
Literature Cited: Proposed Listing of the Pecos Pupfish with Critical Habitat and 4(d) Rule 

Ashworth, J.B. 1990. Evaluation of ground-water resources in parts of Loving, Pecos, Reeves, 
Ward, and Winkler Counties, Texas. Report 317, Texas Water Development Board, 
Austin, Texas. 57 pp. 

Bennett, W.A. and T.L. Beitinger. 1997. Temperature Tolerance of the Sheepshead Minnow, 
Cyprinodon variegatus. Copeia 1997:77–87. 

Blue Earth Ecological Consultants, Inc. (BEEC). 2010. Monitoring plan for Pecos pupfish 
(Cyprinodon pecosensis). New Mexico Department of Game and Fish. 71 pp. 

Brooks, J. 1992. Appendix extant Pecos pupfish locality descriptions. Rio Grande Fishes 
Recovery Team. 8 pp.  

Bonetti, P., C. Leuz, and G. Michelon. 2021. Large-sample evidence on the impact of 
unconventional oil and gas development on surface waters. Science 373:896–902. 

Brown, J.H. and C.R. Feldmeth. 1971. Evolution in constant and fluctuating environments: 
thermal tolerances of desert pupfish (Cyprinodon pecosensis). Evolution 25:390–398. 

Cheng, L., M. Hoerling, Z. Liu, and J. Eischeid. 2019. Physical understanding of human-induced 
changes in U.S. hot droughts using equilibrium climate simulations. Journal of Climate 
32:4431–4443. https://doi.org/10.1175/JCLI-D-18-0611.1. 

Childs, M.R., A.A. Echelle, and T.E. Dowling. 1996. Development of the hybrid swarm between 
Pecos pupfish (Cyprinodontidae: Cyprinodon pecosensis) and sheepshead minnow (C. 
veriegatus): a perspective from allozymes and MtDNA. Evolution 50:2014–2022. 
https://doi.org/10.1111/j.1558-5646.1996.tb03588.x. 

Cokendolpher, J.C. 1980. Hybridization experiments with the genus Cyprinodon (Teleostei: 
Cyprinodontidae). Copeia 1980:173. https://doi.org/10.2307/1444160. 

Collyer, M.L., M.E. Hall, M.D. Smith, and C.W. Hoagstrom. 2015. Habitat-morphotype 
associations of Pecos pupfish (Cyprinodon Pecosensis) in isolated habitat complexes. 
Copeia 103:181–199. https://doi.org/10.1643/OT-14-084. 

Connor, P.J. 1987. A genetic analysis of a hybrid swarm between two pupfishes, Cyprinodon 
pecosensis and C. variegatus (Cyprinodontidae): Geographical pattern. Masters Thesis. 
Oklahoma State University, Norman, Oklahoma. 45 pp.  

Consensus Planning, Inc. 2016. Chaves County Comprehensive Plan. Chaves County, New 
Mexico. 129 pp. 

Davenport, S. 2023a. Call with S. Davenport. 1 p. 

———. 2023b. Pecos Pupfish data and quick narrative, March 10, 2023. 



Davis, J.R. 1980. Rediscovery, distribution, and populational status of (Cyprinodon eximius) 
(Cyprinodontidae) in Devil’s River, Texas. The Southwestern Naturalist 25:81–88. 
https://doi.org/10.2307/3671213. 

———. 1981. Diet of the Pecos River Pupfish, Cyprinodon pecosensis (Cyprinodontidae). The 
Southwestern Naturalist 25:535. https://doi.org/10.2307/3670854. 

Doege, R. 2023. Pecos pupfish longevity in captivity. October 13, 2023. 1 p.  

Dunbar, N.W., D.S. Gutzler, K.S. Pearthree, F.M. Phillips, P.W. Bauer, C.D. Allen, D. DuBois, 
M.D. Harvey, J.P. King, L.D. McFadden, B.M. Thompson, and A.C. Tillery. 2022. 
Climate change in New Mexico over the next 50 years: impacts on water resources: New 
Mexico Bureau of Geology and Mineral Resources, Bulletin 164. 218 pp. 
https://doi.org/10.58799/B-164. 

Echelle, A.A. and P.J. Connor. 1989. Rapid, geographically extensive genetic introgression after 
secondary contact between two pupfish species (Cyprinodon, Cyprinodontidae). 
Evolution 43: 717–727. 

Echelle, A.A., A.F. Echelle, S. Contreras-Balderas, and M.L.L. Vilano. 2003a. Pupfishes of the 
Northern Chihuahuan Desert: status and  conservation. Aquatic Fauna of the Northern 
Chihuahuan Desert. Museum of Texas Tech University, Special Publications 46:113–126. 

Echelle, A.F. and A.A. Echelle. 2007. Genetic status of Pecos pupfish populations in New 
Mexico. Final Report. New Mexico Department of Game and Fish, Santa Fe, New 
Mexico and U. S. Bureau of Land Management, Las Cruces, New Mexico. 25 pp. 

Echelle, A.F., A.A. Echelle, and W.L. Fisher. 2003b. Genetic status of Cyprinodon pecosensis in 
Texas. Final Report. U.S. Fish and Wildlife Service, Ecological Services Field Office, 
Austin, Texas. 22 pp.  

Echelle, A.A., C.W. Hoagstrom, A.F. Echelle, and J.E. Brooks. 1997. Expanded occurrence of 
genetically introgressed pupfish (Cyprinodontidae: Cyprinodon pecosensis X variegatus 
in New Mexico. The Southwestern Naturalist 42:336–339. 

Farrington, M.A, and W.H. Brandenburg. 2003. Life history of Pecos pupfish (Cyprinodon 
pecosensis) in Bitter Lake National Wildlife Refuge, New Mexico. Report to New 
Mexico Department of Game and Fish Conservation Services Division, Santa Fe, New 
Mexico. 96 pp.  

Follansbee, R., H.J Dean, W.W. Follett, and G.A. Gray. 1915. Water resources of the Rio Grande 
Basin, 1888-1913. Washington: Government Printing Office. Accessed from 
https://www.loc.gov/item/gs15000446/. 

Garrett, G.P. 1982. Variation in the reproductive traits of the Pecos pupfish, Cyprinodon 
pecosensis. The American Midland Naturalist 108:355–363. 
https://doi.org/10.2307/2425496. 



Garrett, G.P., C. Hubbs, and R.J. Edwards. 2002. Threatened fishes of the world: Cyprinodon 
pecosensis Echelle and Echelle, 1978 (Cyprinodontidae). Environmental Biology of 
Fishes 65:366–366. https://doi.org/10.1023/A:1020521230163. 

George, P.G., R.E. Mace, and R. Petrossian. 2011. Aquifers of Texas. Report 380. Texas Water 
Development Board, Austin, Texas. 182 pp.  

Global Biodiversity Information Facility (GBIF). 2022. Occurrence Download. GBIF.org. 
Accessed from https://doi.org/10.15468/dl.n3p937. 

Hatch, M.D., W.H. Baltosser, and C.G. Schmitt. 1985. Life history and ecology of the bluntnose 
shiner (Notropis simus pecosensis) in the Pecos River of New Mexico. The Southwestern 
Naturalist 30:555–562. https://doi.org/10.2307/3671049. 

Hatt, J. 2019. Pecos Pupfish Monitoring Report 2019. Fisheries Management Division, Santa Fe, 
New Mexico: New Mexico Department of Game and Fish. 9 pp.  

———. 2021. Pecos Pupfish Monitoring Report 2021. Fisheries Management Division, Santa 
Fe, New Mexico: New Mexico Department of Game and Fish. 8 pp. 

———. 2022. Pecos Pupfish Monitoring Report 2022. Monitoring. Santa Fe, NM: New Mexico 
Department of Game and Fish. 8 pp.  

Hayhoe, K., D.J. Wuebbles, D.R. Easterling, D.W. Fahey, S. Doherty, J.P. Kossin, W.V. Sweet, 
R.S. Vose, and M.F. Wehner. 2018. Our Changing Climate. Pp. 72–144 in Impacts, Risks, 
and Adaptation in the United States: The Fourth National Climate Assessment, Volume II 
(Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. 
Maycock, and B.C. Stewart (Eds.)). U.S. Global Change Research Program, Washington 
DC, USA. https://doi.org/10.7930/NCA4.2018.CH2. 

Hoagstrom, C.W. 2009. Causes and impacts of salinization in the lower Pecos River. Great Plains 
Research 19:27–44. 

Hoagstrom, C.W. and J.E. Brooks. 1999. Distribution, status, and conservation of the Pecos 
pupfish, Cyprinodon pecosensis. Technical Report No. 2. New Mexico Department of 
Game and Fish, Santa Fe, New Mexico. 77 pp. 

Hoagstrom, C.W., J.E. Brooks, and S.R. Davenport. 2008. Spatiotemporal population trends of 
Notropis simus pecosensis in relation to habitat conditions and the annual flow regime of 
the Pecos River, 1992–2005. Copeia 2008: 5–15. https://doi.org/10.1643/CE-07-002. 

Hoagstrom, C.W., C.A Caldwell, D.L. Peterson, and J. Dick. 2015. Wetland habitat associations 
of imperiled Pecos pupfish Cyprinodon pecosensis in a brackish ciénega, Unpublished 
Paper. 36. Pp. 

Houston, N., J. Thomas, P. Ging, A. Teeple, D. Pedraza, and D. Wallace. 2019. Pecos River 
Basin salinity assessment, Santa Rosa Lake, New Mexico, to the confluence of the Pecos 
River and the Rio Grande, Texas, 2015. U.S. Geological Survey Scientific Investigations 



Report 2019–5071. Reston, Virginia. 91 pp. Accessed from 
https://pubs.usgs.gov/sir/2019/5071/sir20195071.pdf. 

Industrial Economics, Incorporated (IEc). 2024. Screening analysis of the likely economic 
impacts of the proposed rule to designate critical habitat for the Pecos pupfish 
[Memorandum]. Prepared for U.S. Fish and Wildlife Service, May 6, 2024. 15 pp. 

Integrated Taxonomic Information System (ITIS). 2023. (Cyprinodon pecosensis) Echelle and 
Eschelle, 1978. Integrated Taxonomic Information System. Accessed from 
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=165
639&print_version=PRT&source=to_print#null. 

Jacobsen, C.D. 2023. Email with information on Pecos pupfish on Salt Creek, 2023.1 p. 

Kloesel, K., B. Bartush, J. Banner, D. Brown, J. Lemery, X. Lin, C. Loeffler, G. McManus, E. 
Mullens, J. Nielson-Gammon, M. Shafer, C. Sorensen, S. Sperry, D. Wildcat, and. J. 
Ziolkowska. 2018. Southern Great Plains. Pp 987–1035 in Impacts, Risks, and 
Adaptation in the United States: The Fourth National Climate Assessment, Volume II 
(Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. 
Maycock, and B.C. Stewart (eds.)). U.S. Global Change Research Program, Washington, 
D.C. USA. https://doi.org/10.7930/NCA4.2018.CH23. 

Kodric-Brown, A. 1975. Breeding territories in two freshwater fishes of the genus Cyprinodon 
(Pisces, Cyprinodontidae) in the southwestern United States. Dissertation, University of 
Southern California, Los Angeles, California. 154 pp.  

———. 1977. Reproductive success and the evolution of breeding territories in pupfish 
(Cyprinodon). Evolution 31:750–766. https://doi.org/10.2307/2407437. 

———. 1983. Determinants of male reproductive success in pupfish (Cyprinodon pecosensis). 
Animal Behaviour 31:128–137. https://doi.org/10.1016/S0003-3472(83)80180-8. 

Kodric-Brown, A. and P. Mazzolini. The breeding system of pupfish, Cyprinodon pecosensis: 
Effects of density and interspecific interactions with the killifish, Fundulus zebrinus. 
Environmental Biology of Fishes 35:169–176.  

Kodric-Brown, A. and J.A. Rosenfield. 2004. Populations of Pecos pupfish (Cyprinodon 
pecosensis) differ in their susceptibility to hybridization with sheepshead minnow (C. 
variegatus). Behavioral Ecology and Sociobiology 56:116–123. 

LaFave, J.I. 1987. Groundwater flow delineation in the Toyah Basin of Trans-Pecos, Texas. 
Masters Thesis. The University of Texas, Austin, Texas. 177 pp. 

Land, L. 2003. Evaporite karst and regional ground-water circulation in the lower Pecos Valley 
of southeastern New Mexico. Oklahoma Geological Survey Circular 109:227–232. 

Land, L, and G. Huff. 2009. Multi-tracer investigation of groundwater residence time in a karstic 
aquifer: Bitter Lakes National Wildlife Refuge, New Mexico, USA. Hydrogeology 
Journal 18:455–472. https://doi.org/10.1007/s10040-009-0522-3. 



Land, L. and B.T. Newton. 2008. Seasonal and long-term variations in hydraulic head in a karstic 
aquifer: Roswell Artesian Basin, New Mexico. Journal of the American Water Resources 
Association 44:175–191. https://doi.org/10.1111/j.1752-1688.2007.00146.x. 

Llewellyn, D., L. Barrett, E. Kelly, D. Larsen, A. Rudolph, D. Davis, A. Norman, and H. Riseley-
White. 2021. Pecos River Basin Study - New Mexico: evaluation of future water supply 
and demand for irrigated agriculture in the Pecos Basin in New Mexico. 253 pp. 

Matthews, W.J. and E.G. Zimmerman. 1990. Potential effects of global warming on native fishes 
of the Southern Great Plains and the Southwest. Fisheries 15:26–32. 
https://doi.org/10.1577/1548-8446(1990)015<0026:PEOGWO>2.0.CO;2. 

Montagne, M. 2023. Trip Report: Pecos pupfish surveys at Rillito Spring and Salt Creek, 
February 9-10, 2023. 2 pp.  

Natural Heritage New Mexico (NHNM). 2021. Pecos Pupfish NMBiotics Database. Museum of 
Southwestern Biology, University of New Mexico, Albuquerque, NM. 

Pecos Pupfish Conservation Team (Conservation Team). 2022. Conservation Agreement for the 
Pecos Pupfish between and among Texas Parks and Wildlife Department, New Mexico 
Department of Game and Fish, New Mexico Energy, Minerals and Natural Resources 
Department, New Mexico Department of Agriculture, New Mexico Interstate Stream 
Commission, New Mexico State Land Office, U.S. Bureau of Land Management, and 
U.S. Fish and Wildlife Service. 23 pp. 

Pecos Valley Artesian Conservancy District (PVACD). 2023. Roswell Artesian Basin Water 
Graph September 2023. Accessed from https://www.pvacd.com/images/31758-2023-
9%20SEPTEMBER%20WATER%20GRAPH.pdf. 1p. 

Propst, D. 1999. Threatened and endangered fishes of New Mexico. Technical Report 1. New 
Mexico Department of Game and Fish, Santa Fe, New Mexico. 84 pp.  

Redford, K.H., G. Amato, J. Baillie, P. Beldomenico, E.L. Bennett, N. Clum, R. Cook, G. 
Fonseca ,S. Hedges, F. Launay, S. Lieberman, G.M. Mace, A. Murayama, A. Putnam, 
J.G. Robinson, H. Rosenbaum, E.W. Sanderson, S.N. Stuart, P. Thomas, and J. 
Thorbjarnarson. 2011. What does it mean to successfully conserve a (vertebrate) species? 
BioScience 61:39–48. https://doi.org/10.1525/bio.2011.61.1.9. 

Rieman, B.E. and F.W. Allendorf. 2001. Effective population size and genetic conservation 
criteria for bull trout. North American Journal of Fisheries Management 21:756–764. 
https://doi.org/10.1577/1548-8675(2001)021<0756:EPSAGC>2.0.CO;2. 

Rosenfield, J.A., S. Nolasco, S. Lindauer, C. Sandoval, and A. Kodric-Brown. 2004. The role of 
hybrid vigor in the replacement of Pecos pupfish by its hybrids with sheepshead minnow: 
genetic homogenization of endemic pupfish. Conservation Biology 18:1589–1598. 
https://doi.org/10.1111/j.1523-1739.2004.00356.x. 

https://www.pvacd.com/images/31758-2023-9%20SEPTEMBER%20WATER%20GRAPH.pdf
https://www.pvacd.com/images/31758-2023-9%20SEPTEMBER%20WATER%20GRAPH.pdf


Scanlon, B.R., S. Ikonnikova, Q. Yang, and R.C. Reedy. 2020. Will water issues constrain oil and 
gas production in the United States? Environmental Science & Technology 54:3510–
3519. https://doi.org/10.1021/acs.est.9b06390. 

Schoenherr, A.A. and C.R. Feldmeth. 1992. Thermal tolerances for relict populations of desert 
pupfish, (Cyprinodon maculariuss). Proceedings of the Desert Fishes Council XXII and 
XXII: 49–51. 

Shafer, M., D. Ojima, J.M. Antle, D. Kluck, R.A. McPherson, S. Petersen, B. Scanlon, and K. 
Sherman. 2014. Great Plains. Pp. 441–461 in Climate Change Impacts in the United 
States: The Third National Climate Assessment (J.M. Melillo, T.C. Richmond, and G.W. 
Yohe (Eds.)). U.S. Global Change Research Program. https://doi.org/10.7930/J0D798BC. 

Shaffer, M.L. and B.A. Stein. 2000. Safeguarding Our Precious Heritage. Pp. 299–321 in 
Precious Heritage: The Status of Biodiversity in the United States (B. Stein, L.S. Kutner, 
and J.S. Adams (Eds.)). Oxford University Press. 
https://doi.org/10.1093/oso/9780195125191.003.0017. 

Sheffield, J. and E.F. Wood. 2008. Projected changes in drought occurrence under future global 
warming from multi-model, multi-scenario, IPCC AR4 simulations. Climate Dynamics 
31:79–105. https://doi.org/10.1007/s00382-007-0340-z. 

Sites Southwest. 2008. Eddy County Comprehensive Plan. Final Plan to Eddy County, Carlsbad, 
New Mexico. 104 pp. Accessed from 
https://www.nrc.gov/docs/ML1034/ML103430034.pdf. 

Smith, D.R., N.L. Allan, C.P. McGowan, J.A. Szymanski, S.R. Oetker, and H.M. Bell. 2018. 
Development of a species status assessment process for decisions under the U.S. 
Endangered Species Act. Journal of Fish and Wildlife Management 9:302–320. 
https://doi.org/10.3996/052017-JFWM-041. 

Tear, T.H., P. Kareiva, P.L. Angermeier, P. Comer, B. Czech, R. Kautz, L. Landon, D. Mehlman, 
K. Murphy, M. Ruckelshaus, J.M. Scott, and G. Wilhere. 2005. How much is enough? 
The recurrent problem of setting measurable objectives in conservation. BioScience 
55:835–849. https://academic.oup.com/bioscience/article/55/10/835/274365. 

U.S. Fish and Wildlife Service (Service). 2017. Final Biological Opinion for the Carlsbad Project 
Water Operations and Water Supply Conservation, 2016-2026. 62 pp. 

U.S. Fish and Wildlife Service (Service). 2024. Species status assessment report for the Pecos 
pupfish (Cyprinodon pecosensis). Southwest Region, Albuquerque, New Mexico. 106 pp 
plus appendices. 

Veni, G. 2013. Impact of climate change on human and ecological use of karst groundwater 
resources: a case study from the wouthwestern USA. Pp 51–60 in 20th National Cave and 
Karst Management Symposium. Carlsbad, New Mexico, November 4-8, 2013. 



Vose, R.S., D.R. Easterling, K.E. Kunkel, A.N. LeGrande, and M.F. Wehner. 2017. Climate 
science special report. Pp. 185–206 in Climate Science Special Report: Fourth National 
Climate Assessment, Volume 1, (Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J. 
Dokken, B.C. Stewart, and T.K. Maycock (Eds.)). U.S. Global Change Research 
Program, Washington, DC, USA. Accessed from 
https://science2017.globalchange.gov/chapter/6/. 

Whiteley, A. 2023. Population genomics of Pecos pupfish (Cyprinodon pecosensis). Final Report 
to New Mexico Department of Game and Fish. 27 pp. 

Wiegand, T., E. Revilla, and K.A. Moloney. 2005. Effects of habitat loss and fragmentation on 
population dynamics. Conservation Biology 19:108–121. 

Xu, Q. 2017. Body shape diversification of Pecos pupfish (Cyprinodon pecosensis) on varying 
habitats as evaluated by geometric morphometrics. Unpublished M.S. Theses. Western 
Kentucky University, Bowling Green, Kentucky. 63 pp. 

Zymonas, N.D. and D.L. Propst. 2007. Ecology of blue sucker and gray redhorse in the lower 
Pecos River, New Mexico 2000-2006. Final Report. New Mexico Department of Game 
and Fish, Sante Fe, New Mexico. 59 pp.  


