  
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several decades. It is a mature well field that is in production mode with almost no detectable change 
between the 1997 and 2015 aerial images, but future redevelopment of the field with new techniques 
remains a possibility. Currently, cacti are widely distributed in scattered patches of fragmented habitat. 
Many adult cacti made fruit in 2015 and a few new seedlings were located during the survey. The geo-
referenced reconnaissance plots established in 2015 can provide the foundation for monitoring trends in 
this population into the future to assess the indirect impacts of habitat fragmentation and fugitive dust 
on the remaining population within a developed well field. In addition, a density analysis similar to that 
conducted in the Lybrook Focal zone in conjunction with GIS assessment of the degree of actual 
disturbance can provide the necessary information for determining the status of this metapopulation and 
its importance to sustaining the species as a whole.  

Porter and Prince (2011) identify off-road vehicle (ORV) traffic as an ongoing threat to Brack’s hardwall 
cactus because ORVs run over the cacti and indirectly impact habitat by destruction of nurse plants and 
fragile soil crusts necessary for germination and establishment, damage or destroy annual and perennial 
plants leading to soil erosion, cause soil compaction, alter drainage patterns, form and distribute dust, 
and facilitate the proliferation of weeds. The 2015 survey of both Brack’s and Clover’s hardwall cactus 
did find significant amounts of soil disturbance from bicycle and motorized ORV traffic on most BLM 
lands north of the San Juan River in the regions around Bloomfield, Aztec and La Plata, especially along 
ridges. ORV impacts to habitats in that region were not as severe as the disturbance caused by roads 
and pipelines supporting energy development, but were quite noticeable. South of the San Juan River 
and through the southern part of the Nacimiento Formation no off-road bicycle traffic was observed and 
there was very little evidence of motorized ORV use. Overall, habitat degradation from ORV use is a 
management concern in habitats north of the river, and changes in ORV use to the south should be 
monitored. 

Livestock grazing can be a threat to rare plant populations for many of the reasons listed above for ORV 
traffic. Livestock will not eat Brack’s hardwall cactus, but these cacti are occasionally stepped on (Figure 
21) and long-term livestock grazing can change the structure and function of ecosystems – especially in 
the arid west (Fleischner 1994). In the Lybrook Focal Zone, 80% of the transect quadrats had evidence of 
recent use by large grazing animals (Table 10). Domestic horses were the most prevalent type of 
livestock, at 62% of the plots, while cattle were detected at 30% of cactus plots. No evidence of sheep 
was detected at any of the cactus plots in this region. The regional reconnaissance plots had a lower 
incidence (56%) of grazing mostly to the south on Navajo Nation lands and BLM, but the plots further 
north had limited evidence of recent livestock use. Regardless, these are comparable incidence numbers 
to that reported for Sclerocactus wrightiae in Southern Utah (CRNP 2014) where direct tramping by 
livestock was considered a significant impact factor. Accordingly, stocking rates and specifics of grazing 
management programs should address Brack’s impacts in the future to help limit impacts on the species. 
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Table 11. Percentage by type of large-mammal grazing evidence in the reconnaissance plots and transect quadrats occupied 
by Sclerocactus cloverae in 2015. NG = No Grazing; C = Cattle; H = Horse; S = Sheep; D = Mule Deer; E = Elk. 

Grazer n NG C C, D C, H C, H, D H H, D H, E S D E 
Recon 
plots 155 43.9 22.6 1.9 3.2 0.0 19.4 0.0 0.0 1.3 7.1 0.6 
Transect 
quads 483 20.1 14.9 1.0 13.5 0.4 45.5 2.3 0.4 0.0 1.9 0.0 

 

 

Figure 21. Sclerocactus cloverae smashed by horse hoof in the badlands west of Lybrook. 

Disturbed soils are also susceptible to invasive, non-native weeds that compete with native plants and 
can alter ecological processes, such as seasonal soil moisture available to native plants and the 
frequency of wildfire (Brooks and Pike 2001; Parkinson et al. 2013). Fortunately, most of the Brack’s and 
Clover’s hardwall cactus habitats in 2015 had very little cover of non-native plant species even though 
the spring and early summer were unusually wet, with frequent rainfall. Common non-native plants 
associated with Brack’s hardwall cactus were Russian thistle (Salsola tragus), cheatgrass (Bromus 
tectorum), halogeton (Halogeton glomeratus) and curveseed butterwort (Ceratocephalus testiculatus). 
None of the cactus plots had cover values greater than 25% of these exotic plants and most (81%) lacked 
them.  

2. Overutilization for commercial, recreational, scientific, or educational purposes 
All species in the cactus genus Sclerocactus, especially rare taxa, have some commercial value for cactus 
hobbyists. The number of these hobbyists is difficult to quantify, but several cactus growers and 
collectors have successful businesses supplying the worldwide demand for horticultural cacti, especially 
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now in the age of Internet commerce. Illegal take, transport, and offer for sale of Brack’s hardwall 
cactus is evident in a few places on the Internet. Hochstätter 
(http://www.fhnavajo.com/newmexico.html) lists his illegal collections of Brack’s hardwall cactus that 
violate the New Mexico Endangered Plant Species Act and offers seeds for sale. Igor Dráb also lists an 
illegal 2009 collection of Brack’s hardwall cactus 
(http://ralph.cs.cf.ac.uk/Cacti/locality.php?Locality=Bloomfield) among some other pre-law collections 
of this rare cactus. 

Heil and Porter (1994) identify Kutz Canyon south of Bloomfield as the type locality for subsp. brackii, so 
that location is most likely to be the most desirable illegal collection locality for cactus hobbyists who 
want unambiguous specimens. Even though the type locality of Brack’s hardwall cactus is well known to 
collectors, cactus number and frequency appeared generally similar in 2015 as other less well-known 
locations around Bloomfield. Sivinski (unpublished observations) has visited the Kutz Canyon population 
many times over more than 20 years and has an impression of relatively stable trend for number and 
frequency of cacti at this type location. Illegal collection appears to be relatively infrequent at this time 
and Porter and Prince (2011) also predict that “Collection is likely to remain a low-level threat for the 
foreseeable future.”  Some cacti may occasionally be taken from other locations of this subspecies – 
especially where new roads and trails increase public access. 

Recent specimen collections for scientific and educational purposes are very infrequent. Ken Heil 
collected two specimens of Brack’s hardwall cactus in 2013 for the herbarium at San Juan College 
(SEINet 2015) and Sivinski collected two specimens for this 2015 survey, which will be deposited at the 
University of New Mexico Herbarium. 

3. Disease or Predation 
No diseases were found in the Brack’s hardwall cactus populations studied in 2015 nor are any 
symptoms of disease published in the literature concerning this plant. Predation by cactus longhorn 
beetles and rabbits appeared to be the leading agents of natural mortality in both subspecies of 
Sclerocactus cloverae in 2015 (40%), although any mortality from drought could have been 
misinterpreted as beetle predation (see Cactus Health section above). Porter and Prince (2011) also 
describe severe population declines from beetle parasitism and identify it as a serious threat to subsp. 
brackii. Woodruff (2010) describes severe reductions of Sclerocactus populations in Utah because of 
cactus longhorn beetle and believes that its impact is a relatively recent phenomenon, starting in the 
1960s. Likewise, cactus longhorn beetle infestation of threatened Sclerocactus mesae-verdae 
populations in New Mexico and adjacent Colorado were not noted until the severe drought of 1996-
2002 and simultaneous die-off of cacti from native beetle predation. These beetle-induced population 
crashes of cacti may be relatively new on the Colorado Plateau, or are simply recently being noticed 
because conservationists began monitoring rare cactus populations in the 1970s when they began to be 
listed under the federal Endangered Species Act. 

Rabbit predation of Sclerocactus cloverae was found throughout the range of the 2015 survey and in 
various transplant locations (Ecosphere 2015; Greenlee 2015; Roth 2015).  Very little fresh predation 
was observed and most of the remains appeared to have occurred several months previous. Moderate 

http://www.fhnavajo.com/newmexico.html
http://ralph.cs.cf.ac.uk/Cacti/locality.php?Locality=Bloomfield
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to severe drought had gripped this region for the previous four years and was just breaking in 2015 
(Western Regional Climate Center 2015). Cactus predation by rabbits and rodents is more severe during 
dry periods when other green forage is less available (Sivinski, unpublished observations).  

4. The inadequacy of existing regulatory mechanisms 
The BLM listed Brack’s hardwall cactus as a Sensitive Species in the Farmington District Resource 
Management Plan in 2003 (BLM 2003). The BLM Special Status Species Management Manual (BLM 
2008) instructs managers to avoid actions that could cause a sensitive species to become listed as 
threatened or endangered under the ESA. This written policy, however, has not prevented the 
destruction of hundreds or thousands of Brack’s hardwall cactus in the recent construction of the 
Lybrook oil and gas well field. BLM has required transplantation of as few as 25% of these Special Status 
cacti when they are in the path of development (Ecosphere 2015) and NM State Land Office has 
required transplanting 100% Brack’s hardwall cactus as mitigation (Greenlee 2015). Data is still limited 
on the efficacy of transplanting these cacti. Ecosphere (2015a) reported a survivor rate from only 6.7% 
up to 66.8% depending on location. Others have also reported poor rates of cactus survival (Greenlee 
2015; Roth 2015). No special management areas exist on BLM-Farmington District for the protection of 
Brack’s hardwall cactus. BLM did have an Area of Critical Environmental Concern (ACEC) for the Aztec 
gilia (Aliciella formosa) just east and south of Aztec which also contained part of the Brack’s hardwall 
cactus population of that area. This ACEC was abandoned and discontinued when Aztec gilia was located 
in some additional areas that seemed less threatened by energy development (BLM 2003). 

The Navajo Nation includes Brack’s hardwall cactus in Group 4 of its endangered species list, which is a 
group of plants the Navajo Nation monitors for new information that might support their listing as 
threatened or endangered. Yet the Navajo Nation does not require botanical consultants to look for 
Brack’s hardwall cactus prior to constructing roads or energy development projects within the habitats 
of this rare cactus (Andrea Hazelton, Navajo Nation Botanist, personal communication).  

Brack’s hardwall cactus was listed as endangered under the New Mexico Endangered Plant Species Act 
(Section 75-6-1 NMSA 1978) in 1995 (NMAC 19.21.2). This law only protects state endangered plants 
from unauthorized collection from their natural habitats. State endangered plants are not protected 
from other types of destruction and their habitats are not protected. The greatest benefit to the species 
being listed as state endangered is the public education opportunities and notoriety gained from 
endangered status. State, federal and tribal land management agencies may acknowledge this special 
status, but also have the option of ignoring it.  

5. Other natural or manmade factors affecting its continued existence 
The 2015 Brack’s hardwall cactus survey immediately followed four consecutive years of moderate to 
severe drought (Western Regional Climate Center 2015). This cactus has survived much longer droughts 
in recent millennia (Grissino-Mayer et al. 1997). Future droughts, however, will be coincident with 
higher temperatures (Woodhouse et al. 2010), which may be more lethal. This rare plant has remarkable 
tolerance to drought, but a climate changing towards drier conditions with higher temperatures could 
become a serious threat to the survival of this rare cactus. A NatureServe analysis of climate change 
vulnerability of several plant taxa on BLM lands found S. cloverae (Sclerocactus whipplei of authors) and 
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nearby Sclerocactus parviflorus and Sclerocactus mesae-verdae to be only moderately vulnerable to 
climate change (Treher et al. 2012). Subspecies brackii, however, often occurs in shaley/mudstone 
badlands while subspecies cloverae is more often associated with sandier soils. Munson et al. (2011) 
monitored vegetation on various soil types of the Colorado Plateau and found that Atriplex species on 
clayey/silty soils lost more canopy cover over a 20-year period than other shrub communities on sandier 
soils, indicating deeper soil moisture reserves on sandy substrates during drought than are available to 
shallow-rooted Atriplex on less permeable clay soils. Brack’s hardwall cactus often occurs on clayey/silty 
soils with Atriplex confertifolia and Atriplex obovata, which may indicate a greater vulnerability to 
climate change. Its few populations are already relatively localized. Further shrinkage of habitat patches 
into smaller microclimates of suitable soil or exposure may eventually reduce population sizes towards a 
level of unviability. 

Conservation Status Rank  
Based on the population analyses, the delineations of occurrences and the threat analysis, we 
conducted a review of NHNM state conservation rank using the NatureServe rank calculator. The 
previous NHNM state rank was S1 (Critically imperiled). The NatureServe national rank of T1 follows suit 
since the subspecies is mostly restricted to New Mexico where it was documented from only a few 
occurrences in the Aztec/Bloomfield area. The subspecies was last ranked in 1997 before the advent of 
the rank calculator process and associated spreadsheet, which provides a uniform and consistent 
approach to evaluating the status of a species based on a suite of weighted rarity, threats, and trend 
variables. For additional details see the rank calculator for this subspecies provided in the digital 
addendum.        

As a result of this study and additional data received since the 1995 ranking, the current rank for Brack’s 
hardwall cactus was moved from S1 (Critically Imperiled) to S2 (Imperiled). This rank is driven primarily 
by numbers of plants, our understanding short term trends and known treats. With respect to numbers, 
the S2 reflects the relatively high numbers of plants known from the Lybrook metapopulation, but is 
limited by the relatively few large occurrences range wide (particularly those considered predominantly 
Brack’s versus Indeterminate; see Table 5). That is, beyond the Lybrook metapopulation, numbers are 
uncertain particularly in Kutz-Aztec Peak metapopulation, the other core population center for the 
species. In addition, the plants known from the Lybrook metapopulation are at immediate risk because 
they were mostly located as part of clearance surveys for energy development. The expectation is that 
in the short term these plants will be significantly impacted, and ongoing oil and gas development in the 
Lybrook area presents a significant threat that could lead to an ongoing downward trend for this core 
population. This could be further accelerated because individuals are highly clustered within suitable 
habitats and hence when a local population is disturbed the impacts can be out of proportion to the 
overall density of the species, particularly given the suitable and occupied habitats are most often where 
development is happening (careful avoidance planning can help mitigate this impact). There are also the 
indirect impacts of fragmentation by roads and pipelines spoken to above that can put the species 
further at risk. Climate and herbivory impacts and their interaction will likely play a role as well in 
population dynamics if recent trends in other Sclerocactus sp. (Coles et al. 2012; Roth 2014) are 
representative, and this has been considered in the rank as well.   
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Given the limited number of high-quality local populations and metapopulations, the already high 
human footprint in suitable habitat in the Lybrook Focal Zone (and elsewhere) and the expectation of 
significant further development and fragmentation, coupled with potential climate, herbivory, and 
livestock trampling  impacts, an S2 (Imperiled) rank is clearly supported. An S2 rank (and by extension a 
Global rank of G2), still represents significant imperilment. While S1/G1s commonly listed as federal 
Endangered or Threatened species, several S2s, and even S3s  have also found their way to the Federal 
list (Figure 22). Accordingly, the S2 rank should serve as a useful guideline to developing management 
guidelines to avoid future federal listing.  

 

 

 

 

 

 

 

 

 

 

 

 

Reducing threats and conservation opportunities   
While Brack’s hardwall cactus remains a species at risk under current BLM management guidance, there 
are potentially viable options for reducing threats that can also accommodate the primary threat of oil 
and gas development. For example, the spatial clustering and habitat specifics of the subspecies that we 
have described here offer a cost-efficient opportunity for impact avoidance through careful planning of 
roads, well pads, and pipeline installations. Much of the current development is happening in areas that 
also contain the higher ranked suitable habitats for the species, but there are adjacent habitats such as 
dense sagebrush shrublands where the species is not found and where small design changes can be 
implemented to avoid the most significant impacts on clustered populations. This may be most 
efficiently accomplished via the development of a habitat maps based on the classification provided 
here, which then can be brought into the development planning process in early stages--the key to 
determining cost-effective alternatives. In addition, using habitat maps, surveys can more efficiently 
detect areas at broader scales that are not occupied and thereby lower overall risks (there are 

Figure 22.  The relationship between NHNM state conservation status ranks (S1-S5) and federal status (E -Endangered or 
T – Threatened) for species that have been ranked in the last 10 years.   
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indications there may be some relatively large areas with suitable habitat but where cacti occupancy is 
low).  

Conversely, there are likely areas where oil and gas potential may be limited but the subspecies is 
present. These offer opportunities as conservation areas (Figure 23). As an example, we provisionally 
outlined a set of ten Conservation Opportunity Areas (COAs) in the Lybrook Focal Zone that meet the 
joint criteria of supporting the cacti while lying currently outside of the mainstream of oil and gas 
development based on the current impact areas (Figure 24). While it was beyond the scope of this 
project, COAs should be identified throughout the range of the species to avoid a concentration of 
conservation activities in one particular place, particularly with respect to issues beyond oil and gas 
development. For example, there are concerns that a warming, drying climate may favor increased 
beetle predation (Coles et al. 2012) or have a direct impact on cactus mortality (Shyrock et al. 2014), and 
increase the overall downward trend in cacti species globally (McGough et al. In press). A COA network, 
if carefully planned to account for the range of genetic diversity and that captures significant 
subpopulations, may help buffer and mitigate against these impacts to ensure the long-term 
sustainability of the species.  

The results of this study, including the habitat analysis and potential COAs, should be the foundation for 
the development of a conservation plan. A conservation plan will provide guidance to land managers 
and project planning to ensure the protection of the species from this and other threats over the long 
term, while minimizing conflicts arising from inadequate planning. 

   

Figure 23.  An example of Potential Conservation Area (PCA) with Brack’s habitat, which has yet to be developed for 
oil and gas.  
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Figure 24. Conservation Opportunity Areas (COAs) for Brack’s hardwall cactus in the Lybrook Focal Zone.  
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DISCUSSION 
The 2015 NHNM survey of the distribution and habitat of Brack’s hardwall cactus (Sclerocactus cloverae  
subsp. brackii) represents the most comprehensive analysis to date, but much remains to be understood 
about the species. The range-wide reconnaissance survey more or less set the range limits of potential 
habitat for Brack’s and help identify six metapopulations and 52 local populations, but it also yielded 
significant variation within and among taxons. More work is need on the systematics of the species with 
an emphasis getting a genetic underpinning that may separate the subspecies. The habitat analysis 
presented here was able to differentiate and rank in importance 19 suitable habitats, but it was based 
on data from belt transects anchored on known cactus locations and aerial photo interpretation. While 
this provided a good initial understanding of the relative abundance of cacti among habitats and their 
extent, subsequent validation is needed using randomized sampling points to generate unbiased 
estimates of plant densities by habitat.  

Brack’s hardwall cactus remains a species at risk. Based on the 2015 survey data and legacy observation 
data, and analysis of trends and threats, a conservation state status rank S2 (Imperiled) was assigned to 
the species using the NatureServe rank calculator. There is a high need for future monitoring of 
population trends of the subspecies across its range to further validate this ranking.  In the meantime, 
there are opportunities for conservation and resource planning that have potential for alleviating 
conflict and avoiding further impacts on the species.  
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Appendix A. List of plant species occurring on the belt transects in the Lybrook Focal Zone Survey.  

Lifeform Scientific Name Common Name Family 
NHNM 
Symbol 

USDA 
Symbol 

Count 
of 

Plots 
Trees             

  Juniperus monosperma oneseed juniper Cupressaceae JUNMON JUMO 7 
  Juniperus osteosperma Little Utah juniper Cupressaceae JUNOST JUOS 122 
  Pinus edulis pinyon pine Pinaceae PINEDU PIED 85 
  Tamarix chinensis saltcedar Tamaricaceae TAMCHI TACH2 1 

Shrubs            
  Amelanchier utahensis Utah serviceberry Rosaceae AMEUTA AMUT 1 
  Artemisia nova black sagebrush Asteraceae ARTNOV ARNO4 141 
  Artemisia tridentata big sagebrush Asteraceae ARTTRI ARTR2 320 
  Atriplex confertifolia shadscale saltbush Chenopodiaceae ATRCON ATCO 234 
  Atriplex spp. saltbush Chenopodiaceae ATRIPL ATRIP 1 
  Cercocarpus montanus mountain mahogany Rosaceae CERMON CEMO2 17 
  Cylindropuntia whipplei Whipple cholla Cactaceae CYLWHI CYWH 5 
  Ephedra cutleri Cutler's jointfir Ephedraceae EPHCUT EPCU 1 
  Ephedra torreyana Torrey's jointfir Ephedraceae EPHTOR EPTO 55 
  Ephedra viridis mormon tea Ephedraceae EPHVIR EPVI 3 
  Ericameria nauseosa rubber rabbitbrush Asteraceae ERINAU ERNA10 218 
  Ericameria parryi Parry's rabbitbrush Asteraceae ERIPAR ERPA30 3 
  Eriogonum corymbosum crispleaf buckwheat Polygonaceae ERICOR ERCO14 1 
  Eriogonum microthecum slender buckwheat Polygonaceae ERIMIC ERMI4 71 
  Fendlera rupicola cliff fendlerbrush Hydrangeaceae FENRUP FERU 1 
  Purshia tridentata antelope bitterbrush Rosaceae PURTRI PUTR2 40 
  Sarcobatus vermiculatus greasewood Chenopodiaceae SARVER SAVE4 93 
  Yucca baileyi Navajo yucca Agavaceae YUCBAI YUBA2 55 

Sub-shrubs            
  Artemisia bigelovii Bigelow's sagebrush Asteraceae ARTBIG ARBI3 8 
  Artemisia frigida fringed sagewort Asteraceae ARTFRI ARFR4 2 
  Artemisia pygmaea pygmy sagebrush Asteraceae ARTPYG ARPY2 10 
  Atriplex obovata mound saltbush Chenopodiaceae ATROBO ATOB 48 
  Brickellia oblongifolia Mojave brickellbush Asteraceae BRIOBL BROB 1 
  Chrysothamnus depressus longflower rabbitbrush Asteraceae CHRDEP CHDE2 17 
  Chrysothamnus greenei Greene's rabbitbrush Asteraceae CHRGRE CHGR6 120 
  Gutierrezia sarothrae broom snakeweed Asteraceae GUTSAR GUSA2 219 
  Isocoma pluriflora southern jimmyweed Asteraceae ISOPLU ISPL 1 
  Isocoma rusbyi Rusby's goldenbush Asteraceae ISORUS ISRU2 2 
  Opuntia fragilis brittle pricklypear Cactaceae OPUFRA OPFR 9 
  Opuntia phaeacantha tulip pricklypear Cactaceae OPUPHA OPPH 6 
  Opuntia polyacantha plains pricklypear Cactaceae OPUPOL OPPO 73 
  Picrothamnus desertorum bud sagebrush Asteraceae PICDES PIDE4 69 
  Zuckia brandegeei siltbush Chenopodiaceae ZUCBRA ZUBR 3 

Graminoides            
  Achnatherum hymenoides Indian ricegrass Poaceae ACHHYM ACHY 101 
  Aristida purpurea purple threeawn Poaceae ARIPUR ARPU9 11 
  Bouteloua curtipendula sideoats grama Poaceae BOUCUR BOCU 1 
  Bouteloua gracilis blue grama Poaceae BOUGRA BOGR2 436 
  Bromus tectorum cheatgrass Poaceae BROTEC BRTE 56 
  Elymus elymoides bottlebrush squirreltail Poaceae ELYELY ELEL5 7 
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  Erioneuron pulchellum fluffgrass Poaceae ERIPUL ERPU8 26 
  Hesperostipa comata needle-and-thread grass Poaceae HESCOM HECO26 126 
  Hesperostipa neomexicana New Mexico needlegrass Poaceae HESNEO HENE5 8 

Lifeform Scientific Name Common Name Family 
NHNM 
Symbol 

USDA 
Symbol 

Count 
of 

Plots 
  Hordeum jubatum foxtail barley Poaceae HORJUB HOJU 8 
  Muhlenbergia pungens sandhill muhly Poaceae MUHPUN MUPU2 8 
  Pascopyrum smithii western wheatgrass Poaceae PASSMI PASM 1 
  Pleuraphis jamesii galleta Poaceae PLEJAM PLJA 554 
  Poa fendleriana muttongrass Poaceae POAFEN POFE 2 
  Poa pratensis Kentucky bluegrass Poaceae POAPRA POPR 1 
  Poa secunda Sandberg bluegrass Poaceae POASEC POSE 8 
  Sporobolus airoides alkali sacaton Poaceae SPOAIR SPAI 266 
  Sporobolus cryptandrus sand dropseed Poaceae SPOCRY SPCR 5 
  Sporobolus nealleyi gyp dropseed Poaceae SPONEA SPNE 1 

Forbs             

  Abronia elliptica 
fragrant white sand 
verbena Nyctaginaceae ABRELL ABEL 1 

  Abronia fragrans snowball sand verbena Nyctaginaceae ABRFRA ABFR2 1 
  Aliciella formosa Aztec gilia Polemoniaceae ALIFOR ALFO3 2 
  Allium macropetalum largeflower wild onion Liliaceae ALLMAC ALMA4 21 
  Arenaria eastwoodiae Eastwood's sandwort Caryophyllaceae AREEAS AREA 8 
  Astragalus flavus yellow milkvetch Fabaceae ASTFLA ASFL 31 
  Astragalus missouriensis Missouri milkvetch Fabaceae ASTMIS ASMI10 10 
  Astragalus mollissimus woolly milkvetch Fabaceae ASTMOL ASMO7 1 
  Astragalus newberryi Newberry's milkvetch Fabaceae ASTNEW ASNE6 1 
  Astragalus praelongus stinking milkvetch Fabaceae ASTPRA ASPR5 2 
  Astragalus proximus Aztec milkvetch Fabaceae ASTPRO ASPR8 4 
  Boechera stricta Drummond's rockcress Brassicaceae BOESTR ARDR 1 
  Calochortus nuttallii sego lily Liliaceae CALNUT CANU3 13 

  Castilleja angustifolia 
northwestern Indian 
paintbrush Scrophulariaceae CASANG CAAN7 7 

  Castilleja rhexiifolia Indianpaintbrush Scrophulariaceae CASRHE CARH4 1 
  Ceratocephala testiculata curveseed butterwort Ranunculaceae CERTES CETE5 9 
  Chaetopappa ericoides rose heath Asteraceae CHAERI CHER2 6 
  Comandra umbellata bastard toadflax Santalaceae COMUMB COUM 2 
  Cordylanthus wrightii Wright's birdbeak Scrophulariaceae CORWRI COWR2 2 

  Cryptantha flava 
Brenda's yellow 
cryptantha Boraginaceae CRYFLA CRFL5 13 

  Cryptantha fulvocanescens tawny cryptantha Boraginaceae CRYFUL CRFU 24 
  Cymopterus acaulis plains springparsley Apiaceae CYMACA CYAC 1 
  Cymopterus constancei Constance's springparsley Apiaceae CYMCON CYCO22 36 
  Cymopterus purpurascens widewing springparsley Apiaceae CYMPUR CYPU 5 
  Cymopterus spp. springparsley Apiaceae CYMOPT CYMOP2 2 
  Delphinium scaposum tall mountain larkspur Ranunculaceae DELSCA DESC 30 
  Descurainia pinnata western tanseymustard Brassicaceae DESPIN DEPI 5 
  Erigeron concinnus Navajo fleabane Asteraceae ERICON ERCO27 4 
  Erigeron utahensis Utah fleabane Asteraceae ERIUTA ERUT 2 
  Eriogonum alatum winged buckwheat Polygonaceae ERIALA ERAL4 1 
  Eriogonum hieraciifolium hawkweed buckwheat Polygonaceae ERIHIE ERHI3 1 
  Eriogonum jamesii James' buckwheat Polygonaceae ERIJAM ERJA 2 
  Eriogonum polycladon sorrel buckwheat Polygonaceae ERIPOL ERPO4 1 
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  Eriogonum shockleyi Shockley's buckwheat Polygonaceae ERISHO ERSH 1 
  Eriogonum spp. buckwheat Polygonaceae ERIOGO ERIOG 2 
  Erodium cicutarium redstem stork's bill Geraniaceae EROCIC ERCI6 1 

Lifeform Scientific Name Common Name Family 
NHNM 
Symbol 

USDA 
Symbol 

Count 
of 

Plots 
  Frasera albomarginata desert frasera Gentianaceae FRAALB FRAL5 1 
  Gaura parviflora velvetweed Onagraceae GAUPAR GAPA6 1 
  Halogeton glomeratus saltlover Chenopodiaceae HALGLO HAGL 22 
  Heterotheca villosa hairy goldenaster Asteraceae HETVIL HEVI4 5 
  Hymenopappus filifolius fineleaf hymenopappus Asteraceae HYMFIL HYFI 3 
  Hymenoxys richardsonii pingue hymenoxys Asteraceae HYMRIC HYRI 1 
  Krameria lanceolata trailing krameria Krameriaceae KRALAN KRLA 5 
  Lappula occidentalis flatspine stickseed Boraginaceae LAPOCC LAOC3 2 
  Lepidium virginicum Virginia pepperweed Brassicaceae LEPVIR LEVI3 1 
  Linanthus pungens granite prickly phlox Polemoniaceae LINPUN LIPU11 33 
  Lupinus brevicaulis lupine Fabaceae LUPBRE LUBR2 40 
  Mentzelia albicaulis whitestem blazingstar Loasaceae MENALB MEAL6 1 
  Mentzelia sivinskii Sivinski's Blazingstar Loasaceae MENSIV   1 
  Monolepis nuttalliana Nuttall's povertyweed Chenopodiaceae MONNUT MONU 1 
  Oenothera caespitosa tufted eveningprimrose Onagraceae OENCAE OECA10 2 
  Orobanche fasciculata clustered broomrape Orobanchaceae OROFAS ORFA 1 
  Oxytropis lambertii purple locoweed Fabaceae OXYLAM OXLA3 2 
  Petradoria pumila rock goldenrod Asteraceae PETPUM PEPU7 96 
  Phacelia spp. phacelia Hydrophyllaceae PHACEL PHACE 1 
  Phlox hoodii spiny phlox Polemoniaceae PHLHOO PHHO 17 
  Physalis longifolia longleaf groundcherry Solanaceae PHYLON PHLO4 1 
  Plantago patagonica woolly plantain Plantaginaceae PLAPAT PLPA2 8 
  Platyschkuhria integrifolia basindaisy Asteraceae PLAINT PLIN7 48 
  Ranunculus spp. buttercup Ranunculaceae RANUNC RANUN 1 
  Salsola tragus prickly Russian thistle Chenopodiaceae SALTRA SATR12 59 
  Schkuhria pinnata pinnate false threadleaf Asteraceae SCHPIN SCPI3 2 
  Sphaeralcea coccinea scarlet globemallow Malvaceae SPHCOC SPCO 2 

  
Sphaeralcea 
grossulariifolia 

gooseberryleaf 
globemallow Malvaceae SPHGRO SPGR2 15 

  Stanleya pinnata desert princesplume Brassicaceae STAPIN STPI 1 
  Stenogonum salsuginosum salty buckwheat Polygonaceae STESAL2 STSA3 10 
  Stenotus armerioides thrift mock goldenweed Asteraceae STEARM STAR10 4 
  Tetraneuris ivesiana Ives' fournerved daisy Asteraceae TETIVE TEIV 33 
  Townsendia annua annual townsend daisy Asteraceae TOWANN TOAN 1 
  Townsendia incana hoary Townsend daisy Asteraceae TOWINC TOIN 11 
  unidentified forb unidentified forb unknown UNIDF 2FORB 1 
  unidentified spp. unidentified plant   UNID 2PLANT 1 
  Xanthisma grindelioides rayless tansyaster Asteraceae XANGRI MAGR2 7 
  Xanthisma spinulosum lacy tansyaster Asteraceae XANSPI2 MAPI 4 
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PREFACE 
The New Mexico Rare Plant Conservation Strategy is an integral part of the State of New Mexico’s Energy, 
Minerals, and Natural Resources Department (EMNRD), Forestry Division’s Forest Action Plan (New 
Mexico Statewide Natural Resources Assessment, Strategy and Response Plan), which identifies natural 
resource conditions, needs and opportunities across all land ownerships in the state and guides long-
term Forestry Division (Division) management (EMNRD 2010). It also provides useful information to our 
many partners who work together to create and maintain sustainable forests and watersheds. The 
Division's central purpose is to promote healthy, sustainable forests and watersheds in New Mexico for 
the benefit of current and future generations. This mission is accomplished by working with a variety of 
partners interested in improving the health of the state’s forests and watersheds.  
 
Established as the Forest Conservation Commission in 1957 to address fire protection on state and 
private land, the Division’s mission soon expanded to include timber management and conservation 
efforts. Since then, the Division’s role has expanded into the areas of technical forestry assistance to 
private and state landowners, conservation of lands through easements and tax incentives, 
encouragement of forest industries, inmate work programs, conservation and recovery of endangered 
plants, urban forestry, restoration, and invasive plant programs. 
 
The Division places the importance of proper watershed management as a top priority to achieve overall 
ecosystem health. To achieve this goal, the Division has taken a leadership role in crafting collaborative 
efforts with local, state, federal and tribal agencies, as well as private landowners, businesses and non-
governmental organizations.  
 
The Division is a major partner in rare and endangered plant conservation, recovery and research 
through its Endangered Plant Program. It is the only program within the state government that focuses 
on rare plant conservation and operates statewide. The Division has statutory responsibility for the 
State Endangered Plant Species List. Section 75-6-1 NMSA 1978 directs the Division to investigate all 
plant species in the state to establish a list of endangered plant species. Similar to federal land 
management agencies, the Division gathers information relating to population abundance, distribution, 
habitat requirements, threats, limiting factors, and other biological and ecological data to determine the 
status of endangered plants throughout New Mexico, regardless of land ownership. The information is 
then used to develop conservation measures necessary for the species’ recovery and survival. The 
statute further directs the Division to establish a program necessary to promote the conservation of 
listed endangered plant species including research, inventory and monitoring, law enforcement, habitat 
maintenance, education, and propagation.  
The 2010 Forest Action Plan is currently in the process of being updated. The Division plans to publish a 
fully updated Forest Action Plan in 2020, which will include the 2017 NM Rare Plant Conservation 
Strategy.  The Strategy was identified as a priority and focus for the 2020 update of the Forest Action 
Plan. In the interim, the Division will post additions and changes made to clarify or revise outdated 
information on the State’s Forest Action Plan web page, including the New Mexico Rare Plant 
Conservation Strategy at http://www.emnrd.state.nm.us/SFD/statewideassessment.html and at 
http://www.emnrd.state.nm.us/SFD/ForestMgt/NewMexicoRarePlantConservationStategy.html.   
The Strategy and Scorecard is also be available at 
http://nhnm.unm.edu/nm_rare_plant_conservation_strategy. 
 

  

http://www.emnrd.state.nm.us/SFD/statewideassessment.html
http://www.emnrd.state.nm.us/SFD/ForestMgt/NewMexicoRarePlantConservationStategy.html
http://nhnm.unm.edu/nm_rare_plant_conservation_strategy
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EXECUTIVE SUMMARY  

New Mexico is one of the most biologically diverse states and has the fourth highest plant diversity in 
the country. A total of 4,204 plant taxa have been documented, including 109 plant species endemic to 
the state.  

The intend of the New Mexico Rare Plant Conservation Strategy (Strategy) is to help land managers, 
regulatory agencies, landowners, and other stakeholders to better understand the status and needs of 
New Mexico’s rare plants and act in support of conservation efforts.  

The primary target audience for the Strategy include land managers, field office managers, district 
rangers, agency biologists and botanists, and regulatory agencies looking for guidance and focus areas to 
prioritize management, evaluate endangerment, and direct funding. The Strategy will not only provide 
more consistent protection and coordinated management of rare species, but also reduce potential 
conflict by providing proactive conservation measures and guidelines, and by supporting current land 
use and resource management planning efforts. It will promote stewardship of New Mexico’s rare and 
endangered plants and provide proactive conservation tools to document current population status, 
address population declines and habitat loss, and provide management tools and actions required to 
preclude the need for federal listing and to achieve recovery of some of the most imperiled species in 
the state. It emphasizes a coordinated and proactive approach to identify and carry out actions needed 
to address impacts to our rare and endangered flora and provide for their long-term conservation and 
stewardship. In addition to supporting the recovery of listed plant species, proactive conservation 
actions will help reduce population declines, habitat loss, and the need for federal listing under the 
Endangered Species Act.  
 
The Division developed the Strategy in coordination with the Rare Plant Conservation Partnership 
(NMRPCP), which includes state, federal, and tribal agencies, non-governmental organizations, and 
interested citizens. The Strategy aims to achieve results through a collaborative approach that is based 
on the best available science, close coordination, data sharing, and taking strategic action.  
 
The Strategy is focused on 235 rare and endangered plant species in New Mexico, including 109 species 
that only occur in New Mexico and nowhere else in the world.  The list includes 13 federally listed 
species, 37 plant species listed Endangered in the State of New Mexico, 36 species listed as sensitive 
with the BLM, and 64 species listed sensitive with the Forest Service.   
 
Most of New Mexico’s rare and endangered plants are considered rare because they are restricted to 
very specific, narrowly distributed habitats. Some species have such small distributions that they are 
highly vulnerable to stochastic extinction events which may be caused by flooding, fires, invasive 
species, predation, etc.  Primary human caused threats include habitat destruction and alteration, 
climate change and related ecological changes, resource extraction, and overgrazing.  
 
Climate change is not only expected to affect species directly, but also to have significant impacts on 
their habitats and the ecological systems on which they depend, which is likely to exacerbate the effects 
of other human activities on plants. Impacts associated with climate change include prolonged droughts, 
increased fire frequency and severity, increases in invasive species (plants and animals), changes in 
associated plant communities, and severe habitat alteration caused by megafires.  This is especially 
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significant for small populations with restricted ranges, including many of the species endemic to New 
Mexico 
 
Habitat degradation, fragmentation, and loss of habitat are major reasons why some plant species and 
their habitats are threatened in New Mexico. The primary contributors to habitat degradation for rare 
and endangered plants are resource extraction (e.g., energy development, mining, water development), 
recreation, livestock grazing, wildfire, climate change, invasive species, urban development, and road 
construction and maintenance.  
 
One of the central issues impeding meaningful and proactive conservation is a dearth of knowledge and 
documentation regarding the abundance, distribution, and status of New Mexico’s rare plant species. 
This baseline information in combination with a lack of knowledge on basic biological requirements of 
rare taxa is largely unknown for the majority of rare plants in New Mexico (basic habitat requirements, 
pollinators, seed dispersal, seed bank viability, etc.). Without baseline documentation land managers 
and regulatory agencies are not able to make meaningful decisions to protect and conserve New 
Mexico’s most rare and endangered plant species.  
 
These challenges are compounded by inadequate legal protection and enforcement, and inadequate 
funding for botanical staff within land management agencies, which may result in poor management 
decisions, and lack of funding for conservation actions, surveys and monitoring, as well as research. 
 
The overall goal of the New Mexico Rare Plant Conservation Strategy is to protect and conserve New 
Mexico’s rare and endangered plant species and their habitats through collaborative partnerships 
between stakeholders and interested parties to aid and improve the conservation and management of 
rare plant species and to avoid federal listing.  

Specific goals include: 

1. Inventory, monitor, and research Strategy Species to inform management and regulatory 
decisions 

2. Protect, manage, and restore Strategy Species and their habitats 
3. Improve data management, accuracy, storage, & dissemination 
4. Develop ex-situ conservation and recovery strategies and implement where appropriate 
5. Improve laws, regulations, and policies 
6. Increase collaboration, education, and outreach 
7. Improve funding, infrastructure, and rare plant programs 
 
The Strategy serves as a reference for priority actions needed to maintain and improve the status of rare 
plants in New Mexico and to strategically guide future plant conservation actions. In addition, 
coordinated outreach and education efforts will increase public awareness on the status of rare and 
endangered plants and provide opportunities to help conserve New Mexico’s rare plant species. As a 
result, much needed programs and resources will be directed to support rare plant conservation efforts 
throughout the state. The Strategy is a call to action, highlighting conservation steps that federal, state, 
and local agencies, private groups, academic institutions, and others can take to assist with meeting the 
seven goals. The Strategy will be an integral part of the Division’s Forest Action Plan and will be 
maintained by the partners to strategically guide future plant conservation efforts in the state.  
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INTRODUCTION 
 

The Importance of Plants and their Imperilment 
“Without plants, there is no life. The functioning of the planet, and our survival, depends upon plants” 
(Vision:  North American Botanic Garden Strategy for Plant Conservation 2011-2020). Plants constitute a 
significant part of the world’s biological diversity and are essential for human existence on the planet.  
They are the foundation of all terrestrial and most marine ecosystems, playing a key role in maintaining 
basic ecosystem functions, including oxygen production, water purification, erosion, and climate control 
(GSPC 2010; USFWS 2012). Plants have significant economic and cultural importance, providing food, 
medicine, fuel, clothing and shelter for people throughout the world; 31,128 plant species have a 
current documented use (GSPC 2011-2020; Royal Botanical Garden Kew 2016). In addition, plants are an 
essential component of the habitats for the world's animals (GSPC 2011-2020). 
  
In the United States, 31 % of the estimated native plant species are considered at risk of extinction, and 
11 % receive protection under the Federal Endangered Species Act (Negron-Ortiz 2014; USFWS 2012). 
Plants comprise 56 % of all federally listed species (903 plant species) (USFWS 2016).  An additional 164 
plant species are either proposed for listing (45 species), candidates for listing (10 species), or petitioned 
for listing (109 species) (USFWS 2016).  Despite this prevalence of plants on the federal Endangered 
Species list, plants do not receive the same protections as animals under the Endangered Species Act 
and receive only a fraction of federal funding available for conservation and recovery (Roberson 2002; 
USFWS 2012, Evans et al.  2016).  Federal protection for plants primarily only applies to plants occurring 
on lands under federal jurisdiction or where a federal nexus exists on other lands (federal funding or 
authorization), there is no incidental take for plants and therefore conservation opportunities available 
for animals, such as USFWS Habitat Conservation Plans have only limited opportunities for plants, or do 
not apply to plants (USFWS Safe Harbor Agreements). 
 
In addition, the number of federally protected plant species is less than a third of plants identified by 
NatureServe as critically imperiled or imperiled (3,049 plant species). The current proportion of federally 
listed plants is expected to increase as additional taxa are evaluated for listing under the Endangered 
Species Act in response to current and future threats, including climate change (USFWS 2016, USFWS 
2012; GSPC 2011-2020). Management direction and decisions pertaining to the conservation of rare and 
endangered plants will be critical for evaluating the need for potential listings. Preventing future listings 
will require increased management and cooperation among land managers and stakeholders. 
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Plant Conservation Issues in New Mexico  
New Mexico is one of the most biologically diverse states and has the fourth highest plant diversity in 
the country (NM Biodiversity Consortium 2016). A total of 4,204 plant taxa have been documented, 
including 487 exotic species and 109 plant species endemic to the state (Allred 2012; NHNM 2017). Over 
12% of the vascular flora plants in the state is considered at risk (Stein & Gravuer 2008). Natural 
Heritage New Mexico actively tracks the presence of 213 rare plant species in New Mexico, based on 
their overall rarity, conservation status, and threats (Appendix A).  In addition, for 22 plant species with 
restricted distributions we have sufficient information on their status and abundance that they are 
considered stable in their current environment. These species are on the Watch List.  All 235 plant 
species are addressed in the New Mexico Rare Plant Conservation Strategy (Strategy Species: Appendix 
A).  
 
Approximately 34% (26 million acres) of the 77.6 million acres of New Mexico lands are managed by 
federal agencies, including the National Park Service (NPS), Bureau of Land Management (BLM), U.S. 
Forest Service (USFS), Bureau of Reclamation (BOR), U.S. Fish & Wildlife Service (USFWS), Department of 
Energy (DOE) and the Department of Defense (DOD) (Table 1). The majority of these lands are managed 
by the BLM and the USFS. Approximately 9 million acres are National Forest lands and approximately 13 
million acres are managed by the BLM. Forty-four percent of the land in New Mexico is privately owned, 
11% is managed by various tribes and 12% is managed by the State Lands Office (Table 1). The remaining 
lands are managed by the Agriculture Department, the NM Game and Fish Department (NMGF), and 
State Parks.  Rare and endangered plants receive limited or no protection on non-federal lands, 
including federally listed species. Therefore, management responsibility lies largely with federal land 
managers.  While federal, state, and tribal agencies have statutory responsibilities providing limited 
protection of plants, federal and tribal land management agencies also have policies, regulations, and 
guidance documents pertaining to plant conservation, specifically addressing sensitive species 
management (BLM Manual 6840; Forest Service Manual 2670, National Park Service Management 
Policies 2006; Navajo Nation Resource Committee Resolutions). Sustainable resilient landscapes are 
goals of these agencies and when implemented as intended will avoid crisis management, litigation, and 
federal listing of rare plant species.  
 

Challenges 
In New Mexico, the four main issues hindering plant conservation efforts are: 
 

1. Lack of baseline information  
2. Lack of botanical expertise 
3. Lack of funding 
4. Inadequacy of regulatory mechanisms 

Other plant conservation strategies, including the Global Strategy for Plant Conservation, have identified 
similar issues impeding the conservation of rare and endangered plants and have provided strategic 
guidance and objectives to ensure the conservation of rare and endangered plants nationally and 
internationally (BGCI 2016; USFWS 2012; Neeley et al. 2009; GSPC 2002). Concurrent objectives to 
address the common goal of conserving the world’s plant biodiversity include the need for baseline 
information, increased funding & botanical capacity, stronger protections, and outreach. 
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Lack of baseline information  
Some of the most critical information needed for New Mexico includes baseline documentation on 
distribution, abundance, current status, population trends, and threats. All federal land managers are 
directed to gather information on population abundance, distribution, habitat requirements, threats, 
limiting factors, and other biological and ecological data to determine the status of sensitive and 
endangered plants, but little effort has been directed towards this management goal.  Baseline 
information is critical to developing effective conservation measures necessary for recovery and 
survival.   
Although we have some baseline information on the status, distribution, population trends and threats 
of our federally listed plants, the state of our knowledge for species that are not federally listed is 
significantly worse. Unfortunately, the lack of adequate data has impeded management and recovery 
direction, as important management and regulatory decisions continue to be based on limited 
information and resources are inadequate to close critical information gaps (Heywood and Iriondo 
2003). Even for federally listed plants, current baseline knowledge for most taxa is insufficient to 
adequately assess the status and threats to allow for informed listing and delisting decisions or 
evaluating the recovery process (Schemske et al. 1994, Heywood and Iriondo 2003, Giam et al. 2011).  
With limited documentation on distribution, abundance, and threats, rare and endangered plant species 
may not be included on sensitive species lists and may therefore not be evaluated during environmental 
reviews, project planning, and management decisions, which can result in significant impacts to already 
small or declining populations, thereby contributing to eventual federal listing.  Conversely, limited 
baseline information can lead to management and regulatory decisions which may result in potentially 
unnecessary listings and management actions. In addition to the lack of baseline information on status, 
distribution and threats, little information is available on management opportunities to monitor trends 
and document and abate threats, including available effective mitigation measures. Information on long 
term population trends and monitoring the response of rare and endangered plants to threats and 
management actions significantly contributes to the evaluation of recovery success and informs 
management decisions, including the need for additional protection, management success and failures, 
and land use planning.  
 
Lack of botanical expertise 
Federal and state agencies are understaffed and lack the botanical capacity required to guide effective 
management and conservation of the nation’s most imperiled plant species (Roberson 2002; Chicago 
Botanical Garden and Botanic Gardens Conservation International 2009; Kramer et al. 2013). Botanical 
capacity is the human, scientific, technological, organizational, institutional, and resource capability that 
supports botanically based education and training, research, monitoring and management (Kramer et al. 
2013). It is a critical component of efforts to address current and future management challenges, 
including land management, habitat restoration, climate change mitigation, invasive species control, and 
the conservation of rare species.  A recent nationwide survey of 1,600 members of the botanical 
community, including respondents from federal agencies (34%), found a severe shortage of botanical 
expertise in government agencies and an alarming decline in botanical degree programs and course 
offerings in colleges and universities (Kramer et al. 2013). Survey results document severe shortages of 
management and research staff with botanical degrees throughout all federal and state government 
agencies, with some of the most significant shortages found in agencies directly responsible for 
managing public lands, leading recovery efforts and carrying out regulatory functions (Kramer et al. 
2013). In 2001, the BLM employed only 68 botanists nationwide to manage botanical resources on 264 
million acres and the Forest Service employed only 128 botanists for 191 million acres and thousands of 
plant species (Roberson 2002). Many National Forests and BLM field offices employ no botanists at all. 
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At the same time, nearly 3,000 foresters were employed by the Forest Service nationwide, primarily 
responsible for managing a small subset of their botanical resources, commercial timber (Roberson 
2002).  
Shortages in botanical expertise are also true for New Mexico, where none of the major universities 
offer an undergraduate degree in Botany and course offerings are severely limited. In addition, only a 
handful of state and federal botanists are employed to guide botanical resource management 
throughout the entire state, including conservation, recovery, planning, management, and regulatory 
issues.  In New Mexico, the U.S.  Fish & Wildlife Service has no botanists on staff, the BLM employs 4 full 
time botanists to manage all botanical resources on 13,485,528 acres, and the U.S. Forest Service has 
one botanist on one of its five national forest (Lincoln National Forest) and one botanist at the regional 
office, overseeing botanical resources in all eleven national forests of Arizona and New Mexico. The 
Endangered Plant Program of the Division has one botanist addressing all rare and endangered plants 
throughout the state of New Mexico. 
 
Lack of funding 
Funding for endangered species recovery is generally insufficient but has also been disproportionally 
distributed among taxonomic groups. Less than 4% of government spending on listed species is 
allocated to the conservation and recovery of listed plants (Negron-Ortiz 2014; USFWS 2012; Evans et al. 
2016). Even less is allocated to non-listed rare and endangered plant species. While the State Wildlife 
Action Plans are directly tied to receiving federal funds for conservation actions for non-listed species 
through the State Wildlife Grants Program ($14 million between 2005 and 2015 in New Mexico), none of 
this funding can currently be used for the conservation of rare and endangered plants (Stein & Gravuer 
2008). Unfortunately, the State Wildlife Grants Program is currently the only federal program with the 
explicit goal of preventing listings under the Endangered Species Act.  Although the state of New Mexico 
has an Endangered Plant Program within the Division, it is primarily funded through a federal grant 
under the Endangered Species Act, therefore focusing on federally listed plants. Lack of funding is also 
reflected in the absence of botanical expertise within the agencies, which in turn contributes to the lack 
of baseline information needed to make meaningful management and regulatory decisions for rare and 
endangered plants and to allow for the recovery of listed plants (Stein & Gravuer 2008; Roberson 2002; 
USFWS 2012; Evans et al. 2016; Negron-Ortiz 2014). Investing in the conservation of rare species before 
they need protection through the Endangered Species Act is far more cost effective than carrying out 
expensive measures needed to recover them from the Endangered Species list once they have become 
threatened or endangered (Stein & Gravuer 2008). 
 
Inadequacy of regulatory mechanisms 
The inadequacy of regulatory mechanisms and laws protecting federal and state listed plants, as well as 
other sensitive species is another major concern for rare and endangered plants of New Mexico. 
Sensitive and endangered plants receive inadequate attention from federal, state, and private land 
managers, which may ultimately lead to the need for federal listing. In the absence of adequate 
regulations, impacts to sensitive plants are rarely addressed during the environmental review process 
and little effort is directed towards gathering baseline information to determine the status of sensitive 
plants.  Stronger laws and the implementation and enforcement of existing laws, regulations, and 
policies are needed to protect sensitive plant species throughout New Mexico.  
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Goodding’s onion (Allium gooddingii)        © Daniela Roth 

 

Strategy Purpose 
 
The purpose of the New Mexico Rare Plant Conservation Strategy is to provide guidance to land 
managers and regulatory agencies to secure New Mexico’s rare plant species through: 

• Increased protection  

• Improved data on status and distribution 

• Clear management guidelines 

• Increased dialog and coordination among land managers and conservation partners 

• Promotion of education and stewardship opportunities 

• Facilitating on-the-ground conservation and recovery actions 

The primary target audience for the Strategy include land managers, field office managers, district 
rangers, agency biologists and botanists, and regulatory agencies looking for guidance and focus areas to 
prioritize management, evaluate endangerment, and direct funding. The Strategy will not only provide 
more consistent protection and coordinated management of rare species, but also reduce potential 
conflict by providing proactive conservation measures and guidelines, and by supporting current land 
use and resource management planning efforts. It will promote stewardship of New Mexico’s rare and 
endangered plants and provide proactive conservation tools to document current population status, 
address population declines and habitat loss, and provide management tools and actions required to 
preclude the need for federal listing and to achieve recovery of some of the most imperiled species in 
the state. It emphasizes a coordinated and proactive approach to identify and carry out actions needed 
to address impacts to our rare and endangered flora and provide for their long-term conservation and 
stewardship. In addition to supporting the recovery of listed plant species, proactive conservation 
actions will help reduce population declines, habitat loss, and the need for federal listing under the 
Endangered Species Act.  
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Knowlton’s cactus (Pediocactus knowltonii)                                                      ©Daniela Roth 
 
 

New Mexico Rare Plant Conservation Partnership 
 

The New Mexico Rare Plant Conservation Strategy aims to achieve results through a collaborative 
approach that is based on the best available science, close coordination, data sharing, and taking 
strategic action. The Strategy has been developed in coordination with many conservation partners, 
including state, federal, and tribal agencies, non-governmental organizations, and interested citizens. To 
support this effort, the New Mexico Rare Plant Conservation Partnership (NMRPCP) was formed and 
currently includes the Division, the BLM, the USFS, NHNM, the USFWS, the New Mexico Rare Plant 
Technical Council (NMRPTC), the Navajo Natural Heritage Program (NNHP, Navajo Nation Department of 
Fish & Wildlife), the Center for Plant Conservation (CPC), the Institute for Applied Ecology, the NM State 
Land Office (SLO), the NM Native Plant Society (NMNPS), and private individuals. Potential future 
partners include New Mexico universities and colleges, various NM tribes and pueblos, the National Park 
Service (NPS), The Nature Conservancy (TNC), the Department of Defense (DOD), the Department of 
Energy (DOE), US Army Corps of Engineers (USACE), the U.S. Geological Survey (USGS), the New Mexico 
Department of Game and Fish (NMDGF), the New Mexico Department of Transportation (NMDOT), New 
Mexico State Parks, the Santa Fe and Rio Grande Botanical gardens, local governments, non-government 
organizations, private parties and land owners. Support may include providing funding, documentation 
and maps, technical support, volunteering, data sharing, promotion of the Strategy and rare plant 
conservation through art, outreach and education, coordination of conservation priorities and needs, 
research, and participation in the implementation of Strategy objectives and providing updates. There is 
currently no formal organizational agreement between the partners, but the development of more 
formal agreements between primary stakeholders is one of the Strategy objectives. 
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BACKGROUND 
 

New Mexico is the fifth largest state in the United States covering a land area of 121,412 square miles 
(WRCC 2016).  The state shares its southern border with Mexico, and is surrounded by Arizona, Utah, 
Colorado, Oklahoma, and Texas. All the major land biomes of the world are found within the state, 
except arctic tundra and tropical rainforest (Allred 2012). Landscape features commonly found include 
canyons, valleys, floodplains, badlands, mesas and buttes, bajadas, eroded escarpments, volcanic 
calderas, necks, lava fields, ash flows, hogbacks, dikes, cuestas, sand dunes, bolsons, playas, alkali flats, 
Pleistocene lakebeds, karst sinkholes, and glaciated landforms (Allred 2012). New Mexico has hot and 
cold deserts; short and mid-grass prairies; oak and pinyon-juniper woodlands; pine, mixed-conifer, and 
spruce-fir forests; and alpine tundra. The highest point in the state is Wheeler Peak in Taos County 
(13,161 feet) and the lowest is Red Bluff Reservoir in Eddy County (2,817 feet). Temperature extremes 
can range from –50ºF to +116ºF throughout the state. Average annual precipitation varies from less 
than 10 inches in the southern deserts to more than 30 inches in the northern mountains (WRCC 2016). 
Eight ecoregions converge in the state, including Colorado Plateau, Southern Rockies, High Plains, 
Southwestern Tablelands, Chihuahuan Deserts, Madrean Archipelago, Arizona/New Mexico Plateau, and 
Arizona/New Mexico Mountains (Griffith et al. 2006, Level III; Figure 1). These ecoregions are defined by 
interacting patterns of the biota, geology, physiography, soils, land use, hydrology and climate.   

 

 

Arizona – New Mexico Plateau Ecoregion near Cabezon Peak, Sandoval County, NM. 
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Figure 1.  New Mexico Ecoregions 

 

 
 
Figure 2.  Number of Strategy Species in each of New Mexico’s 8 Ecoregions.  
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Chihuahuan Desert Ecoregion, near Brokeoff Mountains, Otero County, NM.   

 

Arizona-New Mexico Mountains Ecoregion, Sierra Blanca, Otero County, NM.  
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New Mexico’s Rare and Endangered Plants 
New Mexico’s rare plants are an important and irreplaceable part of the state’s natural heritage. The 
New Mexico Rare Plant Conservation Strategy identifies 235 plant species which are considered rare or 
endangered in the state (Strategy Species). Of these, 213 are actively tracked by Natural Heritage of 
New Mexico and 22 are on the watch list.  The New Mexico Rare Plant Technical Council identifies 200 of 
the Strategy Species as rare (http://nmrareplants.unm.edu/).  NatureServe considers 103 of the 235 
Strategy Species as globally imperiled, meaning they are at significant risk of extinction (G1 & G2). The 
list includes 13 federally listed species, 37 plant species listed Endangered in the State of New Mexico, 
36 species listed as sensitive with the BLM, and 63 species listed with the Forest Service.   

Forty-six percent of these plant species are known to occur only in New Mexico and no other place in 
the world (109 species). The majority of plants occur on federal or private lands.  Approximately 55 % of 
the 235 Strategy Species occur on Forest Service lands and 49 % occur on BLM lands.  One-hundred-fifty-
six Strategy Species are known to occur on private lands (66%) and 28 % are known from tribal lands 
(Table 1).  
 
Table 1.  Distribution of Strategy Species in New Mexico by land ownership (NHNM 2017). 
 

Ownership No of Strategy Species Percent of Strategy 
Species Element 
Occurrences 

Land ownership in  
New Mexico (acres) 

BLM 114 20.98% 13,485,536 
BOR 5 0.18% 54,483 
DOA 1 0.04% 109,464 
DOD 33 12.04% 2,515,789 
DOE 4 0.14% 36,491 
USFS 130 27.02% 9,217,460 
USFWS 17 1.26% 383,163 
Tribal 65 8.89% 8,228,727 
NPS 26 1.94% 475,185 
Private 156 20.73% 34,019,743 
State Land Office 57 5.86% 8,983,019 
NMDGF 8 0.40% 199,577 
State Parks 10 0.47% 118,917 

  

http://nmrareplants.unm.edu/
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The majority of New Mexico’s rare plants occur in mountainous ecoregions (71%), primarily in the 
AZ/NM Mountains ecoregion (55%), which support the largest concentrations of highly endemic plants 
species and include many of New Mexico’s Important Plant Areas (Figures 2, 3, & 4).  Many of these 
species are restricted to the high elevations of sky islands, which are isolated mountain ranges 
surrounded by radically different lowland environments. These include the Mogollon Mountains, Black 
Range, White Mountains, and Sacramento Mountains of southern New Mexico, which contain the 
largest number of endemic plant species in the state. High elevation species with restricted ranges are 
considered most vulnerable to impacts associated with climate change, including prolonged drought, 
increases in fire frequency and severity, invasive species, and changes in community composition (Evans 
et. al. 2016; Enquist and Gori 2008; IPCC 2007). Thirty-four percent of Strategy Species occur in the 
Chihuahuan Deserts Ecoregion. Deserts are highly vulnerable to habitat alterations caused by climate 
change and associated impacts, livestock grazing, and water and energy development projects. The 
Chihuahuan Deserts Ecoregion is the most human impacted ecoregion in New Mexico, which includes 
urban expansion and development, livestock grazing, water development, agriculture, landscape wide 
herbicide treatments, and oil & gas development.  
 

 
Figure 3.  Distribution of Strategy Species across New Mexico’s 8 Ecoregions (NHNM 2017). 
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This Strategy provides meaningful opportunities to make a difference for plant conservation by 
providing management direction and actions. Compared to animals, rare plants are relatively easy to 
conserve because they typically occur in small numbers and over relatively small geographic areas. Thus, 
plants can often be protected with a relatively small investment of time and resources, through proper 
planning, voluntary and cooperative actions, and constructive dialogue and partnerships with 
developing interests. Even small investments in conservation actions and projects have the potential of 
making large impacts on reducing the extinction risk of rare plant species. Through coordination and 
working together, landowners, land managers, and concerned partners can take proactive steps to 
improve the conservation status of New Mexico’s rare and endangered plants. 

The New Mexico Rare Plant Conservation Strategy is an adaptive strategy that is intended to be updated 
as more data becomes available and conservation strategies are implemented. Based on our current 
knowledge on the status of Strategy plants, top conservation priorities for New Mexico are: 
 
 Collect baseline information. 

 Establish a list of conservation priority species and conservation actions needed for each 
management unit (from Scorecard). 

 Provide maps to land managers and conservation groups of New Mexico’s rare and endangered 
plant locations and important plant areas to prioritize conservation focus areas. 

 Incorporate information regarding the protection and management of rare and endangered plants 
into planning documents, including resource management plans, land use plans, fire management 
plans, recreation plans, transportation plans, and environmental assessments. 

 Provide botanical expertise within land management agencies through staffing, funding, data 
management, training, volunteers, active management. 

 Improve data management through active data gathering and using a centralized database. 

 Develop a common website to use as a one-stop place for New Mexico’s rare plants, including rare 
plant species specific information, survey and monitoring guidelines, best management practices, 
mitigation measures, funding sources, monitoring and survey reports, status reports, botanical 
references and links, publications, volunteer opportunities, etc. 

 Take conservation actions toward recovery of priority species for each management unit. 
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SCOPE 
One in five plants are estimated to be at risk from extinction worldwide (Royal Botanical Garden Kew 
2016).  Rare and endangered plants typically have small numbers of individuals worldwide, narrow 
geographic ranges, and a few localized populations (Neely et al. 2009). Some rare species are locally 
abundant over a very small range, or widely distributed in small populations. They are often threatened 
because of their inability to recover from random (stochastic) events such as severe fires, insect and 
disease outbreaks, drought, or flooding. They are also subject to significant human caused threats, such 
as habitat alteration, over-collection, and climate change. Rare plants often are at risk simply due to a 
lack of awareness regarding their precarious status. Species with low population density, low 
reproductive potential, and narrow geographic distributions generally are at a higher risk of extinction 
(Groves 2003). 
 
The Strategy is focused on 235 rare plant species in New Mexico, including one lichen (Strategy Species, 
Appendix A). Occurrences of the majority of Strategy Species (213 species) are tracked by Natural 
Heritage New Mexico, which actively collects information on the distribution, status, and abundance of 
these species. They are primarily ranked critically imperiled (G1/S1), imperiled (G2/S2), or vulnerable 
(G3/S3) at a global or state level by NHNM and NatureServe (Appendix A). They are considered at risk 
throughout their range and are vulnerable to extinction. The status of some taxa in New Mexico is 
uncertain, but there is reason to believe that they are at risk, or even extinct (NR, GQ, GH/SH).  For the 
purposes of the Strategy, we refer to these plant species interchangeably as sensitive, rare, or 
endangered. See below for definitions of terms used in this Strategy. 
 
 Critically Imperiled Species are those ranked G1 globally and/or S1 statewide by Natural 

Heritage New Mexico and NatureServe. A G1/S1 ranking is assigned because of extreme rarity or 
because of some factor(s) making it especially vulnerable to extinction throughout its range, or 
in New Mexico. Typically, 5 or fewer occurrences, or very few remaining individuals (<1,000), or 
acres (<2,000), or linear miles (<10).  

 Imperiled Species are those ranked G2 globally and/or S2 statewide by Natural Heritage New 
Mexico and NatureServe. A G2/S1 ranking is assigned due to rarity or because of some factor(s) 
making it very vulnerable to extinction or elimination throughout its range, or in New Mexico. 
Typically 6 to 20 occurrences, or few remaining individuals (1,000 to 3,000), or acres (2,000 to 
10,000), or linear miles (10 to 50). 

 Vulnerable Species are those ranked G3 globally, and/or S3 statewide by Natural Heritage New 
Mexico and NatureServe. A G3/S3 ranking is assigned either because the species is very rare and 
local throughout its range, or in New Mexico, found only in a restricted range (even if abundant 
at some locations), or because of other factors making it vulnerable to extinction or elimination.  
Typically 21 to 100 occurrences, or between 3,000 and 10,000 individuals. 

 Threatened or Endangered Species are those that are federally listed and protected under the 
U.S. Endangered Species Act (ESA) by the U.S. Fish and Wildlife Service. 

 State Endangered Plants are those listed as Endangered by the state of New Mexico and are 
protected under state law. 
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 Navajo Nation Endangered Species are those listed by the Navajo Nation as threatened, 
endangered or candidates for listing and are protected by the Navajo Nation Endangered 
Species Act. 

 Sensitive Species or Species of Concern are not necessarily included on the above lists, but may 
be included on lists of Sensitive Species by the U.S. Fish & Wildlife Service, the Division, the 
Navajo Nation, the U.S. Forest Service (USFS), the Bureau of Land Management (BLM), and other 
tribes and pueblos.  Only the BLM and the USFS provide some protective measures for sensitive 
species and species of concern, including policies and guidelines.  

 Endemic Species are those whose entire distribution is restricted to a relatively small geographic 
region. These species occur nowhere else in the world and are often, but not necessarily, 
vulnerable to extinction. 

 
 Rare Species typically have small numbers of individuals worldwide, narrow geographic ranges, 

and/or few localized populations, making them more vulnerable to extinction than common 
species.  These include all plants reviewed and listed by the New Mexico Rare Plant Technical 
Council. 

  

 

Pecos sunflower (Helianthus paradoxus)                         © Daniela Roth 
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Threats to New Mexico’s Rare and Endangered Plants 
 
Most of New Mexico’s rare and endangered plants are considered rare because they are restricted to 
very specific, narrowly distributed habitats. Because these species occupy such small areas, awareness 
and species specific planning is necessary to avoid placing these species at further risk of extirpation 
caused by human activities. All species are exposed to impacts associated with global climate change on 
a rangewide level (Scorecard 2017). Many species are exposed to widespread livestock impacts and 
habitat alteration throughout their limited range (Scorecard 2017). Some species have such small 
distributions that they are highly vulnerable to stochastic extinction events which may be caused by 
flooding, fires, invasive species, predation, etc. 
 
Documented threats to New Mexico’s rare and endangered plants and their habitats include: 
 
 Energy development and mineral mining 

 Motorized and non-motorized recreational vehicles 

 Urban development 

 Agriculture (crop production) 

 Roads (construction and maintenance) 

 Altered hydrologic regimes 

 Invasive plant species 

 Climate change 

 Logging and woodcutting 

 Wildfire and fire suppression activities 

 Herbivory/Grazing/Overgrazing 

 Predation 

 Disease 

 Habitat fragmentation 

 Collection (commercial or other) 

 Small population size 

 Stochastic events 

 Inadequacy of regulatory mechanisms 

 Lack of funding 

 Lack of botanical expertise within land management agencies  
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Climate change is not only expected to affect species directly, but also to have significant impacts on 
their habitats and the ecological systems on which they depend, which is likely to exacerbate the effects 
of other human activities on plants (Evans et. al. 2016; Enquist and Gori 2008; IPCC 2007). Impacts 
associated with climate change include prolonged droughts, increased fire frequency and severity, 
increases in invasive species (plants and animals), changes in associated plant communities, and severe 
habitat alteration caused by megafires (IPCC 2007).  This is especially significant for small populations 
with restricted ranges, including many of the species endemic to New Mexico (Treher et al. 2012). A 
2012 report exploring vulnerability trends in response to climate change relating to geography, 
conservation status, and taxonomic affiliation on western BLM lands revealed that the greatest 
concentrations of taxa vulnerable to climate change are found in arid to semi-arid regions of the 
southwestern states (Treher et al. 2012). Statistical analyses of conservation status and vulnerability to 
climate change showed that taxa of conservation concern tend to show greater vulnerability to climate 
change than other native plant species.  Taxa assessed in the Cactaceae appeared especially sensitive to 
changes in precipitation regimes.   
 
Habitat degradation, fragmentation, and loss of habitat, are major reasons why some plant species and 
their habitats are threatened in New Mexico. The primary contributors to habitat degradation for rare 
and endangered plants are resource extraction (e.g., energy development, mining, water development), 
recreation, livestock grazing, wildfire, climate change, invasive species, urban development, and road 
construction and maintenance.  
 
Other risk factors may include loss of pollinators and their habitat and illegal collecting. These challenges 
are compounded by inadequate legal protection and enforcement, inadequate funding for botanical 
staff within land management agencies, which may result in poor management decisions, and lack of 
funding for conservation actions, surveys and monitoring, as well as research. 
 
One of the central issues impeding meaningful and proactive conservation is a dearth of knowledge and 
documentation regarding the abundance, distribution, and status of New Mexico’s rare plant species. 
This baseline information in combination with a lack of knowledge on basic biological requirements of 
rare taxa is largely unknown for the majority of rare plants in New Mexico (basic habitat requirements, 
pollinators, seed dispersal, seed bank viability, etc.). Without baseline documentation land managers 
and regulatory agencies are not able to make meaningful decisions to protect and conserve New 
Mexico’s most rare and endangered plant species.  
 
Lack of botanical expertise within the agencies to document and research the status, abundance, 
distribution and threats results in inadequate management and protection of rare and endangered plant 
species, which has the potential to significantly contribute to the need for listing under the Endangered 
Species Act. In addition, the lack of funding opportunities for proactive conservation projects, including 
protecting habitat, education and outreach projects, genetics research, threat modelling, ex-situ 
conservation, and research, leads to shifting the focus from species of greatest conservation need to 
more charismatic (federally listed) species for which funding may be more readily available, thereby 
contributing to the need for federal listing. 
 
Additional concerns stem from the fact that, despite rapidly growing threats, New Mexico lacks 
adequate state level protection for state listed endangered plants and other rare and sensitive species. 
Currently New Mexico State law only regulates the removal, with the intention to possess, transport, 
export, sell, or offer for sale any of the 37 plants listed endangered, from the places where they 
naturally grow in the state of New Mexico (19.21.2. NMAC). Although federal land managers have 
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federal guidance and policies addressing sensitive plant conservation, implementation of these policies 
is often inadequate. A stronger state law and implementation of federal policies are needed to provide 
meaningful protection for state listed endangered plants and sensitive species on a rangewide level. The 
Division’s Endangered Plant Program and land management agencies need support and involvement 
from state government and stakeholders, to help implement this Strategy and achieve the long-term 
goal of conserving New Mexico’s rare and endangered plant species. Increased coordination, long-term 
funding, and on-the-ground action are all essential for effective plant conservation in New Mexico. 
 

PLANT CONSERVATION SCORECARD 
 
The New Mexico Plant Conservation Scorecard (Scorecard) provides a current conservation status 
analysis of the 238 Strategy rare plants including threats, degree of protection, and actions needed to 
conserve species (management actions, inventories, monitoring, taxonomic work, etc.). The New Mexico 
scorecard process was developed by NHNM and is based on the approach successfully implemented in 
Colorado by the Colorado Natural Heritage Program and The Nature Conservancy (Rondeau et al. 2011; 
Appendix B). Using their spreadsheet calculator, each species was evaluated with respect to its known 
distribution, the quality of the populations in terms size and viability, ecological conditions, threats, and 
the degree of current protection to arrive at an Overall Conservation Status assessment of either 
Effectively Conserved, Moderately Conserved, Weakly Conserved, or Under Conserved (Appendices A & 
B, http://nhnm.unm.edu/nm_rare_plant_conservation_strategy).   
 
Using the best available data and expert knowledge, the 235 Strategy Species were scored, and based 
on the scores, categorized into four working lists to support conservation planning (Appendix B): 

List A – Species where there were sufficient, high quality observation data to generate an Overall 
Conservation Status (OCS) score species with moderate to very high confidence.  

List B – Species which had sufficient observation data to generate an OCS score but confidence in the 
underlying data was limited (e.g. older records with lower positional accuracies). Accordingly, List B 
species are assigned a Modified Conservation Status two levels below the unmodified score such that if 
a species assessed as Effectively Conserved with low confidence in the underlying data is given a 
Modified Conservation Status of Weakly Conserved.  

List C – Species that lacked sufficient observation data to generate an OCS score. Values for List C 
species scorecard metrics were assigned where possible based on expert knowledge and categorically 
classified as Weakly Conserved until further data are collected.  

List D –  A watch list of species that are regional endemics for which the data and knowledge of the 
species indicated they are stable and not a current conservation priority. 

One hundred-sixty-three taxa had sufficient data to generate a conservation status from established 
methods (81 on List A with a full conservation status and 82 on List B with a modified conservation 
status) (Appendix A).  There was not enough data available to generate a full conservation status for an 
additional 50 species on List C, and these are considered weakly conserved until additional information 
becomes available.  Twenty-two species are on List D, the watch list, and are currently not of 
conservation concern.  

With respect to Overall Conservation Status, among the 213 Strategy Species for which a conservation 
status could be generated, 171 (80 %) were considered Under Conserved or Weakly Conserved. Only 15 

http://nhnm.unm.edu/nm_rare_plant_conservation_strategy
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species (7 %) were considered effectively conserved, and 27 species (13 %) are moderately conserved. 
Target species for conservation can hence be prioritized based on their conservation status and help 
direct implementation of conservation actions listed to species ranked as under conserved or weakly 
conserved.   

The primary use of the Scorecard is to help managers and researchers to identify and prioritize target 
species for protection, conservation and management actions, surveys and monitoring, and filling of 
data gaps. In addition, the scorecard can be used to quickly identify documented and potential threats 
and assess the status of rare plant species. The Scorecard can be sorted in a variety of ways to help 
establish a target list, including sorting by land ownership, agency status, conservation ranks, threats, 
ecoregion, conservation actions needed, etc. The Scorecard approach is standardized and flexible to 
allow for updates, edits and future additions.  An electronic copy of the Scorecard (Excel file) and 
supporting materials are available from the NHNM New Mexico Rare Plant Conservation Strategy web 
page (http://nhnm.unm.edu/nm_rare_plant_conservation_strategy), or can be requested from the 
Division, the BLM State Office, or NHNM 
 

IMPORTANT PLANT AREAS 
 
Important Plant Areas (IPAs) are specific places across New Mexico that support either a high diversity 
of sensitive plant species or are the last remaining locations of our most endangered plants. The 
delineation of IPAs was based on the spatial modeling of the species observation data in a GIS database 
in combination with expert review (see details in Appendix D).  Briefly, we used a one-mile hexagon grid 
across the state as a spatial framework and attributed each hexagon with respect to occupancy of the 
235 Strategy species of conservation concern.  We then grouped hexagons into provisional IPAs based 
on proximity, landscape elements (geology and geomorphology), and a floristic similarity index.  These 
were then evaluated for consistency and coherency by experts and prioritized based on an IPA 
Biodiversity Rank (IPA B-Rank) that combines an index of species richness plus degree of occupancy with 
an index of rarity and ranges from B1 (highest value) to B5 (lowest).  For example, an IPA which holds 
the last remaining populations of a species (G1/S1) would get the highest possible rank of B1 regardless 
of other species that might be present. Alternatively, another area might be very rich in species that are 
less threatened, but the overall richness might still rate a B1. At the other end of the spectrum, an IPAs 
with few species that are of low priority (G4/S4) would rank as a B4; general open space is rated as B5.  
The outcome was a set of 133 IPAs with IPA-Biodiversity Ranks that can be used to identify high priority 
areas for management actions (Figure 4; Appendix C & D).  Detailed information for each IPA, including 
shape files, species lists, acreage, county of occurrence, and an interactive map are available to land 
managers and conservation partners on request to the Forestry Division 
(http://www.emnrd.state.nm.us/SFD/), or Natural Heritage New Mexico 
(http://nhnm.unm.edu/nm_rare_plant_conservation_strategy). 
 
Using IPAs as the template, the long-range goal is to develop Conservation Opportunity Areas (COAs) 
that integrate biodiversity value with management and conservation options.  That is, COAs are not only 
areas that reflect rare plant biodiversity value per the IPA B-Rank, but also levels of imperilment, 
urgency of management protection actions, and other opportunities such as funding and land 
ownership patterns. The COA boundaries will be based on the best estimate of the primary area 
supporting the long-term survival of targeted species within an IPA. COAs may include IPAs of a single 
occurrence of a rare plant, or a suite of rare element occurrences (e.g., it may also include other 
sensitive plants, animals, or plant communities). A COA is designed to identify a land area that can 

http://nhnm.unm.edu/nm_rare_plant_conservation_strategy
http://www.emnrd.state.nm.us/SFD/
http://nhnm.unm.edu/nm_rare_plant_conservation_strategy
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provide the habitat and ecological processes upon which a particular species population, or suite of 
species populations, depends for its continued existence. The best available knowledge about each 
species’ life history is used in conjunction with information about topographic, geomorphic, and 
hydrologic features; vegetative cover; and current and potential land uses. In developing the boundaries 
of a COA, a number of factors need to be considered, including, but not limited to: 

 
• Ecological processes necessary to maintain or improve existing habitat conditions; 

• Pollinators and pollinator habitat; 

• Seed dispersal and seed banking; 

• Maintenance of the hydrologic integrity of surface and ground water; 

• Land intended to buffer the COA against future changes in the use of surrounding lands; 

• Exclusion or control of invasive species; 

• Suitable habitat necessary for management or monitoring activities; 

• Coordination of other land use activities to the extent that they affect the integrity of the COA 

• Unoccupied but suitable habitat for population expansion. 

COA boundaries are meant to be used for conservation planning purposes and have no legal status. 
Proposed boundaries do not automatically recommend the exclusion of all activity. Rather, the 
boundaries designate ecologically significant areas in which land managers may wish to consider how 
specific land use activities or land use changes within or near the COA affect sensitive plant species and 
their habitats by focusing management activities on plant conservation.  COA boundaries do not 
necessarily include the entire range of a species. They indicate the immediate, and therefore most 
important area to be considered for protection. Final designation of and management responsibility for 
conservation areas lie with the land managers and owners. Designations could include Areas of Critical 
Environmental Concern (ACEC), Research and Natural Areas (RNA), Botanical Areas, Nature Preserves, 
Biological Preserves, and others.  Continued landscape-level conservation efforts that may be needed 
that extend far beyond COA boundaries. This involves regional efforts in addition to coordination and 
cooperation with private landowners, and tribal, state, and federal agencies. 
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Sivinski’s scorpionweed (Phacelia sivinskii) at the White Mesa IPA.                      © Daniela Roth 

 

 

 
Sawtooth/Datil IPA                                     © Daniela Roth  
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Figure 4.  Important Plant Areas of New Mexico and their Biodiversity Rank (NHNM 2017).  Detailed 
information for each IPA, including shape files, species lists, acreage, county, map of occurrence and an 
interactive are available online or on request to the Forestry Division 
(http://www.emnrd.state.nm.us/SFD/) .  

http://www.emnrd.state.nm.us/SFD/
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New Mexico stonecrop (Rhodiola integrifolia ssp. neomexicana)                     © Daniela Roth 

STRATEGY GOALS AND OBJECTIVES 
The overall goal of the New Mexico Rare Plant Conservation Strategy is to protect and conserve New 
Mexico’s rare and endangered plant species and their habitats through collaborative partnerships 
between stakeholders and interested parties to aid and improve the conservation and management of 
rare plant species and to avoid federal listing.  

Specific goals include: 

1. Inventory, monitor, and research Strategy Species to inform management and regulatory decisions 

2. Protect, manage, and restore Strategy Species and their habitats 

3. Improve data management, accuracy, storage, & dissemination 

4. Develop ex-situ conservation and recovery strategies and implement where appropriate 

5. Improve laws, regulations, and policies 

6. Improve collaboration, education, and outreach 

7. Improve funding, infrastructure, and rare plant programs 

Strategy goals are not listed in order of priority, but provide focus areas for conservation partners, 
depending on their abilities and expertise to participate in conservation actions.  Each goal contains a list 
of objectives with conservation actions and opportunities that will contribute to reaching the overall 
Strategy goal over the long term. The list of conservation actions and opportunities is dynamic and is 
expected to change over time as conservation actions are implemented and we gather more 
information on how to effectively manage and protect rare plants. Conservation actions and 
opportunities listed under each of the seven goals are not meant to be accomplished by any one agency 
or institution, but may be accomplished by the combination of efforts by any party interested in 
pursuing plant conservation, including land management agencies, regulatory agencies, academic 
institutions, NGOs, tribes, private land owners, local governments, volunteers, botanical gardens, and 
state government agencies, depending on ability and focus area. Successful implementation and 
conserving New Mexico’s native plant heritage is contingent upon adequate resources and funding to 
support the recommended conservation actions.  
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GOAL 1.  Inventory, Monitor, and Research Strategy Species to inform 
management and regulatory decisions 
Improve scientific understanding of distribution, natural history, and status through inventory, research, 
monitoring, and modeling to inform management and regulatory decisions and identify conservation 
actions needed. 

 

OBJECTIVE 1:  Inventory 
 

• Prioritize survey needs based on scorecard results, management and regulatory needs and 
recommendations of the NM Rare Plant Technical Council. 

• Conduct range-wide surveys to determine the status and distribution of Strategy Species. 
• Develop and provide survey guidelines and surveyors qualification standards through common 

website (see USFWS 2011 for example). 
• Provide training for Citizen Scientist to assist with survey needs. 
• Prepare status assessments to provide a sound scientific foundation for management and 

regulatory decisions. 
• Maintain and regularly update list of Strategy Species in coordination with land managers, the 

NMRPTC, NHNM, and other knowledgeable parties. 
 

OBJECTIVE 2: Monitor 
 

• Support and evaluate existing monitoring projects and establish new monitoring. 
• Prioritize monitoring needs based on threats, perceived declines, rarity, management and 

regulatory needs, utilizing the Plant Conservation Scorecard and NM Rare Plant Technical 
Council recommendations.   

• Determine types of monitoring needed to evaluate rare plant status (population trend, 
management response, threat response, reintroduction success, changes in habitat condition).  

• Develop standardized monitoring plans and reporting to document population trends and 
evaluate management effectiveness (see USFWS 2011 for example). 

• Provide monitoring plan samples and templates through common website (include 
management triggers for threat-based monitoring). 

• Provide training for Citizen Scientists to assist with monitoring needs. 
• Track population trends of the most rare and endangered species, based on NHNM ranks and 

scorecard results. 
• Track state-wide monitoring results in centralized database. 
• Update status through annual monitoring reports. 
• Develop management recommendations and actions in response to monitoring results. 
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OBJECTIVE 3: Research   
 

• Encourage and facilitate collaborations between land managers, regulators, and research 
institutions to address research needs and questions.  

• Prioritize research needs for each species (taxonomy, habitat requirements, population trends, 
seed banks, seed dispersal, pollinators, distribution, predation, threats, molecular ecology, soil 
chemistry and microbiology, etc.) based on Plant Conservation Scorecard, NMRPTC 
recommendations, management and regulatory needs, etc.   

• Work with researches and funders to encourage applied studies that support conservation 
research. 

• Focus on research that seeks to better understand how human activities, such as dust from 
energy development, Off-Road-Vehicle use, grazing, fires, or herbicide application impact rare 
and endangered plant species, and inform avoidance and mitigation of the impacts of these 
activities. 

• Conduct systematic and genetic research on those rare and endangered plants for which there 
are taxonomic questions (see Scorecard at 
http://nhnm.unm.edu/nm_rare_plant_conservation_strategy). 

• Support and conduct species-specific research to answer basic questions about the natural 
history of rare and endangered species, including their reproductive biology (e.g., pollination, 
breeding systems, and seed dispersal mechanisms), life history (e.g., seed banks, germination 
and establishment requirements), and ecology (e.g., edaphic or soil requirements, fungal and 
bacterial relationships), as well as other important ecological processes such as fire, or other 
disturbances needed for their survival. 

• Provide access to research findings through common website. 
 

OBJECTIVE 4: Predictive modeling for planning and evaluating management actions  
 

• Acquire ecological data layers, including geology, soils, climate, and vegetation data necessary 
to develop suitable habitat models for planning purposes and to help prioritize survey focal 
areas. 

• Develop predictive models to evaluate potential impacts of management activities and develop 
meaningful alternatives (including travel management, grazing, logging, herbicide application, 
mining, oil and gas development, prescribed fires, etc.). 

• Collect and compile data to develop population viability models to assess endangerment and 
management needs. 

 

  

http://nhnm.unm.edu/nm_rare_plant_conservation_strategy
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OBJECTIVE 5: Identify data gaps 
 

• Fill data gaps to improve knowledge of range, distribution, population size, condition, threats, 
and current status of Strategy Species based on Scorecard results (see Scorecard at 
http://nhnm.unm.edu/nm_rare_plant_conservation_strategy). 

 

GOAL 2. Protect, Manage, and Restore Strategy Species and their Habitats 
Secure on-the-ground, site-specific habitat protection, restoration, and/or management. 

 
OBJECTIVE 1: Minimize the impacts of land uses and threats to Strategy Species 
 

A. Project Planning 

• Incorporate information regarding the protection and management of rare and 
endangered plants into planning and authorization documents, including resource 
management plans, land use plans, fire management plans, recreation plans, 
transportation plans, and environmental assessments. 

• Involve stakeholders early in the planning and permitting process. 
• Avoid and/or minimize negative impacts to rare and endangered plants through the use 

of existing data and models in conjunction with field surveys, comprehensive planning, 
good siting, best management practices, and no surface occupancy or controlled surface 
occupancy stipulations for oil & gas leases (see Elliot et al. for example). 

• Provide best available data and botanical expertise to federal, state and tribal agencies, 
counties, and energy companies to guide decisions regarding use authorizations and 
development areas, including applications for drill permits, road construction, 
improvement and maintenance, prescribed fires, thinning projects, urban expansion, 
etc., to help avoid surface disturbance to rare plant occurrences. 

• Ensure that federal, state, tribal, and local transportation agencies are aware of the 
potential occurrence of rare and endangered plants in road maintenance areas and 
inform management prescriptions that involve mowing and/or herbicide use. 

• Develop survey protocols for all Strategy Species and standards for surveyor 
qualifications, based on USFWS guidance for New Mexico’s listed plants (see USFWS 
2011 for example). 

• Establish policies that incorporate survey protocols and surveyor qualifications in 
planning and permitting processes. 

• Make survey protocols and standards for surveyor qualifications available through 
common website. 

• Conduct field surveys for rare and endangered plants during the appropriate survey 
season to ensure maximum detection of rare and endangered plants in proposed project 
areas to facilitate proper planning. 

 

http://nhnm.unm.edu/nm_rare_plant_conservation_strategy
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B. Mitigation 

• Mitigate the loss or degradation of rare and endangered plant occurrences due to 
development activities. 

• Develop mitigations measures including minimization, avoidance, and compensatory 
measures (see 2016 BLM mitigation handbook H-1794-1 and  https://www.epa.gov/cwa-
404/compensatory-mitigation#facts for compensatory mitigation). 

• Develop Best Management Practices (BMPs) to minimize impacts to rare and endangered 
plants and work with land management agencies to implement them (oil and gas 
development, sustainable collection, grazing, weed management, mining, road 
maintenance, recreation, etc.; see Elliot et al. 2011 for examples). 

• Minimize the introduction and spread of invasive species in Important Plant Areas by 
working with the New Mexico Department of Agriculture, New Mexico Department of 
Transportation, weed management associations, and land managers.   

• Control and manage existing noxious weed populations to minimize impacts to rare and 
endangered plant occurrences and their habitats by working closely with federal, state, 
and county weed experts to develop Best Management Practices (see Mui and Panjabi 
2016 for example). 

• Monitor the impacts of control efforts, including impacts of biocontrol on other related 
species, working with the New Mexico Department of Agriculture. 

• Promote the use of locally adapted native seed in revegetation projects. 
• Eliminate the use of introduced restoration species. 
• Monitor rare and endangered plant occurrences that are potentially threatened by 

maintenance, resource management activities, or development projects. 
 

C. Conservation  

• Prioritize conservation actions for Strategy species based on the Scorecard, management 
and regulatory needs, trends, listing/agency status and funding availability.  

• Incorporate research and studies to fill key data gaps, inform mitigation/BMPs, and 
reduce conflicts between maintenance and resource development projects and rare and 
endangered plants.  Examples of needed research include pollination studies to inform 
buffer distances, rare plant habitat and threat modeling, climate change impacts, threat 
response monitoring, seed banking and seed dispersal mechanisms, herbicide 
application, competition with invasive species, impacts from recreation activities, 
prescribed burns, or secondary impacts such as dust deposition, habitat fragmentation, 
and erosion. 

• Ensure that, if possible, rare and endangered plants are incorporated into the New 
Mexico Oil Conservation Commission rules for wildlife, reclamation, and restoration. 

• Utilize existing funding sources more effectively and identify new sources of funding for 
habitat protection of rare and endangered plants at the federal, state, and local levels 
(U.S. Fish and Wildlife Service, Farm Bill, non-profit grants; etc.). 

• Direct federal funding (e.g., U.S. Fish and Wildlife Service, Farm Bill Programs) to address 
management needs (e.g., fencing of rare and endangered species on private lands). 

https://www.epa.gov/cwa-404/compensatory-mitigation#facts
https://www.epa.gov/cwa-404/compensatory-mitigation#facts
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• Develop and promote new incentives for private landowners to participate in plant 
conservation activities. 

• Encourage the purchase or transfer of development rights that would prioritize the 
conservation of rare and endangered plant habitat. 

 
 
OBJECTIVE 2: Determine priority habitats to focus resources for protection, management, and 

restoration 
 

A. Important Plant Areas 

• Evaluate distribution of plants statewide and develop a list and maps of Important Plant 
Areas for NM.   

B. Conservation Opportunity Areas 

• Develop Conservation Opportunity Areas (COAs) from Important Plant Areas. 
• Delineate meaningful, ecologically-based planning boundaries by describing methods and 

criteria for identifying COAs (i.e., intact landscapes, significant overlap w/high-quality 
rare plant occurrences and habitat, field visits to verify conditions, and integrate data for 
co-occurring species of concern and plant communities). 

C. Plant Conservation Areas 

• Establish permanent plant conservation areas from COAs, based on management 
directives and opportunities (Areas of Critical Environmental Concern (ACEC), Research 
Natural Areas (RNA), Botanical Areas, Conservation Easements, Natural Areas, Nature 
Preserves, Biological Preserves, etc.). 

• Develop stewardship/management plans for plant conservation areas, or incorporate 
specific management goals and objectives into Resource Management Plans and Land 
Use Plans.  

• Seek increased federal- and state-level funding for management of established plant 
conservation areas, including prescribed fires, livestock management, wood cutting, 
recreational activities, travel management, monitoring, and invasive species control. 
 

D. Seek on-the-ground protection for rare and endangered species and their habitats, working 
with land trusts and willing landowners using conservation easements and other protection 
tools. 

 

OBJECTIVE 3: Protection 
 

Facilitate protection of rare species on private and tribal lands.   
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• Provide information to private landowners, tribes, and local land trusts to get rare plants 
on the radar and increase protection.   

• Establish a list of federal programs to help private landowners receive compensation for 
their land protection actions (ex: USFWS Recovery Land Acquisition Program (Section6), 
USFWS Partners Program, NRCS Conservation Programs). 

• Promote tax credits to private landowners for the donation of conservation easements 
established for the protection of rare plants through the NM Land Conservation 
Incentives Act.    

• Provide a page of links to resources available through common website. 
 

OBJECTIVE 4: Habitat management and restoration 
 

A. Conservation Action and Implementation Plans  
 

• Develop and implement Conservation Action Plans, including measurable goals and 
objectives, for each Strategy species, or groups of Strategy species. 

• Incorporate ex-situ conservation measures  
• Incorporate recovery actions if needed 
• Prioritize species based on scorecard and management goals. 
• Involve multiple partners in planning. 

 
 
 

B. Coordinate planning efforts for Conservation Opportunity Areas  
 

• Identify areas of overlap and opportunities for collaboration with State Wildlife Action   
Plan (SWAP), the State Forest Action Plan (Statewide Natural Resources Assessment and 
Strategy and Response Plan), and federal resource management plans.  
 

C. Identify barriers and opportunities for management and restoration. 
 

D. Restore impacted or degraded habitats working collaboratively with other agencies, tribes, 
organizations, and private landowners. 

 
E. Develop resources for restoration, enhancement, and management of rare and endangered 

plants and their habitats 
 
• Provide a supply of genetically and ecologically appropriate native seed for habitat 

restoration, including nectar species for pollinators. 
• Consider soil biota conditions and plan restoration practices to take these into account or 

adjust for them. 
• Expand literature base and expert knowledge to develop best restoration and management 

practices for each species. 
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• Provide literature base and native seed distributor list via links and downloads through 
common website. 
 

F. Build flexibility into proposals and plans to allow for adaptive management. 
 

G. Provide Best Management Practices for development and maintenance projects within the 
habitat of rare plants (see Panjabi and Smith 2014 and Crane 2006 for examples). 

H. Provide a list of unacceptable management and mitigation practices, including transplanting, 
using introduced species for restoration and revegetation, using herbicides in rare and 
endangered plant habitats, etc. 

 

GOAL 3.  Improve Data Management, Storage, and Dissemination 
Improve scientific understanding of rare plant distribution, abundance, and status through coordinated 
data management  
 
OBJECTIVE 1: Establish and maintain a NM Rare Plant Conservation Strategy Species List and data 

repository 
 

• Maintain and update the NHNM database to build a central repository for all information on 
Strategy species in New Mexico to assure consistent and up-to-date rankings, including 
detailed justifications for ranking, using current NatureServe methodology.  

• Add new data to the NHNM database, obtained from herbaria (SEINet), land management 
agencies, consultants, the Division, and other knowledgeable parties. 

• Review species list as needed with the NMRPCS partners, the NM Rare Plant Technical 
Council (NMRPTC), and other experts to update the Plant Conservation Scorecard.  

• Regularly update status ranks of Strategy Species as new data becomes available. 
• Seek funding to support a web page to disseminate Strategy content from NHNM database. 

 

OBJECTIVE 2: Improve data management capabilities to better prioritize species and focus habitat 
protection and restoration. 

 

• Engage stakeholders. Provide outreach and training to facilitate input of rare plant 
information to the NHNM’s web-enabled database 
(https://nhnm.unm.edu/data/contribute_data) 

• Work with funders of conservation, research, and survey projects to require data be entered 
into the NHNM web-enabled database. 

• Provide up-to-date species data on status, abundance, distribution, and threats to land 
managers and regulatory agencies for status evaluations and land-use and project planning.  

• Secure funding for NHNM from partner agencies to maintain and update the database of rare 
plant occurrences and threats.  

https://nhnm.unm.edu/data/contribute_data
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• Seek base funding for NHNM through State government. 
 

GOAL 4.  Develop Ex-situ Conservation and Recovery Strategies and 
Implement where Appropriate 

 

OBJECTIVE 1: Collect seeds and other plant materials for long-term ex-situ conservation and 
restoration purposes. 

 

A. Identify species already in long-term storage and those with collection needs from Strategy 
Species list.  

B. Prioritize species to be collected based on conservation urgency and management needs. 

C. Provide Citizen Science opportunities for trained volunteers to collect seed and assist with 
propagation and restoration projects (including schools), working closely with an agency or 
conservation organization.  

D. Develop seed collection protocols for each species. 

• Follow and adapt procedures in the Genetic Sampling Guidelines for Conservation 
Collections of Endangered Plants by Center for Plant Conservation (Falk et al. 1991; 
Guerrant et al. 2004) for sampling within a location to represent genetic diversity and 
ensure that associated data are recorded. 

• Evaluate initial seed quality to help predict storage behavior. Periodically monitor 
viability during storage. 

• Update or replenish collections. Determine a timeline for initial and subsequent 
collections.  

• Store seeds at a Center for Plant Conservation participating institution, National Center 
for Germplasm Preservation, BLM and Forest Service plant propagation centers, etc. 

• Collect voucher specimens for species for which seeds are collected and deposit 
vouchers in New Mexico herbaria participating in SEINET 
(http://swbiodiversity.org/seinet/index.php) . 

• Make seed collection protocols available through common website and share with the 
Center for Plant Conservation and stakeholders. 
 

E. Develop propagation and storage protocols for taxa lacking viable seed sources (tissue 
culture and cryopreservation). 

 

OBJECTIVE 2: Determine species’ propagation needs.   
 

• Assess feasibility and appropriateness of propagation.  

http://swbiodiversity.org/seinet/index.php
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• Determine knowledge gaps regarding propagation.  
• Develop standardized germination protocols for all species collected to be readily 

available when seeds need to be germinated for conservation or restoration purposes. 
• Develop propagation protocols and make them available through common website and 

share with CPC and stakeholders. 
• Identify nurseries, botanical gardens, and other propagation facilities qualified to 

produce rare plant materials, if needed for restoration purposes. 
 

OBJECTIVE 3: Augment and reintroduce rare and endangered plants where appropriate. 
 

A. Ensure appropriate agency authorizations are acquired prior to planning and implementing 
restoration and augmentation activities. 

B. Develop reintroduction plans that include detailed documentation, maps, experimental 
design, planting locations, number of plants introduced, source of plant materials, and a 
monitoring plan. Consult existing reintroduction guidelines (Guerrant 1996; Vallee et al. 
2004; Maschinski et al. 2012b; IUCN 2013). 

C. Evaluate site criteria, including molecular ecology where appropriate (i.e., habitat quality 
and species diversity, protected site; Maschinski et al 2012a). 

D. Work with land managers or landowners to create a stewardship plan. 

E. Remove threats and conduct restoration as needed to ensure stable habitat prior to rare 
plant introductions.  

F. Monitor augmented and reintroduced sites.  

• Establish a long-term monitoring plan, including measures of success. 
• Provide annual reports following standard scientific reporting protocols, including 

introduction, methods, results, conclusion and recommendations 
• Provide monitoring reports to funding agency and stakeholders, and make publicly 

available through common website. 
 

 

GOAL 5.  Improve Laws, Regulations, and Policies 
Improve, develop and implement laws, regulations, and program policies to enhance the conservation of 
New Mexico’s rare and endangered plants in cooperation with public land managers, private 
landowners, tribes, and other interested stakeholders.   
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OBJECTIVE 1:  Identify regulatory mechanisms utilized in other states that would strengthen 
protection of endangered plants in New Mexico. 

 

OBJECTIVE 2: Improve existing NM State endangered plant law and develop policies needed to 
increase protection for state listed endangered plants.  

 

Work with elected officials and partners to improve the state statute to  

• Update and improve the criteria and process by which the Division identifies and designates 
the Endangered Plant List, utilizing the best available science. 

• Include a variety of mechanisms and resources to protect state listed endangered plants 
(avoidance, mitigation, environmental assessments and reviews, etc.). 

• Establish an environmental review process or add state listed endangered plants to the existing 
State review process (NMDGF). 
 

OBJECTIVE 3: Develop a programmatic framework that facilitates due diligence from federal, state, 
tribal, and local government entities emphasizing collaboration to guide the 
conservation of endangered plants with the goal of precluding federal listing. 

 

• Involve federal agencies in rare plant conservation and provide input on federal government 
actions that may negatively impact state listed endangered plant species. Ensure that the state 
list meets existing federal thresholds for recognition of state interests. Including the State 
Endangered Plant list will result in enhanced federal analysis of actions that may jeopardize the 
viability of all state listed species (not solely federally listed species) and will trigger 
consideration of alternatives that could avoid damaging populations of state-designated plants.  

• Facilitate state land management agency (State Lands Office, State Parks, NM Mining and 
Minerals Division, and NM Department of Transportation) involvement in rare plant 
conservation and influence management actions that may negatively impact state listed 
endangered plant species (including the use of introduced species for reclamation and 
restoration purposes).  

• Require an analysis of state listed endangered plant species and their habitat (through an 
established environmental review process) when operations performed by state agencies may 
impact species viability, and consideration of alternatives that will emphasize avoidance of 
sensitive species populations. This process is intended to ensure that state agencies conduct 
their operations and carry out their responsibilities with the full knowledge and consideration 
of any designated rare plant population that may be affected. 

• Ensure that state agencies with regulatory responsibility over oil and gas, minerals, water, and 
other natural resources, or agricultural operations, consider the impacts of regulated activities 
on state listed endangered plant species via an established, but streamlined environmental 
review process. This process is intended to ensure that state regulatory agencies carry out their 
responsibilities with the knowledge and consideration of any designated state listed 
endangered plant population that may be affected.  
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• Engage tribes, local governments, and private landowners through a non-regulatory and 
service-oriented program that encourages stewardship of rare plants.  

o Offer technical and financial resources including assistance with the identification of 
rare plants, management recommendations (e.g., BMPs), and small grants on a cost-
share and/or direct assistance basis as incentives for good stewardship.  

o Consider tax breaks for conservation actions. 

• Work collaboratively with industry, academic, land management, conservation, and other non-
governmental partners to evaluate landscape scale threats to state listed endangered plant 
populations and identify measures and practices that could be implemented in a cost-effective 
and practical manner to mitigate negative impacts. 

 

  

GOAL 6.  Increase Collaboration, Education, and Outreach 
Work with conservation partners and engage the public through education and outreach to promote 
stewardship and conservation of New Mexico’s rare plants. 

 

OBJECTIVE 1: Collaboration 
 

A. Develop and expand partnerships  

• Engage wide range of conservation partners and collaborators throughout New Mexico 
in Strategy development and implementation. 

• Disseminate and publicize the Strategy to all stakeholders. 
• Offer training on implementation of the Strategy, matching Strategy objectives and 

action items with stakeholder expertise and capacity. 
• Promote communication and collaboration between private and public land managers, 

regulatory agencies, academic institutions, NMRPTC, botanists and other stakeholders. 
Coordinate research and conservation efforts and implement Strategy by sharing data, 
status information, research needs, data gaps, best management practices, survey 
protocols, propagation, and introduction protocols through New Mexico Rare Plant 
Conservation Partnership meetings, a ListServ, social media sites, and the Division, 
NHNM and NMRPTC websites, the common Strategy website, and Strategy appendices.  

• Collaborate and encourage academic institutions to focus taxonomic research on rare 
plants. 

• Encourage New Mexico botanical gardens and parks to become participating institutions 
to promote the ex-situ conservation of New Mexico’s rare and endangered plants 
through living collections, seed collection, storage, research and outreach. 
 

B. Provide a vehicle for NMRPC partners to establish formal relationships, and pool resources 
and funding to support rare plant conservation actions through cooperative agreements, 
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Memorandums of Understanding, etc. (see Cooperative Ecosystem Studies Units (CESU), Plant 
Conservation Alliance, Laukahi Network, Hawaii, UT Interagency Rare Plant Team, Native Plant 
Conservation Campaign, etc.).  

 

OBJECTIVE 2: Education and Outreach 
 

A. Update and improve existing NMRPTC website, or establish a new common website to 
facilitate information exchange on rare plants (Plant Conservation Scorecard, status reports, 
propagation information, survey guidelines, scorecard, links to other websites, funding 
opportunities, volunteer opportunities, job opportunities, best management practices, new 
publications, map of important plant areas, etc.) 

B. Publish a book on New Mexico rare plants (this could be an online book and/or app for use on 
mobile devices.) 

C. Provide rare plant identification and survey training to agency biologists and biological 
technicians, consultants, volunteers, and other interested parties. 

D. Develop survey standards and guidelines to promote consistency and accuracy in data 
collection and documentation of rare plant occurrences. 

E. Support and expand rare plant exhibits to increase public awareness and support at the 
Albuquerque and Santa Fe Botanical Gardens and Living Desert State Park in Carlsbad. 

F. Develop and distribute educational materials about rare and endangered plants, including 
brochures, apps, booklets, interpretive signs and posters, presentations, rare plant workshops 
and trainings. 

G. Citizen Science 

• Engage groups that might be interested in citizen science programs (i.e., Master 
Gardeners, NMNPS, schools, museums, Wilderness Alliance, Audubon Society, Sierra 
Club, etc.). 

• Research and develop a collaborative, partner-supported citizen science program with a 
coordinator position (e.g., Denver Botanical Garden, Colorado Natural Areas Program, 
California Native Plant Society Rare Plant Treasure Hunt, University of Washington Rare 
Plant Care and Conservation, New England Plant Conservation Program (New England 
Wildflower Society), Central Arizona Conservation Alliance, etc.). 

• Provide training to volunteers (rare plant surveys and bio-blitzes, monitoring, seed 
collection, phenology networks, restoration projects, etc.). 
 

H. Youth Programs 

• Engage youth through incorporating conservation education into the science 
curriculum. 
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• Promote summer outdoor education programs through hands-on projects (surveys, 
monitoring, restoration projects), presentations, field trips and stewardship projects. 

• Provide training and educational materials to teachers and Youth Conservation Corps 
crews. 

I. Develop, support, and advertise incentives for private landowners. Support and promote 
programs that assist private landowners in protecting and managing rare and endangered 
plants on their lands, such as the Farm Bill, USFWS Partners Program, and the New Mexico 
Land Conservation Incentives Program. 

J. Present plant conservation awards annually to recognize and reward landowners, land 
managers, and others for good stewardship of rare and endangered plants and their habitats 
with annual Plant Conservation Awards, working with the NM Native Plant Society. 

 

GOAL 7.  Improve Funding, Infrastructure, and Rare Plant Programs 
 

OBJECTIVE 1: Support and expand the NM State Forestry Endangered Plant Program 
 

• Obtain consistent long-term funding for the Endangered Plant Program to increase and support 
staff, enable education and outreach, create private landowner incentives and direct assistance, 
and facilitate research and genetic conservation efforts such as seed bank storage and ex-situ 
conservation. 

• Improve and expand existing state laws protecting state listed endangered plants 
• Provide environmental reviews for projects impacting state listed endangered plants. 
• Provide baseline information through inventories and status assessments of New Mexico’s rare 

and endangered plants. 
• Maintain and update the NM State Endangered Plant List on a regular basis. 
• Monitor population trends of State Listed Endangered Plants and reintroduction sites. 
• Carry out and evaluate recovery objectives. 
• Provide leadership, coordination, and technical expertise supporting the conservation of New 

Mexico’s rare and endangered plants. 
• Collaborate with academic institutions, botanical gardens, government agencies, and other 

stakeholders to research taxonomic uncertainties.  
 

OBJECTIVE 2: Facilitate the development of rare plant programs in other agencies, tribes, non-
governmental organizations, or institutions. 

 

• Initiate a dialog between the Strategy partners and land managers to formally adopt the 
Strategy through cooperative agreements, Memorandum of Understandings, Standard 
Operating Procedures, planning documents, and the development of Best Management 
Practices. 
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• Promote the benefits of proactive rare plant conservation to land managers. 
• Engage the public and nongovernment organizations to provide comments on plant 

conservation needs during land use planning revisions. 
• Seek funding to promote ex-situ conservation programs through botanical gardens. 
• Hire botanists in state and federal agencies to guide and support management and conservation 

of rare and endangered plants. 
• Encourage the hiring of botanists in tribal natural resources departments, academic institutions, 

and conservation organizations. 
 

 

 

Warnock’s ragwort (Senecio warnockii)       © Daniela Roth 
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STRATEGY IMPLEMENTATION AND MEASURES OF SUCCESS  
 

Achieving conservation of New Mexico’s most rare and endangered plant species means that they are 
adequately protected, with low threats and high viability, and active recovery for high priority species.  
Implementation of recommended conservation actions will be an ongoing process and will largely 
depend on funding. The New Mexico Rare Plant Conservation Partnership will hold regular meetings to 
address the success of the implementation of the Strategy and discuss conservation success and 
updates, conservation needs and priorities, funding availability and opportunities, and shared research 
opportunities (monitoring, surveys, seed collections, and volunteer opportunities).  

Tracking progress and evaluating the effectiveness of conservation actions will provide the feedback 
needed to adjust priorities and objectives. Measuring results provides the basis for adaptive 
management in this conservation approach.  Success indicators are proposed below.   
 
The NMRPCP will evaluate the status of rare and endangered plants in New Mexico every five years by 
tracking changes using three primary status indicators: 
 
1. Baseline Information 

• Number of species surveys & inventories funded and status reports completed 
• Number of species moved from Scorecard lists B and C to Scorecard List A (i.e. data gaps filled) 
• Number of Strategy species moved to D list 
• Number of species with established trend monitoring sites, monitoring plans and monitoring 

reports completed 
 

2. Protection/Conservation Status 
• Number of IPAs considered by land managers as Conservation Opportunity Areas 
• Number of Conservation Areas established from COAs 
• Number of conservation action/projects completed 
• Number of Strategy species with conservation plans 
• Improved protection of state listed plants through state legislation 
• Increased funding for statewide rare plant conservation programs, projects, and staff  
• Number of new botanists hired throughout New Mexico 

 
3. Viability Status 

• Number of rare and endangered plants ranked effectively conserved (Scorecard). 
• Number of rare and endangered plants with ex-situ collections (seed banked). 
• Number of plants with low threat ranks 
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Lee’s pincushion cactus (Escobaria sneedii var. leei).                              © Daniela Roth  

 

CONCLUSION AND RECOMMENDATIONS 
 

The New Mexico Rare Plant Conservation Strategy outlines what needs to be accomplished to ensure 
the conservation of New Mexico’s most rare and endangered plants and their habitats over the next ten 
years. It is an adaptive strategy that is intended to be updated as more data becomes available, 
conservation strategies are implemented, and conservation status changes over time.   
Accomplishing the conservation objectives and actions outlined in this Strategy will ensure the long-
term survival of these rare species and their habitats. However, the NM Rare Plant Conservation 
Strategy Partners recognize that increased botanical capacity in the land management agencies, 
resources, and long-term funding mechanisms are essential for effective implementation of this 
Strategy. It is imperative that the state and its partners develop funding strategies and mechanisms to 
support the conservation objectives and to accomplish these essential conservation actions.  
 

Priority Conservation Actions and Recommendations 
To help focus and direct implementation of the Strategy, the NMRPCSP identified ten priority actions 
needed to set the stage for plant conservation in New Mexico: 
 
 Establish a list of conservation priority species and conservation actions needed (scorecard). 

 Collect baseline information for species identified on the Plant Conservation Scorecard B and C lists 
as lacking information to effectively evaluate their conservation status (inventory, monitoring, 
research). 

 Provide maps of New Mexico’s Important Plant Areas to land managers and conservation groups to 
help identify and prioritize potential Conservation Opportunity Areas. 

 Support the analysis and delineation of targeted Conservation Opportunity Areas as the foundation 
for plant conservation action. 
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 Provide botanical expertise within land management agencies through staffing, funding, data 
management, volunteers, to implement conservation directed management. 

 Work with public agencies to collect and share best available data, develop and implement best 
management practices, and pursue special designations for rare and endangered plants and their 
habitats. 

 Improve data management (maintain and update a central database). 

 Establish a website to use as a one-stop place for all things rare plants NM (rare plant information, 
including survey and monitoring guidelines, Plant Conservation Scorecard, Important Plant Areas 
map, best management practices, mitigation measures, funding sources, monitoring and survey 
reports, publications, links, recommended literature, volunteer opportunities, etc.). 

 Take conservation actions toward recovery of rare and endangered species, including seed banking, 
population augmentation and introductions, updating recovery plans, developing recovery 
strategies and conservation plans and habitat protections. 

 Generate a prioritized research list to guide project proposals by organizations and graduate 
students searching for potential research projects. 

 

 
Mogollon death camas (Anticlea mogollonensis), Whitewater-Baldy IPA.                 © Daniela Roth 
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APPENDIX A. Strategy Species List (detailed Scorecard results available at: 
http://nhnm.unm.edu/botany/nm_rare_plant_conservation_strategy) 

SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Abronia bigelovii G3 S2 SOC SOC S S 
 

Under Conserved B 

Acarospora 
clauzadeana 

G1G
2 

S1 SOC SOC 
   

Weakly Conserved C 

Agalinis calycina G1 S1 SOC SOC 
   

Weakly Conserved A 

Agastache cana G4 S3 SOC SOC 
   

Under Conserved B 

Agastache 
mearnsii 

G3? S2 SOC SOC 
   

Moderately 
Conserved 

A 

Agastache pringlei 
var. verticillata 

G3G
4T2 

S2 SOC SOC 
   

Moderately 
Conserved 

A 

Aliciella cliffordi G1 S1 SOC SOC 
   

Weakly Conserved A 

Aliciella formosa G2 S2 E SOC S 
 

Gp 4 Under Conserved B 

Allium gooddingii G4 S2 E SOC 
 

S Gp 3 Weakly Conserved A 

Amsonia fugatei G2 S2 SOC SOC S 
  

Moderately 
Conserved 

A 

Amsonia tharpii G1 S1 E SOC S 
  

Weakly Conserved A 

Anticlea 
mogollonensis 

G3 S1 SOC SOC 
 

S 
 

Weakly Conserved A 

Anulocaulis 
leiosolenus var. 
gypsogenus 

G4 S4 SOC SOC S 
  

None D 

Anulocaulis 
leiosolenus var. 
howardii 

G4T2 S1 SOC SOC 
   

Under Conserved B 

Apacheria 
chiricahuensis 

G2 S2 SOC SOC 
   

None D 

Aquilegia 
chrysantha var. 
chaplinei 

G4T2 S2 SOC SOC S S 
 

Effectively 
Conserved 

A 

http://nhnm.unm.edu/botany/nm_rare_plant_conservation_strategy
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Argemone 
pinnatisecta 

G2 S2 E LE 
   

Weakly Conserved A 

Asclepias ruthiae G3G
4 

S1 SOC SOC 
   

None D 

Asclepias 
sanjuanensis 

GNR S2S3 SOC SOC S 
 

Gp 4 Under Conserved B 

Asclepias uncialis G3G
4 

S2S3 SOC SOC 
 

S 
 

Weakly Conserved A 

Astragalus 
accumbens 

G3 S3 SOC SOC 
 

S 
 

Under Conserved B 

Astragalus altus G2 S2 SOC SOC 
 

S 
 

Under Conserved B 

Astragalus 
castetteri 

G3 S3 SOC SOC 
   

Moderately 
Conserved 

A 

Astragalus 
chuskanus 

G3 S3 SOC SOC 
   

Under Conserved B 

Astragalus 
chuskanus var. 
spellenbergii 

G3T2 S1 SOC SOC 
   

Weakly Conserved C 

Astragalus 
cliffordii 

GNR S1 SOC SOC 
   

Under Conserved B 

Astragalus 
cobrensis var. 
maguirei 

G4T1 S1 SOC SOC S S 
 

Weakly Conserved C 

Astragalus 
cyaneus 

G4 S4 SOC SOC 
   

Under Conserved B 

Astragalus feensis G3 S3 SOC SOC 
   

Under Conserved B 

Astragalus 
gypsodes 

G2 S2 SOC SOC S 
  

Under Conserved A 

Astragalus heilii G1? S1 SOC SOC 
  

Gp 4 Weakly Conserved A 

Astragalus 
humillimus 

G1 S1 E LE 
  

Gp 2 Under Conserved A 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Astragalus 
humistratus var. 
crispulus 

G4G
5T3? 

S2 SOC SOC 
 

S 
 

Under Conserved B 

Astragalus 
iodopetalus 

G2 S2S3 SOC SOC 
   

Moderately 
Conserved 

A 

Astragalus kerrii G2 S2 SOC SOC 
 

S 
 

Weakly Conserved B 

Astragalus knightii G2 S2 SOC SOC S 
  

Under Conserved B 

Astragalus 
micromerius 

G3 S2S3 SOC SOC 
 

S 
 

Under Conserved B 

Astragalus 
missouriensis var. 
humistratus 

G5T1 S1 SOC SOC 
 

S 
 

Under Conserved B 

Astragalus 
monumentalis var. 
cottamii 

G4T4 S3 SOC SOC 
   

Under Conserved B 

Astragalus 
naturitensis 

G2G
3 

S2 SOC SOC 
  

Gp 3 Under Conserved B 

Astragalus 
neomexicanus 

G3 S3 SOC SOC 
   

Under Conserved B 

Astragalus 
nutriosensis 

G3? SNR SOC SOC 
   

Under Conserved B 

Astragalus 
oocalycis 

G4 S3 SOC SOC 
   

Under Conserved B 

Astragalus 
puniceus var. 
gertrudis 

G4T3
?Q 

S3? SOC SOC 
   

Under Conserved B 

Astragalus ripleyi G3 S3? SOC SOC S S 
 

Weakly Conserved B 

Astragalus siliceus G3 S3 SOC SOC 
   

Under Conserved B 

Astragalus 
waterfallii 

G3? S2 SOC SOC 
   

Under Conserved B 

Astragalus 
wittmannii 

G3 S3 SOC SOC 
 

S 
 

Under Conserved B 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Atriplex griffithsii G2G
3 

S2 SOC SOC 
   

Weakly Conserved A 

Boechera zephyra G2 S2 SOC SOC 
   

Weakly Conserved C 

Calochortus 
gunnisonii var. 
perpulcher 

G5T4
? 

S4? SOC SOC 
 

S 
 

Under Conserved B 

Carex amplifolia G4 S1 SOC SOC 
   

None D 

Carex ultra G3? S3? SOC SOC 
 

S 
 

Effectively 
Conserved 

A 

Castilleja 
organorum 

G2 S2 SOC SOC 
   

Under Conserved B 

Castilleja ornata G1 S1 SOC SOC 
   

Weakly Conserved C 

Castilleja 
tomentosa 

G1 S1 SOC SOC 
   

Weakly Conserved C 

Chaetopappa 
hersheyi 

G3 S3 SOC SOC 
   

Moderately 
Conserved 

A 

Cirsium gilense G3G
5Q 

S2 SOC SOC 
 

S 
 

Effectively 
Conserved 

A 

Cirsium inornatum G3 S3 SOC SOC 
   

Weakly Conserved B 

Cirsium vinaceum G2 S1 E LT 
   

Weakly Conserved A 

Cirsium wrightii G2 S2 E C S S 
 

Weakly Conserved A 

Cladium 
californicum 

G4 S1 SOC SOC 
   

None D 

Cleome multicaulis G2G
3 

SH E SOC 
   

Weakly Conserved C 

Coryphantha 
robustispina ssp. 
scheeri 

G4T3 S2 E SOC 
   

Weakly Conserved B 

Coryphantha 
robustispina var. 
uncinata 

G4T
UQ 

S1 SOC SOC 
   

None D 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Crataegus 
wootoniana 

G2 S2 SOC SOC 
 

S 
 

Weakly Conserved A 

Cuscuta warneri GH S1 SOC SOC 
   

Under Conserved B 

Cylindropuntia 
viridiflora 

G1Q S1 E SOC S 
  

Under Conserved A 

Cymopterus 
davidsonii 

G2 S2 SOC SOC 
   

Weakly Conserved C 

Cymopterus 
spellenbergii 

G2 S2 SOC SOC 
   

Under Conserved B 

Cypripedium 
parviflorum var. 
pubescens 

G5T5 S2? E SOC 
 

S Gp 4 Effectively 
Conserved 

A 

Dalea scariosa G4 S4 SOC SOC 
   

Under Conserved B 

Delphinium 
alpestre 

G2 S2? SOC SOC 
 

S 
 

Under Conserved B 

Delphinium 
novomexicanum 

G2 S2 SOC SOC 
   

Weakly Conserved A 

Delphinium 
robustum 

G2G
3 

S2 SOC SOC 
 

S 
 

Weakly Conserved C 

Delphinium 
sapellonis 

G4? S4? SOC SOC 
   

Weakly Conserved B 

Dermatophyllum 
guadalupense 

G1T1 S1 SOC SOC S S 
 

Weakly Conserved C 

Desmodium 
metcalfei 

G3G
4 

S3? SOC SOC 
 

S 
 

Weakly Conserved C 

Draba heilii G2? S2? SOC SOC 
 

S 
 

Weakly Conserved C 

Draba henrici G1 S1 SOC SOC 
   

Weakly Conserved C 

Draba 
mogollonica 

G3 S3 SOC SOC 
   

Weakly Conserved B 

Draba smithii G2 S1 SOC SOC 
   

Weakly Conserved C 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Draba standleyi G2G
3 

S2 SOC SOC 
   

Under Conserved B 

Echinocereus 
fendleri var. 
kuenzleri 

G4G
5T1T
2Q 

S2 E LE 
   

Weakly Conserved B 

Echinocereus x 
roetteri 

GNA SNA SOC SOC S 
  

None D 

Epipactis gigantea G4 S2? SOC SOC 
   

None D 

Ericameria 
nauseosa var. 
texensis 

G5T3 S2 SOC SOC 
 

S 
 

Effectively 
Conserved 

A 

Erigeron 
acomanus 

G1G
2 

S1S2 SOC SOC S 
 

Gp 3 Effectively 
Conserved 

A 

Erigeron hessii G1 S1 E SOC 
 

S 
 

Weakly Conserved A 

Erigeron 
rhizomatus 

G2 S1 E LT 
  

Gp 2 Weakly Conserved A 

Erigeron rybius G3 S3 SOC SOC 
   

None D 

Erigeron 
scopulinus 

G3? S3? SOC SOC 
   

Effectively 
Conserved 

A 

Erigeron sivinskii G2 S2 SOC SOC 
 

S Gp 4 Weakly Conserved B 

Erigeron 
subglaber 

G3 S1 SOC SOC 
 

S 
 

Under Conserved B 

Eriogonum 
aliquantum 

G3 S3 SOC SOC 
   

Under Conserved B 

Eriogonum 
gypsophilum 

G1 S1 E LT 
   

Weakly Conserved A 

Eriogonum 
lachnogynum var. 
colobum 

G4?T
2 

S2 SOC SOC 
   

Weakly Conserved A 

Eriogonum 
lachnogynum var. 
sarahiae 

G4?T
1 

S1 SOC SOC 
  

Gp 4 Weakly Conserved C 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Eriogonum 
wootonii 

G5T2 S2 SOC SOC 
   

None D 

Eryngium 
sparganophyllum 

G1G
2 

SH SOC SOC 
   

Weakly Conserved C 

Escobaria duncanii G3T1
T2 

S1 E SOC S 
  

Under Conserved A 

Escobaria 
guadalupensis 

G1 S1 SOC SOC 
   

Weakly Conserved C 

Escobaria orcuttii G3? S3 SOC SOC 
   

Moderately 
Conserved 

A 

Escobaria orcuttii 
var. koenigii 

G3T2 S1 SOC SOC 
   

Weakly Conserved C 

Escobaria 
organensis 

G2 S2 E SOC 
   

Moderately 
Conserved 

A 

Escobaria 
sandbergii 

G2 S2 SOC SOC 
   

Moderately 
Conserved 

A 

Escobaria sneedii 
var. leei 

G2G
3QT2

Q 

S2 E LT 
   

Weakly Conserved A 

Escobaria sneedii 
var. sneedii 

G2G
3QT2

Q 

S2 E LE 
   

Effectively 
Conserved 

A 

Escobaria villardii G2Q S2 E SOC S S 
 

Under Conserved B 

Euphorbia 
rayturneri 

G1 S1 SOC SOC 
   

Weakly Conserved A 

Euphorbia strictior G3 S3 SOC SOC 
   

Under Conserved B 

Eurybia horrida G2? S3 SOC SOC 
   

None D 

Fissidens littlei G1? S1 SOC SOC 
   

Under Conserved B 

Geranium 
dodecatheoides 

G2 S2 SOC SOC 
 

S 
 

Weakly Conserved C 

Grindelia arizonica 
var. neomexicana 

G4T3
? 

SNR SOC SOC 
   

Weakly Conserved B 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Grindelia 
decumbens var. 
subincisa 

G4T3
? 

S3? SOC SOC 
   

None D 

Grindelia havardii G4 S3? SOC SOC 
   

None D 

Hackelia hirsuta G4 S4 SOC SOC 
   

Weakly Conserved B 

Hedeoma 
apiculata 

G3 S3 SOC SOC 
   

Effectively 
Conserved 

A 

Hedeoma 
pulcherrima 

G2 S2 SOC SOC 
   

Under Conserved B 

Hedeoma todsenii G2 S2 E LE 
   

Weakly Conserved A 

Helianthus 
arizonensis 

G4? SNR SOC SOC 
 

S 
 

Weakly Conserved C 

Helianthus 
paradoxus 

G2 S2 E LT 
   

Moderately 
Conserved 

A 

Helianthus 
praetermissus 

GHQ SH SOC SOC 
   

Weakly Conserved C 

Heuchera 
glomerulata 

G3 
 

SOC SOC S 
  

None D 

Heuchera 
pulchella 

G2 S2 SOC SOC 
 

S 
 

Moderately 
Conserved 

A 

Heuchera 
woodsiaphila 

G1 S1 SOC SOC 
 

S 
 

Weakly Conserved C 

Heuchera 
wootonii 

G3Q S3 SOC SOC 
 

S 
 

Moderately 
Conserved 

A 

Hexalectris 
arizonica 

G5T2
T4 

S2 SOC SOC 
 

S 
 

Under Conserved B 

Hexalectris 
colemanii 

G2T2 S1 SOC SOC 
   

Weakly Conserved C 

Hexalectris nitida G3 S1 E SOC 
   

Weakly Conserved C 

Hexalectris 
revoluta 

G2 S1 SOC SOC 
 

S 
 

Weakly Conserved C 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Hieracium 
brevipilum 

G3 S2 SOC SOC 
 

S 
 

Moderately 
Conserved 

A 

Hymenoxys 
ambigens var. 
neomexicana 

G3?T
2 

S2 SOC SOC 
   

Under Conserved B 

Hymenoxys 
brachyactis 

G3 S3 SOC SOC 
   

Under Conserved B 

Hymenoxys vaseyi G2 S2 SOC SOC 
   

Weakly Conserved C 

Ionactis elegans G2 S2 SOC SOC 
 

S 
 

Moderately 
Conserved 

A 

Ipomopsis 
congesta ssp. 
matthewii 

G5T3 SNR SOC SOC 
   

None D 

Ipomopsis sancti-
spiritus 

G1 S1 E LE 
   

Under Conserved A 

Justicia wrightii G2 S1 SOC SOC 
   

Under Conserved B 

Lepidospartum 
burgessii 

G2 S1 E SOC S 
  

Weakly Conserved A 

Leucosyris 
blepharophylla 

G1 SH SOC SOC 
   

Weakly Conserved C 

Lilium 
philadelphicum 
var. andinum 

G5T4
T5 

S3? E SOC 
 

S 
 

Effectively 
Conserved 

A 

Limosella 
pubiflora 

G1Q S1 SOC SOC 
 

S 
 

Weakly Conserved C 

Linum allredii G1G
2 

S1S2 SOC SOC S 
  

Weakly Conserved C 

Lorandersonia 
microcephala 

G2 S2 SOC SOC 
   

Under Conserved B 

Lupinus sierrae-
blancae 

G3 S3 SOC SOC 
   

Weakly Conserved B 

Malaxis abieticola G4 S1 SOC SOC 
   

Weakly Conserved C 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Mammillaria 
wrightii var. 
wilcoxii 

G4T4 S2 E SOC 
   

Moderately 
Conserved 

A 

Mentzelia 
conspicua 

G2 S2 SOC SOC 
 

S 
 

Under Conserved B 

Mentzelia filifolia G3 S1? SOC SOC 
   

Under Conserved B 

Mentzelia humilis 
var. guadalupensis 

G4T1
T2 

S1S2 SOC SOC S 
  

Weakly Conserved C 

Mentzelia sivinskii G3 S3 SOC SOC 
   

Under Conserved B 

Mentzelia 
springeri 

G3 S3 SOC SOC 
 

S 
 

Under Conserved B 

Mentzelia 
todiltoensis 

G1?
Q 

S3 SOC SOC 
   

Moderately 
Conserved 

A 

Microthelys 
rubrocallosa 

GNR S1 SOC SOC 
 

S 
 

Moderately 
Conserved 

A 

Muhlenbergia 
villiflora var. 
villosa 

G5T3 S1 SOC SOC 
   

Weakly Conserved C 

Nerisyrenia 
hypercorax 

G1G
2 

S1S2 SOC SOC S 
  

Weakly Conserved C 

Oenothera 
organensis 

G2 S2 SOC SOC 
   

Moderately 
Conserved 

A 

Opuntia arenaria G2 S2 E SOC S 
  

Under Conserved B 

Packera 
cardamine 

G3 S2 SOC SOC 
 

S 
 

Moderately 
Conserved 

A 

Packera 
neomexicana var. 
metcalfei 

G5T3
?Q 

S3? SOC SOC 
   

Weakly Conserved B 

Packera 
spellenbergii 

G2 S2 SOC SOC 
 

S 
 

Under Conserved B 

Panicum 
mohavense 

G2 S1 SOC SOC 
   

Moderately 
Conserved 

A 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Paronychia 
wilkinsonii 

G2 S1 SOC SOC S 
  

Weakly Conserved C 

Pediocactus 
knowltonii 

G1 S1 E LE 
   

Under Conserved A 

Pediomelum 
pentaphyllum 

G1G
2 

S1 E SOC S S 
 

Weakly Conserved A 

Peniocereus 
greggii var. 
greggii 

G3G
4T2 

S3 E SOC S 
  

Under Conserved B 

Penstemon 
alamosensis 

G3 S3 SOC SOC S S 
 

Effectively 
Conserved 

A 

Penstemon 
bleaklyi 

G1 S1 SOC SOC 
   

Weakly Conserved C 

Penstemon 
cardinalis ssp. 
cardinalis 

G3T2 S2 SOC SOC 
   

Effectively 
Conserved 

A 

Penstemon 
cardinalis ssp. 
regalis 

G3T2
T3 

S2 SOC SOC S S 
 

Effectively 
Conserved 

A 

Penstemon 
linarioides ssp. 
maguirei 

G5T1 SH SOC SOC 
 

S 
 

Weakly Conserved C 

Penstemon 
metcalfei 

G1G
3 

S1 SOC SOC 
 

S 
 

Weakly Conserved A 

Penstemon 
neomexicanus 

G4 S4 SOC SOC 
   

None D 

Penstemon 
pseudoparvus 

G3?
Q 

S3? SOC SOC 
 

S 
 

Weakly Conserved C 

Perityle cernua G2 S2 SOC SOC S 
  

Weakly Conserved A 

Perityle lemmonii G4 S2 SOC SOC 
   

None D 

Perityle 
quinqueflora 

G4 S3 SOC SOC 
   

Under Conserved B 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Perityle 
staurophylla var. 
homoflora 

G4T2 S2 SOC SOC 
   

Weakly Conserved B 

Perityle 
staurophylla var. 
staurophylla 

G4T3
T4 

S3 SOC SOC 
   

Weakly Conserved B 

Phacelia 
cloudcroftensis 

G1 S1 SOC SOC 
 

S 
 

Under Conserved A 

Phacelia serrata G3 S2 SOC SOC 
   

Under Conserved B 

Phacelia sivinskii G3 S3 SOC SOC 
   

None D 

Phemeranthus 
humilis 

G2 S2 SOC SOC 
   

Under Conserved B 

Philadelphus 
argyrocalyx 

G4 S3 SOC SOC 
   

Under Conserved B 

Phlox caryophylla G4 S2 SOC SOC 
   

Under Conserved B 

Phlox cluteana G3 SNR SOC SOC 
   

Weakly Conserved A 

Phlox 
vermejoensis 

G1 S1 SOC SOC 
   

Weakly Conserved A 

Physaria aurea G2 S2 SOC SOC 
   

Moderately 
Conserved 

A 

Physaria 
gooddingii 

G3? S3 SOC SOC 
   

Under Conserved B 

Physaria lata G1?
Q 

S1? SOC SOC 
   

None D 

Physaria 
navajoensis 

G2 S1 SOC SOC 
  

Gp 3 Under Conserved B 

Physaria 
newberryi var. 
yesicola 

G3G
4T1T

3 

S2 SOC SOC 
   

Under Conserved B 

Physaria pruinosa G2 S1 SOC SOC 
   

Weakly Conserved C 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Polygala 
rimulicola var. 
mescalerorum 

G3T1 S1 E SOC 
   

Under Conserved B 

Polygala 
rimulicola var. 
rimulicola 

G3T3 S2 SOC SOC 
   

Moderately 
Conserved 

A 

Potentilla sierrae-
blancae 

G2 S2 SOC SOC 
 

S 
 

Moderately 
Conserved 

A 

Proatriplex 
pleiantha 

G3 S3? SOC SOC S 
  

Under Conserved B 

Puccinellia parishii G2G
3 

S1 E SOC S S Gp 4 Weakly Conserved A 

Rhodiola 
integrifolia ssp. 
neomexicana 

G5T1 S2 SOC SOC 
 

S 
 

Moderately 
Conserved 

A 

Ribes mescalerium G4? S4? SOC SOC 
   

Weakly Conserved C 

Rosa stellata ssp. 
mirifica 

G4T4 S3? SOC SOC 
   

Weakly Conserved C 

Rumex 
orthoneurus 

G3 S2? SOC SOC 
 

S 
 

Under Conserved B 

Rumex 
tomentellus 

GH SH SOC SOC 
   

Weakly Conserved C 

Salix arizonica G2G
3 

S1 SOC SOC 
 

S 
 

Effectively 
Conserved 

A 

Salvia summa G3? S3? SOC SOC 
   

Weakly Conserved B 

Sclerocactus 
cloveriae ssp. 
brackii 

G3T1 S2 E SOC S 
 

Gp 4 Under Conserved A 

Sclerocactus 
cloveriae ssp. 
cloveriae 

G3T3 S3 SOC SOC 
   

Under Conserved B 

Sclerocactus 
mesae-verdae 

G2 S2 E LT 
  

Gp 2 Under Conserved A 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Sclerocactus 
papyracanthus 

G4 S4 SOC SOC S 
  

None D 

Scrophularia laevis G2 S2 SOC SOC 
   

Weakly Conserved C 

Scrophularia 
macrantha 

G2 S2 SOC SOC S S 
 

Weakly Conserved A 

Senecio cliffordii GNR S2 SOC SOC 
   

Weakly Conserved C 

Senecio 
sacramentanus 

G3 S3 SOC SOC 
   

Under Conserved B 

Senecio warnockii G3Q S2 SOC SOC 
   

Weakly Conserved C 

Sicyos glaber G3 S1S2 SOC SOC 
   

Effectively 
Conserved 

A 

Silene plankii G2 S2 SOC SOC 
   

Weakly Conserved B 

Silene thurberi G4 S3? SOC SOC 
   

Weakly Conserved C 

Silene wrightii G3 S2 SOC SOC 
   

Weakly Conserved B 

Solidago 
capulinensis 

G1 S1 SOC SOC 
   

Moderately 
Conserved 

A 

Solidago wrightii 
var. guadalupensis 

G4T3 S2 SOC SOC 
 

S 
 

Weakly Conserved B 

Spermolepis 
organensis 

G1 S1 SOC SOC 
   

Moderately 
Conserved 

A 

Sphaeralcea 
wrightii 

G4? S3? SOC SOC 
   

Under Conserved B 

Spiranthes 
magnicamporum 

G4 S3? E SOC 
   

Weakly Conserved A 

Spiranthes 
romanzoffiana 

G5 S2? SOC SOC 
   

None D 

Stellaria porsildii G1 S1 SOC SOC 
 

S 
 

Weakly Conserved C 

Streptanthus 
sparsiflorus 

G2Q S2 SOC SOC 
 

S 
 

Weakly Conserved C 

Synthyris 
oblongifolia 

G2 S2 SOC SOC 
   

Weakly Conserved A 
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SCIENTIFIC NAME 
G 

Rank 

S 

Rank 
State Fed BLM USFS NN 

Conservation 
Status 

List 

Talinum 
brachypodum 

GNR
Q 

S1 SOC SOC 
   

Weakly Conserved C 

Townsendia 
gypsophila 

G2 S2 SOC SOC S 
  

Moderately 
Conserved 

A 

Trifolium longipes 
var. neurophyllum 

G2 S2 SOC SOC 
 

S 
 

Weakly Conserved C 

Valeriana texana G3 S3 SOC SOC 
   

Weakly Conserved C 

Viola calcicola G3 S3 SOC SOC 
   

Under Conserved B 

Xanthisma 
viscidum 

G2 S2 SOC SOC 
   

None D 
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New Mexico Rare Plant Conservation Strategy 
Plant Conservation Scorecard1 

 
Mitch East and Esteban Muldavin 

  
Natural Heritage New Mexico, Museum of Southwestern Biology and Department of Biology 

University of New Mexico, Albuquerque, New Mexico 87131 
March 2017 

 

NM Plant Conservation Scorecard 

As part of development of the New Mexico Plant Conservation Strategy, Natural Heritage New Mexico 
(NHNM) built the New Mexico Plant Conservation Scorecard reflecting the conservation status of 235 
target species (Strategy Species). The scorecard factors and process are adopted from and mirror that of 
the Colorado Natural Heritage Program (CNHP) hierarchical rare plant scorecard methodology with 
minor modifications (Rondeau et al. 2012). 

The primary use of the Plant Conservation Scorecard is to help managers and researchers to identify and 
prioritize target species for protection, conservation and management actions, surveys and monitoring, 
and filling of data gaps. In addition, the scorecard can be used to quickly identify documented and 
potential threats and assess the status of a rare plant species. The scorecard can be sorted in a variety of 
ways to help establish a target list, including sorting by ownership, agency status, conservation ranks, 
threats, ecoregion, conservation actions needed, etc. The scorecard approach is standardized and 
flexible to allow for updates, edits and future additions. 

Species list and data 

Underpinning the scorecard process is population data on 235 Strategy Species of conservation interest. 
The species list for the scorecard was generated from the Natural Heritage New Mexico (NHNM) 
database (Biotics) of tracked and watch-list species, and includes the Navajo Nation Endangered Species 
List, the NM State Endangered Species List, the Bureau of Land Management and the U.S. Forest Service 
sensitive species lists. An initial query was used to determine how much data was available for each 
species. For species where location and observation data in Biotics were not available or sparse, data 
from SEINet and the NHNM data entry backlog were added in the database.  

Following NHNM protocols, species locations are grouped into Element Occurrences (EOs) that act as 
operational populations or sub-populations for tracking species-specific changes in distribution and 
population status and trends (NatureServe 2002). EO methodology for delineation and classification is 
used across the NatureServe network and identifies biologically meaningful features for monitoring 
efforts. EOs are delineated using known mapped locations of the plant that are grouped into a given EO 

                                                           
1 Funding provided by the Bureau of Land Management through Colorado Plateau Cooperative Ecosystems Studies Unit Agreement # 
L12AC20119 SUP0005 in cooperation with Natural Heritage New Mexico, a Division of the Museum of Southwestern Biology, University of New 
Mexico, Albuquerque, NM. 



 

68 
 

based on inter-observation distances (separation distance) and habitat factors. Separation distances are 
1 km for unsuitable habitat and 3 km for suitable habitat. For example, two mapped locations that are 
separated by 1.5 km of unsuitable habitat are considered separate EOs. For the scorecard, we used 
minimum bounding geometry in ArcGIS to generate EO polygons (Figure 1). EO polygons along with 
textual data (observer, date, population size, etc.) were used to assess the suite of scorecard factors 
outlined below.  

 

Figure 1.  An example of Element Occurrence (EO) minimum bounding geometry representing a local 
population of Amsonia tharpii (green polygon). Blue polygons are known mapped locations of the plant 
that are grouped into an EO based on minimum inter-observation distances and habitat factors. 

Scorecard Factors and Calculation 

For each species on the scorecard, an Overall Conservation Status of the species is evaluated as a 
combination of biodiversity score, threat score, and protection score.  

The biodiversity score (scale of 1 to 10; see Table 1, last column for classification of scores) is an average 
of the scores for three factors: size, quality, and landscape integrity with the landscape integrity score 
down-weighted by 0.5 to account for uncertainty/confidence in the accuracy of that layer (Rondeau et 
al. 2012, p. 112 and 183). If the quality score was Unknown, then the size score was substituted to get 
the average. 
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Size Score  

Species size scores are based on the average of scaled scores for species range, occupied area, and 
number of occurrences. Range, occupied area, and number of occurrences are transformed to a scale of 
1 to 10 using the equation for a line of best fit (see figures below) through the range of values used in 
Natural Heritage methodology (Rondeau et al. 2012, p. 181-182).  

Species Range Score 

All EO polygons are input into a GIS tool to generate a minimum bounding geometry that represents the 
documented range for each species in square miles. The range values are converted to Range Scores on 
a scale from 1 to 10 using the formula from CNHP (Rondeau et al. 2012, p. 185) in Figure 2. 

 

Figure 2. Line of best fit of species range values using NatureServe bins for species ranges scaled to a 
Range Score between one and ten (from CNHP 2012 Fig. E-6). 

Occupied Area Score 

The area of all EO polygons is summed per species to estimate occupied area in acres. These values are 
also converted to a score of 1 to 10 (see Table 1 for classification of scores) using the formula from CNHP 
(Rondeau et al. 2012, p. 184) in Figure 3. 
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Figure 3. Line of best fit of species occupied area based on NatureServe values scaled to a Occupied Area 
Score between one and ten (from Rondeau et al. 2012; Fig .E-4). 

Number of Occurrences 

The number of EOs for each species (excluding extirpated EOs) is converted to a score using the formula 
from CNHP (Rondeau et al. 2012, p. 183) in Figure 4.  

 

Figure 4. Line of best fit of number of species occurrences based on NatureServe values where the score 
is on a scale of one and ten (from Rondeau et al. 2012; Fig E-2). 

Quality Score 

EO quality is the proportion of EOs that have an EO rank of A or B. EO rank is assessed based on 
information provided about the threats and population size by observers (Hammerson et al. 2008). The 
proportion of EOs with A or B ranks is converted to a scale of 0 to 10 for scoring purposes by multiplying 
the proportion by 10. A score of 10 means 100% of EOs have an EO rank of A or B. If greater than 80% of 
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EOs had ranks of E (extant, not enough info to rank viability) or H (historic, last observation > 35 years 
old), then the quality was listed as Unknown. 

An A-rank or Excellent Estimated Viability is assigned when the population is considered to have optimal 
numbers of individuals that are in excellent condition suggesting that the population can be sustained 
for the long term all else being equal;  

B or Good Estimated Viability is assigned when numbers and conditions may not be optimal but the 
population is still considered viable.  

C (Fair Estimated Viability) and D (Poor Estimated Viability) ranks are not counted in this score since they 
indicate lower quality EOs.  

 
Landscape Integrity 

We used the landscape integrity layer from the NMCHAT that was developed by NatureServe (Comer 
and Hak 2012), which captures the intensity of development (i.e. roads, urbanization, infrastructure). 
The values for intensity range from 0 to 10000. We used cutoffs to classify raster pixels into low (<500), 
medium (>500 and <4500), and high intensity (>4500). Cutoffs for classification of raster pixels were 
determined by inspection. EO polygons were intersected with the landscape integrity to get the percent 
of area per species that is in medium and high impact. These percentages were compared to Table E1 of 
CNHP (Rondeau et al. 2012) to score landscape integrity for each species (Figure 5). 

 

Figure 5.  Landscape integrity scoring table from CNHP (Rondeau et al. 2012). 

Threat Score  

The most severe/imminent documented threat for each species was identified from previous species 
conservation ranking efforts (East et al. 2016), expert opinion, survey and status reports, or the NM Rare 
Plant Technical Council website (NMRPTC) where available. The threat score is based on a combination 
of scope, severity, and immediacy for the documented threat. Scope, severity, and immediacy were 
classified according to rank calculator methodology (Faber-Langendoen et al. 2012, Table E-2/Figure 6). 
Scope is the proportion of the species affected by the threat. Severity is the degree to which the 
affected populations are impacted. Immediacy represents the time frame in which the threat is likely to 
be actualized. Table E-2 of CNHP (2012) was used to score each threat (Figure 6). If no threat 
information was available or the NMRPTC website indicated that there were no apparent threats for a 
species then this factor is classified as “No information” and given a score of 10. 
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Figure 6.  Scoring table for threats from CNHP (2012).  
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Protection Score 

We modified the Protected Area Database (PAD) GIS layer by clipping it to New Mexico and applying the 
methodology of Supples et al. (2007) to assess protection status per parcel of managed land. Protection 
scores are assessed as a combination of three indicators: management Intent, Tenure, and Potential 
Management Effectiveness (PME) (Supples et al. 2007). Intent is defined as the explicit objectives for 
protection and management of each land parcel. Tenure is a measure of protection permanence. PME is 
the ability of the land manager to implement actions as outlined in the management Intent. For each 
parcel, Intent is assigned as Very Good, Good, Fair or Poor (see Table 1 in Supples et al. 2007). Intent is 
inferred from GAP status codes in PAD or local knowledge. Tenure is assigned on the same scale as 
Intent and is also inferred from the GAP status codes (see Table 5 of Supples et al. 2007). PME is 
assigned on the same scale as the other two indicators but is assigned according to the perceived 
capacity of each ‘managing entity’ to take actions to fulfill designated intent (see Table 6 of Supples et 
al. 2007).  

Scores for all three indicators are compared to the tables below to assign a Protection Score to each 
parcel (Table 2 and Table 3, from p. 16 of Supples et al. 2007). Protection statuses are Poor (score of 0), 
Unknown (2), Fair (4), Good (7), or Very Good (10). For example, BLM National Monuments are assigned 
Intent = Good, Tenure = Very Good, and PME = Good which becomes Protection Score = Very Good (10).  

Table 2. This matrix represents the combination of management intent and PME scores (from Supples et 
al. 2007). 

 Intent VG Intent G Intent F Intent P 
Pot mgmt  VG very good Good good poor  
Pot mgmt G good Good fair poor 
Pot mgmt F fair Fair poor poor 
Pot mgnt P fair  Poor poor poor 

 

Table 3. This matrix represents the relationships between the score in Table 2 and conservation tenure 
(from Supples et al. 2007). 

 Tenure VG Tenure G Tenure F Tenure P 
Table 2: VG  CMS - very good CMS – good CMS - fair CMS – poor 
Table 2: G  CMS – very good CMS – good CMS - fair CMS – poor 
Table 2: F CMS – fair CMS – fair CMS - poor CMS – poor 
Table 2: Poor  CMS – poor  CMS – poor  CMS - poor CMS – poor 

 

Finally, we intersected the EO Polygons with this modified PAD layer featuring protection scores to get 
an area-weighted average protection score per species. 

Overall Conservation Status 

To assign the Overall Conservation Status for each species, biodiversity, protection, and threat scores 
are color coded according to Table 1 and then those three color codes are referenced using the key in 
Table 2 developed by CNHP (2012, p.112-113)  
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Table 1. Color code key for assigning level of concern per factor (from p.112 of CNHP 2012). 

 
 

  

Table 2. Key for assigning overall conservation status using the color codes 
assigned to threat status, biodiversity, and protection scores. 
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Confidence 

EO data accuracy and currency was assessed in three different categories (A, B, and C) to determine how 
much confidence we have in the underlying occurrence data.  
 
Category A is the percent of EOs with uncertainty distance >1200 m (where uncertainty distance is a 
measure of mapping precision).  
Category B is the percent of EOs that are historical (last observation >35 years). Category C is the % of 
EOs with an EO rank of Extant which indicates not enough information was available to assess quality 
(see Quality score above).  
 
Confidence was then assigned for each species using the percentages of EOs in the above three 
categories:  
 
Very High = A, B, and C <10%,  
High = A, B, and C ≤10-30%,  
Moderate =A, B, or C ≤30-50%,  
Low = A, B, or C >50%. 
 

Ancillary Factors 

The following factors do not affect the estimation of overall conservation status as outlined above. 
These ancillary factors are provided as additional information that may help managers working to 
conserve the species in the list. These will appear at the end of the scorecard. 

Actions Needed 

We listed proposed actions to benefit species conservation goals by identifying where knowledge gaps 
existed and management needs were documented in NMRPTC species accounts 
(nmrareplants.unm.edu), identified by species specialists, or in species survey and status reports.  
 
Potential Threats 

Where information is available (see threat score above) additional threats to a given species were 
identified. For these threats, scope, severity, and immediacy are not attributed. Potential threats are 
based on knowledge about current land use patterns and biological and climatic factors that are 
assumed, but have not been properly documented (e.g. livestock impacts, pollinator decline, impacts 
from invasive species, climate change, predation, etc).  

Percent Range NM 

We estimated the percent of each species global range that was in New Mexico where global range 
estimates existed in NatureServe species accounts. The number of EOs and range in NM were compared 
to global range and/or EO numbers. 

Ownership 

In GIS, species locations (EOs) were intersected with an ownership layer to determine what percentage 
of known populations for a species fall under each major land owner’s jurisdiction. The percentage of 
EOs per land owner is provided at the end of the scorecard with a column for each land owner (BLM = 
Bureau of Land Management, BOR = Bureau of Reclamation, DOA = U.S. Department of Agriculture, DOD 
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= U.S. Department of Defense, DOE = U.S. Department of Energy, FS = Forest Service, FWS = U.S. Fish 
and Wildlife Service, I = Tribal, NPS = National Park Service, P = Private, S = State Trust, NMDGF = New 
Mexico Department of Game and Fish, SP = New Mexico State Parks). 

Oil and Gas Development Potential 

A layer of oil and gas development potential from the Bureau of Land Management in New Mexico was 
used to assign a score from low to high for each species whose distribution overlaps oil and gas lease 
areas. The GIS layer from BLM include polygons with designations of expected development potential 
(high, moderate, or low) Surface ownership in the GIS layer coverage includes BLM, State, tribal, and 
private lands. We used ArcGIS to calculate the area-weighted average score per species. If no score is 
provided, then the species distribution lies outside of expected future BLM oil and gas development. 

Oil and Gas – Current 

Because the GIS layer for oil and gas potential does not incorporate existing leases and wells we 
acquired active well locations (New Mexico Energy, Minerals, and Natural Resources Department) and 
current BLM leases. The well locations were buffered by 100m and then well and lease polygons were 
intersected with plant EO data to get a list of species occurring in current oil and gas development. We 
scored each species as ‘yes’ or ‘no’ for occurrence within either existing well pads or current leases. 

Wind Potential 

We downloaded a GIS layer for wind energy potential based on models of annual mean wind speed 
(NREL 2010). We reclassified the wind power classes (1 through 7) into 0 = No or Low Potential (wind 
power classes 1 through 3) and 1 = Moderate to High Potential (wind power classes 4 through 7). Wind 
potential is based on modeled wind speed thus we intersected species occurrence data with the 
reclassified wind potential and scored each species as ‘yes’ or ‘no’ according to whether or not any 
occurrences were in moderate to high wind production areas.  

Mining 

Active and abandoned mine locations were obtained from New Mexico Energy, Minerals, and Natural 
Resources Department. We buffered point data by 1000m and then intersected plant EOs to score each 
species as ‘yes’ or ‘no’ for occurrence in areas of mining activity. 

Grazing 

Grazing allotments were acquired from the BLM state office and the online GIS portal for each U.S. 
Forest Service unit in New Mexico. Allotment polygons were intersected with plant EO data to score 
each species as ‘yes’ for grazing impacts. Species that occurred outside of grazing allotments on private, 
state, or tribal lands are scored as ‘potential’ in this column since grazing status is probable but 
unknown. Lastly, any species occupying habitats that are inaccessible to livestock or occur on lands 
known to be protected from grazing are listed as ‘no’ in this column. 

Species Lists 

Based on data availability and expert opinion we split the 235 species into 4 lists. List A contains species 
where there were sufficient data to use the scorecard methods above and for which there was 
moderate to very high confidence in the data (see section on confidence). List B contains species for 
which there were sufficient data to generate an overall conservation status but the confidence was low. 
List B species are assigned a Modified Conservation Status due to the uncertainty indicated by low 
confidence—the Modified Conservation Status is assigned as two levels below the unmodified score 
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such that if a species assessed as Effectively Conserved with a low confidence score is given a Modified 
Conservation Status of Weakly Conserved. List C contains species where there were not sufficient data 
to generate a conservation status using the methods above. List C species are classified as Weakly 
Conserved based on expert opinion until further data are collected. List D contains species that are 
regional endemics for which existing data indicates they are stable and not a current conservation 
priority. 
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APPENDIX C.  New Mexico Important Plant Areas  
 

IPAs ordered by IPA No., corresponding to the map number in Figure 4 in the main text.  Biodiversity 
significance is reflected by IPA Biodiversity Rank (B-Rank) and its corresponding IPA Diversity Score (D-
Score).  Counts of species are provided by NHNM Global/State Status Score (GS-1 highest; GS-4 lowest) 
and state and federal listing status (T&E).  An interactive map of all IPAs can be found at 
http://www.emnrd.state.nm.us/SFD/ 

IPA 
No. Important Plant Area Name 

IPA Biodiversity 
Significance 

Global/State 

Status Score  
Listing 
Status 

    
B-
Rank 

D-
Score 

No. 
Sp.  

GS-
1 

GS-
2 

GS-
3 

GS-
4 

Fed. State  

1 Mancos B2 4.2 2 0 1 1 0 0 0 

2 Shiprock / Fruitland B2 17.5 9 1 3 5 0 2 2 

4 Farmington-Bloomfield Badlands B1 11.1 9 0 3 6 0 0 2 

6 American Mesa B3 6.2 5 1 2 2 0 0 0 

7 Cisneros Canyon B4 0.4 1 0 0 1 0 0 0 

8 Chama Watershed B1 14.2 13 1 7 3 2 0 0 

9 San Antonio Mtn B1 6.2 4 1 1 1 1 0 0 

10 Upper Rio Grande Watershed B1 24.0 9 4 3 0 2 0 0 

11 Raton B4 0.4 1 0 1 0 0 0 0 

12 Capulin Volcano B1 5.1 2 1 0 0 1 0 0 

15 Chuska Mtns B1 26.0 16 5 7 2 2 2 5 

16 Bisti Oil Field B2 2.7 3 1 1 1 0 1 1 

17 Nageezi Badlands B4 5.0 5 0 3 2 0 0 1 

18 San Pedro Parks B4 1.5 3 1 0 1 1 0 0 

19 Jemez Mtns B4 5.0 8 0 1 4 3 0 2 

20 Rio Del Oso B4 0.0 1 0 0 0 1 0 0 

21 Upper Rio Grande Valley B1 16.3 10 1 3 3 3 0 1 

22 Sangre De Cristo Mtns B1 19.8 10 2 2 2 4 1 3 

23 Espanola to La Cienega B1 7.4 7 1 0 4 2 0 2 

http://www.emnrd.state.nm.us/SFD/
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IPA 
No. Important Plant Area Name 

IPA Biodiversity 
Significance 

Global/State 

Status Score  
Listing 
Status 

    
B-
Rank 

D-
Score 

No. 
Sp.  

GS-
1 

GS-
2 

GS-
3 

GS-
4 

Fed. State  

25 Lower Canadian Watershed B2 2.3 3 0 1 2 0 0 0 

26 Kansas Valley B1 4.0 1 0 1 0 0 0 0 

27 Window Rock B4 0.8 1 0 1 0 0 0 0 

28 Tohatchi Flats B4 3.3 3 0 2 0 1 0 0 

29 Fort Wingate B2 7.1 5 1 2 1 1 1 1 

30 Fallen Timber Ridge B2 10.5 5 2 3 0 0 0 0 

31 Borrego Pass B1 5.3 2 1 1 0 0 0 0 

32 El Banquito B4 2.2 1 1 0 0 0 0 1 

33 Mesa Prieta B1 4.0 3 0 2 0 1 0 0 

34 White Mesa B1 14.4 8 0 2 4 2 0 0 

35 Lower Jemez River Valley B4 0.9 2 0 0 2 0 0 0 

36 Espinosa Ridge B4 1.7 4 0 1 2 1 0 0 

38 Ute Creek B4 0.2 1 0 0 1 0 0 0 

39 US 54 - Tucumcari to Logan B4 1.6 1 0 0 1 0 0 0 

40 El Malpais B2 4.0 1 0 1 0 0 0 0 

41 San Mateo Mesa B4 0.5 2 1 1 0 0 0 1 

42 Rio Puerco / Rio San Jose B4 4.5 5 1 1 3 0 1 1 

43 KAFB B4 0.3 1 0 0 1 0 0 0 

44 Sandia Mtns B1 5.2 6 0 2 3 1 0 0 

45 South Mtn B4 0.5 1 0 0 1 0 0 0 

46 Santa Rosa Cienega B2 5.7 4 0 2 2 0 2 3 

48 Nutrioso B2 2.8 1 0 0 1 0 0 0 

49 Zuni Salt Lake B4 0.2 1 1 0 0 0 0 1 

50 Gallo / Mangas Mtns B4 2.2 2 0 1 1 0 0 0 
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IPA 
No. Important Plant Area Name 

IPA Biodiversity 
Significance 

Global/State 

Status Score  
Listing 
Status 

    
B-
Rank 

D-
Score 

No. 
Sp.  

GS-
1 

GS-
2 

GS-
3 

GS-
4 

Fed. State  

51 Sawtooth / Datil B2 6.6 4 1 1 2 0 1 1 

53 Blue Water Canyon B4 1.7 1 1 0 0 0 0 0 

54 Rio Salado at Riley B4 0.0 2 0 0 2 0 0 0 

55 Rio Grande at Belen B4 0.4 1 0 0 1 0 0 0 

56 Sevilleta Basin B4 4.4 6 0 3 3 0 1 1 

57 Manzano Mtns B4 2.2 4 0 0 4 0 0 0 

58 Red Cloud Canyon B4 0.6 2 0 1 1 0 0 0 

59 Encino to Vaughn B2 2.9 2 0 1 1 0 0 0 

60 San Francisco / Tularosa Mtns B3 5.5 7 0 4 3 0 0 1 

62 Mogollon Mtns B1 33.3 18 1 9 8 0 0 2 

63 Diablo Range B4 3.5 6 0 2 3 1 0 1 

64 Gila Cliff Dwellings B4 1.1 3 0 0 2 1 0 1 

65 East Fork Gila River Watershed B3 5.7 10 0 3 7 0 0 0 

66 Monticello Canyon B2 0.7 5 0 3 2 0 1 1 

67 San Mateo Mtns B3 6.7 6 0 3 3 0 0 0 

68 Magdalena Mtns B4 2.3 3 0 0 3 0 0 0 

69 Southern Quebradas B2 3.4 3 0 1 1 1 0 0 

70 I-25 near Fort Craig B4 0.7 1 0 1 0 0 0 0 

71 Northern Jornada Del Muerto B4 0.2 2 0 1 0 1 0 1 

72 Tularosa Basin B4 1.2 1 0 0 0 1 0 0 

73 Sacramento Mtns B1 60.9 34 4 13 13 4 5 7 

75 Sierra Blanca / Ruidoso B1 39.6 23 1 11 9 2 0 1 

76 Lower Pecos near Roswell B1 12.0 5 2 2 0 1 2 2 

77 Milnesand B4 0.7 1 0 1 0 0 0 0 
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IPA 
No. Important Plant Area Name 

IPA Biodiversity 
Significance 

Global/State 

Status Score  
Listing 
Status 

    
B-
Rank 

D-
Score 

No. 
Sp.  

GS-
1 

GS-
2 

GS-
3 

GS-
4 

Fed. State  

78 Northern Peloncillo Mtns B4 2.2 2 0 1 1 0 0 1 

79 Southern Peloncillo Mtns B1 25.8 15 3 6 6 0 0 2 

80 Pinos Altos Range B1 12.6 12 1 5 5 1 0 0 

81 Upper Mimbres Watershed B4 2.8 6 0 1 4 1 0 1 

82 Mud Springs Mtns B1 5.2 2 1 0 1 0 0 1 

83 
Antelope Flat - Jornada 
Experimental Range B1 5.00 

1 1 0 0 0 0 0 

84 White Horse Mtns B2 2.90 2 2 0 0 0 0 1 

85 Cookes Peak B4 2.14 5 0 3 2 0 0 0 

86 Florida Mtns B1 5.54 4 1 1 2 0 0 1 

88 Cedar Mtns B4 0.45 2 0 1 1 0 0 1 

89 Columbus B4 0.04 1 0 1 0 0 0 1 

90 Sierra De Las Uvas B4 1.50 1 0 1 0 0 0 0 

93 Potrillo Mtns B4 0.02 1 0 1 0 0 0 1 

94 Tortuga Mtns B4 0.23 2 0 1 1 0 0 2 

95 Lower Mesilla Valley B4 3.95 2 0 2 0 0 1 2 

96 Jarilla Mtns B2 0.00 1 0 0 0 0 0 0 

97 Hueco Mtns B4 1.17 2 0 2 0 0 0 0 

98 Cornudas Mtns B4 2.34 3 0 3 0 0 0 2 

99 Hills West of Hope B4 1.34 2 1 1 0 0 1 1 

100 Guadalupe Ridge B1 45.85 19 1 10 8 0 2 3 

101 Bone Tank Draw B4 1.23 3 0 2 1 0 0 0 

102 Artesia B4 0.67 1 0 1 0 0 0 0 

103 Crow Flats East of Artesia B4 3.37 2 1 1 0 0 0 1 
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IPA 
No. Important Plant Area Name 

IPA Biodiversity 
Significance 

Global/State 

Status Score  
Listing 
Status 

    
B-
Rank 

D-
Score 

No. 
Sp.  

GS-
1 

GS-
2 

GS-
3 

GS-
4 

Fed. State  

104 North Carlsbad B1 5.90 3 1 2 0 0 0 1 

105 Mescalero Ridge B2 0.14 1 1 0 0 0 0 1 

106 Forty-Niner Ridge B4 0.47 1 0 1 0 0 0 1 

107 Beclabito B4 1.14 2 1 0 1 0 0 1 

108 Gallegos Canyon B4 0.20 1 1 0 0 0 0 1 

109 Navajo Lake B1 6.53 5 1 1 3 0 1 1 

110 Upper Canadian Watershed B2 11.10 7 0 4 1 2 0 0 

114 Chicken Mtn Draw B4 1.45 2 1 0 1 0 0 0 

115 Oscura Mtns B1 5.03 2 1 0 0 1 0 0 

116 San Andres Mtns B1 22.82 18 1 7 9 1 1 3 

118 Hilsboro Hills B2 5.07 3 0 1 2 0 0 0 

119 Emory Pass B1 12.84 11 1 5 5 0 0 0 

120 Burro Mtns B4 1.24 3 0 0 3 0 0 1 

121 Lewis Flats B4 1.18 1 0 1 0 0 0 0 

122 Black Mtn B4 1.26 2 0 1 1 0 0 1 

123 Southern Cookes Range B4 0.04 1 0 1 0 0 0 1 

124 Mangas Springs B4 1.59 3 0 1 2 0 0 1 

125 Nachita Valley / Hatchita Mtns B3 9.30 5 1 1 3 0 0 2 

126 Southern Animas Valley B1 13.75 3 3 0 0 0 0 0 

127 Animas Mtns B2 10.80 8 0 4 4 0 0 1 

128 Pyramid Mtns B4 0.83 4 0 2 2 0 0 2 

129 Northern Animas Valley B4 4.51 7 2 3 2 0 0 3 

130 Franklin Mtns B4 4.08 5 0 4 1 0 1 4 

131 Robledo Mtns B4 0.04 1 0 1 0 0 0 1 
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IPA 
No. Important Plant Area Name 

IPA Biodiversity 
Significance 

Global/State 

Status Score  
Listing 
Status 

    
B-
Rank 

D-
Score 

No. 
Sp.  

GS-
1 

GS-
2 

GS-
3 

GS-
4 

Fed. State  

132 Tularosa Basin - Fort Bliss B4 0.05 1 0 0 0 1 0 0 

133 Otero Mesa B4 0.69 2 0 1 0 1 0 0 

134 Fort Stanton B4 4.47 5 1 2 1 1 1 1 

135 Capitan Mtns B1 15.80 13 2 6 4 1 1 1 

136 Yeso Hills B1 19.97 11 3 6 1 1 2 4 

137 Guadalupe / Brokeoff Mtns B1 35.87 18 8 6 4 0 1 2 

138 Seven Rivers B2 3.94 3 1 1 0 1 1 1 

139 Southern Burro Mtns B3 2.56 2 1 1 0 0 1 1 

140 Zuni Canyon B4 1.00 1 0 0 1 0 0 0 

141 Grants Cienega B4 0.11 1 0 1 0 0 1 1 

142 Socorro and Strawberry Peaks B4 0.47 1 0 1 0 0 0 0 

143 Bosquecito B4 0.16 1 0 1 0 0 1 1 

144 Heart of the Dunes B4 0.38 1 0 0 1 0 0 0 

145 Organ Mtns B1 38.06 17 1 12 4 0 1 3 

146 Fra Cristobal Range B4 0.69 3 0 2 1 0 0 0 

147 Caballo Mtns B4 1.03 3 0 0 3 0 0 0 

148 Crow Flats near Dell City B1 8.65 4 1 2 0 1 0 2 

149 Malaga B2 2.31 2 1 1 0 0 0 2 

150 Elk B4 1.38 2 1 1 0 0 1 1 
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IPAs ordered by Biodiversity Rank.  IPA No. corresponds to the map number in Figure 4 in the main text.  
Biodiversity significance is reflected by IPA Biodiversity Rank (B-Rank) and its corresponding IPA Diversity 
Score (D-Score).  Counts of species are provided by NHNM Global/State Status Score (GS-1 highest; GS-4 
lowest) and state and federal listing status (T&E).  An interactive map of all IPAs can be found at 
http://www.emnrd.state.nm.us/SFD/ 

IPA 
No. Important Plant Area Name 

IPA Biodiversity 
Significance 

Global/State 

Status Rank 
Listing 
Status 

    
B-
Rank 

D-
Score 

No. 
Sp.  

GS-
1 

GS-
2 

GS-
3 

GS-
4 

Fed. State  

73 Sacramento Mtns B1 60.9 34 4 13 13 4 5 7 

100 Guadalupe Ridge B1 45.85 19 1 10 8 0 2 3 

75 Sierra Blanca / Ruidoso B1 39.6 23 1 11 9 2 0 1 

145 Organ Mtns B1 38.06 17 1 12 4 0 1 3 

137 Guadalupe / Brokeoff Mtns B1 35.87 18 8 6 4 0 1 2 

62 Mogollon Mtns B1 33.3 18 1 9 8 0 0 2 

15 Chuska Mtns B1 26.0 16 5 7 2 2 2 5 

79 Southern Peloncillo Mtns B1 25.8 15 3 6 6 0 0 2 

10 Upper Rio Grande Watershed B1 24.0 9 4 3 0 2 0 0 

116 San Andres Mtns B1 22.82 18 1 7 9 1 1 3 

22 Sangre De Cristo Mtns B1 19.8 10 2 2 2 4 1 3 

119 Emory Pass B1 12.84 11 1 5 5 0 0 0 

76 Lower Pecos near Roswell B1 12.0 5 2 2 0 1 2 2 

23 Espanola to La Cienega B1 7.4 7 1 0 4 2 0 2 

109 Navajo Lake B1 6.53 5 1 1 3 0 1 1 

31 Borrego Pass B1 5.3 2 1 1 0 0 0 0 

82 Mud Springs Mtns B1 5.2 2 1 0 1 0 0 1 

12 Capulin Volcano B1 5.1 2 1 0 0 1 0 0 

115 Oscura Mtns B1 5.03 2 1 0 0 1 0 0 

136 Yeso Hills B1 19.97 11 3 6 1 1 2 4 

2 Shiprock / Fruitland B1 17.5 9 1 3 5 0 2 2 

http://www.emnrd.state.nm.us/SFD/
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IPA 
No. Important Plant Area Name 

IPA Biodiversity 
Significance 

Global/State 

Status Rank 
Listing 
Status 

    
B-
Rank 

D-
Score 

No. 
Sp.  

GS-
1 

GS-
2 

GS-
3 

GS-
4 

Fed. State  

21 Upper Rio Grande Valley B1 16.3 10 1 3 3 3 0 1 

135 Capitan Mtns B1 15.80 13 2 6 4 1 1 1 

34 White Mesa B1 14.4 8 0 2 4 2 0 0 

8 Chama Watershed B1 14.2 13 1 7 3 2 0 0 

126 Southern Animas Valley B1 13.75 3 3 0 0 0 0 0 

80 Pinos Altos Range B1 12.6 12 1 5 5 1 0 0 

110 Upper Canadian Watershed B1 11.10 7 0 4 1 2 0 0 

4 Farmington-Bloomfield Badlands B1 11.1 9 0 3 6 0 0 2 

127 Animas Mtns B1 10.80 8 0 4 4 0 0 1 

30 Fallen Timber Ridge B1 10.5 5 2 3 0 0 0 0 

125 Nachita Valley / Hatchita Mtns B1 9.30 5 1 1 3 0 0 2 

148 Crow Flats near Dell City B1 8.65 4 1 2 0 1 0 2 

29 Fort Wingate B1 7.1 5 1 2 1 1 1 1 

51 Sawtooth / Datil B1 6.6 4 1 1 2 0 1 1 

9 San Antonio Mtn B2 6.2 4 1 1 1 1 0 0 

104 North Carlsbad B2 5.90 3 1 2 0 0 0 1 

83 
Antelope Flat - Jornada 
Experimental Range B2 5.00 

1 1 0 0 0 0 0 

129 Northern Animas Valley B2 4.51 7 2 3 2 0 0 3 

138 Seven Rivers B2 3.94 3 1 1 0 1 1 1 

103 Crow Flats East of Artisia B2 3.37 2 1 1 0 0 0 1 

84 White Horse Mtns B2 2.90 2 2 0 0 0 0 1 

16 Bisti Oil Field B2 2.7 3 1 1 1 0 1 1 

139 Southern Burro Mtns B2 2.56 2 1 1 0 0 1 1 
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149 Malaga B2 2.31 2 1 1 0 0 0 2 

32 El Banquito B2 2.2 1 1 0 0 0 0 1 

53 Blue Water Canyon B2 1.7 1 1 0 0 0 0 0 

18 San Pedro Parks B2 1.5 3 1 0 1 1 0 0 

107 Beclabito B2 1.14 2 1 0 1 0 0 1 

41 San Mateo Mesa B2 0.5 2 1 1 0 0 0 1 

49 Zuni Salt Lake B2 0.2 1 1 0 0 0 0 1 

108 Gallegos Canyon B2 0.20 1 1 0 0 0 0 1 

105 Mescalero Ridge B2 0.14 1 1 0 0 0 0 1 

67 San Mateo Mtns B2 6.7 6 0 3 3 0 0 0 

6 American Mesa B2 6.2 5 1 2 2 0 0 0 

46 Santa Rosa Cienega B2 5.7 4 0 2 2 0 2 3 

65 East Fork Gila River Watershed B3 5.7 10 0 3 7 0 0 0 

86 Florida Mtns B3 5.54 4 1 1 2 0 0 1 

60 San Francisco / Tularosa Mtns B3 5.5 7 0 4 3 0 0 1 

44 Sandia Mtns B3 5.2 6 0 2 3 1 0 0 

118 Hilsboro Hills B3 5.07 3 0 1 2 0 0 0 

42 Rio Puerco / Rio San Jose B3 4.5 5 1 1 3 0 1 1 

134 Fort Stanton B4 4.47 5 1 2 1 1 1 1 

114 Chicken Mtn Draw B4 1.45 2 1 0 1 0 0 0 

150 Elk B4 1.38 2 1 1 0 0 1 1 

99 Hills West of Hope B4 1.34 2 1 1 0 0 1 1 

19 Jemez Mtns B4 5.0 8 0 1 4 3 0 2 

17 Nageezi Badlands B4 5.0 5 0 3 2 0 0 1 
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56 Sevilleta Basin B4 4.4 6 0 3 3 0 1 1 

1 Mancos B4 4.2 2 0 1 1 0 0 0 

130 Franklin Mtns B4 4.08 5 0 4 1 0 1 4 

33 Mesa Prieta B4 4.0 3 0 2 0 1 0 0 

26 Kansas Valley B4 4.0 1 0 1 0 0 0 0 

40 El Malpais B4 4.0 1 0 1 0 0 0 0 

95 Lower Mesilla Valley B4 3.95 2 0 2 0 0 1 2 

63 Diablo Range B4 3.5 6 0 2 3 1 0 1 

69 Southern Quebradas B4 3.4 3 0 1 1 1 0 0 

28 Tohatchi Flats B4 3.3 3 0 2 0 1 0 0 

59 Encino to Vaughn B4 2.9 2 0 1 1 0 0 0 

48 Nutrioso B4 2.8 1 0 0 1 0 0 0 

81 Upper Mimbres Watershed B4 2.8 6 0 1 4 1 0 1 

98 Cornudas Mtns B4 2.34 3 0 3 0 0 0 2 

68 Magdalena Mtns B4 2.3 3 0 0 3 0 0 0 

25 Lower Canadian Watershed B4 2.3 3 0 1 2 0 0 0 

50 Gallo / Mangas Mtns B4 2.2 2 0 1 1 0 0 0 

78 Northern Peloncillo Mtns B4 2.2 2 0 1 1 0 0 1 

57 Manzano Mtns B4 2.2 4 0 0 4 0 0 0 

85 Cookes Peak B4 2.14 5 0 3 2 0 0 0 

36 Espinosa Ridge B4 1.7 4 0 1 2 1 0 0 

124 Mangas Springs B4 1.59 3 0 1 2 0 0 1 

39 US 54 - Tucumcari to Logan B4 1.6 1 0 0 1 0 0 0 

90 Sierra De Las Uvas B4 1.50 1 0 1 0 0 0 0 
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122 Black Mtn B4 1.26 2 0 1 1 0 0 1 

120 Burro Mtns B4 1.24 3 0 0 3 0 0 1 

101 Bone Tank Draw B4 1.23 3 0 2 1 0 0 0 

121 Lewis Flats B4 1.18 1 0 1 0 0 0 0 

97 Hueco Mtns B4 1.17 2 0 2 0 0 0 0 

72 Tularosa Basin B4 1.2 1 0 0 0 1 0 0 

64 Gila Cliff Dwellings B4 1.1 3 0 0 2 1 0 1 

147 Caballo Mtns B4 1.03 3 0 0 3 0 0 0 

140 Zuni Canyon B4 1.00 1 0 0 1 0 0 0 

35 Lower Jemez River Valley B4 0.9 2 0 0 2 0 0 0 

128 Pyramid Mtns B4 0.83 4 0 2 2 0 0 2 

27 Window Rock B4 0.8 1 0 1 0 0 0 0 

146 Fra Cristobal Range B4 0.69 3 0 2 1 0 0 0 

133 Otero Mesa B4 0.69 2 0 1 0 1 0 0 

66 Monticello Canyon B4 0.7 5 0 3 2 0 1 1 

70 I-25 near Fort Craig B4 0.7 1 0 1 0 0 0 0 

77 Milnesand B4 0.7 1 0 1 0 0 0 0 

102 Artesia B4 0.67 1 0 1 0 0 0 0 

58 Red Cloud Canyon B4 0.6 2 0 1 1 0 0 0 

45 South Mtn B4 0.5 1 0 0 1 0 0 0 

106 Forty-Niner Ridge B4 0.47 1 0 1 0 0 0 1 

142 Socorro and Strawberry Peaks B4 0.47 1 0 1 0 0 0 0 

88 Cedar Mtns B4 0.45 2 0 1 1 0 0 1 

7 Cisneros Canyon B4 0.4 1 0 0 1 0 0 0 
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55 Rio Grande at Belen B4 0.4 1 0 0 1 0 0 0 

144 Heart of the Dunes B4 0.38 1 0 0 1 0 0 0 

11 Raton B4 0.4 1 0 1 0 0 0 0 

43 KAFB B4 0.3 1 0 0 1 0 0 0 

38 Ute Creek B4 0.2 1 0 0 1 0 0 0 

94 Tortuga Mtns B4 0.23 2 0 1 1 0 0 2 

71 Northern Jornada Del Muerto B4 0.2 2 0 1 0 1 0 1 

143 Bosquecito B4 0.16 1 0 1 0 0 1 1 

141 Grants Cienega B4 0.11 1 0 1 0 0 1 1 

132 Tularosa Basin - Fort Bliss B4 0.05 1 0 0 0 1 0 0 

123 Southern Cookes Range B4 0.04 1 0 1 0 0 0 1 

131 Robledo Mtns B4 0.04 1 0 1 0 0 0 1 

89 Columbus B4 0.04 1 0 1 0 0 0 1 

20 Rio Del Oso B4 0.0 1 0 0 0 1 0 0 

54 Rio Salado at Riley B4 0.0 2 0 0 2 0 0 0 

93 Potrillo Mtns B4 0.02 1 0 1 0 0 0 1 

96 Jarilla Mtns B4 0.00 1 0 0 0 0 0 0 
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APPENDIX D.  New Mexico Important Plant Areas - Methods   
 

Important Plant Areas (IPAs) are specific places across New Mexico that support either a high diversity 
of sensitive species or are the last remaining locations of our most endangered plants. The IPAs were 
developed using a combination of spatial modeling of the Strategy species observation data in a GIS and 
expert review followed by the assignment of a Biodiversity Rank (Table 1) to assist in prioritizing areas 
for conservation planning. 

IPA Delineation  

We downloaded Strategy plant observation data from NHNM Biotics on February 1, 2017 and 
intersected all Strategy species occurrences with a one-mile hexagonal grid covering the state of New 
Mexico. This resulted in about 3,000 occupied hexagons attributed by Strategy species composition.  
This dataset was the foundation for aggregating spatially proximal and compositionally similar hexagons 
into coherent IPAs. 
  
Initial clusters representing incipient IPAs were created by visually grouping hexagons in close physical 
proximity to each other. We deliberately made the initial clusters small with the goal of combining initial 
clusters into larger clusters in later steps. Hexagons that were completely isolated (>5km from the 
nearest hexagon) were given their own group identities. 
 
To reduce the number of small isolated hexagons, we removed any hexagons that fit the following 
criteria: (1) >5km from the nearest hexagon, (2) no more than 1 Strategy species occurring in the 
hexagon with a (2) NHNM G-rank of 4 or 5 and an S-rank of 3, 4, or 5. This effectively removed isolated 
hexagons with low species richness that lacked highly-ranked species. 
 
We summarized plant occurrence data per initial group as simple presence/absence data for each of the 
Strategy species. We calculated the geometric centroid of each initial group by calculating the mean x 
and y coordinates of all hexagons within that group. We then calculated the physical distance between 
each initial group and every hexagon in the state. Additionally, we estimated the floristic distance 
between each initial group and every hexagon in the state by using a Euclidean distance metric based on 
all species. We flagged as potential outliers hexagons within a group that were further than 5,000 m 
from the geometric center of group and that had a floristic distance to their own group >50. For each of 
these hexagons, we estimated the next best grouping using a combination of physical and floristic 
distance and reassigned the hexagons as needed. 
 
Final hexagon groupings were created using expert knowledge of local geography and general Strategy 
species habitat requirements, while taking into account pairwise floristic and physical distances. After 
assigning hexagons into final groups, we used Fixed r Local Convex Hulls in ArcGIS to define the final IPA 
boundaries. We estimated the r parameter individually for each group by calculating the median of all 
pairwise distances between hexagons within each group. This allowed a more inclusive wrapping for 
hexagons that were spread over a large geographic area and tighter, more exclusive wrapping for 
hexagons that were tightly clumped. We hand edited individual IPA boundaries to prevent adjacent IPAs 
from overlapping. 
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IPA Biodiversity Significance 

The biodiversity significance of an IPA was characterized by an IPA Biodiversity Rank (IPA B-Rank) based 
Diversity Score (D-Score) modified as needed to account for species that are both highly localized and 
very rare (S1/G1 and S1/G2 species).  The Diversity Score is computed as the inverse Global/State Status 
Score for a species times its percent occupancy in an a given IPA, summed for species in an IPA (Tables 2 
& 3).  The higher the value, the greater the biodiversity significance. For example, a S2/G3 species would 
have a GS Status Score of 4, and if 50% of the observations for that species occurred within the IPA, its 
Diversity Score would be 2.  These scores are summed for all species in the IPA.  Based on the sums, the 
IPAs are initially assigned B-Ranks per Table 1.  In addition, approximately 10% of the IPAs were assigned 
a modified B-Rank based on expert opinion, federal status of the species occurring within an IPA, and 
overall rarity.   

Table 3.  Biodiversity Significance Ranks (B-Ranks). 

B1 – Outstanding concentration of Strategy species (IPA Diversity Index > 20) or specific very rare 
species targets  
B2 – Very high concentration of Strategy species (IPA Diversity Index 10 to 20) or specific rare species 
targets  
B3 – High concentration of Strategy species (IPA Diversity Index 1 to 10) or specific rare species 
targets 
B4 – Moderate concentration of Strategy species (IPA Diversity Index <1) or specific rare species 
targets 
B5 – General interest/open space with no Strategy species. 
B? – Unknown 

.    
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Table 4.  Global/State Status Score scoring matrix based NHNM/NatureServe (NS)species status ranks.  

GS-Score NHNM State Status Rank 

 NS 
Global 
Rank 

S1 S2 S3 S4 S5 

G1 5         

G2 5 4       

G3 4 4 3     

G4 3 3 3 2   

G5 2 2 2 2 1 
 

 

Table 5.  Assignment table for IPA Biodiversity Ranks based on the IPA Diversity Score (D-Score). 

B-rank D-Score 

B1 >20 

B2 10 to 20 

B3 1 to 10 

B4 <1 
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1.0  ABOUT THE PLAN
The New Mexico Wildlife Conservation Act amendments of 1995 directed the New Mexico Department 
of Game and Fish to develop recovery plans for species listed as threatened and endangered under the Act 
(17-2-40.1[A] NMSA 1978).  The four-fold purpose of a recovery plan is to: 1) restore and maintain 
viable populations of a listed species and its habitat, such that the species may be delisted; 2) mitigate 
adverse social or economic impacts resulting from recovery actions; 3) identify social or economic 
benefits and opportunities; and 4) use existing resources and funding sources, to the extent possible, to 
implement the plan (17-2-40.1[E]).  Preparation of recovery plans that address several listed species that 
share a common habitat or that face similar threats is also encouraged in the Act (17-2-40.1[B]). 

This Recovery and Conservation Plan addresses four semi-aquatic or aquatic invertebrate species listed as 
endangered under the Wildlife Conservation Act: Noels’ amphipod (Gammarus desperatus),  Pecos 
assiminea (Assiminea pecos), Koster’s springsnail (Juturnia kosteri), and Roswell springsnail 
(Pyrgulopsis roswellensis).  In New Mexico, all four of these species are currently known to be restricted 
to aquatic and wetland habitats on Bitter Lake National Wildlife Refuge, Chaves County.   

The Department has little jurisdiction over the lands that the four species currently occupy or those where 
reintroduction would likely be attempted. Therefore, for this recovery effort to be fully successful, the 
Department must establish cooperative working relationships with other state, federal, and local 
government entities and private landowners. Accordingly, the first step in implementing this plan is the 
development and execution of agreements among all stakeholders so that recovery and conservation 
actions described herein can be developed and implemented.  

This plan was developed with input from the public, as required by the Act (17-2-40.1[C and D] NMSA 
1978). and in accordance with the long-range plan guidelines in the New Mexico Department of Game 
and Fish Guidelines for Writing Long Range, Action, and Operational Plans (Graves, 2002).  The format 
and organization of the plan follow that guidance.

Section 2.0 of this plan includes background information on the distribution, habitat requirements, 
biology, and ecology of the four invertebrate species.  Section 2.2 includes an analysis of factors that have 
led to the endangerment of the four species (Historical Perspective).  Existing and potential future threats 
to the four invertebrate species are assessed in section 2.3 (Habitat Assessment).

Section 3.0 contains the goal for recovery and conservation of the four species, associated objective and 
objective parameters, issues associated with objective parameters, and strategies. An Action Plan for 
implementing tasks to achieve the recovery and conservation goal is also provided. The appendices 
contain a summary of public participation in development of the recovery and conservation plan 
(Appendix A), Oil Conservation Division regulations for installation of oil and gas wells (Appendix B), 
and a social and economic analysis (Appendix C). 
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2.0  BACKGROUND
Section 2.0 consists of background information on the distribution, status, habitat requirements, biology, 
and ecology of the four invertebrate species.  This information provides the basis for assessing current 
status, threats to persistence, and the most effective recovery and conservation strategies for the four 
species.

2.1  NATURAL HISTORY

2.1.1  Description and Taxonomy
Noel’s amphipod  Noel's amphipod (Figure 1A) was described in 1981 by Cole from a 1967 collection of 
amphipods from Chaves County, New Mexico (Cole, 1981: 27).  The type locality of the description of 
the species was North Spring on the Roswell County Club.  The North Spring collection appeared to be 
the same species collected from Lander Springbrook in Chaves County by Noel in 1950 and mistakenly 
identified by her as Gammarus fasciatus (Cole, 1981: 27).

Amphipod species are primarily marine, although 900 species occur in fresh water worldwide occurring 
in subterranean and surface waters, including lakes and ponds and flowing water (streams, springs, etc).  
There are approximately 150 American species found in freshwater (Smith, 2001: 569).  Two families of 
amphipods, Gammaridae and Hyalellidae, occur in New Mexico (Cole, 1981: 27).  Noel's amphipod is in 
the family Gammaridae.  Noel's amphipod is one of three described and four undescribed Gammarus
species collectively known as the Gammarus pecos complex (Cole, 1985).  The Gammarus pecos
complex occurs in the Pecos River basin which extends from Roswell, Chaves County, New Mexico 
south to Fort Stockton, Pecos County, Texas.   

Females of Noel’s amphipod are generally smaller than males (Figure 1A).  Males range in size from 9.45 
mm to 14.8 mm (0.37 in to 0.58 in) while females are 8.5 mm to 12.6 mm  (0.34 in to 0.50  in) long 
(Cole, 1981: 31). The following description is excerpted from Cole (1988a: 3-4): 

"Members of the genus Gammarus are easily distinguishable from Hyalella species by having the first pair of antennae 
longer than the second....the first antenna of Gammarus  has a small accessory flagellum composed of three to seven 
segments.  Thus, the antenna is Y-shaped, recalling the two-branched (biramous) ancestral or primitive crustacean 
appendage.”

(Gammarus has) “larger and more elongate eyes....The posterior pair of abdominal appendages, third uropods, are well 
developed and biramous....The Gammurus telson is bilobed and cleft to its base...."

Cole described the following features that distinguish Gammarus desperatus from Gammarus lacustris,
which is the only other described gammarid species in New Mexico (Cole, 1988a: 4): 

"The eye of the (Gammarus desperatus) is ...elongate kidney-shaped. The eyes of G. lacustris are smaller and rounder...The 
5th and 6th segments, especially of the last two pairs of pereopods in G. desperatus are setose, appearing hairy.  Small 
spinules on these leg segments are accompanied by many long setae; similar short spinules in G. lacustris lack 
accompanying setae. The green-brown body of Noel’s amphipod has bands of red on the sides of the thoracic and abdominal 
segments, and often a dorsal red strip is present. Red banding is not typical of G. lacustris."
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In a recent study of genetic diversity in amphipods of the Gammarus pecos species complex (which 
includes G. desperatus), Gervasio et al. (2004) demonstrated the distinctness of this species from other 
closely related amphipods in isolated spring systems of the Chihuahuan Desert. 

Pecos assiminea  Pecos assiminea (Figure 1B and Figure 2) was described in 1987 from collections made 
in New Mexico, Texas, and México (Taylor, 1987: 8).  The type locality of the species was a seepage area 
on the west side of Unit 7 on Bitter Lake National Wildlife Refuge.  Pecos assiminea is unique in that it is 
the most inland species of the primarily marine genus Assiminea. Pecos assiminea is a very  small, nut-
brown colored snail in the family Assimineidae, which comprises mostly marine and brackish-water 
species (Taylor, 1987: 8).  Assimineid snails and snails in the family Hydrobiidae, which also occur in 
New Mexico, are distinguished by internal gills and an operculum that covers the shell aperture (Pennak, 
1989).  The genus Assiminea is distinguishable from snails in the family Hydrobiidae by its almost 
complete lack of tentacles (Taylor, 1987: 8).  The eyes occur instead in the tips of short eye stalks (Figure 
2d).

Shell length of Pecos assiminea ranges from 1.36 mm to 2.16 mm (0.05 in to 0.08 in).  Shell width ranges 
from 1.05 mm to 1.51 mm (0.04 in to 0.06 in).  Females are larger than males.  The following description 
is excerpted from Taylor (1987: 8): 

 “The shell is minute, conical, with a spire angle of 55-60o, and with up to 4½ strongly convex and regularly rounded 
whorls that are separated by an incised suture.  The shell wall is translucent, glossy chestnut brown when fresh, thin but 
firm.  The aperture is broadly ovate, nearly circular.  The thin parietal lip is appressed simply to the preceding whorl, and 
passes smoothly into the thicker columellar lip.  This lip is not flared but simply rounded and only slightly encroaches on the
umbilicus that is contained in the shell diameter about 9 times.  The thicker columellar lip thins as it passes gradually into 
the outer lip, which meets the parietal lip at an obtuse angle.  The protoconch of about one whorl is smooth, glossy, abruptly 
set off from the later shell with definitive sculpture of fine, close-set, axial threads.  These have little relief over most of the 
shell, but on the base and especially around the umbilicus become stronger, forming delicate, close rugae.  Growth lines and 
plane of aperture are at an angle of about 10o to the axis of coil.  Spiral sculpture consists of very fine, irregular, 
discontinuous striae that commonly interrupt the fine growth-threads. 
 Operculum corneous, paucispiral, pale amber, slightly concave externally, with no internal thickening.”

Koster’s springsnail  Koster's springsnail (Figure 1C) was described in 1987 from collections made in 
Chaves County, New Mexico (Taylor, 1987:45).  The type locality of the species is Sago Spring on Bitter 
Lake National Wildlife Refuge.  This springsnail is in the family Hydrobiidae, the largest and most 
diverse family of freshwater snails in North America.  The family Hydrobiidae includes approximately 36 
genera (Smith, 2001:345).  Although initially considered by Taylor (1987: 45) to be in the genus Tryonia,
the species was reassigned first to the genus Durangonella  (Hershler, 2001: 15) and then to the new 
genus Juturnia (Hershler et al., 2002: 175). 

Shell length of the Koster’s springsnail ranges from 2.64 mm to 4.56  mm (0.10 in to 0.18 in).  Shell 
width ranges from 1.60 mm to 2.64 mm (0.06 in to 0.10 in).  Females are larger than males (Taylor, 1987: 
46).  The following description is excerpted from Taylor (1987: 45-46): 

"Shell narrowly conical, with blunt apex and broadly rounded anterior end.  Whorls up to 5¾ in larger specimens of both 
sexes, regularly convex and separated by an incised suture.  Aperture broadly ovate, broadly rounded anteriorly and 
narrowly rounded posteriorly.  Parietal part of peritreme simply adnate to preceding whorl, leaving an umbilical chink.  
Profile of aperture plane slightly oblique to axis of coil, posterior end in advance of anterior end.  Sculpture of fine, irregular
collabral growth lines. Periostracum pale tan. 
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Penis a flattened blade with little or no taper, opaque at the tip but generally with weak pigmentation of scattered melanin 
granules.  A single papilla on the left distal margin is markedly variable in shape, averages much wider than long, and has a 
relatively small gland."

Roswell springsnail  Roswell springsnail (Figure 1D) was described in 1987 from collections made in 
Chaves County, New Mexico (Taylor, 1987: 16).  The type locality of the species was a seepage on the 
west side of Unit 7 of Bitter Lake National Wildlife Refuge.  As with Koster’s springsnail, this 
springsnail is in the Family Hydrobiidae.  Roswell springsnail was initially considered by Taylor to be of 
the genus Fontelicella (Taylor, 1987: 15) but at about the same time, Hershler and Thompson (1987: 25) 
allocated the genus Fontelicella to Pyrgulopsis.  Hershler reassigned Fontelicella roswellensis to 
Pyrgulopsis roswellensis in 2002 (Hershler, 1994: 63). 

Shell length of the Roswell springsnail ranges from  2.4 mm to 3.8 mm (0.10 in to 0.15  in) with four to 
five whorls.  The following description is excerpted from Hershler (1994: 63): 

"Shell ovate-conic; height, 2.4-3.8 mm; whorls, 4-5.  Protoconch finely punctate.  Teleoconch whorls slightly-moderately 
convex, often strongly shouldered; sculpture of weak-moderate growth lines.  Aperture adnate to slightly separated from 
body whorl.  Inner lip complete, thickened; columellar lip reflected.  Outer lip slightly prosocline.  Umbilicus very narrowly 
rimate to shallowly perforate.  Periostracum light tan.   

Operculum ovate, amber, sometimes with internal calcareous smears; nucleus slightly eccentric; dorsal surface weakly 
frilled.  Attachment scar margin thickened all around, broadly so along inner edge and between edge and nucleus; callus 
well developed. 

Cephalic tentacles light-moderate brown.  Snout moderate-dark brown.  Foot dark along anterior and posterior edges, 
variably pigmented along sides.  Opercular lobe margins dark, especially anterior edge; central region variably pigmented.  
Neck pale to light brown.  Pallial roof, visceral coil dark brown-black."

2.1.2  Historic and Current Distribution
Noel’s amphipod  Noel's amphipod was historically known from Lander Springbrook, a tributary of the 
South Spring River near Roswell, where it was collected by Martha S. Noel in 1950 (Noel, 1954: 124) 
and North Spring on the Roswell Country Club from collections made in August 1967 and August 1978 
(Figure 3; Cole, 1981: 27).  Noel’s amphipod was also collected from a sinkhole and from Bitter Creek 
(i.e. “Lost River”) on Bitter Lake National Wildlife Refuge in 1988 (Cole, 1988b: 2). 

The Lander Springbrook population of Noel’s amphipod went extinct by about 1960 with drying of the 
spring (Cole, 1981: 27; Cole, 1988a: 1).  The North Spring population of Noel’s amphipod appears to 
have been extirpated as a result of habitat modification that occurred prior to May 1988 (Cole, 1981: 27; 
Cole, 1988a: 2). The species was not found in North Spring on the Roswell Country Club during a survey 
in August 2004 (B. Lang, New Mexico Department of Game and Fish, unpublished data). Noel’s 
amphipod currently persists on Bitter Lake National Wildlife Refuge at the Sago Spring wetland complex 
(including Sinkhole No. 31), Bitter Creek, and along the western boundary of Unit 6 (Figure 3; Lang, 
1999: A1; Lang, 2002: A2).  Noel’s amphipod appears to be declining at Dragonfly Spring at the 
headwaters of Bitter Creek following the Sandhill Fire that burned through the area in March 2000 (Lang, 
2002: A2).  
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Pecos assiminea  When Pecos assiminea was described in 1987, extant populations were found at three 
isolated localities: Bitter Lake National Wildlife Refuge in Chaves County, New Mexico; Diamond Y 
Draw in Pecos County, Texas; and in the  Bolsón de Cuatro Ciénegas, Coahuila, Mexico (Figure 3; 
Taylor, 1987: 9).  Taylor (1987: 8-9) reported extirpation of two populations in Chaves County: one at 
North Spring on the Roswell Country Club and the other at the type locality on Bitter Lake National 
Wildlife Refuge.  Taylor (1987: 9) reported fossil Pecos assiminea from along the Pecos River near 
Grandfalls, Texas and the Rio Monclova, Coahuila, México. 

Current status of the species in the Bolsón de Cuatro Ciénegas in Coahuila, México is unknown (U.S. 
Fish and Wildlife Service, 2002: 6461); it was last found at only one location there (Taylor, 1987: 9).  
Pecos assiminea persists at Diamond Y Spring in Pecos County, Texas (Lang, 2002: A5).  A previously 
unknown population was discovered at East Sandia Spring in Reeves County, Texas on private lands 
under stewardship of The Nature Conservancy (Lang, 2000: A3).  The species also persists at Bitter Lake 
National Wildlife Refuge. Populations on Bitter Lake National Wildlife Refuge currently are found in the 
upper reaches of Bitter Creek near Dragonfly Spring, the lower end of Bitter Creek near Bitter Lake, the 
lower reaches of the Sago Spring wetland complex near Sinkhole No. 31, on the western perimeter of 
Unit 7 (very localized), and at a spring in the extreme southwestern corner of Unit 15 (Figure 3; Lang, 
2002: A5). The species was not found at North Spring on the Roswell Country Club during a survey in 
August 2004 (B. Lang, New Mexico Department of Game and Fish, unpublished data) 
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Table 1. Historic locality records of the four endangered invertebrate species in Chaves County, New 
Mexico, excluding current and historic localities at Bitter Lake National Wildlife Refuge, as reported in 
the indicated reference. 

Species Historic Records Reference

Noel’s Amphipod "Lander Springbrook" Cole (1981:27) 
 North Spring, Roswell Country Club Cole (1988b:2) 
   

Pecos assiminea North Spring, Roswell Country Club Taylor (1987:8) 
   

Koster’s Springsnail "Berrendo River" Taylor (1987:47) 
 North Spring River Taylor (1987:47) 
 South Spring River Taylor (1987:47) 

"Near new Pecos bridge near Roswell, 
west side of river, from white marl" Taylor (1987:47) 

   
Roswell Springsnail "Berrendo River" Taylor (1987:16) 

 "Pecos River northeast of Roswell" Taylor (1987:16) 
 "Lander Springbrook" Taylor (1987:16) 
   

Koster’s springsnail  Fossil shells of Koster’s springsnail, presumably of Pleistocene age, have been 
collected from North Spring River, South Spring River, Berrendo Creek, and the Pecos River near 
Roswell (Figure 3; Taylor, 1987: 47).  Five populations of Koster’s springsnail, all from New Mexico, 
were known when the species was described in 1987.  Four of these populations were on Bitter Lake 
National Wildlife Refuge at the following locations: throughout Bitter Creek; in a 0.4-km (0.25-mi) reach 
of an unnamed creek along the west side of Unit 3; in a seep draining into a ditch along the west side of 
Unit 6; and at Sago Spring, the type locality.  The fifth population was known from North Spring on the 
Roswell Country Club from collections made from 1968 to 1981 (Taylor, 1987: 47). 

The current distribution of Koster’s springsnail appears to be restricted to Bitter Lake National Wildlife 
Refuge.  The status of Koster’s springsnail was unknown at the Roswell Country Club following a survey 
in 1995 due to lack of access to the site (Lang, 1998: B78). However, in August 2004, the site was 
resurveyed and this species could not be found (B. Lang, New Mexico Department of Game and Fish, 
unpublished data). Koster’s springsnail persists in Lake St. Francis, Dragonfly Spring, Bitter Creek, Sago 
Spring, Sinkhole No. 31, the southwestern corner of Unit 15, the northwestern border of Hunter Marsh, 
and in isolated locations along the western boundaries of Units 5, 6, and 7 (Figure 3; Mehlhop, 1992; 
Lang, 2002: A16). Koster’s springsnail has not been found in recent times along the western boundary of 
Unit 3 (Lang, 2002: A16). 
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Roswell springsnail  Fossil specimens of Roswell springsnail have been collected from Berrendo Creek 
and the Pecos River northeast of Roswell (Figure 3; Taylor, 1987: 16).  Four populations of Roswell 
springsnail were known when the species was described in 1987.  All of these occurred within Chaves 
County, and three of them were within Bitter Lake National Wildlife Refuge.  The latter were located at a 
seep draining into a ditch along the west side of Unit 6, a seepage area on the west side of Unit 7 (the type 
locality), and Sago Spring.  The fourth population was known from North Spring on the Roswell Country 
Club grounds from collections made from 1968 to 1981 (Taylor, 1987: 16).  

Current distribution of Roswell springsnail appears to be restricted to Bitter Lake National Wildlife 
Refuge.  No specimens of Roswell springsnail have been collected at Roswell Country Club since 1995, 
and its status there could not be assessed in subsequent years due to lack of access to the site (Lang, 1998: 
B78). A survey at the Roswell Country Club in August 2004 indicated that the Roswell springsnail was 
no longer present (B. Lang, New Mexico Department of Game and Fish, unpublished data)  Roswell 
springsnail persists in Bitter Creek, Sago Spring, Sinkhole No. 31, and along the western boundary of 
Unit 6 (Figure 3; Mehlhop, 1992; Mehlhop, 1993; Lang, 2002: A16). Koster’s springsnail has not been 
found in recent times along the western boundary of Unit 3 (Lang, 2002: A16).  The type locality on the 
western boundary of Unit 7 was reported as being dry in 1992 (Mehlhop, 1992: 5); however, surveys in 
2002 documented the persistence of the Roswell springsnail at this site (B. Lang, New Mexico 
Department of Game and Fish, unpublished data). 

All four species have been surveyed for at spring sites at Bottomless Lakes State Park, southeast of Bitter 
Lake National Wildlife Refuge. Although potentially suitable habitat is available at Bottomless Lakes, no 
evidence of these species has been found there (B. Lang, New Mexico Department of Game and Fish, 
unpublished data). 

2.1.3  Habitat Requirements
Noel’s amphipod  Gammarid amphipods typically are found in shallow, cool, well-oxygenated waters of 
small streams, ponds, ditches, sloughs and springs (Holsinger, 1976: 3; Smith, 2001: 574).  Amphipods in 
general require high dissolved oxygen concentrations and relatively high calcium concentration (Smith, 
2001: 574).  Acidity is a limiting factor for amphipods, with a pH of 6.0 generally constituting a lower 
threshold and 8.0 an upper threshold (Smith, 2001: 574).  They are found in beneath stones and in aquatic 
vegetation during daylight hours (Cole, 1988a: 5; Smith, 2001: 572-574).  Noel’s amphipod was found 
mainly on rubble and rubble-sand substrate at Lander Springbrook and less frequently on silt substrate or 
vegetation  (Noel, 1954: 124).  Habitats on Bitter Lake National Wildlife Refuge range from dense beds 
of emergent aquatic macrophytes to clear, flowing springbrooks with submerged aquatic vegetation, 
vegetated banks and margins, and clean substrates (Figure 4).  Standing water and silt accumulation 
appear to constitute unsuitable habitat for the species (Lang, 2000: A1).  Lang (2002: A2) reported that 
the addition of stones, which increased stream gradient and current velocity, improved habitat for Noel’s 
amphipod along the western boundary of Unit 6.  Salinity in habitats occupied by amphipods of the 
Gammarus-pecos complex is low to moderate, ranging from 0.12 ppt to 5.85 ppt (Cole, 1988a: 5).  Cole 
(1981: 27) reported chemical composition of the water at North Spring to be similar to that described at 
Lander Springbrook (Noel, 1954: 123): impure gypsum substrate, sulfate- and chloride-rich waters, and 
calcium as the primary cation. 
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Pecos assiminea  Taylor (1987: 9) described the habitat of Pecos assiminea as “moist earth beside 
seepages or spring-brooks; never beside standing water” and that they occurred “beneath salt grass or 
sedges, less often on exposed surfaces.”  Lang (2002: A5) reported that Pecos assiminea was closely 
associated with wetland habitats characterized by soils saturated at the surface and vegetation dominated 
by American three-square (Scirpus americanus), common reed (Phragmites australis), and spike rush 
(Eleocharis spp.) with inland saltgrass (Distichlis spicata) and rushes (Juncus spp.) also occurring as 
common species in the wetland plant community.   The snail typically occurs near the surface of the soil 
beneath litter and vegetation in these habitats. Pecos assiminea occupies wetland habitats along the 
margin of Bitter Creek, particularly near the mouth at Bitter Lake, at the type locality near Unit 7, and at 
Sinkhole No. 31 at the lower end of the Sago Spring complex, where the species is most abundant (Figure 
5).  Although Pecos assiminea is most common in non-inundated wetland habitat, it may also rarely occur 
in aquatic habitats of Bitter Creek and Sago Spring (Lang, 1998: 13).  The snail was found at a density of 
about 64/m2 (5.95/ft2) in water depths ranging from 5.0 cm to 21 cm (0.06 in to 8.27 in) in these aquatic 
habitats (Lang, 1998: 13).  The species does not appear to persist in conditions of fluctuating water level 
or standing water in wetlands that are subject to winter freezing (Lang, 2000: A2).

Koster’s springsnail and Roswell springsnail  Both Koster’s springsnail and Roswell springsnail are in 
the Family Hydrobiidae.  All nine described hydrobiids of New Mexico (Taylor, 1987; Hershler et al., 
2002) are state endemics that typically occur in small, geographically isolated habitats consisting of 
eurythermal (i.e. fluctuating temperature) springs and spring-fed wetland systems restricted to the 
southern half of the state (Lang, 1998: B77).  Habitat of Koster’s springsnail consists of soft substrates of 
springs and seeps (Taylor, 1987: 47), and Lang (1998: 13) found the species to be most abundant in the 
deep organic substrates of Bitter Creek.  Roswell springsnail, on the other hand, was found to be most 
abundant on indurate, or hard, gypsum substrate in Sago Spring outflow channels and pools (Lang, 1998: 
13).

Both springsnails are found throughout Bitter Creek, which varies in water temperature from the 
headwaters at Dragonfly Spring to the downstream reaches near the mouth of Bitter Lake.  The upstream 
reaches of Bitter Creek are characterized by a relatively stable temperature regime with a narrow range of 
fluctuation (Lang, 1998: 15).  Water temperature at Dragonfly Spring varied only about 4.6oC (8.3oF)
from 13.6oC (56.5oF) to 18.2oC (64.8oF) from October 1996 through June 1998 (Lang, 1998: 16).  Water 
temperature was much more variable during the same period in the lower reach of Bitter Creek, ranging 
from 0oC (32oF) to 31oC (87.8oF).  Water temperature regimes are less variable in the Sago Spring 
complex than in Bitter Creek (Lang, 1998: 15).  Water temperature varied about 3.5oC (6.3oF), from 
17.0oC (62.6oF) to 20.5oC (68.9oF) at the headspring of Sago Spring and about 6.1oC (10.9oF) from 15.7oC
(60.3oF) to 21.8oC (71.2oF) in the outflow at Sago Spring (Lang, 1998: 20-21).  Salinity in Bitter Creek 
ranged from about 4.5 ppt to near 6 ppt.  Dissolved oxygen in Bitter Creek ranged from about 1.0 ppm to 
over 20 ppm from 1995 to 1998, with lowest levels occurring in summer evening hours and highest levels 
during daytime hours in spring.  Variation in pH was from about 6.67 to 8.20 (Lang, 1998: 22-24). 

2.1.4  Reproduction
Specific breeding and reproductive characteristics of the four invertebrate species have not been well 
studied.  The following discussion is therefore based largely on general characteristics at higher 
taxonomic levels that include each of the four species. 
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Noel’s amphipod  Most amphipods breed between February and October (Smith, 2001: 572).  Gammarus
males and females pair for one to seven days, feeding and swimming together prior to copulation which 
lasts less than one minute. Fertilized eggs are retained in a brood pouch, or marsupium, where they 
incubate for one to three weeks.  Young remain in the marsupium for another one to eight days before 
being released (Smith, 2001: 573).  The breeding season for Noel’s amphipod is likely from February 
through October and is dependent on water temperature.  Most amphipods live one year or less (Smith, 
2001: 574). 

Pecos assiminea  Pecos assiminea is dioecious (i.e., individual snails are strictly male or female) and 
fertilization is internal.  Eggs are likely deposited in gelatinous masses, as is characteristic of most 
mesogastropod snails (Barnes, 1980: 372).  Some gastropods may reach sexual maturity in as little as six 
months (Barnes, 1980: 375); however nothing is known about specific development in Pecos assiminea.  
Similarly, nothing is known about the seasonality, frequency of breeding, fecundity, or other aspects of 
reproduction of Pecos assiminea. 

Koster’s springsnail and Roswell springsnail  Hydrobiid snails are sexually dimorphic (i.e., males and 
females differ in external appearance) and the male copulatory organ, commonly called a “verge,” 
projects from the vicinity of the neck and cannot be retracted (Smith, 2001: 330, 337, 338). Little is 
known about the specific reproductive habits of Koster’s or Roswell springsnail.   These species breed 
seasonally from March through September (Lang, 1998: B78).  Unlike most hydrobiid snails that lay eggs 
in adhesive masses, Koster’s and Roswell springsnail are ovoviviparous, with serial production of live 
young as opposed to broods.  Thus, population recruitment is continuous throughout the breeding season.
Individuals likely live for less than one year (Taylor, 1985: 16).  

2.1.5  Food Habits
No detailed studies of any of the four invertebrate species have been conducted, therefore nothing is 
known of their specific feeding ecology and preferred food items.  The following discussion is based on 
general characteristics at higher taxonomic levels that include each of the four species. 

Noel’s amphipod  Amphipods are omnivorous, feeding on a wide variety of plant and animal matter and 
detritus.  Noel’s amphipod is often found in beds of submerged aquatic plants, which indicates that they 
probably browse on a surface film of algae, diatoms, bacteria, and fungi (Smith, 2001: 572).  Juveniles are 
dependent on microbial foods, such as algae and bacteria, associated with periphyton or aquatic plants 
(Thorp and Covich, 1991). 

Pecos assiminea  Mesogastropod snails, which include Pecos assiminea, have a radula, or file-like rasp, 
situated behind the mouth (Barnes, 1980: 348).  The radula is used to scrape food from the foraging 
surface into the mouth.  Pecos assiminea likely forage on live and dead vegetation and coarse organic 
matter, where they probably consume bacteria, detritus, fungi, and algae (New Mexico Department of 
Game and Fish, 1988). 

Koster’s springsnail and Roswell springsnail  Freshwater gastropods are chiefly vegetarian, consuming 
primarily algae, bacteria, and fungi from submerged surfaces.  They may also eat dead plant and animal 
material (Smith, 2001: 332).  Taylor (1985: 16), studying species of Tryonia (sensu lato; that is, including 
Juturnia) other than kosteri, found they were "fine-particle feeders on detritus, and presumably on the 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 15

bacteria and protists in mud and aufwuchs [the community of aquatic organisms and detritus coating 
submerged objects].” 

2.1.6  General Habits
Noel’s amphipod  Amphipods are nocturnal, as they are extremely light-sensitive, and are strongly 
thigmotactic (i.e., they orient themselves by contact with the substrate; Smith, 2001: 574).  Amphipods 
respirate primarily through coxal gills (Smith, 2001: 572). 

Pecos assiminea  Respiration in Pecos assiminea is by direct air breathing, via trapping of an air bubble 
in the mantle cavity, and the habit of the species is amphibious (Taylor, 1983; Lang, 1998: 26).  The gills 
in Pecos assiminea are vestigial (Taylor, 1983: 14).  Pecos assiminea is probably most active at night 
(Lang, 1998: 26).

Koster’s springsnail and Roswell springsnail  Koster’s and Roswell springsnail are prosobranch snails, 
which have internal gills for aquatic respiration.  A small amount of oxygen absorption may also occur 
through the mantle (soft body) surface (Smith, 2001: 335, 344).  These two springsnails appear to select 
different substrates, which is a behavior that is well documented in aquatic snails (Brown, 1991: 293). 

2.1.7  Population Dynamics
Noel’s amphipod  Amphipod populations can achieve exceedingly high densities, sometimes in excess of 
10,000/m2 (929/ft2; Smith, 2001: 574).  This species was reported by Noel (1954: 124) to be the most 
abundant macroinvertebrate at Lander Springbrook, with densities ranging from 2,228/m2 (207/ft2) to 
10,416/m2 (968/ft2).  Population density of Noel’s amphipod at sites on Bitter Lake National Wildlife 
Refuge in 1995 and 1996 ranged from 64/m2 (6/ft2) to 8,768/m2. (815/ft2) at Bitter Creek and 20/m2 (2/ft2)
to 575/m2 (53/ft2) at Sago Spring wetland complex (Lang, 1999: A1).  Density of Noel’s amphipod at 
Unit 6 in 1999 was 344/m2 (32/ft2; Lang, 2002: A1). 

Amphipods generally do not tolerate habitat dessication or other adverse environmental conditions and 
are thus sensitive to habitat degradation (Smith, 2001: 575).  Lang (2002: A2) found this to be true in 
Noel’s amphipod.  The Sandhill Fire burned through Dragonfly Spring in March 2000.  The fire 
eliminated vegetation shading at the spring and generated a substantial amount of ash input to the system. 
Subsequently, water temperature fluctuations and maxima increased and dissolved oxygen levels 
decreased at the site (Lang, 2002: B4).  Dense algal blooms occurred, forming thick floating mats and 
blankets on the substrate at the spring.  A monotypic, dense stand of common reed (Phragmites australis),
a native perennial grass (Allred, 1993: 163), colonized the burned area (Figure 6).  This stand of common 
reed replaced the pre-fire submerged aquatic macrophyte community as the dominant vegetation at the 
site.  Noel’s amphipod was present at a density of 11,625/m2 at Dragonfly Spring in June 1996, prior to 
the fire; only four individuals were found at the site following the fire in April 2000 (Lang, 2002: B7). 

High population densities in gammarid amphipods are not uncommon and cannibalism may occur at 
density extremes when food supply becomes limiting (Smith, 2001: 575).  Seasonal or long-term 
movements of amphipods have been reported, indicating that hydrologically connected habitats may be 
recolonized following local extirpation (Smith, 2001: 575).  Predation by fish, birds, and aquatic insects 
(Smith, 2001: 576) may also play a role in regulating population size of Noel’s amphipod. 
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Pecos assiminea  Populations of Pecos assiminea can achieve relatively large size and density (e.g. 
Taylor, 1985).  Little is known about factors regulating population size of Pecos assiminea.  Fluctuating 
surface water levels and winter freezing of inundated areas appears to limit population size and possibly 
persistence of the species (Lang, 2000: A2).

Taylor (1987: 8-9) reported local extinction of two populations of Pecos assiminea in New Mexico: one at 
the type locality along the western boundary of Unit 7 on Bitter Lake National Wildlife Refuge and 
another at North Spring on the Roswell Country Club (Figure 1).  Subsequent rediscovery of Pecos 
assiminea at the type locality indicates that either the population was not extirpated or that the site was 
recolonized.

Dispersal of the species may rarely occur through downstream transport in stream systems.  Lang (1998: 
26) reported one live individual in the drift of Sago Spring outflow.  However, due to the primarily 
terrestrial habit of Pecos assiminea and its rarity in aquatic habitat, this mode of dispersal is likely 
extremely limited.  Thus, the potential for natural recolonization of suitable habitat following local 
extinction is probably very low. 

Removal of vegetative cover by burning in habitats of Pecos assiminea has been suggested as an 
important factor in decline or loss of populations (Taylor, 1987: 9).  However, Pecos assiminea persisted 
at Sago Spring despite burning of the habitat in spring 1997 (Lang, 2000: C3). Pecos assiminea was also 
discovered at Dragonfly Spring following burning of habitat there during the Sandhill Fire in March 
2000.  It appears that season of burning, intensity of the fire, and frequency of fire are important 
determinants of effects on population persistence and abundance (Lang, 1999: A3).  It is likely that Pecos 
assiminea may survive fire or other vegetation reduction if sufficient litter and ground cover remain to 
sustain appropriate soil moisture and humidity at a microhabitat scale.  Complete combustion of 
vegetation and litter, high soil temperatures during fire, or extensive vegetation removal resulting in soil 
and litter drying, may eliminate populations and render habitat unsuitable. 

Koster’s springsnail and Roswell springsnail  Resource abundance and productivity appears to be an 
important factor in regulating population size of snails.  Reductions in fecundity and juvenile survival 
with increases in population size and increased competition for limited food resources has been 
demonstrated for several freshwater taxa (Thorp and Covich, 1991: 295).  Populations of Koster’s 
springsnail may reach very high densities, at which point high incidence of trematode infestation and 
parasitic castration may regulate reproduction and thus, population size (Taylor, 1987: 47). 

Koster’s springsnail was found in densities ranging from 704/m2 (65/ft2) to 89,472/m2 (8,315/ft2) in Bitter 
Creek in 1995 and 1996.  Lower densities were found in Sago Spring, ranging from 51/m2 (5/ft2) to 75/m2

(7/ft2; Lang, 1999: A10).  Conversely, Roswell springsnail occurred at densities ranging from 1,125/m2

(104/ft2) to 27,924/m2 (2,595/ft2) at Sago Spring and only 64/m2 (6/ft2) to 512/m2 (47/ft2) at Bitter Creek 
in 1995 and 1996 (Lang, 2002: A12). This corresponds to the abundance of hard gypsum substrate, 
which appears to be preferred by Roswell springsnail, at Sago Spring compared to Bitter Creek (Figure 
7).

2.2  HISTORICAL PERSPECTIVE
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Changes that have occurred in habitat for the four invertebrate species, based on available information, 
are described in this section.  Also, an analysis of changes that likely occurred in distribution and 
abundance of the four invertebrate species is presented. 

2.2.1  Habitat Trends
Changes in Groundwater Hydrology  All four invertebrate species are associated with spring systems in 
desert-grassland near the northern limits of the Chihuahuan Desert region of the southwest United States 
and north-central México. Changes in water tables resulting from human use and drought have occurred 
throughout the region, often resulting in diminished discharge from springs or complete loss of surface 
water.  Thus, there has been a trend of diminishing suitable habitat and excessive degradation of habitat 
quality for the four invertebrate species throughout their range. 

In México, large springs in the Parras Basin in southern Coahuila were lost due to mining and resultant 
changes in groundwater flow in the area (Imlay, 1936: 1097).  Minckley (1974: 390) reported rapidly 
falling groundwater levels and loss of springs and surface water in the Cuatro Ciénegas basin in Coahuila 
from pumping and diversions. Similar changes in groundwater levels have been observed in Texas. 
Declining flow in springs in Reeves County, Texas, was reported by Brune (1981) and West Sandia 
Spring in this county recently ceased flowing (U.S. Fish and Wildlife Service, 2002: 6463).  In Pecos 
County, Texas, pumping of groundwater in the Pecos River valley lowered groundwater levels as much as 
120 m (394 ft) from the late 1940s into the late 1970s (Brune, 1981: 356), resulting in the loss of “nearly 
all” of the springs in the area (Brune, 1981: 356, 360). Leon Springs, located near Diamond Y Spring in 
Pecos County, Texas, historically flowed at a rate of 790 liters/sec (12,540 gal/min).  Flow from Leon 
Spring declined steadily from 1920 to 1958 when discharge ceased completely and the spring was lost 
(Brune, 1981: 359).  Flow in Comanche Spring (Pecos County, Texas), which historically measured about 
1,533 liters/sec (24,305 gal/min), was completely eliminated by 1954 by groundwater pumping (Scudday, 
1974: 515).

Groundwater level decline and loss of springs and surface-water flow in streams is also well-documented 
in the Roswell Artesian Basin in New Mexico. Major springs in the Roswell Basin included North 
Spring, South Spring, North Berrendo Spring, Middle Berrendo Spring, and South Berrendo Spring.
Discharge from each of these springs ranged from about 19.2 million m3 to 75.8 million m3 (15,600 to 
61,500 acre-feet) of water per year (Fiedler and Nye, 1933).  Capture of spring outflow with the 
Hagerman Canal was initiated in 1879, and the first artesian wells were constructed in 1896.  In 1905 
there were at least 2,185 artesian wells in operation, and by 1925 all of the major springs were reduced to 
almost zero flow.  The major springs were completely dry by 1931 (Fiedler and Nye, 1933; U.S. National 
Resources Planning Board, 1942).  Groundwater use increased in the 1940s and 1950s and the artesian 
pressure of the aquifer was largely exhausted by 1953 (Thomas, 1959; Jones and Balleau, 1996; Barroll 
and Shomaker, 2003).  Metering of groundwater pumping began in 1967, and the decline in groundwater 
levels began to slow.  However, the level of the artesian aquifer continued to decline and reached the 
lowest level in 1970, which was about 21 m (70 ft) below the historic level (Jones and Balleau, 1996).
Between 1975 and 1995, groundwater levels began to recover and had risen approximately 9.1 m (30 ft) 
from the lowest level (Jones and Balleau, 1996).  
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Reversal since about 1975 of the trend of lowering groundwater levels has not restored any lost springs in 
the Roswell area.  Surface flow at Lander Springbrook, a small tributary of the South Spring River near 
Roswell (Noel, 1954), was lost in the late 1950s (Cole, 1981: 27) and has not reappeared.  North Spring 
River, South Spring River, and reaches of Berrendo Creek remain dry, and spring flow has not been 
restored at these locations (Jones and Balleau, 1996: 5). Surface water flow on Bitter Lake National 
Wildlife Refuge was diminished by groundwater pumping, as evidenced by the dead springs on Salt 
Creek and documented reduction in spring flows on the refuge (Jones and Balleau, 1996:12). However, 
the springs that provide habitat to the four species on the Middle Unit of Bitter Lake National Wildlife 
Refuge continued to flow through the 1950s and 1970s, despite drought conditions during these decades 
(Jones and Balleau, 1996).

Peak annual pumping of the alluvial aquifer in the Roswell Basin was experienced in the 1950s. Since 
then, administration and metering of groundwater extraction in the basin by the New Mexico Office of the 
State Engineer has resulted in stabilization of groundwater levels (Figure 14). Since the basin was fully 
metered in the mid 1960s, both shallow and artesian pumping levels have stabilized and under current 
administration are expected to remain at constant levels. The Office of the State Engineer believes that 
only under extreme drought conditions exceeding those historically observed, would the spring flows on 
the Middle Unit of Bitter Lake National Wildlife Refuge be threatened (E. Sims, Office of the State 
Engineer, personal communication). 

The U.S. Fish and Wildlife Service is continuing to investigate the acquisition of water rights for wildlife 
habitat at Bitter Lake National Wildlife Refuge which may serve to further protect existing and potential 
habitat for the four species (Balleau Groundwater, Inc., 1997, 1999). 

Changes in Wetland Vegetation  In addition to reduction or loss of flow, wetland vegetation at spring 
systems that provided habitat for one or all of the four invertebrate species has been modified.  Taylor 
(1987: 9) reported adverse modification of habitat occupied by Pecos assiminea in the Cuatro Ciénegas 
Basin of Mexico by annual burning of wetland vegetation.  North Spring, located on the Roswell Country 
Club, was enclosed with a brick wall and covered, native vegetation was removed from the margins of the 
headspring and outflow, and the banks were sodded (Cole, 1988: 2). Since 1995, the brick wall at North 
Spring has been removed and the spring outflow has been widened (B. Lang, New Mexico Department of 
Game and Fish, unpublished data). Flow reductions or complete loss of spring flow, which has occurred 
elsewhere in the basin (see above), has also resulted in widespread loss of wetland vegetation within the 
Roswell area (Hoagstrom and Brooks, 1999: 12). 

Changes in Water Quality  Some groundwater contamination from various sources has occurred in the 
region encompassing the ranges of the four invertebrates.  Taylor (1985: 15) concluded that an 
unidentified groundwater pollutant was responsible for reduction in abundance of Tryonia in the 
headspring and outflow of Diamond Y Spring, Pecos County, Texas.  Oil and gas resources were 
discovered in New Mexico in the early 1920s.  Since then, development of subsurface oil and gas 
resources has resulted in installation, to date, of at least 190 wells in the vicinity of Bitter Lake National 
Wildlife Refuge (U.S. Fish and Wildlife Service, 2002: 6462).  Groundwater contamination from oil and 
gas wells has occurred in the region.  For example, leaking injection-withdrawal gas wells were 
implicated in sulfide contamination and elevated concentrations of benzene and polycyclic aromatic 
hydrocarbons (PAH) in wells near Rattlesnake Springs in the Black River Valley (Richard, 1988: 14).  
However, long-term, detailed chemical data needed to assess changes in surface water or groundwater 
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quality attributable to oil and gas development in the historic range of the four invertebrate species are not 
available.  Trichloroethylene was detected in the alluvial and artesian aquifers on the south side of 
Roswell, at the former site of Walker Air Force Base, beginning in 1991 (U.S. Army Corps of Engineers, 
2002).  Perchloroethylene was discovered in the groundwater in Roswell in 1994 (U.S. Fish and Wildlife 
Service, 2002: 6462).

Several instances of surface and groundwater pollution from dairy farming, presumably from inadequate 
management of waste, have been reported in the vicinity of Roswell (U.S. Fish and Wildlife Service, 
2002: 6463).  Increasing salinity levels in surface waters have resulted from reduction of stream flow 
coupled with irrigation return flow, invasion of saltcedar (Robinson, 1965), and increased 
evapotranspiration.  High salinity levels have rendered many habitats unsuitable even for tolerant mollusc 
taxa, such as the snail Physa (Brune, 1981: 356).

Urban encroachment on the west side of Bitter Lake National Wildlife Refuge poses a risk to ground and 
surface water quality at the refuge from sewage contamination (i.e., septic discharge). Sinkholes west of 
refuge have been used for unregulated domestic refuse dumping.  Refuse in these sinkholes has included 
domestic contaminants such as pesticides, herbicides, and waste oil (Lang, 2002: A3). Domestic 
contaminants and septic leachate are known to have contaminated groundwater resources in karst areas 
elsewhere in the United States (White et al., 1995; Zokaites, 1997) as well as in New Mexico (Bitner and 
Graves, 1992; McQuillan et al., 1989). The occurrence and extent of groundwater contaminants generated 
from residences and illegal dumps near the refuge is unknown. 

Bitter Lake National Wildlife Refuge manipulates water levels in the refuge impoundments throughout 
the year, in part to protect water quality in the impoundments and adjacent wetlands (W. Radke, U.S. Fish 
and Wildlife Service, personal communication). Water quality deteriorates in the refuge wetlands if they 
are not periodically drained to reduce salinity. Since 1994, periodic “flushing” has been conducted to 
remove accumulated salts (RMCI, 1998). The refuge also conducts regular water quality monitoring in 
impoundments to assess the impact of contaminants, such as polychlorinated biphenyls (PCBs) which 
have been detected in eggs of nesting Least Terns at the refuge (G. Warrick, U. S. Fish and Wildlife 
Service, personal communication). 

2.2.2  Population Trends
Fossil shells and historic collection records indicate that some populations of Noel’s amphipod, Pecos 
assiminea, Koster’s springsnail, and Roswell springsnail have been extirpated and that the geographic 
distribution of all four species has diminished (Cole, 1981; Cole, 1988b; Taylor, 1987).  The New Mexico 
Department of Game and Fish has conducted monthly monitoring of population trends since 1995 and has 
documented dramatic decline of Noel’s amphipod at Dragonfly Spring following the Sandhill Fire in 
2000 (Lang, 2000). Populations of all four species in North Spring on the Roswell Country Club have 
been extirpated within the last two decades (B. Lang, New Mexico Department of Game and Fish, 
unpublished data). 

2.2.3  Use and Demand Trends
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There is no evidence to indicate that any of the four invertebrate species were subject to commercial or 
recreational collection in the past or at the present time.  Similarly, no substantial nonconsumptive human 
uses of any of the four species are apparent. However, there is some public interest in the four 
invertebrates as rare, endemic species in New Mexico. Members of the public interested in the state’s 
biodiversity are likely to view the species as interesting and important faunal members of the spring 
systems of the lower Pecos River valley. The continued presence of self-sustaining populations at Bitter 
Lake National Wildlife Refuge and possibly other sites near Roswell is therefore a demand that must be 
met at a minimum by maintenance of existing populations. Additional aspects of use and demand are 
discussed in Section 2.4 below. 

The importance of the four invertebrate species as a food source for other wildlife associated with spring 
systems has been little studied. A dietary study of the state threatened Pecos pupfish (Cyprinodon
pecosensis) from Bitter Lake National Wildlife Refuge demonstrated that both species of springsnail and 
Noel’s amphipod are consumed at least occasionally by this fish (M. A. Farrington and W. H. 
Brandenburg, personal communication). It is also likely that many shorebirds and other fishes (including 
the endangered Pecos gambusia, which is known to feed on amphipods; Propst 1999) may prey on these 
invertebrates. Predators of the mostly terrestrial Pecos assiminea have not been identified. 
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2.2.4  Past Management
The New Mexico Department of Game and Fish was granted the authority to list indigenous, non-
domestic animals in the state as endangered, as approved by the State Game Commission, under the 
Wildlife Conservation Act of 1974.  The definition of endangered species in the Act was implemented by 
the New Mexico Department of Game and Fish through establishment of two categories: Endangered, 
Group 1 species were defined as “taxa whose prospects of survival or recruitment within the state are in 
jeopardy;” and Endangered, Group 2 species were defined as “taxa whose prospect of survival or 
recruitment within the state are likely to become jeopardized in the foreseeable future.”  The 1995 
amendments of the Wildlife Conservation Act revised the categories of listed species to include 
“threatened” and “endangered.”  The New Mexico Department of Game and Fish implemented this 
definition by classifying previously-listed Group 2 species as “threatened” and previously-listed Group 1 
species as “Endangered.” 

Noel’s amphipod was first listed as State Endangered, Group 2 on 9 January 1988 (Regulation No. 657) 
and was uplisted to Endangered, Group 1 on 30 November 1990 (Regulation No. 682).  The species is 
currently classified as Endangered by the New Mexico Department of Game and Fish (19 NMAC 33.6.8).  
Pecos assiminea and Roswell springsnail were listed as Endangered, Group 1 on 22 July 1983 
(Regulation No. 624) and are currently classified as Endangered (19 NMAC 33.6.8).  Koster’s springsnail 
was listed as Endangered, Group 2 on 22 July 1983 (Regulation No. 624) and is currently classified as 
Endangered (19 NMAC 33.6.8).

Noel’s amphipod was identified as a Category 2 species by the U.S. Fish and Wildlife Service on 22 May 
1984 (49 Federal Register 21664).  A Category 2 species was defined as one that was considered for 
listing, “but for which conclusive data on biological vulnerability and threats were not currently available 
to support a proposed rule.”  The Category 2 designation was discontinued on 28 February 1996 (61 
Federal Register 7956).  Pecos assiminea, Koster’s springsnail, and Roswell springsnail were identified as 
Category 1 species by the U.S. Fish and Wildlife Service on 22 May 1984 (49 Federal Register 21664).  
A Category 1 species was defined as one for which substantial information on biological vulnerability and 
threats was available to support proposals to list as threatened or endangered.  These three species were 
reclassified as Candidate species on 28 February 1996 (61 Federal Register 7956).  Candidate species 
retained the Category 1 species definition.  All four species were proposed for listing as endangered with 
critical habitat on 12 February 2002 (67 Federal Register 6459; U.S. Fish and Wildlife Service, 2002). As 
of December 2004, the Service had not made a final decision on the proposed rule for listing the species. 

In New Mexico, all four species are currently found only on Bitter Lake National Wildlife Refuge, which 
is managed by the U.S. Fish and Wildlife Service.  North Spring, located on the Roswell Country Club, 
no longer harbors populations of the four species based on an August 2004 survey (B. Lang, New Mexico 
Department of Game and Fish, unpublished data). 
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2.3  HABITAT ASSESSMENT
Noel’s amphipod, Koster’s springsnail, and Roswell springsnail are aquatic species associated with 
springs, seeps, and associated outflows.  Pecos assiminea is amphibious and is found immediately 
adjacent to flowing water at springs and seeps in microhabitats characterized by relatively dense 
vegetation, thick litter, and moist soils.   

2.3.1  Status
The only occupied habitat currently remaining within the native range of the four invertebrate species in 
New Mexico appears to be on Bitter Lake National Wildlife Refuge.  Extinction of populations from 
Lander Springbrook, South Spring River, Berrendo Creek, and North Spring River have all resulted from 
destruction of aquatic habitat and complete loss of surface water; therefore, these historic habitats are no 
longer suitable. A recent (August 2004) survey of North Spring indicates that the four species are no 
longer present (B. Lang, New Mexico Department of Game and Fish, unpublished data 

2.3.2  Projections
Groundwater Quantity  The springs and seeps that provide habitat for the four invertebrate species are 
sustained by a combination of shallow alluvial and artesian groundwater discharge.  Specifically, springs 
and seeps on Bitter Lake National Wildlife Refuge are sustained by two hydrostratigraphic units: a 
shallow aquifer in alluvial deposits and a deeper artesian aquifer (Figure 8). 

The artesian aquifer is contained mostly in solutionized San Andres limestone that is partially confined by 
overlying beds of the Artesia Group.  The San Andres Formation consists of Permian dolomite, 
limestone, gypsum, sandstone, and mudstone.  The Artesia Group (Queen and Grayburg Formations) also 
consists of Permian sedimentary rocks, including dolomite, sandstone, gypsum, and mudstone (Kelley, 
1971: 6).  The solutionized portion of the San Andres Formation is characterized by karst features, such 
as sinkholes, springs, and subterranean streams, caused by dissolution of carbonate rocks. The dissolution 
of the carbonate rocks in the San Andres limestone most likely occurred after the deposition of the 
Grayburg formation. The solution rate increased during times when the land surface was uplifted above 
sea-level permitting circulation of groundwater and interaction with the atmosphere, resulting in the 
production of carbonic acid which dissolved the limestone.  Karst features thus developed in the upper 
layers of San Andres limestone.  Sulfuric acid formed by combination of hydrogen sulfide from 
subsurface oil reservoirs with oxygenated groundwater (White et al., 1995: 453).  The shallow alluvial 
aquifer consists of Holocene and Pleistocene surficial deposits, such as terrace gravels and stream and 
valley bottom alluvium up to 91 m (300 ft) thick (Kelley, 1971: 6). 

Water levels in sinkholes on the Middle Unit of Bitter Lake National Wildlife Refuge are associated with 
the shallow alluvial aquifer.  Flow in Bitter Creek is correlated with fluctuations in head at the Berrendo 
Well, which is completed in the artesian aquifer, and with water levels in nearby sinkholes.  Therefore, it 
appears that Bitter Creek is fed by both the shallow alluvial aquifer and the artesian San Andres 
Formation aquifer (Wolford et al., 1999: 25).  It seems likely that other springs, including Dragonfly 
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Spring, Sago Spring, and the seeps along the west boundary of Units 3 through 15, are also fed by water 
from both the shallow alluvial aquifer and the deeper artesian aquifer. 

The 500-year source water capture zone for springs and seeps of Bitter lake National Wildlife Refuge was 
delineated in 1999 using data on geology, aquifer properties, and potentiometric surfaces in a particle-
tracking model (Wolford et al., 1999).  The result of this delineation for the Middle Unit of Bitter Lake 
National Wildlife Refuge is shown in Figure 9.  The 500-year source water capture zone for the springs 
and seeps on the Middle Unit of Bitter Lake National Wildlife Refuge extends west from the refuge up to 
about 20 km (12 mi) and is about 29 km (18 mi) north to south at its greatest extent (Figure 9).  The 
source-water capture zone may encompass all or parts of the following 12 townships: T. 8 S., R. 23 E.; T. 
8 S., R. 24 E.; T. 8 S., R. 25 E.; T. 9 S., R. 23 E.; T. 9 S., R. 24 E.; T. 9 S., R. 25 E.; T. 10 S., R. 23 E.; T. 
10 S., R. 24 E.; T. 10 S., R. 25 E.; T. 11 S., R. 23 E.; T. 11 S., R. 24 E.; and T. 11 S., R. 25 E. (Figure 9).
Land ownership in the source-water capture zone consists mostly of private land (about 50%), with the 
remainder consisting of State Trust land administered by the New Mexico State Land Office (about 30%); 
and federal land administered by the Bureau of Land Management (about 20%; Figure 10). 

There are 4,119 wells that withdraw 272,924,550 m3 (221,350 acre-feet) of groundwater annually within 
the 12 townships that encompass the source-water capture zone for springs and seeps on the Middle Unit 
of Bitter Lake National Wildlife Refuge (Table 2; Office of the State Engineer, 2002).  Irrigation wells 
comprise about 39% of the total number of wells but withdraw 89% of the total volume of groundwater 
(Table 2; 243,987,273 m3 [197,881 acre-feet] annually) from the area.  Over half of all of the wells in the 
source-water capture zone are domestic wells, but these wells only account for slightly less than 3% of the 
total groundwater withdrawal (Table 2).  The distribution of wells and groundwater withdrawal volumes 
in the 12-township area is shown in Figure 11. 

The level of the artesian aquifer in the Roswell Basin is rising under existing groundwater development 
conditions and State administration of the basin. Since 1965, both shallow and artesian pumping levels 
have remained relatively constant (Figures 13 and 14) and are expected to remain so under current 
adminstration, provided that groundwater recharge is not curtailed by future severe drought (E. Sims, 
Office of the State Engineer, personal communication). If groundwater levels continue to rise constantly 
at the rate observed from 1975 to 1995 (Jones and Balleau, 1996: Figure 2), the historic artesian 
groundwater level would be reached in about 40 years.  If the historic artesian water level is reached, flow 
of former springs could possibly reappear in the Roswell area.  However, continuation of pumping, albeit 
at a reduced rate, led Brune (1981: 356) to conclude that “a rise of the water table or resumption of flows 
of the springs is not to be expected” in Pecos County, Texas.  This may also be the case in the Roswell 
Basin (cf. Appendix C, Table 2). 

Due to State administration of groundwater use, the potential for future, substantial changes in the amount 
of groundwater pumping appears to be low.  Future residential development in unincorporated Chaves 
County north of Roswell will consist mainly of large lots (2 ha [5 ac] minimum) with individual domestic 
wells (G. Pinkerton, Chaves County Land Use Planner, personal communication, 21 August 2002).  
Domestic wells are permitted to withdraw up to 3,699 m3 (3 acre-feet) of groundwater annually.  There 
are no plans to extend municipal utilities to unincorporated areas.  There are currently only two pending 
water rights applications for the 12-township area: both involve transferring location of use of water 
within the same township (File No. RA-680-A-A and RA-6851 into RA-2684-H-E; File No. RA-255 into 
RA-2544 et al.; Office of the State Engineer, Internet site, 2002).  Concentration of new wells in a small 
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area, however, could potentially result in localized depression of groundwater levels that may affect yield 
from nearby springs, Under present administration of the basin, this scenario is considered unlikely due to 
the impairment that would result to other water users (E. Sims, Office of the State Engineer, personal 
communication). 

Table 2.  Water wells and groundwater withdrawals in the townships encompassing the 500-year source-
water capture zone for the Middle Unit of Bitter Lake National Wildlife Refuge, as of 8 October 2002 
(compiled from Office of the State Engineer, 2002).  The number of wells by use and the total withdrawal 
(i.e. diversion), in acre-feet, are indicated for each use category.  The municipal and industrial category is 
all uses other than domestic or irrigation. 

IRRIGATION DOMESTIC MUNICIPAL & 
INDUSTRIAL 

TOTAL
TOWNSHIP 

Number acre-feet number acre-feet number acre-feet number acre-feet

WELL 
DENSITY 

(no./mi2)

T. 8 S., R. 23 E. 4 3,156 0 0 8 15 12 3,171 0.33 

T. 8 S., R. 24 E. 143 29,068 27 818 7 12 177 29,161 4.92 

T 8 S., R. 25 E. 1 298 1 3 2 6 4 307 0.11 

T. 9 S, R. 23 E. 10 3,436 13 33 4 12 27 3,481 0.75 

T. 9 S., R. 24 E. 41 7,701 35 96 10 21 86 7,818 2.39 

T 9 S., R. 25 E. 0 0 3 9 7 12 10 21 0.28 

T. 10 S, R. 23 E. 100 15,096 319 897 37 639 456 16,631 12.67 

T. 9 S., R. 24 E. 516 58,088 721 2,245 61 1,406 1,298 61,739 36.06 

T 9 S., R. 25 E. 35 4,308 59 165 18 36 112 4,509 3.11 

T. 9 S, R. 23 E. 58 8,048 308 840 28 5,960 394 14,848 10.94 

T. 9 S., R. 24 E. 384 49,458 573 1,482 120 6,603 1,077 57,543 29.92 

T 9 S., R. 25 E. 312 19,225 118 294 36 2,602 466 22,121 12.94 

TOTALS 1,604 197,881 2,177 6,145 338 17,325 4,119 221,350

PERCENT OF 
TOTAL 38.94% 89.40% 52.85% 2.78% 8.21% 7.83%    

Groundwater Quality  Groundwater quality in the source-water capture zone for springs and seeps on the 
Middle Unit of Bitter Lake National Wildlife Refuge ranges in quality from fresh water of suitable quality 
for drinking water, domestic, irrigation, and other uses to moderately saline water.  Shallow water tables 
and high permeability or transmissivity in aquifers are conditions influencing the frequency and severity 
of groundwater contamination (New Mexico Water Quality Control Commission, 2002: 85).  Both of 
these conditions exist in the source-water capture zone for springs and seeps on the Middle Unit of Bitter 
Lake National Wildlife Refuge.  Between 1927 and 2001, there were 63 reported point-sources of 
groundwater contamination in Chaves County (New Mexico Water Quality Control Commission, 2002: 
86).  Groundwater pollution resulted in contamination of 37 water supply wells and 27 groundwater 
cleanup efforts in the county (New Mexico Water Quality Control Commission, 2002: 87-88). 
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The largest source of groundwater contamination in New Mexico is from household septic tanks and 
leach fields (New Mexico Water Quality Control Commission, 2002: 85).  Common pollutants associated 
with septic tank contamination of groundwater include total dissolved solids, iron, manganese, sulfides, 
nitrate, organic chemicals, and microbiological contaminants such as bacteria, viruses, and parasites (New 
Mexico Water Quality Control Commission, 2002: 85).  However, widespread contamination of 
groundwater from septic systems has not been reported in the Roswell area (New Mexico Water Quality 
Control Commission, 2002: 85).  Another potential source of groundwater contamination is leaching of 
wastes dumped in dry sinkholes.  Trash dumping has occurred in several dry sinkholes adjacent to the 
western boundary of Bitter Lake National Wildlife Refuge (B. Lang, New Mexico Department of Game 
and Fish, personal communication, 21 August 2002).  However, composition of the refuse and potential 
for contamination of groundwater have not been investigated in detail.  Contaminants such as waste oil, 
household chemicals (e.g., pesticides), paints, solvents, and others could potentially be transported to 
groundwater from sinkhole dumps by leaching and percolation or rising groundwater levels that come in 
contact with refuse. 

The area immediately west of Bitter Lake National Wildlife Refuge that is undergoing residential 
development is largely within the extraterritorial zone that extends 3.2 km (2.0 mi) outside of city limits 
(Z. Montgomery, Roswell City Planner, personal communication, 21 August 2002).  In this area, 
development code allows residential development on 2.0 ha (5.0 ac) minimum lot size with individual 
septic systems (G. Pinkerton, Chaves County Land Use Planner, personal communication, 21 August 
2002).  Currently, there are no proposals to extend city utilities outside current city limits.  The 2.0 ha (5.0 
ac) lot size limitation regulates the maximum density of septic systems within the extraterritorial zone. 
Agricultural development in this same area is minimal and does not pose a threat to groundwater quality, 
such as through agricultural pesticide application. 

About 13.7% of all reported point-source groundwater contamination cases in New Mexico from 1927 to 
2001 were attributable to oil and gas production (New Mexico Water Quality Control Commission, 2002: 
89).  Leaks of refined petroleum products from underground storage tanks comprise the single largest 
source of petroleum-product contamination of groundwater in New Mexico (New Mexico Water Quality 
Control Commission, 2002: 90).  Another major source is past disposal of produced water into unlined 
pits (New Mexico Water Quality Control Commission, 2002: 90; W. C. Olson, Oil Conservation 
Division, personal communication, 11 October 2002).  Spills of raw and refined petroleum products from 
storage and transmission facilities or from transport vehicles are also a source of petroleum-product 
contamination of groundwater. 

Below-ground leaks at oil or gas wells have not been identified as a major source of groundwater 
contamination.  Two instances where groundwater contamination from below-ground leaks of wells has 
been documented include natural gas contamination of groundwater near Cedar Hill in San Juan County, 
New Mexico (New Mexico Water Quality Control Commission, 2002: 90) and sulfide contamination and 
elevated concentrations of benzene and polycyclic aromatic hydrocarbons in wells near Rattlesnake 
Springs in the Black River Valley, Eddy County, New Mexico (Richard, 1988: 14). 

There are no known cases of groundwater contamination by leaking oil or gas wells in the source-water 
capture zone for the Middle Unit of Bitter Lake National Wildlife Refuge (W. C. Olson, Oil Conservation 
Division, personal communication, 11 October 2002).  The closest known area of groundwater 
contamination from petroleum product is the Transwestern facility on the east side of U.S. 285 north of 
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Roswell (W. C. Olson, Oil Conservation Division, personal communication, 11 October 2002).  
Contaminated soils and source material have been removed from the site.  Petroleum product recovery 
from contaminated groundwater has been conducted and remediation of contaminated groundwater is 
underway.  The groundwater plume at the site is contained (W. C. Olson, Oil Conservation Division, 
personal communication, 11 October 2002). 

There are 196 natural gas and oil wells in the 12-township area encompassing the source-water capture 
zone for the Middle Unit of Bitter Lake National Wildlife Refuge (Figure 12; New Mexico Petroleum 
Research Center, 2002).  These wells have produced 25,846,714,000 cubic feet of natural gas and 
158,724 barrels of oil since about 1972.  About 25,240 m3 (6,666,408 gal) of water have also been 
produced from these wells over the same 30-year period (New Mexico Petroleum Research Center, 2002).  
Three of the 196 wells are listed as plugged and two are cancelled (New Mexico Petroleum Research 
Center, 2002).  The majority of the wells are located in R. 25 E., in Townships 8, 9, and 10 South (Figure 
12).  Most of the wells are completed in the Pecos Slope, Abo pool.  Length of operation of individual 
wells ranges from 15 days to 23.2 years.  Most of the wells (68%) are located on federal land, with 17% 
located on state land and the remaining 15% on private land (New Mexico Petroleum Research Center, 
2002).

Development of additional natural gas and oil wells in the source-water capture zone is possible (but see 
Section 2.6, Special Considerations).  Development of another 91 natural gas and oil wells has been 
anticipated on lands managed by the Bureau of Land Management within the source-water capture zone 
(H. Parman, Bureau of Land Management, personal communication, 22 August 2002).  Petroleum-
product contamination of groundwater from underground leaks in well casings may occur in the future, 
but existing drilling and casing regulations by the Oil Conservation Division (Appendix B) and 
requirements of the Bureau of Land Management for oil and gas drilling and operation in cave and karst 
areas (Bureau of Land Management, 1997: Appendix 3) are likely to substantially reduce this probability.  
A more likely pathway for petroleum-product contamination of groundwater is from leaking storage and 
transport facilities from the well site “downstream” to processing facilities.  These may include leaking 
pipelines, overflowing storage tanks, leaking valves, and other sources. 

Other Factors. Wildfire and drought are additional factors that can result in impaired water quality, as 
well as quantity. Neither impact to water quality can be reliably predicted, although current efforts to 
reduce wildfire risk on and near Bitter Lake National Wildlife refuge can reduce the risk to spring habitats 
(e.g., RMCI, 1998).

Exotic organisms are a consideration in the long-term survival of the four species. At present, no non-
native species are known to compete with or prey upon the four species. The introduction of exotic 
mollusks, namely the New Zealand mudsnail (Polamopyrgus antipodarum), red-rim melania (pulmonate 
snail; Melanoides tuberculata) quagga mussel (Dreissena bugensis), zebra mussel (D. polymorpha),
threatens native mollusk populations in the United States (Williams et al. 1993, Neves et al. 1997, 
Hakencamp and Palmer 1999, Shannon et al. 2004, Lydeard et al. 2004, USFWS 2004), including extant 
populations and aquatic habitats of these macroinvertebrates at Bitter Lake National Wildlife Refuge.  
Potential adverse effects posed by non-native mollusks may include: direct or indirect competition for 
food and space, alteration of species composition and structure of primary producers, and disruption of 
energy transfer from macroinvertebrates to native fish (Shannon et al. 2004).  In the western USA, non-
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native mollusks are most commonly transported to new systems by passive dispersal, recreationalists, and 
contaminated equipment (see references cited above). 

Non-native saltcedar (Tamarix spp.) is present on the refuge, and is currently being controlled where 
possible by refuge management efforts to protect riparian habitat. Saltcedar does not yet pose a risk to 
occupied habitat for the four species, but does occur in areas where the four species potentially could be 
re-introduced. Saltcedar removal methods (e.g., herbicide application) pose a potential risk to occupied 
habitat through water contamination. 

2.4  SUPPLY AND DEMAND ASSESSMENT
This section assesses the current status and projections for the supply of the four species based on existing 
population levels, distribution, and harvest and use. It also assesses the existing and future demands on 
users of the four species. 

As discussed in Section 2.2.3, none of the four species is subject to any major consumptive use nor is any 
likely to be used for any consumptive purpose in the foreseeable future. Specimens of all four species 
have been collected at various times for scientific research. Scientific collecting is regulated by both the 
U.S. Fish and Wildlife Service (for populations on Bitter Lake National Wildlife Refuge) and by the New 
Mexico Department of Game and Fish under provisions of the Wildlife Conservation Act. The species are 
of primary interest to members of the public with a general interest in the biodiversity of New Mexico or 
those interested in the biology, evolutionary history, or ecology of these species or related organisms. 
Therefore, supply and demand determinations are strongly determined by those actions necessary to 
ensure conservation of the four species and their habitats. 

Because of their small size, limited area of occurrence, and sedentary habits, the four species are not often 
considered by the public as observable wildlife at Bitter Lake National Wildlife Refuge. Many visitors to 
the refuge who are interested in bird watching or other wildlife viewing are likely unaware of the 
presence of these species. Opportunities may exist, however, to increase public interest and demand in the 
species by providing improved access, such as foot trails, to areas of the refuge where the organisms 
occur. When special tours are organized to allow public access to closed refuge areas to view these 
endemic invertebrate species, there is always much public interest; in addition, the local media have 
shown interest in these species and reported on them periodically  (W. Radke, U. S. Fish and Wildlife 
Service, personal communication).  To address public interest in the four species, the establishment of a 
public viewing and education facility with a captive population of the four species could be located at the 
refuge. Such a facility could also be used as a captive refugium for the four species to ensure against 
extinction in the wild. An example of this type of viewing facility/refugium has been constructed at the 
Desert National Wildlife Refuge in Nevada for the endangered Pahrump Poolfish (Empetrichthys latos), a 
small spring-dwelling fish. A larger and more elaborate refugium that is also used for occasional public 
viewing and education was recently constructed at the Albuquerque BioPark for the endangered Rio 
Grande Silvery Minnow (Hybognathus amarus).

2.5  SOCIO-ECONOMIC IMPACTS
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A background analysis of social and economic aspects associated with recovery and conservation of the 
four invertebrate species is provided in a report prepared by Research Management Consultants Inc. 
(RMCI) contained in Appendix C. 

State efforts to conserve and recover the four species of invertebrates are not expected to have an adverse 
effect on the socioeconomic environment in Chaves County. Under the provisions of the Wildlife 
Conservation Act, the Department of Game and Fish does not have the authority to prevent habitat-
altering activities that might have an adverse effect on state listed species, or to require activities that 
would benefit these species. (Possible socio-economic effects of federal listing of these species is 
discussed below under Special Considerations.)  Actions proposed to achieve recovery of the species 
would have to be coordinated with all stakeholders, including federal land management agencies, and any 
actions that would be carried out on private lands would require the voluntary cooperation of the 
landowner.

The Wildlife Conservation Act identifies as an important component of recovery efforts “the use of 
volunteer resources and existing economic recovery and assistance programs and funding available from 
public and private sources to implement the [recovery] plan.” Efforts to improve habitat for the four 
species at Bitter Lake National Wildlife Refuge may be achievable through a variety of organizations. 
Although most management activities on the refuge are conducted by the U.S. Fish and Wildlife Service, 
other entities such as the Department of Game and Fish and local volunteer organizations with interests in 
habitat conservation have also been involved in refuge management. The refuge solicits volunteers to 
assist the refuge staff in monitoring of wildlife and habitat management. The Friends of the Bitter Lake 
National Wildlife Refuge, a local volunteer organization with interests in promoting and supporting the 
goals of the refuge, is a source for support or guidance in developing a volunteer program to encourage 
interest in and habitat protection for the four species. 
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2.6  SPECIAL CONSIDERATIONS
Proposed Federal Listing: A primary consideration in the conservation and recovery of the four 
invertebrates was the designation of these species in 2002 as “proposed endangered, with critical habitat,” 
under the federal Endangered Species Act (U.S. Fish and Wildlife Service, 2002). At present, it is unclear 
when or if the species will be federally listed, or if critical habitat would be designated for the species 
should they be listed. It is also possible that federal listing or critical habitat designation could be 
implemented for some but not all four of the species. As presently envisioned by the Fish and Wildlife 
Service, two of the four proposed critical habitat units are nearly contiguous and contained within Bitter 
Lake National Wildlife Refuge with a surface area of about 1100 acres. The other two proposed critical 
habitat units are in Texas.

The Fish and Wildlife Service is in the process of developing an Economic Analysis that will assess the 
effects of the proposed critical habitat designation (FWS 2002). The analysis will consider the two 
proposed critical habitat units at Bitter Lake National Wildlife Refuge and will assess the effects of 
critical habitat on activities in or near the units that would require consultation with the U. S. Fish and 
Wildlife Service under Section 7 of the Endangered Species Act. Activities requiring Section 7 
consultation are various but have in common a federal nexus, such as federal funding or regulatory 
responsibilities. Such activities in the New Mexico portion of the proposed critical habitat area include 
but are not limited to: management activities at Bitter Lake National Wildlife Refuge; extraction of 
federally-owned oil, gas, and minerals on federal and other lands in or near the critical habitat areas; 
Clean Water Act (Section 404) permitting within the groundwater source area for the four species; and 
interstate pipeline operation and maintenance. 

The effects of possible future federal listing or critical habitat designation cannot be assessed within the 
scope of the current plan. However, the proposed listing of species does affect the way federal agencies 
and other entities using federal funding may deal with such species in their project planning efforts. For 
example, actions by federal agencies that potentially would affect a species proposed for federal listing 
are typically evaluated under provisions of Section 7 of the Endangered Species Act because of the 
possibility that the species may be listed by the time an action is implemented. An agency may therefore 
treat a proposed species as if it were already listed so as to ensure that subsequent listing would not cause 
unexpected impacts to a planned action. Section 7(a)(1) of the Act directs Federal agencies to use their 
authorities to further the purposes of the Act by carrying out conservation programs for the benefit of 
listed species.

Presence of Federally Listed Species: The presence of the federally endangered Pecos gambusia 
(Gambusia nobilis) in spring runs and other surface waters of the Bitter Lake National Wildlife Refuge 
affects the management of habitat for the four invertebrates. This fish species occurs in sympatry with all 
four invertebrate species.  The BLM has developed a plan to administratively designate a BLM/Bitter 
Lake Habitat Protection Zone (HPZ) to protect groundwater resources for the Pecos gambusia on lands 
west of Bitter Lake National Wildlife Refuge (BLM, 2002). The HPZ would include lands under BLM 
management and those where mineral resources are federally owned (total of about 22,500 acres). The 
special management plan would augment protective measures outlined in BLM (1997) and was initiated 
in response to formal Section 7 consultation with the Fish and Wildlife Service for the Pecos gambusia at 
Bitter Lake National Wildlife Refuge. In accord with Section 7 requirements, the Fish and Wildlife 
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Service recommended (in BLM 1997, and its Record of Decision) that the BLM implement Reasonable 
and Prudent Alternatives (RPAs) to protect the Pecos gambusia, including: 

“Use the best available hydrological information to map movement of water that supplies springs 
occupied by Pecos gambusia on the [refuge] and the Salt Creek Wilderness. Close the lands within 
the mapped area to oil and gas leasing unless or until the BLM can demonstrate that mandatory 
protective measures will ensure no aquifer contamination.” 

“For existing leases within the mapped area, apply appropriate measures taken from BLM’s 
Practices for Oil and Gas Drilling and Operations in Cave and Karst Areas and any appropriate 
measures to ensure no contamination of water that supplies springs occupied by Pecos gambusia on 
the BLNWR [Bitter Lake National Wildlife Refuge] and the Salt Creek Wilderness. Use monitoring 
procedures that will detect any surface or subsurface accidents soon enough that they can be 
discovered and corrected before significant harm to the aquifer occurs.” 

Although these proposed actions are independent of the proposed federal listing of the four invertebrates, 
it is anticipated that protective measures for the HPZ that would benefit the Pecos gambusia would also 
protect the habitat of the four invertebrate species. 

Other Consideration: Another consideration is the underlying assumption within this plan that recovery 
and conservation of the four species are achievable by the same actions and on the same timetable. It is 
important to recognize that, although the four species have similar habitat requirements, they are not 
identical in their biological constraints or life histories. It is possible that recovery and conservation 
measures that may benefit one species may not have the same positive effect on another of the four 
species. This consideration should be kept in mind during implementation of the Recovery and 
Conservation Strategy described in Section 3.0. 
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2.7  SUMMARY AND CONCLUSIONS
Noel’s amphipod, Pecos assiminea, Koster’s springsnail, and Roswell springsnail are endemic 
invertebrates associated with spring habitats in the Roswell Artesian Basin in Chaves County, New 
Mexico.  Noel’s amphipod, Koster’s springsnail, and Roswell springsnail are aquatic species that require 
unpolluted, perennial headspring, spring outflow, and wetland habitats for survival.  Pecos assiminea is an 
amphibious species that lives in moist litter, dense vegetation mats, and saturated soils along the edges of 
springs, spring brooks, and sinkhole ponds.  The imperiled status of all four species has been recognized 
since the late 1980s. 

All four of these species have suffered loss of habitat and contraction of range.  Extinction of populations 
from drying and alteration of springs has been a major factor leading to the decline of these species.  The 
last remaining occupied habitats in New Mexico are all on the Middle Unit of Bitter Lake National 
Wildlife Refuge.  Major potential threats to the four invertebrate species are alteration of aquatic and 
riparian habitat, reduction or cessation of spring flow, and degradation of water quality from a variety of 
contaminants. 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 32

3.0  RECOVERY AND CONSERVATION 
STRATEGY

This section of the Recovery and Conservation Plan identifies the goal, objective, objective parameters, 
issues, and strategies for recovery and conservation of the four species.  The section also includes an 
Action Plan for implementing specific tasks to achieve the identified goal.

3.1  GOAL
A goal is a general statement expressing a desired future condition; it is an outcome that we wish to be an 
actuality. 

The goal of this plan is:

That Noel’s amphipod, Pecos assiminea, Koster’s springsnail, and Roswell springsnail occur in sufficient 
numbers within populations, and in a sufficient number of discrete and independent populations, that 
downlisting and eventual delisting under the Wildlife Conservation Act may be warranted. 

3.2  OBJECTIVE
An objective is a quantitative, measurable, and time-limited restatement of the goal; it identifies a single, 
realistic outcome for a plan. 

The objective of this plan is:

That by 2014, viable populations of Noel’s amphipod, Pecos assiminea, Koster’s springsnail, and Roswell 
springsnail will be secure within their historic range on Bitter Lake National Wildlife Refuge and in at 
least two off-refuge sites in New Mexico, and that conservation and protection measures will be in place 
to prevent against catastrophic extinction of these four species. 

Upon achievement of the objective, the four species will be considered for downlisting under the Wildlife 
Conservation Act. 
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3.3  OBJECTIVE PARAMETERS

Objective parameters are means or approaches to establish measurable targets, i.e., the intermediate 
outcomes we believe will foster the stated objective. Parameters for achieving the objective of this 
Recovery and Conservation Plan are: 

Parameter 1: Conservation.  Maintenance or expansion of the existing distribution and abundance of 
the four species of invertebrates on Bitter Lake National Wildlife Refuge within the 
major habitats of: Bitter Creek; Sago Spring complex; seeps along the western boundary 
of Units 3, 5, 6, 7, and 15; and Lake St. Francis. 

Parameter 2: Restoration.  Repatriation of the four invertebrate species to restored, suitable habitat at 
two or more sites within their known historic range. 

Parameter 3: Protection.  Establishment and stocking of an artificial (constructed) and secure 
refugium for the four species of invertebrates to protect against catastrophic loss in the 
wild.
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3.4  ISSUES
Issues are situations that are expected to impede attainment of the objective. The following issues 
associated with attainment of the objective parameters were identified.  The objective parameter(s) that 
each issue relates to is indicated in parentheses at the end of the issue statement. 

Issue 1:  Lacking jurisdiction over the aquatic habitats of the Bitter Lake National Wildlife Refuge, or 
on adjacent private lands that were historically occupied, the Department cannot directly 
manage the quality and quantity of habitats necessary to recover and secure populations of 
the four invertebrate species. (Parameter 1: Conservation). 

Issue 2:  Populations of the four invertebrates respond to changes in habitat and resource abundance 
that may be subtle; habitat changes may create unsuitable conditions and lead to decline of 
populations (Parameter 1: Conservation).  

Issue 3:  Land uses within the source-water capture zone in Chaves County historically have had 
effects on the quantity and quality of water in aquatic habitats.  Future impacts could result in 
a decline in spring flow or degradation of water quality on Bitter Lake National Wildlife 
Refuge that may cause invertebrate populations to decline or be extirpated (Parameter 1: 
Conservation).

Issue 4:  Historic range outside of Bitter Lake National Wildlife Refuge consists largely of private 
lands, which increases the difficulty of establishing populations of an endangered species due 
to conflicting land use priorities (Parameter 2: Restoration). 

Issue 5:  Although much about the biology of the four invertebrate species is known, information 
sufficient to precisely define suitable habitat (for the purposes of habitat restoration or 
replication) is not available (Parameter 2: Restoration). 

Issue 6:  A refugium (or multiple refugia) for the four species must be hydrologically isolated from 
natural habitats on Bitter Lake National Wildlife Refuge, but must also replicate water quality 
conditions and characteristics of native habitat required by the species  (Parameter 3: 
Protection).

An overriding issue associated with all conservation and recovery efforts is the availability of consistent 
funding that would support the activities needed to achieve the objective. This issue will be addressed in 
the Operational Plan for recovery and conservation of these four species, to be developed upon approval 
of the current plan. 
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3.5  STRATEGIES
Strategies are the broad approaches or interventions to be used to overcome a problem or take advantage 
of an opportunity. They are intentionally broad, directional, and nonspecific so as not to constrain the 
selection of actions or tasks for implementing them. The following strategies address each of the six 
issues identified in section 3.4.  These strategies are listed in order of priority. 

Issue 1: Lacking jurisdiction over the aquatic habitats of the Bitter Lake National Wildlife Refuge, or
on adjacent private lands which were historically occupied, the Department cannot directly 
manage the quality and quantity of habitats necessary to recover and secure populations of 
the four invertebrate species. 

Strategy 1:  Work with the U.S. Fish and Wildlife Service, private landowners, and other stakeholders 
to maintain quality habitat for the four species on Bitter Lake National Wildlife Refuge 
and other public and private lands within the historic range of the species. 

Issue 2: Populations of the four invertebrates respond to changes in habitat and resource abundance 
that may be subtle; habitat changes may create unsuitable conditions and lead to decline of 
populations.

Strategy 2:  Identify the minimum requirements, or information gaps where requirements are not 
known, for suitable habitat within the current range of the four species. 

Issue 3: Land uses within the source-water capture zone in Chaves County historically have had 
effects on the quantity and quality of water in aquatic habitats.  Future impacts could result 
in a decline in spring flow or degradation of water quality on Bitter Lake National Wildlife 
Refuge that may cause invertebrate populations to decline or be extirpated. 

Strategy 3:  Identify off-refuge land uses with known and potential effects to refuge aquatic habitats 
and, where possible, work to mitigate their impacts to the four species on the refuge. 

Issue 4: Historic range outside of Bitter Lake National Wildlife Refuge consists largely of private 
lands, which increases the difficulty of establishing populations of an endangered species due 
to conflicting land use priorities. 

Strategy 4:  Examine the historic range of the four species in New Mexico outside of Bitter Lake 
National Wildlife Refuge, including on private lands where allowed, and develop 
approaches to manage the species where present or re-introduce where one or more 
species are now extirpated. 
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Issue 5: Although much about the biology of the four invertebrate species is known, information 
sufficient to precisely define suitable habitat (for the purposes of habitat restoration or 
replication) is not available. 

Strategy 5:  Acquire information about the biology of the four species sufficient to allow restoration 
or replication of their habitat. 

Issue 6:  A refugium (or multiple refugia) for the four species must be hydrologically isolated 
from natural habitats on Bitter Lake National Wildlife Refuge, but must also replicate water 
quality conditions and characteristics of native habitat required by the species. 

Strategy 6:  Assess potential of establishing suitable refugia (natural or artificial habitats) that are 
hydrologically isolated from natural range and implement where possible. Such a 
refugium could serve as a means to protect the four species from extinction should native 
habitats be impacted, but would not replace efforts to protect the species in their native 
habitats.
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3.6  ACTION PLAN
The Action Plan is a component of the Recovery and Conservation Plan that identifies specific tasks to be 
carried out. The following actions will be taken to implement the strategies identified in section 3.5. Some 
strategies in the previous section have been combined here for both clarity and because of redundancy of 
actions. Those original strategies have been identified in parentheses following each action statement. 

Actions proposed for implementation at Bitter Lake National Wildlife Refuge will be fully coordinated 
with the U.S. Fish and Wildlife Service and refuge personnel. These actions are consistent with and in 
many instances complement proposed management activities identified in the Service’s Final
Comprehensive Conservation Plan and Environmental Assessment: Bitter Lake National Wildlife Refuge
(RMCI, 1998). 

Scheduling, staffing, and anticipated costs and funding sources for these actions will be addressed in the 
Operational Plan, to be developed following finalization and approval of this Recovery and Conservation 
Plan and its included Action Plan.

Maintain (and where possible, enhance) current habitat and status on Bitter Lake National Wildlife 
Refuge (strategy 1) 

Actions:

1. Continue and, where possible, increase existing cooperative relationship and information exchange 
between the Department and U.S. Fish and Wildlife Service in support of the four species. Such 
cooperative efforts may be addressed within the framework of cooperative agreements and Candidate 
Conservation Agreements with Assurances with adjacent landowners. 

2. Assess current information on known distributions and abundance on refuge and identify data gaps. 

3. Conduct surveys on refuge to locate any additional populations and determine population sizes. 

4. Continue to consult with refuge personnel to identify refuge management activities that may benefit or 
impact species populations. 

5. Work with refuge personnel to develop management guidelines and activities to protect and potentially 
enhance known populations on the refuge. Component actions include: 

a. Assist refuge personnel in the development and implementation of methods to assess the 
effectiveness of habitat restoration and protection projects in an adaptive management 
framework. 

b. Consult with refuge personnel and assist where possible in refuge activities to reduce wildfire 
threats.

c. Consult with refuge personnel and assist where possible in refuge activities to control 
invasive vegetation (e.g., saltcedar, common reed) in habitats that support the four species. 
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d. Assist the refuge in assessing the effects of water management activities, including 
manipulation of impoundment levels, to protect and where possible enhance the habitat for 
the four species. 

6. Work with refuge personnel to identify areas of the refuge where habitat for the species may be created 
by developing a prioritized list of potential habitat restoration sites, restoration criteria for each site, 
potential restoration techniques (e.g., saltcedar removal, substrate modification [cf. Lang, 2002:A2], 
vegetation management), and a protocol for establishing populations at restoration sites. 

7. Assist refuge personnel in the development and implementation of methods to assess the effectiveness 
of habitat restoration and protection projects in an adaptive management framework. 

8. Assist the U.S. Fish and Wildlife Service in preparing and disseminating information to the public on 
the status and natural history of the four species. 

9. Assist the U.S. Fish and Wildlife Service in developing or enhancing cooperative relationships with 
other entities, including volunteer groups, that can assist the refuge in habitat management activities. 

Improve our knowledge of biological requirements of the four species (strategies 2, 5)

Actions:

10.  Continue ongoing research on the four invertebrates at Bitter Lake National Wildlife Refuge 
by New Mexico Department of Game and Fish personnel as funded through Endangered Species 
Act Section 6 project grants (NMDGF, 2004). Component actions include: 

a. Assess our current knowledge on water quality and quantity requirements, microhabitat use, 
dietary requirements, reproductive potentials, associations with other fauna, and other 
biological parameters of the four species. 

b. Continue to monitor twice annually the distribution and abundance of known refuge 
populations, in coordination with refuge personnel. 

c. Identify any current inadequacies in monitoring protocols for the four species and develop 
alternative or supplemental protocols where necessary. 

11. Assess current manpower requirements for surveying and monitoring of refuge populations and 
identify funding sources to increase or improve efforts where necessary. 

12. Develop list of additional research activities that may be needed to answer unknowns about the 
biology of the four species. 

13. Evaluate need for contracting researcher(s) to investigate specific aspects of species biology or status. 

14. Implement contracts where necessary to address specific questions about species biology or status.  

15. Prepare and publish reports and journal articles to disseminate information on the biology of the four 
species.
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Develop better information and cooperative relationships with other entities to address local land 
uses that may affect the four species (strategy 3)

Actions:

16. Assess current knowledge of existing and future land uses and their known or potential effects on the 
four species and their habitat. 

17. Working with cooperating agencies, organizations, and government entities, identify any inadequacies 
in available knowledge about local land uses. 

18. In coordination with cooperating agencies (e.g., Fish and Wildlife Service, Interstate Stream 
Commission, Bureau of Land Management, Oil Conservation Division, Environment Department), 
organizations (e.g., Chaves County Public Lands Advisory Committee), and other entities, develop and 
implement a source-water capture zone groundwater monitoring program using selected wells available 
for study of groundwater levels and water chemistry. 

19. In an interagency forum, review groundwater monitoring data on at least an annual basis to allow for 
early detection and avoidance of potential groundwater impacts to habitats occupied by the four species, 
and determine whether increased protections against potential groundwater contamination are warranted. 

20. Meet with land owners and managers to discuss known or potential off-refuge land uses (including 
illegal dumping of refuse and hazardous materials) that may impact the habitat of the four species on the 
refuge.

21. In coordination with land owners and managers, and any regulatory agencies with jurisdiction, assess 
the impact of current land uses, including illegal dumping, and determine need for actions that would 
prevent impact to habitat. 

22. Develop conservation agreements with other entities that have the necessary jurisdictions and 
authorities to implement all aspects of this Recovery and Conservation Plan; such agreements should be 
developed to also address the requirements of the U.S. Fish and Wildlife Service’s Policy for Evaluating 
Conservation Efforts for species that are candidates or proposed for listing under the Endangered Species 
Act.

23. On at least an annual basis, report to all cooperating agencies, organizations, and interested public on 
the progress in implementing specific actions within this Action Plan and in a format consistent with the 
New Mexico Department of Game and Fish’s requirements for federal grant reporting.  

Pursue the re-establishment or maintenance of the four species in locations other than the habitats 
at Bitter Lake National Wildlife Refuge (strategies 4, 6) 

Actions:
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24. Review existing information on the former and possibly current distribution of the four species 
outside of Bitter Lake National Wildlife Refuge. 

25. Identify potentially suitable aquatic habitats outside of current known range but within the historic 
range.

26. Contact and consult with private land owners or public land managers of identified off-refuge sites 
and obtain necessary approvals to conduct site surveys. Off-refuge public land sites include but are not 
limited to Bottomless Lakes State Park, State Trust lands in the vicinity of Bitter Lake National Wildlife 
Refuge, and private lands along Berrendo Creek.

27. Inventory aquatic sites (where permitted) to determine presence/absence of the four species. 

28. Where species are detected, develop a cooperative agreement with land owners or managers to 
conduct long-term status surveys of the populations. 

29. Identify funding sources and partnerships for implementing habitat modification projects that would 
create suitable habitat for the species. 

30. Survey unoccupied sites (where permitted by landowners) to determine potential for repatriation 
and/or habitat modification/improvement to allow re-introduction. 

31. In coordination with the U.S. Fish and Wildlife Service, Department administration, and pertinent 
landowners or managers, develop and implement a project to re-introduce the four species at suitable but 
unoccupied sites. 

32. Develop and implement a monitoring protocol to assess survival and recruitment of the species in re-
introduction sites. 

33. Develop an artificial refugium suitable for maintaining a captive population of all four species to 
ensure against catastrophic extinction at natural sites. Component actions include: 

a. Establish a small captive population of the four species in order to develop and refine 
procedures for captive care and propagation. A possible location is the Albuquerque BioPark, 
which has experience in constructing and maintaining aquatic refugia.  

b. Consult with biologists and wildlife managers in New Mexico and other states to identify 
requirements and procedures for captive maintenance and artificial refugium construction for 
other small invertebrates with similar natural histories.  

c. Based on information provided by the small captive population, prepare a design plan for an 
artificial refugium to maintain the four species to prevent their catastrophic loss from natural 
habitat destruction. 

d. Conduct an inventory of potential artificial refugium sites, focusing first on the Roswell 
artesian basin (e.g., Dexter National Fish Hatchery) and evaluate sites based on suitability, 
cost, and feasibility. 

e. Develop cost estimates and identify funding sources for construction and maintenance of an 
artificial refugium. 
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f. Secure funding and implement contracts and cooperative agreements with all involved 
agencies to establish an artificial refugium for the species. 

g. Develop and implement a protocol for monitoring and maintaining the genetic integrity of the 
refugium population. 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 42



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 43

4.0  LITERATURE CITED

Allred, K. W. 1993. A field guide to the grasses of New Mexico. Department of Agricultural 
Communications, Department of Agriculture and Home Economics, New Mexico State University, 
Las Cruces, New Mexico. 

Balleau Groundwater, Inc. 1997 Annotated abstract of water-rights administration: Bitter Lake National 
Wildlife Refuge. A report prepared for the U.S. Department of Justice. 22 pp. (with addenda). 

Balleau Groundwater, Inc. 1999. Source-water protection zones for Bitter Lake National Wildlife Refuge. 
A report prepared for the U.S. Department of Justice. 42 pp. 

Barnes, R.D. 1980. Invertebrate zoology (fourth edition). Saunders College, Philadelphia, Pennsylvania. 

Barroll, P. and J. Shomaker. 2003. Regional hydrology of the Roswell Artesian Basin and The Capitan 
Aquifer, pp. 23-27 in P. S. Johnson, L. A. Land, L. G. Price, and F. Titus (eds.), Water Resources o f 
the Lower Pecos Region, New Mexico: Science, Policy, and a Look to the Future. New Mexico Bur. 
Geology and Mineral Resources, Socorro, NM. viii + 145 pp.  

Bitner, M. J. and T. Graves. 1992. Effect of lot sizes on potential ground-water contaminants from 
conventional septic-tank systems: numerical modeling. Policy Coordinating Committee. 47 pp.  

Brown, K. M. 1991. Mollusca: Gastropoda. Pages 285-314 in: Thorp, J. H. and A. P. Covich (eds.). 
Ecology and classification of North American freshwater invertebrates. Academic Press, Inc., San 
Diego, California. 

Brune, G. 1981. Springs of Texas (volume 1). Branch-Smith, Inc., Fort Worth, Texas. 

Bureau of Land Management (BLM). 1997. Roswell approved resource management plan and record of 
decision. U.S. Department of the Interior, Bureau of Land Management, Roswell Resource Area, 
Roswell District, New Mexico. BLM-NM-PT-98-003-1610. 

Bureau of Land Managament (BLM). 2002. Habitat Protection Zone Environmental Assessment, EA-
NM-060-00-030, Chaves County, New Mexico (with signed Finding of No Significant Impact). BLM 
Roswell Field Office, Roswell, NM. 

Cole, G. A. 1981. Gammarus desperatus, a new species from New Mexico (Crustacea: Amphipoda). 
Hydrobiologia 76: 27-32. 

Cole, G. A.  1985.  Analysis of the Gammarus-pecos complex (Crustacea: Amphipoda) in Texas and New 
Mexico, USA.  Journal of the Arizona-Nevada Academy of Science 20:93-103. 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 44

Cole, G. A. 1988a. A report on Noel’s amphipod (Gammarus desperatus). Report submitted to the 
Endangered Species Program, New Mexico Department of Game and Fish under Professional 
Services Contract 519-77-02, Santa Fe, New Mexico. 

Cole, G. A. 1988b. A report on the status of Amphipoda, including Gammarus desperatus in New 
Mexico. Report submitted to the Endangered Species Program, New Mexico Department of Game 
and Fish under  Professional Services Contract 519-77-02, Santa Fe, New Mexico. 

Fiedler, A. G. and S. S. Nye. 1933. Geology and ground-water resources of the Roswell artesian basin, 
New Mexico. U.S. Geological Survey Water-Supply Paper 639. 

Gervasio, V., D. J. Berg, B. K. Lang, N. L. Allan, and S. I. Guttman. 2004. Genetic diversity in the 
Gammarus pecos species complex: implications for conservation and regional biogeography in the 
Chihuahuan Desert. Limnol. Oceanogr. 49(2):520-531.   

Graves, W. D. 2002. Guidelines for writing long-range, action, and operational plans (revised 25 February 
2002). New Mexico Department of Game and Fish, Santa Fe, New Mexico. 

Hakenkamp, C. C. and M. A. Palmer.  1999.  Introduced bivalves in freshwater 
ecosystems: the impact of Corbicula on organic matter dynamics in a sandy stream.  Oecologia 
119:445-451.

Hershler, R. 1994. A review of the North American freshwater snail genus Pyrgulopsis (Hydrobiidae). 
Smithsonian Contributions to Zoology, No. 554. 

Hershler, R. 2001. Systematics of the North and Central American aquatic snail genus Tryonia
(Rissooidea: Hydrobiidae). Smithsonian Contributions to Zoology, No. 612. 

Hershler, R. and F. G. Thompson. 1987. North American Hydrobiidae (Gastropoda: Rissoacea): 
redescription and systematic relationships of Tryonia Stimpson, 1865 and Pyrgulopsis Call and 
Pilsbry, 1886. The Nautilus 101(1): 25-32. 

Hershler, R., H. P. Liu, and C. A. Stockwell. 2002. A new genus and species if aquatic gastropods 
(Rissooidea: Hydrobiidae) from the North American Southwest: phylogenetic relationships and 
biogeography. Proceedings of the Biological Society of Washington 115(1): 171-188. 

Hoagstrom, C. W. and J. E. Brooks. 1999. Distribution, status, and conservation of the Pecos pupfish, 
Cyprinodon pecosensis. New Mexico Department of Game and Fish, Technical Report No. 2. 

Holsinger, J. R. 1976. The freshwater amphipod crustaceans (Gammaridae) of North America. U.S. 
Environmental Protection Agency, Water Pollution Control Research Series 18050 ELD04/72. 

Imlay, R. W. 1936. Evolution of the Coahuila Peninsula, México. Part IV: Geology of the western part of 
the Sierra de Parras. Bulletin of the Geological Society of America 47: 1091-1152. 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 45

Jones, M. A. and W. P. Balleau. 1996. Interrelation of groundwater and surface water at Bitter Lake 
National Wildlife Refuge. Balleau Groundwater, Inc., Albuquerque, New Mexico. 

Kelley, V. C. 1971. Geology of the Pecos country, southeastern New Mexico. New Mexico Bureau of 
Mines and Mineral Resources, Memoir 24. 

Lang, B. K. 1998. Status of aquatic mollusks of New Mexico. Completion Report (E-20-6) submitted to 
the Division of Federal Aid, U. S. Fish and Wildlife Service, Albuquerque, New Mexico. 

Lang, B. K. 1999. Status of aquatic mollusks of New Mexico. Completion Report (E-20-7) submitted to 
the Division of Federal Aid, U. S. Fish and Wildlife Service, Albuquerque, New Mexico. 

Lang, B. K. 2000. Status of aquatic mollusks of New Mexico. Completion Report (E-20-8) submitted to 
the Division of Federal Aid, U. S. Fish and Wildlife Service, Albuquerque, New Mexico. 

Lang, B. K. 2002. Status of aquatic mollusks of New Mexico. Completion Report (E-20, 5-9) submitted 
to the Division of Federal Aid, U. S. Fish and Wildlife Service, Albuquerque, New Mexico. 

Lydeard, C., R. H. Cowie, W. F. Ponder, A. E. Bogan, P. Bouchet, S. A. Clark, K. S. 
Cummings, T. J. Frest, O. Gargominy, D. G. Herbert, R. Hershler, K. E. Perez, B. Roth, M. 
Seddon, E. E. Strong, and F. G. Thompson.  2004.  The Global decline of nonmarine mollusks.  
BioScience 54(4):321-330. 

McQuillan, D. M., M. J. Jasper, and B. H. Swanson. 1989. Ground-water contamination be septic-tank 
use: a field study in the Albuquerque South Valley – West Mesa region, Bernalillo County, New 
Mexico. New Mexico Health and Environment Department, Environmental Improvement Division, 
Ground Water Bureau.

Mehlhop, P. 1992.  Establishment of a rare mollusc inventory and monitoring program for New Mexico.  
Progress Report.  Report prepared under Professional Services Contract 80-519-52. New Mexico 
Department of Game and Fish, Santa Fe, New Mexico. 

Mehlhop, P.  1993.  Establishment of a rare mollusc inventory and monitoring program for New Mexico.  
Year II Progress Report prepared under Professional Services Contract No. 80-519-52-Amendment 1. 
New Mexico Department of Game and Fish, Santa Fe, New Mexico.  

Minckley, W. L. 1974. Endemic fishes of the Cuatro Ciénegas Basin, northern Coahuila, México. Pages 
383-404 in: R. H. Wauer and D. H. Riskind (eds.). Transactions of the symposium on the biological 
resources of the Chihuahuan Desert region, United States and México. U.S. Department of the 
InteRíor, National Park Service Transactions and Proceedings Series, No. 3. 

Neves, R. J., A. E. Bogan, J. D. Williams, S. A. Ahlstedt, and P. W. Hartfield.  1997. Status of aquatic 
mollusks in the southeastern United States: A downward spiral of diversity.  Pp.43-85, In Aquatic 
Fauna in Peril (George W. Benz and David E. Collins, Eds.). Southeast Aquatic Research 
Institute Special Publication 1.  Lenz Design & Communications, Decatur, Georgia. 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 46

New Mexico Department of Game and Fish (NMDGF). 1988. Handbook of species endangered in New 
Mexico. New Mexico Department of Game and Fish, Santa Fe, New Mexico. 

New Mexico Department of Game and Fish (NMDGF). 2004. Conservation of Endangered, Threatened 
and Sensitive Mollusks and Crustaceans: Project 3: Macroinvertebrates of Bitter Lake National 
Wildlife Refuge. Project proposal to Endangered Species Act Section 6 Funding Program, U.S. Fish 
and Wildlife Service, Albuquerque.

New Mexico Petroleum Research Center. 2002. Oil and natural gas administration and revenue 
(ONGARD) database, 8 October 2002. GO-TECH, New Mexico Institute of Mining and Technology, 
Socorro, New Mexico. http://octane.nmt.edu/data/ongard/ 

New Mexico Water Quality Control Commission. 2002. Water quality and water pollution control in New 
Mexico, 2002. A report prepared for submission to the Congress of the United States by the State of 
New Mexico pursuant to Section 305(b) of the Federal Clean Water Act. New Mexico Environment 
Department, Surface Water Quality Bureau, Santa Fe, New Mexico. 

Noel, M. S. 1954. Animal ecology of a New Mexico springbrook. Hydrobiologia 6:120-135. 

Office of the State Engineer. 2002. Water administration technical engineering resource system 
(WATERS) database, 8 October 2002. New Mexico Office of the State Engineers, Santa Fe, New 
Mexico. http://www.seo.state.nm.us/water-info/index.html. 

Pennak, R. W.  1989.  Fresh-water invertebrates of the United States: Protozoa to Mollusca. John Wiley 
& Sons, Inc., New York, New York. 

Propst, D. L. 1999. Threatened and Endangered Fishes of New Mexico. New Mexico Dept. Game and 
Fish, Santa Fe, Tech. Report No. 1.

Research Management Consultants, Inc. (RMCI). 1998. Final Comprehensive Conservation Plan and 
Environmental Assessment: Bitter Lake National Wildlife Refuge. Prepared for U.S. Fish and 
Wildlife Service. 

Richard, M. 1988. Natural gas contamination at Rattlesnake Springs, Carlsbad Caverns National Park: 
Review of the geohydrology in the vicinity of Rattlesnake Springs and the contamination problem. 
Report No. 1 of 4. Report submitted to the National Park Service under Contract No. RFQ 7029-8-
0025.

Robinson, T. W. 1965. Introduction, spread and areal extent of saltcedar (Tamarix) in the western United 
States. U.S. Geological Survey Professional Paper Np. 491-A. 

Scudday, J. F. 1974. Some recent changes in the herpetofauna of the northern Chihuahuan Desert. Pages 
513-522 in: R. H. Wauer and D. H. Riskind (eds.). Transactions of the symposium on the biological 
resources of the Chihuahuan Desert region, United States and México. U.S. Department of the 
InteRíor, National Park Service Transactions and Proceedings Series, No. 3. 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 47

Shannon, J. P., E. P. Benenati, H. Kloeppel, and D. Richards.  2004.  Monitoring the 
aquatic food base in the Colorado River, Arizona during June and October 2002.  Northern 
Arizona University Aquatic Food Base Project, Annual Report to the U. S. Geologic Survey, 
Grand Canyon Monitoring and Research Center.  

Smith, D. G. 2001.  Pennak’s fresh-water invertebrates of the United States: Porifera to Crustacea.  John 
Wiley & Sons, Inc., New York, New York. 

Taylor, D. W. 1983. Endangered species: status investigation of mollusks. Report prepared under Project 
No. E-1-3, New Mexico Department of Game and Fish, Santa Fe, New Mexico.  

Taylor, D. W. 1985. Status survey of aquatic molluscs in Diamond Y Draw, Pecos County, Texas. 
Unpublished report to Bitter Lake National Wildlife Refuge, Roswell, New Mexico. 

Taylor, D. W. 1987. Fresh-water mollusks from New Mexico and vicinity. New Mexico Bureau of Mines 
and Mineral Resources Bulletin 116. 

Thomas, H. E. 1959. Causes of depletion of the Pecos River in New Mexico. U.S. Geological Survey 
Water-Supply Paper 1619-G. 

Thorp, J. H. and A. P. Covich (eds.). 1991. Ecology and classification of North American freshwater 
invertebrates. Academic Press, San Diego, California. 

U.S. Army Corps of Engineers. 2002. Restoration advisory board for the former Walker Air Force Base. 
U.S. Army Corps of Engineers, Albuquerque District, http://www.spa.usace.army.mil/ec/walker-rab 
/welcome.html 

U.S. Fish and Wildlife Service. 2002. Endangered and threatened wildlife and plants; listing Roswell 
springsnail, Koster’s tryonia, Pecos assiminea, and Noel’s amphipod as endangered with critical 
habitat - proposed rule. Federal Register 67(29):6459-6479 (February 12, 2002). 

U. S. Fish and Wildlife Service.  2004.  Draft biological opinion on construction of a dam and pumping 
system at Phantom Lake Spring.  Austin Ecological Services Field Office, Austin, TX. 

U.S. National Resources Planning Board. 1942. The Pecos River joint investigation-reports of 
participating agencies. U.S. Government Printing Office, Washington, D.C. 

Welder, G. E. 1983. Geohydrologic framework of the Roswell ground-water basin, Chaves and Eddy 
counties, New Mexico. New Mexico State Engineer, Technical Report 42. 

White, W. B., D. C. Culver, J. S. Herman, T. C. Kane, and J. E. Mylroie. 1995. Karst lands. American 
Scientist 83: 450-459. 

Williams, J. D., M. L. Warren, Jr., K. S. Cummings, J. L. Harris, and R. J. Neves.  1993. 
Conservation status of freshwater mussels of the United States and Canada. Fisheries 18:6-22. 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 48

Wolford, R. A., D. M. Romero, S. E. Silver, and W. P. Balleau. 1999. Source-water protection zones for 
Bitter Lake National Wildlife Refuge.  Report prepared by Balleau Groundwater, Inc. for the U.S. 
Fish and Wildlife Service, Albuquerque, New Mexico. 

Zokaites, C. 1997. Living on karst: a reference guide for landowners in limestone regions. Cave 
Conservancy of the Virginias. 25 pp. 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 49

APPENDICES



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 50

A.  SUMMARY OF PUBLIC PARTICIPATION 

Two public meetings were held in Roswell, New Mexico in 1998 to assemble an advisory committee and 
identify important issues with respect to conservation of the four invertebrate species.  These efforts were 
suspended when other endangered species issues took precedence. 

Public participation in support of recovery plan development was re-initiated in 2002. A public 
information meeting was advertised and held in Roswell, New Mexico on 26 June 2002.  Six individuals 
attended the meeting at which New Mexico Department of Game and Fish (Department) representatives 
made presentations about the development process for the Recovery and Conservation Plan (Plan) and a 
summary of the status of the four invertebrate species.  A review of the potential social and economic 
impacts was also presented followed by solicitation of comments from attendees regarding potential or 
perceived impacts. 

On 21 August 2002, a presentation to discuss the Plan was made at the monthly Chaves County Public 
Lands Advisory Committee (PLAC) meeting in Roswell, New Mexico.  All nine PLAC members were 
present along with Chaves County planning and zoning director and the Roswell city planner and seven 
other interested individuals from the public.  A slide presentation, made by Brian Lang of the Department, 
addressed species descriptions, status, and threats.  A discussion among meeting participants followed 
with particular emphasis on questions to the government planners and PLAC members regarding policies 
and practices that could have an effect on habitat of the four species.  Discussion included topics such as 
lot size for undeveloped parcels, septic systems, location of municipal wells and city utilities, gas and oil 
well locations and density, existing measures to protect groundwater from oil and gas well leaks, and 
other potential risks to invertebrate habitat.  Attendees were provided comment forms and invited to send 
written comments to the Department.  No written comments were returned. 

An invitation was extended at the public information and PLAC meetings for representatives to serve on a 
Recovery Plan Advisory Committee (RPAC) to review and comment on the Plan. In addition, letters of 
invitation to serve on the RPAC were mailed out in late 2002 and early 2003 to approximately 20 
individuals, organizations, and agencies with interests in Chaves County. Sixteen individuals expressed 
interest in serving on the RPAC, and were appointed by the Department Director. Two others asked only 
to remain on the project information mailing list. 

A first draft of the Plan, which included background information on the four species and their habitat and 
the Social and Economic Analysis (Appendix 3), was provided to the Department by the Department 
contractors in 2002 and was reviewed internally and revised. The revised first draft was mailed to 
members of the RPAC in April 2003. In a cover letter to RPAC members, the Department requested that 
reviewers provide preliminary recommendations on the content of the Recovery and Conservation 
Strategy section of the Plan, which was to be included in the second draft. Comments were received from 
six committee members and were used in the preparation of the revised second draft, which included the 
Recovery and Conservation Strategy section (Section 3.0). This version was submitted to the RPAC for 
review in early 2004. 

Four response letters were received from the RPAC on the revised second draft. The Department also met 
with representatives of the New Mexico Interstate Stream Commission (ISC) to address language in the 
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Plan concerning groundwater management in the Roswell Basin. The second draft was revised during 
summer 2004 to reflect comments received from RPAC members and ISC concerns. This second draft 
was completed in September 2004 and provided as a PDF document on the Department’s website for a 
final round of review. Letters indicating the availability of the final draft for review were sent to all 
RPAC members and those who previously indicated a desire to be kept informed of the Plan 
development.   

The Department also met with the U. S. Fish and Wildlife Service and the ISC to discuss aspects of the 
Service’s Policy on Evaluation of Conservation Efforts (PECE) and its possible application to the Plan for 
the four species, which are proposed for listing under the Endangered Species Act. In late 2004, 
preliminary discussions among the three above-referenced agencies were initiated to determine if the 
PECE could be implemented to prevent the need for federal listing through commitments and specific 
actions by all involved parties. Proposed implementation of the PECE for these species would involve a 
separate public participation process outside of the scope of the current Plan, but would incorporate many 
of the elements identified in the Action Plan in this document. 

The final draft of the Plan was presented to the New Mexico Game Commission for review in late 2004. 
Additional input from the public was solicited at the December 2004 Commission meeting and several 
oral comments were submitted. No revision of the final draft was requested by the public or Commission, 
and the Plan was approved in January 2005.
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B.  OIL CONSERVATION DIVISION REGULATIONS FOR 
INSTALLING WELLS
Regulations for plugging wells are found at 19 NMAC 15.5.301 to 19 NMAC 15.5.305 
Regulations covering injection wells are found at 19 NMAC 15.9.701 to 19 NMAC 15.9.705 

19.15.3.106  SEALING OFF STRATA
 A. During the drilling of any oil well, injection well or any other service well, all oil, gas, and water 
strata above the producing and/or injection horizon shall be sealed or separated in order to prevent their 
contents from passing into other strata.  
 B. All fresh waters and waters of present or probable value for domestic, commercial, or stock 
purposes shall be confined to their respective strata and shall be adequately protected by methods 
approved by the Division.  Special precautions by methods satisfactory to the Division shall be taken in 
drilling and abandoning wells to guard against any loss of artesian water from the strata in which it 
occurs, and the contamination of artesian water by objectionable water, oil, or gas.  
 C. All water shall be shut off and excluded from the various oil- and gas-bearing strata which are 
penetrated.  Water shut-offs shall ordinarily be made by cementing casing.  
[1-1-50, 3-1-91…2-1-96; 19.15.3.106 NMAC - Rn, 19 NMAC 15.C.106, 11-15-01] 

19.15.3.107  CASING AND TUBING REQUIREMENTS
 A. Any well drilled for oil or natural gas shall be equipped with such surface and intermediate casing 
strings and cement as may be necessary to effectively seal off and isolate all water-, oil-, and gas-bearing 
strata and other strata encountered in the well down to the casing point.  In addition thereto, any well 
completed for the production of oil or natural gas shall be equipped with a string of properly cemented 
production casing at sufficient depth to ensure protection of oil- and gas-bearing strata encountered in the 
well, including the one(s) to be produced.
 B. Sufficient cement shall be used on surface casing to fill the annular space behind the casing to the 
top of the hole, provided however, that authorized field personnel of the Division may, at their discretion, 
allow exceptions to the foregoing requirement when known conditions in a given area render compliance 
impracticable.  
 C. All cementing shall be by pump and plug method unless some other method is expressly 
authorized by the Division.  
 D. All cementing shall be with conventional-type hard-setting cements to which such additives 
(lighteners, densifiers, extenders, accelerators, retarders, etc.) have been added to suit conditions in the 
well.
 E. Authorized field personnel of the Division may, when conditions warrant, allow exceptions to the 
above paragraph and permit the use of oil-base casing packing material in lieu of hard-setting cements on 
intermediate and production casing strings; provided however, that when such materials are used on the 
intermediate casing string, conventional-type hard-setting cements shall be placed throughout all oil- and 
gas-bearing zones and throughout at least the lowermost 300 feet of the intermediate casing string.  When 
such materials are used on the production casing string, conventional-type hard-setting cements shall be 
placed throughout all oil- and gas-bearing zones and shall extend upward a minimum of 500 feet above 
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the uppermost perforation or, in the case of an open-hole completion, 500 feet above the production 
casing shoe. 
 F. All casing strings shall be tested and proved satisfactory as provided in Subsection I. below.  
 G. After cementing, but before commencing tests required in Subsection I. below, all casing strings 
shall stand cemented in accordance with Option 1 or 2 below.  Regardless of which option is taken, the 
casing shall remain stationary and under pressure for at least eight hours after the cement has been placed.  
Casing shall be "under pressure" if some acceptable means of holding pressure is used or if one or more 
float valves are employed to hold the cement in place.   
  (1)     Option 1  Allow all casing strings to stand cemented a minimum of eighteen (18) hours 
prior to commencing tests.  Operators using this option shall report on Form C-103 the actual time the 
cement was in place before initiating tests.  
  (2)     Option 2  (May be used in the counties of San Juan, Río Arriba, McKinley, Sandoval, Lea, 
Eddy, Chaves, and Roosevelt only.)  Allow all casing strings to stand cemented until the cement has 
reached a compressive strength of at least 500 pounds per square inch in the "zone of interest" before 
commencing tests, provided however, that no tests shall be commenced until the cement has been in place 
for at least eight (8) hours.
   (a)     The "zone of interest" for surface and intermediate casing strings shall be the bottom 20 
percent of the casing string, but shall be no more than 1000 feet nor less than 300 feet of the bottom-part 
of the casing unless the casing is set at less than 300 feet.  The "zone of interest" for production casing 
strings shall include the interval or intervals where immediate completion is contemplated.  
   (b)     To determine that a minimum compressive strength of 500 pounds per square inch has 
been attained, operators shall use the typical performance data for the particular cement mix used in the 
well, at the minimum temperature indicated for the zone of interest by Figure 107-A, Temperature 
Gradient Curves.  Typical performance data used shall be that data furnished by the cement manufacturer 
or by a competent materials testing agency, as determined in accordance with the latest edition of API 
Code RP 10 B "Recommended Practice for Testing Oil-Well Cements."  
(See Temperature Gradient - Page 17A) 
 H. Operators using the compressive strength criterion (Option 2) shall report the following 
information on Form C-103: 
  (1)     Volume of cement slurry (cubic feet) and brand name of cement and additives, percent 
additives used, and sequence of placement if more than one type cement slurry is used. 
  (2)     Approximate temperature of cement slurry when mixed. 
  (3)     Estimated minimum formation temperature in zone of interest. 
  (4)     Estimate of cement strength at time of casing test. 
  (5)     Actual time cement in place prior to starting test. 
 I. All casing strings except conductor pipe shall be tested after cementing and before commencing 
any other operations on the well.  Form C-103 shall be filed for each casing string reporting the grade and 
weight of pipe used.  In the case of combination strings utilizing pipe of varied grades or weights, the 
footage of each grade and weight used shall be reported.  The results of the casing test, including actual 
pressure held on pipe and the pressure drop observed shall also be reported on the same Form C-103. 
  (1)     Casing strings in wells drilled with rotary tools shall be pressure tested.  Minimum casing 
test pressure shall be approximately one-third of the manufacturer's rated internal yield pressure except 
that the test pressure shall not be less than 600 pounds per square inch and need not be greater than 1500 
pounds per square inch.  In cases where combination strings are involved, the above test pressure shall 
apply to the lowest pressure rated casing used.  Test pressures shall be applied for a period of 30 minutes.  



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 54

If a drop of more than 10 percent of the test pressure should occur, the casing shall be considered 
defective and corrective measures shall be applied.   
  (2)     Casing strings in wells drilled with cable tools may be tested as outlined in Subsection I, 
Paragraph (1) above, or by bailing the well dry in which case the hole must remain satisfactorily dry for a 
period of at least one (1) hour before commencing any further operations on the well.  
 J. Well Tubing Requirements 
  (1)     All flowing oil wells equipped with casing larger in size than 2 7/8-inch OD shall be tubed. 
  (2)     All gas wells equipped with casing larger in size than 3 ½-inch OD shall be tubed. 
  (3)     Tubing shall be set as near the bottom as practical and tubing perforations shall not be more 
than 250 feet above top of pay zone. 
  (4)     The supervisor of the appropriate Division district office, upon application, may grant 
exceptions to these requirements, provided waste will not be caused. 
  (5)     The supervisor may request that an application be reviewed by the Director. The operator 
shall submit information and give notice as requested by the Director.  Unprotested applications may be 
approved after 20 days of receipt of the application and supporting information.  If the application is 
protested, or the Director so decides, the application shall be set for hearing. 
 K. Repealed.   
[1-1-50, 5-5-58, 6-26-59, 2-29-64, 2-1-96, 2-26-99; 19.15.3.107 NMAC - Rn, 19 NMAC 15.C.107, 11-
15-01] 

19.15.3.108  DEFECTIVE CASING OR CEMENTING:  If any well appears to have a defective 
casing program or faultily cemented or corroded casing which will permit or may create underground 
waste or contamination of fresh waters, the operator shall give written notice to the Division within five 
(5) working days and proceed with diligence to use the appropriate method and means to eliminate such 
hazard.  If such hazard of waste or contamination of fresh water cannot be eliminated, the well shall be 
properly plugged and abandoned.  
[1-1-50...2-1-96; 19.15.3.108 NMAC - Rn, 19 NMAC 15.C.108, 11-15-01] 

19.15.3.109  BLOWOUT PREVENTION:  (See Section 114, Subsection B of 19.15.3 NMAC also) 
 A. Blowout preventers shall be installed and maintained in good working order on all drilling rigs 
operating in areas of known high pressures at or above the projected depth of the well and in all areas 
where pressures which will be encountered are unknown, and on all workover rigs working on wells in 
which high pressures are known to exist.
 B. Blowout preventers shall be installed and maintained in good working order on all drilling rigs 
and workover rigs operating within the corporate limits of any city, town, or village, or within 1320 feet 
of habitation, school, or church, wherever located.
 C. All operators, when filing Form C-101, Application for Permit to Drill, Deepen, or Plug Back, or 
Form C-103, Sundry Notices, for any operation requiring blowout prevention equipment in accordance 
with Subsections A and B above, shall submit a proposed blowout prevention program for the well.  The 
program as submitted may be modified by the District Supervisor if, in his judgement, such modification 
is necessary.  
[10-22-74...2-1-96; 19.15.3.109 NMAC - Rn, 19 NMAC 15.C.109, 11-15-01] 

19.15.3.110  PULLING OUTSIDE STRINGS OF CASING:  In pulling outside strings of casing from 
any oil or gas well, the space outside the casing left in the hole shall be kept and left full of mud-laden 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 55

fluid or cement of adequate specific gravity to seal off all fresh and salt water strata and any strata bearing 
oil or gas not producing.
[1-1-50...2-1-96; 19.15.3.110 NMAC - Rn, 19 NMAC 15.C.110, 11-15-01] 
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C.  SOCIAL AND ECONOMIC ANALYSIS

Prepared by Research Management Consultants Inc.  (RMCI). 

Chaves and Eddy Counties Geographic Profile

Population Change:
According to the 1990 Census for Chaves County, there were 57,849 residents.  In the 2000 
Census, Chaves County, residents numbered 61,382, which was an increase of 6.1% over the 
past ten years. Additionally, there are 25, 647 housing units located in Chaves County with 3,086 
vacant housing units (U.S. Census Bureau, 2000b) . 

Economic Indicators for Chaves County indicate that Per Capita personal income increase 19.3% 
from 1995 to 2000 with a 1995 personal income of $16,467 and a 2000 income of $19,651. The 
number of business establishments increased 1.5% from 1,485 in 1995 to 1,508 in 2000 (New 
Mexico Economic Development Department, 2002). 

Eddy County in 1990 reported 48,605 residents. In 2000 Eddy County reported 51,658 residents, 
which was an increase of 6.3%.  Additionally, there are 22,249 housing unit located in Eddy 
County with 2,870 vacant units (U.S. Census Bureau, 2000b). 

Economic Indicators for Eddy County indicate that Per Capita personal income increased 22.6% 
from 1995 to 2000 with a 1995 personal income of $17,136 and a 2000 income of $21,007. The 
number of business establishments decreased 4.4% from 1,281 in 1995 to 1,225 in 2000 (New 
Mexico Economic Development Department, 2002). 

Within the distribution of occupations, citizens occupy governmental positions in local, state and 
federal agencies.  The percentage of workers employed by a government agency in Chaves 
County is 18.0% and in Eddy County 16.9% according to the 2000 Census (U.S. Census Bureau, 
2000a).

According to the 2000 New Mexico Agricultural Statistics, the number of farms located in 
Chaves County has decreased from 622 in 1987 to 562 in 1997 which was a decrease of 9.7% 
(U.S. Department of Agriculture, 2000b). The amount of farmland located within the county is 
2,944,354 acres with an average farm size of 5,239 acres.  The market value of agricultural 
products sold is $220,127,000 in the county.  Additionally, the top five commodities for the 
county include dairy products, cattle & calves, hay/silage etc., sheep/lambs & wool, and 
cotton/cottonseed (New Mexico Economic Development Department, 2002). 

Gross receipts from retail trade for Chaves County increased 17.5% from 1997 to 2001.  In Eddy 
County receipts increased 17.9% for the same timeframe.  Net taxable property values for 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 57

Chaves County increased 28.5% from 1997 to 2001, and for Eddy County increased 42.8% for 
the same timeframe (New Mexico Economic Development Department, 2002). 

In Eddy County the number of farms has decreased from 503 in 1987 to 467 in 1997 which is a 
decrease of 7.2% (U.S. Department of Agriculture, 2000b). The amount of farmland located 
within the county is 1,275,527 acres with an average farm size of 2,731 acres.  The market value 
of agricultural products sold is $84,586,000 in the county.  Additionally, the top five 
commodities for the county include dairy products, hay/silage etc., cattle & calves, 
cotton/cottonseed, and vegetables (New Mexico Economic Development Department, 2002). 

Oil & Gas Production 

In 2000 Eddy County ranked #3 in the state of New Mexico and Chaves County ranked #5 in gas 
production, producing 299,880,426 Mcf and 20,327,424 Mcf respectively.  Oil production for 
Eddy County ranked it #2 in the state with 23.1 million barrels produced and Chaves County #5 
with 646.7 thousand barrels of production (New Mexico Economic Development Department, 
2002).

Natural gas production in the state from 1995 to 2000 remained relatively unchanged. However, 
the value of natural gas increased from $1.30/Mcf in 1995 to $3.80/Mcf in 2000 (New Mexico 
Economic Development Department, 2002).  

Oil production in the state remained relatively unchanged between 1995 and 2000.  However, the 
price per barrel increased from $16.55 to $28.84 (New Mexico Economic Development 
Department, 2002).  

Water Use 

Along with population increases and farm number decreases, the water usage as reported by the 
New Mexico State Engineers Office also indicates increases and decreases by category.  Data in 
Table C-2 were obtained from the New Mexico State Engineers Office, Technical Report 49, 
dated September 1997.  The data reported is the actual data gathered in 1995. Additionally, 
comparative values are used from the unpublished 2002 report, which provides data from the 
2000 survey. 

Sociological Factors

Of the four invertebrate species, three are very tiny snails and one is a small amphipod.  All four 
species are known to exist on the Bitter Lake National Wildlife Refuge (BLNWR) while several 
of the species may exist on private property near the refuge. Because of their small size and 
limited distribution, none of the four species is well known to the general public. However, 
according to BLNWR (personal communication) there is some growing interest in these 
invertebrate species (Fountain, 2002).  BLNWR conducts endangered species tours.  These tours 
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are conducted by the refuge personnel and have been taking place over the past two years.
According to BLNWR, approximately 100 people in groups of 3 to 4 and up to 10 to 12 at a time 
participate in the activity.  However, this activity is not considered a viable tourism attraction but 
indicative that there are more people with a real interest in the refuge.  Although these visits are 
considered a nonviable tourist attraction the BLNWR is a main attraction for the Roswell area 
(U.S. Fish and Wildlife Service & and Research Management Consultants Inc., 1998).  
Additionally, visitors to the area and BLNWR for non-consumptive uses at wildlife refuges 
generate far more economic activity than consumptive hunting and fishing activities (U.S. Fish 
and Wildlife Service, 1997).  

Because the species are found primarily on a National Wildlife Refuge where they are already 
protected, off-refuge factors create the most interest.  A potentially important factor is the 
proposed listing of the species by the U.S. Fish and Wildlife Service (USFWS), as Federally 
endangered with subsequent delineation of critical habitat.  It would be likely that most off-
refuge critical habitat would belong to the Bureau of Land Management (BLM), another Federal 
Agency.  The BLM is a “multiple use” agency, having very different mandates than the 
USFWS.  Prior to the proposed listing of the four species, the BLM allowed oil exploration and 
extraction and other commercial uses on lands adjacent to, and “up-aquifer” from the refuge.   

The BLM has recently closed an area to oil exploration (Blue Earth Ecological Consultants, 
2002), but there are plans to develop more wells in the area. This closure could have sociological 
as well as economic implications.   

There is privately owned land adjacent to the Refuge which could be developed for housing or 
other private or commercial uses (Blue Earth Ecological Consultants, 2002; Fountain, 2002).  If 
the use of this land is in any way restricted, it could have sociological as well as economic 
impacts. 

The greatest potential social impact would occur if any use of private property is impacted 
because it is found to harbor any of the species. (This potential impact would result only if the 
species of concern is federally listed; at present, none of the four species is listed.) However, if 
the private landowner and the State were able to work cooperatively to further survival of the 
affected species, positive social impacts would occur for both the species and the landowner. It is 
important to note, however, that the species are not known from private land and that the New 
Mexico Wildlife Conservation Act has no provision for restricting private property use to protect 
any species. 

Economic Factors

Due to the nature and location of the four species, economic factors are of much greater 
importance than potential sociological impacts.  Situations that could cause concern for survival 
of the species include: groundwater depletion, ground/surface water contamination, and habitat 



New Mexico Department of Game and Fish        

Recovery and Conservation Plan for Noel’s Amphipod, 
Pecos Assiminea, Koster’s Springsnail, and Roswell Springsnail     Page 59

alteration. It is significant that the development of these situations has the most potential to occur 
off the refuge and is the greatest cause of concern to biologists. 

As reported by the U.S. Environmental Protection Agency (EPA) there are nine community 
water treatment systems in Chaves County that serve the same people year-round (e.g. in homes 
or business). There are two transient non-community water systems that do not consistently serve 
the same people (e.g. rest stops, campgrounds, gas stations). There are five non-transient, non-
community water systems that serve the same people, but not year-round (e.g. schools that have 
their own water systems) (U.S. Environmental Protection Agency, 2002a). 

In Eddy County the EPA reports that there are 13 community water systems that serve the same 
people year-round, eight transient non-community water systems, and three non-transient, non-
community water systems (U.S. Environmental Protection Agency, 2002b). 

Any change in water quality restrictions, water development, or construction of additional water 
treatment facilities could potentially affect citizens in both counties.  Additional water usage of 
both surface and groundwater could have the potential to negatively affect the environment. 

Contamination of both surface and groundwater could potentially impact the socioeconomic 
aspects of both Chaves and Eddy Counties. The EPA reports that in Chaves County there are 139 
facilities that produce and release air pollutants. The EPA has also identified 159 stacks and 391 
point sources where contaminants could be released.  There are seven facilities that have 
reported toxic releases and 76 facilities that have reported hazardous waste activities.  Also 
located within the county are three Superfund sites. Throughout the county there are ten 
companies that have been issued permits to discharge wastewater into rivers (U.S. 
Environmental Protection Agency, 2002a). 

The EPA reports that in Eddy County there are 338 facilities that produce and release air 
pollutants. The EPA has also identified 913 stacks and 1,178 point sources where contaminants 
could be released.  There are eight facilities that have reported toxic releases and 110 facilities 
that have reported hazardous waste activities.  Also located within the county are five Superfund 
sites. Throughout the county there are six companies that have been issued permits to discharge 
wastewater into rivers (U.S. Environmental Protection Agency, 2002b). 

Any no-action alternative for restoration and maintenance of the species must include actions 
already taken by the BLM (at the request of the USFWS) to restrict oil and gas drilling on certain 
lands.  Any further restrictions would be a change from status quo and would be considered an 
action alternative in recovery and restoration of the species.  Restrictions on oil and gas 
exploration would have a significant economic impact overall, and the most significant economic 
impact in the short-term.  Yates Petroleum (the largest local exploration and extraction company 
in the area), has had discussions with the BLM and the USFWS in regard to mitigation measures 
which would ensure environmental safeguards.  Implementation of mitigation measures would 
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have some economic impact on the company.  While oil and gas exploration occurs on the 
refuge, the USFWS already has right of consultation to suggest mitigation measures. 

Oil and gas activities have the potential to influence each situation (water depletion, 
contamination, and habitat alteration) but are not the sole cause for concern.  Conversion of 
adjacent privately owned land for housing and associated development could cause depletion and 
contamination of water sources as well as habitat alteration.  Restrictions on land use due to 
these potentials would have a significant, long-term economic impact. 

Most agricultural activities occur in areas that would not significantly impact the four species 
and no economic impact is anticipated for any recovery alternatives. 

Another type of habitat alteration that could have significant economic impact is wildfire.  A 
wildfire in 2000 was restricted primarily to the refuge but adjacent areas are not immune. 
Wildfire off the refuge that occurred as a result of habitat management efforts on the refuge 
(such as prescribed burning) could have a significant impact. Fire prevention measures could 
have a slight, positive economic impact by providing local employment opportunities and 
through the purchase or rental of machinery and materials.   

Any restriction on water use on private land that may harbor the species of concern could have 
significant economic impact if water use restrictions caused cessation of current, ongoing uses. 
However, measures to protect water quality that are aimed to protect the habitat of the four 
species could also protect other economic interests, including those of private land owners, that 
could be impaired by a degradation of water quality. 
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TABLE C-1: Occupational, Industry, and Class of Workers  

Occupation Chaves County  Eddy County 
Management, professional, 
and related occupations 

27.6% 25.1% 

Service occupations 16.2% 17.1% 

Sales and office occupations 24.9% 24.9% 

Farming, fishing, and  
Forestry occupations  

4.4% 2.1% 

Construction, extraction, and 
maintenance occupations 

11.1% 16.4% 

Production, transportation, and 
material moving occupations 

15.8% 14.4% 

(U.S. Census Bureau, 2000a) 
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TABLE C-2.  Summary of water withdrawals and depletions in acre-feet by category for Chaves 
County. The surveys were completed in 1995 and 2000. Positive values indicate increases and 
negative values indicate decreases in usage in units of acre-feet. 

Chaves County 
Category WSW WGW TW DSW DGW TD RFSW RFGW TRF 
Public Water Supply 0.0 -641.0 -641.0 0.0 -619.8 -619.8 0 -21.2 -21.2 

Domestic  
(self-supplied)

0.0 142.6 142.6 0.0 571.5 571.5 0.0 -428.9 -428.9 

Irrigated Agriculture -5,968.0 49,697 43,729 -2,988.0 30,224 27,436 -3180.0 19,473 16,293 

Livestock  
(self-supplied)

66.2 2678.9 2745.1 66.2 3360.4 3426.6 0.0 -681.5 -681.5 

Commercial  
(self-supplied)

0.0 -891.4 -891.4 0.0 -79.5 -79.5 0.0 -811.9 -811.9 

Industrial  
(self-supplied)

0.0 -90.3 -90.3 0.0 -115.3 -115.3 0 25.1 25.1 

Mining  
(self-supplied)

0.0 83.2 83.2 0 84.3 84.3 0.0 -1.1 -1.1 

Power
 (self-supplied) 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Reservoir Evaporation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
          
Percent difference 
between 1995 data and 
2000 data 

-19.5% 17.3% 13.9% -18.4 16.3% 13.9% -21% 19.7% 13.8% 

WSW=withdrawal, surface water; WGW=withdrawal ground water; TW=total withdrawal; DSW= depletion, surface water; DGW=depletion, 
ground water; TD= total depletion; RFSW= return flow, surface water; RFGW=return flow, ground water; TRF=total return flow. (Wilson & 
Lucero, 1997; Wilson & Lucero, 2002)  
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TABLE C-3.  Summary of water withdrawals and depletions in acre-feet by category for Eddy 
County.  The surveys were completed in1995 and 2000. Positive values indicate increases and 
negative values indicate decreases in usage in units of acre-feet. 

Eddy County 
Category WSW WGW TW DSW DGW TD RFSW RFGW TRF 
Public Water Supply -344.7 1,052.0 707.2 -307.0 639.6 332.6 -37.7 412.3 374.6 

Domestic  
(self-supplied)

0.0 -204.8 -204.8 0.0 19.4 19.4 0.0 -224.0 -224.0 

Irrigated Agriculture -19,381 9,681.0 -9,694.0 -13,595 4,687.0 -8,908.0 -5,780.0 4,994.0 -786.0 

Livestock  
(self-supplied)

-42.6 1,509.5 1,467.4 -42.6 1,550 1,467.4 0 0 0 

Commercial  
(self-supplied)

-251.0 765.0 514.2 -246.9 922.4 695.5 -4.1 -177.3 -181.4 

Industrial 
(self-supplied)

0 216.5 216.5 0 234.9 234.9 0 -18.4 -18.4 

Mining 
(self-supplied)

1,790.8 -6,746.5 -4,955.7 537.2 -164.6 372.6 1,253.6 -6,581.9 -5328.3 

Reservoir Evaporation 3,660.0 0.0 3,660.0 3,660.0 0.0 3,660.0 0.0 0.0 0.0 

Percent difference 
between 1995 data and 
2000 data 

-10% 4.4% -2.9% - 12% 7.6% -1.2% -4.3% -4.2% -6.2% 

          
WSW=withdrawal, surface water; WGW=withdrawal ground water; TW=total withdrawal; DSW= depletion, surface water; DGW=depletion, 
ground water; TD= total depletion; RFSW= return flow, surface water; RFGW=return flow, ground water; TRF=total return flow. (Wilson & 
Lucero, 1997; Wilson & Lucero, 2002)  
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TABLE C-4.  Breakdown of crops grown on farms as surveyed by the Water Use and 
Conservation Bureau, Office of the State Engineer.  The data listed below is the 1999 Irrigated 
Crop acreage for both Chaves and Eddy Counties. 

Table C-4a 
County Alfalfa Barley Beans & 

Peas
Berries Chile 

Peppers
Corn Cotton Flower 

Seeds
Fruit 
Trees

Chaves 56,140 900 -- -- 1,638 9,793 6,354 -- 350 

Eddy 25,394 -- 91 -- 856 898 9,996 -- 1 

Table C-4b 
County Grapes Lettuce Melon Mint Filberts Nursery Oats & 

Rye
Onion Pasture/

Hay 
Pecans

Chaves -- -- 200 -- -- -- 3,000 -- 3,150 2,650 
Eddy -- -- 1 -- -- -- 1,190 -- 1,352 1,779 

Table C-4c 
County Peanuts Pista-

chios
Potato Spice Sor-

ghum 
Soy-
bean

Turf-
grass
/Sod 

Vege-
tables 

Wheat Other 
Crops 

Chaves -- -- -- -- 1,376 -- -- 105 1,380 -- 
Eddy -- 1 -- -- 1,167 -- -- 1 356 80 
(U.S. Department of Agriculture, 2000a) 
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FIGURES
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Figure 1.  Photographs of the four invertebrate 
species:

A – Noel’s amphipod (male above, female 
below); body lengths are approx. 10-12 mm. 

 B – Pecos assiminea; shell length is approx. 2 
mm. 

 C – Koster’s springsnail; shell length is approx. 
4 mm. 

 D – Roswell springsnail; shell length is approx. 
3 mm. 

 Scale of the photographs is variable; therefore, 
organism sizes are not comparable. All photos 
are by B. K. Lang (New Mexico Department of 
Game and Fish).  
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Figure 2. Pecos assiminea (excerpted from Taylor, 1987: Figure 2). 
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Figure 3. Historic (red symbols) and current (green symbols) distribution of Noel’s amphipod (squares), 
Pecos assiminea (circles), Koster’s springsnail (stars), and Roswell springsnail (diamonds). See text 
for discussion and sources. 
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Figure 4. Habitat characteristics at Sago Spring, Bitter Lake National Wildlife Refuge. Photo by J. S. 
Pittenger.
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Figure 5. Characteristic microhabitat of Pecos assiminea, consisting of dense, moist litter and saturated 
soils. A single Pecos assiminea is indicated at the tip of the pen. Photo by K. A. Yori. 
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Figure 6. Dense, monotypic stand of common reed (Phragmites australis) at Dragonfly Spring, Bitter 
Lake National Wildlife Refuge, August 2002. Photo by J. S. Pittenger. 
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Figure 7. Gypsum substrate at Sago Spring, Bitter Lake National Wildlife Refuge, colonized by Roswell 
springsnail (dark spots from center-top to center-bottom of photo). Photo by J. S. Pittenger. 
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Figure 9. The 500-year source-water capture zone (yellow area) for springs and seeps on the Middle Unit 
of Bitter Lake National Wildlife Refuge (green area; adapted from Wolford et al., 1999). 
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Figure 10. Land status within the 500-year source water capture zone for springs and seeps on the Middle Unit of 
Bitter Lake National Wildlife Refuge. Tan areas denote private lands, yellow areas are State Trust lands, and 
blue areas are lands administered by the Bureau of Land Management. 
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Figure 11. Number of wells and total groundwater withdrawal in the 12 townships that encompass the 
500-year source-water capture zone for springs and seeps on the Middle Unit of Bitter Lake National 
Wildlife Refuge, as of 8 October 2002 (compiled from Office of the State Engineer, 2002). The 
wildlife refuge is indicated by green shading and the approximate source-water capture zone is shown 
by yellow shading. 
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Figure 12. Number of existing wells and total oil and gas production since about 1972 in the 12 
townships that encompass the 500-year source-water capture zone for springs and seeps on the 
Middle Unit of Bitter Lake National Wildlife Refuge, as of 8 October 2002 (compiled from New 
Mexico Petroleum Research Center, 2002). The wildlife refuge is indicated by green shading and the 
approximate source-water capture zone is shown by yellow shading. MCF = 1,000 cubic feet and 
BBL = barrel (42 U. S. gallons). 
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Fig. 13.  Water Levels in Wells in Vicinity of BLNWR
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Figure 13. Water levels (in feet above mean sea level) at wells in the vicinity of Bitter Lake National 
Wildlife Refuge from 1950 to 2000 (figure from New Mexico Office of the State Engineer and 
Interstate Stream Commission). 
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Fig. 14.  TOTAL REGIONAL PUMPING IN THE ROSWELL BASIN MODEL AREA
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Figure 14.  Total regional pumping (in acre-feet per year) of artesian and shallow groundwater in the 
Roswell Basin Model Area from 1950 to 2000. Lines indicate trends for artesian and shallow 
groundwater pumping. (figure from New Mexico Office of the State Engineer and Interstate Stream 
Commission). 



 
 

 

MEMORANDUM 
 

TO: Daniela Roth, Endangered Plant Program Coordinator, EMNRD 

 

FROM: Erin S. Greenlee, Conservationist 

 

SUBJECT: Presumable jackrabbit and rodent predation on Sclerocactus cloverae ssp. 

brackii 

  

DATE:  January 26, 2015 

 
Ecosphere Environmental Services (Ecosphere) was contracted by Encana Oil & Gas to 

transplant 100% of Brack hardwall cacti (Sclerocactus cloverae ssp. brackii) existing in 

an Encana-leased right-of-way on NM State Land. In September and October 2014, 

Ecosphere transplanted 211 cacti into the 1.2 acre 32-2307 transplant plot located in 

Township 23N, Range 07W, Section 32. The transplant plot contained 485 control plants 

(already existing) and an additional 211 plants were transplanted into the plot totaling 

696 plants. All plants were tagged with a 1 inch diameter, round aluminum tag and were 

secured to the ground with a metal nail.  

 

In December 2014, staff from NMSLO visited the transplant site twice, once with 

NMSLO staff and again with NMSLO staff and a biologist from Ecosphere. In December 

we noticed apparent herbaceous predation by Jackrabbit and rodent on most of the tagged 

plants. A second visit to the site with a biologist from Ecosphere revealed that 

approximately 99% of the tagged (transplant and control specimens) had been depredated 

by herbaceous predators. The transplant site is now dominated with holes filled with 

Brack’s cacti spines and a pile of jackrabbit scat immediately adjacent to the transplant 

hole.  

 

Brack’s cactus occurs naturally within the area and it appears, after a cursory search, 

there is a natural level of depredation by rabbit and/or rodent on this species of cactus. 

However, while this cactus is a potential food source for some, I believe that the level to 



which the plants tagged in the transplant plot were predated upon was above normal 

levels for the species.  

 

Three potential characteristics of the transplant plot and transplant procedure might have 

influenced the super level of predation on the cactus. First, the transplant plot is 

approximately 1.2 acres and within this plot 696 specimens (211 transplanted, 485 

control) were tagged. While there are gaps in our knowledge of the natural history of 

Brack’s cactus, one plant spaced every 7-8 feet (approximate density based on total 

number of plants and area) is likely denser than the naturally occurring density of this 

species. Second, the use of 1 inch diameter, aluminum tags created a conspicuous method 

of identification. The tags are highly reflective which could be an attractant for rodent, 

Jackrabbit and other wildlife. The combination of plant density and conspicuous tags 

likely created a scenario in which herbaceous predators could develop some form of 

pattern recognition linking tags to preferred food source leading to an almost complete 

failure of the transplant plot. Third, the site selection for the NMSLO transplant plot 

could have influenced predation levels. The transplant area is relatively flat with few 

objects to block line of sight and has low levels of human disturbance. Perhaps 

herbaceous predators were less vigilant in the transplant plot due to high visibility of 

surrounding area and low levels of human activity. Comparing the NMSLO site to the 

BLM transplant site, predation level was significantly less in the BLM site as of 22 

December 2014. The density of cactus in the BLM site is lower than the NMSLO site; 

however, the landscape is also quite different. The BLM site has many physical features 

that could obstruct line of sight for a herbaceous predator (e.g.,shrub or hill).  

 

The characteristics described in this memo are speculative, but I believe that we can learn 

from the failure of the 2014 transplanting and improve our methodology for future 

projects. I think we need to maintain a natural density within our transplant plots and use 

tags that are inconspicuous. Additionally, site selection should factor in presumed 

vigilance levels for predators/prey within the area. 
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ABSTRACT 

A new species, Linum allredii R.C. Sivinski & M.O. Howard, is described from gypsum 
substrates in the Yeso Hills of the northern Chihuahuan Desert in New Mexico and Texas.  It is 
distinguished from its closest relative, Linum puberulum, by its suffrutescent habit, glabrous upper 
stems and upper leaves, and yellow petal bases.  
KEY WORDS: Linaceae, Linum, Chihuahuan Desert, gypsophile. 
 
 
 

Linum (Linaceae) is usually represented in North America by wide-ranging species.  The 
novelty described here is exceptional and joins a few other narrowly endemic Linum species confined 
to gypsum substrates.   
 
Linum allredii R.C. Sivinski & M.O. Howard, sp. nov. (Figs. 1 and 3).  TYPE: USA.  New Mexico. 

Eddy Co: Yeso Hills, 10.6 air mi (17.1 km) SW of Whites City and 2.3 mi (3.7 km) N of the 
Texas border, N32.03419°, W104.44791°, WGS84, 3910 ft.; on pale sandy gypsum of the 
Castile Formation with Yucca elata, Poliomintha incana, Hedyotis nigricans, Bouteloua 
breviseta, Tiquilia hispidissima, Oenothera hartwegii subsp. filifolia, Nama carnosum, 
Anulocaulis leisolenus var. gypsogenus, Mentzelia humilis, Zeltnera maryanna, Polygala 
alba; several thousand plants along ridge; always perennial and occasionally producing 
shoots from large, laterally extending, woody roots; petals orange or salmon with a broad 
darker or reddish band in the lower interior half above 1-2 mm of yellow at the base – making 
a round yellow ‘eye’ at the basal center of the corolla around the ovary; 22 Apr 2011, M.O. 
Howard with R.C. Sivinski MOH-132 (holotype: UNM; isotypes: ASU, BRIT, CAS, F, GH, 
MO, NMC, NY, RM, RSA, SRSC, TEX, US, UTEP).   

 
A L. puberulo (Engelm.) Heller habitu suffrutescenti, caulibus distaliter glabris, foliis 

distalibus glabris, et centris corollarum flavis differt. 
 

Long-lived perennial, suffrutescent from a woody branching base, sometimes sprouting 
shoots from thick, lateral roots.  Stems erect, up to 25 cm tall, puberulent or glabrescent at the base 
and glabrous for at least the distal two-thirds.  Leaves linear to linear-lanceolate, appressed; lower 
and mid-cauline leaves mucronate, entire, glabrous or weakly puberulent on the margins or midribs, 
3–10(–12) mm long; upper leaves acuminate-aristate, serrulate with teeth usually gland-tipped, 
glabrous, 3–7 mm long.  Stipular glands dark and present throughout.  Inflorescence a terminal, 
few-flowered panicle.  Sepals lanceolate, acute-aristate, prominently 1-nerved at the midrib, margins 
serrulate with gland-tipped teeth, glabrous, deciduous in fruit, 4.5–7 mm long.  Petals broadly 
obovate, 10–13 mm long, 6–7 mm wide, orange or salmon with a broad adaxial dark orange or 
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reddish band across the lower half above a short yellow band in the lowest 1–2 mm.  Stamens 5.5–7 
mm long; anthers yellow, 1.2–1.6 mm long. Styles 7–9 mm long, united to just below the 5 dark 
stigmas. Capsules oval, stramineous, 3.7–4 mm long, dehiscing into five 2-seeded segments, 
translucent false septa of segments complete.  Seeds reddish brown, minutely reticulate, 2.4–2.7 mm 
long, 0.9–1.1 mm wide. 

 

Figure 1. Linum allredii, drawn from Howard with Sivinski MOH-132 (NY). 
 
 

Additional Specimens. USA. New Mexico. Eddy Co.: Approximately 32 miles SW of 
Carlsbad, BLM-Yeso Hills Research Natural Area, T26S R24E S27 SE¼ of SW¼, 3900 ft., 21 May 
1992, Dunmire 1215 (UNM); Yeso Hills, 13.8 air miles SW of Whites City and 0.15 miles N of the 
Texas border, N32.00509°, W104.49105°, WGS84, 3910 ft., 30 Jul 2008, Sivinski 6839 (BYU, 
NMCR, COLO);  Yeso Hills, 13.7 air miles SW of Whites City and 0.25 miles N of the Texas border, 
N32.00375°, W104.49342°, WGS84, 3900 ft., 26 Aug 2010 (in fruit), Sivinski 7779 (UNM); Yeso 
Hills, 11.9 air miles SW of Whites City and 0.12 miles NW of Hwy 62/180, N32.02916°, 
W104.48198°, WGS84, 3915 ft., 22 Apr 2011, Sivinski with Howard 7976 (UNM); same as type 
location, 16 May 2011 (in fruit), Howard MOH-135 (NMC, NMCR).  Texas. Culberson Co.: 
approximately 16 air miles SW of Whites City, NM, 2.2 miles S of the junction of U.S. Highway 
62/180 and Texas Ranch Road 652, N31.97106°, W104.51560° NAD83, 3895 ft., 16 May 2011, 
Howard MOH-134 (SRSC). 
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 Etymology. Linum allredii is named for Kelly W. Allred, outstanding floristic botanist, 
agrostologist, bryologist, teacher, and expert at finding and cataloging the plants of New Mexico 
during his long career as professor of botany in the Animal and Range Science Department at New 
Mexico State University in Las Cruces.   
 
 Distribution and Habitat. This new species of flax is currently known only from the Yeso 
Hills, which occupy an area of approximately 13,000 hectares on the border of New Mexico and 
Texas between the Guadalupe Mountains and Pecos River.  The Yeso Hills comprise a small northern 
portion of the “Gypsum Plain” that represents the surface exposure of the Permian-aged Castile 
Formation located between the Guadalupe and Delaware Mountains on the west and the Pecos River 
in New Mexico and Rustler Hills in Texas on the east (Porch 1918; King 1948; Weber & Kottlowski 
1959).  Estimated size of the outcropping of the Gypsum Plain is approximately 260,000 hectares and 
extends approximately 95 km north to south, and from 8 to 50 km wide east to west (Anderson et al. 
1997; Barnes et al. 1992).   
 

The Gypsum Plain was described by King (1948) as a wide grassy plain dissected by broad 
swales that narrow in their upper reaches to shallow canyons with narrow entrenched side canyons 
that drain eastward to the Pecos River.  Superimposed upon the swale/canyon drainage system on 
most of the western half of the Gypsum Plain is a series of southwest to northeast trending linear 
scarps.  These scarps are from 5 to 15 km in length and are often paired and parallel with a broad 
swale between them.  They likely represent an older drainage system caused by fracturing of the 
formation (King 1948) and are clearly identifiable on aerial imagery (Fig. 2).  In addition to 
swale/canyon margins and scarps, topography of the Yeso Hills area includes numerous gypsum hills 
of various sizes on the margins of the Gypsum Plain and within the swales and canyons.  
 

Linum allredii appears to be a gypsophilic endemic of the scarps, gypsum hills, and 
swale/canyon margins of the Gypsum Plain.  This species is further limited in distribution to those 
topographic features that expose a layer of pale, sandy, biologically crusted gypsum that is much 
lighter in color than the gray more heavily crusted gypsum of adjacent strata.  Indeed, the population 
at the type locality extends in a thin band along light-colored gypsum at the top of a scarp for a 
distance of over 3 km.  Paratype collections on gypsum hills or swale/canyon margins were from 
smaller outcrops of similar light-colored gypsum.  While collections of L. allredii are thus far limited 
to the Yeso Hills, the actual extent of the species may reach further south into the Gypsum Plain of 
Texas.  The numerous scarp lines visible on satellite imagery well south of our southernmost 
collection suggest the possibility of additional L. allredii populations in those areas (Fig. 2).  
 

Linum allredii densities at locations seen by the authors in the Yeso Hills range from sporadic 
hillside groups of a few dozen to a long, narrow population of several thousand individuals along the 
scarp at the type locality. 
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Figure 2. Landsat 7 image overlaid with the distribution of Linum allredii.  Yellow points indicate 
collections.  Light blue areas represent outcrops of gypsum scarps and hills in the Castile Formation.  
Primary roads are the yellow lines and the state border is a blue line. 
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Morphological distinction of the new species.  Linum allredii belongs to the yellow- to 
orange-flowered Linum sect. Linopsis subsect. Rigida, and to the 5-parted fruit series Rigida.  It is a 
strong perennial with a woody, branching base and thick lateral roots.  Its short, appressed, aristate 
leaves, gland-toothed and aristate sepals, orange petals with reddish markings, and fine, short, slightly 
retrorse pubescence are most similar to L. puberulum (Engelm.) Heller, which is common and 
widespread in the southwestern USA and northwestern Mexico.  Linum puberulum occurs on a 
variety of soil types, including gypsum, and is sympatric with L. allredii in the Yeso Hills.  Linum 
puberulum differs most obviously by its puberulent upper stems and upper leaves and its mostly 
annual habit.  It rarely overwinters as a weak perennial and in those cases retains a slender taproot and 
does not become woody.  Linum allredii is consistently glabrous in the distal stems and leaves –– if 
glabrescent or puberulent then only on the lower few centimeters of stem and lowest leaves.     
 

The ability to reproduce asexually by sprouting shoots from lateral roots up to 3 dm away 
from a parent plant is unique to Linum allredii in Linum series Rigida.  Perennial habit in the species 
of this series is rare and the other perennials do not root sprout.  Asexual reproduction in L. allredii is 
interesting but not considered diagnostic because it is more a capability than a tendency.  Most 
individuals remain solitary while only a few sprout multiple clones from lateral roots in response to 
environmental influences such as soil structure or surface erosion.  Approximately 20% of a sample 
of 106 plants studied at the type locality exhibited surface evidence of distant sprouting and caudex 
development along lateral roots. 

 

 
Figure 3. Linum allredii habit and flowers, Yeso Hills, Eddy County, New Mexico, 31 July 2008. 
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Linum allredii is an attractive plant with larger floral measurements than most nearby L. 
puberulum populations in New Mexico and Texas.  The flowers of each species are readily 
distinguished by their petal color patterns.  The lower interior half of the L. allredii corolla is usually 
a broad reddish or dark orange band above 1–2 mm of yellow at the base of each petal.  This makes a 
round yellow ‘eye’ at the basal center of the corolla around the ovary (Fig. 3).  The corolla of L. 
puberulum is dark at the center because the interior lower half of the petal is reddish and lacks yellow 
at the base.  The yellow-centered orange corolla of L. allredii is similar to the corolla color pattern in 
some forms of Linum berlandieri W.J. Hook., which also occur in the northern Chihuahuan Desert 
region.  The annual taprooted habit, larger, attenuate, usually 3-nerved sepals, longer longest leaves 
(>10 mm), and stouter lower stem hairs of L. berlandieri readily separate it from L. allredii.  
 

Linum gypsogenium Nesom and Linum modestum C.M. Rogers are also yellow- or orange-
flowered perennials and narrow endemic species confined to local gypsum deposits, but in the 
Mexican state of Nuevo León (Nesom 1983; Rogers 1984).  Their separated styles and fruits 
dehiscing into 10 one-seeded segments distinguish them from L. allredii, which has the united styles 
and fruits dehiscing into 5 two-seeded segments that are characteristic of the Linum series Rigida.   
 

KEY TO LINUM SERIES RIGIDA  
IN THE NORTHERN CHIHUAHUAN DESERT REGION 

 
1. Sepals entire or erose, not glandular-toothed .................................. Linum hudsonioides Planchon 
1. Sepals serrulate with gland-tipped teeth.  
 

2. Stems and leaves (at least on the midribs), proximal to distal, markedly puberulent; taprooted 
annuals or weak perennials ...............................................  Linum puberulum (Engelmann) Heller 
2. Stems and leaves glabrous throughout or only the proximal sometimes pubescent; taprooted 
annuals or perennials with woody bases.  
 

3. Plants long-lived perennials, suffrutescent from a branching woody base and thick lateral roots; 
longest leaves usually 10 mm or less ..................................... Linum allredii Sivinski & Howard 
3. Plants taprooted annuals without woody bases; longest leaves 6-30 mm.  
 

4. Sepals tending to persist in fruit; translucent false septa of capsule segments incomplete, 
inner margin a loose fringe .................................................................. Linum vernale Wooton 
4. Sepals deciduous in fruit; false septa complete, not fringed on the inner margin.  
 

5. Lower stems glabrous; leaves usually small and inconspicuous; sepals linear-lanceolate  
     ............................................................................. Linum aristatum Engelmann 
5. Lower stems usually sparsely or minutely pubescent; leaves conspicuous; sepals 
lanceolate.  
 

6. Lower stems minutely and sparsely puberulent; sepals acute-aristate, prominently 1-
nerved at the midrib, marginal nerves inconspicuous; petals yellow or orange-yellow 
without darker or reddish marks below the middle .........................  Linum australe Heller 
6. Lower stems sparsely hirsutulous; sepals attenuate, usually 3-nerved; petals orange or 
yellow-orange with darker or reddish marks below the middle.  
 

7. Stigmas pale; sepals green ..............  Linum berlandieri W.J. Hooker var. berlandieri 
7. Stigmas dark; sepals grayish or purplish  
    ................................  Linum berlandieri var. filifolium (Shinners) C.M. Rogers 
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INTRODUCTION 

In 2009, the USFWS issued a 90-day finding in response to a petition to list Castilleja ornata (swale 
paintbrush, glowing Indian paintbrush) as threatened or endangered under the federal Endangered 
Species Act (74 FR 66866). The USFWS determined that listing the species as threatened or 
endangered may be warranted due to the present or threatened destruction, modification, or 
curtailment of its habitat or range resulting from improper grazing, or conversion to cultivated 
cropland.  In response to this finding the USFWS is required to review the status of the species 
based on best available scientific and commercial information available.  Although C. ornata is 
considered a predominantly Mexican species, it is possibly extinct there (NMRPTC 1999). The status 
of this species in Mexico is poorly known, but searches of the few historical collection sites in 
Chihuahua have failed to locate a single extant population. The Mexican sites visited had all been 
fully converted to agriculture. 
 
The primary goal of this status report is to provide information on the current status of this species 
in the United States.  The objectives of the status survey were to  
1. Locate the historic population  
2. Determine the current status, abundance, and threats, and  
3. Survey similar habitats in Hidalgo County for the presence of other, previously unknown 

populations.   
 
Species Description  
 

Castilleja ornata is an annual herb with 1 or few 
erect stems, 2-5 dm tall with long-villose, non-
glandular hairs mixed with shorter gland-
tipped hairs; leaves oblong to lanceolate, 
unlobed, 3-nerved, 2-4 cm long, with strongly 
wavy margins and bases clasping the stem; 
floral bracts are unlobed, broadly rounded, 
wider above than below, wavy-margined, 
ochroleucous to very pale yellow on the upper 
third, often fading to dull red with age, 
glandular-puberulent; primary clefts of calyx 1 
cm deep, secondary clefts emarginate; hooded 
upper corolla lobe (galea) exserted, 5 mm 
long, green. Castilleja ornata flowers from July 
through September (NMRPTC 1999). 

Castilleja ornata is not likely to be confused 
with any other Castilleja species in New 
Mexico and is distinguished by its pubescence, 
wavy-margined leaves, and unusual bract 
color. Castilleja minor and C. exserta are the only 
other annual paintbrushes in New Mexico.  
They are readily separated from C. ornata by 
the color of their floral bract tips, which are 

bright red in the former and pink to magenta in the latter. 
Castilleja ornata 2017 



Fitzpatrick Camp 

Distribution and Habitat 

Castilleja ornata grows in flat, seasonally wet areas in arid grasslands at elevations between 1,570-2,100 
m (5,100-6,900 ft). Castilleja ornata occurs in southwestern Hidalgo County, New Mexico, which is 
the only known location in the United States (Figure 1).  It is also documented from western 
Chihuahua and west-central Durango in Mexico.  It was first documented by Laird McIntosh from 
the Diamond A Ranch (previously Gray Ranch) in 1993 (McIntosh 1994).  A more detailed survey 
of the Diamond A Ranch site in 1994 found plants distributed in 3 small sites (sub populations), all 
within several hundred feet of the Fitzpatrick Camp (Egger 1994). Plants were described as locally 
common, ranging from 50 to 800 individuals per site (Figure 4).  The last documented record from 
the Diamond A Ranch is from 1998 (K.D. Heil 12468, 8/13/1998; UNM 96508).  No information 
was given on the abundance of plants at the collection site.   

  



METHODS 

Original location and descriptive data came from reports (Egger 1994, McIntosh 1994), the NM 
Natural Heritage Program, and SEINet. Plant locations and survey routes were mapped with a 
Garmin Monterra GPS. Surveys were performed by 2 people, during optimum flowering season to 
maximize detection of plants, during the last week of August 2017.  The primary focus was to locate 
and assess the status of the known population in the vicinity of the Fitzpatrick Camp on the 
Diamond A Ranch in Hidalgo County.  Additional targeted surveys on the Diamond A Ranch and 
surrounding areas were based on the presence of potential habitat, identified through field 
reconnaissance, aerial imagery, and proximity to the known population.   

 

Figure 1.  Survey routes and location of the 1994 and 2017 populations of Castilleja ornata, at the 
Fitzpatrick Camp, Diamond A Ranch, in Hidalgo County, NM.   

 

 



RESULTS 

After an initial failure to locate any plants in the vicinity of Fitzpatrick Camp, we intensified survey 
efforts into tightly spaced transects through the area estimated to contain plants in 1994 (Figure 2).  
A total of 2 plants were found in the vicinity of the Fitzpatrick Camp (Figure 3).  No other plants 
were located anywhere on the Diamond A Ranch or surrounding areas, despite extensive searches in 
potential habitat, ranging from seasonal to permanent wetlands, including the Cloverdale and the 
Lang cienégas (Figure 1; Sivinski and Tonne 2011).   

 

Figure 2.  2017 survey transect in the vicinity of 
Fitzpatrick Camp.   

 

 
 
 
Figure 3.  2017 location and habitat of 

Castilleja ornata (Fitzpatrick 
Camp in background). 

 



In 2017 the plant community surrounding the Fitzpatrick Camp was composed primarily of alkali 
sacaton (Sporobolus airoides) mixed with western ragweed (Ambrosia psilostachya).  Other associated 
species included Baltic rush (Juncus arcticus), buffalo gourd (Cucurbita foetidissima), common kochia 
(Kochia scoparia), and Powell’s amaranth (Amaranthus powellii).  The associated plant community is 
similar to the that described by McIntosh and Egger in 1994 (Figures 4 & 5).  

 ©Mark Egger   
Figure 4. Castilleja ornata in the immediate vicinity of the Fitzpatrick Camp on the Diamond A 

Ranch in 1994, looking south. 
              

  

Figure 5. Vicinity of the Fitzpatrick Camp on the Diamond A Ranch in 2017, looking north. 



DISCUSSION 

Extensive surveys in 2017 found only 2 individuals of Castilleja ornata in one location.  These plants 
were located in the vicinity of previously documented sites. Based on current knowledge, C. ornata is 
the rarest native plant in the state of New Mexico and might be functionally extinct.  

Precipitation amounts drive the variability in the abundance of annual plants. In arid systems, water 
availability and timing are known to be limiting factors influencing germination and establishment of 
annual plants. Castilleja ornata is an annual plant, likely germinating with the onset of the summer 
monsoon rains (typically in early July), flowering in August and September. Although we have no 
specific historical rainfall record for the Diamond A Ranch, the average annual precipitation in 
nearby Animas is 11.15 inches, ranging from 4.73 inches in 1956 to 19.67 inches in 1991, over a 74-
year period (WRCC 2018).  Rainfall totals were within or above that average in 2015, 2016, and 
2017.  The majority of rainfall is received during the summer monsoons, between late June and early 
October.  The critical rainfall period for C. ornata is presumed to be from June through August, 
when plants germinate, establish, and flower.  In 1993 and 1994, when hundreds of plants were 
documented from the Diamond A Ranch population during August, total rainfall amounts between 
June and August were 3.35 and 1.93 inches, respectively (in Animas). In 2017, the total rainfall 
amount between June and August was 4.48 inches, over half of which came during the month of 
July. Plant abundance was apparently not correlated to rainfall amounts in 2017, either due to the 
lack of a seed bank or another unknown variable preventing plants from germination and 
establishment.  

Between 2014 and 2016 a variety of improvements to the land were implemented surrounding the 
Fitzpatrick Camp (Figures 6 & 7).  These included the removal of livestock from the vicinity of the 
facilities and housing, the removal of the original corral and the relocation of the corral to the NE of 
the ranch house, on-site burial of the original corral, trenching to divert water flow away from the 
ranch house and new corral, and expansion of the fenced area to the north, northwest and the east.  
The improvements took place in the immediate vicinity of the two historic population sites north of 
the ranch house (Figure 2).  Improvements near the southernmost population were significantly 
fewer, consisting primarily of the outward relocation of the eastern fence boundary.  We have no 
information about the timing or extent of the trenching and other ground disturbances, which may 
have significantly impacted plant abundance and reproduction. 

It is possible that these ground disturbing activities altered local hydrology to a degree that the 
habitat is longer conducive to the germination and establishment of the species. Some annual species 
require a degree of disturbance to remove competition for resources with other, more aggressive 
perennial species, such as bunch grasses.  The removal of livestock may have increased the 
competition with perennial bunchgrasses.  However, based on previous surveys and photo 
documentation, C. ornata can be abundant even in the presence of dense stands of perennial grasses 
(Figure 4).  Castilleja species have a hemiparasitic relationship with surrounding plants and depend on 
these plants for nutrients and water through a root connection (Meyer and Carlson 2004).  It is likely 
that C. ornata has a hemiparasitic relationship with alkali sacaton (Sporobolus airoides), the dominant 
bunch grass in the habitat surrounding the Fitzpatrick Camp.  Castillejas are generally not palatable to 
livestock and some species are known to be toxic to livestock. 



Our knowledge of the ecological and biological requirements of C. ornata are limited at best, but in 
the absence of species specific knowledge, we can infer certain traits from other, better known 
Castillejas, such as the hemiparasitic habit of most Castillejas, small seed size, and palatability to 
livestock.   

We have no knowledge of the seed bank dynamics and viability of Castilleja ornata.  Seeds of Castilleja 
species tend to be very small.  Although it is presumed that a proportion of seeds produced by 
annual desert plants remain dormant after a germination event, small seeds are associated with 
greater variance in reproductive success and may not persist for very long in the seed bank (Pake 
and Venable 1996; Skogen et al. 2010). It is possible that prolonged drought conditions after 1994 
have gradually reduced the seed input into the seed bank and that drought in combination with 
ground disturbing activities and habitat alterations have contributed to the overall decline of the 
species.   

Other possible causes or contributors to the observed decline may be pollinator limitations and 
pollination success, and unknown pathogens or predators impacting plants through time.   

  
Figure 6.  Fitzpatrick Camp 2014 Figure 7. Fitzpatrick Camp 2016 

 

RECOMMENDATIONS 

Castilleja ornata is an annual species possibly exhibiting wide fluctuations in plant numbers from year 
to year.  We know very little about the seed bank dynamics of the species.  There is the potential that 
the species may reappear when conditions are conducive to germination and establishment of these 
plants.  Known historic sites surrounding the Fitzpatrick Camp should be monitored annually for 
several years to document a possible return of this species to previously occupied sites.  If plants 
return to known sites, monitoring plots should be established to document between year variation in 
germination and establishment, as well as reproductive success.  Studies should be conducted to 
identify pollinators and pollination success.  Seeds should be collected and stored for ex-situ 
conservation and propagation purposes and should be used to grow out plants for seed production, 



increasing stored seeds available for future population augmentation and introduction purposes.  
Although habitat is limited, additional habitats in Hidalgo County should be surveyed for possible 
new or unreported populations.   
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INTRODUCTION 
 
The White Mesa region is located in a geological diverse region of mostly Jurassic-age sedimentary strata in 
west-central Sandoval County, New Mexico.  The gypsum outcrops of this area are well known habitat for rare 
gypsophilic plant species including Townsendia gypsophila (gypsum Townsend aster), Abronia bigelovii (tufted 
sand verbena), Phacelia sivinskii (Sivinski’s scorpionweed) and Mentzelia todiltoensis (Todilto stickleaf). All 
four species are USFWS and State of New Mexico Species of Concern (NMRPTC 1999).  
The purpose of this survey and status report is to provide information to land managers and regulatory agencies 
on the current status and distribution on these four endemic species to help making management decisions with 
respect to land use practices. 

STUDY AREA 

The White Mesa region stretches from south of San Ysidro, north and northwest for approximately 20 miles 
(Figure 1).  Twelve study sites previously reported from Zia Pueblo lands for Townsendia gypsophila were the 
focus areas for this survey (Lowrey & Knight 1994).  Outcroppings of the Jurassic-age gypseous Todilto and 

Summerville formations are found across much of 
west-central New Mexico and provide habitat for 
the gypsophilic plants of this region.  The Todilto 
and the overlying Summerville gypsum strata have 
previously been placed in the Jurassic-age Morrison 
Formation by some researchers, but are no longer 
recognized as Morrison strata and are now 
separated as distinct formations by geologists 
(Lucas and Heckert 2003).  Soil substrates grade 
from almost pure gypsum with gypsite/lichen crust 
to gypseous sandy loam. Elevations at the 12 study 
sites range between approximately 5,500 and 
6,800ft. Vegetation cover is very sparse and 
includes scattered Juniperus monosperma (one-seed 
juniper), Pinus edulis (pinion pine), Quercus x 
undulata (wavyleaf oak), Ephedra torreyana 
(Torrey jointfir), Yucca baileyi (Bailey’s yucca), 
and several common and widespread gypsophilic 
species including Sporobolus nealleyi (gyp 
dropseed), Tiquilia hispidissima (hairy crinklemat), 
Oenothera hartwegii subsp. filifolia (Hartweg's 
sundrops), Tetradymia filifolia (threadleaf 
horsebrush) and Ascleisanthes lanceolata (lanceleaf 
moonpod). A dark cryptogamic crust composed of 
cyanobacteria, algae, lichen and mosses frequently 
covers the gypsum soils in the habitat of all four 
species. 
 
 

Figure 1. Documented rare plant locations prior to this study.  No information was available on the distribution 
of Phacelia sivinskii and Mentzelia todiltoensis. 
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METHODS 
 
Field surveys occurred during spring and fall of 2015. All sites were visited twice to maximize documentation 
of spring and summer flowering species. Twelve previously documented sites for Townsendia gypsophila on 
Zia Pueblo lands were revisited in 2015 and were the general targeted sampling areas for this survey (Lowrey 
and Knight 1994). No formal surveys had previously been conducted to document the occurrences and 
distribution of Abronia bigelovii, Mentzelia todiltoensis, and Phacelia sivinskii.  Limited existing occurrence 
documentation for Townsendia gypsophila and Abronia bigelovii was provided by Natural Heritage New 
Mexico (Figure 1).   
Two different methods of GPS mapping were employed for this field survey. Both Townsendia gypsophila and 
Abronia bigelovii occur in small scattered patches of plants and were not usually suited for walking polygons 
around occupied habitat. These two species were marked with GPS waypoints when encountered, then an 
estimated 100-foot radius around the point was thoroughly searched and the number of plants recorded.  
Mentzelia todiltoensis and Phacelia sivinskii are generally far more abundant and often continuously distributed 
across large gypsum outcrops, therefore cannot be easily recorded with waypoints. Where applicable, occupied 
habitat for these species was mapped as polygons. Waypoints were used for these two species when isolated 
patches of plants were encountered. Population density counts of individuals were not usually attempted within 
the polygons for these two locally abundant species and were visually estimated. Plant populations are separated 
based on the 2004 NatureServe Habitat Based Strategy for Delimiting Plant Element Occurrences, which 
separates populations if they are more than 1 km apart within suitable habitat (NatureServe 2004). 
 

RESULTS 
 
Not all suitable habitat was surveyed in 2015, but all four gypsum endemic plant species were found in the 
appropriate habitats at the majority of the 12 target sites (Figure 2).  Although Townsendia gypsophila and 
Abronia bigelovii were found at Site 8, no Phacelia sivinskii or Mentzelia todiltoensis were observed in that 
area. Overall Townsendia gypsophila was found in similar numbers to the 1994 survey results, although 
apparent declines were observed in several sites.  Abronia bigelovii was present at all 12 sites, but population 
numbers were lowest among the four gypsum endemics.   
Few invasive species were documented in the habitat of the four species throughout the survey area.  Only 
Russian thistle was documented from one area, along the main access road at the White Mesa gypsum mine.  
The primary threat to all four species is active gypsum mining and associated infrastructure development in the 
White Mesa area (Sites 8, 9, 10, 11).  Other documented disturbances include livestock trampling, off-road 
vehicle use, and some recreational biking.  No predation or insect damage was noted for any of the four plant 
species.   
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Figure 2.  2015 distribution of four rare gypsum endemics on Zia Pueblo lands in Sandoval County, NM. 
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Townsendia gypsophila  
(Gypsum Townsend aster) 
 

  
 
Townsendia gypsophila is a low-growing, caespitose perennial herb in the aster family (Asteraceae). It has 
white ray flowers and short strigose-pubescent leaves. It is entirely endemic to the Todilto and Summerville 
gypsum formations in White Mesa region near San Ysidro, New Mexico, at elevations between approximately 
5,500 and 6,800ft. The entire world-wide range is less than 20 miles of discontinuous gypsum outcrops in west-
central Sandoval County (Lowrey and Knight 1994). Townsendia gypsophila flowers from spring through early 
autumn.  It is more often found on a sandy gypsum layer of the lower Summerville Formation than on the 
underlying barren Tonque Member of the Todilto Formation, which is more pure gypsum (Roth & Sivinski 
2015). Disturbed areas are devoid of this plant.  
 
Townsendia gypsophila is a USFWS and NM State Species of Concern.  This localized endemic has a 
NatureServe rank of G2/S2 (imperiled) due to its limited range and known threats. The New Mexico Rare Plant 
Technical Council R-E-D Code (R = Rarity, E = Endangerment, D = Distribution) for this rare plant is 2-2-3, 
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meaning it is confined to several populations or one extended population; is endangered in a portion of its 
range; and is endemic to New Mexico (NMRPTC 1999). 

 

 
 

Figure 3. 2015 distribution of Townsendia gypsophila on Zia Pueblo lands    
 

In 2015, Townsendia gypsophila was found in all of the 12 previously documented locations on gypsum 
outcrops on Zia Pueblo lands.  Based on the 2004 NatureServe guidance for delimiting plant occurrences, there 
are 7 populations of Townsendia gypsophila distributed among these 12 locations (Table 1).  The species 
typically occurs as scattered patches of a few individuals on ridge tops, rolling hills and caprock rims. It can 
occur on all topographic exposures including some steep slopes. In 2015, a total of 4,790 individuals was 
documented from 437 waypoints (Figure 3).  A similar number of plants was reported in from all 12 sites in 
1994 (approximately 4,593).  The majority of waypoints contained small groupings of plants ranging from 1 to 
10 individuals.  The highest concentrations of plants were found at Site 2 (Figure 3; Table 1).  Plants were 
observed flowering in spring and fall and were in overall good condition.  Although the spring and summer of 
2015 were relatively wet with abundant rainfall, very few Townsendia gypsophila seedlings were observed.   
 



7 
 

Table 1.  Number of Townsendia gypsophila plants in 1994 and 2015 at 12 locations on Zia Pueblo lands in 
Sandoval County, NM. 

 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

Site No 1994  
Location Name 

1994  
No of Plants 

2015  
No of Plants 

Population 

1 Unsurveyed Section 
30 (T17N R1E) 

341 384 1 

2 Unsurveyed Section 
36 (T17N R1E) 

325 1,478 1 

3 Unsurveyed Section 
31 (T17N R1E) 

511 449 1,2 

4 Section 13 & 14 
(T16N R1E) 

105 186 3 

5 Section 24 &25 
(T16N R1E) 

1,411 833 4, 5 

6 Unsurveyed Sections 
29 & 32 (T16N R1E) 

Several 
hundreds (300) 

313 6 

7 Unsurveyed Section 6 
(T15N R1E) 

639 186 6 

8 Sections 22 & 23 
(T15N R1E) 

84 10 7 

9 Section 14 (T15N 
R1E) 

386 156 7 

10 Section 13 (T15N 
R1E) 

263 572 7 

11 Section 15 (T15N 
R1E) 

28 36 7 

12 Unsurveyed Section 
30 (T16N R1E) 

200 + 187 6 
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SITE 1 
Unsurveyed Section 30 (T17N R1E) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

              Figure 4.  Townsendia gypsophila Site 1 (blue highlighted dots) 
 
 
Site 1 is located on the northern end of an unnamed north-south running ridge, just north of Cuchilla Blanca 
(Site 3).  It represents the northernmost known location for Townsendia gypsophila (Figure 4).  The number of 
observed plants at this site was similar in 2015 (384) to 1994 results (341). This site is composed of mostly 
barren, steep, west facing slopes with a scattered pinion-juniper-oak community, including small pockets of 
rubber rabbitbrush (Ericameria nauseosa), mesa pepperwort (Lepidium alyssoides), thrift mock goldenweed 
(Stenotus armerioides), New Mexico feathergrass (Hesperostipa neomexicana), Torrey jointfir (Ephedra 
torreyana), Sivinski’s scorpionweed, tufted sand verbena, and Todilto stickleaf.  Townsendia gypsophila was 
documented from 16 waypoints at this location, including a total of 384 plants.  It occurs primarily in small 
groupings of less than 10 plants (56%), with the exception of the northern tip of the ridge. The majority of all 
plants (70%) were located in the vicinity of four waypoints at this location (267 individuals).  The waypoint 
with the most individuals contained 131 plants.  In May of 2015, plants were found in fair to good condition, 
mostly flowering.  Plants appeared to prefer lighter tan colored soils and soils without heavy cryptogamic 
crusts.  No disturbances were observed at the northern portion of this ridge (Site 1).  No invasive or nonnative 
species were documented at this location.   
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 SITE 2  
Unsurveyed Section 36 (T17N R1E) 

 
 
This site is a mostly barren west-and northwest-facing 
escarpment on the west side of HWY 550 (Figure 5). 
The suitable habitat in this location extends 
significantly further south than was surveyed and is 
more or less continuous along the escarpment west of 
HWY 550, including Sites 4 and 5, ending at Sites 7 
and 12.   Townsendia gypsophila grows at Site 2 with 
scattered pinion, juniper, Torrey jointfir, New Mexico 
feathergrass, mesa pepperwort, thrift mock 
goldenweed, Sivinski’s scorpionweed, tufted sand 
verbena, and Todilto stickleaf. The largest number of 
Townsendia gypsophila plants was documented in 
2015 at this site (Table 1).  Plants were documented 
from 105 waypoints, including a total of 1,478 
individuals.  This is a significant increase over the 
number of plants documented in 1994 (325).  However, 
the total area surveyed was approximately 3 times 
larger than the area surveyed in 1994.  In addition, 
survey effort was twice the time spent in 1994.   
The majority of plants were distributed in small 
groupings of 10 or fewer plants (69%). The largest site 
contained 268 plants over a 200 x 200 m area. Plants 
were found in good to excellent condition at the large 
site on north- and northwest-facing slopes, in heavy 
cryptogamic soils. At the smaller sites plants were 

rated in fair condition and preferred lighter tan colored gypsum outcrops and also shallow drainages and 
depressions. Plants were mostly flowering in May of 2015. No invasive or nonnative plants were documented.  
No evidence of livestock or other disturbances were observed. 
 

 

Figure 5.  Townsendia gypsophila Site 2 
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SITE 3 
Unsurveyed Section 31 (T17N R1E) 

 
 
Site 3 contains two general locations, Cuchilla Blanca Hill to the 
south, and the northwest corner of unsurveyed Section 31, on an 
unnamed ridge north of Cuchilla Blanca Hill (partially Site 
1)(Figure 6).  The number of Townsendia gypsophila plants 
were lower in 2015 (449) than in 1994 (511)(Table 1). Plants 
occurred on mostly barren north- and west-facing slopes with 
scattered pinion, juniper, Sivinski’s scorpionweed, Todilto 
stickleaf, tudted sand verbena, big sagebrush (Artemisia 
tridentata), Bailey’s yucca, blue grama (Bouteloua gracilis), and 
rubber rabbitbrush. A total of 449 individuals were found at 47 
waypoints; 299 individuals were documented from Cuchilla Hill 
and an additional 150 plants from the southern portion of the 
unnamed ridge north of Cuchilla Hill (Figure 6). The majority of 
plants were in groupings of less than 10 plants (70%). The 
largest site contained 48 plants and was located on the unnamed 
southern portion of the ridge north of Cuchilla Hill.  Plants were 
found in fair condition, mostly flowering.  
The NW corner of this section, on the unnamed ridge north of 
Cuchilla Blanca Hill, has been disturbed in the past by some 
gypsum mining activities.  In 2015, the access road had washed 
out and had not been used in some time.  However, in the fall of 
2015 new survey stakes and flags were found along the gypsum 
outcrop boundaries, over approximately half occupied habitat 

area on the southern portion of the escarpment (all of the northern portion of Site 3).  Livestock trailing was 
notable in the southern portion of this escarpment. A human trail extended along the ridgeline. In addition, the 
eastern portion of Cuchilla Blanca Hill was significantly impacted by off-road vehicle traffic and included a 
parking area, human and livestock trailing. No invasive or nonnative plants were documented.   
 
 

Figure 6.  Townsendia gypsophila Site 3 (blue highlighted 
dots) 
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SITE 4 
 Section 13 & 14 (T16N R1E) 

 
 

 
 
 
Site 4 is a mostly barren, gently sloping, west-facing escarpment on the west side of HWY 550 (Figure 7). The 
suitable habitat in this location extends significantly further north and south than was surveyed and is more or 
less continuous along the escarpment west of HWY 550, extending north to Site 2 and south, ending at Sites 7 
and 12.   Townsendia gypsophila occurs on Site 4 with scattered pinion, juniper, big sagebrush, cliffrose 
(Purshia stansburyana), Cryptantha, Indian ricegrass (Achnatherum hymenoides), rubber rabbitbrush, galleta 
(Hilaria jamesii), Sivinski’s scorpionweed, Todilto stickleaf, and tufted sand verbena. The number of 
Townsendia gypsophila plants documented was higher in 2015 (186) than in 1994 (105) (Table 1). In 2015, 
Townsendia gypsophila was documented from 32 waypoints containing 186 individuals. The vast majority of 
sites occur in small groupings of 10 or fewer plants (88%).  Only four sites had more than 10 plants (13, 14, 15, 
and 22 plants).  
In the past the site was accessed from a now defunct dirt road leading from the west side to an old inactive 
quarry.  The site surrounding the quarry has been significantly disturbed in the past but other than limited 
livestock trailing, no recent disturbances were observed.  No invasive nonnative species were documented.   
  

Figure 7.  Townsendia gypsophila Site 4 
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SITE 5  
Section 24 &25 (T16N R1E) 

 
 

 
 
 
Site 5 is located north and south of where Cuchilla Arroyo cuts through the escarpment west of HWY 550 
(Figure 8).  The suitable habitat in this location extends significantly further north and south than was surveyed 
and is more or less continuous along the escarpment west of HWY 550, extending north to Sites 2 and 4, and 
south, ending at Sites 7 and 12. Plants are located on a gently sloping mostly barren west-facing escarpment.  
Associated species include widely scattered pinion-juniper with pockets of Indian ricegrass, thrift mock 
goldenweed, Torrey joint-fir, Bailey’s yucca, New Mexico feathergrass, fine-leaf woolywhite (Hymenopappus 
fililifolius), Sivinski’s scorpionweed, tufted sand verbena, and Todilto stickleaf.  Significantly fewer plants were 
found in 2015 (833) from 1994 counts (1,411) (Table 1).  In 2015, 833 individual were documented from 82 
waypoints.  The majority of waypoints had fewer than 10 individuals (76%).  Twenty waypoints had more than 
10 plants. The largest site contained 48 plants. Plants were found in fair to good condition, mostly flowering, 
preferentially located on lighter tan colored gypsum outcrops and among soils with heavy cryptogamic crusts.  
No disturbances were observed except for some livestock trailing and a recent bicycle track on the southern 
escarpment.  No invasive nonnative species were documented.   
 

Figure 8. Townsendia gypsophila Site 5 
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SITE 6 
Unsurveyed Sections 29 & 32 (T16N R1E) 

 
 
 

 
 
 
 
Site 6 is a north-south trending ridge on the north side of HWY 550 (Figure 9).  The occupied habitat of 
Townsendia gypsophila is on east-facing slopes primarily near the top of the escarpment.  The escarpment is 
sparsely vegetated with pinion-juniper, big sagebrush, Indian ricegrass, galleta, Bailey’s yucca, Sivinski’s 
scorpionweed, Todilto stickleaf, and tufted sand verbena.  The population of Townsendia gypsophila in 2015 is 
likely similar to what was reported in 1994 (several hundred) (Table 1).  In 2015, 313 plants were documented 
from 27 waypoints.  The majority of sites contained fewer than 10 plants (67%).  The largest site had 56 
individuals.  Plants were found in good condition, mostly flowering, and preferred the lighter tan colored 
gypsum soils with only a thin layer of cryptogamic crusts.  Except for some livestock trailing, no disturbances 
were observed.  No invasive nonnative species were documented.   
  

Figure 9. Townsendia gypsophila Site 6 
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SITE 7 
Unsurveyed Section 6 (T15N R1E) 

 
 

 
 
 
Site 7 is located just north of the boundary with the BLM and south of Rio Salado (Figure 10).  The suitable 
habitat in this location extends significantly further north than was surveyed and is more or less continuous 
along the escarpment west of HWY 550, extending north to Sites 12, and northwest to Sites 2, 4, and 5. The 
number of plants found at Site 7 (186) was significantly lower in 2015 than in 1994 (639) (Table 1).  Suitable 
habitat for Townsendia gypsophila at Site 7 is limited and restricted to gypsum outcrops of rolling hills, 
primarily on south and southeast facing slopes.  Associated species include scatted pinion and juniper, New 
Mexico feathergrass, galleta, Torrey joint-fir, snakeweed (Gutierrezia sarothrae), Cryptantha, Hartweg's 
sundrops, buckwheat (Eriogonum sp.), tufted sand verbena, Sivinski’s scorpionweed, and Todilto stickleaf.  In 
2015 a total of 186 individuals were documented from 22 waypoints.  The majority of sites contained fewer 
than 10 plants (77%).  The largest site contained 57 plants.  Some livestock trailing was observed in the area.  
Other disturbances include a powerline and associated access roads. No invasive nonnative plants were 
documented. 
  

Figure 10. Townsendia gypsophila Site 7 
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SITE 8 
Sections 22 & 23 (T15N R1E) 

 
 
 
Site 8 is located at the southern end of White Mesa 
and is part of the White Mesa gypsum mine (Figure 
11).  Only 10 individuals were located at Site 8 in 
2015, in Section 23, and none in Section 22.  In 1994, 
84 plants were documented from the northern parts of 
these 2 sections (Table 1).  This site is largely located 
on the spurs of the southern flank of White Mesa and 
is composed of south-facing gentle slopes with widely 
scattered pinion, juniper, Bigelow sagebrush, galleta, 
Indian ricegrass, Bailey’s yucca, hairy crinklemat, 
Torrey joint-fir, and tufted sand verbena. Plants were 
documented from 3 waypoints with fewer than 5 
plants each. Plants were found flowering, in good 
condition. Off-road vehicle trails were found 
throughout the general area, primarily associated with 
the powerline and apparent recent surveys, as 
indicated by survey stakes found through the area 
(Figure 12).  Limited livestock impacts were evident.  
No invasive nonnative species were documented. 
 
 
 
 
 

 

 
Figure 12.  Townsendia gypsophila Site 8, disturbed area  

  

Figure 11.  Townsendia gypsophila Site 8 
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SITE 9 
Section 14 (T15N R1E) 

 
Site 9 (including the SE corner of section 11) 
surrounds the active part of the White Mesa 
gypsum mine and currently contains the most 
disturbed and impacted population of Townsendia 
gypsophila (Figures 13 & 14). Significantly fewer 
plants were documented from this site (156) over 
1994 plant counts (386) (Table 1).  The site is 
primarily composed of gently sloping south and 
southwest-facing hills with scattered pinion, 
juniper, wavyleaf oak, rubber rabbitbrush and 
hairy crinklemat, Sivinski’s scorpionweed, 
Todilto stickleaf, and tufted sand verbena. In 
2015, 156 individuals were documented from 25 
waypoints, primarily containing 10 or fewer 
plants (88%).  The largest site contained 34 
individuals.  Plants were found in good condition, 
either flowering or in late flowering stage.  Plants 
were not found in disturbed areas, but in the 
immediate perimeter of active gypsum mining 
operations.  The site is significantly disturbed by 
mining activities and associated infrastructure 
(roads, spur roads, buildings, waste piles, 
powerlines, recent survey stakes, active mine 
area) (Figure 14).  Limited livestock impacts 
were evident.  Russian thistle (Salsola kali) was 
documented along the mine access road. Some 
tamarisk (Tamarix sp.) were seen in shallow 
depressions.    

 
                         

 

 

 

 

 

 

 

 

             

  Figure 14.  Townsendia gypsophila Site 9, in the immediate vicinity of active gypsum mining. 

Figure 13.  Townsendia gypsophila Site 9 
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SITE 10 
Section 13 (T15N R1E) 

 
 

 
 
 
 
Site 10 is located north and south of the paved main access road to the White Mesa gypsum mine (Figure 15).  
In 2015 approximately twice the number of plants (572) were found in Site 10 than were documented in 1992 
(263) (Table 1).  Suitable occupied habitat was largely distributed along roads and flat areas, and gentle south- 
and southeast facing slopes with scattered pinion, juniper, wavyleaf oak, Torrey jointfir, rubber rabbitbrush, 
hairy crinklemat, galleta, Bailey’s yucca, fine-leaf woolywhite, Sivinski’s scorpionweed, Todilto stickleaf, and 
tufted sand verbena. Plants were documented from 52 waypoints, found primarily in small groupings of 10 or 
fewer plants (71%), north and south of the gypsum mine access road.  The largest site contained 51 individuals.  
Plants were found in good to excellent condition, mostly flowering in May and October.  Plants were not found 
in disturbed areas, but primarily just outside immediate perimeter of active gypsum mining operations.  Much of 
the site is significantly disturbed by mining activities and associated infrastructure (roads, spur roads, buildings, 
waste piles, powerlines, recent survey stakes).  No livestock impacts were evident.  Russian thistle (Salsola kali) 
was documented along the mine access road.  
 
 

Figure 15.  Townsendia gypsophila Site 10 
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Site 11 
Section 15 (T15N R1E) 

 
 
 
Site 11 is located at the northwest corner of 
the White Mesa gypsum mine and Zia Pueblo 
lands, at the border with State Trust lands 
(Figure 16).  Similar numbers of plants were 
documented in Site 11 in 2015 (36) as there 
had been documented in 1994 (28), although 
they were not mapped in the same locations 
as in 1994 (Table 1).  In 2015, a total of 36 
individuals were documented from 6 
waypoints, primarily composed of 1 or two 
plants (83%). The largest waypoint contained 
28 individuals. Plants were found in good 
condition, mostly flowering.  Associated 
species include widely distributed sparse 
pinion, juniper, badlands mules-ears 
(Wyethia scabra), snakeweed, Indian 
ricegrass, Torrey’s joint-fir, 4-wing saltbush, 
rubber rabbitbrush, Sivinski’s scorpionweed, 
Todilto stickleaf, and tufted sand verbena. 
Observed disturbance include transmission 
towers, various access roads and some bike 
trailing. No livestock impacts were observed.  
No invasive nonnative species were 
documented. 
 

  Figure 16.  Townsendia gypsophila Site 11 
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SITE 12 
Unsurveyed Section 30 (T16N R1E) 

 
 
 
Site 12 is located west of HWY 550 and north of 
Rio Salado and Site 7 (Figure 17).  In 2015 the 
site contained similar or fewer numbers of plants 
(187) than were recorded in 1994 (200+) (Table 
1).  The site is composed of a large southeast 
facing escarpment with widely scattered pinion, 
juniper, wavyleaf oak, Hartweg's sundrops, fine-
leaf woolywhite, Sivinski’s scorpionweed, 
Todilto stickleaf, and tufted sand verbena.  
Townsendia gypsophila was documented from 18 
waypoints, containing a total of 187 individuals. 
The majority of waypoints contained fewer than 
10 plants (61%).  The largest waypoint contained 
31 individuals. No livestock impacts or other 
disturbances were observed.  No invasive 
nonnative species were documented. 
 
   

Figure 17.  Townsendia gypsophila Site 12 
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Abronia bigelovii 
(Tufted sand verbena) 
 

  
 
 
Abronia bigelovii is a low-growing, caespitose perennial herb in the four o’clock family (Nyctaginaceae). It has 
an umbellate inflorescence of tubular white flowers and nearly linear semi-succulent leaves. It is entirely 
endemic to the northern outcrops of the Todilto and Summerville formations in Rio Arriba, Sandoval and Santa 
Fe counties (NMRPTC 1999). Typical habitats for A. bigelovii are gypseous sandy loams on the eroding breaks 
of hillsides and ridges at elevations between 5,700 and 7,400 ft. It occurs on all topographic exposures and can 
often occupy very steep eroding slopes. 
Abronia bigelovii is a USFWS and NM State Species of Concern.  This localized endemic has a NatureServe 
rank of G2/S2 (imperiled) because of its highly restricted range and habitat, the number of occurrences and 
documented threats in its habitat. The New Mexico Rare Plant Technical Council R-E-D Code for this rare plant 
is 1-1-3, meaning it is rare, but found in sufficient numbers and distributed widely enough that the potential for 
extinction is low for the foreseeable future; is not endangered; and is endemic to New Mexico (NMRPTC 
1999). 
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Abronia bigelovii occurs on almost all of the same gypsum outcrops on Zia Pueblo lands as does Townsendia 
gypsophila and was found at all 12 sites where Townsendia gypsophila was documented (Figure 18). Abronia 
however, is less abundant than the Townsendia. It generally occurs widely scattered and is often found on pure 
gypsum outcrops, but can also tolerate the margins of gypsum outcrops with more sandy soils.  In 2015, 
Abronia bigelovii was documented from 174 waypoints, containing a total of 1,052 individuals, distributed in 9 
populations (Table 2). Similar to Townsendia gypsophila, Abronia bigelovii primarily occurs in small patches of 
10 or fewer individuals (87% of 174 sites).  The largest number of plants found at a waypoint was 50 
individuals (Site 3).  The largest total number of plants was found at Site 9, where a total of 240 individuals 
were documented from 28 waypoints.  In May 2015 the majority of plants were found in good condition, 
budding or in early flowering stage.  Habitat, associated species, and observed disturbances are described for 
each of the 12 Townsendia gypsophila sites.  
 

 
 
Table 2. Number of Abronia bigelovii plants and 
waypoints found at 12 sites on Zia Pueblo lands. 

 
 
 
 

 

  

Site 
Number 

Number 
of 

Waypoints 

Number 
of 

Plants 
Population 

1 6 18 1 
2 11 44 2 
3 10 142 1, 3 
4 16 97 4 
5 5 8 5, 6 
6 27 100 7 
7 28 164 8 
8 4 41 9 
9 28 240 9 
10 27 129 9 
11 9 65 9 
12 3 4 7 

Total 174 1,052  

Figure 18.  2015 distribution of Abronia bigelovii on Zia Pueblo lands 
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Mentzelia todiltoensis  
(Todilto stickleaf) 
 

  
 
 
Mentzelia todiltoensis is a stout, mostly perennial herb in the Loasa family (Loasaceae).  It branches from the 
base with entire or pinnatisect leaves and has sulphur yellow or cream flowers.  It is one of the most recently 
described gypsophilic plant species from outcrops of Todilto Formation gypsum in north-central New Mexico at 
elevations between 5,600 and 6,700 ft (Atwood and Welsh 2005). This species was originally described for two 
widely separated populations – one near Tohajiilee in Cibola County and the other near Galisteo Dam in 
southern Santa Fe County. In the strict sense, this species is a strong perennial with entire, linear leaves and pale 
yellow flowers. However, the intervening Todilto gypsum outcrops near San Felipe and San Ysidro have 
extensive populations of mostly biennial plants with pinnatisect leaves that will be placed within a broader 
circumscription of M. todiltoensis in the Flora of North America (as cited in Roth & Sivinski 2015). This 
broader circumscription of the species extends its distribution to all the large Todilto gypsum outcrops in 
Bernalillo, Cibola, Sandoval and Santa Fe counties, where it can be locally common. Based on this recent 
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information Mentzelia todiltoensis has a NatureServe rank of G3/S3 (vulnerable). The 2007 New Mexico Rare 
Plant Technical Council R-E-D Code for this species is not currently relevant since the NM Rare Plants website 
report has not been updated with new information (NMRPTC 1999).  
Mentzelia todiltoensis occurs on most of gypsum outcrops within the survey area, except for Site 8 (Figure 19). 
This plant does generally not occur in dense populations, but is fairly continuously distributed and therefore was 
primarily delineated by habitat polygons. It is frequently found growing together with Phacelia sivinskii, but 
with the exception of Site 5, has a broader distribution and tends to be less abundant (1/10 to ½ of the numbers 
observed for Phacelia sivinskii). Scattered locations were marked with waypoints. Mentzelia todiltoensis occurs 
on both the Todilto and Summerville gypsum strata. It is most frequently found along steep slopes and on 
eroded bedrock and crumbling blocky colluvium at the bases of slopes. It can occupy all topographic exposures 
and will also tolerate some soil disturbance. Plants were observed growing on road berms at the edges of the 
White Mesa gypsum mine access roads and in the immediate vicinity of associated mine infrastructure. Plants 
were distributed in 8 populations and documented from 104 waypoints and 11 polygons (Table 3). Mentzelia 
todiltoensis generally occurs in small groupings distributed throughout the polygons and surrounding the 
waypoints, numbering from a few plants to several hundred individuals (Table 3).  The largest concentration of 
plants were found at Sites 5 and 11, where over a thousand individuals were documented.  No plants were 
documented at Site 8.  Plants were in good condition and in late flowering or early seed set stage in September 
and October of 2015.  Only a few rosettes or seedlings were observed.  Habitat, associated species and observed 
disturbances are described for each of the 12 Townsendia gypsophila sites. 

  
 
Table 3.  Number of Mentzelia todiltoensis plants and 
waypoints found at 12 sites on Zia Pueblo lands 
(number of waypoints in parentheses) 
 
 

 
 

 
 
 
 

Site 
Number 

Number of 
Plants 

Estimate 
Method Population 

1 300- 400 Polygon 1 
2 500 - 1000 Polygon 2 
3 300 Polygon 1, 3 
4 300-500 Polygon 4 
5 800-1200 Polygon 5 
6 248-263 Count (27) 6 
7 463-518 Count (23) 6 
8 0 0  
9 500 Polygon 7 

10 300 Polygon 8 
11 1019-1224 Count (28) 7 
12 522-632 Count (26) 6 

Figure 19. 2015 distribution of Mentzelia todiltoensis on Zia Pueblo lands 
 



24 
 

Phacelia sivinskii  
(Sivinski’s scorpion weed) 
 

  
 
 
Phacelia sivinskii is an erect, leafy biennial herb in the waterleaf family (Hydrophyllaceae). It has crenate-
dentate leaves and sticky glandular hairs on the stems and leaves. Its small violet flowers are in coiled cymes at 
the ends of branches and there are numerous floriferous branches at the leaf axils from the top of the plant down 
to its base. It was described fairly recently from the Todilto gypsum of north-central New Mexico (Atwood and 
Welsh 2005). It co-occurs with Mentzelia todiltoensis and has the same range as that species on the Todilto 
Formation, but also extends somewhat further south onto gypsum outcrops of the Permian-age Yeso Formation 
in Valencia and Socorro counties (Roth & Sivinski 2015). It can be locally abundant on the nearly barren 
outcrops of Todilto gypsum in the White Mesa region. It is rarely observed on Summerville sandy gypsum and 
then only near the contact with the underlying Todilto gypsum. It is most frequently found along steep slopes 
but can occupy all topographic exposures and flat areas at elevations between 5,600 and 6,700 ft (Figure 21).  
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Phacelia sivinskii is a USFWS and NM State Species of Concern.  The New Mexico Rare Plant Technical 
Council gives Phacelia sivinskii a R-E-D Code of 1-1-3, meaning it is rare, but found in sufficient numbers and 
distributed widely enough that the potential for extinction is low for the foreseeable future; is not endangered;  
and is endemic to New Mexico (NMRPTC 1999). Based on the most current information on abundance, 
distribution and threats, Phacelia sivinskii has a NatureServe rank of G3/S3 (vulnerable). 
 
In 2015 only 3 of the 12 sites had enough plants to be mapped with polygons (Sites 2, 3, 9) (Figure 20).  
Individual patches of plants were documented from a total of 217 waypoints.  No Phacelia sivinski plants were 
found in Site 8 in the fall of 2015.  Otherwise plants occurred in distinct grouping of a few scattered plants to 
several hundreds within 100 feet of a waypoint.  Plants were distributed in 7 populations (Table 4).  The largest 
number of individuals were found at Sites 2, 9, and 12, where plants occurred in the thousands (Table 4).  
Phacelia sivinskii can readily occupy disturbed areas and was found in the thousands along the White Mesa 
gypsum mine access road and in areas previously mined (Sites 9 and 10) (Figure 22). In spring of 2015 plants 
were present in the form of rosettes or left-over skeletons from the previous year. No rosettes were found in 
Sites 7, 8, or 12 during spring surveys. Plant skeletons were observed in Site 8, but no rosettes.  More plant 
skeletons than rosettes were observed in Sites 3, 4 and 5 in the spring.  In the fall of 2015, rosettes were found at 
all sites, except Site 8, ranging from a few individuals to as many, or more, than flowering individuals. Half of 
the sites reported very few rosettes (Sites 2, 3, 4, 5, 6, 10) and 3 sites documented abundant rosettes (Sites 9, 11, 
12). In September and October 2015 plants were found largely in fair to good condition, primarily in late 
flowering or early seed set stage. Plants were found depauperate and poor condition at Sites 1 and 5. Plants 
were most abundant and vigorous in disturbed sites at the White Mesa gypsum mine and sites with the heaviest 
gypsum content (Sites 9, 11, 12).  Habitat, associated species and observed disturbances are described for each 
of the 12 Townsendia gypsophila sites.   

 
 
Table 4. Number of Phacelia sivinskii plants found in 12 sites 
on Zia Pueblo lands. 

 
Site Number of plants  Population 

1 476-631 1 
2 3622-4562  

(7500 – 9000 polygon 
estimate) 

2 

3 683-918  
(1000-1500 polygon 
estimate) 

1, 2 

4 347-402 3 
5 27 4, 5 
6 895-1170 6 
7 16 6 
8 0  
9 2000 – 3000 (polygon 

estimate) 7 

10 31 7 
11 464-574 7 
12 2308-2908 6 

Figure 20. 2015 distribution of Phacelia sivinskii on Zia Pueblo lands 
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Figure 21.  Phacelia sivinskii on steep slopes of Cuchilla Blanca Hill. 
 

 
Figure 22.  Phacelia sivinskii recolonizing disturbed sites at the White Mesa gypsum mine.   
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CONCLUSIONS AND RECOMMENDATIONS 
 
All four rare gypsum endemics were found on suitable gypsum outcrop habitats at the majority of the 12 target 
sites on Zia Pueblo lands in the White Mesa region.  No previously collected population data was available for 
the three of the four rare plant species and therefore it is not possible to assess population trends for Mentzelia 
todiltoensis, Phacelia sivinskii, or Abronia bigelovii.   
Overall, Townsendia gypsophila population density during the 2015 survey was similar to numbers reported in 
1994. However, plant numbers were found to be significantly lower at three of the 12 target sites (Sites 5, 7, and 
8) and seemed generally sparse throughout all the habitats surveyed in 2015. Comparison of population 
estimates for the two survey periods is somewhat ambiguous since we do not know the survey effort or areal 
extend of the 1994 survey. However, some of the sites had limited habitat availability, therefore restricting the 
survey area; hence survey results should be comparable to those documented in1994 (Sites 1, 3, 6, 7, 12). 
Except for Site 7, these surveyed areas showed comparable numbers of plants in 2015 as reported in 1994.  The 
reason for the steep decline of the number of reported plants at Site 7 are unclear.  Similar results were reported 
for the adjoining Section 7 on BLM lands where the Townsendia gypsophila population was estimated at 
200,000 plants between the northern boundary fence with Zia Pueblo lands and Querencia Arroyo. A 2014 
survey of this location documented only between 314 and 339 plants in that same area, which was only about 
0.17% of the 1994 estimate (Roth and Sivinski 2015). Less pronounced declines were reported for several other 
Townsendia gypsophila locations on BLM lands.  However, a 2014 survey on State Trust lands reported similar 
numbers of plants to 1994 estimates (Lowrey and Hafler 2014). In general, survey effort appears to have been 
somewhat larger for the 2014 & 2015 surveys on State, BLM, and Zia lands and may therefore not accurately 
reflect a population trend.  Population trend monitoring would clearly benefit our understanding of the degree of 
endangerment this species is experiencing.  The causes for possible declines at Sites 5, 7, and 8, as well as on 
BLM lands, is likely the combination of direct impacts to plants and their limited habitat in the form of gypsum 
mining and associated infrastructure development, livestock trampling, bicycle trailing, powerline access roads, 
as well as prolonged drought and other impacts associated with climate change.    
In 2015, Abronia gypsophila had the lowest population numbers among the 4 rare gypsophiles.  Although it was 
found in all 12 target sites, numbers were generally low with only very few plants per site.  Similar results were 
reported from adjacent BLM and State Trust lands, where the species was also found in low numbers, 
distributed in scattered small patches, but was generally found to be more abundant than Townsendia 
gypsophila (Roth & Sivinski 2015; Lowrey and Hafler 2014).   
Local abundance of Phacelia sivinskii can vary dramatically from year to year in response to the amount and 
timing of precipitation, which can be highly localized. In addition, it is likely that seeds may have to undergo a 
period of dormancy combined with various degrees of scarification before they can germinate.  For example, 
adult flowering was reported abundant in the autumn of 2014 when large patches of plants on gypsum hillsides 
and benches numbered in the thousands along the Tierra Amarilla Anticline on BLM lands (Roth & Sivinski 
2015).  Despite abundant rainfall in 2015, adult plant density was much lower in 2015 on BLM lands with no 
plants or a few scattered individuals in the same places where they were abundant during the previous year. 
Similar trends were observed on Zia Pueblo lands.  Despite the unusual spring rains, no rosettes were observed 
in the spring of 2015 in 3 out of the 12 target sites. Although old skeletons of plants were found at Site 8 in the 
spring of 2015, no flowering adults or rosettes were documented in the fall, despite abundant summer rains.  
Although the species is generally viewed as a biennial plant, the majority of plants apparently germinate with 
the summer rains and flower that same season, but a portion of them also live through the winter in the form of 
rosettes, or germinate in the spring, if enough moisture is available.   
Mentzelia bigelovii in the White Mesa area appears to be largely a biennial or short lived perennial plant with 
pinnatisect leaves.  Few plants were observed with clear perennial characteristics.  However, only very few 
seedlings or rosettes were observed at either of the surveys periods.  The majority of observed plants were 
flowering or in late flowering stage in the fall.  The species tolerates some levels of disturbance, can be found in 
disturbed areas, and a relatively broad spectrum of gypsum soils, with a preferences of soils with the highest 
gypsum content. 
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Gypsum mining in the White Mesa area is the largest current threat actively impacting the habitat of all four 
gypsum endemics and is the most current and widespread land use impacting gypsum habitats on Zia Pueblo 
lands.  Habitat and plants of these species were likely lost to this development, although Mentzelia todiltoensis 
and Phacelia sivinskii can tolerate this level of disturbance and may be able to persist on mined lands.  The 
White Mesa gypsum mine is the largest gypsum mining operation in the state and enabled New Mexico to rank 
seventh among the 20 gypsum producing U.S. states in the year 2000 (Berglof and McLemore 2003). This mine 
feeds raw gypsum to the large wall-board manufacturing plant in Bernalillo, 21 miles to the southeast. The wall-
board plant has been inactive since 2010 after the collapse of the real estate market, but could reopen and 
increase gypsum mining when the market recovers and construction activities resume. The mines also supply 
small amounts of gypsum for cement and agricultural amendments (Berglof and McLemore 2003). Current and 
future development of gypsum mining in the White Mesa area is high and will likely continue into the future 
(BLM 2010).  Future mining of the Todilto gypsum in this region will further diminish habitat for Townsendia 
gypsophila and Abronia bigelovii, both of which are intolerant of soil disturbance and will not quickly reoccupy 
the remnant gypsum deposits in quarried areas. Previous comments in the Lowrey and Knight (1994) survey 
report that T. gypsophila habitats on the gypseous Morrison strata (now called Summerville strata) are not 
threatened by gypsum mining. However, the Summerville gypseous sandstone is only thin layer over the more 
pure and minable Tonque gypsum stratum of the Todilto Formation. The Summerville gypsum habitat layer 
could be removed and discarded as overburden in a strip mining operation, if economically supported by 
gypsum commodity prices. Therefore, neither the Todilto nor Summerville gypsum habitats for rare gypsophilic 
plants are protected from mining impacts. 
 
In addition to providing habitat for rare gypsophilic vascular plant species, gypsum outcrops usually develop 
biological soil crusts formed by a diverse community of lichens, mosses, and cyanobacteria (photosynthetic 
blue-green algae). These cryptogamic soil crusts are diverse biotic communities that contribute to the larger 
ecosystem functions by controlling erosion, improving water infiltration, and converting inorganic elements 
such as nitrogen into biologically useful forms (Belnap et al. 2001a).  The extent to which rare gypsophilic 
vascular plants rely on the ecological services of cryptogamic soil crusts is not known, but there is likely some 
benefit conferred to these rare plants, including increased seed, water, and macronutrient retention, seed 
germination and establishment, and overall survival (Belnap et al. 2001b).  
 
Management direction should include avoidance or minimizing impacts on plants or their habitat, and 
potentially setting aside some of the occupied habitat areas as conservation sites, especially those with good 
populations of Townsendia gypsophila, which is not known to occur on any other gypsum outcrops outside of 
the White Mesa area.  Other conservation measures should include ex-situ seed storage and the development of 
seed germination and establishment protocols.  Population trend monitoring to document the impacts of climate 
change and land use practices would improve our understanding of the species’ response to threats and help 
guide management activities as needed. Management opportunities are limited with respect to buffering impacts 
of climate change and prolonged drought conditions.  However, considering a potential decline, overall rarity 
and current threats to these 4 species and their habitat, especially Townsendia gypsophila, it is highly 
recommended to restrict development in gypsum habitats, restrict or prohibit recreational bicycling, and provide 
regular monitoring to document population trends. 
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MEMORANDUM 
 
To:  Andrew Frederick, State TMO 
 
From: Daniela Roth, Botany Program Coordinator 
 
Subject:  Brack’s Cactus Monitoring Plots - Site Visit 
 
Date:  February 4, 2015 
 
 
In early January of this year I received a phone call from the State Lands Office One 
Health Coordinator, Will Barnes, advising me about the reported mortality of Brack’s 
cacti (Sclerocactus cloverae ssp. brackii) in a monitoring plot on State Trust Lands 
(Chaco Trunk #1 and Lybrook L29-2307/Encana).  Apparently 99% of 696 tagged 
transplanted and naturally occurring cacti succumbed to predation by jack rabbits and 
rodents (Greenlee 2015).   
In response to this report I checked on 4 other transplant sites in the Lybrook area on 
January 27, 2015,  with John Kendall, T & E Biologist of the BLM Farmington Office 
(Western Expansion Project , Plots 5 & 7 (Ecosphere 2013), Beeline Gas Systems 
Logos #4 (Permits West 2014), Chaco 151H/152H (Nelson Consulting 2014)).  
  

1. Beeline Gas Systems/Logos/Permits West:  87 transplanted, 50 original 
(planted August 6, 2014).  This monitoring site is located within 100m of the 
Transplant plot #7 of the Western Expansion Project. 
Visually inspected tagged cacti (marked T or N on metal tags).  Estimated 70 – 
90 % mortality of transplanted cacti.  Transplanted cacti appeared more impacted 
than naturally occurring cacti.  Large cacti appeared more impacted than small 
cacti.  Observed cause of mortality (in order of importance): 1. Predation (most 
likely rabbits), 2. Overland mudflow (planted in shallow drainage), 3. Livestock 
trampling (horses).  Estimated mortality of naturally occurring cacti: 50 – 70%.  
Predated cacti were identified by piles of left over spine clusters and/or the 
remaining base of cacti (photos).  Cacti trampled by livestock were identified by 
squashed, whole plants or obvious hoof prints in the immediate vicinity of tags.  
Plants covered by mudflow were not visible but were identified by buried tags. 
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A tagged transplanted cactus, eaten. 
 

 
A trampled flagged cactus, partially damaged, with resprouts  
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2. Western Expansion Project/Ecosphere Plot 7: 95 transplanted, 69 original 
cacti (planted Spring 2013).  No specific survival data for this plot, but the 
overall survival rate for 6 monitoring plots established for the Western Expansion 
Project was 87% during monitoring in spring 2014. 
Estimated mortality in 2015 ca. 30% of all tagged cacti observed (not tagged 
separately). Plants slightly elevated and therefore not impacted by mud flows.  
Primary causes for mortality:  predation by rabbits and trampling by livestock. 

 
3. Western Expansion Project/Ecosphere Plot 5: 111 transplanted, 244 

original cacti (planted spring 2013).  No specific survival data for this plot, but 
the overall survival rate for 6 monitoring plots established for the Western 
Expansion Project was 87% during monitoring in spring 2014. 
Estimated mortality in January 2015 ca. 95% of observed tagged cacti (not 
tagged separately).  Primary cause of mortality:  predation by rabbits and 
cottontails. 
 

 
 
Leftover spine clusters and tags.  Also note dug hole on lower right. 
 
 

4. Chaco 151H/152H (Nelson Consulting):  153 transplants, 30 original cacti 
(planted April 30, 2014). 
Estimated mortality ca. 90% of all tagged cacti observed (not tagged separately).   
Although this site is located several hundred feet from the access dirt road, tire 
tracks were leading to the monitoring plot.  Someone parked in the monitoring 
plot and cut several trees (photo), on top of tagged plants.  Several recent survey 
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stakes were found inside the plot.  Found dead cacti under cut trees and along 
drag marks.  Observed livestock trampling and livestock activity throughout 
monitoring plot.  Primary cause of mortality:  predation, secondary cause:  
disturbances associated with tree cutting (vehicle traffic, cutting and dragging of 
trees, trampling). 
 
 

 
Cut junipers on top of a tagged cactus (arrow). 
 

 
We also visited several sites were cacti were flagged during surveys, but not 
transplanted, and a site were cacti were not transplanted and not marked by flags and 
tags.  All sites visited were within 2 miles of each other and approximately 6 – 7 miles 
from the State Lands Office transplant site.  I observed a significant number of dead 
tagged and flagged cacti in all transplant sites as well as in areas where cacti were 
flagged but not transplanted or tagged (up to 90% mortality).  Cacti appeared to fare 
better if they were not tagged or flagged.  I concur with the SLO that tags and flags may 
have attracted herbivores, but have no estimate on potential mortality of 
untagged/unflagged cacti (i.e. did not see any dead cacti obviously eaten as indicated 
by leftover spine clusters or plant remains). The primary agent of mortality was 
predation by rabbits/rodents/cottontails.   
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Remaining spine clusters, flagged untagged cactus. 
 
Over the past 2 years the Forestry Division has issued transplant permits for 1,382 
cacti.  At this point I presume that the majority of these cacti have been lost to predation 
or other forms of mortality caused by livestock activity, wood cutting, and off-road traffic.  
It is unclear at this point whether transplanted cacti were more affected than naturally 
occurring cacti.  Detailed quantitative data on mortality of is expected from annual 
monitoring reports.   
At this point we cannot consider transplanting a viable conservation 
measure.  Furthermore, most cacti that were not transplanted from the right-of-ways 
need to be considered lost since there is very little effort to avoid the remaining plants 
during construction activities, as per the current management guidance for Brack’s 
cactus issued by the BLM in 2014. Current knowledge about the abundance and 
distribution of this state endangered species is limited to surveys conducted during 
clearance surveys for oil & gas development.  The majority of these cacti are likely gone 
due to transplant failure or non- avoidance during construction.   
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Executive Summary: 

Sequence-based genotyping, or double-digest restriction site associated DNA 

sequencing (ddRAD-seq), a genomic scale high-throughput DNA sequencing technology 

has been used to investigate genetic diversity within Brack’s cactus (Sclerocactus 

cloverae subsp. brackii) and between it and its close relative Clover’s cactus (S. cloverae 

subsp. cloverae). We generated two genetic data sets, using different DNA assembly 

pipelines, and describe two data sets produced using optimal parameters in STACKS and 

ipyrad, composed of 61 and 1,944 loci, respectively. Both data sets reveal that S. 

cloverae is a genetically structured species, but that structure is inconsistent with the two 

currently recognized taxonomic subspecies, brackii and cloverae. We show that if S. 

cloverae is assumed to represent two genetic groups, the populations from which the 

types of both S. cloverae subsp. brackii and S. cloverae subsp. cloverae were taken, 

represent the same genetic group. 

Even so, there exists significant structure and genetic differentiation within S. 

cloverae. In particular, the southern populations represent a genetically differentiated 

group, which may require management as a distinctive unit. This genetic distinction is 

evident in both data sets produced by ddRAD sequences and all analyses.  

There is sufficient evidence that S. cloverae is a genetic lineage apart from both S. 

parviflorus and S. whipplei, composed of semi-isolated populations which undergo 

episodic (and sometimes high rates of) gene flow, and therefore, we consider it 

appropriate to treat it at the rank of species. There is, however, some evidence of hybrid 

introgression and additivity in populations north of Kirtland, at the Hogback and 

southwest of San Ysidro, New Mexico. This introgression appears to involve genetically 

isolated elements of S. parviflorus; however, broader sampling in S. parviflorus is needed 

to clarify these relationships. 

 

Important findings: 

 

1. Brack’s cactus is not genetically distinct from Clover’s cactus, in spite of the 

morphological differences and should not be afforded taxonomic status. 

 



2. Clover’s cactus (both former subspecies combined) displays a high degree of genetic 

differentiation across its range and populations in the southern portion of its range should 

be considered a distinct genetic element. 

 

3. The Southern Genetic Element may require individual management, separate from 

management of the northern populations of Clover’s cactus. 

 

4. Clover’s cactus (both former subspecies combined) is a species, autonomous from 

Sclerocactus whipplei and S. parviflorus. There is evidence of hybridization between S. 

cloverae and S. parviflorus, but no evidence of hybridization with S. whipplei. 

 

  



Objective: The purpose of this study is to characterize genetic variation within 

Sclerocactus cloverae, in order to determine if there is genetic divergence and population 

structure supporting or refuting the presence of two subspecies, corresponding to S. 

cloverae subsp. cloverae and S. cloverae subsp. brackii. Further, we have included 

populations of S. parviflorus from New Mexico and Utah, as well as those of S. whipplei 

from Arizona. At one time, S. cloverae was considered to be conspecific with these taxa. 

This study will evaluate the degree of divergence between S. cloverae and two species 

closely related species. 

 

Background: Accurate species and subspecies delineations and distributions are critical 

for effective communication concerning biological organisms, for sound research and key 

to successful management and recovery efforts for threatened and endangered species. 

Knowing whether different organisms represent different species, whether they represent 

distinct subspecies, or whether they are part of an unstructured, common (but 

morphologically variable) gene pool is essential. Unfortunately, in some genera, species 

boundaries and subspecies delineation are complex and debated by different taxonomists. 

 

 Sclerocactus Britt. & Rose (Cactaceae) represents such a group. Because of the 

instability of nomenclature and variability of perceived species boundaries, it remains 

significant management challenge for federal agencies and a continuing frustration to 

biologists (Heil & Porter 1994; 2003). The genus is composed of cylindroid cacti with 

apical flowers and formidable hooked spines in about half of the species. Much of the 

continuing problem with the genus centers on our poor understanding of species 

boundaries and genetic differentiation within species, leading to changes in taxonomies 

every time new data are presented. This has resulted in a bewildering nomenclature, from 

the conflicting interpretations by the various taxonomists who have worked with this 

group over the years, and a general difficulty in recognizing species and subspecies.  

 

 Of particular interest here is Sclerocactus cloverae Heil & Porter (Fig. 1), which 

incorporates two subspecies: subsp. cloverae, the larger, slow-developing phase, 

associated with pinyon-juniper woodlands; and subsp. brackii Heil & Porter, the smaller 



paedomorphic phase associated with Nacimiento Formation badlands (Heil & Porter 

1994). When first discovered, what is now referred to as S. cloverae was thought to 

represent two varieties of the yellow-flowered S. whipplei (Engelm. & J.M. Bigelow) 

Britton & Rose, from Arizona. The two varieties were named S. whipplei var. heilii 

A.

B.

Figure 1. General form and morphology of the two subspecies of Sclerocactus cloverae. Sclerocactus
   cloverae subsp. brackii (A.) is diminutuve and often lacking hooked central spines, here growing 
   at the type locality, near Bloomfield, New Mexico. Subspecies cloverae (B.) is often large and
   cylindrical, with robust hooked central spines, here growing near Navajo Dam, San Juan Co., New
   Mexico. Photos by Robert Sivinski.



Castetter, P. Pierce & K. H. Schwerin and S. whipplei var. reevesii Castetter, P. Pierce & 

K.H. Schwerin (Castetter et al. 1976). They differed primarily in spine traits: var. heilii 

has more spines (16-17) per areole than var. reevesii (13–15), but var. reevesii has the 

spines more densely packed because of the smaller tubercles. Both of these entities are 

currently treated as S. cloverae subsp. cloverae. Heil and Porter (1994) described S. 

cloverae subsp. brackii, considering it different and distinct from any of the previously 

named varieties. They suggested that this subspecies was a unique element within S. 

cloverae, reaching first flowering at a much younger age and while the stem was very 

small, relative to the typical subspecies. Morphologically, S. cloverae subsp. cloverae 

differs in having a larger number of central spines (6–9), one of them always hooked, 

whereas, S. cloverae subsp. brackii has fewer central spines (4–5) and at least some of the 

areoles lack hooked spines. Moreover, S. cloverae subsp. brackii appeared to be restricted 

to badlands of the Nacimiento Formation, while S. cloverae subsp. cloverae occurred in 

pinyon-juniper woodlands of the San Jose and Kirtland/Fruitland Formations.  

 

Little was known about the natural distributions of Sclerocactus species in 

northwestern New Mexico at the time of the description of S. cloverae subsp. brackii.  

Indeed, in total only eight collections are cited for the two subspecies, combined. Since 

the original description, the range of S. cloverae subsps. brackii and cloverae have 

become better characterized (Fig. 2). This has, in major part, been a consequence of 

increased field survey efforts related to activity in oil exploration in the region. The 

current knowledge concerning the distribution of S. cloverae, including subspp. brackii 

and cloverae, suggests that it is restricted to a small region of northwestern New Mexico, 

largely confined to the Nacimiento Fm. or closely proximate to it. At the global scale this 

represent a highly endemic species. 

 

 There has been some degree of controversy over how Sclerocactus cloverae 

should be treated in classification. As previously noted, it was originally treated as part of 

S. whipplei (Castetter et al. 1976). More recently, Hochstätter has similarly treated S. 

cloverae as part of S. whipplei at the rank of subvariety (Hochstätter 1997). However, S. 

cloverae has also been included under S. parviflorus Clover & Jotter var. intermedius  



 
Figure 2. Documented distribution of Sclerocactus cloverae (red dots) and its relationship 

to the Nacimiento Formation in northwestern New Mexico. 

 

(Peebles) Woodruff & L. Benson by Benson (1982; see also CITES 2015).  In several 

recent revisions and floras, S. cloverae has been treated at the species rank (Heil & Porter 

1994; 2003; Porter & Prince 2011; Heil et al. 2013). This situation is not only confusing 

to the users of the taxonomies but have very different and conflicting implications with 

respect to land management and conservation. 

 

 Here we address the genetic distinctness of Sclerocactus cloverae subsp. brackii, 

with respect to subsp. cloverae. It is critical to recognize that the patterns of variation 

below the rank of species are very different than the expected patterns between species. 

 The species-status of a group of organisms, as here viewed, is based upon reproductive 

isolation between other groups (Mayr 1942; 1982; Dobzhansky 1959; 1970), and as a 

consequence, this results in evolutionarily independent lineages (sensu de Queiroz 1998; 

1999; 2005; 2007). As lineages remain reproductively isolated from one another (but 



connected by gene flow within each respective lineage), genetic divergence occurs. Hey 

and Pinho (2012; see also Shaffer and Thomson 2007) have shown that under an 

isolation-with migration model of populations, population genetic parameters (e.g., FST 

and time to common ancestry) can discriminate interspecific relationships from 

intraspecific relationships. These parameters reflect on the degree and permeability of 

reproductive isolation and provide a basis for objectively accepting or rejecting 

hypotheses of species-status. These parameters can be estimated using microsatellite 

markers (e.g., Hey and Pinho 2012) or restriction site associated single nucleotide 

polymorphism (SNPs) (Davey et al. 2011; Catchen et al. 2013). 

 

 Below the species level, intraspecific relationships can be more complicated. 

Because subspecies are subdivisions within a single species, by definition they 

experience some degree of regular gene flow. However, generally it is accepted that 

subspecies represent genetically differentiable and geographically cohesive elements 

within a species.  Recent studies have shown that both microsatellite markers and SNP 

surveys based on restriction site associated DNA sequencing (RAD-seq) have the 

capacity to support the recognition of subspecies (e.g., Benestan et al. 2015; Meredith et 

al. 2007; Mullen et al. 2009; Shaffer and Thomson 2007) or reject it (e.g., Mudrik et al. 

2015). 

 

 To characterize genetic variation within Sclerocactus cloverae, determine if there 

is genetic divergence and population structure supporting or refuting the presence of two 

subspecies, corresponding to S. cloverae subsp. cloverae and S. cloverae subsp. brackii, 

and to characterize divergence between S. cloverae and two species closely related 

species, We have performed genomic sequencing to develop a SNP assay of Sclerocactus 

cloverae, including subspecies cloverae and brackii, using the double digest restriction 

site associated DNA sequencing (ddRAD-seq) protocol. This method has generated 

several thousand genetic markers from throughout the genome. We have used these 

markers to investigate the genetic diversity within Sclerocactus cloverae, in order to 

determine if genetic diversity is differentiated into two primary groups, corresponding to 

subspp. cloverae and brackii. Alternatively, genetic differentiation may be related to the 



geographic distance between populations, but uncorrelated with the morphological traits 

(i.e., isolation by distance). 

 

Previous Research—Investigations into species and subspecies relationships of 

Sclerocactus, utilizing evidence beyond comparative morphology, did not begin 

appearing in the literature until 2000. Early studies focused largely on species 

relationships, inferred from chloroplast DNA sequences. Even so, these studies revealed a 

close relationship among Sclerocactus cloverae, S. parviflorus and S. whipplei (Porter et 

al. 2000; Baker & Porter 2016). Population genetic studies employing amplified fragment 

length polymorphism (AFLP; Porter et al. 2012) and microsatellite loci (Schwabe et al. 

2013; 2015) have demonstrated that Sclerocactus in the Uintah Basin of Utah and those 

near Mesa, Colorado, both formerly treated as S. glaucus (K. Schum.) L.D. Benson, 

represent two genetically isolated species. Moreover, within both of these groups there is 

significant genetic structure correlating to geography, consistent with the existence of 

subspecies. These genetic data have decisively resolved long-standing problems 

associated with species and subspecies boundaries, as well as hybridization in S. glaucus.  

 

Methods 

Sampling – Members of Sclerocactus cloverae were sampled in San Juan, Sandoval and 

Rio Arriba Counties, New Mexico (Table 1; Supplemental Figure 1) by Robert Sivinski, 

Zoe Davidson, Daniella Roth, Arnold Clifford, John Kendall and J. Mark Porter. Samples 

of Sclerocactus were also collected in Arizona, Colorado, Nevada and Utah, by Arnold 

Clifford and J. Mark Porter, representing S. cloverae and closely related species. We have 

sampled 13 populations of subsp. cloverae and 9 populations of subsp. brackii. At each 

population we sampled floral materials of 12–15 individuals. Approximately 0.5 g of 

either floral or fruit pericarpal material will be collected and placed into silica gel for 

desiccation. Because S. cloverae has been suggested to be conspecific with both S. 

whipplei and S. parviflorus, we have included a minimal sampling of these species. In 

total, with 294 individuals were sampled, representing 41 populations (Table 1). 

 



Table 1.  Collections sampled for ddRAD-seq analysis of Sclerocactus cloverae. 
Provided are collection (voucher) numbers for specimens housed at Rancho Santa Ana 
Botanic Garden Herbarium (RSA), the species or subspecies represented (Taxon), sample 
size (N), latitude and longitude, in decimal degrees (dd). Four sampled populations are of 
questionable identity (?) and likely represent hybrid introgression. 
 

Collection 
number Taxon N Latitude (dd) Longitude (dd) 
15541 S. cloverae subsp. brackii 11 36.26091 -107.60397 
15542 S. cloverae subsp. brackii 12 36.24627 -107.6775 
15543 S. cloverae subsp. brackii 12 36.6755 -107.9936 
15544 S. cloverae subsp. brackii 12 36.66246 -107.98161 
15545 S. cloverae subsp. brackii 12 36.22981 -107.65862 
15546 S. cloverae subsp. brackii 12 36.18053 -107.58088 
15549 S. cloverae subsp. brackii 11 36.60201 -107.9549 
15550 S. cloverae subsp. brackii 12 36.8002 -107.96571 
15565 S. cloverae subsp. brackii 11 36.78273 -107.93587 
15540 S. cloverae subsp. cloverae? 12 35.49054 -106.86588 
15547 S. cloverae subsp. cloverae 11 36.22504 -107.70009 
15548 S. cloverae subsp. cloverae 12 36.30623 -108.01028 
15552 S. cloverae subsp. cloverae 11 36.79575 -108.22879 
15554 S. cloverae subsp. cloverae 12 36.88889 -108.11309 
15558 S. cloverae subsp. cloverae 12 36.89978 -108.04034 
15562 S. cloverae subsp. cloverae 12 36.94509 -107.86337 
15563 S. cloverae subsp. cloverae 12 36.96433 -107.8503 
15564 S. cloverae subsp. cloverae 12 36.89849 -107.95638 
15567 S. cloverae subsp. cloverae 12 36.68642 -107.78829 
15568 S. cloverae subsp. cloverae 12 36.63826 -107.69786 
15569 S. cloverae subsp. cloverae 12 36.81831 -107.61647 
NKrt S. cloverae subsp. cloverae? 7 36.77452 -108.34609 
15511 S. johnsonii 1 36.08715 -114.07664 
15585 S. nyensis 3 37.641364 -117.50128 
15590 S. nyensis 2 38.026345 -117.233187 
15596 S. nyensis 3 38.202297 -116.185646 
15521 S. parviflorus subsp. intermedius 1 38.640545 -110.667806 

HB     S. parviflorus subsp. intermedius? 3 36.8237 -108.48263 
YJ  S. parviflorus subsp. intermedius? 6 37.33252 -109.03328 

15530 S. parviflorus subsp. parviflorus 1 37.919286 -110.387569 
15535 S. parviflorus subsp. terre-canyonae 1 36.89009 -111.60133 
15539 S. polyancistrus 1 34.730457 -117.321284 
15574 S. polyancistrus 1 37.369192 -118.023333 



Collection 
number Taxon N Latitude (dd) Longitude (dd) 
15601 S. spinosior subsp. blainei 3 37.7807 -114.46717 
15520 S. spinosior subsp. spinosior 3 38.63219 -112.17932 

SL S. whipplei 3 37.11421 -109.51098 
15522 S. wrightiae 1 38.596288 -110.699541 
15523 S. wrightiae 1 38.388989 -110.893287 
15527 S. wrightiae 3 38.26377 -110.79127 

 

DNA extraction and sequencing – Upon return to the laboratory the silica gel was 

replaced twice, at 2–4-day intervals (as determined by color change in indicator), insuring 

that the tissue samples dried thoroughly. 

 Graduate student Nicolas Medinas, Nick Jensen, Sandy Namoff and Dylan Cohen 

extracted DNA from the samples employing a modification of the Doyle and Doyle 

(1987; see also Griffith and Porter 2006) CTAB-protocol. Our procedure differed by the 

addition of steps for the enzymatic digestion of RNAs, using RNAse A; proteins, using 

proteinase K; and mucilage/polysaccharides, using pectinase (17389 Sigma-Aldrich) 

prior to DNA precipitation. DNA concentrations were standardized to 20ng/µl and at 

least 1µg of total DNA, using the Qubit 2.0 Fluorometer (Invitrogen, Inc.). Samples were 

prepared and shipped to Floragenex (4725 Village Plaza Loop, Suite 200, Eugene, OR 

97401). Reduced representation genomic DNA sequencing libraries were prepared 

following Truong et al. (2012), using the sequence-based genotyping (SBG) method, a 

double-digest restriction site associated sequencing (ddRAD-seq) method. This procedure 

employed two restriction enzymes, MseI and PstI. Libraries were single-end sequenced, 

100 bases in length, on the Illumina HiSeq platform. 

 

ddRAD-seq SNP analyses –Bioinformatics analyses utilized the STACKS (Catchen et al. 

2011; 2013) pipeline to assemble RAD-tags from populations, as well as call SNPs, 

genotypes, and haplotypes of these individuals. We have employed computational 

resources provided by Cyverse (www.cyverse.org; Goff et al. 2011; Merchant et al. 2016) 

for these assemblies. Pipeline execution followed the protocols outlined by Rochette and 

Catchen (2017), including procedures for parameter selection. The samples were de-

multiplexed, sorted and binned into individual samples using process_radtags. Poor 



quality reads were removed, adapters sequences and restriction sites were trimmed from 

the sequences. Samples with a low number of reads were excluded from subsequent 

analyses. We applied both de novo locus assembly, employing ustacks, and referenced 

assembly, employing pstacks and using the saguaro (Carnegiea gigantea [Engelm.] 

Britton & Rose) genome as a reference (Copetti et al. 2017). Pipeline programs cstacks, 

sstacks and populations were used for both de novo and referenced assemblies. Multiple 

runs were performed varying parameters that control maximum distance (in nucleotides) 

permitted between stacks (ustacks -M), number of mismatches allowed between sample 

loci (cstacks -n), minimum depth of coverage required to create a stack (ustacks -m and 

pstacks -m), minimum number of populations a locus must be present in to process a 

locus (populations -p), and minimum percentage of individuals in a population required 

to process a locus for that population (populations -r). The referenced assemblies used 

bowtie2 vers. 2.2.9 (Langmead and Salzber 2012) to assemble the demultiplexed, and 

cleaned sequences against the saguaro genome scaffold. In addition, we have employed 

ipyrad (Eaton 2014; http://ipyrad.readthedocs.io) to conduct an alternative de novo 

assembly of RAD-tags. As was the case for STACKS, multiple runs were performed in 

which parameter settings were varied to determine the sensitivity of results to these 

differences.  

Standard population parameters, including observed and expected heterozygosity 

(HO and HE, respectively) were calculated by STACKS and ipyrad. Genetic distance 

measures and Analysis of Molecular Variance (AMOVA) were estimated using GenAlEx 

(Peakall and Smouse 2012; 2006). We used STRUCTURE vers. 2.3.4 (Pritchard et al. 

2000; Falush et al. 2003; Hubisz et al. 2009) and Lea (Frichot and Francois 2015) to 

implement a Bayesian K-clustering algorithm for detecting population structure and to 

assign individuals to populations, based upon their multi-locus genotypes. In these 

analyses, we have assumed that all individuals are diploids and two alleles have been 

scored for each individual. The assumed number of populations used in analyses ranged 

from K=1–10 in structure, and the set of 10 analyses were replicated five times using 

ParallelStructure (Besnier and Glover 2013) on the CIPRES Science Gateway (Miller et 

al. 2011) and summarized using the web version of Structure Harvester (Earl and von 

Holdt 2012). The most likely K-score was evaluated using ln(K), Pr(X|K) and the DK 



method (Evanno et al. 2003) and consideration of FST values. Although the DK method is 

the most commonly used method currently, it has been shown to over-represent K= 2 in 

both empirical and simulation studies (Janes et al. 2017). The assumed number of 

populations used in analyses ranged from K=1–30 in Lea (Frichot and Francois 2015), 

under the R framework (R Core Team 2013), with 10 replicates for each value of K. K-

values were contrasted using the cross-entropy criterion, which evaluates the quality of fit 

of the model to the genotypic data using cross-validation (Alexander and Lange 2011; 

Frichot et al. 2014). 

A direct comparison of DNA sequences using maximum likelihood estimation of 

phylogenetic relationships, using RaxML (Stamatakis 2014), and Bayesian phylogenetic 

posterior probability inference, using MrBayes (Huelsenbeck and Ronquist 2001; 

Ronquist and Huelsenbeck 2003), was performed at the CIPRES Science Gateway 

(Miller et al. 2011). The concatenated matrix of 51 populations by all sampled loci was 

employed in both analyses. Alternatively, these data were phylogenetic relationships 

were estimated under a coalescent model using the program SVDquartets v.1.0 (Chifman 

and Kubatko 2014). These data were further analyzed using a neighbor-net analysis 

(Bryant and Moulton 2003) of uncorrected pairwise nucleotide differences, using 

SplitsTree4 (Huson and Bryant 2006). This is a network analysis that graphically 

represents conflicting information in the data.  

 

Results 

 The DNA extraction procedures were successful in providing high molecular 

weight, mucilage-free DNAs, ideal for library preparation. Single-end, Illumina 

sequencing of 100 bases per read produced 906,683,708 reads (mean per sample= 

3,073,504.09), across three lanes, each multiplexed with 95 samples and a control. 

Demultiplexing and sequence cleaning resulted in a set of individuals with a mean 

sampling of 10,944.8 loci (standard deviation= 2,358.58). However, locus sampling 

ranged from a minimum of 429 loci (sample HB3) to a maximum of 23,236 (sample 

15544_G). Lower coverage samples did not show any bias toward specific populations or 

taxa (see Supplemental Figure 2). 



 Estimation of the most appropriate parameters to be employed in the STACKS 

pipeline revealed that variation in the -M and -n parameters had little influence on sample 

coverage (Table 2). While there is no absolute criterion for selecting parameters 

(Rochette and Catchen 2017), we note that there is a stabilization in the relationship 

between the number of genotyped loci and the number of loci present in at least 80% 

(r80) of the samples when M=n= 6 (Supplemental Fig. 3). Therefore, we have employed 

the M=n= 6 analyses of the full data set, using STACKS in this report. This assembly 

produced 3770 loci, of which 61 were found in 80% or more of the individuals. The low 

number of loci (i.e., 3770) appears to be a consequence of filtering a large number of loci 

with poor reads at the restriction sites (compare with ipyrad assembly below). Mean 

observed heterozygosity (Hobs) across all populations (at variable sites) is 0.0573 (mean 

Hexp= 0.0603) and across all sites, including invariant sites is 0.00278 (mean Hexp= 

0.0029). A summary of diversity statistics at the population level, based on Shannon-

Wiener Index of multilocus genotypic diversity (Shannon 2001), Stoddart and Taylor 

Index of multilocus genotypic diversity (Stoddart and Taylor 1988), Simpson’s l Index 

(Simpson 1949) and Nei’s unbiased gene diversity (Nei 1978), as calculated using 

GenAlEx and popprR 2.7.1 (Kamvar et al. 2014, under the R framework: R Core Team 

2017), are provided in Table 2. In general, populations of Sclerocactus cloverae contain 

similar amounts of genetic variation. Populations HB, NKrt and YJ have less diversity. In 

addition, linkage disequilibrium statistics, E5 evenness index (Pielou 1975; Ludwig and 

Reynolds 1988; Grünwald et al. 2003), index of association (Brown, Feldman and Nevo, 

1980; Manard Smith et al. 1993) and the standardized index of association (�̅�#, Agapow 

and Burt 2001) are provided in Table 3. These statistics show that the ten populations of 

S. cloverae display similar levels of multilocus genetic diversity and similar degrees of 

heterozygosity. In contrast, there are some differences in linkage disequilibrium, as 

measured by IA and rd. Three populations of questionable identity (HB, NKrt and YJ) 

display somewhat different measures of heterozygosity and linkage disequilibrium; 

however, the low sampling at these populations may be producing a bias. Analysis of 

molecular variance (AMOVA) indicates that there is significant population 

differentiation in S. cloverae, rejecting the null hypothesis that there is a single,  



Table 2. Summary of the influence on varying parameters -M (maximum nucleotide 
differences between alleles) and -n (maximum nucleotide differences between loci) 
on assemblies using STACKS 2.0 b9 (Catchen et al. 2011; 2013; 
http://catchenlab.life.illinois.edu/stacks/). Here we contrast a subset of 12 individuals, 
analyzed using nine different parameter settings, using the mean per-sample coverage 
and standard deviation of this estimate (Per-sample coverage stdev). Compared are 
the number of genotyped loci (Genotyped loci) of all 12 individuals as well as those 
loci that are present in at least 80% of the individuals (r80 loci). We also compare the 
number of SNPs (r80 SNPs) and loci lacking variation (Invariant r80 loci) in those 
loci that are present in at least 80% of the individuals. 

 

M=n value 

Mean per-
sample 

coverage 

Per-sample 
coverage 

stdev 
Genotyped 

loci r80 loci r80 SNPs 
Invariant 
r80 loci  

1 21.9 3.5 856 64 66 19 
2 22 4.2 764 68 88 18 
3 21.7 4.3 729 69 95 18 
4 21.8 4.3 701 70 107 17 
5 21.9 4.5 680 71 118 17 
6 22 4.4 669 72 125 17 
7 22 4.5 664 72 123 17 
8 22.1 4.7 659 74 132 17 
9 22 4.9 650 74 132 17 

 

undifferentiated gene pool (FPT= 0.7282; p= 0.001; FST= 0.6962; p= 0.001). AMOVA, 

calculated using GenAlEx, infers that 73% of the variance in the data is accounted by 

differentiation among populations, while 27% is accounted for by variability within 

populations (Table 4). Estimates of migration rate (Nm) among populations displays 

disparity depending on the specific method used for the estimation and the scope of the 

estimate. If a single migration rate is assumed between all populations of S. cloverae, 

then the rate is 0.109 (1 migrant every 10 generations) based on estimates using FST 

(Wright 1931; Slatkin and Barton 1989) and 0.585 (1 migrant every ca. 2 generations) 

based on estimates using private alleles (Slatkin and Barton 1989). However, a 

comparison between the type locality of Brack’s cactus (15543) and a population 

northeast of Bloomfield (15565) is estimated with a rate is 0.118 (1 migrant every 10 

generations) based on estimates using FST and 1.329 (1 migrant every generation) based  



Table 3. Genetic diversity of populations of Sclerocactus cloverae, as measured by the 
Shannon-Wiener Index of multilocus genotypic diversity (H, Shannon 2001), the 
Stoddart and Taylor Index of multilocus genotypic diversity (G, Stoddart and Taylor 
1988), Simpson’s Index (l, Simpson 1949) Nei’s unbiased gene diversity (Hexp, Nei 
1978). In addition, we report linkage disequilibrium statistics E5 evenness index (E5, 
Pielou 1975; Ludwig and Reynolds 1988; Grünwald et al. 2003), index of association 
(IA, Brown, Feldman and Nevo, 1980; Smith et al. 1993) and the standardized index of 
association (�̅�#, Agapow and Burt 2001). Population sample size (N) and estimated 
number of multilocus genotypes (eMLG) are described. Population numbers 
correspond with those described in Table 1. 

 
Population N eMLG H G l E5 Hexp IA �̅�# 

15540 12 10 2.48 12 0.917 1 0.0553 0.9705 0.011156 
15541 12 10 2.48 12 0.917 1 0.0509 1.7011 0.022688 
15542 12 10 2.48 12 0.917 1 0.0641 1.1477 0.010532 
15543 12 10 2.48 12 0.917 1 0.0665 1.3591 0.014933 
15544 12 10 2.48 12 0.917 1 0.0737 3.6812 0.030398 
15545 12 10 2.48 12 0.917 1 0.0546 -0.0494 -0.000439 
15546 12 10 2.48 12 0.917 1 0.0578 0.9387 0.009216 
15547 11 10 2.4 11 0.909 1 0.0617 1.3206 0.011931 
15549 13 10 2.56 13 0.923 1 0.0587 0.571 0.006891 
15549 10 10 2.3 10 0.9 1 0.069 0.7544 0.007161 
15550 12 10 2.48 12 0.917 1 0.0815 1.9463 0.019525 
15552 11 10 2.4 11 0.909 1 0.0768 1.0502 0.010632 
15554 12 10 2.48 12 0.917 1 0.0746 1.4701 0.01584 
15558 12 10 2.48 12 0.917 1 0.0601 0.869 0.010979 
15562 12 10 2.48 12 0.917 1 0.061 2.0057 0.0279 
15563 12 10 2.48 12 0.917 1 0.0536 0.962 0.014107 
15564 12 10 2.48 12 0.917 1 0.0797 8.2225 0.069827 
15565 11 10 2.4 11 0.909 1 0.0911 1.177 0.009787 
15567 12 10 2.48 12 0.917 1 0.0539 1.0806 0.015981 
15568 12 10 2.48 12 0.917 1 0.0543 0.3562 0.003277 
15569 12 10 2.48 12 0.917 1 0.0522 1.9516 0.022528 

HB 3 1 0 1 0 NaN 0 NaN NaN 
NKrt 7 7 1.95 7 0.857 1 0.0943 17.2864 0.166675 
YJ 6 6 1.79 6 0.833 1 0.0895 1.7676 0.01468 

Total 264 10 5.56 258 0.996 0.99 0.1089 2.7969 0.007081 
 
 

on estimates using private alleles. A summary of pairwise Nm values using estimates 

based on FST is provided in Supplemental Table 1. 



Table 4. Analysis of molecular variance (AMOVA) of 20 populations of Sclerocactus 
cloverae and four populations of Sclerocactus that are close to S. cloverae but show 
additivity based on STRUCTURE analyses (putative hybrids), conducted using GenAlEx 
6.5 (Peakall and Smouse 2006; 2012). The AMOVA contrasts 264 individuals and 804 
SNP loci, generated using STACKS (Catchen et al. 2013), with parameters -n= -M= 6, 
and -r= 80.  We report the degrees of freedom (df), sums of squares (SS), mean squares 
(MS), estimated variance (Est. Var.), as well as the percentage of variance explained 
(%). Lastly, we report the FPT value and the probability (p) of an equal or more extreme 
value of Phi. 
 
Source df SS MS Est. Var. % 
Among Populations 23 99303.308 4317.535 380.314 73% 
Within Populations 240 34073.541 141.973 141.973 27% 
Total 263 133376.848  522.287 100% 
 

FPT 0.728 p= 0.001 
 
 

 STACKS assembled loci infer a high degree of structure among populations of 

Sclerocactus cloverae, based upon analyses using structure (Pritchard et al. 2000) and 

LEA (Frichot and Francois 2015). The Evanno method (DK, Evanno et al. 2005; Earl and 

von Hold 2012) infers that K= 2 is the optimal clustering level (Fig. 3A, B; Fig. 4). At K= 

2 the genetic groups have Fst values of 0.5451 and 0.3305 and a log likelihood of -

127,572.5. As previously noted, the DK method has been shown to over-represent K= 2 in 

both empirical and simulation studies (Janes et al. 2017). It is evident that the log 

likelihood score increases to -77,276.7 and the mean value of FST increases to 0.74346 

with K= 11 in the structure analyses (Fig. 3A & C). We suggest that optimal clustering is 

achieved when within-group variance is minimized, and between-group variance is 

maximized. This would occur when FST values are at a maximum and estimated 

heterozygosity (Hexp) is at a minimum. This occurs at K= 11 (Fig. 3C).  By contrast, LEA, 

which uses cross-entropy criterion to evaluate the quality of fit of the model to the 

genotypic data, using cross-validation (Alexander and Lange 2011; Frichot et al. 2014), 

inferred a much higher K value (Fig. 3D; Fig. 5). There is some “plateauing” at K=10, but 

final “plateauing” begins at K= 21 and the minimum is at K= 25. This later value is not 

particularly helpful, as only 24 populations are included in these analyses. The structure 

of the genetic data is evident in the principle coordinates analysis of these data (Fig. 6). It 



 
Figure 3. Comparison of STRUCTURE 2.3.4 analyses, using K-values ranging from 1 to 
20 and 30, based on STACKS assembly of loci. The change in log likelihood with respect 
to K is shown in panel A; change in DK with respect to K is shown in panel B; the 
difference in mean FST and mean expected heterozygosity (Hexp) with respect to K is 
shown in panel C (the arrow indicates a maximum of the difference); minimum cross-
entropy with respect to K , based on analyses using Lea, is shown in panel D. The three 
arrows indicate regions of plateauing and minimum value. 
 

 is important to note that the two axes displayed account for only 21.88% of the variance 

in the data. This indicates that these data contain considerably more structure than in 

represented in the two dimensions of Fig. 6. In this figure we also show the inconsistency 

between these genetic clusters and the named taxa, S. cloverae subsp. brackii (circles) 

and S. cloverae subsp. cloverae (triangles). 

 The STACKS pipeline generates a DNA sequence data file that can be analyzed 

using phylogenetic methods. It summarizes each population by selecting those nucleotide 

sites of the filtered loci that are fixed within populations but differ among the  



 
Figure 4. STRUCTURE 2.3.4 results at K= 2, for 25 populations of Sclerocactus. 
Populations are color-coded, yellow: northern genetic cluster; magenta: southern genetic 
cluster. Known sites of S. cloverae are shown as small, red dots and the Nacimiento 
Formation is shown in brown. 
 

populations. For the parameters assigned to the data (i.e., loci present in at least 80% 

[r80] of the samples when M=n= 6), none of the loci are retained. If the -r parameter is 

relaxed to include all loci present in 50% or more of the individuals (i.e., r50), then 2,465 

loci are retained, but there is considerable missing data. Maximum likelihood analysis of 

these 2,465 loci, using the GTR model with gamma distributed rates in RaxML, produced 

a population-level estimate of phylogenetic relationships (Fig. 7) that implies no 

distinction between Sclerocactus cloverae subspp. cloverae and brackii. It also infers that 

S. cloverae is not closely related to S. whipplei, as suggested by some previous authors 

(Castetter et al. 1976; Hochstätter 1997). The relationship between S. parviflorus and S. 

cloverae is more complicated because S. parviflorus is polyphyletic in this estimate. Even 

so, S. cloverae is inferred to be an independent lineage. 



 
Figure 5. STRUCTURE 2.3.4 results at K= 11, for 25 populations of Sclerocactus. 
Populations are color-coded based upon group membership. The Nacimiento Formation 
is shown in brown. 
 
 Parameter estimation using ipyrad (http://ipyrad.readthedocs.io) focused largely 

on varying parameters 14 (clustering threshold) and 21 (minimum samples per locus). 

Increasing the cluster threshold increases the number of loci discovered, while increasing 

the minimum number of samples per locus decreases the number of loci retained in the 

final data set (Table 5). Here we report on results with parameters 14= 0.87 and 21= 0.85 

(Table 5, IV), which recovered 1944 loci found in 85% or more of the samples, of which 

134 were invariant. Mean estimated heterozygosity (Ho) across all individuals sampled is 

0.0113, and across all individuals of Sclerocactus cloverae is 0.0115. Mean observed 

heterozygosity (Hobs) across all populations (at all sites) is 0.0078 (mean Hexp= 0.0114). 

As observed in the STACKS assembly, the ipyrad assembly shows that populations of 

Sclerocactus cloverae contain similar amounts of genetic variation (Table 6), as 

measured by Shannon-Wiener Index of multilocus genotypic diversity (H), Stoddart and 

Taylor Index of multilocus genotypic diversity (G), Simpson’s l Index and Nei’s  



 

 
Figure 6. Principle coordinates analysis of ddRAD genetic data for 20 populations of 
Sclerocactus cloverae, representing subspecies brackii, cloverae and three population of 
uncertain (unknown) affiliation, suspected represent hybrid introgression. Populations are 
color coded and different taxa use different shapes. Each axis parenthetically includes the 
percent of variance explained. 
 

unbiased gene diversity (Hexp). Populations HB, NKrt, YJ and SL have less diversity, but 

also have smaller sample sizes. In addition, linkage disequilibrium statistics, E5 evenness 

index, index of association (IA) and the standardized index of association (�̅�#) indicate 

that significant linkage is detected in populations 15542, 15546, 15548, 15550, 15552, 

15554, 15563, 15565, 15567 and 15568 (Table 6). Analysis of molecular variance 

(AMOVA) indicates, again, that there is significant population differentiation in S. 

cloverae, calculated using poppr and GenAlEx (FST = 0.2962; p= 0.001 and FPT= 

0.1301; p= 0.001, respectively), inferring that 30% of the variance in the data is  
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Figure 7.  Maximum likelihood estimation of phylogenetic relationships among 
populations of Sclerocactus cloverae and eight other species of the genus, based on 
RaxML analyses of loci assembled using STACKS. Red ovals indicate those populations 
corresponding to the morphological form referred to as Brack’s cactus. The green box 
encloses those populations identified as the species S. cloverae. 
 
  



Table 5. Parameters applied to ipyrad assemblies I through VI, including maximum read 
error (phred Q score offset), maximum pairwise distance between alleles in a locus 
(clustering threshold) and minimum number of samples possessing a locus (Min # 
samples per locus). Characteristics of the assemblies are described, including the 
number of loci recovered prior to filtering (Prefiltered loci), the number of loci 
removed by specific filters (i.e., Duplicates, Max SNPS, Max shared H, Min sample 
and Max alleles) and the final number of loci retained (Filtered loci).  

 
 

 I II III IV V VI 

Phred Q score offset 33 33 43 43 33 33 
Phred Q score offset 33 33 43 43 33 33 
Clustering threshold 0.85 0.9 0.87 0.9 0.87 0.87 

Min # samples per locus 4 4 219 251 263 277 
Prefiltered loci 193982 219871 200298 219932 200298 200298 

Duplicates 3110 4574 3700 4637 3700 3700 
Max SNPS 13607 12426 2137 1109 907 522 

Max shared H 5732 9735 871 764 536 392 
Min sample 69052 80879 192110 215054 200276 200276 
Max alleles 29567 37939 32995 38003 32995 32995 
Filtered loci 88807 99249 2911 1944 11 11 

 
Table 6. Summary statistics describing 13 populations of Sclerocactus cloverae subsp. 

cloverae and 10 populations of S. cloverae subsp. brackii. Estimated sample size (N), 
number of private alleles, observed heterozygosity (HO), expected heterozygosity 
(HE), FIS and nucleotide diversity, as measured by p, are reported. 

 
Population 

Number 
N Private 

alleles 
HO HE FIS p 

15541 10.1508 7 0.0264 0.0406 0.0399 0.043 
15542 10.2205 15 0.0217 0.0359 0.0413 0.0379 
15543 9.9244 23 0.0302 0.0447 0.0531 0.0474 
15544 9.7511 23 0.0259 0.0453 0.0654 0.0481 
15545 10.2838 15 0.0237 0.0418 0.0582 0.0443 
15546 10.3037 14 0.0198 0.0379 0.0577 0.0401 
15547 9.6097 17 0.0257 0.0387 0.0438 0.041 
15549 9.2729 14 0.0271 0.0392 0.0365 0.0417 
15550 9.9635 11 0.0236 0.0408 0.0549 0.0432 
15562 9.9436 18 0.0265 0.0366 0.0355 0.0388 
15540 10.3872 18 0.0161 0.0287 0.0399 0.0303 
15548 10.1571 9 0.0246 0.0368 0.0405 0.039 



15552 9.1016 18 0.0243 0.0431 0.057 0.046 
Population 

Number 
N Private 

alleles 
HO HE FIS p 

15554 9.7404 16 0.0292 0.0456 0.054 0.0484 
15558 9.9874 20 0.0262 0.0431 0.0549 0.0455 
15563 9.8542 11 0.0274 0.0447 0.0524 0.0473 
15564 9.6194 9 0.0325 0.0451 0.046 0.0478 
15565 9.4257 16 0.0303 0.0413 0.0411 0.0438 
15567 10.026 19 0.0207 0.03 0.0339 0.0319 
15568 9.5093 14 0.0255 0.0349 0.0312 0.037 
15569 10.0866 12 0.0256 0.0416 0.0508 0.0441 
NKrt1 5.4903 16 0.0242 0.0367 0.0365 0.0406 
YJ1 5.035 15 0.0321 0.0411 0.0312 0.0463 

 
 

accounted by differentiation among populations, while 70% is accounted for by 

variability within populations.  

Like the assembly generated by STACKS, the ipyrad assembly displays disparity 

depending on the specific method of estimation of migration (Nm). If a single migration 

rate is assumed between all populations of S. cloverae, then the rate is 1.876 (nearly 2 

migrants per generation) based on estimates using FST (Wright 1931) and 0.493 (1 

migrant every ca. 2 generations) based on estimates using private alleles (Slatkin and 

Barton 1989). A comparison between the type locality of Brack’s cactus (15543) and a 

population northeast of Bloomfield (15565) is estimated with a rate is 4.286 (ca. 4 

migrants per generation) based on estimates using FST and 1.137 (1 migrant every 

generation) based on estimates using private alleles. Supplemental Table 1 summarizes 

the pairwise Nm values using estimates based on FST. 

 STRUCTURE analyses, based on the 1944 loci assembled using ipyrad, implies 

complex, or at least hierarchic structure of populations. The Evanno method (DK) 

indicates that the best fit is at K= 2 clusters. This is the same as observed with assemblies 

using STACKS. Within-group genetic variance is minimized, and between-group genetic 

variance is maximized also when K= 2 clusters (Fig. 8A; Fig. 9). By contrast, using Lea, 

the minimum cross-entropy is achieved when K= 11 clusters (Fig. 8B). These results are 

similar to those found using STACKS in that both K= 2 and K= 11 are indicated as 

important clustering thresholds, using alternative criteria for selecting K values. 



 
Figure 8. Comparison of STRUCTURE 2.3.4 analyses, using K-values ranging from 1 to 
20, based on ipyrad assembly of loci. The difference in mean FST and mean expected 
heterozygosity (Hexp) with respect to K is shown in panel A. The arrow indicates a 
maximum of the difference at K= 2. Minimum cross-entropy with respect to K, based on 
analyses using Lea, is shown in panel B. The arrow indicates the minimum value at K= 
11. 
 

 
Figure 9. STRUCTURE 2.3.4 results at K= 2, for 25 populations of Sclerocactus, 
employing the ipyrad assembly. Populations are color-coded, yellow: northern genetic 
cluster; magenta: southern genetic cluster. The Nacimiento Formation is shown in brown. 



 The ipyrad pipeline generates a nucleotide sequence data file for phylogenetic 

analysis on a per individual basis, rather than summarizing populations. The full data set, 

which included outgroup, had 1944 loci with a total of 19,514 variable SNPs and totaled 

175,049 nucleotides. For the parameters here selected, the maximum likelihood (ML) tree 

has a log likelihood of -710839.31, based on RaxML, using the GTR model with gamma 

distributed rates in (Fig. 10). The ML tree is very similar to the posterior probability tree 

from MrBayes, the branch order differing only at a few unsupported nodes. Similar to the 

results from the STACKS assembly, there is strong support for the isolation of 

Sclerocactus cloverae away and apart from S. whipplei. Populations of Sclerocactus from 

near Kirtland, New Mexico, from the Hogback, New Mexico and from Yellow Jacket, 

Colorado form an unsupported clade sister to S. cloverae (S. parviflorus is the sister to 

this group, a population from near San Ysidro and the remainder of S. cloverae). 

Similarly, an anomalous population from near San Ysidro, New Mexico (population 

15540) is highly distinctive and sister to the remaining populations of S. cloverae. 

Populations of S. cloverae are monophyletic and are composed of several well supported 

clades. There is a primary division in S. cloverae separating populations of the Animas 

Valley and west, as well as populations from Aztec, New Mexico south to lower Kutz 

Canyon, from the remainder of the sampled populations. The former group includes the 

type localities of both S. cloverae and S. cloverae subsp. brackii. This implies that S. 

cloverae subsp. brackii and S. cloverae subsp. cloverae are taxonomically the same 

lineage. Within the clade representing the eastern and southern populations of S. cloverae 

is a strongly supported clade representing the populations occurring on the Nacimiento 

Formation between Nageezi and Counselor. These populations display a higher degree of 

intermixing, suggesting either a higher degree of gene-flow or higher degrees of lineage 

sorting as a consequence of recency of common ancestry. This is a contrast to other 

populations, which tend to be monophyletic, implying the absence of gene-flow. 

 

Discussion 

The genetic basis for subspecies status of Brack's cactus—Brack’s cactus was 

recognized as distinct element of Sclerocactus cloverae based on the morphological 

characteristics of reproductive individuals of a population on the Nacimiento Formation  



 
Figure 10.  Maximum likelihood estimation of phylogenetic relationships among 

populations of Sclerocactus cloverae and eight other species of the genus, based on 
RaxML and MrBayes analyses of loci assembled using ipyrad. Posterior probabilities 
(PP) and bootstrap percentages (b) are reported for clades of interest. Inset B is a 
continuation of A. 



 

south of Bloomfield, New Mexico. Individuals in this population possessed very small 

stems and a preponderance of individuals that lacked hooked central spines. Following 

the description of Brack's cactus, this morphotype has been found nearly throughout the 

range of S. cloverae. The lack of geographic contiguity of S. cloverae subsp. brackii is 

problematic because it is expected that a genetically-based subspecies would display 

geographic continuity. This concern is well founded. Genetic K-clustering analyses of 

data sets including 61 and 1914 loci, using structure and Lea, fail to find support for the 

two subspecies of S. cloverae (Figs. n and n). Nor do the PCoA analyses of genetic data 

(Fig. n), which indicate that the two morphotypes are not genetically distinct from one 

another. Genetic relationships are indeed related to geography and populations display an 

overall pattern of isolation by distance.  

 The general lack of support by ddRAD sequences for the distinction between 

subspecies brackii and cloverae is particularly evident in the maximum likelihood and 

Bayesian analyses (Fig. n), which show that some populations of Sclerocactus cloverae 

subsp. cloverae (i.e., population 15558) share closer ancestry with populations of subsp. 

brackii (i.e., population 15559), than with other populations of subsp. cloverae (i.e., 

population 15557). From a taxonomic point of view, it is critical to recognize that the 

population from which the type specimen of subsp. brackii came is found in the same 

genetic grouping as the population from which the type specimen of subsp. cloverae was 

taken, based on STRUCTURE (K= 2; Fig. n) and RaxML/MrBayes (Fig. n) analyses. This 

implies that, by definition (i.e., based on type material), subsp. brackii is the same taxon 

as subsp. cloverae. The only conclusion that can be drawn is that Brack’s cactus is 

synonymous with Clover’s cactus and therefore should have no taxonomic standing. 

 How could morphological evidence have led to such a contrary conclusion 

regarding subspecies status? We suggest that the morphological differences observed 

among populations of Sclerocactus cloverae are real. However, the basis of those 

differences is not genetic difference between populations, but instead a difference caused 

by development and the age of populations. As noted by Heil and Porter (1994), the 

morphology of S. cloverae changes dramatically with age. Young, mostly pre-

reproductive individuals have small, more globose stems, a fewer number of spines and 



the notable absence of central, hooked spines. As plants age, the stems become 

cylindrical, the number of spines increases (both radial and central spines) and a 

prominent hooked central spine is evident in each areole. Brack’s cactus was believed to 

represent a paedomorphic form, retaining the juvenile stem and spine morphology when 

reaching reproductive maturity (Heil and Porter 1994). This may not to be the case, or at 

least is not the entire explanation. We believe that rather than a paedomorph, we are 

observing an age-stratified population (i.e., populations in which all individuals are 

approximately the same age). 

 It has been noted in a number of species of Sclerocactus that periodic infestation 

of cactus weevil (Gerstaeckeria sp.) or cactus longhorn beetle (Moneilema 

semipunctatum) occurs, i.e., S. mesae-verdae, S. wetlandicus, S. wrightiae, S. 

brevihamatus subsp. tobuschii (Kass 2001; Coles et al. 2012). This has been observed in 

S. cloverae as well (Porter, pers. obs.). A consequence of particularly extensive 

infestations of cactus longhorn beetle is the death of nearly all mature, large-stemmed 

individuals. Following this mortality, seed germination results in a nearly even-aged 

stand of S. cloverae. In addition, another possible consequence of cactus longhorn beetle 

infestation is flowering and reproduction at an earlier age. Since larger plants appear to 

be preferentially targeted by beetles, reproducing earlier may be selectively 

advantageous. The sooner the plant reproduces the greater the probability of avoiding 

predation while maintaining fitness. While not demonstrated to be a selective agent, it is 

certainly a plausible scenario. The combination of even aged populations and flowering 

while the stem retains juvenile morphology results in populations with a common 

morphology, corresponding to the Brack’s cactus form. However, in time and in the 

absence of beetle infestation, the population will eventually take on the morphology of 

Clover’s cactus. Here again, the largely even aged stand results in the preponderance of 

individuals with a common morphology. 

 

Genetic differentiation in Sclerocactus cloverae—While there is no genetic merit for 

taxonomic status of Brack’s cactus, this does not mean that Sclerocactus cloverae is 

genetically uniform across its relatively small range. In spite of its endemism, AMOVAs 

indicate that there is significant genetic differentiation among populations. This 



differentiation is evident as well in the STRUCTURE analyses (Figs. x and x), which tend 

to display evidence of hierarchic structure. Strong evidence exists for genetic divergence 

of at least two primary groups: one composed of more southern populations, centering on 

populations on the Nacimiento Formation of southeastern San Juan and adjacent 

Sandoval and Rio Arriba Counties; while the other, is more northern in distribution 

mostly north of the San Juan River (with the exception of populations near the type 

locality of Brack’s cactus). Mean FST among the southern populations of the Nageezi to 

Counselors region (populations 15541, 15543, 15554–7) is 0.017 (ipyrad) and 0.029 

(STACKS), slightly less than within-group FST values observed in S. glaucus (FST= 0.058–

0.072; McGlaughlin and Ramp Neale 2017), using microsatellite loci. These values are 

lower than mean FST between the southern populations and populations at the type 

localities of Brack’s cactus and Clover’s cactus, 0.087 and 0.126 (ipyrad and STACKS, 

respectively). McGlaughlin and Ramp Neale (2017) reports between group (northern vs. 

southern S. glaucus groups) FST= 0.121–0.122. F-statistics based on STRUCTURE 

analyses imply an even higher degree of differentiation of these groups, FST= 0.3305 

based on the STACKS assembly and FST= 0.5086 based on the ipyrad assembly. 

 While the genetic divergence of the populations in the Nageezi to Counselors 

region might merit taxonomic recognition, the morphological basis for such a change is 

lacking. Population in this southern region display the range of morphological forms 

spanning Brack’s cactus and Clover’s cactus. This is precisely the same degree of 

morphological variation observed in among the northern populations. We must assume 

that the genetic differences are associated with non-morphological traits, e.g., 

physiological differences. Even though we believe that it is not productive to name the 

southern populations as a new subspecies, it is critical to recognize that these populations 

are genetically distinct from those in the north. McGlaughlin and Ramp Neale (2017) has 

suggested that the northern populations group of S. glaucus warranted individual 

management considerations, apart from S. glaucus in the Gunnison River and Grand 

Valley regions. This may also be true for the southern populations of S. cloverae. This 

genetic difference is particularly important if plants are removed from their native 

populations to be transplanted into other populations or at different sites. Without 

experimental evidence to the contrary, it is safer to assume that genetic mixing of these 



two genetic groups could have negative fitness consequences. The genetic differences we 

observe suggests to us that transplants should remain within genetic groupings. That is, 

plants from northern populations should remain in the north and those from southern 

population should remain in the south. 

 As noted above, genetic differentiation appears to be somewhat hierarchical. This 

is particularly true of the loci identified by the STACKS assembly and analyzed using 

STRUCTURE. While Evanno’s DK method identifies K= 2 as the preferred clustering, 

mean FST values increase with increasing K values up through, at least, K= 11. Further, 

the minimum cross entropy method used by Lea selects K> 20. This basically indicates 

that nearly all populations sampled can be genetically discriminated. This is also evident 

in the ML phylogenetic tree (Fig. x), in which most of the populations are recovered as 

monophyletic groups. It seems unlikely that each population is being fixed by selection; 

however, high mortality rates, driven by cactus weevil infestation, could allow genetic 

drift to affect change. Again, our ability to detect these differences likely is a 

consequence of the large number of loci that are sampled using ddRAD methods. 

 

Relationships of Sclerocactus cloverae, S. whipplei and S. parviflorus—Sclerocactus 

clover was originally recognized as a pair of varieties (vars. heilii and reevesii) of S. 

whipplei. Heil and Porter (1994) were the first to treat this taxon at the species rank and 

apart from S. whipplei. These authors point out that S. cloverae possesses a suite of traits 

that could be argued to align it with either S. parviflorus or S. whipplei. At the same time, 

the combination of traits found in S. cloverae did not permit unambiguous affiliation with 

either. Hochstätter (1997) has treated S. cloverae as a subvariety of S. whipplei (i.e., S. 

whipplei subvar. aztecia Hochstätter), but more recently as a subspecies (Hochstätter 

2007: S. whipplei subsp. cloverae [K.D. Heil & J.M. Porter] Hochstätter). Our data has 

relevance to this debate. The ML tree (Fig. 10) reveals significant support for the 

placement of S. whipplei as the sister to a clade that includes S. wrightiae Woodruff & 

Benson, S. parviflorus and S. cloverae. This relationship leads to the conclusion that S. 

cloverae should not be included within S. whipplei unless S. wrightiae and S. parviflorus 

are also included. This, we believe, provides the basis to reject the treatment of S. 

cloverae as an element (e.g., subspecies) of S. whipplei. The phylogeny also infers that S. 



cloverae is most closely related to S. parviflorus. Samples representing S. parviflorus 

subsps. parviflorus, intermedius, terre-canyonae and one individual from the Hogback in 

New Mexico, form a clade. However, the relationships between S. cloverae and S. 

parviflorus require further investigation. Several populations were included (15540, 

NKrt, YJ and HB) that are morphologically intermediate between S. cloverae and S. 

parviflorus. They are anomalously placed in the phylogeny as a grade between S. 

cloverae and S. parviflorus. It is unclear if these populations represent part of a hybrid 

zone between S. cloverae and S. parviflorus, or more isolated lineages of S. cloverae. It 

should be pointed out that some of these populations do display patterns of additivity, but 

no more than do some populations of S. cloverae. Moreover, some populations, i.e., 

15540, generally do not display a signature of additivity. Because several relevant 

species, e.g., S. glaucus (K. Schum.) L.D. Benson, S. wetlandicus Hochstätter and S. 

brevispinus K.D. Heil & J.M. Porter have not been sampled in these analyses, placement 

of S. parviflorus could change with their inclusion. Even so, at this point it appears that S. 

parviflorus is the closest related species to S. cloverae. 

 

Conclusions— Sequence-based genotyping data, representing 3,770 loci (which filtered 

to 61–74 loci) using the STACKS pipeline, and 193,982–219,932 loci (which filtered to 

11–99,249 loci) using the ipyrad pipeline, were used to investigate genetic diversity and 

subspecies status in Sclerocactus cloverae. We describe two data sets produced using 

optimal parameters in STACKS and ipyrad, composed of 61 and 1,944 loci, respectively. 

These data show that S. cloverae is a genetically structured species, but that structure is 

inconsistent with the two currently recognized taxonomic subspecies, brackii and 

cloverae. We show that the populations from which the types of both S. cloverae subsp. 

brackii and S. cloverae subsp. cloverae were taken, represent the same genetic group. 

This renders Brack’s cactus a synonym of Clover’s cactus.  

At the same time, there exists significant structure and genetic differentiation 

within S. cloverae. In particular, the southern populations represent a genetically 

differentiated group, which may require management as a distinctive unit. This genetic 

distinction is evident in both data sets produced by ddRAD sequences and regardless of 

the degree of structure (i.e., K= 2 or K= 11). While it is not the purpose of this report to 



summarize conservation need of S. cloverae, we note that the overall range of the two 

genetic units combined is comparable to that of S. glaucus (K. Schum.) L.D. Benson, S. 

mesae-verdae (Boissev. & C. Davidson) L.D. Benson and S. wrightiae L.D. Benson, 

three species currently listed as threatened or endangered. Indeed, even with the 

combination of the two subspecies, S. cloverae is a rare and endemic species. These data 

further indicate that S. cloverae, originally described as two varieties of S. whipplei (vars. 

heilii and reevesii), is more closely related to S. parviflorus than to S. whipplei.  

There is sufficient evidence that S. cloverae is a genetically lineage composed of 

semi-isolated populations which undergo significant gene flow, and therefore, we 

consider it appropriate to treat it at the rank of species. Even so, there is evidence of 

introgression and additivity in populations north of Kirtland, at the Hogback and 

southwest of San Ysidro, New Mexico. This introgression appears to involve genetically 

isolated elements of S. parviflorus; however, broader sampling in S. parviflorus is needed 

to clarify these relationships. While there is some evidence of hybrid introgression at in a 

few peripheral populations involving S. cloverae and S. parviflorus, there is no evidence 

of hybridization involving S. whipplei. 
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Supplemental Figure 2. Distribution of loci captured by SBG/dd-RAD sequencing across 
all samples. 

 
 

Supplemental Figure 3. Relationship between the number of genotyped loci recovered by 

STACKS assembly and the number of loci found in 80% or more of the individuals in the 

sample with -M (maximum nucleotide differences between alleles) and -n (maximum 

nucleotide differences between loci parameters ranging from one to nine. 
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Summary of the nomenclatural situation involving Mammillaria barbata, meridiorosea, wilcoxii, 
wrightii, viridiflora. etc. 

David J. Ferguson, April 29, 2019 

I wish I had measurements and data I compiled on stem morphology, spines, flowers, fruits, and seeds 
that I took back in the ‘80’s and ‘90’s, because these are the basis (along with population behavior in the 
field) of the following observations. 

The taxonomy of this group, as with most Mammillaria species (which are horticultural collector’s items) 
is convoluted and confused, with too many names published, many of which are based on minor 
variations such as spine color, number, or length, size of plant, and spine, flower, and fruit coloration.  
These are all traits which vary with age and/or individually within populations, and are often not real 
distinctions that correlate with populational limits.  Here is a nomenclatural listing (perhaps not 
complete?), grouped by biological entity, and with relevant comments following names.  I did not have 
time to look up type localities, which are also relevant, as for instance, type localities for all of the 
members of the “wilcoxii” taxon are from the same region, with type specimens of all of the names 
basically indistinguishable except for variation in flower colors. 

BIOLOGICALLY BELONGING TO MAMMILLARIA BARBATA: 

Mammillaria barbata Engelmann in Wisliz. 
Mem. Tour N. Mexico [Wislizenus] 105. 1848 [Not found in the United States.  Physical contact and 
blending with M. wilcoxii in northern Mexico has apparently been verified, though I have not had time 
to adequately research this in literature.  Morphological differences are minimal at best, and most, if not 
all characters overlap.  Main distinction is M. barbata has {always?} more distinctly pilose spines as seen 
under magnification.] 

Mammillaria barbata var. barbata 

Cactus barbatus (Engelm. in Wisliz.) Kuntze 
Revis. Gen. Pl. 1: 260. 1891 [5 Nov 1891] 

Neomammillaria barbata (Engelm. in Wisliz.) Britton & Rose 
Cactaceae (Britton & Rose) 4: 144, fig. 159. 1923 

Chilita barbata (Engelm. in Wisliz.) Orcutt 
Cactography 2. 1926 

Ebnerella barbata (Engelm. in Wisliz.) Buxb. 
Oesterr. Bot. Z. 98: 89. 1951 

Mammillaria morricalii Cowper 
Cact. Succ. J. (Los Angeles) 41: 208. 1969 

http://www.llifle.com/Encyclopedia/CACTI/Family/Cactaceae/Mammillaria/


Mammillaria garessii Cowper 
Cact. Succ. J. (Los Angeles) 42: 14, 93. 1970 

Mammillaria barbata var. garessii (Cowper) Lodé 
Cact. Aventures 16: 17 (1992) cf. Repert. Pl. Succ. (I.O.S.) 43: 15 (1992 publ. 1993) 

Mammillaria barbata var. morricalii (Cowper) Lodé 
Cact. Aventures 16: 17 (1992) cf. Repert. Pl. Succ. (I.O.S.) 43: 15 (1992 publ. 1993) 

Mammillaria luthieniae Laferr. 
J. Mammillaria Soc. 38(2): 18, fig. 1998 

Mammillaria melilotiae Laferr. 
J. Mammillaria Soc. 38(2): 18, fig. 1998 

Cochemiea barbata (Engelm. in Wisliz.) Doweld 
Sukkulenty 3(1-2): 38. 2000 

Mammillaria [barbata var.] viridiflora – nomen nudum 

I thought this combination had been legally published, but I can find no reference for it as of yet.  
However, it seems biologically correct and should be published. With all of the various combinations and 
recombinations of names, it surprises me that it has not. So, legally the oldest available name is at 
species ranking and is Mammillaria wilcoxii.  The combination under M. wrightii is legal, but it is also, 
and should be M. wrightii var. viridiflora if used, as viridiflora is apparently the oldest available name at 
varietal ranking (I have not verified this one, the 1941 date may be an incorrect citation, it may really be 
1950, which would give the name “wilcoxii” priority at this ranking too) – or – M. wrightii ssp. wilcoxii, 
the oldest available name at subspecies ranking. However, this taxon overlaps distribution with M. 
wrightii, and is clearly a very different and distinct species.  No intermediate plants have ever been 
found to my knowledge, though the occasional hybrid could (??) occur.  The Zimmerman’s revision of 
the group was totally based on artificial traits, as if they were stretching to force the plants fit a pre-
conceived but faulty classification.  They split this taxon based on flower color, placing pink to magenta-
flowering plants under M. wrightii, and non-pink to magenta-flowering plants under a separate M. 
viridiflora, none of the other traits they cited hold up to scruteny.  This was an artificial treatment, as 
most populations are variable in flower color (including plants at the type locality of the name “wilcoxii”, 
and otherwise there is no difference.  Even so, both names (and several synonyms) continue to be 
recognized in some literature (mostly by collectors) as if they are different entities.  This is a very 
common situation with “collector’s” genera of cacti, not just in Mammillaria, but also in Coryphantha, 
Rebutia, Sulcorebutia, Echinopsis, Lobivia, Gymnocalycium, etc., etc., where names were not given 
based on populations, but based instead on visual differences between plants.  Historically, field 
collected seeds from a sigle plant could often yield multiple “species” – a very confusing situation, which 
luckily doesn’t affect us too much in New Mexico. 

Mammillaria wilcoxii var. wilcoxii 

http://www.llifle.com/Encyclopedia/CACTI/Family/Cactaceae/Mammillaria/
http://www.llifle.com/Encyclopedia/CACTI/Family/Cactaceae/Mammillaria/
http://www.llifle.com/Encyclopedia/CACTI/Family/Cactaceae/Mammillaria/


Mammillaria wilcoxi ssp. wilcoxii 

Mammillaria wilcoxii Toumey ex K.Schum. 
Gesamtbeschr. Kakt. 545. 1898 

Neomammillaria viridiflora Britton & Rose 
Cactaceae (Britton & Rose) 4: 153. 1923 

Neomammillaria wilcoxii (Toumey ex K.Schum.) Britton & Rose Cactaceae (Britton & Rose) 4: 
153, pl. 13. 1923 

Chilita viridiflora (Britton & Rose) Orcutt  
Cactography 2. 1926 

Chilita wilcoxii (Toumey ex K.Schum.) Orcutt 
Cactography 2. 1926 

Mammillaria viridiflora (Britton & Rose) Boed. 
Mammillarien-Vergleichs-Schluessel 36 (1933) 

Mammillaria wilcoxii var. viridiflora (Britton & Rose) W.T.Marshall 1941 

Mammillaria wrightii var. wilcoxii (Toumey ex K.Schum.) W.T.Marshall Desert. Bot. Gard. 
Arizona, Sci. Bull. 1: 100. 1950 

Mammillaria wrightii var. viridiflora (Britton & Rose) W.T.Marshall 
Desert. Bot. Gard. Arizona, Sci. Bull. 1: 102. 1950 

Mammillaria orestera L.D.Benson 
Cacti Ariz. ed. 3, 22, 155. 1969 

Mammillaria wrightii subs. wilcoxii (Toumey ex K.Schum.) D.R.Hunt 
Mammillaria Postscripts 6: 5 (1997) 

Cochemiea wrightii subs. wilcoxii (Toumey ex K.Schum.) Doweld Sukkulenty 3(1-2): 39. 2000 

Mammillaria meridiorosei Castetter, P.Pierce & K.H.Schwerin 
Cact. Succ. J. (Los Angeles) 50: 177 (-178), figs. 1978 [Biologically this is probably a variant of 
Mammillaria barbata, differing primarily in large flower size, and consistently bight magenta-pink flower 
color, but also possibly in habitat choice, which seems to be consistently north facing damp rock cliff-
faces where the plant grows within beds of Selaginella, while other varieties favor somewhat more xeric 
habitats, though still usually on sloping to vertical rock or gravel substrates.]  This has apparently never 
been published at any other ranking nor has any synonyms.  It has been treated as a synonym of very 
different M. wilcoxii.  However, there is anecdotal evidence that the two may intergrade in adjacent 
southern corners of Arizona and New Mexico.] 

BIOLOGICALLY BELONGING TO MAMMILLARIA WRIGHTII: 

http://www.llifle.com/Encyclopedia/CACTI/Family/Cactaceae/Chilita/


Mammillaria wrightii Engelm. 
Proc. Amer. Acad. Arts 3: 262. 1856 [This species is clearly and amply distinct from all of the previous in 
several traits, including stem morphology (appically flattened or depressed); stems sinking underground 
when dormant, until too big to do so; fewer radial spines (numbers overlap though); flowers larger and 
spreading open widely (though similar in size, but usually less wide open in M. meridiorosei); fruits much 
larger and globose (as apposed to smaller and broadly spindle-shaped in all of previous types); seeds 
distinclty and consistently larger; flowering with rains (typically only in early spring in all of previous); 
etc. 

Mammillaria wrightii var. wrightii 

Mammillaria wrightii ssp. wrightii 

Cactus wrightii (Engelm.) Kuntze 
Revis. Gen. Pl. 1: 261. 1891 [5 Nov 1891] 

Chilita wrightii (Engelm.) Orcutt 
Cactography 2. 1926 

Cochemiea wrightii (Engelm.) Doweld 
Sukkulenty 3(1-2): 39. 2000 

Ebnerella wrightii (Engelm.) Buxb. 
Oesterr. Bot. Z. 98: 90. 1951 

Neomammillaria wrightii (Engelm.) Britton & Rose 
Cactaceae (Britton & Rose) 4: 152. 1923 [24 Dec 1923] 

Mammillaria wrightii var. wolfii (D.R.Hunt) Repp. 
Gattung Mammill. nach dem Heutigen Stand Meines Wissens 1988 31 (1989), without basionym ref. et: 
Gattung Mammillaria Monogr. 1: 99 (1991) [This is a southern variant found in Chihuahua, with white 
flowers.  It’s status as a separate variety has been debated, but seems reasonable.  It is not found in the 
United States.] 

Mammillaria wrightii f. wolfii D.R.Hunt 
Cact. Succ. J. Gr. Brit. 41(4): 97 (1979) 

---------- 

In New Mexico we have M. wilcoxii, M. meridiorosei, and M. wrightii var. wrightii. 

1) M. wrightii is widely distributed basically east of the Continental Divide (with a few minor localized 
crossings to the west side).  It ranges from northern New Mexico to central Chihuahua.  It has not been 
officially documented from Colorado nor Oklahoma to my knowledge, but occurs just inside the state 
line in New Mexico, and has been anecdotally reported from Colorado.  It is recorded from Arizona, but I 



have not seen specimens, and if there it is rare and restricted to a few locations very near to the state 
line.  We do not have the white-flowered var. wolfii, but rather only the typical var. wrightii. 

(2) M. barbata relatives occur as two variants that for now are probably best listed as species: 

(2a) M. meridiorosei is documented from Hidalgo County in the Peloncillo Mountains, and is perhaps in 
the Animas records (hear-say reports).  It is also in the Chiricahua Mountains in Arizona and perhaps 
some other se. AZ mountains.  It ranges south to roughly west-central Sonoran and adjacent Chihuahua.  
This has been badly confused with M. wilcoxii to the point of name-hopping, where this taxon is 
considered by some to be the “real” M. wilcoxii.  However, this last is a mistake based on false 
impressions and ignoring type descriptions, material, and plants growing at type localities. 

(2b) M. wilcoxii (= M. viridiflora) is widespread from roughly the Cook Range west to near Superior and 
Tucson in Arizona and ranges south into northern Chihuahua, and perhaps Sonora.  It probably blends 
into M. meridiorosei, and is barely distinguishable from M. barbata, which it is reported to also blend 
with. 

If proper combinations are published at varietal ranking, two of these names could be switched (I 
believe this correct, debending on the publication date of “var.” viridiflora) to become: M. barbata var. 
viridiflora (=wilcoxii), M. barbata var. meridiorosei. 

If subspecies ranking is used, new combinations would become:  M. barbata ssp. wilcoxii, M. barbata 
spp. meridiorosei, and M. wrightii ssp. wrightii. 

Legally, at the moment, it is by far easier to call them three different species, since combinations for 
wilcoxii and meridiorosei have not been published under M. barbata, and because this treatment keeps 
three distinct entities legally separate and consistent nomenclarally, even if not entirely biologically 
correct.  The main points to emphasize, however; are that M. meridiorosei is NOT the same thing as M. 
wilcoxii (as often implied), and M. viridiflora IS exactly the same thing as M. wilcoxii (even if often listed 
as being different).  These issues have been so confused by assorted authors, that it’s really difficult to 
sort it all out for anyone who is learning about all this, and it needs attention. 

I guess you can take this for what it’s worth, and the rest is up to you.  I hope it makes sense, and I hope 
it helps.  I was hoping that the necessary infra-specific combinations to make all “right” had been 
published, but I can find no evidence that they have.  In the meantime, more combinations that just add 
to confusion have been published. 

Dave 
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DEFINITION AND DESCRIPTION 

‘Ciénega’ is Spanish for a swamp, bog, or marsh.  It is also spelled ‘ciénaga’ throughout 
much of the Spanish-speaking world – especially South America and the Caribbean. The 
‘ciénega’ spelling is prevalent in the American southwest and often used in northern México. 
The origin of the word ‘ciénega’ is thought to be a contraction of the Spanish words ‘cien 
aguas’ meaning ‘a hundred waters or fountains’ (Crosswhite 1985).  This is an allusion to 
springs, seeps and wet ground over a large area instead of a single pool, slough, or stream 
channel. Instead, it is more likely derived from the Spanish word for ‘mud’ – ciéno. 

Ciénegas gained acceptance as distinct climax communities of ecological significance 
when Hendrickson and Minckley (1985) made a thorough assessment of the ciénegas of 
southeastern Arizona. They defined the ciénega climax community as mid-elevation (1,000-
2,000 m) freshwater wetlands with permanently saturated, highly organic, reducing soils 
occupied by a low-growing herbaceous cover of mostly sedges and rushes. Few woody plants 
occur in the ciénega flora and often only as riparian tree species around the drier margins. 
Ciénegas occur in arid landscapes with high rates of evaporation, so the soils at the drying 
wetland margins usually have surface crusts of alkali or salts that are the deposited dissolved 
solids of evaporated or transpired soil solutions. 

Ciénega biotic communities of the southwestern United States and northern México are 
almost always features of springs and spring seeps (Brown 1982, Hendrickson and Minckley 
1985, Dinerstein et al. 2000). Not all springs support ciénegas, but almost all ciénegas are 
supported by springs. These arid-land springs arise where stable aquifers intercept the ground 
surface in artesian basins or along geologic faults and fractures. They are generally not 
associated with fluctuating alluvial aquifers in channels that are flood-scoured, so are more 
likely to be found in the upper reaches of small drainages near geologic faults and igneous 
extrusions, in karst topography, and on gentle slopes where water-bearing strata have been 
exposed by river erosion or scarps.  Size of individual ciénegas varies greatly from less than 
one acre to several hundred acres and is an expression of spring flow and topography. 
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Cloverdale Cienega, Hidalgo County, NM 
 

As climax communities associated with aridland springs of the southwest, ciénega-types 
of vegetation associations should be expanded to include more floristic regions and physical 
conditions than just the southeastern Arizona ciénegas described by Hendrickson and 
Minckley (1985). Ciénega synonyms in the Great Basin, Sonoran and Chihuahuan deserts can 
include ‘vega’, ‘wet meadow’, ‘saltgrass meadow’, ‘alkali meadow’ and ‘inland salt marsh’. 
They are not necessarily confined to medium elevations and can also occur around desert 
springs at low elevations. Water coming from ciénega springs may be fresh or salty. In short, 
most ciénega-type habitats are the wet meadows that form around aridland springs and seeps. 

It is the relative permanence of the spring features that make many ciénega habitats 
biologically distinct from other types of wetland communities. Ciénegas are typically positioned 
in the upper reaches of small drainages or above river channels where they are protected from 
the scouring floods that frequently modify river marshes and floodplains. Ciénega spring flows 
may vary, but are less susceptible to flooding and drying than playa basin wetlands during 
moist and arid cycles of the climate.  Sediment cores from San Bernardino Ciénega in 
southeastern Arizona show wetland conditions for most of the last 7,000 years (Minckley and 
Brunelle 2007) and at Cuatro Ciénegas in Coahuila the fossil pollen in sediments indicate 
nearly identical ecological conditions for more than 30,000 years (Meyer 1973). Such springs 
are refugia for species that may have been more widespread and common during wetter 
periods of the Quaternary. Several vertebrate and invertebrate animals still utilize aridland 
springs as core habitats in their overall distributions and some species are entirely confined to 
only one or a few aridland springs and ciénegas.  Zoologists have long recognized that very 
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small aridland spring habitats may contain the only populations of rare and endemic animals 
and have actively searched for species that may be threatened with extinction (Table 1). 

 
Table 1.  Species of concern and threatened or endangered (state or federal) animals of 

Southwestern aridland springs and cienegas. 
VERTEBRATES  AZ NM TX Chih Son 
Chiricahua leopard frog Rana chiricahuensis X X  X X 

Comanche Springs pupfish Cyprinodon elegans   X   

Desert pupfish Cyprinodon macularius X    X 

Leon Springs pupfish Cyprinodon bovinus   X   

White Sands pupfish Cyprinodon tularosa  X    

Pecos gambusia Gambusia nobilis  X X   

Big Bend gambusia Gambusia gaigei   X   

Chihuahua chub Gila nigrescens  X  X  

Yaqui chub Gila purpurea X     

Gila topminnow Poeciliopsis occidentalis X X    

Mexican tetra Astyanax mexicanus  X X X  

CRUSTACEANS       

Socorro isopod Thermosphaeroma thermophilum  X    

Noel’s amphipod Gammarus desperatus  X    

Diminutive amphipod Gammarus hyalleloides   X   

INSECTS       

Stephan's Riffle beetle Heterelmis stephani X     

SNAILS       

Alamosa springsnail Tryonia alamosae  X    

Gonzales springsnail Tryonia circumstriata   X   

Phantom springsnail Tryonia cheatumi   X   

Quitobaquito tryonia Tryonia quitobaquitae  X     

Bylas springsnail Apachecoccus arizonae X     

Chupadera springsnail Pyrgulopsis chupaderae  X    

Kingman springsnail Pyrgulopsis conica X     

Verde Rim springsnail Pyrgulopsis glandulosa X     

Gila springsnail Pyrgulopsis gilae  X    

Fossil springsnail Pyrgulopsis simplex X     

Brown springsnail Pyrgulopsis sola X     

New Mexico springsnail Pyrgulopsis thermalis  X    

Page springsnail Pyrgulopsis morrisoni X     

Roswell springsnail Pyrgulopsis roswellensis  X    

San Bernardino springsnail Pyrgulopsis bernardina X    X 

Socorro springsnail Pyrgulopsis neomexicana  X    

Grand Wash springsnail Pyrgulopsis bacchus X     

Diamond Y springsnail Pseudotryonia adamantina   X   

Koster's springsnail Juturnia kosteri  X    

Phantom Lake cave snail Cochliopa texana   X   

Ovate vertigo Vertigo ovate X X X  X 

Pecos assiminea Assiminea pecos  X X   

 
 
CIÉNEGA VEGETATION 

Ciénega vegetation is usually highly productive and dense. A list of plant species for 
southeastern Arizona ciénegas was assembled by Hendrickson and Minckley (1985). Peterson 
and David (1998), Milford et al. (2001) and Sivinski and Bleakly (2004) produced lists of 
ciénega plants for the Rio Pecos Basin of eastern New Mexico. Most individual ciénegas have 
relatively low plant species diversity, but contribute a productive and rare subset of wetland 
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species and habitats to an otherwise arid landscape. The most common ciénega plants of the 
southwestern region are the open water (when present) emergents of bulrush (Schoenoplectus 
spp., Bolboschoenus maritimus (Linnaeus) Palla) and cattail (Typha spp.); sedges and rushes 
of water-saturated soils (Eleocharis spp., Carex spp., Cyperus spp., Fimbristylis puberula 
(Michaux) Vahl); salt and alkali tolerant inland saltgrass (Distichlis spicata (Linnaeus) Greene), 
scratchgrass (Muhlenbergia aperifolia (Ness & Meyer) Parodi), and Mexican or Baltic rush 
(Juncus arcticus Willdenow vars. mexicanus (Willdenow) Balslev or balticus (Willdenow) 
Trautvetter) on seasonally saturated and sub-irrigated soils; and alkali sacaton (Sporobolus 
airoides (Torrey) Torrey) on the drier ciénega margins. Woody plants are usually not a 
significant part of ciénega vegetation cover, but patches of shrubby willows (Salix spp.) or 
baccharis (Baccharis salicina Torrey & Gray) may occur and the drier ciénega margins will 
often have riparian trees such as cottonwood (Populus spp.), Arizona ash (Fraxinus velutina 
Torrey), and tree willows (Salix spp.). 

Very little is currently known about the locations, sizes, composition and conditions of 
Southwestern aridland spring ciénegas. The current survey of Southwestern ciénegas is an 
initial attempt to better describe the common and rare plant species that occupy these wetland 
habitats in the greater Southwest. The following are descriptions and illustrations of some 
common native plants frequently found at aridland spring cienegas of the Southwestern states 
of Arizona, New Mexico and Texas. 
 
 
Distichlis spicata (L.) Greene var. stricta (Torrey) Beetle 
Inland salt grass 
 

    
 

As the name implies, saltgrass is tolerant of highly alkaline and salty substrates. It is strongly 
rhizomatous and can form a dense thatch that covers large areas. Often occurs on perpetually 
wet soils, but is usually found on soils with a dry surface and subirrigated wet soils in the root 
zone. This species is more common in the salty or gypseous cienegas of west Texas and New 
Mexico than in the cienegas with fresh water in Arizona and New Mexico. 
 



5 

 

Muhlenbergia asperifolia (Nees & Meyer) Parodi 
Scratchgrass, alkali muhly 

 

    
 
Scratchgrass is a strongly rhizomatous, alkali-tolerant grass similar to inland saltgrass and 
sometimes co-occurring.  Its delicate purplish-red inflorescence is almost cloud-like in large 
masses and very distinctive when in flower.  It occupies wet soil or soil that is dry at the 
surface and subirrigated in the root zone. 
 
 
Sporobolus airoides (Torrey) Torrey 
Alkali sacaton 

 
 
 
 
The silty alkaline soils of Southwestern playa basins and 
river flood plains are frequently covered with alkali sacaton.  
This coarse bunchgrass also occurs in the drier, seasonally 
wetted or subirrigated soils of Southwestern ciénegas. 
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Spartina pectinata Bosc 
Prairie cordgrass 
 

    
 
Prairie cordgrass is a rhizomatous tall species (about 2 m) that is confined to alkaline, 
permanently wet soils. In the Southwest, it only occurs in the ciénegas of the Pecos River 
basin of eastern New Mexico and western Texas. 
 
Phragmites australis (Cavanilles) Trinius 
Common reed 
 

    
 

Common reed is a tall (2-3 m), cane-like, strongly rhizomatous grass that forms dense 
patches, which can quickly cover large areas. It occasionally forms stolons up to 20 feet in 
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length (see above photo). There are two very similar native races in the Southwest – subsp. 
americanus Saltonstall, Peterson & Soreng and var. berlandieri (Fournier) Reed. An exotic 
race, subsp. australis, introduced from Europe, is spreading throughout North America.  
Common reed is often associated with saltgrass or scratchgrass, but can expand into wetter 
soils with cattails. 
 
Schoenoplectus americanus (Persoon) Volkart 
Chairmaker’s bulrush 

 

    
 

Chairmaker’s bulrush has great ecological amplitude and is found in a variety of ciénega 
habitats throughout the Southwest. It is strongly rhizomatous and its stems, which are sharply 
triangular in cross-section with rudimentary basal leaves, will often reach a height of 1 meter or 
more. Schenoplectus pungens (Vahl) Palla (not shown) also has triangular stems and is called 
three-square bulrush. It is less common in ciénegas, and has shorter stems with long, well 
developed basal leaves. 
 
Schoenoplectus acutus (Muhlenberg) A. & D. Löve var. occidentalis (S. Watson) Smith 
Hardstem bulrush 

 
Hardstem bulrush is tall (1-2.5 m) and usually 
an emergent from open water portions of 
Southwestern ciénegas.  Its stems are round in 
cross-section with a paniculate inflorescence of 
large spikelets that are often clustered together. 
Schoenoplectus tabernaemontani (C.C. 
Gmelin) Palla (softstem bulrush) (not shown) is 
a very similar, but less common emergent 
bulrush with round stems and is distinguished 
by its more open panicle with solitary (rarely 
clustered) spikelets. 
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Bolboschoenus maritimus (L.) Palla subsp. paludosus (A. Nelson) T. Koyama 
Saltmarsh bulrush 

 

   
 
The leafy, triangular stemmed salt marsh bulrush is rhizomatous and forms patches on the 
salty or gypseous ciénega soils of southern New Mexico and western Texas. 
 
 
Carex praegracilis W. Boott 
Field sedge 

 
 
Carices are rare or nonexistent in the ciénegas of 
west Texas and most of New Mexico, but are 
sometimes dominant species in the ciénegas of 
southwest New Mexico and throughout Arizona.  
Field sedge can tolerate fairly alkaline conditions 
so is the most common ciénega sedge. It is 
strongly rhizomatous and can densely cover 
large areas of wet soil. 
 
Other carices commonly found in Southwestern 
ciénegas include Carex alma L.H. Bailey (grass-
leaf sedge), Carex chihuahuensis Mackenzie 
(Chihuahua sedge), and Carex pellita 
Muhlenberg (wooly sedge). 
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Eleocharis spp. 
Spike-rush 
 

 
 

 
 

Spike-rushes have rounded or flattened stems that are terminated by a single spikelet at the 
apex. There are several species in Southwestern ciénegas, many of which are difficult to 
distinguish from one another.  Eleocharis macrostachya Britton (pale spike-rush) (upper photo) 
is a common species in Arizona and western New Mexico ciénegas that is strongly 
rhizomatous and has fairly stout stems. The most abundant spike-rush in west Texas and the 
remainder of New Mexico’s aridland spring ciénegas is Eleocharis rostellata (Torrey) Torrey 
(beaked spike-rush)(lower photo), which is not only rhizomatous, but also stoloniferous.  It is 
easily distinguished by its long, lax stems that lay over and root where ever they touch the wet 
soil. 
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Fimbristylis puberula (Michaux) Vahl var. interior (Britton) Kral 
Hairy fimbry 

 
Hairy fimbry is not a typical southwestern ciénega plant, but 
can be locally very abundant in the large ciénega remnants 
of the Pecos River Basin of eastern New Mexico and 
western Texas. In the Southwest, it only occurs in ciénega 
habitats associated with large aridland springs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Typha spp. 
Cattail 

 

   
 

Cattails are tall (1.5-3 m), strongly rhizomatous and confined to permanently saturated soils – 
often as emergents from open water. There are three species in the Southwest.  The two 
native species Typha latifolia L. (right photo) and Typha domingensis Persoon (left photo) are 
commonly associated with aridland springs. The exotic Typha angustifolia is more often on 
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modified rivers and man-made wetlands. All three cattail species can form dense stands that 
exclude other plants and eliminate open, shallow water surfaces. 
 
Juncus arcticus Willdenow 
Baltic rush, Mexican rush 

 
 
This variable species of rush is ubiquitous and can be found 
at most aridland spring ciénegas in the Southwest. It is 
strongly rhizomatous and often abundant with saltgrass or 
scratchgrass. 
 
There are two named varieties in the Southwest. Variety 
balticus (Willdenow) Trautvetter (Baltic rush) lacks blades 
on its leaf sheaths while var. mexicanus (Willdenow) 
Balslev (Mexican rush) has obvious blades on one or two 
leaves. Most populations of this species in the Southwest 
have the bladeless leaves of Baltic rush, but many also 
have the flattened twisted stems that are more 
characteristic of Mexican rush. 
 
 
 
 
 
 

 
Juncus torreyi Coville 
Torrey’s rush 

 
Torrey’s rush is a widespread species in Southwestern 
ciénegas where it an occasional and never dominant plant. 
It has short rhizomes and can tolerate fairly alkaline soils. 
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Berula erecta (Hudson) Coville 
Water-parsnip 

 
 
 
Water parsnip is a low-growing 
perennial herb that is common in 
wetlands throughout North America. It 
is frequently found in Southwestern 
aridland spring ciénegas and appears 
to be excluded only by very salty 
conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Robert W. Freckmann Herbarium 
University of Wisconsin-Stevens Point 
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Asclepias verticillata L. 
Whorled milkweed 
 

 
In the arid Southwest, whorled milkweed is confined to 
the subirrigated soils of floodplains and ciénegas.  In 
Arizona and New Mexico the sporadic ciénega 
populations of whorled milkweed are often misidentified 
as Asclepias subverticillata (A. Gray) Vail (horsetail 
milkweed) (not shown), a more common close relative of 
drier habitats. It is easily distinguished by its terminal and 
lateral umbels while whorled milkweed has only terminal 
umbels. 
 
 
 
 
 
 
 
 
 
 

 
 
Asclepias speciosa Torrey 
Showy milkweed 
 

 
Showy milkweed is a common wetland plant with great 
elevation and ecological amplitude.  Its tall stems and 
pink flowers are sporadically found in Southwestern 
ciénegas. 
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Anemopsis californica 
Yerba manza 

 
Yerba manza is a common plant of aridland spring 
ciénegas and river floodplains in the Southwest (except 
Texas). It is strongly rhizomatous and stoloniferous and 
can form very large patches of clones. It is a popular 
folk remedy for many ailments and can withstand a 
great deal of harvest for that purpose. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Samolus ebracteatus H.B.K. var. cuneatus (Small) Henrickson 
Limey brookweed 

 
In New Mexico and west 
Texas, limey brookweed 
occurs only on aridland spring 
habitats.  It is distinguished by 
racemes of small white flowers 
and leaf blades that are 
decurrent on the stem. 
 
A similar, but more delicate 
riparian species, Samolus 
parviflorus Rafinesque 
(seaside brookweed) (not 
shown) occasionally occurs at 
ciénegas in Arizona and New 
Mexico. It is distinguished by 
its petiolate leaves without 
decurrent blades. 
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Eustoma exaltatum (L.) Salisbury 
Prairie gentian 

 
Arguably the most beautiful plant in Southwestern 
ciénegas.  It is widespread in distribution, but in the 
Southwest is confined to aridland spring seeps and 
spring ciénegas. An annual plant with population 
densities varying from year to year with variations of soil 
moisture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Lobelia cardinalis L. 
Cardinal-flower 

 
Cardinal-flower is strikingly beautiful annual wetland 
plant.  In the arid Southwest it is entirely confined to 
springs and seeps, especially those that deposit 
travertine. 
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Limonium limbatum Small 
Southwestern sea-lavender 

 
This perennial herb is confined to the highly alkaline 
spring seeps and playas of New Mexico and west 
Texas – with a couple disjunct locations at springs in 
Arizona and Nevada.  Southwestern sea-lavender is 
especially abundant in the gypseous spring ciénegas of 
the Pecos and Tularosa basins of New Mexico. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Lythrum californicum Torrey & Gray 
California loosestrife 

 
California loosestrife is a perennial herb that sporadically 
occurs at springs and creek banks throughout the 
Southwest. It is a short, native species and not to be 
confused with the much taller Lythrum salicaria L. 
(purple loosestrife) (not shown), which is an exotic plant 
that threatens the freshwater wetlands of North America. 
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Triglochin maritimum L. 
Seaside arrow-grass 

 
Seaside arrow-grass grows only on highly alkaline, water-
saturated soils.  In the Southwest, it is confined to 
permanent aridland springs, especially those that deposit 
travertine where this rhizomatous perennial can be quite 
abundant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Suaeda calceoliformes (Hooker) Moquin-Tandon 
Low  seepweed 

 

    
 

Low seepweed is an annual herb that is common in the silty alkaline soils of floodplains and 
playas of western North America. It is abundant and well developed on the aridland spring 
ciénegas in the Pecos River basin of eastern New Mexico and west Texas. 
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Sidalcea neomexicana A. Gray 
New Mexico checker mallow 

 
 
New Mexico checker mallow is a wetland species of mid-
elevations and can tolerate fairly alkaline conditions. It is 
sporadic, but locally abundant in Southwestern ciénegas 
from western New Mexico through Arizona. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Flaveria chlorifolia A. Gray 
Clasping yellowtops 
 

 
 
Clasping yellowtops is a bushy perennial herb with 
opposite, perfoliate leaves and is endemic to aridland 
spring ciénegas on gypsum. It is locally abundant on 
spring ciénegas in the Pecos River basin of eastern New 
Mexico and western Texas. 
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Symphyotrichum subulatum (Michaux) Nesom 
New Mexico aster, lawn aster 

 
 
New Mexico aster is a tall, annual wetland species that 
occasionally occupies Southwestern aridland spring 
ciénegas. There are two regional varieties. In eastern 
New Mexico and western Texas, var. ligulatum 
(Shinners) S.D. Sundberg is distinguished by relatively 
long ray flowers (see photo). Variety parviflorum (Nees) 
S.D. Sundberg (not shown) has short rays in 
inconspicuous flower heads and is common in western 
New Mexico and southern Arizona. 
 
 
 
 
 
 
 
 
 
 

 
 
Pluchea odorata (L.) Cassini 
Sweet-scent 

 

   
 
 

Sweet-scent is an annual plant of salt marshes, alkaline creeks and ciénegas. In the 
Southwest it sporadically occurs with saltgrass in some of the larger alkaline ciénegas. 
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Pyrrhopappus pauciflorus (G. Don) A.P. de Candolle 
Texas false-dandelion 

 
 
In the arid Southwest, Texas false-dandelion is confined 
to river floodplains and spring ciénegas. It is a tap-rooted 
perennial on subirrigated soils that are permanently wet in 
at least the lower root zone. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Pseudoclappia arenaria Rydberg 
Trans-Pecos clapdaisy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Trans-Pecos clapdaisy is a short woody plant with succulent leaves and is one of the few 
shrub species in ciénega habitats. It occurs only on highly alkaline (usually gypseous) 
subirrigated soils associated with permanent springs and seeps in New Mexico, Texas, and 
adjacent Mexico.  
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Apocynum cannabinum L. 
Indian hemp 

 

Indian hemp is a 
rhizomatous perennial that 
makes large patches of 
clones and is common in 
North American wetlands. 
It has milky sap and pairs 
of pods that are connected 
at the base. 
 
 
 
 
 
 
 
 
 

 
 
Glycyrrhiza lepidota Nuttall 
American licorice 

 
American licorice is a legume with white flowers 
and bur-like pods that stick tight to clothing and 
animal fur. It is a common riparian plant throughout 
most of western and central North America and can 
occupy fairly alkaline soils at spring ciénegas. This 
is another strongly rhizomatous species that can 
form large colonies. 
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Baccharis salicina Torrey & Gray 
Great Plains seep-willow 

 

   
 

Seep-willows are among the few woody plants in Southwestern ciénegas. They usually occur 
on the drier, subirrigated ciénega margins. Great Plains seep-willow is common on alkaline 
soils while the more fresh water springs may have the larger Baccharis salicifolia (willow 
baccharis).  
 

Southwestern ciénega plants include many additional native species of common 
grasses, sedges, rushes and forbs that are inconsistent in their distribution and abundance. 
For instance, the tall grass prairie species Sorghastrum nutans (L.) Nash (Indiangrass) and 
Panicum virgatum L. (switchgrass) are significant components of the Santa Rosa ciénegas in 
eastern New Mexico and the Cloverdale Ciénega in southwestern New Mexico, but are rare in 
other Southwestern ciénegas. Also, the aridland spring ciénegas in Arizona and western New 
Mexico have several species of Cyperus (flat-sedge) while that genus is sparse or absent from 
the ciénegas of eastern New Mexico and western Texas. There are vegetation similarities 
between most aridland spring ciénegas, yet each one is unique in overall species composition. 

Some non-native plants are common, or becoming common, components of 
Southwestern ciénegas. A few, such as Polypogon monspeliensis (L.) Desfontaines 
(rabbitfoottrass), Echinochloa crus-galli (L.) Beauvois (large barnyardgrass) and Rumex 
crispus L. (curly dock), are ubiquitous and innocuous. Other exotic plants have potential to 
seriously impact the native community composition and ecological integrity of aridland springs 
and ciénegas. Exotic trees, especially Tamarix chinensis Loureiro (saltcedar) and Elaeagnus 
angustifolia L. (Russian olive), can almost completely convert a treeless ciénega to a dense 
woodland with little understory vegetation. Aggressive, rhizomatous non-native grasses and 
forbs compete with, and replace, native ciénega plants, especially in areas of soil disturbance. 
Herbaceous exotics that are currently degrading some aridland springs and ciénegas include 
Sorghum halepense (L.) Persoon (Johnsongrass), Festuca pratensis Hudson (meadow 
fescue) and Lepidium latifolium L. (perennial pepperweed). 
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RARE PLANTS OF SOUTHWESTERN CIÉNEGAS 
 While several animal species are endemic to particular aridland springs or areas of 
spring features, very few spring ciénega plants are so narrowly endemic. Some notable 
exceptions include Nitrophila mohavensis Muns & Roos (Amargosa niterwort), Ivesia kingii S. 
Watson var. eremica (Coville) Ertter (Ash Meadows mousetails), Grindelia fraxinopratensis 
Reveal & Beatley (Ash Meadows gumplant), and Centaurium namophilum Reveal, Broome & 
Beatley (spring-loving centaury), which are endemic to Mohave Desert springs around the Ash 
Meadows region of southwestern Nevada and adjacent California.  
 In the arid Southwestern states of Arizona, New Mexico and Texas, there are only two 
rare ciénega plants that are endemic to a relatively small region and both are federally listed as 
endangered species. 
 
Spiranthes delitescens Sheviak 
Canelo Hills ladies-tresses orchid, Madrean ladies-tresses 

 

    
 

The Canelo Hills ladies-tresses is the most geographically restricted ciénega plant in the 
Southwest. It is presently known from only four spring ciénega habitats in the San Pedro River 
watershed in Santa Cruz and Cochise counties, Arizona just north of the Sonora border 
(Coleman 2000). 

This rare orchid was listed as endangered under the federal Endangered Species Act in 
1997 (FR Vol. 62, No. 3:665-689).  The listing cited a total occupied habitat is less than 200 
acres. Three of the known locations are on private land and the fourth is a preserve owned and 
managed by The Nature Conservancy. Threats to this species are loss of habitat from 
watershed degradation, groundwater depletion, improper grazing, agriculture, mining, road 
building, non-native species, and urbanization. 

This endangered species lacks a recovery plan and critical habitat designation. Studies 
on the effects of fire and livestock grazing on the population dynamics of this rare orchid have 
resulted in some observations that controlled grazing may result in higher densities than in 
ungrazed habitat (McClaran and Sundt 1992). Ciénega habitats in adjacent Sonora need 
additional field surveys for the species. 
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Lilaeopsis schaffneriana (Schlecht.) Coulter & Rose var. recurva (A.W. Hill) Affolter 
Huachuca water umbel 

 
The Huachuca water umbel is endemic to 
a narrow geographic region in 
southwestern Arizona and adjacent 
Sonora. It occurs on wet soil and shallow 
water habitats along rivers, creeks, ponds 
and ciénegas. It was federally listed as 
endangered in the same 1997 Federal 
Register notice as the Canelo Hills ladies-
tresses (FR Vol. 62, No. 3:665-689). 
Primary river habitats are threatened by 
watershed degradation, water diversion 
and scouring floods. Spring habitats along 
these water courses are significant 
refugia for this plant. 
 

Arizona Rare Plant Committee. 2001. Arizona rare plant field guide. 
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Critical habitat was designated in 1999 as linear reaches of water courses in seven segments 
of watershed in Cochise and Santa Cruz counties, Arizona (FR Vol. 64, No. 132:37441-
37453). 
 

 
 

Most rare ciénega plants have very broad distributions of several hundred, or 
sometimes more than a thousand, miles in length. They are rare species because their 
ciénega habitats are very rare. Widespread wetland species usually do not get much attention 
from rare plant botanists because of multiple-state (or country) distributions and the difficulties 
of accessing a class of habitat that is predominantly on private property. A few widespread 
ciénega species, however, are starting to get some much needed scrutiny by botanists and 
land managers in southwestern states. The following are widespread and rare ciénega plants. 
 
 
Helianthus paradoxus Heiser 
Pecos sunflower 
 
 The Pecos sunflower occurs only in alkaline spring ciénegas from western Texas to 
west-central New Mexico. The dramatic and almost complete demise of aridland springs from 
aquifer depletion in the Chihuahuan Desert of Texas left only two populations Pecos sunflower 
in a region that retains only 13 of 61 original springs (Brune 1981, Poole and Diamond 1993). 
Some of the New Mexico populations are also damaged or threatened by aquifer depletion and 
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nearly all are degraded by exotic tree infestations (USDI-Fish & Wildlife 2008). Pecos 
sunflower was listed as a federally threatened species in 1999 (FR Vol. 64, No. 202:56582-
56590) and critical habitat designated in 2008 (FR Vol. 73, No. 63:17762-17807). Critical 
habitat includes four core population areas – three in New Mexico and one in west Texas. 
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Pecos sunflower can occur in dense patches of several hundred thousand individuals in just a 
few acres of ciénega habitat (USDI-Fish & Wildlife 2008). It prefers habitats with soils that are 
wet during spring and early summer then dry at the surface and wet in the root zone while 
flowering in late summer. This is an annual sunflower that responds positively to fire, but can 
be severely reduced in density by intense cattle grazing (Sivinski-personal observations 2008 
and 2010). It is sympatric in a few locations with the next two rare ciénega plants. 
 
 
Cirsium wrightii A. Gray 
Wright’s marsh thistle 

 

  
 

 
Wright’s marsh thistle sometimes occurs in the same New Mexican ciénegas occupied 

by Pecos sunflower. Overall, Wright’s marsh thistle has fewer populations and is less abundant 
than Pecos sunflower. This wetland thistle ranges from southeastern New Mexico to 
southeastern Arizona and northern Chihuahua and Sonora. The type locality and single 
Arizona location at San Bernardino Ciénega has not been seen again since that ciénega was 
dried by down-cutting of the adjacent Black Draw. New Mexico populations at Lake Valley, 
some Sacramento Mountain springs, and the City of Roswell (Country Club) have also been 
extirpated (Sivinski 1995a, NMRPTC 1999, Sivinski 2005). This is clearly a threatened ciénega 
species in the United States and is listed as endangered by the State of New Mexico. The 
status of this plant in México is unknown. The only herbarium specimens of Mexico collections 
are one recent collection from Chihuahua and one historic collection from Sonora. The dismal 
trend of aridland spring loss in México (Contreras and Lozano 2002, Miller et al. 1989, Unmack 
and Minckley 2008) offers little hope that this species is faring better south of the border. A 
recent 12-month finding by the U.S. Fish and Wildlife Service on a petition to list Wright’s 
marsh thistle as threatened or endangered concluded that listing is warranted, but precluded 
by other higher priority listing actions (FR Vol. 75, No. 213:67925-67944, 11/4/2010). 
 Wright’s marsh thistle is an obligate wetland species confined to permanently water-
saturated soils of spring ciénegas. There are two regional races. Populations in the Pecos 
River valley have pink flowers and dark green foliage (right photo) and the more western and 
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southern populations in New Mexico, Arizona and Mexico have white or pale pink flowers and 
pale green foliage (left photo). 
 

 
 
 
Agalinis calicina Pennell 
Leoncita false foxglove 
 

Leoncita false foxglove also co-occurs with Pecos sunflower and Wright’s marsh thistle 
in a ciénega at Bitter Lake National Wildlife Refuge in southeastern New Mexico and with 
Pecos sunflower at Diamond Y Spring in west Texas. It is otherwise only known from an 
historic and ambiguous collection in western Texas, and two historic collections in Coahuila 
(Poole et al. 2007, Sivinski 2011). This is another species with almost no data available on its 
status in México. It seems to be exceedingly rare, but additional research is needed to support 
the initial appearance of extreme rarity. 

The two known populations are in aridland spring ciénega habitat with gypseous soil. 
The soil is permanently wet and the vegetation is saltgrass, cattail, common reed, saltmarsh 
bulrush, chairmaker’s bulrush, and prairie gentian. Like other annual ciénega plants, 
population density and extent fluctuate from year to year in response to spring flow and 
precipitation variations. The Texas population occurs on land owned by The Nature 
Conservancy and the New Mexico population is on a National Wildlife Refuge managed by 
USDI-Fish & Wildlife Service. 
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Agalinis calycina 
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Arida blepharophylla (A. Gray) D.R. Morgan & R.L. Hartman 
La Playas Springs spine-aster 
 

 
 

The first collection of La Playas Springs spine-aster was taken from a spring in the 
Playas valley of southwestern New Mexico in 1851 during the international border survey. 
There are only two springs in this area and both have been captured for livestock water and so 
trampled that no wetland vegetation remains and the spine-aster probably extirpated (Nesom 
et al. 1990, NMRPTC 1999). It was discovered again at some gypsum springs (Baños de San 
Antonio) southeast of Ciudad Chihuahua in Mexico in 1971, which was the only known extant 
population until more recent discoveries at a couple locations in Presidio County, Texas.  The 
small Texas populations are the only known extant locations for this species in the United 
States (Poole et al. 2008). 

Although associated with spring seeps and perennial streams, the habitat for La Playas 
Springs spine-aster is not a typical ciénega. One of the Texas locations, however, also has 
Indiangrass and yerba manza, which are ciénega species in the Southwest, and also the only 
Texas location of slender spiderflower – a rare ciénega species discussed below. 
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Puccinellia parishii A.S. Hitchcock 
Parish’s alkali grass 
 
 Only three extant populations of Parish’s alkali grass (Puccinellia parishii A.S. 
Hitchcock) were known at the time this species was proposed for inclusion on the endangered 
species list in 1994. This annual grass occupies the highly alkaline soils of aridland spring 
seeps and spring ciénegas. The proposal to list gave southwestern field botanists the incentive 
(funding) to search for new populations, which located or confirmed a total of 30 population 
sites at seeps and ciénegas – 17 in New Mexico, 11 in Arizona, 1 in eastern California, and 1 
in southwestern Colorado (FR Vol. 63, No. 186:51329-51332, 9/25/98). USDI-Fish and Wildlife 
Service withdrew the proposal to list in 1998, but New Mexico still lists this plant as state 
endangered because it is a wetland species with less than 100 acres of total known occupied 
habitat (NMRPTC 1999). 
 Intense livestock grazing and trampling are not detrimental to this short-lived annual 
grass and may actually benefit this small, annual species by removing competing vegetation 
(FR Vol. 63, No. 186:51329-51332, 9/25/98). Water capture for livestock, however, is serious 
threat at some springs where spring boxes have been installed and the water piped away from 
the habitat. 
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Puccinellia parishii 
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Peritoma multicaulis (A.P. de Candolle) Iltis 
Slender spider-flower 
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 Slender spider-flower has a very widespread, sporadic distribution from south-central 
Wyoming to central Mexico. It has been found in less than 20 locations over the last two 
centuries and the only known large, extant populations are in the San Luis Valley of Colorado 
and Natrona County, Wyoming (Jennings 1998, Fertig 2000). It was initially discovered in the 
Southwest region during the 1851 international border survey in three places. One near the 
lower Rio Mimbres in southwestern New Mexico at a wetland that no longer exists (Jennings 
1998, Spellenberg 2002) and another at the Las Playas basin in the boot heel of New Mexico. 
The third was likely in the Wilcox Playa of southeastern Arizona (Jennings 1998). The New 
Mexico populations have never been relocated and it is likely extirpated from that state. The 
Wilcox Playa population has been recollected in 1905 and 1944, so may still be extant. There 
are two other historic collections from southeastern Arizona – the most recent being 69 years 
ago. The Arizona side of San Bernardino Ciénega is dry and dead, but the remnant part of the 
ciénega on the Sonora side of the border had slender spider-flower in 1980 (Jennings 1998). 
Two small locations for slender spider-flower have been documented in Presidio County, 
Texas, one of which is recent and still extant (Poole et al. 2007). 
 Most habitats for slender spider-flower are on the margins of playa lakes and not always 
associated with permanent springs. Some, however, do occur at aridland spring habitats that 
support typical ciénega plant communities. 
 
 
LOSING (WET) GROUND 
 The interaction of humans with aridland springs and ciénegas is a prehistoric tale of 
early and prolonged dependence (Haynes 2008; Rhea 2008) with a more recent history of 
almost universal destruction or diminution during the last two centuries (Unmack and Minckley 
2008). The following examples of spring ciénega loss illustrate the activities that have 
destroyed and continue to threaten these desert wetlands. Hendrickson and Minckley (1985) 
documented the history and demise of many southeastern Arizona ciénegas – mostly by 
arroyo cutting that dropped spring aquifers below the ground surface. A classic example is the 
almost complete loss of San Bernardino Cienega in Cochise County, Arizona. 

 
San Bernardino Ciénega, 31.3339°N 
109.2637°W, was in a broad reach of the 
Rio San Bernardino (a.k.a. Black Draw 
Wash) and was bisected by the 
international border between Arizona and 
Sonora. Frequent floods of sediment 
laden sheet flow grew this huge valley 
ciénega over a period of several 
thousand years (Minckley and Brunelle 
2007). Over the last 150 years, human 
land use within the watershed and 
ciénega caused severe erosion of the Rio 
San Bernardino. The incised channel 
lowered the water table and dried the 
surface of this desert wetland. 

 
San Bernardino Ciénega – dry Arizona portion, March 2010.  Mesquite  
bosque and farm fields (now abandoned) replaced this wetland. Distant 
line of trees shows location of Rio San Bernardino on the Mexican side. 
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Early visitors to Rancho San Bernardino 
describe several large springs at this 
location (Hendrickson and Minckley 
1985). These may have emanated from 
an artesian aquifer that supplemented 
the adjacent alluvial aquifer and made 
that ciénega a permanent feature of the 
valley. Large artesian wells have been 
drilled into aquifer and diminished and 
rerouted the flow – first to agriculture 
and now a large farm pond on the 
Arizona side. One of the artesian wells 
on the Sonora side still maintains a 
small remnant of the ciénega. 
 

The Arizona side of the side of the valley is now within the San Bernardino National 
Wildlife Refuge. The farm pond at the historic Slaughter Ranch headquarters is surrounded by 
manicured lawns and lacks a native wetland plant community. The pond itself, however, is a 
refuge for the federally endangered Chiricahua leopard frog, Yaqui chub, Gila topminnow , 
Yaqui beautiful shiner and Yaqui catfish. Drying of the adjacent natural ciénega caused the 
local extinction of many plants and animals including Wright’s marsh thistle. Charles Wright 
first collected this thistle at San Bernardino in 1851 and it has not been collected there more 
recently – even in the remnant ciénega on the Sonora side (Marrs-Smith 1983; Bill Radke, 
Refuge Manager, personal communication 2010). 

The tragic loss of most large springs and ciénegas by water withdrawals and aquifer 
depletion in the Chihuahuan desert of Trans-Pecos Texas is also well documented by Brune 
(1981), Poole and Diamond (1993), and El-Hage and Moulton (1998). Of the many dead and 
dying aridland springs documented by Brune (1981) one the most dramatic examples in west 
Texas is Comanche Springs. This cluster of springs had significant flow and supported a large 
wetland. The City of Fort Stockton grew up around Comanche Springs and gradually depleted 

the aquifer. The death of 
Comanche Springs and adjoining 
ciénega caused the local 
extinction of several plants and 
animals including the 
endangered Pecos gambusia 
and Comanche Springs pupfish. 
There are extant populations of 
Pecos sunflower and Leoncita 
false foxglove at the nearby 
Diamond Y Spring ciénega, so it 
is likely these two rare ciénega 
plants also occurred at 
Comanche Springs before they 
stopped flowing.  

 
 

 
Abandoned irrigation well head at San Bernardino Ciénega. 
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Of all the southwestern states, the ciénegas of New Mexico are the least studied and 
documented in published literature. The following are a few examples of some historic and 
extant New Mexico ciénegas that have disappeared or significantly diminished. 
 San Simon Ciénega was one of the jewels in the crown of the southwest wetlands. It 
was about five miles long and a quarter mile broad wet valley bottom that straddled the New 
Mexico/Arizona border in the upper-most reach of the San Simon Valley of Hidalgo County, 
New Mexico and Cochise County, Arizona. The perennial spring-run creek had emergent 
marsh vegetation surrounded by wet meadow bordered with riparian woodland in sharp 
contrast to the adjacent Chihuahuan Desert scrub. San Simon Ciénega is now dead and being 
covered with Prosopis glandulosa Torrey (mesquite). Many dead or decadent cottonwood and 
willows trees are scatted along the margins as grim boundry markers for this former wetland. 

The lower part of San Simon Ciénega in Arizona was destroyed just before the turn of 
the twentieth century by regional overgrazing of cattle and an eroded channel cut that lowered 
the water table (Hendrickson and Minckley 1985). The arroyo headcut was arrested by a dam 
near the New Mexico border and seemed to spare the New Mexican part of the ciénega. Then 
irrigated cotton farming moved into the Arizona side of the valley and intercepted the aquifer 
emanating from the Chiricahua Mountains. A file report at the New Mexico Energy, Minerals 
and Natural Resources Department (anonymous, no date) documents most of the following 
events. The spring-run creek stopped flowing in 1952, shortly after irrigated agriculture started 
and during severe drought. When the Mexican duck was listed as an endangered species, the 
New Mexico Game and Fish Department and federal Bureau of Land Management attempted 
to create some open-water nesting habitat in the still wet valley bottom by detonating powerful 
explosives. The resulting crater pools were not suitable nesting habitat, created soil conditions 
for weedy plants, and the valley bottom continued to dry from irrigated farming in the adjacent 
uplands. A nesting pond was excavated and frequently pumped full of water, but was 
eventually abandoned after the Mexican duck was removed from the list of endangered 
species for taxonomic reasons. All permanent wetlands quickly disappeared from the valley 
except for a couple small artesian wells on the Arizona side of the San Simon valley. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
East side of San Simon Ciénega, Hidalgo County, New Mexico, April 2010. Former wetland extended 
from this line of cottonwood trees to the west across about ¼ mile of valley bottom. 
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Another loss of New Mexico desert springs and ciénegas occurred at a cluster of large 
springs near the dry mouth of the Rio Mimbres in Grant County. The fates of Apache Tejo 
Spring, Cold Spring, Kennecott Warm Spring, and Kennecott Cold Spring were to be 
completely captured by wells to supply water to the copper mill at Hurley in the early twentieth 
century. 

 

 

 
Cold Spring Ciénega, Grant County, New Mexico, April 1993. Wetland plants completely replaced  
by alkali sacaton and surrounded by a margin of dead cottonwood trees. 

 
Middle of San Simon Ciénega, Hidalgo County, New Mexico, April 2010. A few old cottonwood trees on the 
margin are still living, but are not reproducing.   
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 Walking from creosote desert into these former wetlands to find dusty gray organic soil 
supporting only clumpy alkali sacaton and surrounded by the decades-old carcasses of big 
cottonwood trees can only be described as shocking and depressing. Only two springs in the 
area remain wet to this day – Faywood Hotspring on its travertine hill with much reduced flow 
and no ciénega, and nearby Faywood Ciénega, which is supplemented and maintained by 
piped-in water from a distant upland spring. And what might we have lost from these wetlands? 
The type collection of Cleome sonorae A. Gray (= Peritoma multicaulis), slender spider-flower, 
was made “near the Mimbres” in 1851 and not seen again in New Mexico. Perhaps one of 
these dead spring ciénegas was the habitat for this rare wetland species 
 

 
 
 
 Burro Ciénega in the Burro Mountains of Grant County, New Mexico was apparently 
quite an oasis on 29 August 1852 when the U.S.-Mexico Boundary Commission team of 
surveyors came upon it. Commissioner Bartlett (1854) describes entering this desert valley 
and finding “a beautiful grassy meadow about three hundred yards wide, in which were many 
springs”. He walked up the ciénega for a mile and wrote “The flat meadow-like appearance 
continued for a far as I could trace it…”. Bartlett named a spring in Burro Ciénega ‘Ojo de Inez’ 
for the Mexican girl they had rescued from the Apaches and was returning to her family in 
Sonora. This spring name did not persist. 
 Although a timeframe is not recorded, the Burro Ciénega Bartlett saw was essentially 
destroyed by the twentieth centuary from overgazing and erosive floods that scoured the valley 
and caused channel down-cutting. The channel lowered the alluvial aquifer to the point where 
the springs and seeps in the floodplain meadows ceased to flow. Only a few seeps within the 
channel contined to exist. The current owners of the lower valley, Tom and Cinda Cole, are 
making extensive efforts to agrade the channel and restore the ciénega. Deflection and 
sediment trapping structures have been installed and hundreds of willow pole plantings have 
become trees that slow and spread flood flows across the valley bottom. A riparian forest is 
established, perennial flow of the spring run is restored, and the extirpated Gila topminnow 

 
Kennecott Warm Spring, Grant County, New Mexico, April 1993. Ciénega vegetation replaced by  
desert shrubs and grasses. Dead tree carcasses are cottonwood or black willow. 
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successfully introduced. Restoration of a flat grassy meadow with many springs however, may 
be far off in the future, but at least the water will be there. 
 

 
 

 
 

 
Burro Cienega on the Pitchfork Ranch in September 2010. Riparian trees and shrubs trap sediment to restore 
the alluvial aquifer. 

 
Burro Cienega on the Pitchfork Ranch in September 2010. Riparian trees and structures traping sediment for 
restoration of the perennial spring run. 
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Most New Mexicans think of Lake Valley as an abandoned mining town in Sierra County, but 
the original Lake Valley is three miles north of the town at Berrenda Creek. An igneous 
extrusion across the broad Lake Valley segment backed-up a series of seasonal marshes and 

a permanent spring and seeps with ciénega 
vegetation.  Berrenda Creek has only 
intermittent flow during wet seasons and 
storm events, but the runoff captured in 
Lake Valley sediments slowly discharged 
into a perennial spring run at the base of 
Lake Valley. A diversion levee around Lake 
Valley was constructed about a century ago 
that dried the wetlands, which were 
converted to irrigated agriculture. The 
diversion outlet caused the lower spring run 
to erode into a deeply incised channel that 
still supports riparian woodland, but has lost 
its ciénega habitats. Wright’s marsh thistle 
was collected at Lake Valley in the early 
nineteen hundreds, but a recent attempt to 
relocate that population by the first author 
was unsuccessful. 
 

 
 
 
SOUTHWESTERN ARIDLAND SPRING CIENEGA SURVEY 
 
 As the unique biological values aridland spring ciénegas become better understood, the 
need to assess the status of these wetlands is being recognized by biologists and land 
managers. The joint US Fish and Wildlife Service, New Mexico Forestry Division, and UNM-
Natural Heritage New Mexico aridland spring ciénega survey is a two-year search for 
information on Southwestern aridland springs and actual field visits to those springs when 
possible. The first year focused upon aridland springs and identification of ciénega habitats in 
the State of New Mexico and the second year collecting information on spring cienegas in 
adjacent states. 
 The first phase of this study contacted New Mexico field biologists, plant ecologists, 
ichthyologists, and invertebrate biologists for information on desert springs and any potential 
ciénegas in the state. The parameters for the information request were simple any springs with 
marsh or wet meadow vegetation below an elevation of 6,500 feet. Surprisingly few responses 
were received and most of those were already known by the investigators. The only significant 
lead was the identification of Malpais Spring in Otero County as a significant desert wetland. 
 The next step was obtaining coordinates of all springs below 6,500 in the southern half 
of New Mexico that appear on USGS maps. Satellite imagery of each spring was viewed in an 
effort to detect any wetlands around them and ranked for potential of having significant wetland 
vegetation. A total of 51 aridland springs in southern New Mexico were ranked as moderate to 
high for potential ciénega habitat and worth the effort of a visit during the field assessment part 
of this survey. Ten county tax assessor offices were visited to determine ownership of each 
spring. Unfortunately, at least 80% of springs of interest are privately owned and not readily 
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accessible. Some private landowners have allowed us to assess their springs, but about half of 
the landowners contacted denied access for this survey or did not responded to a written 
request for access. 
 The private and public land aridland springs and ciénegas that were fully assessed 
during late summer of 2009 summer of 2011 are described in the following pages. 
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ROSWELL ARTESIAN BASIN CIÉNEGAS 
Chaves County, New Mexico 
Elevation: 3,470 – 3,490 feet 
Owner: USDI-Fish & Wildlife Service, Bitter Lake NWR 

33.4619°N 104.4014°W 
 

The Pecos River valley from Bitter Lake south approximately 21 miles to the Town of 
Dexter was a complex series of sinkhole lakes, resurgent creeks, spring runs and vast spring 
seeps that combined to make one of the largest areas of aridland spring cienega in the 
Southwest. Most of the seeping ground is (or was) on the west side of the valley discharging 
from the regional aquifer of the Roswell artesian basin draining west slope including the 
Sacramento Mountains (Land and Huff 2010). More than half of the ciénegas on the west side 
of the valley have been eliminated or severely diminished by conversion to farmland, 
agricultural drains, and aquifer depletion by intensive irrigation water withdrawals. Fortunately, 
the northern Salt Creek portion of this regional aquifer passes through gypsum strata 
becoming  less suitable for agriculture and emerging as Bitter Creek – a continuous spring run 
and ciénega nearly four miles long and 100-400 yards wide through Bitter Lake National 
Wildlife Refuge. 

Bitter Lake National Wildlife Refuge: The natural ciénega at Bitter Lake NWR has 
been damaged or eliminated in several places by the construction of drainage channels, 
impoundment dikes, and subsequent inundation for waterfowl habitat. Large segments of 
ciénega, however, remain intact and support the greatest biological diversity of any ciénega in 
New Mexico. The sinkhole ponds, spring runs and marshes are renowned for having one of 
the largest concentrations of Odonate species in America. Threatened and endangered 
aquatic animals at Bitter Lake NWR include Pecos pupfish, Pecos gambusia, Mexican tetra, 
Roswell springsnail, Pecos assiminea, and Noel’s amphipod. 

 

 

 
Bitter Lake NWR, September 2009. Ciénega of saltgrass meadow and large patches of common reed at 
Hunter Marsh. 
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Bitter Lake NWR, September 2009. Ciénega with chairmaker’s bulrush and Wright’s marsh thistle (tall flowers). 

 
Bitter Lake NWR, September 2009. Ciénega with prairie cordgrass (foreground), Pecos sunflower (yellow flowers) and 
young saltcedar (center) becoming established. 
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Plant diversity is also impressive in the Bitter 
Lake NWR ciénega including rare and endangered 
species. It supports one of the largest populations of 
the federally threatened Pecos sunflower, which is 
nearly continuous throughout the spring run and 
impoundment parts of the refuge consisting of a few 
million individuals in a good year. Bitter Lake NWR 
also contains several thousand individual plants of 
Wright’s marsh thistle – the largest known 
population. It also has the only New Mexico 
population of the extremely rare Leoncita false-
foxglove. The three refuge locations of Leoncita 
false fox-glove are only a few acres each of remnant 
ciénega and the only place in the world where all 
three rare plant species grow together in the same 
habitat (Sivinski 2011). 

The total area of remnant natural ciénega 
habitat on Bitter Lake NWR is about 567 acres. The 
refuge and adjacent Bottomless Lakes in the 
Roswell Artesian Basin were designated a Ramsar 
Site (internationally important wetland) in 2010. 
 
 

 
Bitter Lake NWR, September 2009. Ciénega. Leoncita false-foxglove (center) with saltgrass and saltmarsh bulrush. 

 
Bitter Lake NWR ciénega. Pecos sunflower and  
Wright’s marsh thistle growing in a stand of southern 
cattail and scratchgrass. 
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 The historical refuge focus on wildlife has caused extensive damage to ciénega habitats 
with the numerous dikes, impoundments, diversions and drains constructed to enhance fish 
and waterfowl habitats – although this is recently changing with more attention being paid to 
rare wetland plants. There is some encroachment by non-native saltcedar into the ciénega, but 
this problem is mostly confined to disturbed areas and the drier margins of the wetland. Refuge 
managers are also concerned about the rapid expansion of common reed thickets in some 
parts of the ciénega, however, the common reed population consists of the native subspecies 
and expansion of coverage may only be indicative of a drying trend. One of the most serious 
management considerations at the refuge is protecting the ciénega remnants from inundation 
when filling waterfowl impoundments.  

Changes in groundwater hydrology at Bitter Lake NWR have been thoroughly 
documented in the recovery plan for four endangered spring-dwelling invertebrates adopted by 
the New Mexico Department of Game and Fish (NMDGF) in 2005. In summary, several large 
spring runs and seeps in the Roswell area ceased flowing by 1931 from agricultural use and 
further pumping for irrigation continued to lower the regional level of groundwater until 1970. 
Well metering was required in the 1960s and between 1975 and 1995 groundwater levels 
recovered several meters to current levels. Yet the depleted springs have not resumed flowing. 
Surface water flows at Bitter Lake NWR were diminished by groundwater pumping however, 
springs there did not stop flowing through the 1950s and 1970s despite drought conditions 
during these decades. The State Engineer’s Office hydrologist cited in the NMDGF (2005) 
recovery plan believes that under current pumping levels the spring flows at Bitter Lake NWR 
would be threatened only under extreme drought conditions exceeding those historically 
observed. 

 
Bitter Lake NWR ciénega. Sympatry of three rare plants 
Leoncita false-foxglove (foreground), Wright’s marsh 
thistle (midground), Pecos sunflower (background). 

 
Rare color variant of Pecos sunflower that occurs at only two  
Spring locations on Bitter Lake NWR. 
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ROSWELL ARTESIAN BASIN CIÉNEGAS (CONTINUED) 
Chaves County, New Mexico  
Elevation: 4,530 – 4,590 feet 
Owners: New Mexico State Parks Division 
  33.31488°N 104.33391°W 
  USDI Bureau of Land Management 
  33.301870°N 104.345030°W 
  33.26915°N 104.36353°W 
  USDI Fish and Wildlife Service 
  33.38369°N 104.42142°W 

33.19419°N 104.34074°W 
NM State Land Office 
33.27894°N 104.35023°W 

  Oasis Dairy 
  33.31449°N 104.37120°W 
  Shirley Sears 
  33.24070°N 104.37015°W 
 

Aside from the extensive complex of springs and ciénegas at Bitter Lake NWR the 
Roswell Artesian Basin has another very large wetland south of Bottomless Lakes State Park 
called the Overflow Wetlands. These wetlands spread across the east side of the Pecos 
River valley from the overflow of Lea Lake, a large sink hole, and other springs and seeps to 
the south. It extends 2.4 miles from Lea Lake to the Pecos River and occurs mostly on Bureau 
of Land Management (BLM) land. The northern part is mostly cattail/saltgrass marsh and the 
southern two-thirds is saltgrass ciénega and extensive shallow ponds of open water. 

The overflow wetlands contracted and became more salty as regional irrigation pumping 
drew down the aquifer and the Pecos River. State monitoring of agricultural water use is 
allowing most of the aquifer to somewhat recover and stabilize, which is increasing discharge 
from the Bottomless Lakes springs and expanding the overflow wetland. This extensive 
wetland has a much less diverse flora than Bitter Lake and other smaller ciénegas in the area. 
It does have a few large patches of Pecos sunflowers in its southern half. Most of this wetland 
is undisturbed, except beneath an electrical transmission line where large vehicles have 
damaged the soil and vegetation. 

Pecos sunflowers also occur along the margins of Lea Lake in the state park and are 
abundant on the banks of the constructed spring run that flows from Lea Lake. Bottomless 
Lakes State Park has constructed a board walk with bird watching blinds along the spring run 
so visitors can view and enjoy the ciénega. This area of the park is significantly infested with 
salt cedar, which will be a perpetual maintenance problem. The less disturbed BLM part of the 
Overflow Wetlands has fewer salt cedar. 
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North end of BLM Overflow Wetlands 33.31334°N 104.34125°W is a cattail and slatgrass marsh. 

 
Southern part of the BLM Overflow Wetlands has extensive pools of shallow open water surrounded by 
saltgrass ciénega. 
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Southern part of the BLM Overflow Wetlands with a few large patches of Pecos sunflowers. 

 
Damage by large vehicle traffic under electrical transmission line on southern part of the BLM Overflow Wetlands. 
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BLM Overflow Wetlands below Bottomless Lakes State Park. Lea Lake is in upper right corner and 

Pecos River on the left side. 
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Bitter Lake Farm: USDI-Fish and Wildlife Service has two additional spring ciénega habitats 
in the Roswell Artesian Basin. One is a small ciénega on the Bitter Lake NWR farm south of 
Highway 380. The up-slope portion is intact with a population of Pecos sunflowers, but the 
lower portion is severely impacted by dikes, impoundments and salt cedar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dexter Fish Hatchery: The other USDI-Fish and Wildlife Service ciénega along the Pecos 
River in Chaves County is adjacent to Dexter National Fish Hatchery. This ciénega is also 
severely impacted by roads, dikes, impoundments and changed hydrology. Effluent from the 
fish hatchery maintains some marshy places and the original size of the ciénega is unclear 
because the hydrology is so much changed by hatchery operations. Only one small patch of 
Pecos sunflowers occur at the base of the main dike.  

 

Bitter Lake NWR agricultural farm ciénega (33.38369°N 104.42142°W) south of Hwy 380 and west 

of Pecos River.  



52 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Oasis Dairy: An unnamed spring (33.31449°N 104.37120°W) and associated large ciénega 
opposite Bottomless Lakes State Park west of the Pecos River had so many thousands of 
Pecos sunflowers in the mid-1990s they were visible in flower from the bluff above Lea Lake 
more two miles distant. This population is in the Oasis Dairy critical habitat designated by 
USDI-Fish and Wildlife Service in 2008 (FR Vol. 73, No. 63, 17762-17807). Although 2010 was 
a good precipitation year with wetter than normal ciénegas throughout the region (personal 
observations), the southern part of the Oasis Dairy ciénega was abnormally dry. The spring 
had ceased flowing and the vast stand of Pecos sunflowers had been replaced by the non-
native weed Kochia scoparia (L.) Roth. Dry meadows of saltgrass were littered with thousands 
of dead sunflower stems that were at least two years old. Only a few hundred living Pecos 
sunflowers remained in the entire valley and were widely scattered among the kochia and salt 
cedars. Apparently, agricultural irrigation pumping has drawn down the aquifer in this area like 
no other place in the Roswell Artesian Basin. This large ciénega appears to be dying. 
 

 

Dexter National Fish Hatchery ciénega (33.19419°N 104.34074°W), Dexter, Chaves County, NM.  
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Oasis Dairy ciénega, Chaves County, NM (33.31449°N 104.37120°W), critical habitat for Pecos 
sunflower.  

 
Single Pecos sunflower within thick stand of Kochia scoparia at Oasis Dairy ciénega 
in October 2010. 
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Non-native Kochia scoparia dominates the Oasis Dairy ciénega in October 2010. A few Pecos sunflowers are  
scattered within the weeds. 
 

 
Saltgrass meadow in the Oasis Dairy critical habitat in October 2010. Dead gray stems of Pecos sunflower are at 
least two years old. 
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Dexter Cienega: An unnamed spring seep 2.8 north of Dexter, New Mexico crosses beneath 
the Hagerman Canal and makes a 0.8 mile-long ciénega in the bottom of a narrow valley 
(33.24070°N 104.37015°W). This ciénega was designated critical habitat for the Pecos 
sunflower by USDI-Fish and Wildlife Service in 2008 (FR Vol. 73, No. 63, 17762-17807). 
Larger patches of Pecos sunflowers are visible in this valley from a distance, but this ciénega 
has not been accessible for detailed study.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Several other aridland springs on the Roswell BLM District are described in detail by 
Milford et al. (2001). Two of the many small ciénegas and ciénega remnants not included in 
that survey are worth mentioning because of the special attention they receive from the 
landowners. 
 
BLM North Dexter Ciénega: Approximately 5 miles north of Dexter a spring at the head of a 
broad valley created a ciénega more than 1 mile long. Several decades ago, a well placed on 
the spring dried the ciénega and dike placed across the valley near the Pecos River. A 1994 
field survey of this valley found only two Pecos sunflowers among the salt cedars in the 
impounded area (Sivinski 1995b). BLM purchased the land with the impoundment and began 
removing the salt cedars. The remnant ciénega below the impoundment is relatively dry and 
marginal for Pecos sunflower. In 2010 however, several hundred sunflowers flowered and 
made seed there indicating this ciénega remnant is still hanging on. 

 
Dexter Ciénega, Chaves County, NM (33.24070°N 104.37015°W), critical habitat for Pecos 
sunflower.  
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State Land Office SinkHole: In the mid-1990s a new sinkhole opened in a small ciénega on 
the east side of the Pecos River and south of Bottomless Lakes State Park. The sinkhole 
made the site wetter and is located on State Trust Land (33.27894°N 104.35023°W). The State 
Land Office obtained seed from the Oasis Dairy population and introduced it to their sinkhole 
ciénega. This is a relatively small habitat, but by the summer of 2010 there were a few 
thousand Pecos sunflowers at this location. 
 
 
 
 
 

 
BLM North Dexter Ciénega (Lower left corner 33.26915°N 104.36353°W) and State Land 
Office Sinkhole (upper right corner 33.27894°N 104.35023°W).  
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Pecos sunflowers persisting in marginal habitat of alkali sacaton and saltgrass on BLM North Dexter ciénega in early 
September 2010. 

 
Pecos sunflowers well-established at State Land Office Sinkhole in early September 2010. 
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Roswell Artesian Basin Ciénega Plant Species List 
*Indicates non-native species 

 
FERNS AND FERN ALLIES 
Equisetaceae - Horsetail Family 
Equisetum hyemale L.  ROUGH HORSETAIL 
 
Pteridaceae – Maiden-hair Fern Family 
Adiantum capillus-vernis L.; SOUTHERN MAIDEN-HAIR 
 
ANGIOSPERMS – Dicotyledonous Plants 
Aisoaceae-Carpetweed Family 
Sesuvium verrucosum Raf.; WESTERN SEA-PURSLANE 
 
Apiaceae – Parsley Family 
Berula erecta (Hudson) Cov.; WATER-PARSNIP 
 
Apocynaceae - Dogbane Family 
Apocynum cannabinum L.; INDIAN HEMP 
 
Asclepiadaceae - Milkweed Family 
Asclepias speciosa Torr.; SHOWY MILKWEED 
 
Asteraceae - Aster Family 
Ambrosia psilostachya DC.; PERENNIAL RAGWEED 
Baccharis salicina Torr. & Gray; GREAT PLAINS SEEP-WILLOW 
Chloracantha spinosa (Benth.) Nesom; MEXICAN DEVILWEED 
Cirsium wrightii A. Gray; WRIGHT'S MARSH-THISTLE 
Conyza canadensis (L.) Cronq.; CANADIAN HORSEWEED; BH-1 PD-1 
Crepis runcinata (James) Torr. & Gray subsp. glauca (Nutt.) Babcock & Stebbins; FIDDLE-LEAF 

HAWK’S BEARD 
Euthamia occidentalis Nutt.; WESTERN GOLDENTOP 
Flaveria campestris J.R. Johnst.; ALKALI YELLOWTOPS  
Flaveria chlorifolia A. Gray; CLASPING YELLOWTOPS 
Helianthus paradoxus Heiser; PECOS SUNFLOWER 
Hymenoxys odorata DC. POISON RUBBERWEED 
Isocoma pluriflora (Torr. & Gray) Greene; SOUTHERN JIMMYWEED 
Pseudoclappia arenaria Rydb.; CLAPDAISY 
*Sonchus asper (L.) Hill; SPINY-LEAF SOW-THISTLE 
Symphyotrichum ericoides (L.) Nesom; HEATH ASTER 
Symphyotrichum subulatum (Michx.) Nesom var. ligulatum (Shinners) Sund.; NEW MEXICO 

ASTER 
Xanthium strumarium L.; COCKLEBUR 
 
Brassicaceae – Mustard Family 
Rorippa sinuata (Nutt.) Hitchc; CREEPING YELLOW-CRESS 
 
Chenopodiaceae - Goosefoot Family 
Allenrolfea occidentalis (S. Wats.) Kuntze; IODINEBUSH 
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Atriplex argentea Nutt.; SILVERSCALE 
*Bassia hyssopifolia (Pall.) O. Ktze.; SMOTHERWEED 
*Chenopodium album L.; LAMB’S QUARTER 
*Kochia scoparia (L.) Schrad.; KOCHIA 
Sarcocornia utahensis (Tidestr.) Scott; UTAH GLASSWORT 
Salicornia rubra A. Nels.; RED SALTWORT 
Suaeda calceoliformis (Hook.) Moquin; LOW SEEPWEED 
 
Convolvulaceae - Morning Glory Family 
Cressa truxillensis H.B.K.; ALKALI-WEED 
 
Elaeagnaceae - Oleaster Family 
*Elaeagnus angustifolia L.; RUSSIAN OLIVE 
 
Fabaceae - Pea Family 
Glycyrrhiza lepidota (Nutt.) Pursh; AMERICAN LICORICE 
*Melilotus albus Medicus; WHITE SWEET-CLOVER 
 
Gentianaceae - Gentian Family 
Eustoma exaltatum (L.) Salisbury ex G. Don; PRAIRIE GENTIAN 
 
Malvaceae – Mallow Family 
Malvella leprosa (Ortega) Krapovickas; ALKALI MALLOW 
 
Moraceae – Mulberry Family 
*Morus alba L.; WHITE MULBERRY 
 
Oleaceae - Olive Family 
Forestiera pubescens Nutt.; NEW MEXICO OLIVE 
 
Onagraceae - Evening Primrose Family 
Gaura mollis James; VELVET-WEED 
 
Plumbaginaceae - Plumbago Family 
Limonium limbatum Small; SOUTHWESTERN SEA LAVENDER 
 
Polygonaceae - Buckwheat Family 
Rumex altissimus Wood; PALE DOCK 
 
Primulaceae - Primrose Family 
Samolus ebracteatus H.B.K. var. cuneatus (Small) Henrickson; LIMEY BROOKWEED 
 
Rosaceae – Rose Family 
Potentilla anserina L.; SILVERWEED 
 
Salicaceae - Willow Family 
Populus deltoides Bartram ex H. Marshall subsp. wislizeni (S. Wats.) Echenw.; RIO GRANDE 

COTTONWOOD 
Salix exigua Nutt.; COYOTE WILLOW 
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Sapindaceae – Soapberry Family 
Sapindus drummondii Hook. & Arn.; SOAPBERRY 
 
Sauruaceae – Lizardtail Family 
Anemopsis californica (Nutt.) Hook. & Arn.; YERBA MANZA 
 
Tamaricaceae - Tamarisk Family 
*Tamarix chinensis L.; SALTCEDAR 
 
Ulmaceae - Elm Family 
*Ulmus pumila L.; SIBERIAN ELM 
 
Vitaceae – Grape Family 
Parthenocissus vitacea (Knerr) A.S. Hitchc.; THICKET CREEPER 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Bolboschoenus maritimus (L.) Palla; SALTMARSH BULRUSH 
Cyperus esculentus L.; YELLOW NUTSEDGE  
Eleocharis palustris (l.) Roemer & Schultes; MARSHY SPIKE-RUSH 
Eleocharis rostellata (Torr.) Torr.; BEAKED SPIKE-RUSH 
Fimbristylis puberula (Michx.) Vahl var. interior (Britt.) Kral; HAIRY FIMBRY 
Schoenoplectus acutus (Muhl. ex Bigelow) A.& D. Löve; HARDSTEM BULRUSH 
Schoenoplectus americanus (Pers.) Volk ex Schinz & R. Keller; CHAIRMAKER’S BULRUSH 
Schoenoplectus pungens (Vahl) Palla var. longispicatus (Britt.) S.G. Smith; THREE-SQUARE 

BULLRUSH 
 
Juncaceae - Rush Family 
Juncus arcticus Willd. var. mexicanus (Willd.) Balslev; MEXICAN RUSH 
Juncus torreyi Coville; TORREY’S RUSH 
 
Juncaginaceae – Arrowgrass Family 
Triglochin maritimum L.; SEASIDE ARROWGRASS 
 
Liliaceae - Lily Family 
*Asparagus officinalis L.; ASPARAGUS 
 
Poaceae - Grass Family 
*Cynodon dactylon (L.) Pers.; BERMUDAGRASS 
Distichlis spicata (L.) Greene var. stricta (Torr.) Beetle; INLAND SALTGRASS 
Echinochloa muricata Beauv.) Fern.; COCKSPUR 
Elymus canadensis L.; CANADA WILDRYE 
Elymus smithii (Rydb.) Gould; WESTERN WHEATGRASS 
Hordeum jubatum L.; FOXTAIL BARLEY 
Hordeum pusillum Nutt.; LITTLE BARLEY 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
Panicum obtusum H.B.K.; VINE MESQUITE 
Panicum virgatum L.; SWITCHGRASS 
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Paspalum distichum L.; KNOTGRASS 
Phragmites australis (Cav.) Steud.; COMMON REED 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
*Setaria magna Griseb.; GIANT FOXTAIL 
*Sorghum halepense (L.) Pers.; JOHNSONGRASS 
Sphenopholis obtusata (Michx.) Schribn.; PRAIRIE WEDGESCALE 
Spartina pectinata Link.; PRAIRIE CORDGRASS 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
 
Potamogetonaceae – Pondweed Family 
Potamogeton pectinatus L.; SAGO PONDWEED 
 
Ruppiaceae – Ditch-grass Family 
Ruppia cirrhosa (Petagna) Grande; SPIRAL DITCH-GRASS 
 
Typhaceae - Cattail Family 
Typha domingensis; SOUTHERN CATTAIL 
*Typha angustifolia L.; NARROWLEAF CATTAIL 
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SANTA ROSA CIÉNEGAS 
Guadalupe County, New Mexico 
Elevation: 4,530 – 4,590 feet 
Owners: New Mexico Forestry Division 
  34.9339°N 104.6750°W 
  City of Santa Rosa 
  34.9426°N 104.6762°W 
  34.9260°N 104.6727°W 
  34.9243°N 104.6639°W 
  34.9295°N 104.6791°W 
  Santa Rosa Country Club 
  34.9292°N 104.6681°W 
  Canuto Sanchez, Jr. 
  34.9386°N 104.6763°W 
  34.9144°N 104.6800°W 
  Virginia Freeman 
  34.9200°N 104.6690°W 
  Lady Hawk – Agua Negra Ranch 
  34.9079°N 104.6690°W 
  Albert Campos 
  34.9251°N 104.6927°W 

 
The Santa Rosa area in Guadalupe County, New Mexico is well known among scuba 

divers for its Karst topography of numerous deep, spring-fed sinkholes. The fact that the Town 
of Santa Rosa sits within much of the last, best, aridland spring ciénega habitat in New Mexico 
is less well known.  Relatively large expanses of state, municipal and private property in Santa 
Rosa consist of permanent ciénegas and the sinkhole lakes are ringed with excellent examples 
of fresh water and alkaline marshlands. 

The Santa Rosa sink region lies within the Rio Pecos valley of east-central New Mexico 
at an elevation of about 1,400 meters. Santa Rosa and Blue Hole Spring, occur near the 
northeast edge of a six-mile-wide sink caused by the dissolution of the underlying San Andres 
limestone and gypsum and the collapse of the overlying Santa Rosa Sandstone (Kelley 1972). 
The strata dip to the east and water passing through the soluble layers comes to the surface in 
the sink creating numerous seeps and springs.  Large springs, like Blue Hole Spring, are 
uncommon. The groundwater of this regional sink usually comes up in broad-area seeps that 
cause most of the soils to be saturated to the surface or root-zone. The Rio Pecos has cut 
through the sink probably at its deepest point (i.e., the deepest level of the dipping San Andres 
limestone), near its eastern edge. Within the Santa Rosa sink itself are smaller subsidence 
features, including six sink holes that fill with water and become small lakes.  
 There are no known endemic animals in the Santa Rosa wetlands, however, the 
invertebrate fauna has not been inventoried. Odonates are common and diverse. Some of the 
lakes and spring runs are occupied by native fishes including green sunfish (Lepomis 
cyanellus), roundnose minnow (Dionda episcopa), plains killifish (Fundulus zebrinus) and 
western mosquitofish (Gambusia affinis). 
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Santa Rosa, Blue Hole Spring – a small sinkhole spring developed for recreation. 

 
Bass Lake Spring (34.9142°N 104.6802°W). Many Santa Rosa springs are unnamed, large area seeps that may or may not gather into 
spring runs. Their permanently soggy soils are covered with beaked spikerush (foreground) and chairmaker’s bulrush (midground). 
Non-native Russian olive and saltcedar (background) occur in the wetland margins.  
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The ciénegas of the Santa Rosa sink are among the most botanically diverse wetlands 
in the Southwest. Ciénega types vary with soil hydrology, texture and chemistry. The drier 
(subirrigated) and more alkaline soils are covered with alkali sacaton, saltgrass, alkali muhly, 
and Baltic rush. Soils deposited by spring seeps cover large areas with wet travertine sand that 
support a tall-grass prairie community with plants that are disjunct from the Great Plains region 
further east. This tall-grass association is predominantly Indiangrass, tall dropseed, 
switchgrass, hairy fimbry, and includes other plants typical of eastern prairies. 

 Some parts of the Santa Rosa sink ciénegas have dense and sparse patches of the 
threatened Pecos sunflower. The 116-acre Blue Hole Ciénega Nature Preserve has the largest 
stand of sunflowers in the Santa Rosa area. Blue Hole Ciénega is owned by the New Mexico 
Forestry Division and is designated as critical habitat for Pecos sunflower. There are several 
other smaller patches of Pecos sunflower in the Santa Rosa ciénegas. The municipal fishing 
ponds (old fish hatchery) and an un-named spring on the west side of the Pecos River are also 
designated as critical habitat. 
 Wright’s marsh thistle is also scattered throughout the Santa Rosa sink where ever 
there are permanently soggy soils in the ciénegas. Most patches occur in the wettest ciénegas 
on the east side of the Pecos River where there are a few thousand thistles. Thus far, only one 
small patch of fewer than 100 Wright’s marsh thistles is known on the west side in the ciénega 
below Bass Lake Spring. 
 A third very rare plant species in the Santa Rosa sink is the Great Plains ladies-tresses 
orchid (Spiranthes magnicamporum). This orchid is uncommon, but widespread throughout the 
Great Plains of central North America and has an unusual disjunction to the ciénegas of north-

 
Some Santa Rosa springs, large and small, are elevated by the deposition of spring deposits – a gyspeous limestone sand and silt. 
This view is from a large un-named spring (34.9260°N 104.6708°W) southwest of the Armory looking north – downslope. 
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central New Mexico. Fewer than 50 individuals have been found in the Santa Rosa ciénegas 
and almost half of those were eliminated by sidewalk construction near Blue Hole Spring and a 
parking area at the new baseball park. This orchid is listed as endangered by the State of New 
Mexico. 
 

               
 

               

 
Santa Rosa, city land. Alkaline, subirrigated ciénega with alkali sacaton, saltgrass and Baltic rush. Young  
Russian olive trees (backround) are increasing in cover and extent throughout the area. 

 
Blue Hole Ciénega Nature Preserve. Ciénega with tall-grass prairie of Indiangrass and tall dropseed. White 
flowers are heath aster and yellow are clasping yellowtops. 
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Some large Pecos sunflower patches at Blue Hole Ciénega are very dense and contain several hundred thousand individuals. 
September 2009. 

 
Panorama of Pecos sunflower population at Blue Hole Ciénega in September 2004. 
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Wright’s marsh thistle beginning to bolt in the ciénega south of the new baseball park. August 2009. 

   
Great Plains ladies-tresses orchid at Blue Hole Ciénega.  Right photo September 2010. 
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 Fortunately the spring waters of the Santa Rosa sink are very high in dissolved solids 
(sulfate and carbonate salts) and are unsuitable for municipal use. The City of Santa Rosa 
gets its municipal water from a different aquifer many miles to the west and does not threaten 
the aquifer that creates the Santa Rosa ciénegas. However, there have been, and still are, 
serious impacts to these ciénegas that both diminish and destroy them. Governments have 
played a leading role. New Mexico Department of Game and Fish excavated many aces of fish 
hatchery ponds into the ciénega west of Blue Hole Spring. When these ponds were 
abandoned, Department of Game and Fish excavated many additional acres of ciénega below 
the Rock Lake sinkhole for a new Fish Hatchery. Nearly all of the ciénega immediately 
adjacent to Blue Hole Spring has been replaced by roads, parking lots, buildings, playing 
fields, and fishing ponds constructed and maintained by the City of Santa Rosa. The City has 
also eliminated or degraded many acres of ciénega with roads, parking areas and recreational 
facilities at the Power Dam, Park Lake and Perch Lake municipal parks. Most recently, a large 
municipal baseball park and parking area was constructed on City-owned ciénega. State and 
county transportation departments have also built several roads across Santa Rosa ciénegas 
including Highway 91, Reilly Road, Blue Hole Road, and River Road. 
 

                        
 
 Private landowners have also taken a significant toll on the Santa Rosa ciénegas. Many 
acres of ciénega below Perch Lake and a few acres of Blue Hole Cienega were plowed and 
planted with an exotic pasture grass, meadow fescue (Festuca pratensis), before those 
ciénegas were acquired by the City and the State respectively. This tenacious non-native 
grass is persisting as a dense cover almost to the exclusion of native ciénega plants and is 
actually less palatable to livestock than the native forage. The disturbed soils of these planted 
pastures are also more susceptible to exotic tree infestation.  
 The Santa Rosa ciénegas have been intensively grazed by livestock for more than a 
century. Ranchers have rerouted many spring runs, dug conveyance ditches, and damaged 
springs in an effort drain bogs and spread water to drier areas. These actions have changed 
parts of ciénega hydrology and encouraged proliferation of exotic trees on the disturbed soils. 

 
New Santa Rosa Baseball Park constructed on ciénega. Playing field sod is proving difficult to establish  
on the wet, highly alkaline soil. 
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Large ciénega below Perch Lake planted with exotic meadow fescue and becoming infested with Russian olive 
trees. 

 
Large un-named spring mound (34.9253°N 104.6739°W) near baseball park with side torn out to direct flow to 
conveyance ditches. 
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Exotic Russian olive and, to a lesser 
extent, saltcedar trees are the most pernicious 
influence on the Santa Rosa ciénegas. Tall, 
dense forests of Russian olive have taken over 
large areas of ciénega in just the last 40 years 
and would convert most of the Santa Rosa sink 
to woodland in the absence of costly 
remediation. For the last five years, the State of 
New Mexico, City of Santa Rosa, and some 
private landowners have been clearing dense 
stands of Russian olive to restore the ciénega 
to its natural, treeless condition. These exotic 
trees are very difficult to kill. Follow-up 
treatments of crown and root sprouts must 
occur for several years and active elimination 
of new seedlings must be perpetual. On the 
Blue Hole Ciénega Nature Preserve, 
restoration costs over the last four years have 
almost equaled the purchase price of the 
property. Institutional dedication and long-term 
commitment are needed to ensure this ciénega 
does not revert to an exotic tree woodland. 
 
 
 

 
Ciénega cut and fill to redirect the Bass Lake Spring run along River Road. Bare soil and new microrelief may be  
suitable habitat for Pecos sunflower, but will also encourage exotic tree infestation. 

 
Blue Hole Cienega, Russian olive forest in 2003 prior to exotic 
tree eradication efforts. By 2009 these trees were gone and  
the Pecos sunflower density dramatically increased.  
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Plant List for Santa Rosa Ciénegas 
*Indicates non-native species 

 
FERNS AND FERN ALLIES 
Equisetaceae - Horsetail Family 
Equisetum laevigatum A. Br. SMOOTH SCOURING RUSH 
 
Pteridaceae – Maiden-hair Fern Family 
Adiantum capillus-vernis L.; SOUTHERN MAIDEN-HAIR 
 
ANGIOSPERMS – Dicotyledonous Plants 
Apiaceae – Parsley Family 
Berula erecta (Hudson) Cov.; WATER-PARSNIP 
 
Apocynaceae - Dogbane Family 
Apocynum cannabinum L.; INDIAN HEMP 
 
Asclepiadaceae - Milkweed Family 
Asclepias incarnata L. subsp. incarnata; SWAMP MILKWEED 
Asclepias speciosa Torr.; SHOWY MILKWEED 
 
Asteraceae - Aster Family 
Ambrosia psilostachya DC.; PERENNIAL RAGWEED 
Baccharis salicina Torr. & Gray; GREAT PLAINS SEEP-WILLOW 
Cirsium wrightii A. Gray; WRIGHT'S MARSH-THISTLE 
Conyza canadensis (L.) Cronq.; CANADIAN HORSEWEED; BH-1 PD-1 
Crepis runcinata (James) Torr. & Gray subsp. glauca (Nutt.) Babcock & Stebbins; FIDDLE-LEAF 

HAWK’S BEARD 
Euthamia occidentalis Nutt.; WESTERN GOLDENTOP 
Flaveria campestris J.R. Johnst.; ALKALI YELLOWTOPS  
Flaveria chlorifolia A. Gray; CLASPING YELLOWTOPS 
Helenium autumnale L. var. montanum (Nutt.) Fern.; FALL SNEEZEWEED 
Helianthus paradoxus Heiser; PECOS SUNFLOWER 
Isocoma pluriflora (Torr. & Gray) Greene; SOUTHERN JIMMYWEED 
Pseudoclappia arenaria Rydb.; CLAPDAISY 
Pyrrhopappus pauciflorus (D. Don) DC.; FALSE DANDYLION 
Solidago canadensis L.; CANADA GOLDENROD 
*Sonchus asper (L.) Hill; SPINY-LEAF SOW-THISTLE 
Symphyotrichum ericoides (L.) Nesom; HEATH ASTER 
 
Boraginaceae – Borage Family 
Heliotropium curassavicum (Nutt.) A. Gray; SEASIDE HELIOTROPE 
 
Brassicaceae – Mustard Family 
*Nasturtium officinale R.Br.; WATERCRESS 
 
Campanulaceae - Harebell Family 
Lobelia cardinalis L.; CARDINAL-FLOWER 
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Chenopodiaceae - Goosefoot Family 
Allenrolfea occidentalis (S. Wats.) Kuntze; IODINEBUSH 
*Bassia hyssopifolia (Pall.) O. Ktze.; SMOTHERWEED 
*Chenopodium glaucum L.; OAK-LEAF GOOSEFOOT 
*Kochia scoparia (L.) Schrad.; KOCHIA 
Suaeda calceoliformis (Hook.) Moquin; LOW SEEPWEED 
 
Convolvulaceae - Morning Glory Family 
*Convolvulus arvensis L.; FIELD BINDWEED 
 
Elaeagnaceae - Oleaster Family 
*Elaeagnus angustifolia L.; RUSSIAN OLIVE 
 
Fabaceae - Pea Family 
Glycyrrhiza lepidota (Nutt.) Pursh; AMERICAN LICORICE 
*Melilotus officinalis (L.) Lam.; YELLOW SWEET-CLOVER 
 
Gentianaceae - Gentian Family 
Eustoma exaltatum (L.) Salisbury ex G. Don; PRAIRIE GENTIAN 
 
Grossulariaceae – Gooseberry Family 
Ribes aureum Pursh var. villosum DC.; BUFFALO CURRANT 
 
Moraceae – Mulberry Family 
*Morus alba L.; WHITE MULBERRY 
 
Onagraceae - Evening Primrose Family 
Ludwigia repens Forst.; WATER PRIMROSE 
Oenothera curtiflora Wagner & Hoch; VELVET-WEED 
 
Plumbaginaceae - Plumbago Family 
Limonium limbatum Small; SOUTHWESTERN SEA LAVENDER 
 
Polygonaceae - Buckwheat Family 
*Polygonum lapathifolium L.; DOCK-LEAF SMARTWEED 
Rumex altissimus Wood; PALE DOCK 
 
Primulaceae - Primrose Family 
Samolus valerandi L.; SEA-SIDE BROOKWEED 
 
Rosaceae – Rose Family 
Potentilla anserina L.; SILVERWEED 
 
Salicaceae - Willow Family 
Populus deltoides Bartram ex H. Marshall subsp. wislizeni (S. Wats.) Echenw.; RIO GRANDE 

COTTONWOOD 
Salix exigua Nutt.; COYOTE WILLOW 
 
Sauruaceae – Lizardtail Family 
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Anemopsis californica (Nutt.) Hook. & Arn.; YERBA MANZA 
 
Solanaceae – Nightshade Family 
Solanum elaeagnifolium Cav.; SILVERLEAF NIGHTSHADE 
 
Tamaricaceae - Tamarisk Family 
*Tamarix chinensis L.; SALTCEDAR 
 
Ulmaceae - Elm Family 
*Ulmus pumila L.; SIBERIAN ELM 
 
Vitaceae – Grape Family 
Parthenocissus vitacea (Knerr) A.S. Hitchc.; THICKET CREEPER 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Cladium californicum (S. Wats.) O’Neill; CALIFORNIA SAWGRASS 
Cyperus odorata L.; RUSTY FLATSEDGE  
Eleocharis rostellata (Torr.) Torr.; BEAKED SPIKE-RUSH 
Fimbristylis puberula (Michx.) Vahl var. interior (Britt.) Kral; HAIRY FIMBRY 
Schoenoplectus acutus (Muhl. ex Bigelow) A.& D. Löve; HARDSTEM BULLRUSH 
Schoenoplectus americanus (Pers.) Volk ex Schinz & R. Keller; CHAIRMAKER’S BULLRUSH 
Schoenoplectus pungens (Vahl) Palla var. longispicatus (Britt.) S.G. Smith; THREE-SQUARE 

BULLRUSH 
 
Iridaceae – Iris Family 
Sisyrinchium montanum Greene; MOUNTAIN BLUE-EYED-GRASS 
 

Juncaceae - Rush Family 
Juncus arcticus Willd. var. balticus (Willd.) Trautvetter; BALTIC RUSH 
Juncus torreyi Coville; TORREY’S RUSH 
 
Juncaginaceae – Arrowgrass Family 
Triglochin maritimum L.; SEASIDE ARROWGRASS 
 
Liliaceae - Lily Family 
*Asparagus officinalis L.; ASPARAGUS 
 
Orchidaceae – Orchid Family 
Epipactis gigantea Dougl. ex Hook.; GIANT HELLEBORINE  
Spiranthes magnicamporum Sheviak; GREAT PLAINS LADIES-TRESSES 
 
Poaceae - Grass Family 
*Agrostis gigantea Roth; REDTOP 
*Arundo donax L.; GIANT REED 
*Bromus catharticus Vahl; RESCUE GRASS 
*Cynodon dactylon (L.) Pers.; BERMUDAGRASS 
Dichanthelium acuminatum (Sw.) Gould & Clark; SLIMLEAF ROSETTEGRASS 
Distichlis spicata (L.) Greene var. stricta (Torr.) Beetle; INLAND SALTGRASS 
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Elymus canadensis L.; CANADA WILDRYE 
Elymus trachycaulis (Link) Gould ex Shinners; SLENDER WHEATGRASS 
*Festuca pratensis Huds.; MEADOW FESCUE 
Hordeum jubatum L.; FOXTAIL BARLEY 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
Panicum capillare L.; WITCHGRASS 
Panicum obtusum H.B.K.; VINE MESQUITE 
Panicum virgatum L.; SWITCHGRASS 
Phragmites australis (Cav.) Steud.; COMMON REED 
Poa arida Vasey; PLAINS BLUEGRASS 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
*Sorghum halepense (L.) Pers.; JOHNSONGRASS 
Sorghastrum nutans (L.) Nash; INDIANGRASS 
Spartina pectinata Link.; PRAIRIE CORDGRASS 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
Sporobolus compositus (Poiret) Merrill; TALL DROPSEED 
 
Ruppiaceae – Ditch-grass Family 
Ruppia cirrhosa (Petagna) Grande; SPIRAL DITCH-GRASS 
 
Typhaceae - Cattail Family 
Typha domingensis; SOUTHERN CATTAIL 
Typha latifolia L.; BROADLEAF CATTAIL 
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MALPAIS SPRING CIÉNEGA 
Otero County, New Mexico 
White Sands Missile Range 
Elevation: 4,130 feet 
Owner: U.S. Department of Defense 
  33.2786°N 106.3101°W 
 

Malpais Spring gushes from the southern terminus of the Carrizozo lava flow into the 
Tularosa Basin, which is a blind intermountain basin with no outlet. The spring water spreads 
across the flat basin floor wetting about 400 acres of salty, gypseous soil creating salt marsh 
and large areas covered by typical ciénega plants. 
 In the early twentieth century this large spring was captured in a conveyance ditch that 
took the water several miles south to irrigate farmland. The natural spring run that ran water 
about one mile to southwest and watered over 300 acres of salt marsh/ciénega was dried up 
and about 95% of the original wetland ecosystem eliminated. When the federal government 
acquired the land as a military reservation, the irrigation ditch was breached near the spring 
source allowing the water to flood the basin again. The breach, however, did not return the 
water to the original spring run so a large new area of ciénega was created closer to the 
spring. 
 The spring run and many acres of shallow lake and emergent salt marsh are habitat for 
the largest population of the threatened White Sands pupfish, which is endemic to the Tularosa 
Basin. Vesiculovirus ‘Malpais Spring virus’ is also endemic to this location. It is carried by two 
mosquito species in the Malpais Spring wetland and infects indigenous mule deer and 
pronghorn and exotic gemsbok (Clark et al. 1988). No endemic or especially rare plant species 
were found in the 2009 field survey of the Malpais Spring wetland, but what this place lacks in 
species diversity – it makes up in importance as a vast area of rare ecosystem. 
 

 

 
Malpais spring runs through an old irrigation ditch before spilling out into the flat basin. 
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Large areas of the Malpais Spring wetland are densely covered with saltgrass and beaked spike-rush, which are 
typical cienega plants as is the prairie gentian (lavender flower). 

 
Areas of wet soil with saltgrass and alkali sacaton are also common and large in the Malpais Spring ciénega. 
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Two permanent, shallow, salty lakes with emergent beaked spikerush and chairmaker’s bulrush cover several 
acres of the Malpais Spring wetland. 

 

 
The seasonally wet and otherwise subirrigated ciénega margins are salty and habitat for halophytic species such as  
Utah glasswort, Trans-Pecos clapdaisy, and alkali-weed. 
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 The Malpais Spring wetalnds are within the White Sands Missile Range military 
reservation and have no current consumptive land use. The area was previously grazed by a 
very large herd of feral horses, but these were eliminated by the1990s and now only a few 
pronghorn and gemsbok graze the ciénega. Non-native saltcedar are abundant at the spring 
head near the edge of the malpais, but are rare out in the wetland and usually associated with 
areas of soil disturbance. 
 
 
 
 
 

 
Subirrigated soils west of the original spring run channel and in a somewhat elevated position have a long patch of 
common reed – the only location for this species in the Malpais Spring ciénega. 



81 

 

Malpais Spring Ciénega Plant Species List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Asteraceae - Aster Family 
Pseudoclappia arenaria Rydb.; CLAPDAISY 
 
Chenopodiaceae - Goosefoot Family 
Allenrolfea occidentalis (S. Wats.) Kuntze; IODINEBUSH 
*Bassia hyssopifolia (Pall.) O. Ktze.; SMOTHERWEED 
Sarcocornia utahensis (Tidestr.) Scott; UTAH GLASSWORT 
 
Convolvulaceae - Morning Glory Family 
Cressa truxillensis H.B.K.; ALKALI-WEED 
 
Gentianaceae - Gentian Family 
Eustoma exaltatum (L.) Salisbury ex G. Don; PRAIRIE GENTIAN 
 
Plumbaginaceae - Plumbago Family 
Limonium limbatum Small; SOUTHWESTERN SEA LAVENDER 
 
Primulaceae - Primrose Family 
Samolus ebracteatus H.B.K. var. cuneatus (Small) Henrickson; LIMEY BROOKWEED 
 
Tamaricaceae - Tamarisk Family 
*Tamarix chinensis L.; SALTCEDAR 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Eleocharis rostellata (Torr.) Torr.; BEAKED SPIKE-RUSH 
Schoenoplectus americanus (Pers.) Volk ex Schinz & R. Keller; CHAIRMAKER’S BULRUSH 
 
Poaceae - Grass Family 
Distichlis spicata (L.) Greene var. stricta (Torr.) Beetle; INLAND SALTGRASS 
Phragmites australis (Cav.) Steud. var. berlandieri (Fournier) Reed; COMMON REED 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
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MOUND SPRINGS 
Lincoln County, New Mexico 
White Sands Missile Range 
Owner:  U.S. Department of Defense 
 

Just west of the Carrizozo lava flow, dozens of spring deposit mounds rise from the floor 
of the Tularosa Basin. Most are naturally extinct, but a few still have pools of water perched on 
mounds of gypsum and salt precipitate. Five of the live springs were surveyed for wetland 
plants in 2009. These are isolated desert springs with very low plant species diversity and 
small areas of wetland vegetation cover. All have slightly different vegetation communities. 
 
 
North Mound Spring 
33.4353°N 106.2896°W 
Elevation: 4,360 feet 
 

The pool at North Mound is about 30 feet across and is recovering from being nearly 
obliterated by a large herd of feral horses that eventually died of thirst. A small population of 
White Sand pupfish has been introduced to this pool – probably from Main Mound Spring. 
There is very little wetland vegetation at the pool and on the mound. The few saltcedar have 
been treated with herbicide and killed. 
 

 
 

 
North Mound Spring, August 2009. Pool surrounded by salt grass, saltmarsh bulrush, and Great Plains seep-willow. The aquatic 
algae is Chara. 
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Main Mound Spring 
33.4257°N 106.2848°W 
Elevation: 4,345 feet 
 

Main Mound Spring is the Largest of the Mound Springs. The upper east pool is a 
natural pool and lower west pool is an excavated impoundment. This spring has a natural 
population of the threatened White Sands pupfish. It has more vegetation than the other 
Mound Springs, but also the most saltcedar. This spring is fenced from feral horses. 
 

 
 

 

 
Main Mound Spring, August 2009. Upper natural pool with southern cattail and beaked spike-rush. 

 
Lower west-side pool is an excavated impoundment.  Aquatic algae is Chara. 



85 

 

Dead Oryx Mound Spring 
33.4170°N 106.2864°W 
Elevation: 4,320 feet 
 

Dead Oryx is the least vegetated of the live Mound Springs. This mound has 
surprisingly little saltgrass. The few saltcedar have been treated with herbicide and are mostly 
dead. The small pool appears to have been dredged in the past. 
 

 
 

 
 

 
Gypsum spring mound elevated a few feet above basin floor. 

 
Dead Oryx Mound Spring, August 2009. Only a few clumps of alkali sacaton. 
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Hare Mound Spring 
33.4090°N 106.2932°W 
Elevation: 4,305 feet 
 

Hare Mound Spring is the smallest of the live Mound Springs and appears to be going 
naturally extinct. There is only a small pool about one-foot in diameter and little wetland 
vegetation.  

 
 

 

 
Gypsum mound rising several feet above the basin floor. 

 
Hare Mound Spring, August 2009. Very small pool surrounded by saltgrass and iodinebush. 
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South Mound Spring 
33.4060°N 106.2946°W 
Elevation: 4,295 feet 
 

South Mound Spring is the second largest of the live Mound Springs. The mound is 
sparsely vegetated and lacks saltgrass. There are only a few saltcedar on the wet mound soil. 
This spring is fenced from feral horses. The pool is completely choked and covered with an 
eight-foot tall stand of broadleaf cattail. 
 

 
 

 

 
Gypsum mound rising several feet above the basin floor. 

 
South Mound Spring, August 2009. Pool completely covered by broadleaf cattail. 
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Mound Springs Plant Species List 

*Indicates non-native species 
 
ANGIOSPERMS – Dicotyledonous Plants 
Asteraceae - Aster Family 
Baccharis salicina Torr. & Gray; GREAT PLAINS SEEP-WILLOW 
 
Chenopodiaceae - Goosefoot Family 
Allenrolfea occidentalis (S. Wats.) Kuntze; IODINEBUSH 
 
Gentianaceae - Gentian Family 
Eustoma exaltatum (L.) Salisbury ex G. Don; PRAIRIE GENTIAN 
 
Primulaceae - Primrose Family 
Samolus ebracteatus H.B.K. var. cuneatus (Small) Henrickson; LIMEY BROOKWEED 
 
Tamaricaceae - Tamarisk Family 
*Tamarix chinensis L.; SALTCEDAR 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Bolboschoenus maritimus (L.) Palla; SALTMARSH BULRUSH 
Eleocharis rostellata (Torr.) Torr.; BEAKED SPIKE-RUSH 
Schoenoplectus americanus (Pers.) Volk ex Schinz & R. Keller; CHAIRMAKER’S BULRUSH 
 
Poaceae - Grass Family 
Distichlis spicata (L.) Greene var. stricta (Torr.) Beetle; INLAND SALTGRASS 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
 
Typhaceae - Cattail Family 
Typha domingensis; SOUTHERN CATTAIL 
Typha latifolia L.; BROADLEAF CATTAIL (ONLY SOUTH MOUND) 
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BARREL SPRING 
Otero County, New Mexico 
White Sands Missile Range 
Owner: U.S. Department of Defense 
Elevation: 4,120 feet 

33.0558°N 106.1606°W 
 

This Tularosa Basin spring emerges through gypsum in the basin floor and creates a 
small pool surrounded by gypsum spring deposit. It is severely impacted and appears to have 
been dredged in the past. A spillway has been cut on the north side to a constructed 
impoundment that is lower and larger than the spring pool. The impoundment is shallowly filled 
with water and southern cattails. Wetland vegetation is mostly aquatic/emergent and riparian 
woodland. Saltceder is abundant and dominates the margins of the spring and lower 
impoundment. 

 
 

 

 
Barrel Spring, August 2009. Small pool filled with southern cattail and surrounded  
by riparian woodland of saltcedar and Gooding’s willow. 

 
Lower impoundment filled with shallow water and southern cattail. 
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Barrel Spring Plant Species List 

*Indicates non-native species 
 
ANGIOSPERMS – Dicotyledonous Plants 
Anacardiaceae - Sumac Family 
Rhus trilobata Nutt.; THREE-LEAF SUMAC 
 
Boraginaceae – Borage Family 
Heliotropium curassavicum (Nutt.) A. Gray; SEASIDE HELIOTROPE 
 
Chenopodiaceae - Goosefoot Family 
Allenrolfea occidentalis (S. Wats.) Kuntze; IODINEBUSH 
 
Oleaceae - Olive Family 
Forestiera pubescens Nutt.; NEW MEXICO OLIVE 
 
Salicaceae - Willow Family 
*Salix babylonica L. WEEPING WILLOW 
Salix gooddingii Nutt.; GOODDING’S WILLOW 
 

Tamaricaceae - Tamarisk Family 
*Tamarix chinensis L.; SALTCEDAR 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Eleocharis rostellata (Torr.) Torr.; BEAKED SPIKE-RUSH 
 
Poaceae - Grass Family 
*Arundo donax L.; GIANT REED 
Distichlis spicata (L.) Greene var. stricta (Torr.) Beetle; INLAND SALTGRASS 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
 
Typhaceae - Cattail Family 
Typha domingensis; SOUTHERN CATTAIL 
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GUILEZ SPRING (TULA POND) 
Otero County, New Mexico 
White Sands Missile Range 
Owner: U.S. Department of Defense 
Elevation: 4,120 feet 

33.0599°N 106.1537°W 
 

This aridland spring is only half a mile northeast of Barrel Spring and forms a small 
pond about 50 feet in diameter within riparian woodland canopy of Rio Grande cottonwood, 
Goodding’s willow, velvet ash and saltcedar. There are some southern cattails in the open 
water. The spring was a recreational area for military personnel and is impacted by roads and 
exotic sport fish. Recreational use is presently not allowed by DOD and the picnic tables are in 
disrepair. 

 
 

 

 
Guilez Spring, August 2009. Spring pool with southern cattail in riparian woodland. 

 
Mature riparian woodland, saltgrass and alkali sacaton surrounding spring pool. 
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Guilez Spring Plant Species List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Anacardiaceae - Sumac Family 
Rhus trilobata Nutt.; THREE-LEAF SUMAC 
 
Asteraceae - Aster Family 
Baccharis salicina Torr. & Gray; GREAT PLAINS SEEP-WILLOW 
 
Chenopodiaceae - Goosefoot Family 
Allenrolfea occidentalis (S. Wats.) Kuntze; IODINEBUSH 
 
Oleaceae - Olive Family 
Forestiera pubescens Nutt.; NEW MEXICO OLIVE 
Fraxinus velutina Torr.; VELVET ASH 
 

Salicaceae - Willow Family 
Populus deltoides Bartram ex H. Marshall subsp. wislizeni (S. Wats.) Echenw.; RIO GRANDE 

COTTONWOOD 
Salix exigua Nutt.; COYOTE WILLOW  
Salix gooddingii Nutt.; GOODDING’S WILLOW 
 

Tamaricaceae - Tamarisk Family 
*Tamarix chinensis L.; SALTCEDAR 
 
ANGIOSPERMS – Monocotyledonous Plants 
Poaceae - Grass Family 
Distichlis spicata (L.) Greene var. stricta (Torr.) Beetle; INLAND SALTGRASS 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
 
Typhaceae - Cattail Family 
Typha domingensis; SOUTHERN CATTAIL 
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UNNAMED SPRING (BATTE WAY CIÉNEGA) 
Otero County, New Mexico 
Owner: NM State Land Office 
Elevation: 5,700 feet 

33.0076°N 105.8709°W 
 

The western foothills of the Sacramento Mountains in the vicinity of La Luz and 
Laborcita canyons had several small hillside and valley bottom aridland spring ciénegas. Most 
have been converted to livestock pastures or the springs captured to irrigate fruit orchards or 
create farm ponds. The endangered Wright’s marsh thistle occurs in this area, but is unlikely to 
still occur on the most modified spring habitats. 
 A small, unnamed spring seep ciénega just above a road called Batte Way still exists 
and illustrates the relatively full suite of species that can occur in very small ciénega habitats. 
This spring lacks Wright’s marsh thistle, but has several typical ciénega plant species. It is on a 
hillside and the lower end of the ciénega has been cut off by the Batte Way road cut exposing 
thick carbonate spring deposits that have been accumulating for a long time. The ciénega itself 
is about 70 x 30 meters, driest at the upper end, and boggy at the lower end where the road 
cut drains the seeping soil down to a road ditch. 
 In addition to the road cut damage, this small ciénega is severely grazed by cattle. 
There are a few saltcedar, but only along the wet road ditch of Batte Way. 
 
 

 
 
 

 
Batte Way road cut exposing spring deposits of carbonate sands and travertine above a darker layer with more organic material  
that may have been a period with productive wetland on oxygen-poor soil. 
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Batte Way Ciénega, July 2009. Dark green area at lower far end of ciénega is a dense patch of beaked spikerush over 
boggy ground. 

 
Upper end of Batte Way Ciénega with drier subirrigated soils covered with scratchgrass and Mexican rush. August 2009. 
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Batte Way Ciénega Plant Species List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Asteraceae - Aster Family 
Baccharis salicina Torr. & Gray; GREAT PLAINS SEEP-WILLOW 
Pseudoclappia arenaria Rydb.; CLAPDAISY 
 
Gentianaceae - Gentian Family 
Eustoma exaltatum (L.) Salisbury ex G. Don; PRAIRIE GENTIAN 
 

Plantaginaceae - Plantain Family 
*Plantago major L.; GREAT PLANTAIN 
 

Onagraceae – Evening Primrose Family 
Oenothera curtiflora Wagner & Hoch; VELVET-WEED 
 

Primulaceae - Primrose Family 
Samolus ebracteatus H.B.K. var. cuneatus (Small) Henrickson; LIMEY BROOKWEED 
 
Ranunculaceae - Buttercup Family 
Ranunculus cymbalaria Pursh; ALKALI BUTTERCUP 
 

Tamaricaceae - Tamarisk Family 
*Tamarix chinensis L.; SALTCEDAR 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Eleocharis rostellata (Torr.) Torr.; BEAKED SPIKE-RUSH 
 
Juncaceae - Rush Family 
Juncus arcticus Willd. var. mexicanus (Willd.) Bals,ev; MEXICAN RUSH 
 
Poaceae - Grass Family 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
*Polypogon viridis (Gouan) Breistroffer; WATER POLYPOGON 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
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KEWA MARSH 
Sandoval County, New Mexico 
Owner: Kewa Pueblo 
Elevation: 5,190-5,200 feet 

35.54590°N 106.35166°W 
 
The most spectacular natural wetland remaining in the middle Rio Grande valley is the 
extensive ciénega and marsh on the east side of the valley north of Kewa (Santo Domingo) 
Pueblo. The wetland is 1.6 miles in length and covers approximately 500 acres. It is a complex 
wetland including shallow ponds; emergent bulrush/cattail marsh; spike-rush/knotgrass marsh 
in peach-leaf willow woodland; short ciénega of scratchgrass, three-square bulrush, and yerba-
mansa; and a few acres of floating beaked spike-rush bog, which is a very rare habitat. The 
hydrology of this appears to include the alluvial aquifer of the Rio Grande and a series of 
springs and seeps (including thermal springs) on the east-central margin of the wetland. The 
surface is mostly intact except for a large drain on the west-central side that is dewatering that 
part of the wetland. Another threat is the dense stands of non-native Russian olive and salt 
cedar trees that shade the drier margins of the ciénega. 
 
The field survey for this report was brief and covered only the central portion. This significant 
natural wetland deserves a great deal more study and protection. 
 
 

 
 
 

 
Kewa Marsh – extensive ciénega of beaked spike-rush and water parsnip. Some parts of this habitat are floating bogs. 
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Kewa Marsh, Sandoval County, NM (35.54590°N 106.35166°W), just north of Kewa Pueblo 
and east of Rio Grande.  
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Kewa Marsh – extensive ciénega of scratchgrass, three-square bulrush, yerba-mansa, and silverweed. Russian 
olive woodland established on the drier margins and encroaching into the ciénega. 

 
Kewa Marsh – spike-rush/knotgrass marsh with a high diversity of wetland forbs and scattered woodland of peach-
leaf willow trees and New Mexico olive. 
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Kewa Marsh Plant List 
* Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Apiaceae – Parsley Family 
Berula erecta (Hudson) Cov.; WATER-PARSNIP 
 
Asclepiadaceae - Milkweed Family 
Asclepias speciosa Torr.; SHOWY MILKWEED 
 
Asteraceae - Aster Family 
Almutaster pauciflorus (Nutt.) Löve; MARSH ASTER 
Bidens tripartita L.; BEGGARTICKS 
*Cirsium vulgare (Savi) Tenore; BULL THISTLE 
Conyza canadensis (L.) Cronq.; CANADIAN HORSEWEED 
*Eclipta prostrata (L.) L.; FALSE DAISY 
Flaveria campestris Johnston; ALKALI YELLOWTOPS 
Helenium autumnale L. var.montanum (Nutt.) Fern.; FALL SNEEZEWEED 
*Lactuca serriola L.; PRICKLY LETTUCE 
Solidago altissima L. subsp. gilvocanescens (Rydb.) Semple; TALL GOLDENROD 
Xanthium strumarium L.; COCKLEBUR 

 
Kewa Marsh – emergent marsh of hard-stem bulrush. 
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Chenopodiaceae - Goosefoot Family 
*Kochia scoparia (L.) Schrad.; KOCHIA 
Suaeda calceoliformis (Hook.) Moquin; LOW SEEPWEED 
 
Elaeagnaceae - Oleaster Family 
*Elaeagnus angustifolia L.; RUSSIAN OLIVE 
 

Lamiaceae - Mint Family 
Lycopus asper Greene; ROUGH WATER-HOREHOUND 
 
Oleaceae - Olive Family 
Forestiera pubescens Nutt.; NEW MEXICO OLIVE 
 
Onagraceae - Evening Primrose Family 
Epilobium ciliatum Raf.; FRINGED WILLOW-HERB 
 

Plantaginaceae - Plantain Family 
*Plantago major L.; GREAT PLANTAIN 
*Veronica anagallis-aquatica L.; BLUE SPEEDWELL 

Polygonaceae - Buckwheat Family 
*Persicaria lapathifolia (L.) Gray; DOCK-LEAF SMARTWEED 
*Persicaria maculosa Gray; LADY’S THUMB 
Polygonum erectum L.; ERECT KNOTWEED 
*Rumex crispus L.; CURLY DOCK 
 
Ranunculaceae – Buttercup Family 
Ranunculus cymbalaria Pursh; ALKALI BUTTERCUP 
Ranunculus sceleratus  L. multifidus Nutt.; CURSED BUTTERCUP 
 

Rosaceae – Rose Family 
Potentilla anserina L.; SILVERWEED 
 
Salicaceae - Willow Family 
Populus deltoides Bartram ex H. Marshall subsp. wislizeni (S. Wats.) Echenw.; RIO GRANDE 

COTTONWOOD 
Salix amygdaloides Andersson; PEACH-LEAF WILLOW 
Salix exigua Nutt.; COYOTE WILLOW 
 
Sauruaceae – Lizardtail Family 
Anemopsis californica (Nutt.) Hook. & Arn.; YERBA MANZA 
 

Solanaceae – Nightshade Family 
Solanum elaeagnifolium Cav.; SILVERLEAF NIGHTSHADE 
 
Tamaricaceae - Tamarisk Family 
*Tamarix chinensis L.; SALTCEDAR 
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Vitaceae – Grape Family 
Parthenocissus vitacea (Knerr) A.S. Hitchc.; THICKET CREEPER 
 
ANGIOSPERMS – Monocotyledonous Plants 
Alismataceae – Water Plantain Family 
Sagittaria cuneata Sheldon; ARUM-LEAF ARROWHEAD 
 
Cyperaceae - Sedge Family 
Cyperus niger Ruiz & Pavon.; BLACK FLATSEDGE  
Eleocharis erythropoda Steudel; BALD SPIKE-RUSH 
Eleocharis palustris (L.) Roe. & Schl.; MARSHY SPIKE-RUSH 
Eleocharis rostellata (Torr.) Torr.; BEAKED SPIKE-RUSH 
Schoenoplectus acutus (Muhl. ex Bigelow) A.& D. Löve; HARDSTEM BULLRUSH 
Schoenoplectus pungens (Vahl) Palla var. longispicatus (Britt.) S.G. Smith; THREE-SQUARE 

BULLRUSH 
 
Juncaceae - Rush Family 
Juncus arcticus Willd. var. balticus (Willd.) Trautvetter; BALTIC RUSH 
Juncus torreyi Coville; TORREY’S RUSH 
 
Liliaceae - Lily Family 
*Asparagus officinalis L.; ASPARAGUS 
 
Poaceae - Grass Family 
Distichlis spicata (L.) Greene var. stricta (Torr.) Beetle; INLAND SALTGRASS 
*Echinochloa crus-galli (L.) Beauv.; LARGE BARNYARDGRASS 
Elymus canadensis L.; CANADA WILDRYE 
*Festuca pratensis Huds.; MEADOW FESCUE 
Hordeum jubatum L.; FOXTAIL BARLEY 
Leptochloa fusca (L.) Kunth subsp. fascicularis (Lam.) Snow; BEARDED SPRANGLETOP 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
Paspalum distichum L.; KNOTGRASS 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
*Polypogon viridis (Gouan) Breis.; WATER POLYPOGON 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
 
Potamogetonaceae - Pondweed Family 
Potamogeton nodosus Poiret; LONG-LEAF PONDWEED 
 
Typhaceae - Cattail Family 
Typha domingensis; SOUTHERN CATTAIL 
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SHORTHORN SPRING 
Sierra County, New Mexico 
Owner: Lake Valley Ranch 
Elevation: 4,470 feet 

32.7578°N 107.3968°W  
 

Shorthorn Spring is in the dry, lower Berrenda Canyon several miles downstream and 
east of the Lake Valley section of Berrenda Canyon. This spring seeped from the foot of the 
northern slope of the valley, but has been captured by spring tanks for livestock water. Surplus 
water overflows the spring tanks and irrigates a small grassy area of of about 30 x 10 meters. 
There are still a few native wetland plants at this location. 
 

 
 

 

 
Shorthorn Spring, July 2009. Spring box and livestock tank with overflow area. 

 
Area irrigated by spring tank overflow is mostly covered with Parish’s spike-rush. 



106 

 

 



107 

 

Shorthorn Spring Plant List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Plantaginaceae - Plantain Family 
Mimulus guttatus DC.; SEEP MONKEYFLOWER 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Cyperus odoratus L.; RUSTY FLAT-SEDGE 
Eleocharis parishii Britt.; PARISH’S SPIKE-RUSH 
 
Poaceae - Grass Family 
*Cynodon dactylon (L.) Pers.; BERMUDAGRASS 
*Echinochloa crus-galli (L.) Beauvois; LARGE BARNYARDGRASS 
Paspalum distichum L.; KNOTGRASS 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
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ALAMOSA SPRINGS CIÉNEGA 
Sierra County, New Mexico 
Owner:  Monticello Community Ditch Association 
Elevation: 6,210 feet 

33.57258°N 107.60042°W 
 

The Alamosa Springs are a complex of springs, seeps and spring runs on the north side 
of the Alamosa Creek valley on the west side of the igneous extrusion called the Monticello 
Box. Some springs here are warm, which accounts for the older name ‘Ojo Caliente’ currently 
out of use. The warmest spring is in a narrow canyon with natural hanging gardens on seeps 
from the canyon walls. The cienega is confined to the western springs on hill sides with two 
spring runs that terminate in marshy valley floor alluvium (see map). The water is alkaline 
enough to deposit some travertine in the spring runs. 

 
Ciénega habitats here vary and 

include constantly saturated hillside 
seeps and spring run creek covered 
with beaked spike-rush and alkaline, 
subirrigated soils with alkali sacaton, 
scratchgrass, yerba-mansa and Baltic 
rush. The lowest part of the ciénega 
near the valley is emergent marsh of 
chairmaker’s bulrush and beaked 
spike-rush. 

This ciénega is notable for its 
large population of the endangered 
Wright’s marsh thistle, which is serval 
hundred to a few thousand adults and 
juvenile rosettes. These are the 
western-most of the known 
populations and are confined here to 
the hillside springs and edges of the 
spring runs. This population is 
relatively short in stature and has 
white to pale pink flowers. 

Alamosa springs also provide 
habitat for the federally endangered 
Chiricahua leopard frog and Alamosa 
springsnail. The very large Califorina 
loosestrife and cardinal-flower 
populations at this location are 
unusual for southwestern ciénegas. 

 
The irrigation association has used heavy equipment to dig-out the hillside springs to 

improve flow and has created some spring run channels to direct flow to Alamosa Creek. This 
earthwork however, has not significantly impacted the wetland. There are patches of non-
native salt cedar along Alamosa Creek, but they are not abundant on the springs and spring 
runs. The greatest potential threat to the springs is a proposed beryllium mine south of 
Alamosa Creek directly opposite the springs. 

 
Alamosa Spring run from the western-most hillside springs. Tall, white-
flowered plants are Wright’s marsh thistle. 
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Lower ciénega near valley bottom at Alamosa springs with beaked spike-rush, Baltic rush, and chairmaker’s bulrush. 

 
Hillside spring seep with beaked spike-rush and Wright’s marsh thistle at Alamosa Springs. 
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Alamosa Springs Cienega Plant List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Apiaceae – Parsley Family 
Berula erecta (Huds.) Cov.; WATER PARSNIP 
 
Asteraceae – Aster 
Almutaster pauciflorus (Nutt.) Löve; MARSH ASTER 
Cirsium wrightii Gray; WRIGHT’S MARSH THISTLE 
Pseudognaphalium stamineum (Kunth) Weber; COTTON-BATTING PLANT 
Symphyotrichum subulatum (Michx.) Nesom var. ligulatum (Shinners) Sundberg: NEW MEXICO 

ASTER 
 
Campanulaceae – Bellflower Family 
Lobelia cardinalis L.; CARDINAL-FLOWER 
 
Lythraceae – Loosestrife Family 
Lythrum californicum Torr. & Gray; CALIFORNIA LOOSESTRIFE 
 
Onagraceae – Evening Primrose Family 
Epilobium ciliatum Raf.; FRINGED WILLOW-HERB 
 
Plantaginaceae - Plantain Family 
Mimulus glabratus H.B.K.; ROUND-LEAF MONKEYFLOWER 
 
Polygonaceae – Buckwheat Family 
*Rumex pulcher L.; FIDDLE DOCK 
Rumex triangulivalvis (Danser) Rech. f.; MEXICAN DOCK 
*Persicaria lapathifolia (L.) Gray; DOCK-LEAF SMARTWEED 
 
Salicaceae – Willow Family 
Salix gooddingii Ball; GOODDING’S WILLOW 
 
Sauruaceae – Lizardtail Family 
Anemopsis californica (Nutt.) Hook. & Arn.; YERBA-MANSA 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Eleocharis rostellata (Torr.) Torr.; BEAKED SPIKE-RUSH 
Schoenoplectus americanus (Pers.) Volk.; CHAIRMAKER’S BULRUSH 
Shoenoplectus pungens (Vahl) Palla var. longispicatus (Britt.)Smith; THREE-SQUARE BULRUSH 
 
Iridaceae – Iris Family 
Sysyrinchium demissum Greene; STIFF BLUE-EYED-GRASS 
 
Juncaceae – Rush Family 
Juncus arcticus Willd. var. balticus (Willd.) Traut.; BALTIC RUSH 
Juncus ensifolius Wikst. var. montanus (Engelm.) Hitchc.; ROCKY MOUNTAIN RUSH 
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Poaceae - Grass Family 
Muhlenbergia asperifolia (Nees & Meyer) Parodi; SCRATCHGRASS 
*Festuca pratensis Hudson; MEADOW FESCUE 
Hordeum jubatum L; FOXTAIL BARLEY 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 

Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
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PALOMAS CANYON CIÉNEGA 
Sierra County, New Mexico 
Owner: Ladder Ranch  
Elevation: 5,375-5,390 feet 

33.17133°N 107.56011°W 
 
 Upper Palomas Canyon on the east side of the Black Range contains a perennial creek 
that becomes intermitant a its lower elevations. A relatively small, previously unknown ciénega 
occur at mid-elevation where a broad segment of Palomas Canyon becomes narrow and 
forces alluvial water to the surface in the main channel and the canyon bottom above the 
channel. The ciénega is a seep about 300 m long and 20-40 m wide. It is subirrigated at the 
upper end, but flowing at the surface on the lower end where beaver have taken advantage of 
the spring run and built a dam. There are no non-native trees and the only physical impact to 
the ciénega is the road crossing an edge of its lower end. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Palomas Canyon Ciénega, Sierra County, NM (33.17133°N 107.56011°W).  
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Palomas Canyon Cienega, standing water near beaver dam. Edge of ciénega wooded with Goodding’s willow 

 
Palomas Canyon Cienega, Sierra County, NM. Knotgrass and spikerush dominate the wettest areas. 
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Palomas Canyon Cienega Plant List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Asteraceae – Aster 
Baccharis salicifolia (Ruiz & Pavon) Pers.; WILLOW BACCHARIS 
*Pseudognaphalium luteoalbum (L.) Hill. & Burtt; JERSEY RABBIT-TOBACCO 
Symphyotrichum subulatum (Michx.) Nesom var. parviflorum (Nees) Sundberg: NEW MEXICO 

ASTER 
*Taraxicum officinale Weber & Wiggers; COMMON DANDELION 
Xanthium strumarium L.; COCKLEBUR 
 
Gentianaceae – Gentian Family 
Zeltnera arizonica (Gray) Mansion; ARIZONA CENTAURY 
 
Onagraceae – Evening Primrose Family 
Epilobium ciliatum Raf.; FRINGED WILLOW-HERB 
 
Plantaginaceae - Plantain Family 
Mimulus glabratus H.B.K.; ROUND-LEAF MONKEYFLOWER 
*Plantago major L.; GREAT PLANTAIN 
*Veronica anagallis-aquatica L.; BLUE SPEEDWELL 
 
Polygonaceae – Buckwheat Family 
*Rumex crispus L.; CURLY DOCK 
 
Ranunculaceae – Buttercup Family 
Ranunculus cymbalaria Pursh; ALKALI BUTTERCUP 
 
Salicaceae – Willow Family 
Salix gooddingii Ball; GOODDING’S WILLOW 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Cyperus esculentus L.; YELLOW FLAT-SEDGE 
Eleocharis sp.; SPIKE-RUSH 
 
Juncaceae – Rush Family 
Juncus arcticus Willd. var. balticus (Willd.) Traut.; BALTIC RUSH 
Juncus longistylis Torr.; LONG-STYLE RUSH 
Juncus torreyi Cov.; TORREY’S RUSH 
 
Poaceae - Grass Family 
Echinochloa crus-pavonis (Kunth) Schultes var. macera (Wiegand) Gould; GULF COAST 

BARNYARDGRASS 
Muhlenbergia repens (Presl) Hitchc.; CREEPING MUHLY 
Paspalum distichum L.; KNOTGRASS 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
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SECO CANYON CIÉNEGA 
Sierra County, New Mexico 
Owner: Ladder Ranch  
Elevation: 5,515 feet 

33.08991°N 107.55825°W 
 
Seco Canyon Ciénega is ssociated with a spring that is perched just above the canyon floor. 
The spring seep quickly gathers into a spring run that flows to the canyon channel so the 
ciénega on the seep is small and only about 80 m long. There are no non-native trees and the 
physical setting is undisturbed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Seco Canyon Ciénega, Sierra County, NM (33.08991°N 107.55825°W).  
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Seco Canyon Cienega Plant List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Asteraceae – Aster 
Baccharis salicifolia (Ruiz & Pavon) Pers.; WILLOW BACCHARIS 
Heliomeris multiflora Nutt. var. nevadensis (Nels.) Yates; SHOWY GOLDENEYE 
*Pseudognaphalium luteoalbum (L.) Hill. & Burtt; JERSEY RABBIT-TOBACCO 
Symphyotrichum subulatum (Michx.) Nesom var. parviflorum (Nees) Sundberg: NEW MEXICO 

ASTER 
 
Gentianaceae – Gentian Family 
Zeltnera arizonica (Gray) Mansion; ARIZONA CENTAURY 
 
Onagraceae – Evening Primrose Family 
Epilobium ciliatum Raf.; FRINGED WILLOW-HERB 
 
Plantaginaceae - Plantain Family 
Mimulus glabratus H.B.K.; ROUND-LEAF MONKEYFLOWER 
 
Polygonaceae – Buckwheat Family 
*Persicaria lapathifolia (L.) Gray; DOCK-LEAF SMARTWEED 
*Rumex crispus L.; CURLY DOCK 

 
Seco Canyon Cienega on spring seep above spring run wooded with Goodding’s willow in background. 



118 

 

 
Salicaceae – Willow Family 
Salix gooddingii Ball; GOODDING’S WILLOW 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Cyperus esculentus L.; YELLOW FLAT-SEDGE 
Eleocharis sp.; SPIKE-RUSH 
 
Juncaceae – Rush Family 
Juncus longistylis Torr.; LONG-STYLE RUSH 
Juncus torreyi Cov.; TORREY’S RUSH 
 
Poaceae - Grass Family 
Echinochloa crus-pavonis (Kunth) Schultes var. macera (Wiegand) Gould; GULF COAST 

BARNYARDGRASS 
Panicum capillare L. var. brevifolium Rydb. & Shear; COMMON WITCHGRASS 
Paspalum distichum L.; KNOTGRASS 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
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CLOVERDALE CIÉNEGA 
Hidalgo County, New Mexico 
Owners: Coronado National Forest 
  Diamond A Ranch  
Elevation: 5,385 feet 

31.4367°N 108.9764°W 
 
 Cloverdale Ciénega consists of large discontinuous areas of wet valley bottom as 
Cloverdale Creek traverses the eastern foothills of Peloncillo Mountains. The historical extent 
of ciénega in this valley was much larger than today. Natural hydrology and topography of the 
valley have been modified by damming or excavating impoundments, pushing up spreader 
dikes, channel excavation and channel down-cut erosion. A large area of the upper ciénega 
was converted to non-native pasture by plowing and establishing an extensive stand of exotic 
Eragrostis curvula (Schrader) Nees var. conferta Stapf (Boer lovegrass) after that part of the 
ciénega had been dried. The Diamond A Ranch, State of New Mexico, and Sky Island Alliance 
are working cooperatively to restore natural sheet-flow during storm events across this upper 
part of the valley in an effort to reestablish the ciénega. 
 The wettest part of the valley still supports a 50-acre remnant of the ciénega on 
Coronado National Forest and adjoining Diamond A Ranch land. This portion of the valley floor 
appears to overlay an upward sloping area of bedrock that forces the alluvial aquifer to the 
surface. This area is permanently wet and supports a classic ciénega ecosystem.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
Small area of open water on National Forest land at Cloverdale Ciénega surrounded by rushes, sedges and a few mature Goodding’s 
 willow trees. 
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Plant diversity is especially high for a New Mexican ciénega with 38 obligate or facultative 
wetland species. Of particular interest is a stand of Sorghastrum nutans (Indian grass) and 
Panicum virgatum (switchgrass), which are common species of the tall grass prairie in the 
Great Plains ecoregion. These grasses occasionally occupy ciénega habitats in the arid 
Southwest. The largest stand of Indian grass and switchgrass in New Mexico occurs in the 
ciénegas at Santa Rosa. The most significant find at the Cloverdale Ciénega was a large 
population of Heliomeris hispida (rough goldeneye). This annual sunflower has a widespread 
distribution, but is rarely collected and may be a rare wetland plant. It is currently known from 
only a few salt marshes in California and Utah and from a few ciénega and riparian habitats in 
Arizona, New Mexico and Sonora. 
 No serious exotic plant infestations were observed during this survey. Additional plant 
species will likely be found in the Cloverdale Ciénega with more thorough searching and at 
different times of the year. The Carex (sedge) species forming dense rhizomatous patches 
with very long, broad leaves is especially puzzling and needs to be collected in fruit. The 
ciénega remnants further downstream near Cloverdale Spring also need to be botanically 
surveyed.  
 A large pond impoundment further up stream is occupied by a large population of the 
endangered Chiricahua leopard frog, but no amphibians were observed at the open water on 
the National Forest part of the ciénega during this visit. Density and diversity of invertebrates at 
Cloverdale Ciénega were not sampled, but were very impressive with an abundance of 
arachnids and numerous species of odonates, orthopterans and dipterans. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Dense mat of long sedge leaves in foreground and the tawny inflorescence of Indian grass in background before the trees. A Forest Service 
wildlife guzzler has been constructed on this cienega. 
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Eastern wet edge of Cloverdale Ciénega with rushes, whorled milkweed and perennial ragweed. 
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Cloverdale Ciénega Plant Species List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Asclepiadaceae - Milkweed Family 
Asclepias subverticillata (Gray) Vail; HORSETAIL MILKWEED 
 
Asteraceae - Aster Family 
Ambrosia psilostachya DC.; PERENNIAL RAGWEED 
Artemisia carruthii Wood; CARRUTH’S WORMWOOD 
Bidens cernua L.; NODDING BEGGARTICKS 
Conyza canadensis (L.) Cronq.; CANADIAN HORSEWEED 
Heliomeris hispida (A. Gray) Cockerell; ROUGH GOLDENEYE 
*Lactuca serriola L.; PRICKLY LETTUCE 
Solidago missouriensis; MISSOURI GOLDENROD 
Symphyotrichum ericoides (L.) Nesom; HEATH ASTER 
 
Chenopodiaceae - Goosefoot Family 
Chenopodium berlandieri Moquin-Tandon; PITTED GOOSEFOOT 
 
Fabaceae - Pea Family 
Trifolium wormskjoldii Lehm. var. arizonicum (Greene) Barneby; CUSP CLOVER 
 
Malvaceae - Mallow Family 
Sidalcea neomexicana A. Gray; NEW MEXICO CHECKERMALLOW 
 
Onagraceae - Evening Primrose Family 
Epilobium ciliatum Raf.; FRINGED WILLOW-HERB 
 
Plantaginaceae - Plantain Family 
Mimulus gutatus DC.; SEEP MONKEY-FLOWER 
 
Polygonaceae - Buckwheat Family 
Polygonum erectum L.; ERECT KNOTWEED 
*Rumex crispus L.; CURLY DOCK 
 
Ranunculaceae – Buttercup Family 
Ranunculus hydrocharoides A. Gray; FROG-BIT BUTTERCUP 
 
Rubiaceae – Madder Family 
Galium trifidum L. var. subbiflorum Wieg.; THREE-PETAL BEDSTRAW 
 
Salicaceae - Willow Family 
Salix gooddingii Ball; GOODDING’S WILLOW 
 
Solanaceae – Nightshade Family 
Solanum elaeagnifolium Cav.; SILVERLEAF NIGHTSHADE 
 
ANGIOSPERMS – Monocotyledonous Plants 
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Cyperaceae - Sedge Family 
Carex praegracilis W. Boott; FIELD SEDGE  
Carex sp.; SEDGE 
Cyperus esculentus L.; YELLOW NUT-SEDGE 
 
Juncaceae - Rush Family 
Juncus arcticus Willd. var. balticus (Willd.) Truatv.; BALTIC RUSH 
Juncus interior Wieg.; INLAND RUSH 
Juncus torreyi Coville; TORREY’S RUSH 
 
Poaceae - Grass Family 
*Echinochloa crus-galli (L.) Beauv.; LARGE BARNYARDGRASS 
Echinochloa muricata (Beuv.) Fern.; COCKSPUR 
Elymus canadensis L.; CANADA WILDRYE 
Elymus longifolius (Smith) Gould; LONGLEAF SQUIRRELTAIL 
Hordeum jubatum L.; FOXTAIL BARLEY 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
Panicum obtusum H.B.K.; VINE MESQUITE 
Panicum virgatum L.; SWITCHGRASS 
Paspalum distichum L.; KNOTGRASS 
*Poa pratensis L.; KENTUCKY BLUEGRASS 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
Sorghastrum nutans (L.) Nash; INDIANGRASS 
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CIÉNEGA SPRING (LANG CIÉNEGA) 
Hidalgo County, New Mexico 
Owners: Diamond A Ranch  
Elevation: 5,150 feet 

31.3360°N 108.8109°W 
 
 Ciénega Spring occurs below an abandoned ranch house just north of the US/Mexico 
border at the south end of the Pleistocene lake bed of the Animas Playa. The spring itself is 
only a small surface seep in an extensive ciénega wetland called the Lang Ciénega. This 
ciénega is about 0.1 to 0.25 miles wide and 2.5 miles long covering approximately 60 acres. It 
apparently runs along a fault line on the northern toe of the Sierra San Luis. Satellite imagery 
shows the ciénega habitat extending across the international border about a quarter mile into 
Sonora. 
 The ciénega occupies two different types of topography. The western half is on a gentle 
north-facing slope and is intermittently wet at the surface or dry and subirrigated in the root 
zone. This part has a diverse flora of both obligate and facultative wetland plants. The eastern 
half seeps from the toe of the slope and into the playa bottom. It is generally wetter and 
dominated by obligate wetland species. 
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Plant diversity is especially high for a New Mexican ciénega with 50 obligate or facultative 
wetland species. Of particular interest is the population of Hypericum mutilum (dwarf St. John’s 
wort) at Ciénega Spring, which is the first record for this species for the State of New Mexico. 
This small-flowered annual is wide-spread and relatively common, but had not been found in 
New Mexico before this survey. Additionally, Cyperus acuminata (taper-tip flat-sedge) and 
Chamaecyse nutans (eyebane) had each been found in New Mexico only one time before this 
survey found them in Lang Ciénega. Another significant find at Lang Ciénega was a large 
population of Heliomeris hispida (rough goldeneye). This annual sunflower has a widespread 
distribution, but is rarely collected and may be a rare wetland plant. It is currently known from 
only a few salt marshes in California and Utah and from a few ciénega and riparian habitats in 
Arizona, New Mexico and Sonora. 
 No serious exotic plant infestations were observed during this survey. Additional plant 
species will likely be found in Lang Ciénega with more thorough searching and at different 
times of the year. The Carex (sedge) species forming dense rhizomatous patches with very 
long, broad leaves is especially puzzling and needs to be collected in fruit.  

Density and diversity of invertebrates at Cloverdale Ciénega were not sampled, but 
were very impressive with an abundance of arachnids and numerous species of odonates, 
orthopterans and dipterans. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

 
Western sloping part of Lang Ciénega with sedges, rushes, ragweed and goldenrod. 
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Seeping toe of slope near Ciénega Spring with scattered Goodding’s willow, boggy soils with sedge, flat-sedge and 
scratchgrass.  

 
Playa bottom portion of Lang Ciénega of mostly sedges and scratchgrass. Yellow flowers are rough goldeneye. 
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Boggy parts of Lang Ciénega are impacted by feral pigs wallowing and rooting for underground plant parts. 

 
Feral pig wallows create openings and microtopography suitable for annual wetland plants, but may have already 
uprooted and eliminated uncommon perennial species. 
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Ciénega Spring (Lang Ciénga) Plant Species List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Apiaceae - Celery Family 
Berula erecta (Huds.) Cov.; WATER PARSNIP 
Eryngium heterophyllum Engelm.; WRIGHT’S ERYNGO 
 
Asclepiadaceae - Milkweed Family 
Asclepias subverticillata (Gray) Vail; HORSETAIL MILKWEED 
 
Asteraceae - Aster Family 
Ambrosia psilostachya DC.; PERENNIAL RAGWEED 
Artemisia carruthii Wood; CARRUTH’S WORMWOOD 
Conyza canadensis (L.) Cronq.; CANADIAN HORSEWEED 
Heliomeris hispida (A. Gray) Cockerell; ROUGH GOLDENEYE 
*Lactuca serriola L.; PRICKLY LETTUCE 
Pseudognaphalium stamineum (Kunth) W.A. Weber; COTTON-BATTING-PLANT 
Solidago missouriensis; MISSOURI GOLDENROD 
Symphyotrichum ericoides (L.) Nesom; HEATH ASTER 
Symphyotrichum subulatum (Michaux) Nesom var. ligulatum (Shinners) Sundberg; NEW 

MEXICO ASTER 

 
Floating spike-rush bog with tall stand of hard-stem bulrush (right side) below stock tank at eastern end of 
 Lang Cienega (31.33921°N 108.80347°W). 
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Chenopodiaceae - Goosefoot Family 
Chenopodium berlandieri Moquin-Tandon; PITTED GOOSEFOOT 
 
Euphorbiaceae - Spurge Family 
Chamaesyce nutans (Lagasca) Small; EYEBANE 
Euphorbia davidii Subils; DAVID’S SPURG 
 
Fabaceae - Pea Family 
Hoffmannseggia glauca (Ortega) Eifert; WAXY HOG-POTATO 
Trifolium wormskjoldii Lehm. var. arizonicum (Greene) Barneby; CUSP CLOVER 
 
Hypericaceae – St. John’s Wort Family 
Hypericum mutilum L.; DWARF ST. JOHN’S WORT 
 
Lythraceae - Loosestrife Family 
Lythrum californicum Torr. & Gray; CALIFORNIA LOOSESTRIFE 
 
Malvaceae - Mallow Family 
Sidalcea neomexicana A. Gray; NEW MEXICO CHECKERMALLOW 
 
Myrsinaceae - Myrsine Family 
*Centunculus minimus L.; CHAFFWEED 
 
Onagraceae - Evening Primrose Family 
Epilobium ciliatum Raf.; FRINGED WILLOW-HERB 
Ludwigia palustris (L.) Elliott; MARSH PRIMROSE-WILLOW 
Oenothera elata Kunth subsp. hirsutissima (A. Gray) Dietrich; HOOKER’S EVENING-PRIMROSE 
 
Plantaginaceae - Plantain Family 
Mimulus gutatus DC.; SEEP MONKEY-FLOWER 
 
Polygonaceae - Buckwheat Family 
*Persicaria lapathifolia (L.) A. Gray; DOCK-LEAF SMARTWEED 
*Persicaria maculosa Gray; LADY’S-THUMB 
Polygonum erectum L.; ERECT KNOTWEED 
*Rumex crispus L.; CURLY DOCK 
 
Ranunculaceae – Buttercup Family 
Ranunculus cymbalaria Pursh; ALKALI BUTTERCUP 
 
Salicaceae - Willow Family 
Salix gooddingii Ball; GOODDING’S WILLOW 
 
Scrophulariaceae – Figwort Family 

*Verbascum virgatum Stokes; WAND MULLEIN 
 
Solanaceae – Nightshade Family 
Solanum elaeagnifolium Cav.; SILVERLEAF NIGHTSHADE 
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ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Carex praegracilis W. Boott; FIELD SEDGE  
Carex sp.; SEDGE 
Cyperus acuminatus Torr. & Hook.; TAPER-TIP FLAT-SEDGE 
Cyperus esculentus L.; YELLOW NUT-SEDGE 
Cyperus niger Ruiz & Pavon; BLACK FLAT-SEDGE 
Eleocharis acicularis (L.) Roemer & Schultes; NEEDLE SPIKE-RUSH 
Eleocharis macrostachya Britt.; PALE SPIKE-RUSH 
Schoenoplectus acutus (Muhl.) Löve var. occidentalis (S. Wats.) Smith; HARDSTEM BULRUSH 
 
Juncaceae - Rush Family 
Juncus accuminatus Michaux; KNOTTY RUSH 
Juncus arcticus Willd. var. balticus (Willd.) Truatv.; BALTIC RUSH 
Juncus marginatus Rostk.; GRASS-LEAF RUSH 
Juncus torreyi Coville; TORREY’S RUSH 
Juncus xiphioides Meyer; IRIS-LEAF RUSH 
 
Lemnaceae – Duckweed Family 
Lemna gibba L.; INFLATED DUCKWEED 
 
Poaceae - Grass Family 
*Echinochloa crus-galli (L.) Beauv.; LARGE BARNYARDGRASS 
Elymus longifolius (Smith) Gould; LONGLEAF SQUIRRELTAIL 
Eragrostis intermedia A.S. Hitchc.; PLAINS LOVEGRASS 
Hordeum jubatum L.; FOXTAIL BARLEY 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
Panicum obtusum H.B.K.; VINE MESQUITE 
Paspalum distichum L.; KNOTGRASS 
*Poa pratensis L.; KENTUCKY BLUEGRASS 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
Sporobolus airoides (Torr.) Torr.; ALKALI SACATON 
Sporobolus wrightii Munro; GIANT SACATON 
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ANIMAS CREEK CIÉNEGA 
Hidalgo County, New Mexico 
Owners: Diamond A Ranch  
Elevation: 5,100 feet 

31.52533°N 108.87275°W  
 

A third large ciénega on the Diamond A Ranch is in the Animas Creek valley close to 
the ranch headquarters. It occupies the flood plain adjacent to Animas Creek and is mostly 
within the alluvial aquifer. The springs at north end of the ciénega are perched somewhat 
above the creek channel and have dependable flow in dry years. The central part of Animas 
Creek Ciénega consists of large stands of cattails with scattered Goodding’s willows 
surrounded by extensive sedge meadows. Plant species diversity in this ciénega is less than 
Cloverdale or Lang ciénegas (see preceeding). 

There are no non-native trees in the physical setting is nearly intact. There is an old low 
dike on the southern end and a small part of the southwestern side has been recently replaced 
by construction of a large earth tank. 
 
 
 

 
 
 
 
 
 
 

 
One of the springs with constant surface water near the north end of Animas Creek Ciénega (31.52817°N 108.87275°W). 
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Animas Creek Ciénega, Hidalgo County, NM (31.52533°N 108.87275°W).  
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Large earth tank recently constructed in on southwestern part of Animas Creek Ciénega. 

 
Animas Creek Ciénega. Extensive segde meadows surround cattail stands with scattered Goodding’s 
 willows. 
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Animas Creek Ciénega Plant Species List 
*Indicates non-native species 

 
ANGIOSPERMS – Dicotyledonous Plants 
Asclepiadaceae - Milkweed Family 
Asclepias subverticillata (Gray) Vail; HORSETAIL MILKWEED 
 
Asteraceae - Aster Family 
Ambrosia psilostachya DC.; PERENNIAL RAGWEED 
Conyza canadensis (L.) Cronq.; CANADIAN HORSEWEED 
Heliomeris hispida (A. Gray) Cockerell; ROUGH GOLDENEYE 
*Lactuca serriola L.; PRICKLY LETTUCE 
 
Fabaceae - Pea Family 
Trifolium wormskjoldii Lehm. var. arizonicum (Greene) Barneby; CUSP CLOVER 
 
Lamiaceae – Mint Family 
Lycopus americanus Muhl.; AMERICAN WATER-HOREHOUND 
 
Malvaceae - Mallow Family 
Sidalcea neomexicana A. Gray; NEW MEXICO CHECKERMALLOW 
 
Onagraceae - Evening Primrose Family 
Epilobium ciliatum Raf.; FRINGED WILLOW-HERB 
Ludwigia palustris (L.) Elliott; MARSH PRIMROSE-WILLOW 
 
Plantaginaceae - Plantain Family 
Mimulus gutatus DC.; SEEP MONKEY-FLOWER 
 
Polygonaceae - Buckwheat Family 
Persicaria amphibia (L.) S.F Gray; WATER SMARTWEED 
*Rumex crispus L.; CURLY DOCK 
 
Salicaceae - Willow Family 
Salix gooddingii Ball; GOODDING’S WILLOW 
 
Solanaceae – Nightshade Family 
Solanum elaeagnifolium Cav.; SILVERLEAF NIGHTSHADE 
 
ANGIOSPERMS – Monocotyledonous Plants 
Cyperaceae - Sedge Family 
Carex pellita Muhl.; WOOLY SEDGE 
Carex praegracilis W. Boott; FIELD SEDGE  
Carex sp.; SEDGE 
Cyperus esculentus L.; YELLOW NUT-SEDGE 
 
Juncaceae - Rush Family 
Juncus interior Wieg.; INLAND RUSH 
Juncus torreyi Coville; TORREY’S RUSH 
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Poaceae - Grass Family 
*Echinochloa crus-galli (L.) Beauv.; LARGE BARNYARDGRASS 
Hordeum jubatum L.; FOXTAIL BARLEY 
Muhlenbergia asperifolia ((Nees & Mey. ex Trin.) Parodi; SCRATCHGRASS 
Panicum obtusum H.B.K.; VINE MESQUITE 
*Polypogon monspeliensis (L.) Desf.; RABBITFOOTGRASS 
 
Typhaceae – Cattail Family 
Typha latifolia L.; BROADLEAF CATTAIL 
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MANAGEMENT CHALLENGES 
 Some remnant southwestern ciénegas have been acquired by federal and state 
governments and The Nature Conservancy as natural preserves or wildlife refuges. These 
have usually been protected because of the rare or endangered animals inhabiting the actual 
spring features, but the rare ciénega plants also need to be considered in preserve 
management. Ciénegas are productive and dynamic biotic communities that have attracted 
use by large herbivores for millions of years. A protective fence and hands-off approach for 
preserve management may only yield a ciénega that is overgrown, thatchy, drying, and pest-
ridden (Kodric-Brown and Brown 2007, Unmack and Minckley 2008). Needs for grazing or fire 
prescriptions, aquifer protection or restoration, and weed control calls for active management. 
 Restoration and management of ciénegas affected by arroyo cuts that have lowered the 
potentiometric surface of adjacent springs and seeps will require the very difficult task of 
aggrading incised channels (Minckley and Brunelle 2007, Turner and Fonseca 2008). The 
ground water of a dead or damaged ciénega may still be close to the surface, but requires 
significant sedimentation and restoration of sheet flow to bring the potentiometric surface back 
to ground level and re-establish a “living” ciénega. On the other hand, former ciénegas 
supported by spring aquifers that have been depleted by groundwater pumping are unlikely to 
resume surface flow and become “living” again for the foreseeable future. 
  Most southwestern ciénegas are in private ownership because the spring 
features associated with them are valuable assets in an arid region. Restoration, protection 
and management of these rare and unique habitats are costly and require perpetual effort. 
Government programs that acquire ciénegas or assist landowners with their management are 
greatly needed in the southwestern states. 
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INTRODUCTION 
Although wildfires are a natural driver shaping southwest forest ecosystems, frequent large scale mega 
fires are a recent phenomenon in the Southwest, associated with decades of grazing and fire suppression 
activities as well as prolonged droughts caused by climate change. In 2012 and 2013, the Whitewater-
Baldy, Little Bear, and Silver wildfires burned nearly half a million (472,750) acres of forested lands in 
New Mexico.  As many as 15 state and federal Species of Concern may have had significant portions of 
their range burned by these fires (Roth 2016). Between 2000 and 2013 over 1 million acres have burned 
on the Gila National Forest in Catron, Grant, and Sierra counties of New Mexico (1, 034350 acres).  In 
2012 the Whitewater–Baldy Fire burned approximately 290,000 acres of forest land, followed in 2013 by 
the Silver Fire, which burned an additional 138,698 acres.  

The Gila National Forest lists 21 plant species a Forest Sensitive, which have been documented from 158 
sites (Figure 1).  Thirty-one percent  of these 158 known rare plant sites occur within the Whitewater–
Baldy fire perimeter, including a significant portion of the known range of several highly endemic plant 
species (Figure 1). In addition, a significant portion of the known range of several rare plant species 
burned in the 2013 Silver Fire and the 2006 Bear Fire, resulting in the burning of 68% of all 158 known 
sites of Forest Sensitive plants since 2006.  For some of these species, it is estimated that their entire 
known range might have burned, potentially putting them at risk of extinction and therefore possibly 
requiring protection under the federal Endangered Species Act.  Although it is generally assumed that 
native plant species are adapted to natural fire cycles and will therefore experience a natural recovery, the 
response of these sensitive species to wildfire and potential associated habitat alterations has not been 
studied.  

All 22 species are also listed as Species of Concern (SOC) with the State of New Mexico and the U.S. 
Fish & Wildlife Service (USFWS) and include one NM State Listed Endangered plant, Goodding’s onion 
(Allium gooddingii) (NMRPTC 1999).  From these, 8 target species were identified for the post-fire 
impact study, primarily based on rarity and occurrences within the fire perimeters: 
 

1. Goodding’s Onion (Allium gooddingii) 
2. Mogollon death camas  (Anticlea mogollonensis) 
3. Gila thistle (Cirsium gilense) 
4. Heartleaf groundsel (Packera cardamine) 
5. Hess’ fleabane (Erigeron hessii) 
6. Mogollon hawkweed (Hieracium brevipilum)  
7. Metcalfe’s penstemon (Penstemon metcalfei) 
8. Mimbres figwort (Scrophularia macrantha) 

 

The primary objectives of this study were to collect baseline information on the initial response of rare 
plant species to wildfires at varying levels of fire severity, collect baseline information on the impacts of 
altered fire regimes (increased severity and frequency) to the habitats rare plants, including the invasion 
of nonnative plants, and to collect baseline information on how habitats will be altered by vegetation 
community changes brought on by the synergistic effects of wildfires, continued drought, and the 
invasion of nonnative species. 
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Expected Results or Benefits:   

• Provide recommendations for SOC plant species management before, after, and during wildfires.  
• Provide updates on the current, post-fire status of SOC plants to the USFWS and land 

management agencies. 
• Provide a framework for addressing SOC plant species management in response to increased 

wildfire severity and frequency. 
 

 
Figure 1.  Documented rare plant locations in the Gila National Forest prior to 2013.  Shaded polygons 

represent historic fire perimeters since 2000.  Orange polygon:  Whitewater-Baldy Fire 
perimeter.  Yellow polygon:  Silver Fire.  Individual symbols represent individual rare plant 
species sites.   
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METHODS 
Eight Species of Concern were selected for study based on their known occurrences within the 2012 
Whitewater-Baldy and 2013 Silver Fire perimeters and overall rarity. Targeted were areas of documented 
occupation within fire perimeters. Initial location data was provided by the Gila National Forest and the 
Natural Heritage Program of New Mexico (NHNM).   Additional locational information was obtained 
online through the Southwest Environmental Information Network (SEINet) 
(http://swbiodiversity.org/seinet/index.php). Status surveys were performed during the optimum survey 
period for detection and proper identification during flowering and fruiting season. All documented sites 
within the mapped fire perimeters and their periphery were attempted to be located during the summers of 
2013, 2014, and 2015.  Plants were documented with waypoints using a handheld Garmin Montana GPS 
and mapped using ArcMap 10.1.  Each waypoint represents an occupied location or site where 1 to many 
plants were documented within approximately 100 ft radius of the waypoint. Documented were the 
estimated number of plants, associated species, fire severity, observed disturbances, and the presence of 
invasive species.  Because fires burn in patches and sensitive plant species often occur in small 
microhabitat sites, burn severity was determined on site where plants were located during the survey, or 
where plants were mapped prior to the fire. An area of occupied habitat was determined severely burned 
if the tree canopy over a site or in the immediate vicinity of a site was at least 80% dead.  A moderate 
burn was considered if the canopy was 30 - 80% dead, and a light burn contained up to 30% dead trees. 
Specimens collected for verification of identification and documentation purposes were deposited at the 
University of New Mexico Herbarium in Albuquerque.  

 

 

 

http://swbiodiversity.org/seinet/index.php
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Whitewater-Baldy Fire 
The Whitewater-Baldy fire burned approximately 290,000 acres of forested lands in the Mogollon 
Mountain in 2012 (USFS 2012).  Six of the eight targeted Species of Concern were known to occur 
within the Whitewater-Baldy Fire perimeter (Figure 2).  Two of these six Species of Concern had their 
entire known range burned, including (Hess fleabane (Erigeron hessii) and Mogollon death camas 
(Anticlea mogollonensis)).  Goodding’s onion (Allium gooddingii), Gila thistle (Cirsium gilense), 
heartleaf groundsel (Packera cardamine), and Mogollon hawkweed (Hieracium brevipilum) had a 
significant portion of their known distribution burned by the fire. 

 

Figure 2.  Documented rare plant locations within the Whitewater-Baldy fire perimeter, prior to 2013 
(Gila NF 2013).  
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RESULTS 
 
 

Summary 
 
Except for a few areas which were diffcult to reach due post-fire habitat conditions, this survey attempted 
to relocate the majority of sites for the 6 target species known to occur within the Whitewater-Baldy Fire 
perimeter.  Most of the locational information was derived from the specimen record, largely 
documenting plants prior to the the advent of Global Positioning Devices (i.e. prior to 1995).  Therefore 
mapped locations provided were often very general or possibly inaccurate.  Except for Goodding’s onion 
(Allium gooddingii), no inventory to document the abundance and distribution had been completed prior 
to the fire for the majority of the 6 target species.  But even for Goodding’s onion the last pre-fire surveys 
were performed before 1997 and little data on abundance was available prior to the 2012 fire.  The 
majority of known locations for these rare plants came from the specimen record, providing incidental 
locational information, but no data on abundance or actual distribution of the species within the Gila 
National Forest.  In the absence of baseline information it is not possible to determine whether there are 
fewer or possibly more plants after the fire than there had been prior to the fire.   

With the exception of habitats burned in the 2006 Bear Fire, all six target species within the Whitewater-
Baldy Fire perimeter still occupied the general areas and habitat from where they were documented prior 
to the 2012 fire (Figure 3).  Therefore it can be assumed that these rare plants generally survive the direct 
impacts of fires, regardless of fire severity.  However, long term impacts of radical habitat alteration 
caused by severe fires may ultimately cause the decline or even disappearance of several species from 
their current occupied habitats.  These include species adapted to growing under the canopy of mixed 
conifer forests, along N-facing slopes, in shady canyon bottoms, and without competition from more 
aggressive sun loving plants.  It is assumed that sensitve species such as Goodding’s onion (Allium 
gooddingii), Mogollon death camas (Anticlea mogollonensis), and heartleaf groundsel (Packera 
cardamine) may disappear over time, as indicated by survey results for Goodding’s onion in the Indian 
Creek drainage, which severely burned in the 2006 Bear Fire.  Surveys in areas severely burned in the 
Bear Fire documented the complete absence of this species, likely due to habitat and plant community 
changes over time, caused by the complete removal of the forest canopy overstory. 

Three of the 6 target species within the Whitewater-Baldy Fire perimeter are  not likely impacted or 
possibly even positively impacted by the fire and are experiencing few, if any, alterations to their habitats 
from direct impacts of the fire or post-fire impacts.  These include Hess fleabane (Erigeron hessii), 
Mogollon hawkweed (Hieracium brevipilum), and Gila thistle (Cirsium gilense). 

The presence and density of invasive species, native as well as introduced, changed from one year to the 
next, apparently depending on rainfall and to some degree elevation.  In general, invasive species were 
documented in low numbers, typically in patchy stands, throughout the burned area.  The most commonly 
documented invasive species included horseweed (Conyza canadensis), mullein (Verbascum thapsus), 
and bull thistle (Cirsium vulgare).  Mullein and bull thistle are considered nonnative.  There were 
significantly fewer invasive species and at lower densities at higher elevations, above 8,000ft. Horseweed 
was especially ubiqutous during the 2015 surveys at the lower elevations of B.S. Canyon, where it was 
the dominant species.  All three species are annual or biennials and densities are therefore expected to 
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vary between years, depending on rainfall amounts and timing.  Other invasives documented included 
broadleaf plantain (Plantago major), dandelion (Taraxacum officinale), and white goosefoot 
(Chenopodium album).  Competition from the aggressive regeneration of native aspen stands and other 
native woody deciduous species may also impact some extant sites and habitats of Goodding’s onion, 
Moggollon death camas, and heartleaf groundsel. 

 
 

Figure 3.  Post-fire rare plant sites documented from 2013 to 2015.  
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Goodding’s Onion  
(Allium gooddingii) 
 

  
 

Goodding’s onion is perennial herb in the lily family (Liliaceae).  It is endemic to New Mexico and 
Arizona where it generally occurs under the canopy of mature mixed conifer and spruce forests, along 
north-trending drainage bottoms associated with perennial and intermittent stream courses at elevations 
between 7,000 and 11,300 ft (NMRPTC 1999). In New Mexico the species is known from the Gila and 
Lincoln National Forests. The White Mountain population in the Sierra Blanca region of the Lincoln 
National Forest in New Mexico is unique because plants occur in open meadows, avalanche chutes and 
ski slopes surrounded by subalpine forests above 10,200 ft (NMRPTC 1999).   

Goodding’s onion was a Candidate for Federal listing under the Endangered Species Act until a 
Candidate Conservation Agreement (CCA) was signed between the U.S. Forest Service (USFS) and the 
USFWS, providing management guidance to ensure the protection of the species in the absence of listing 
(USFS & USFWS 1997).  The majority of sites known prior to this study were last documented well 
before the 1997 CCA was established. No additional inventories or monitoring took place after the CCA 
was finalized (Laurenzi & Anderson 2011).  Goodding’s onion continues to be a Forest Sensitive Species 
and a Species of Concern for the USFWS.  It is also listed endangered with the State of New Mexico. 
NatureServe gives Goodding’s onion an updated conservation rank of S2 (imperiled) for New Mexico 
(2016).  It is estimated that 94 % of all documented sites in AZ and NM burned in 3 different fires 
between 2011 and 2012.   



  

9 
 

Prior to this study 30 sites had been documented from the Gila National Forest for Goodding’s onion 
(NHNM 2013). Twenty-eight of these 30 known locations on the Gila National Forest burned since 2006, 
including 21 sites during the 2012 Whitewater-Baldy Fire. This study attempted to relocate 18 of the 21 
documented locations within the Whitewater-Baldy fire perimeter.  In addition, five locations that were 
burned in 2006 were visited for reference purposes to determine the possible long-term impacts of habitat 
alteration. 

Twenty of the 30 known locations were also visited by another researcher in 2012, including 9 sites 
burned in 2012, 6 sites burned in 2006, and 5 unburned sites (Crosley 2012) (Table 1). Pre-fire population 
estimates were largely not available, but the number of plants estimated for these 9 sites several months 
post–fire were significantly lower in 2013 through 2015 over 2012 estimates (Table 1). No plants were 
found in 2012 nor 2015 in 5 sites burned in 2006 in the Indian Creek drainage.  Only one site was found 
to contain Gooding’s onion in 2012 in a burned area of the Indian Creek drainage (Indian Creek 24).  A 
total of 75 plants were found in small patches under unburned canopy and open areas. This site reported 
1,000 plants in 1991 and was one of the largest sites documented prior to the fires (NHNM 2013).  

Table 1.  Comparison of 20 Goodding’s onion sites visited in 2012 (Crosley 2012) and during the 2013-
2015 study (highlighted).  The number of plants detected in parentheses. N/A = Not attempted 

Forest Service Site Name Fire Detected  
2012 

Detected  
2013 - 2015 

Bearwallow Creek 16 2012 Y (2500) Y (400) 
BS Canyon 18 2012 Y  (750) Y (400) 
Copper Creek 33 2012 N N 
Little Turkey Creek 20 2012 Y (440) Y (100-150) 
Little Turkey Creek 22 2012 N N 
Little Turkey Creek 23 2012 Y (350) Y (50 – 75) 
Rainy Mesa Canyon 11 2012 Y (3400) Y (175) 
Rainy Mesa-Water Canyon 10 2012 Y (50) Y (50 – 75) 
Rainy Mesa-Hail Canyon 14 2012 N N/A 
    
    
Gilita Creek 6 2006 N N 
Indian Creek 8 2006 N N 
Indian Creek 12 2006 N N 
Indian Creek 15 2006 N N 
Indian Creek 23 2006 N N 
Indian Creek 24 2006 Y (75) N/A 
    
    
Indian Creek 26 None Y N/A 
Indian Creek 13 None Y N/A 
Willow Creek 25 None N Y 
Frieborn Canyon 20 None Y N/A 
Long Canyon 9 None Y N/A 
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During the 2013 – 2015 surveys Goodding’s onion was reported from 60 waypoints in 12 locations 
(Table 2).  Approximately 6,000 plants were found in all 12 locations (Figure 4, Table 2). Plants were 
found in light to severely burned forests and unburned patches, except for areas that had burned in the 
2006 fire.  Plants were primarily vegetative with only about 5- 10% flowering in 2013.  The percentage of 
flowering plants appeared higher in 2015.   

In addition to fire severity impacts and canopy removal, much of the habitat of Goodding’s onion was 
significantly impacted by post-fire erosion along stream banks, including stream bank scouring and 
incision, debris flows and large volumes of debris deposition (Figure 4).  Based on the observations of the 
complete absence of Gooding’s onion from areas severely burned in the 2006 Bear Fire, and the radical 
habitat alterations in the majority of sites documented within the Whitewater-Baldy perimeter, it is likely 
that Goodding’s onion will disappear from many previously recorded sites on the Gila National Forest 
(Figure 5). Persistence of this species should be closely monitored. Seed banking should be considered to 
maintain an ex-situ collection, in the event that reintroduction will become necessary in the future. 

 

  
 

Figure 4.  Documented extant sites for Goodding’s onion, 2013-2015, and post-fire habitat conditions. 
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Table 2.   The number of Goodding’s onion plants at each waypoint/site and associated fire severity. 
 

Waypoint/Site 
Name 

Location Last 
Observed 

2013-2015 
No of Plants 

Fire Severity 

Allgoo-16-1-13 Bearwallow Creek 9/4/13 100 - 150 plants Light 
Allgoo-16-2-13 Bearwallow Creek 9/4/13 100 - 150 plants Light 
Allgoo-16-2b-13 Bearwallow Creek 9/4/13 50-75 plants Light 
Allgoo-16-3-13 Bearwallow Creek 9/4/13 50 plants Light 
Allgoo-16-3b-13 Bearwallow Creek 9/4/13 50 plants Light 
Allgoo-fs5?-13 Mineral Creek  9/4/13 15 - 20 plants Light 
Allgoo-fs5?b-13 Mineral Creek  9/4/13 5 plants Moderate 
Allgoo-fs5?c-13-end Mineral Creek  9/4/13 Hundreds  Light 
Allgoo-2015-2 Mineral Creek  8/3/15 5 plants Moderate to severe 
Allgoo-2015-3 Mineral Creek  8/3/15 4 plants Moderate to severe 
Allgoo-18-2-13 BS Canyon 9/5/13 300 plants Moderate 
Allgoo-18-3-13 BS Canyon 9/5/13 25 plants Moderate 
Allgoo-18-4-13 BS Canyon 9/5/13 15 plants Severe 
Allgoo-18-5-13 BS Canyon 9/5/13 100-150 plants Moderate 
Allgoo-18-1-13 BS Canyon 9/5/13 15 plants Severe 
Allgoo-18-13 BS Canyon 7/31/13 5 plants Severe 
Allgoo-2015-26 BS Canyon 8/5/15 10 plants Moderate 
Allgoo-21-13 Upper Willow Creek 9/6/13 10 plants Severe 
Allgoo-FS4-1-14 Upper Iron Creek 8/27/14 500 plants Light to moderate 
Allgoo-FS13-1-14 Gooseberry Canyon 8/28/14 35-50 plants Moderate to severe 
Allgoo-FS13-2-14 Gooseberry Canyon 8/28/14 60 plants Moderate to severe 
Allgoo-FS13-3-14 Gooseberry Canyon 8/28/14 35 plants Moderate to severe 
Allgoo-FS13-4-14 Gooseberry Canyon 8/28/14 200 plants Moderate to severe 
Allgoo-FS13-5-14 Gooseberry Canyon 8/28/14 35-50 plants Moderate to severe 
Allgoo-FS13-6-14 Gooseberry Canyon 8/28/14 50-75 plants Moderate to severe 
Allgoo-FS13-7-14 Gooseberry Canyon 8/28/14 100 plants Moderate to severe 
Allgoo-FS13-8-14 Gooseberry Canyon 8/28/14 Hundreds Moderate to severe 
Allgoo-FS13-9-14 Gooseberry Canyon 8/28/14 50 plants Moderate to severe 
Allgoo-FS13-10-14 Gooseberry Canyon 8/28/14 100 plants Moderate to severe 
Allgoo-FS3-1-14 Gooseberry Canyon 8/28/14 50 plants Light to moderate 
Allgoo-FS3-2-14 Gooseberry Canyon 8/28/14 25 plants Moderate to severe 
Allgoo-FS3-3-14 Gooseberry Canyon 8/28/14 35 plants Moderate to severe 
Allgoo-FS13-11-14 Gooseberry Canyon 8/28/14 75 plants Moderate to severe 
Allgoo-FS13-12-14 Gooseberry Canyon 8/28/14 25 plants Severe 
Allgoo-fs9-2-13 Rainy Mesa Canyon 8/2/13 50 - 75 plants Severe 
Allgoo-fs-9-3-13 Rainy Mesa Canyon 8/2/13 250 plants Severe 
Allgoo-fs-9-1-13 Rainy Mesa Canyon 8/2/13 100 plants Severe 
Allgoo-fs-8-13-start Upper Water Canyon 8/12/13 10 plants Light or unburned 
Allgoo-fs8-13 end Upper Water Canyon 8/12/13 15 plants Light or unburned 
Allgoo-fs8-2-13 Upper Water Canyon 8/12/13 45 plants Unburned 
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Waypoint/Site 
Name 

Location Last 
Observed 

2013-2015 
No of Plants 

Fire Severity 

Allgoo22-13 Little Turkey Creek 7/31/13 100 - 150 plants Severe 
Allgo23-13 Little Turkey Creek 7/31/13 50 - 75 plants Severe 
Allgoo22-3-13 Little Turkey Creek 7/31/13 25 - 50 plants Severe 
Allgoo-2015-15 Lower BS Canyon 8/5/15 75-100 plants Moderate 
Allgoo-2015-16 Lower BS Canyon 8/5/15 100 plants Severe 
Allgoo-2015-17 Lower BS Canyon 8/5/15 25 plants Severe 
Allgoo-2015-18 Lower BS Canyon 8/5/15 30 plants Moderate 
Allgoo-2015-19 Lower BS Canyon 8/5/15 50 plants Moderate 
Allgoo-2015-20 Lower BS Canyon 8/5/15 100 plants Moderate 
Allgoo-2015-21 Lower BS Canyon 8/5/15 50 plants Moderate 
Allgoo-2015-27 Willow Creek 8/5/15 150-200 plants Unburned 
Allgoo-2015-5 S Fork Gooseberry 

Canyon 
8/4/15 12 plants Moderate to severe 

Allgoo-2015-6 S Fork Gooseberry 
Canyon 

8/4/15 750 plants Moderate 

Allgoo-2015-7 S Fork Gooseberry 
Canyon 

8/4/15 Hundreds Moderate 

Allgoo-2015-8 S Fork Gooseberry 
Canyon 

8/4/15 75-100 plants Moderate 

Allgoo-2015-9 S Fork Gooseberry 
Canyon 

8/4/15 75 plants Moderate 

Allgoo-2015-10 S Fork Gooseberry 
Canyon 

8/4/15 50 plants Moderate 

Allgoo-2015-11 S Fork Gooseberry 
Canyon 

8/4/15 5 plants Severe 

 
 

The density of invasive plant species varied between survey years.  Most species were present in low 
densities in 2013 and 2014, but increased significantly by 2015, especially horseweed, Conyza canadensis 
(Table 3).  High densities of horseweed were found throughout burned areas, especially at elevations 
below 8,000 ft., and were particularly prevalent in the lower BS Canyon area (Figure 6).  The primary 
invasive introduced species was bull thistle (Cirsium vulgare) which occurred throughout the burned area 
in small groupings. Other invasives documented included mullein (Verbascum thapsus), broadleaf 
plantain (Plantago major), dandelion (Taraxacum officinale), and white goosefoot (Chenopodium album). 
Competition from the aggressive regeneration of native aspen stands may also impact some extant sites 
and habitat of Goodding’s onion. 
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Table 3. Invasive plant species in the vicinity of occupied Goodding’s onion sites, 2013 – 2015.   
 

Waypoint No/ 
Site Name 

Location Last 
Observed 

Invasives 

Allgoo-16-1-13 Bearwallow Creek 9/4/13 Verbascum thapsus 
Allgoo-16-2-13 Bearwallow Creek 9/4/13 None 
Allgoo-16-2b-13 Bearwallow Creek 9/4/13 None 
Allgoo-16-3-13 Bearwallow Creek 9/4/13 None 
Allgoo-16-3b-13 Bearwallow Creek 9/4/13 None 
Allgoo-fs5?-13 Mineral Creek 9/4/13 None 
Allgoo-fs5?b-13 Mineral Creek 9/4/13 None 
Allgoo-fs5?c-13-end Mineral Creek 9/4/13 None 
Allgoo-2015-2 Mineral Creek 8/3/15 Conyza canadensis 
Allgoo-2015-3 Mineral Creek 8/3/15 Conyza canadensis 
Allgoo-18-2-13 BS Canyon 9/5/13 Cirsium vulgare, Verbascum thapsus, 

Plantago major, Conyza canadensis, 
all in low densities.  Seeded annual 
grasses dominant 

Allgoo-18-3-13 BS Canyon 9/5/13 Cirsium vulgare, Verbascum thapsus, 
Plantago major, Conyza canadensis, 
all in low densities.  Seeded annual 
grasses dominant 

Allgoo-18-4-13 BS Canyon 9/5/13 Cirsium vulgare, Verbascum thapsus, 
Plantago major, Conyza canadensis, 
all in low densities.  Seeded annual 
grasses dominant 

Allgoo-18-5-13 BS Canyon 9/5/13 Cirsium vulgare, Verbascum thapsus, 
Plantago major, Conyza canadensis, 
all in low densities.  Seeded annual 
grasses dominant 

Allgoo-18-1-13 BS Canyon 9/5/13 Cirsium vulgare, Verbascum thapsus, 
Plantago major, Conyza canadensis, 
all in low densities.  Seeded annual 
grasses dominant 

Allgoo-18-13 BS Canyon 7/31/13 Cirsium vulgare, Verbascum thapsus, 
Plantago major, Conyza canadensis, 
all in low densities.  Seeded annual 
grasses dominant 

Allgoo-2015-26 BS Canyon 8/5/15 Cirsium vulgare 
Allgoo-21-13 Upper Willow Creek 9/6/13 Cirsium vulgare, Taraxacum 

officinale, Conyza canadensis 
Allgoo-FS4-1-14 Upper Iron Creek 8/27/14 Some Verbascum thapsus 
Allgoo-FS13-1-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 

Taraxacum officinale, Conyza 
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Waypoint No/ 
Site Name 

Location Last 
Observed 

Invasives 

canadensis, Plantago major, low 
densities 

Allgoo-FS13-2-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-3-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-4-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-5-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-6-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-7-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-8-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-9-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-10-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS3-1-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 
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Waypoint No/ 
Site Name 

Location Last 
Observed 

Invasives 

Allgoo-FS3-2-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS3-3-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-11-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-FS13-12-14 Gooseberry Canyon 8/28/14 Cirsium vulgare, Verbascum thapsus, 
Taraxacum officinale, Conyza 
canadensis, Plantago major, low 
densities 

Allgoo-fs9-2-13 Rainy Mesa Canyon 8/2/13 Taraxacum officinale 
Allgoo-fs-9-3-13 Rainy Mesa Canyon 8/2/13 None 
Allgoo-fs-9-1-13 Rainy Mesa Canyon 8/2/13 None 
Allgoo-fs-8-13-start Upper Water Canyon 8/12/13 None 
Allgoo-fs8-13 end Upper Water Canyon 8/12/13 None 
Allgoo-fs8-2-13 Upper Water Canyon 8/12/13 None 
Allgoo22-13 Little Turkey Creek 7/31/13 None 
Allgo23-13 Little Turkey Creek 7/31/13 None 
Allgoo22-3-13 Little Turkey Creek 7/31/13 Verbascum thapsus 
Allgoo-2015-15 Lower BS Canyon 8/5/15 Cirsium vulgare (scattered throughout 

N Fork and BS Canyon), Conyza 
canadensis (dominant in the vicinity 
of N Fork and BS Canyon jct) ,  
Verbascum thapsus (scattered 
throughout), Taraxacum officinale 
(scattered throughout) 

Allgoo-2015-16 Lower BS Canyon 8/5/15 Cirsium vulgare (scattered throughout 
N Fork and BS Canyon), Conyza 
canadensis (dominant in the vicinity 
of N Fork and BS Canyon jct) ,  
Verbascum thapsus (scattered 
throughout), Taraxacum officinale 
(scattered throughout) 

Allgoo-2015-17 Lower BS Canyon 8/5/15 Cirsium vulgare (scattered throughout 
N Fork and BS Canyon), Conyza 
canadensis (dominant in the vicinity 
of N Fork and BS Canyon jct) ,  
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Waypoint No/ 
Site Name 

Location Last 
Observed 

Invasives 

Verbascum thapsus (scattered 
throughout), Taraxacum officinale 
(scattered throughout) 

Allgoo-2015-18 Lower BS Canyon 8/5/15 Cirsium vulgare (scattered throughout 
N Fork and BS Canyon), Conyza 
canadensis (dominant in the vicinity 
of N Fork and BS Canyon jct) ,  
Verbascum thapsus (scattered 
throughout), Taraxacum officinale 
(scattered throughout) 

Allgoo-2015-19 Lower BS Canyon 8/5/15 Cirsium vulgare (scattered throughout 
N Fork and BS Canyon), Conyza 
canadensis (dominant in the vicinity 
of N Fork and BS Canyon jct) ,  
Verbascum thapsus (scattered 
throughout), Taraxacum officinale 
(scattered throughout) 

Allgoo-2015-20 Lower BS Canyon 8/5/15 Cirsium vulgare (scattered throughout 
N Fork and BS Canyon), Conyza 
canadensis (dominant in the vicinity 
of N Fork and BS Canyon jct) ,  
Verbascum thapsus (scattered 
throughout), Taraxacum officinale 
(scattered throughout) 

Allgoo-2015-21 Lower BS Canyon 8/5/15 Cirsium vulgare (scattered throughout 
N Fork and BS Canyon), Conyza 
canadensis (dominant in the vicinity 
of N Fork and BS Canyon jct) ,  
Verbascum thapsus (scattered 
throughout), Taraxacum officinale 
(scattered throughout) 

Allgoo-2015-27 Willow Creek 8/5/15 No 
Allgoo-2015-5 S Fork Gooseberry 

Canyon 
8/4/15 Cirsium vulgare, Verbascum thapsus, 

Conyza canadensis,  low densities 
Allgoo-2015-6 S Fork Gooseberry 

Canyon 
8/4/15 Cirsium vulgare, Verbascum thapsus, 

Conyza canadensis,  low densities 
Allgoo-2015-7 S Fork Gooseberry 

Canyon 
8/4/15 Cirsium vulgare, Verbascum thapsus, 

Conyza canadensis,  low densities 
Allgoo-2015-8 S Fork Gooseberry 

Canyon 
8/4/15 Cirsium vulgare, Verbascum thapsus, 

Conyza canadensis,  low densities 
Allgoo-2015-9 S Fork Gooseberry 

Canyon 
8/4/15 Cirsium vulgare, Verbascum thapsus, 

Conyza canadensis,  low densities 
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Waypoint No/ 
Site Name 

Location Last 
Observed 

Invasives 

Allgoo-2015-10 S Fork Gooseberry 
Canyon 

8/4/15 Cirsium vulgare, Verbascum thapsus, 
Conyza canadensis,  low densities 

Allgoo-2015-11 S Fork Gooseberry 
Canyon 

8/4/15 Cirsium vulgare, Verbascum thapsus, 
Conyza canadensis,  low densities 

 

 
Figure 5.  Post-fire habitat conditions, 2006 Bear Fire. 
 

 
Figure 6.  Horseweed (Conyza canadensis) and bull thistle (Cirsium vulgare) in lower BS Canyon, 2015  
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Mogollon death camas  
(Anticlea mogollonensis)  
 

  
 
Mogollon death camas is a perennial herb in the lily family (Liliaceae).  It is endemic to the Mogollon 
Mountains on the Gila National Forest in Catron County, NM.  It occurs in the understory of upper 
montane and subalpine coniferous forest, often with aspen, between 9,000 and 10,500 ft.  Associated 
species include Douglas fir (Pseudotsuga menziesii), aspen (Populus tremuloides), corkbark fir (Abies 
arizonica), Rocky Mountain maple (Acer glabrum), rock spirea (Holodiscus dumosus), and a sparse 
understory of nodding ragwort (Senecio bigelovii), wild geranium (Geranium richardsonii), thimbleberry 
(Rubus parviflorus), green death camas (Anticlea virescens), fleabane (Erigeron sp.), fireweed 
(Chamerion angustifolium), and Canada violet (Viola canadensis). No inventory had been completed to 
document the abundance and distribution of Mogollon death camas prior this study, but it had been 
documented from 5 sites, primarily located in the Gila Wilderness.  All of the known sites burned in 
2012.  Plants were documented in 2013 and 2015 (Moeny 2016).  Mogollon death camas is a USFWS and 
State of New Mexico Species of Concern and is a Forest Service Sensitive species.  NatureServe gives 
Mogollon death camas an updated conservation rank of S1 (critically imperiled) (2016).   
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 Figure 7.  2015 known distribution of Mogollon death camas and habitat condition. 

Post-fire surveys in 2013 and 2015 documented Mogollon death camas from a total 34 waypoints in the 
vicinity of previously documented sites and beyond along the trails in the Whitewater-Baldy area, over an 
area stretching approximately 5 miles x 6.5 miles (Figure 7).  Seventeen sites were documented in 2013 
and an additional 17 sites were documented in 2015 by another researcher (Moeny 2016).  Fourteen of the 
17 sites documented in 2013 were revisited in 2015.  Up to several thousand plants were documented 
from primarily severely burned forest (Table 4).  Only six of the 34 documented sites had not burned and 
plants were located in small patches of unburned forest.  The majority of documented sites were located 
in severely burned forest inside the Gila Wilderness with little or no live canopy present.  Because 
Mogollon death camas has never been observed to grow naturally in open areas, the species may not 
persist over time in the majority of documented sites on the Gila National Forest due to radical habitat 
alterations caused by the Whitewater-Baldy Fire.  In addition, although no invasive species were 
documented in the vicinity of Mogollon death camas sites, some areas experienced substantial aspen 
regeneration providing significant resource competition for Mogollon death camas.  Therefore, 
persistence and population trends of Mogollon death camas should be closely monitored. Seed banking 
should be considered to maintain an ex-situ collection, in the event that reintroduction will become 
necessary in the future. 
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Table 4.  Number of Mogollon death camas plants in 2013 and 2015 and fire severity at each site within 
the Whitewater-Baldy Fire perimeter.   

Waypoint No/ 
Site Name 

No of Plants Last Survey Date Fire Severity 

Antmog-1-13 46 plants 2013 Light to unburned 
Antmog-2-13 85 plants 2015 Light 
Antmog-4-13 1 plant 2015 Severe 
Antmog-5-13 170 plants 2015 Severe 
Antmog-6-13 30 plants 2015 Severe 
Antmog-7-13 25 plants 2015 Severe 
Antmog-8-13 25 plants 2013 Severe 
Antmog-9-13 1 plant 2015 Severe 
Antmog-10-13 9 plants 2015 Severe 
Antmog-11-13 35 plants 2015 Severe 
Antmog-12-13 Hundreds 2015 Severe 
Antmog-13-13 7 plants 2015 Severe to moderate  
Antmog-14-13 Couple hundred plants 2015 Severe 
Antmog-15-13a 30 plants 2015 Severe 
Antmog-15-13b 50 plants 2015 Severe 
Antmog-16-13 120 plants 2015 Severe 
Antmog2-13 12 plants 2013 Severe 
Antmog_j1_15 4 plants 2015 Not reported 
Antmog_j2_15 3 plants 2015 Unburned  
Antmog_j3_15 14 plants 2015 Light 
Antmog_j4_15 1 flowering 2015 Moderate  
Antmog_j5_15 4 plants 2015 Moderate  
Antmog_j6_15 50 plants 2015 Severe 
Antmog_j7_15 Hundreds 2015 Severe 
Antmog_j8_15 Hundreds 2015 Severe 
Antmog_j9_2015 Hundreds 2015 Severe 
Antmog_j11_15 50 plants  2015 Unburned 
Antmog_j10_15 5 plants 2015 Unburned  
Antmog_j13_15 8 plants 2015 Unburned  
Antmog_j12_15 12 plants 2015 Unburned  
Antmog_j14_15 25 plants 2015 Burned to unburned transition 
Antmog_j15_15 60 plants  2015 Burned 
Antmog_j16_15 30 plants  2015 Severe 
Antmog-2015 3 plants 2015 Unburned  
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Hess’ fleabane 
(Erigeron hessii)  
 

  
 

Hess’ fleabane is a perennial herb in the aster family (Asteraceae). It is endemic to the Gila Wilderness in 
the Mogollon Mountains of Catron County, New Mexico, where it grows in open areas from bedrock 
cracks on andesitic dikes in otherwise rhyolitic rock in upper montane to subalpine conifer forests from 
9,500 to 10,200 ft (NMRPTC 1999). Hess’ fleabane is a USFWS and State of New Mexico Species of 
Concern and is a Forest Service Sensitive species.  NatureServe gives Hess’ fleabane an updated 
conservation rank of S1 (critically imperiled)(2016).   

No inventory had been completed to document the abundance and distribution of Hess fleabane prior this 
study, but it had been documented from 3 sites, all of which burned in 2012.  Only one of the three sites 
could be relocated during 2013 surveys in the Gila Wilderness.  Wilderness trails were largely obliterated 
by post-fire erosion, ash deposits, and aspen regeneration.  Because of the difficulty in access combined 
with only general locational description, two sites were not found but are likely still in existence. 
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Figure 8.  2013 documented distribution of Hess’ fleabane  

Approximately 100 plants were found in full to late flowering stage on a rock outcrop along the Crest 
Trail in August of 2013 (Figure 8).  Plants were scattered in cracks of the rock outcrop with Indian pink 
(Silene laciniata), birdbill dayflower (Commelina dianthifolia), alpine woodsorrel (Oxalis alpina), pink 
alumroot (Heuchera rubsescens), cinquefoil (Potentilla sp.), and various grasses.  Although the 
surrounding forest was burned severely, the majority Hess fleabane plants were protected from direct 
impacts by nature of their exposed habitat. Therefore the species is not expected to experience negative 
impacts on populations or their habitat caused by the Whitewater-Baldy Fire. In addition, no invasive 
species or other disturbances were found in the vicinity of Hess’ fleabane plants or their habitat.  
However, due to the extreme rarity of this species, limited habitat availability, and uncertainties about the 
response of this high elevation species to climate change, inventories to determine the true distribution, 
abundance and status of the species on the Gila National Forest are highly recommended. Seed banking 
should be considered to maintain an ex-situ collection, in the event that reintroduction will become 
necessary in the future. 
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Gila thistle  
(Cirsium gilense)  
 

  
 
Gila thistle is a biennial herb in the aster family (Asteraceae). It is only known to occur in Catron County, 
NM, and adjacent Arizona.  It prefers to grow in moist areas along streams and drainage bottoms or 
mountain meadows in montane coniferous forest above 7,000 ft.  Associated species include aspen 
(Populus tremuloides), Douglas fir (Pseudotsuga menziesii), Ponderosa pine (Pinus ponderosa), orange 
sneezeweed (Hymenoxys hoopesii), mountain brome (Bromus carinatus), yarrow (Achillea millefolium), 
cutleaf coneflower (Rudbeckia laciniata), Chiricahua Mountain dock (Rumex orthoneurus), thimbleberry 
(Rubus parviflorus), gooseberry (Ribes sp.), Rocky Mountain maple (Acer glabrum), and New Mexico 
locust (Robinia neomexicana).  Gila thistle is a USFWS and State of New Mexico Species of Concern 
and is a Forest Service Sensitive species. NatureServe gives Gila thistle a conservation rank of S2 
(imperiled).  
 
Prior to this study it was documented from only 2 locations within the Whitewater-Baldy fire perimeter, 
although it was reported to potentially increase with disturbances (NMRPTC 1999).  Gila thistle was 
documented from 14 sites within the Whitewater-Baldy fire perimeter between 2013 and 2015 (Figure 9).  
However, the Gila thistle is distributed throughout the area and is frequently found along roadsides, 
streams, drainage bottoms, and moist north facing slopes, but also thrives in disturbed and burned areas, 
regardless of fire severity. Therefore not all locations observed were recorded. Although it is generally 
found scattered and in low numbers, one site was found to contain thousands of plants in severely burned 
forest in the Gila Wilderness (Figure 10).  The species was previously under-documented and is 
considered secure despite the disturbances to its habitat.
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Figure 9.  Documented distribution of Gila thistle, 2013 – 2015. 
 

 
Figure 10.  Gila thistle in burned forest along the Crest Trail in the vicinity of Hummingbird Saddle, 

2013. 
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Heartleaf groundsel  
(Packera cardamine)  
 

  
 
Heartleaf groundsel is a perennial herb in the aster family (Asteraceae).  It is only known from the 
Mogollon Mountains, NM, and the White Mountains in AZ.  It generally grows on steep north-facing 
slopes and in the forest understory of upper montane coniferous forest above 8,000 ft.  It is generally 
associated with Douglas fir (Pseudotsuga menziesii), white fir (Abies concolor), Mountain spray 
(Holodiscus dumosus), aspen (Populous tremuloides), alpine woodsorrel (Oxalis alpina), wild geranium 
(Geranium sp.), nodding ragwort (Senecio bigelovii), and Canadian violet (Viola canadensis). Heartleaf 
groundsel is a USFWS and State of New Mexico Species of Concern and is a Forest Service Sensitive 
species.  NatureServe gives heartleaf groundsel an updated conservation rank of S2 (imperiled) (2016).  
All of the 10 previously documented sites in New Mexico burned in 2012.   

Between 2013 and 2015, 55 waypoints documented the presence of heartleaf groundsel from 7 general 
locations within the Whitewater-Baldy Fire perimeter (Figure 11).  Thousands of plants were 
documented, primarily on steep, north-facing slopes.  Plants were found in groupings from a few to 
thousands of plants, well past flowering stage.  The majority of sites were severely burned with few live 
trees left (Table 5).  Only one site was documented from an unburned patch.  
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The density of invasive plant species varied between survey years.  Most species were present in low 
densities in 2013 and 2014, but increased significantly by 2015, especially horseweed, Conyza canadensis 
(Table 5).  High densities of horseweed were especially prevalent in the lower BS Canyon area, but 
occurred throughout burned areas and especially at elevations below 8,000 ft (Figure 5).  The primary 
invasive introduced species was bull thistle (Cirsium vulgare) which occurred throughout the burned area 
in small groupings. Other invasives documented included mullein (Verbascum thapsus), broadleaf 
plantain (Plantago major), dandelion (Taraxacum officinale), and white goosefoot (Chenopodium album).  
Competition from the aggressive regeneration of native aspen and other deciduous native woody species  
may also impact some extant sites and habitat of heartleaf groundsel.  

Because heartleaf groundsel has never been observed to grow naturally in open areas, the species may not 
persist over time in the majority of documented sites on the Gila National Forest due to radical habitat 
alterations caused by the Whitewater-Baldy Fire. Persistence of heartleaf groundsel should be closely 
monitored. Seed banking should be considered to maintain an ex-situ collection, in the event that 
reintroduction will become necessary in the future. 

 
Figure 11.  Documented distribution of heartleaf groundsel, 2013 – 2015. 
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Table 5.  Number of heartleaf groundsel plants in 2013 and 2015, fire severity, and invasive species 
present at each site within the Whitewater-Baldy Fire perimeter.   

Waypoint No/ 
Site Name 

No of plants Fire severity Invasives 

Paccar-1-13 11 plants Severe None 
Paccar-2-13 15 plants Severe None 
Pacar-3-13 20 plants Severe None 
Paccar-4-13 30 plants  Unburned None 
Paccar-5-13 20 plants Light None 
Paccar-6-13 25 plants  Light None 
Paccar-7-13 100 plants  Light None 
Paccar-8-13 30 plants Light None 
Paccar-9-13 60 plants Severe None 
Paccar-10-13 100 plants Severe None 
Paccar-11-13 150 plants  Severe None 
Paccar-11-13 30 plants  Severe None 
Paccar-12-13 75 plants Severe None 
Paccar-13-13 75 plants  Severe None 
Paccar-14-13 150 plants   Severe None 
Paccar-15-13 Thousands  Severe None 
Paccar-16-13 30 plants Severe None 
Paccar-17-13 100 plants Severe None 
Paccar-18-13 25 plants Severe None 
Paccar-19-13 15 plants Severe None 
Paccar-20-13 Several hundred plants Light None 
Paccar-21-13 75 plants Light None 
Paccar-23-13 25 plants Moderate None 
Paccar-23-13 Hundreds of plants Moderate None 
Pacar-24-13 100-200 plants Moderate None 
Paccar-24-13 Hundreds of plants Light None 
Paccar-25-13 100 plants Severe None 
Paccar-26-13 150 plants Light to moderate Cirsium vulgare, 

Verbascum thapsus, 
Taraxacum officinale, 
Conyza canadensis 

Paccar-26-13 25 plants Severe Cirsium vulgare, 
Verbascum thapsus, 
Taraxacum officinale, 
Conyza canadensis 

Paccar-27-13 100-150 plants Severe Cirsium vulgare, 
Taraxacum officinale, 
Conyza canadensis 

Paccar-28-13  Severe Cirsium vulgare, 
Taraxacum officinale, 
Conyza canadensis 

Paccar-29-13 100 plants Severe Cirsium vulgare, 
Taraxacum officinale, 
Conyza canadensis 
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Waypoint No/ 
Site Name 

No of plants Fire severity Invasives 

Paccar-3-2014 Thousands Severe Cirsium vulgare, 
Verbascum thapsus, 
Taraxacum officinale, 
Conyza canadensis, 
Plantago major, low 
densities 

Paccar-2015-2 50-75 plants Light Conyza canadensis, 
Verbascum thapsus 

Paccar-2015-1 Thousands Moderate Conyza canadensis, 
Verbascum thapsus 

Paccar-2015-3 100 plants Severe Cirsium vulgare, 
Conyza canadensis 

Paccar-2015-4 500-1000 plants Severe Cirsium vulgare, 
Conyza canadensis 

Paccar-2015-5 500 plants Severe Cirsium vulgare, 
Verbascum thapsus, 
Plantago major, 
Conyza canadensis 

Paccar-2015-6 500-1000 plants Severe Cirsium vulgare, 
Verbascum thapsus, 
Plantago major, 
Conyza canadensis 

Paccar-2015-7 200 plants Moderate to severe Cirsium vulgare, 
Verbascum thapsus, 
Taraxacum officinale, 
Conyza canadensis 

Paccar-2015-8 750 plants Severe Cirsium vulgare, 
Conyza canadensis 

Paccar-2015-9 500 plants Severe Cirsium vulgare, 
Verbascum thapsus, 
Plantago major, 
Conyza canadensis 

Paccar-2015-10 Thousands Moderate Cirsium vulgare, 
Verbascum thapsus, 
Plantago major, 
Conyza canadensis 

Paccar-2015-11 300-500 plants Moderate Cirsium vulgare, 
Verbascum thapsus, 
Plantago major, 
Conyza canadensis 

Paccar-2015-12 200 plants Severe Cirsium vulgare, 
Conyza canadensis 

Paccar-2015-13 1000 plants Severe Cirsium vulgare, 
Conyza canadensis 

Paccar-2015-14 200 plants Severe Cirsium vulgare, 
Conyza canadensis 
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Waypoint No/ 
Site Name 

No of plants Fire severity Invasives 

Paccar-2015-15 300 plants Moderate Cirsium vulgare, 
Verbascum thapsus, 
Conyza canadensis, 

Paccar-2015-16 Hundreds Moderate Cirsium vulgare, 
Verbascum thapsus, 
Conyza canadensis, 

Paccar-2015-17 150-200 plants Severe Cirsium vulgare, 
Conyza canadensis 

Paccar-2015-18 12 plants Severe None 
Paccar-2015-19 50 plants Severe Cirsium vulgare, 

Conyza canadensis 
Paccar-2015-20 200-300 plants Severe Cirsium vulgare, 

Conyza canadensis 
Paccar-2015-21 100 plants Severe Cirsium vulgare, 

Conyza canadensis 
Paccar-2015-22 Hundreds Severe to moderate Cirsium vulgare, 

Verbascum thapsus, 
Taraxacum officinale, 
Conyza canadensis 
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Mogollon hawkweed 
 (Hieracium brevipilum)  
 

  
 
Mogollon hawkweed is a perennial herb in the aster family (Asteraceae).  It is only known from the 
Mogollon Mountains, NM, and the White Mountains in AZ (NMRPTC 1999).  It occurs in grassy 
openings in ponderosa pine forests and in mountain meadows between 8,200 and 10,500 ft.  Associated 
species include Ponderosa pine (Pinus ponderosa), Gambel oak (Quercus gambelii), mountain muhly 
(Muhlenbergia montana), Thurber fescue (Festuca thurberi), Scouler catchfly (Silene scouleri), yarrow 
(Achillea millefolium), Junegrass (Koelaria macrantha), bluebells (Campanula rotundifolia), Rincon 
Indian paintbrush (Castilleja austromontana), bracken fern (Pteridium aquilinum), and fleabanes 
(Erigeron sp.)   Mogollon hawkweed is a USFWS and State of New Mexico Species of Concern and is a 
Forest Service Sensitive species.  NatureServe gives Mogollon hawkweed an updated conservation rank 
of S2 (imperiled) (2016).  Prior to this study it was documented from 3 locations in NM, 2 burned in 
2012, one burned in 2006 (Sivinski 2009).  

Between 2013 and 2015 Mogollon hawkweed was documented from 7 waypoints in 5 locations (Figure 
12). No population estimates were available for the three previously documented locations. Only one of 
the 7 sites where Mogollon hawkweed was found burned severely, which was the site with the fewest 
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plants (Table 6).  Plants were largely vegetative with few in full flower or late flowering stage.  Plants 
were generally highly localized, but abundant where they occurred, ranging from 50 to thousands of 
plants (Table 6). The primary invasive species documented in the vicinity of Mogollon hawkweed was 
mullein (Verbascum thapsus) which was found in low densities throughout the burned areas.  Horseweed 
(Conyza canadensis) was found in abundance in the vicinity of two hawkweed sites at the bottom of the 
Mineral Creek drainage (Hieracium 2332, Hier2332). 

  

 
Figure 12. Documented distribution of Mogollon hawkweed in 2014 and post-fire severe burn habitat 

condition. 
 

Table 6.  Number of Mogollon hawkweed plants in 2013 and 2014, fire severity, and invasive species 
present at each site within the Whitewater-Baldy Fire perimeter.   

Waypoint No/ 
Site Name 

No of plants Fire severity Invasives 

Hiebre-fs-2-13 500 - 750 Moderate (2006) None 
Hiebre-fs-2-2-13 200- 250 Light to unburned Verbascum thapsus 
Hiebre-6-13 Thousands Moderate to severe Verbascum thapsus 
Hieracium-2-13 Occasional Light None 
Hieracium 2332 Hundreds Light to moderate Conyza canadensis, 

Verbascum thapsus 
Hieracium 2344 50 Severe Verbascum thapsus 
Hier2332 locally common Light to moderate Conyza canadensis, 

Verbascum thapsus 
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Mogollon hawkweed occurs primarily in open areas, meadows, and under the open canopy of Ponderosa 
pine forests.  These habitats burned primarily lightly to moderately, with little long-term changes.  Plants 
generally fared well post-fire and were often found in abundance. Therefore the species is expected to 
persist into the future.  One of the previously documented locations in the Gila Wilderness was not 
relocated during the 2013 – 2015 surveys due to difficulties in reaching the site because of post-fire trail 
conditions.  This site is presumed intact by nature of its described habitat (open meadow along trail; 
Sivinski 7747, UNM 124827).   Four previously undocumented sites were found during the 2013 – 2015 
surveys.  This was likely due to the lack of backcountry surveys prior to this study combined with the 
cryptic nature of this species.  Additional surveys would likely document Mogollon hawkweed from other 
locations in the appropriate habitat within the Gila National Forest.  
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SILVER FIRE 
The Silver Fire burned 138,698 acres of the Black Range in 2013, including the entire known range for 
Metcalfe’s penstemon (Penstemon metcalfei) and a significant portion of the know range of Mimbres 
figwort (Scrophularia macrantha)(Figure 13).   

 
Figure 13.  Documented rare plant locations within the Silver Fire perimeter, prior to 2013.  

Yellow diamonds = Penstemon metcalfei; blue stars = Scrophularia macrantha 
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RESULTS 
 
 

Summary 

Although both plant Species of Concern were documented to be extant after the 2013 Silver Fire, both 
species appeared to be in decline and were documented from fewer sites and contained fewer plants than 
previously reported.  Metcalfe’s penstemon was not located at the type locality from where it was 
previously documented in the thousands.  Another site could not be relocated due to limited locational 
information. Severe burns and post-fire conditions appeared to have significantly impacted the persistence 
of the species. Pre-fire documentation of Mimbres figwort came primarily from a very old specimen 
record, providing largely only general locational information and little information on the number of 
plants present prior to the fire. Plants were not found in most unburned sites from where they were 
previously documented for unknown reasons.  Impacts of fire severity and post-fire habitat conditions on 
extant populations are unclear. 

Very few or no invasive species were documented from the vicinity of extant Metcalfe’s penstemon or 
Mimbres figwort sites in the Black Range.  However, competition from native woody species including 
aspen, oak, New Mexico locust, and chokecherry may provide significant resource competition to the 
recovery of both species.   
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Mimbres figwort 
(Scrophularia macrantha) 
 

  
 

Mimbres figwort is a perennial herb in the figwort family (Scrophulariaceae). It is only known to occur in 
Grant and Luna counties of New Mexico, where it grows on steep, rocky, usually north-facing igneous 
cliffs and talus slopes, and occasionally in canyon bottoms along streams in piñon-juniper woodlands and 
lower montane coniferous forests between 6,500 and 8,200 ft (NMRPTC 1999).  Associated species 
include ponderosa pine (Pinus ponderosa), pinion pine (Pinus edulis), Douglas fir (Pseudotsuga 
menziesii), chokecherry (Prunus virginiana), New Mexico locust (Robinia neomexicana), Arizona walnut 
(Juglans major), alder (Alnus oblongifolia), boxelder (Acer negundo), scarlet cinquefoil (Potentilla 
thurberi), Fendler brickellbush (Brickellia fendleri), mountain brickellbush (Brickellia grandiflora), 
James buckwheat (Eriogonum jamesii), mountain brome (Bromus carinatus), Gambel oak (Quercus 
gambelii), Mexican catchfly (Silene laciniata), scarlet bugler (Penstemon barbatus), fetid goosefoot 
(Dysphania graveolens), scarlet gilia (Ipomopsis aggregata), sweet four o’clock (Mirabilis longiflora), 
mountain leaftail (Pericome caudata), and Carruth sagewort (Artemisia carruthii). Mimbres figwort is a 
USFWS and State of New Mexico Species of Concern and is a Forest Service Sensitive species.  
NatureServe gives Mimbres figwort an updated conservation rank of S2 (imperiled) (2016). 
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Prior to this study Mimbres figwort was documented from 22 locations in the Black Range of the Gila 
National Forest, primarily in the Gallinas/Railroad Canyon areas and the vicinity of Iron Creek (Figure 
14; Table 7; NHNM 2013; SEINet 2013).  Two disjunct populations known from BLM lands in the 
Cooke’s Range of Luna County and the Chino Mine (Kneeling Nun) in Grant County were not evaluated 
for this study.  Eleven of the locations known from the Black Range were located within the 2013 Silver 
Fire perimeter (Figure 14).  No previous inventories to determine actual distribution and abundance on the 
Gila National Forest had been completed to assess the status of this species prior to the fire.  All of the 
known locations were derived from the specimen record and were collected prior to 1993, except for one, 
documented in 2011 (FS 030602EO00012, Sclmac-nmhp22-14).  Therefore the majority of documented 
locations for Mimbres figwort were very general in nature and did not contain any information on 
abundance. 

 
Figure 14.  Documented sites of Mimbres figwort, prior to 2013 (blue stars) and 2014 documented 

distribution (red stars). 
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A total of 15 of the 22 documented sites in the Black Range were searched for in 2014, inside and outside 
the fire perimeter.  Various attempts to relocate these 15 sites took place during the flowering season in 
July and August of 2014, based on the available location descriptions and maps (NHNM 2013, SEINet 
2013). Only three of these 15 sites could be relocated with extant plants (Table 8).  Two general locations 
containing 16 occupied sites were found during surveys, one of which was inside the fire perimeter 
(Figure 14, Table 7).  The second location was outside the fire perimeter, along Highway 152, in an open 
N-facing roadcut (Scrmac-081914).  This site had been previously documented. No plants were found 
along Iron Creek anywhere within Gallinas Canyon.  Areas surveyed included the Iron Creek and 
Gallinas (upper and lower) campgrounds and surrounding areas, and the area surrounding the junction of 
Iron Creek and Railroad Canyon (Table 8).  One documented population from the Iron Creek campground 
area, contained the similar looking mountain figwort (Scrophularia montana), which occurred within the 
habitat of Mimbres figwort (D. Roth 2423, 7/18/2014; D. Roth 2458, 8/18/2014).  No Mimbres figwort 
was observed in this area. Therefore it is assumed this location may have been a misidentification.   

No documentation on the abundance of plants prior to the fire was available.  In 2014 fewer than 400 
plants were documented from areas inside the fire perimeter and only 10 plants were found outside the 
fire perimeter (Table 7; Scrmac-081914).  Except for one site (Scrmac-nmhp22-15-14), plants were 
largely scattered in small groupings of 25 or fewer plants per site. The site with the most plants was the 
northernmost occupied site documented during this survey.  The area burned moderately to severely with 
much of the overstory trees dead or dying. No additional plants were found for approximately 1.5 mile 
past (north) from this site in Gallinas Canyon, nor for 1 mile upstream in Railroad Canyon. Plants were 
generally found vigorous and in full flower. In addition to fire severity impacts and canopy removal, 
much of the stream bank habitat of Mimbres figwort was significantly impacted by post-fire erosion, 
including stream bank scouring and incision, debris flows and large volumes of debris deposition.  

Invasive species were sparsely distributed in the vicinity of occupied sites and limited to a few scattered 
mullein (Verbascum thapsus) and dandelion (Taraxacum officinale) plants (Table 7).  However, the 
regeneration of deciduous native woody species including aspen, Gambel oak, New Mexico locust, and 
chokecherry may provide significant resource competition and impact the recovery of some Mimbres 
figwort sites. 
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Table 7.  Number of Mimbres figwort plants, fire severity, and invasive species present at each site extant 
in 2014. 

Waypoint No/ 
Site Name 

No of plants Fire severity Invasives 

Scrmac-nmhp22-15-14 100-200 plants  Moderate to severe  None 
Sclmac-nmhp22-14 6 plants Unburned Verbascum thapsus 
Scrmac-nmhp22-1-14 7 plants Light  None 
Scrmac-NMHP22-3-14 5 plants Light  None 
Scrmac-nmhp22-4-14 3 plants Light  None 
Scrmac-nmhp22-5-14 25 plants Moderate  None 
Scrmac-nmhp22-6-14 6 plants Moderate  None 
Scrmac-nmhp22-7-14 15 plants Light  None 
Scrmac-nmhp22-8-14 10 plants  Light  None 
Scrmac-nmhp22-9-14 15 plants Severe  None 
Scrmac-nmhp22-10-14 25 plants Moderate to severe  None 
Scrmac-nmhp22-11-14 5 plants Moderate  None 
Scrmac-nmhp22-12-14 25 plants Severe  Verbascum thapsus, 

Taraxacum officinale 
Scrmac-nmhp-22-13-14 4 plants Severe  None 
Scrmac-nmhp22-14-14 4 plants Light  None 
Scrmac-081914  10 plants Outside of fire perimeter None 

 

Table 8.  Number of sites previously documented from the Gallinas & Iron canyon area and 2014 survey 
results.  N/A = not attempted 

NHNM 
Element 
Occurrence 
No 

NHNM 
Source 
Feature 
ID 

USFS Site ID Surveyed 
in 2014 

Plants 
found/ ID 

Fire 
severity 

Comments 

1 10590 030607EO00011 No N/A N/A Location too general 
for reasonable 
relocation 

None None 030607EO00025 Yes No Moderate 
to severe 

No plants at mapped 
location or anywhere 
in the vicinity. Habitat 
marginal at best.  Not 
likely mapped at the 
right location 

2 10600 030607EO00018 Yes No Light to 
moderate 

Habitat present.  No 
plants at mapped 
location or anywhere 
in the vicinity. 

2 10592 030607EO00013 Yes No Light to 
moderate 

No plants found along 
Iron Creek in any 
mapped location.  
Found S. montana.  
Possibly misidentified 

None None 030607EO00026 Yes No Light to 
moderate 

No plants found along 
Iron Creek in any 
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NHNM 
Element 
Occurrence 
No 

NHNM 
Source 
Feature 
ID 

USFS Site ID Surveyed 
in 2014 

Plants 
found/ ID 

Fire 
severity 

Comments 

mapped location. 
Found S. montana.  
Possibly misidentified 

None None 030607EO00024 Yes No Severe No plants found along 
Iron Creek in any 
mapped location. 
Found S. montana.  
Possibly misidentified 

2 10596 030607EO00016 Yes Yes/ 
Sclmac-
nmnh22-5-
14 & -6-14 

Moderate No plants found at 
exact mapped 
location, but within 
several hundred feet 

2 38398 030602EO00012 Yes Yes/ 
Sclmac-
nmnh22-14 

Light to 
Moderate 

No plants found at 
exact mapped 
location, but within 
150 feet, in small 
unburned patch 

None None 030607EO00027 Yes No Light  No plants found in 
mapped location, 
possibly not mapped 
correctly. 

None None 030607EO00029 Yes No Light No plants found in 
mapped location, 
possibly not mapped 
correctly. 

2 10593 030607EO00014 No N/A N/A Location too general 
for reasonable 
relocation.  No plants 
found anywhere near 
creek and HWY 
throughout canyon 
area. 

2 10595 030607EO00015 No N/A N/A  
2 10604 030607EO00021 No N/A Not 

burned 
Not likely mapped 
correctly.  Gallinas 
Campground location 
is associated with FS 
Site Nos 28 -31 (no 
NHNM Nos) 

None None 030607EO00028 Yes No Not 
burned 

No plants found near 
mapped areas.  
Possibly on other side 
of creek.  If so, they 
were not flowering.  
Did not cross due to 
flooding. 
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NHNM 
Element 
Occurrence 
No 

NHNM 
Source 
Feature 
ID 

USFS Site ID Surveyed 
in 2014 

Plants 
found/ ID 

Fire 
severity 

Comments 

None None 030607EO00029 Yes No Not 
burned 

No plants found near 
mapped areas.  
Possibly on other side 
of creek.  If so, they 
were not flowering.  
Did not cross due to 
flooding. 

None None 030607EO00030 Yes No Not 
burned 

No plants found near 
mapped areas.  
Possibly on other side 
of creek.  If so, they 
were not flowering.  
Did not cross due to 
flooding. 

None None 030607EO00031 Yes No Not 
burned 

No plants found near 
mapped areas.  
Possibly on other side 
of creek.  If so, they 
were not flowering.  
Did not cross due to 
flooding. 

2 10591 030607EO00012 Yes Yes/Scrmac-
081914 

Not 
burned 

Roadside.  Outside 
fire perimeter. Likely 
W.L. Wagner 2340, 
Aug. 8 1976, Gila NF 
Herbarium) 

2 10599 030607EO00017 No N/A Not 
burned 

 

2 10602 030607EO00020 No N/A Not 
burned 

 

2 10601 030607EO00019 Yes No Not 
burned 

Possibly the same as 
10591 

None None 030607EO00022 No N/A Not 
burned 

 

 

Mimbres figwort is far more rare than previously thought.  It appears to no longer occupy certain areas 
from where it was previously documented for unclear reasons.  No plants were found along Iron Creek, 
including well documented sites in the campground areas (Iron Creek and Gallinas campgrounds). Most 
of these previously documented sites did not burn, but may have experienced some post-fire flooding and 
associated scouring of the stream banks. Nonetheless, plants should still be expected along the slopes 
adjacent to the stream banks, from where they were previously reported. Some of these sites may have 
been actually mountain figwort, mistaken for Mimbres figwort.  Although some of the better documented 
sites in the vicinity of the campgrounds may be extirpated, some of the previously known sites might 
have been poorly mapped by various agencies, based on general location descriptions from herbarium 
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labels.  This may perhaps be the most likely cause of the absence of these plants from various mapped 
areas outside the fire perimeter, in addition to misidentification.  

Because Mimbres figwort appears to have a preference for growing in cool, shady areas, underneath the 
canopy of mixed conifer forests and along stream banks, the species may not persist over time in the 
majority of documented sites on the Gila National Forest due to radical habitat alterations caused by the 
Silver Fire. In addition, many of the sites previously documented outside the fire perimeter were not 
found in 2014 and may no longer exists.  Inventories to determine the actual distribution and abundance 
of this species on the Gila National Forest are essential to assess the true status of Mimbres figwort.  In 
addition, the persistence of the extant sites within the Silver Fire perimeter should be closely monitored. 
Seed banking should be considered to maintain an ex-situ collection, in the event that reintroduction will 
become necessary in the future. 
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Metcalfe’s penstemon  
(Penstemon metcalfei) 
 

  
 
Metcalfe’s penstemon is a perennial herb in the plantain family (Plantaginaceae).  It is restricted to the 
Black Range of the Gila National Forests in Sierra County.  It occurs on cliffs or steep, north-facing 
slopes and drainage bottoms in lower and upper montane coniferous forest between 6,600 and 9,500 ft 
(NMRPTC 1999).  Associated species include Douglas fir (Pseudotsuga menziesii), ponderosa pine 
(Pinus ponderosa), Gambel oak (Quercus gambelii), orange gooseberry (Ribes pinetorum), alpine 
woodsorrel (Oxalis alpina), scarlet penstemon (Penstemon barbatus), New Mexico locust (Robinia 
neomexicana), red elderberry (Sambuccus racemosa), chokecherry (Prunus virginiana), canyon maple 
(Acer grandidentatum), and aspen (Populus tremuloides). Metcalfe’s penstemon is a USFWS and State of 
New Mexico Species of Concern and is a Forest Service Sensitive species.  NatureServe gives Metcalfe’s 
penstemon an updated conservation rank of S1 (critically imperiled) (2016). 
Prior to the 2013 Silver Fire it was known from 5 sites, all of which burned (Figure 15). All these 5 
known sites were searched for during July and August 2014.  Plants were found in 3 of the 5 known 
locations, totaling 138 plants in all sites (Figure 15; Table 9).  One Site was likely miss-mapped; no 
suitable habitat was present at the mapped location or anywhere near it (O.F. Williams s.n., July 20, 1996; 
SNM 6284).  No plants were found at or near the type locality in Trujillo Canyon, where thousands of 
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plants were previously recorded (NHNM EO #3 & 6).  This site had severely burned and experienced 
extreme flooding and debris deposition on the drainage floor following the 2013 fire (Figure 16).  

 
Figure 15.  Post fire distribution of Metcalfe’s penstemon, 2014. 
 
 

 
Figure 16.  Habitat condition at the Trujillo Canyon the type locality for Metcalfe’s penstemon, 2014. 
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Table 9.  Number of Metcalfe’s penstemon sites previously documented and 2014 survey results.   

NHNM 
Element 
Occurrence 
No 

NHNM 
Source 
Feature 
ID 

USFS Site ID Location  
Name 

1999  
No of 
Plants  

2014  
No of 
Plants  

Fire 
severity 

Comments 

6 10568 030602EO00005  Trujillo 
Canyon  

1000s 
plants 

None Severe Likely the same 
as FS 
030602EO00002, 
NHNM EO #3 
(SF 10565) 
Type locality – 
severely eroded, 
no invasives 

5 10567 030602EO00004 Cross-O 
Mountain 

100 
plants 

100 
plants 

Moderate 
to severe 

Likely the same 
as FS 
030602EO00001 
and FS 
030602EO00007 
NHNM EO #2 
(SF 10564).  
Dead, seeded 
annual grasses 

1 10992 030602EO00006 Mineral 
Creek 

100 
plants 

18 
plants 

Severe Dead, seeded 
annual grasses 

None None 030605EO00009 Quaking 
Aspen 
Canyon   

N/A No Moderate Likely miss-
mapped, habitat 
marginal.  O. 
Williams 96027. 
No invasives 

4 10566 030602EO00008 North 
Percha 
Canyon 

N/A 20 
plants 

Light to 
moderate 

Likely the same 
as FS 
030602EO00010 
and FS 
030602EO00003.  
Slopes heavily 
eroded.  No 
invasives. 

 

The majority of the occupied habitat of Metcalfe’s penstemon burned moderately to severely in the 2013 
Silver Fire.  In addition to fire severity impacts and canopy removal, much of the stream bank habitat of 
Metcalfe’s penstemon was significantly impacted by post-fire erosion, including stream bank scouring 
and incision, debris flows and large volumes of debris deposition (Figure 16).  

No invasive species were documented in the vicinity of any of the Metcalfe’s penstemon sites (Table 9).  
The regeneration of deciduous native woody species including aspen, Gambel oak, New Mexico locust, 
and chokecherry may provide significant resource competition and impact the recovery of some 
Metcalfe’s penstemon sites and habitat. 
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Because very few plants were documented in 2014 and Metcalfe’s penstemon appears to have a 
preference for growing in cool, shady areas, underneath the canopy of mixed conifer forests and along 
stream banks, the species may not persist over time in the majority of documented sites on the Gila 
National Forest, due to radical habitat alterations caused by the Silver Fire. Because of its extreme rarity 
and alterations to all of the known habitat, inventories to document the actual distribution and abundance 
of this species and close monitoring to determine population trends of this species are highly 
recommended. Seed banking should be considered to maintain an ex-situ collection, in the event that 
reintroduction will become necessary in the future. 
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CONCLUSION 
Unfortunately only very limited data was available on the pre-fire abundance and distribution of the eight 
Species of Concern. Except for Goodding’s onion, no targeted surveys had been performed to document 
the occurrence of these plants on the Gila National Forest.  Therefore, accurate analysis of survival and 
abundance post-fire is limited. Based on the findings of these surveys, rare plants appear to generally 
survive fires.  Plants whose habitat was little altered by the fires are expected to persist in burned areas.  
Rare plants are more vulnerable to post fire activities and changes in their habitats associated with fires, 
than to the fire itself, including floods, erosion, competition with native woody species, as well as post 
fire clean-up and restoration activities.  Large scale high severity fires are expected to have significant 
long term impacts on the persistence of some rare plants, because of the complete alteration of the 
majority of their habitat and expected long periods of time until the habitat is recovered. Plants requiring 
cool, shaded N-facing slopes and drainage bottoms for survival and persistence are expected to have a 
slow or even no recovery. These include Goodding’s onion (Allium gooddingii), Mogollon death camas 
(Anticlea mogollonensis), Metcalfe’s penstemon (Penstemon metcalfei), heartleaf groundsel (Packera 
cardamine), and possibly Mimbres figwort (Scrophularia macrantha).  Although these plants still exist 
on the landscape within a couple of years after the fire, they may not persist over the long term in areas 
that were severely burned, as indicated by the complete absence of Goodding’s onion from previously 
known sites within the 2006 Bear Fire perimeter in the Indian Creek drainage.   

Invasive species are not expected to be a threat to the recovery of the 8 Species of Concern, although the 
aggressive recovery of native aspen stands and other native deciduous woody species in the habitat and 
near some of the documented sites may impact the persistence of some species and should be closely 
monitored (Goodding’s onion, Mogollon death camas, Metcalfe’s penstemon, heartleaf groundsel, 
Mimbres figwort). 

Follow-up surveys to determine long term persistence are essential to determine the vulnerability and 
potential for extinction of these species. In addition, regular monitoring to determine post-fire population 
trends is highly recommended. Seed banking should be considered to maintain an ex-situ collection, in 
the event that reintroduction will become necessary in the future. 

 

MANAGEMENT RECOMMENDATIONS  

Although little can be done about the occurrence of wildfires and more frequent and catastrophic large 
fires are expected in the future, a variety of management actions can be implemented to minimize the 
potential devastating impacts on vulnerable Species of Concern.   

 
 Collect baseline information  
Obtaining baseline information on the actual distribution, abundance and potential threats to a 
sensitive species is essential in determining the status of a species and determining what, if any, 
management action needs to be taken to ensure persistence of a species on the Forest.  In addition, 
baseline information is fundamental to analyzing the potential impacts of management activities, 
including wildfire suppression and management, thinning & logging projects, road maintenance, 
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habitat improvement & restoration projects, and recreational activities such as trail & campground 
building and maintenance.  

 
 Assess vulnerability 
Once baseline data has been collected, the vulnerability of species can be assessed and proper 
management actions can be implemented, if needed, to protect a species from stochastic events 
caused by wildfires, floods, and forest management activities 
 
 Increase resilience with prescribed fires and thinning 
Habitat improvement projects focusing on plant species determined to be vulnerable to extinction 
caused by potential catastrophic wildfires can significantly improve a species’ ability to survive 
wildfires and persist following the fire if the habitat experiences little post-fire alteration. 
 
 Add vulnerable sensitive species habitats to the priority treatment list 
Occupied habitats of species determined to be vulnerable to habitat alteration associated with 
wildfires need to be prioritized for restoration treatments, including thinning and prescribed burns. 
 
 Avoid sensitive species populations during firefighting and post-fire clean-up & restoration 

activities 
Knowing the location of sensitive species (baseline information) and sharing this information with 
firefighters and post-fire management activities can significantly increase the survival of sensitive 
plant species during and after the fire.  Firefighting and post-fire activities may include the 
construction of fire breaks, application of fire suppressants, mulching & seeding, post-fire erosion 
control, and various restoration projects. 

 
 Stock up seed banks 
Ex-situ conservation of these vulnerable species in the form of seed banking may be the last resort 
for plants that are extremely limited in their distribution and whose post-fire long term persistence 
is questionable.  This is especially urgent for species whose entire range has already burned and 
whose habitat has been severely altered.  In addition, all sensitive plant species determined to be 
vulnerable to extinction from catastrophic wildfires should be collected for storage and potential 
post-fire restoration projects. 

 
 Monitor vulnerable populations and adjust management based on monitoring results 
Monitoring population trends of plant species determined to be vulnerable to wildfires and species 
whose habitat has already been altered by wildfires is essential to determine endangerment and 
provide appropriate management. 
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