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(c) Texas Sites 
 
Site Code Site Name Irreplaceability 

Index 
Terrestrial Areas 

5 Big Bend 50.87 
24 Davis Mountains 23.26 
92 Sierra Vieja-Chinati Mountains 9.44 
51 Marathon Basin Grasslands 7.36 
39 Hueco Mountains 4.36 
11 Bullis Gap 3.44 
56 Musquiz Canyon 3.29 
55 Monahans Sandhills 3.03 
33 Glass Mountains 2.78 
80 Salt Basin 2.75 
49 Longfellow Grasslands and Mesas 2.28 
27 Dryden/Sanderson 1.78 
52 Marfa Plateau Grassland 1.68 
45 Lake Toyah Basin 1.36 
90 Sierra Diablo. 1.26 
47 Langtry 1.19 
28 Eagle Mountains 1.03 
3 Apache Mountains 1.01 

25 Devils River Megasite 1.00 
44 Lake Amistad 0.83 
103 Western Sierra Diablos 0.59 
8 Border (in Mexico technically?) 0.53 

104 Yeso Hills 0.53 
100 Van Horn 0.51 
53 Mesa/Pecos Plain 0.36 
35 Hackberry Draw  0.36 
16 Cedar Station/Dryden 0.36 
79 Saddle Butte 0.36 
1 Alamito Creek 0.34 

57 Noelke Hill 0.34 
66 Quitman Mountains North 0.33 
74 Red Light Draw 0.28 
7 Boracho 0.26 
9 Borderland 0.15 

19 Clint 0.15 
77 Roberts Mesa  0.03 
102 West of Fort Stockton  0.01 
94 Sorcerer's Cave 0.01 
21 Cornudas 0.01 

Aquatic Areas 
NCD-Agua-28 Rio Grande Big Bend Lower Canyons 7.44 
NCD-Agua-25 Diamond Y Draw/Leon Creek & Springs 4.58 
NCD-Agua-24 Balmorhea Springs Complex 3.25 
NCD-Agua-23 Little Aguja Creek 3.00 
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Site Code Site Name Irreplaceability 
Index 

NCD-Agua-27 Devil's River 2.50 
NCD-Agua-26 Lower Pecos 2.19 
NCD-Agua-29 Rio Grande Ojinaga 1.52 
NCD-Agua-30 Terlingua Creek 1.00 
NCD-Agua-32 Hot Springs 0.50 
NCD-Agua-31 Alamito Creek 0.46 
NCD-Agua-22 Salt Creek 0.14 
 
 
 
Setting Priorities Among Portfolio Areas for Conservation Action 
 
Rather than try to derive a single metric for the conservation priority of a site, we used a 
single, simple three-by-three matrix of Degree of Threat vs. Degree of Irreplaceability to 
identify those conservation areas considered of High, Medium and Low conservation 
priority (Table 19). We used natural breaks in the score metrics to identify high, medium 
and low threat and high, medium and low irreplaceability for each conservation area. 
Separate priority matrices were developed for Mexico, New Mexico, and Texas to avoid 
the obvious problems in comparing such data across political boundaries and because 
different conservation actors will be involved in taking conservation action within these 
three political divisions. In each table highest priority areas (high irreplaceability and 
high threat) are shown in bold red text. Secondary priority areas are shown in black bold 
text. 
 
While this approach gives us a rough way of identifying what are probably the highest 
priority areas for undertaking site based conservation activities, it must be emphasized 
that our ability to identify, measure, and summarize the threats on individual areas within 
the vast Chihuahuan Desert Ecoregion is crude at best. A more intensive site-by-site 
analysis of threats is necessary before any actions should be taken on any individual site. 
In addition, our knowledge of the distribution of conservation targets on these areas is, in 
many cases, rudimentary and/or based on out-of-date field data. We have not provided 
threat or irreplaceability scores for the Secondary Terrestrial Portfolio because we lack 
any on-the-ground information on the state of these sites or even the actual presence of 
the biodiversity for which these areas were identified in the portfolio. 
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Table 19. Priorities for Conservation Action among Conservation Areas 
 
(a) Mexican Terrestrial Areas 
 
 Degree of Irreplaceability 

 High Medium Low 
H

ig
h 

Complejo de Cuatro 
Ciénegas 

Corredor Saltillo 
Monterrey  
 

Palomas 
 

M
ed

iu
m

 

La Perla  
El Tokio 
Complejo Mapimi 1 
Pastizales de la Campana 
Complejo Maderas del 
Carmen, El Burro y La 
Encanta 
Pastizales de Janos/ Mesa de 
Guacamaya 
Sierra de la Paila 

Sierra del Virolento/ 
Sierra de Hechiceros 
Cañon de Santa Elena 
Complejo Mapimi 3 
Complejo Mapimi 4 
 

Cerros del Colorados 
Samalayuca Villa 
Ahumada 
Complejo Mapimi 2 
 

D
eg

re
e 

of
 T

hr
ea

t 

Lo
w

 

El Huizacle y Pa 
 

Sierra de Alvare  
Organos Malpais 
Cuchillas de la Zarca 
Sierra de la Gloria 
Sierra Santa Fe del Pino 

Pico de Teyra  
Yerbaniz 
 

* Note that we have manually ranked the Pastizales de Janos/Mesa de Guacamaya area as High 
irreplaceability. See the section, “Biological Irreplaceability of the Portfolio Conservation Areas”, above. 
 
(b) Mexican Aquatic Areas 
 
 Degree of Irreplaceability 

 High Medium Low 

H
ig

h 

Cuatro Ciénegas 
Media Luna/Rio Verde 
Muzquiz 
Potosi 
Rio San Pedro 
Ojo Solo 
 
 

Rio Casas Grandes 
Ojo Julimes 
Sandia 
Rio Mezquital 
Rio Santa Catarina 
Rio Grande Ojinaga 
Venado-Moctezuma 
Rio del Carmen 
Rio Monclova 
Rio Nazus 
Guzman Basin 
Bustillos 

Cadena 
Chorro 
Ojo de San Gregorio 
Valle de Allende 
Illesces 
Rio Santa Maria 
Ocampo 
Sauz Basin 
Lower Rio Conchos 
Arroyo del Pino 
 

M
ed

iu
m

  San Diego de Alcala  La Concha 
Ojo de Villa Lopez  
Ojo de Dolores 
Rio Balleza 
Upper Conchos 

Upper Aguanaval 
Rio de Ramos  
Rio Guatimape  
Ojo de Galeana 

D
eg

re
e 

of
 T

hr
ea

t 

Lo
w

 

  
 

  Rio Torrero 
Lower Rio Nazas 
Arroyo El Nogal 
Rio Chuviscar 
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(c) New Mexico Terrestrial Areas 
 
 Degree of Irreplaceability 

 High Medium Low 
H

ig
h 

San Andres - Oscura 
Mountains 
Organ Mountains 

Mountains/Southern 
Jornada 
Franklin Mountains 
Mimbres Hot Spring 
Northern Jornada Basin 
Otero Mesa 
Tularosa Basin Desert 

San Vicente Wash/Walnut 
Creek 
 
 

M
ed

iu
m

 

Guadalupe Mountains Bosque del Apache 
Potrillo Mountains 
Seven Rivers 
Florida Mountains 
Sitting Bull Falls 
Black River Basin 
 

Chalk Bluffs  
Kenzin 
Remunda / Big Sinks 
Antelope Ridge 
Red Mountain 
Livingstone Ridge 
Crow Flats/Ishee Lakes 
Halfway South 
Northern Brokeoff 
Mountains 
Hagerman 
Lanark  
Robledo and Las Uvas 
Mountains 

D
eg

re
e 

of
 T

hr
ea

t 

Lo
w

 

  
 

Hatchet and Alamo 
Hueco Mountains 
Caballo 
Hope 
TorC West 
 
 

Sunland Border  
Doña Ana Mountains  
Caballo Lake 
Strauss Sinks 
Cedar Mountains 
Cook's Peak 
Crawford Ranch  
Nutt Grasslands 

 
(d) New Mexico Aquatic Areas 
 
 Degree of Irreplaceability 

 High Medium Low 

H
ig

h 

Blue Spring 
Black River 
Lower Hondo 

Oscura Salt Creek 
Mimbres River 

Rattlesnake Springs 

M
ed

iu
m

 Bitter Lake  
Pecos River Delaware  
Pecos River Roswell 

Lost River  
Tularosa Creek 

 

D
eg

re
e 

of
 T

hr
ea

t 

Lo
w

 

Rio Grande Elephant 
Butte 
 
 

Bottomless Lakes  
Pecos River High Plains 
Pecos River Carlsbad  
Rio Grande Caballo  
Rio Felix 

Cottonwood Springs 
Sitting Bull Falls  
Clayton Basin Lakes 
Laguna Plata 

(e) Texas Terrestrial Areas 
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 Degree of Irreplaceability 

 High Medium Low 

H
ig

h 

Big Bend 
Davis Mountains 
 

Devils River Megasite 
Dryden/Sanderson 
Glass Mountains 
Marathon Basin 
Grasslands 
Marfa Plateau 
Grassland 
Musquiz Canyon 
Salt Basin 
Sierra Diablo. 
Sierra Vieja-Chinati 
Mountains 

Alamito Creek 
Borderland 
Clint 
Lake Amistad 
Sorcerer's Cave 
  

M
ed

iu
m

 

 Langtry 
Longfellow Grasslands 
and Mesas  
Hueco Mountains  
Monahans Sandhills 
Apache Mountains 
Eagle Mountains 
Lake Toyah Basin 
Bullis Gap 
 

Hackberry Draw 
Cedar Station/Dryden 
Red Light Draw 
Boracho  
Cornudas  
Quitman Mountains North 
Roberts Mesa 
Mesa/Pecos Plain 
Van Horn 
West of Fort Stockton 
Saddle Butte 
Western Sierra Diablos 
Yeso Hills 

D
eg

re
e 

of
 T

hr
ea

t 

Lo
w

  
 
 

 Border 
Noelke Hill 

 
(f) Texas Aquatic Areas 
 
 Degree of Irreplaceability 

 High Medium Low 

H
ig

h 

Rio Grande Big Bend 
Lower Canyons 
Diamond Y Draw/Leon 
Creek & Springs 
Balmorhea Springs 
Complex 
Little Aguja Creek 

Devil's River 
Lower Pecos 
Rio Grande Ojinaga 
Terlingua Creek 
 

Terlingua Creek 
Alamito Creek 
Salt Creek 
 
  

M
ed

iu
m

   
 

Hot Springs 

D
eg

re
e 

of
 T

hr
ea

t 

Lo
w
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8. NEXT STEPS AND RECOMMENDATIONS 
 
Data Management and Archiving 
 
A compiled species target occurrence database for the Chihuahuan Desert is not provided 
as part of this report. State Heritage programs and the Northeast Mexico Conservation 
Data Center (CDC) maintain element occurrence databases for their respective regions, 
and data from these Heritage Programs and the CDC used in developing this document 
were used under license agreement. Nevertheless, all species occurrence data used in 
developing the portfolio for the Chihuahuan Desert are available through these Heritage 
and CDC programs. All new occurrence data mined and developed for this study will be 
archived and submitted to the Northeast Mexico CDC, the New Mexico Natural Heritage 
Program, and the Texas CDC for quality checking and inclusion with their master data 
sets.  
 
Other data sets developed for this study, including the DEM, landcover, biophysical 
model and fragmentation model, are included on the CD that accompanies this report. 
Questions regarding this data should be directed to Pronatura Noreste or The Nature 
Conservancy of New Mexico. 
  
Data Gaps 
 
Ecoregional planning efforts can always be improved upon as more and better data 
become available. A lack of comprehensive data is always a stumbling block to such 
efforts, especially for such a large, complex, and incompletely understood region such as 
the Chihuahuan Desert. There are a number of areas where data are lacking or incomplete 
for the Chihuahuan Desert, and we encourage the collection and archiving of more 
comprehensive data by which the assumptions made in this plan can be checked and the 
results refined through future iterations.  There are three main areas where data are 
lacking or incomplete – target occurrences, vegetation mapping, and an aquatic system 
classification. 
 
Numerous data gaps were encountered for conservation targets. Data were completely 
lacking for some species. Occurrence data were out of date for others. In some cases we 
lack up-to-date taxonomic assessments of species or groups of species; for example the 
status of the trout (Oncorhynchus spp.) of the Sierra Madre Occidental has not yet been 
clarified. While many museums are now making their collection data available online, 
many occurrence locations have yet to be spatially referenced, and many collections from 
the Mexican portion of the ecoregion are very old.  
 
Vegetation data for the ecoregion is incomplete and classification systems are often 
incompatible across political boundaries. The New Mexico and Texas GAP vegetation 
data sets both suffer from incomplete ground-truthing and a number of flawed 
delineations were discovered in the Chihuahuan portion of these datasets. The vegetation 
mapping for the Mexican portion of the ecoregion, developed by INEGI, was updated in 
time for this project, but lacks any resolution of some vegetation classes, most notably 
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grasslands. A better, seamless vegetation spatial dataset for the ecoregion is a top priority 
for improving upon future iterations of the plan. 
 
An even greater limiting factor to this effort was the complete lack of an aquatic 
classification system for the ecoregion, or even access to adequate data sets to develop 
such a classification. The first priority in this regard must be a complete hydrologic 
spatial dataset for Mexico such as exists in the National Hydrologic Database (NHD) for 
the United States.  



 

83 

9. REFERENCES 
 
Allen, C.D., J.L. Betancourt, and T.W. Swetnam. 1998. Landscape changes in the 
southwestern United States: Techniques, long-term data sets, and trends. IN: T. Sisk, ed., 
Perspectives on the land use history of North America: A context for understanding our 
changing environment. U.S. Geological Survey, Biological Science Report. 
 
Almaraz, R.A. and H. Eswaran. 1998. Soil taxonomy translation of the 
INEGI 1:1,000,000 soil map of Mexico. USDA Natural Resources Conservation 
Service, World Soil Resources. Washington D.C. 
 
Artigas-Azas, J.M. 1995. Xenoophorus captivus – inevitable extinction. Aquatic Survival 
4(3): 20-21. 
 
Bahre, C.J. 1991. A legacy of change, historic human impact on vegetation of the 
Arizona borderlands. University of Arizona Press, Tucson, AZ. 
 
Bestgen, K. R., and S. P. Platania. 1990. Extirpation of Notropis simus simus (Cope) and 
Notropis orca Woolman (Pisces: Cyprinidae) from the Rio Grande in New Mexico, with 
notes on their life history. Occ. Papers, Mus. Southwestern Biol. 6:1-8. 
 
Brenner Guillermo, M. C. J., M. C. Correa and J. M. Anorve. 2001. Reporte final de la 
mineria de datos de la ecorregion de Desierto Chihuahuense en Mexico. Pronatura for 
The Nature Conservancy. 
 
Brown, D.E., C.H. Lowe and C.P. Pase. 1979. A digitized classification system for the 
biotic communities of North America, with community (series) and association examples 
for the Southwest. The Journal of the Arizona-Nevada Academy of Science 14 (Suppl. 
1): 1-16. 
 
Buffington, L.C. and C.H. Herbel. 1965. Vegetational changes on a semidesert grassland 
range from 1858 to 1963. Ecological Monographs 35 (5): 139-164 
 
Burr, B. M., and R. L. Mayden. 1981. Systematics, distribution and life history notes on 
Notropis chihuahua. Copeia 1981(2):255-265. 
 
Chaney, A. H., E. A. Liner and Johnson, R. M. 1982. Geographic distribution: 
Chiropterotriton prisca. Herpetological Review 13(2):51. 
 
Christiansen, A, J. Moss and E. Woodbury. 1995. Baseline investigations of the pupfish 
Cyprinodon veronicae. Aquatic Survival 3(4). 
 
CONABIO. 2000. Regiones Terrestres Prioritarias. Mapa. Escala 1:1,000,000. Comisión 
Nacional para el Conocimiento y Uso de la Biodiversidad, México.  
 



 

84 

CONABIO. 1998. Regiones Hidrológicas Prioritarias. Mapa. Escala 1: 4,000,000. 
Comisión Nacional para el Conocimiento y Uso de la Biodiversidad, México. Financiado 
por -USAID-Packard Foundation-CONABIO-WWF-FMCN.  
 
Contreras-B., S., and M. L. Lozano-V. 1994. Water, endangered fishes, and development 
perspectives in arid lands of Mexico. Conservation Biology 8(2): 379-387. 
 
Contreras-Balderas, S. 1991. Conservation of Mexican freshwater fishes: Some protected 
sites and species, and recent federal legislation. Pp. 191-218   IN: W.L. Minkley and J.E. 
Deacon, Eds., Battle against extinction: Native fish management in the American west. 
University of Arizona Press, Tucson. 517 + xviii pp. 
 
Davis, F., S. Andelman and D. Stoms. 2002. SITES: an analytical toolbox for ecoregional 
planning. Internet site: http://www.biogeog.ucsb.edu/projects/tnc/toolbox.html. 
 
Degenhardt, W. G., C. W. Painter, and A. H. Price. 1996. Amphibians and reptiles of 
New Mexico. Univ. New Mexico Press, Albuquerque, NM. 431 pp. 
 
Dick-Peddie, W.A. 1993. New Mexico vegetation, past, present and future. University of 
New Mexico Press, Albuquerque, NM. 
 
Dinerstein, E., D. Olson, J. Atchley, C. Loucks, S. Contreras-Balderas, R. Abell, E. Iñigo, 
E. Enkerlin, C. Williams and G. Castilleja. 2000. Ecoregion-based conservation in the 
Chihuahuan Desert: a biological assessment. World Wildlife Fund. 
 
Echelle, A. A., and A. F. Echelle. 1980. Status of the Pecos gambusia (Gambusia 
nobilis). U.S. Fish and Wildlife Service, Albuquerque. 
 
Edwards, R.J, G.P. Garrett and E. Marsh-Matthews. MS. Conservation and status of the 
fish communities inhabiting the Rio Conchos Basin and middle Rio Grande, Mexico and 
U.S.A. Unpublished MS. 
 
Environmental Systems Research Institute (ESRI). 2000. ArcInfo GIS 8. Redlands, CA. 
 
Environmental Systems Research Institute (ESRI). 2001. ArcView GIS 3.2a.   Redlands, 
CA. 
 
Ernst, C. H. 1992. Trachemys gaigeae. Cat. Amer. Amphib. Rept.: 538.1-538.4 
 
Fierro, L. C. 2001. Análisis de la condición de los pastizales del Desierto Chihuahuense 
en México. Pronatura Noreste A. C., México. 
 
Finch, D. M., and S. H. Stoleson (eds.). 2000. Status, ecology and conservation of the 
Southwestern Willow Flycatcher. Gen. Tech. Rep. RMRS-GTR- 60. Ogden, UT: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 131 pp. 
 



 

85 

Flather, C.H., M.S. Knowles and I.A. Kendall. 1998. Threatened and endangered species 
geography, characteristic hot spots in the conterminous United States.  Bioscience 48(5): 
365-376. 
 
Franklin, J.F. 1993. Preserving biodiversity: species, ecosystems or landscapes?  
Ecological Applications 3 (2): 202-205. 
 
Garrett, G. P., R. J. Edwards and A. H. Price. 1992. Distribution and status of the Devils 
River minnow, Dionda diaboli. Southwestern Nat. 37(3):259-267. 
 
Hendrickson, D.A., L.T. Findley and H. Espinosa Pérez. 1999. Mexican trouts - the need 
for status surveys and research. Paper presented at the Annual Symposium of the Desert 
Fishes Council, November 1999, Ciudad Victoria, Tamaulipas, México. 
 
Hoagstrom, C. W., and J. E. Brooks. 1999. Distribution, status and abundance of the 
Pecos Pupfish, Cyprinodon pecosensis. Tech Rpt. No. 2 New Mexico Dept. Game and 
Fish, Santa Fe, NM. 76 pp. 
 
Holmes, K. E. 1970. The ecological status, present and future, of Ondatra zibethicus in 
the Lower Rio Grande Valley of El Paso County, Texas. Unpubl. Masters thesis, Sul 
Ross State Univ. 74 pp. 
 
Hubbs, C., R. J. Edwards and G. P. Garrett. 1991. An annotated checklist of the 
freshwater fishes of Texas, with keys to identification of species. Tex. J. Sci. (supple.) 
43(4):1-56. 
 
INEGI 1:1,000,000 soil map of Mexico. USDA Natural Resources Conservation 
 
Iverson, J. B. 1982. Terrapene coahuila. Cat. Amer. Amphib. Rept. 288.1-288.2. 
 
Iverson, J. B. 1985. Kinosternon hirtipes. Cat. Amer. Amphib. Rept. 361.1-361.4 
 
Jimenez-Guzman, A. and M.A. Zuniga-Ramos. 1991. Caracterizacion biologica de Sierra 
Maderas del Carmen, Coahuila, Mexico.  Anales Inst. Univ. Nac. Auton. Mexico Ser. 
Zool. 62 :373-382. 
 
Johnston, M.C. 1977. Brief resume of botanical, including vegetational, features of the 
Chihuahuan Desert region with special emphasis on their uniqueness. Pp 335-359, 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 Mexico”, Sul Ross State 
University, Alpine Texas, 17-18 October 1974. US Dept. Interior, National Parks Service 
Transactions and Proceedings Series No. 3. 
 
Kelsch, S. W., and F. S. Hendricks. 1990. Distribution of the headwater catfish Ictalurus 
lupus (Osteichthyes: Ictaluridae). Southwestern Nat. 35:292-297. 
 



 

86 

List, R. O. Moctezuma and P. Manzano-Fisher. 1999. Informe final del proyecto: 
identificación de áreas prioritarias para la conservación corredores y zonas de 
amortiguamiento en el norte de la Sierra Madre Occidental (convenio no. b-4-97-7). 
Naturalia A. C. and The Wildlands Project; México. 
 
List, R., O. Moctezuma, and M.J. Miller. 1998. What to protect in Chihuahua and Sonora. 
Pp 82-89, IN: Gottfried, G.J.Edminster, and M.C. Dillon. Cross Border Waters: Fragile 
treasures for the 21st. Century; Ninth U.S./Mexico Border States Conference on 
Recreation, Parks, and Wildlife;1998, June 3-6. Proceedings RMRS-P-5. Fort Collins, 
CO. US Department of Agriculture Forest Service, Rocky Mountain Research Station. 
341 p. 
 
Loiselle, P.V. 1994. Endangered islands and ancient lakes: achievable conservation goals 
for the twenty-first century. Aquatic Survival 3(2). 
 
Lyons, J., S. Navarro-Perez, P. A. Cochran, E. Santana C., and M. Guzman-Arroyo. 
1995. Index of biotic integrity based on fish assemblages for the coservation of streams 
and rivers in West-Central Mexico. Conservation Biology 9(3): 569-584. 
 
McCafferty, W. P., and C. R. Lugo-Ortiz and G. Z. Jacobi. 1997. Mayfly fauna of New 
Mexico. The Great Basin Naturalist 57(4): 283-314. 
 
McDonnell, M.D., H.P. Possingham, I.R. Ball and E.A. Cousins. 2002. Mathematical 
methods for spatially cohesive reserve design. Environmental Modeling and Assessment 
7: 107–114. 
 
Miller, R.R. 1977. Composition and derivation of the native fish fauna of the Chihuahuan 
Desert region. Pp 365-382, 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 Mexico”, Sul Ross State University, Alpine Texas, 17-18 October 1974. US Dept. 
Interior, National Parks Service Transactions and Proceedings Series No. 3. 
 
Minckley, W. L. 1962. Two new species of fishes of the genus Gambusia (Poecilidae) 
from Northeastern Mexico. Copeia 1962(2):391-400. 
 
Minckley, W. L. 1984. Cuatro Ciénegas fishes: research review and a local test of 
diversity. J. Arizona-Nevada Acad. Sci. 19:13-21. 
 
Minckley, W.L., G.K. Meffe and David L. Soltz. 1991. Conservation and management of 
short-lived fishes: the Cyprinodontoids. Pp. 247-282  IN: W.L. Minkley and J.E. Deacon, 
Eds., Battle against extinction: Native fish management in the American west. University 
of Arizona Press, Tucson. 517 + xviii pp. 
 
Morris, W., D. Doak, M. Groom, P. Kareiva, J. Fieberg, L. Gerber. P. Murphy and D. 
Thomson. 1999. A practical handbook for population viability analysis. The Nature 
Conservancy. 



 

87 

 
Muldavin, E., Y. Chauvin and G. Harper. 2000. The vegetation of White Sands Missile 
Range, New Mexico; Volume I: handbook of vegetation communities. New Mexico 
Natural Heritage Program, Albuquerque, New Mexico. 
 
Natural Heritage Information System (NHIS). 2002. New Mexico Natural Heritage 
Program. Museum of Southwestern Biology, University of New Mexico, Albuquerque, 
New Mexico. 
 
NatureServe. 2002. Web site: http://natureserve.org/. Arlington, Virginia. 
 
New Mexico Department of Game and Fish. No Date. Handbook of species endangered 
in New Mexico. 
 
Olson, D. M. and E. Dinerstein. 1998. The Global 200: A representation approach to 
conserving the earth's most biologically valuable ecoregions. Conservation Biology 
3:502-512. 
 
Page, L. M., and B. M. Burr. 1991. A field guide to freshwater fishes; North America, 
North of Mexico. Houghton Mifflin Co., Boston, MA. xii + 432 pp. 
 
Peden, A. E. 1973. Virtual extinction of Gambusia amistadensis n. sp., a poeciliid fish 
from Texas. Copeia 1973:210-221. 
 
Peterson, A. T., Miguel A. Ortega-Huerta and J. Bartley, V. Sánchez-Cordero, J. 
Soberón, R. H. Buddemeier, and D. R. B. Stockwell. 2002. Future projections for 
Mexican faunas under global climate change scenarios. Nature 416: 626-627. 
 
Pimm, S.L., G.J. Russell, J.L. Gittleman and T.M. Brooks. 1995. The future of 
biodiversity. Science 269: 347-350. 
 
Poiani, K.A., B.D. Richter, M.G. Anderson and H.E. Richter. 2000. Biodiversity 
conservation at multiple scales: functional sites, landscapes, and networks. Bioscience 50 
(2): 133-146. 
 
Possingham, H. P., I. R. Ball and S. Andelman. 2000. Mathematical methods for 
identifying representative reserve networks, in: Quantitative methods for conservation 
biology, eds. S. Ferson and M. Burgman, Springer-Verlag, New York, pp. 291-305. 
 
Pressey, R.L., H.P. Possingham and R.I. Margules. 1996. Optimality in reserve selection 
algorithms: when does it matter and how much?  Biological Conservation 76 (3): 259-
267. 
 
Pressey, R.L., H.P. Possingham and J.R. Day. 1997. Effectiveness of alternative heuristic 
algorithms for identifying indicative minimum requirements for conservation reserves, 
Biological Conservation 80:207-219 



 

88 

 
Propst, D. L. 1999. Threatened and endangered fishes of New Mexico. Technical Report 
No. 1. New Mexico Department of Game and Fish. 
 
Rzedowski, J. 1978. Vegetación de Mexico. Editorial Limusa, S.A. 432 pp. 
 
SEMARNAP. 2000. Inventario Nacional Forestal 2000. Secretaría de Medio Ambiente y 
Recursos Naturales, México, D.F. 
 
Schlesinger, W.H., J.F. Reynolds, G.L. Cunningham, L.F. Huenneke, W.M. Jarrell, R.A. 
Virginia and W.G. Whitford. 1990. Biological feedbacks in global desertification. 
Science  247: 1043-1048 
 
Schlosser, I.J. 1991. Stream fish ecology: a landscape perspective. BioSience 41(10): 
704-712. 
 
Schmidt, R. H. Jr. 1979. A climatic delineation of the ‘real’ Chihuahuan Desert. Journal 
of Arid Environments 2:243-250.   
 
Seidel, M. E., J. N. Stuart, and W. G. Degenhardt. 1999. Variation and species status of 
slider turtles (Emydidae: Trachemys) in the southwestern United States and adjacent 
Mexico. Herpetologica 55(4): 470-487.  
 
Sharp, J.M. 2000. Regional groundwater flow systems in Trans-Pecos Texas. WTGS 
Bulletin 39(5): 41-55. 
 
Sublette, J. E., Hatch, M. D. and Sublette, M. 1990. The fishes of New Mexico. 
University of New Mexico Press, Albuquerque. 
 
Texas Conservation Data Center. 1998. Biological and Conservation Database. Data as 
reported on 29, January 2001. The Nature Conservancy. San Antonio, Texas. 
 
Texas Cooperative Fish and Wildlife Research Unit. 2001. Draft Texas GAP vegetation 
data. Texas Cooperative Fish and Wildlife Research Unit, Texas Tech University, 
Lubbock, Texas. 
 
Texas Parks & Wildlife. No Date. Endangered and threatened: Comanche Springs 
pupfish (Cyprinodon elegans). Nature.  
 
The Nature Conservancy. 2000. Designing a Geography of Hope, Second Edition. The 
Nature Conservancy, Arlington, Virginia. 
 
The Nature Conservancy. 2001. Southern Rocky Mountains: An ecoregional assessment 
and conservation blueprint. Boulder, Colorado. The Nature Conservancy. 
 
 



 

89 

 
Thompson, B. C., P. J. Crist, J. S. Prior-Magee, R. A. Deitner, D. L. Garber, and M. A. 
Hughes. 1996. Gap analysis of biological diversity conservation in New Mexico using 
geographic information systems. Final Gap Analysis Report, U.S. Dep. Interior, New 
Mexico Cooperative Fish and Wild. Res. Unit, Las Cruces, NM. 
 
United States Department of Interior. 1983. Pecos gambusia recovery plan. U.S. Fish and 
Wildlife Service. Albuquerque. 
 
United States Department of Interior. 1984. Recovery plan for Big Bend gambusia 
(Gambusia gaigei). U.S. Fish and Wildlife Service, Region 2, Albuquerque, NM. 
 
United States Department of Interior. 1985. Leon Springs pupfish (Cyprinodon bovinus) 
recovery plan. U.S. Fish and Wildlife Service.   
 
United States Department of Interior. 1986. Recovery plan for Chihuahua chub (Gila 
nigrescens). U.S. Fish and Wildlife Service, Office of Endangered Species, Region 2, 
Albuquerque, NM.  
 
Valdes, N. E. V., and K. O. Winemiller. 1997. Structure and habitat associations of 
Devils River fish assemblages. Southwestern Nat. 42(3):265-278. 
 
Van Devender, T.R. 1990. Late Quaternary vegetation and climate of the Chihuahuan 
Desert, United States and Mexico. Chapter 7, in J. Betancourt, T. Van Devender and P. 
Martin, Editors. Packrat middens, the last 40,000 years of biotic change. The University 
of Arizona Press, Tucson, Arizona. 
 
Villarreal, Q. and J.A. y J.Valdes R. 1993. Vegetacion de Coahuila. Manejo de Pastizales, 
6: 9-18. 
 
Ward, J. P. 1984. Relationships of chrysemyd turtles of North America (Testudines: 
Emydidae). Spec. Publ. Mus. Texas Tech Univ. (21):1-50.  
 
Webb, R. G. 1973. Trionyx ater. Cat. Amer. Amphib. Rept. 137.1 
 
Webb, R. G., and J. M. Legler. 1960. A new softshell turtle (Genus Trionyx) from 
Coahuila, Mexico. Univ. Kansas Sci. Bull. 40(2):21-30. 
 
Wood, S., G. Harper, E. Muldavin and P. Neville. 1999. Vegetation map of the Sierra Del 
Carmen, U.S.A. and Mexico; final report submitted to the US. Geological Survey, 
National Wetlands Research Center and the National Park Service, Big Bend National 
Park. New Mexico Natural Heritage Program, Albuquerque, New Mexico. 
 



 

90 

Wood, S., S. Yanoff, N. Douglas, S. Radjy, E. Muldavin and P. Mehlhop. 1997. 
Vegetation of Fort Bliss Texas and New Mexico; Volume I: addendum vegetation 
community handbook. New Mexico Natural Heritage Program, Albuquerque, New 
Mexico. 
 
World Wildlife Fund. 2001. A Report on the Chihuahuan Desert conservation priority-
setting workshop. September 30- October 2, 1997. Monterrey, Nuevo Leon, Mexico. 
Washington, D.C.. 
 
York, J. C. and W. A. Dick-Peddie. 1969. Vegetation changes in southern New Mexico 
during the past hundred years. in, W. G. McGinnies and B. J. Goldman (eds.) Arid lands 
in perspective, Amer. Assoc. for the Adv. of Sci. and Univ. of Arizona Press, Tucson. 
 



 

91 

10. ACKNOWLEDGEMENTS 
 
This project could not have been completed without the generous support of The Nature 
Conservancy’s Migratory Bird Program and Ian Cummings and the Consevancy’s 
Ecoregional Planning Support Team. Special thanks go to Craig Groves, Laura Landon, 
and Renee Mullen for their advice and support. Funding also came from The Nature 
Conservancy’s New Mexico, Mexico, and Texas Programs. Thanks to Rosario Alvarez, 
Juan Bezaury, Brian Houseal, Pat Patterson, Robert Potts, Bruce Runnels, James 
Sulentich and William Waldman for their institutional support. Some data and 
methodology used in this analysis was developed with the assistance of grant funding 
from the National Aeronautics and Space Administration (NASA). Thanks to Woody 
Turner of NASA for his support of our work in the Chihuahuan Desert. 
 
Special thanks to the Conservation Data Center operated by Pronatura Noreste for 
Northeastern Mexico, the Texas Conservation Data Center and Texas Parks and Wildlife 
Department, Wildlife Diversity Program, as well as  the New Mexico Natural Heritage 
Program. Locational data and other supporting information was provided by a host of 
experts in the United States and Mexico. Thanks to all those who participated in an 
experts workshop hosted by the World Wildlife Fund in Monterrey, Mexico, in October, 
1997. We would especially like to acknowledge Ernesto Enkerlin, David Olson, and 
Chris Williams for their assistance. Pronatura Noreste coordinated the mining of 
additional locational data for Mexico. Experts providing data for that effort were Eduardo 
Estrada, Héctor Arturo Garza, Francisco González, Pablo Lavín, Arnulfo Moreno, Jesús 
Valdez, and Patricia Vela. Thanks also to Mauricio Cotera, María Elena García, Mario 
García, David González, and Cynthia Redendiz for their assistance with this effort.  
 
We also thank the technical team members who assisted in the development and review 
of taxonomic target lists and to those who provided additional data on species 
distributions; David Anderson, David Baumgardner, Michael Bogan, David Bowles, Bill 
Carr, Steve Cary, Alberto Contreras-Arquieta, Miguel Angel Cruz, Eduardo Estrada, 
Jennifer Frey, Gary Garrett, Mark Goering, Chris Hoagstrom, Amber Hobbs, Denny 
Hugg, Rebecca Keeshen, Barry Knisely, Brian Lang, Robert R. Larsen, Juan Medel, 
Artie Metcalf, Angel Montoya, Charlie Painter, Steve Platania, Jackie Poole, Andy Price, 
Dave Propst, Christopher Rustay, Robert Sivinski, Richard Spellenberg, Phil Tonne, 
Jesus Valdes, Tom Wendt, and Kendal Young. 
 
Linda Delay provided invaluable assistance in developing data layers for the biophysical 
model. Michael Heiner, Dan Dorfman, and Pat Comer assisted in developing the 
biophysical model and helped with other GIS problems. Russell Almaraz of NRCS 
helped build an ecoregion-wide soils map. Bob Unnasch assisted in developing metrics to 
measure threat and irreplaceability for conservation areas. Other GIS and technical 
assistance was provided by Tom Alnutt, Marilyn Altenbach, Debbie Benesh, Frank Biasi, 
Brooke Cholvin, Edwin Falconer, Chris Frasier, Steven Gilbert, Anne Gondor, Larry 
Gorenflo, Gordon Harris, Xaojun Li, Colby Loucks, Jason McNees, Cherie Moritz, Teri 
Neville, Paul Neville, Michael Schindel, Dorinda Scott, and Ryan Smith. Other 
assistance, advice, and support was provided by Barbara Adler, Susan Anderson, Sarah 



 

92 

Buckley, Wendy Dinner, Kristi Echols, Lee Elliot, Ingrid Etienne, Keene Haywood, 
Crawford Marginot, Patrick McCarthy, Patricia Mehlhop, Daran Moon, Deborah Nethers, 
Wayne Ostlie, Marco Antonio Paredes, Laura Paulson, Townsend Peterson, Christina 
Rhoe, Peter Russell, Jason Spensley, and Leni Wilsman. 
 
We are grateful to Jennifer Hall, Steve Chaplin, and all the participants of the November 
2000 Ecoregional Planning workshop in Colorado Springs, Colorado, hosted by The 
Nature Conservancy, for early input and assistance in developing this assessment. Thanks 
also to those who reviewed technical approaches, draft technical documents, and 
provided editorial advice on the final document. 
 
 




