THE SOUTHWESTERN NATURALIST 52(3):400-409

MAMMALS OF THE CUATRO CIENEGAS BASIN, COAHUILA, MEXICO

ARMANDO J. CONTRERAS-BALDERAS, DAvID J. HAFNER,* Juan H. Lorez-Soro,
Jost MA. TORRES-AYALA, AND SALVADOR CONTRERAS-ARQUIETA

Facultad de Ciencias Biologicas, Universidad Autonoma de Nuevo Leon, A.P. 425, San Nicolds de los Garza,
Nuevo Leon 66450, México (AJCB, JHLS, ]MTA, SCA)
New Mexico Musewm of Natural History, 1801 Mountain Road NW, Albuquerque, NM 87104 (DJH)

*Correspondent: David. Hafner@state.nm.us

AsstRactT—The current (1996-1997 survey) mammalian fauna of the Cuatro Ciénegas Basin,
Coahuila, Mexico, is compared with records of the past century as well as records from undated (pre-
1953) owl-pellet records and undated (pre-1700) archaeological remains. The basin supports one of the
largest freshwater areas in the deserts of northern Mexico and is located along the Sierra del Carmen—
Sierra Madre Oriental Filter-Barrier, between the arid Chihuahuan and tropical Tamaulipan biotic
provinces. The freshwater environment has remained remarkably stable through Pleistocene climatic
oscillations, but more recently has been subjected to human-induced impact. Comparison of
archaeological, historical, and current mammalian fauna depicts the well-known extirpation of larger
carnivores and ungulates by humans; the shift to a drier, more Chihuahuan environment; and loss of
species during the past century, including the apparent and unexplained disappearance of 4 species of
rodents from the basin.

ResumeN—La fauna de mamiferos actual del Bolson de Cuatro Ciénegas, Coahuila, México (basado
en un inventario de 1996-1997) es comparada con registros del siglo pasado, con descripciones
anteriores basadas en registros sin fecha (antes de 1953) de egagropilas de lechuza, y con restos
arqueoldgicos sin fecha (antes de 1700). El bolsén sostiene una de las areas de agua dulce mas grandes
de los desiertos nortenos de México, y esta situado a lo largo de la Barrera-Filtro de la Sierra del Carmen
— Sierra Madre Oriental, entre las provincias bi6ticas Chihuahuense (arido) y Tamaulipeca (tropical). El
ambiente de agua dulce se ha mantenido notablemente estable a través de las oscilaciones climaticas
pleistocénicas, pero mas recientemente ha sido objeto de impacto inducido por humanos. La
comparacion de la mastofauna arqueologica, historica, y actual representa la extirpacion bien conocida
de grandes carnivoros y de ungulados por seres humanos; el cambio a un ambiente mas Chihuahuense,
mas seco; y la pérdida de especies durante el siglo pasado, incluyendo la desaparicion aparente e
inexplicable de cuatro especies de roedores del bolson.

SEPTEMBER 2007

The Cuatro Ciénegas Basin (Bolsén de Cuatro
Ciénegas) of central Coahuila, Mexico, has long
been recognized for its exceptional biodiversity,
including the greatest number of endemic
species of any place in North America (Stein et
al., 2000). This 1,500-km? ‘‘biological island”
(Contreras-Balderas, 1990) rests astride the
northern extension of the Sierra Madre Oriental,
ranging from about 740 m on the grassy basin
floor to above 3,000 m in the surrounding
mountains (Fig. 1). The basin is located along
the Sierra del Carmen — Sierra Madre Oriental
Filter-Barrier (Baker, 1956), which separates the
arid Mesa del Norte (also Chihuahuan-Zacatecas,
Chihuahuan, or Mapimian biotic province) from

the tropical Gulf Coast Plain (Tamaulipan biotic
province; Dice, 1943; Goldman and Moore, 1945;
Findley and Caire, 1974; Morafka, 1974). The
basin lies at the eastern edge of the Coahuilan
subregion of the Chihuahuan regional desert
(Hafner and Riddle, 2005); the subregion is
bounded by the Sierra Madre Oriental, Sierra
Parras, Rio Nazas, Sierra Madre Occidental, Rio
Conchos, and Rio Grande.

Abundant freshwater of the basin originates in
springs that emerge in hundreds of intercon-
nected, travertine-lined pozas (spring-fed pools)
and lagunas (spring-fed lakes), from which
diverse endemic fish, aquatic snail, and crusta-
cean faunas have been described (e.g., Minckley,
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Fi16. 1—Shaded contour map of the Cuatro Cienegas Basin, Coahuila, Mexico: numbered circles indicate sites

where mammals were captured or observed during the 1996-1997 survey, or represented by museum specimens
not previously reported in the literature; triangles and associated CM numbers indicate archaeological sites from
which mammals were described (Gilmore, 1947); square indicates site from which mammals were described from
owl pellets (Baker, 1953); dashed line indicates the boundary of the Area de Proteccién de Flora y Fauna de

Cuatro Ciénegas.

1969, 1974; Cole, 1984; Hershler, 1985). The
basin is drained to the east via the Rio Salado de
los Nadadores. The diverse flora of the basin,
which includes a variety of endemic, gypsophi-
lous species, has been described by Pinkava
(1974, 1984). In recognition of the biotic
diversity of the basin, the Mexican federal
government in 1994 delineated the floor of the
basin as a 3,632.6 km? protected area of flora
and fauna (Secretaria de Desarrollo Social,
1994). Human-induced threats to the biota of
the basin include diversion of freshwater via
canals for agriculture, direct agricultural conver-
sion, overgrazing, mining, and tourist develop-
ment centered in the pueblo of Cuatro Ciénegas
de Carranza, which was founded in 1880 (as
Nuestra Senora de los Dolores y Cuatro Ciéne-
gas).

The high level of endemicity found within
plants, fishes, aquatic snails, crustaceans, and

scorpions (Sissom and Hendrixson, 2005) of the
Cuatro Ciénegas Basin is due both to presence of
such a vast wetland area within the dry Chihua-
huan Desert (<200 mm of annual rainfall) and
the long-term stability of the basin’s environ-
ment. Unlike terminal basins elsewhere in arid
western North America that harbored pluvial
lakes that oscillated greatly during Pleistocene
glacial-interglacial cycles, the aquatic environ-
ment of the basin (and presumably the terrestrial
environment nourished by these waters) has
been remarkably stable during the late Quater-
nary, without development of a pluvial lake
(Meyer, 1973).

Mammals of the Cuatro Ciénegas Basin—In
marked contrast to the detailed descriptions of
the flora, aquatic fauna, and reptiles and
amphibians (McCoy, 1984) of the Cuatro Ciéne-
gas Basin, the current mammalian fauna of the
region is poorly known. The first list of 36
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TapLE 1—Taxonomic listing of species recorded or believed to occur in the Cuatro Ciénegas Basin, Coahuila,
Mexico (X = specimen record; m = occurrence shown on distribution map without verified record; v = visual
record or pers. comm. of same; ? = probably extant, based on peripheral records): A) undated archaeological sites
(Gilmore, 1947) are numbered as in Fig. 1; B) single site for undated owl pellets (Baker, 1953; indicated in Fig. 1);
C) records from Baker (1956); D) records from Hall (1981); E) current records (museum specimens and visual
records [in parentheses]; localities numbered as in Fig. 1); museums (acronyms are defined in text): 1 = UANL-
MVS; 2 = UANL-M; 3 = UCM; 4 = TNHC; 5 = USNM; 6 = LSUMZ; 7 = UAMI; 8 = NMMNH.

Species A B C D E Museum (s)
Didelphis virginiana v m

Notiosorex crawfordi X m m ?

Mormoops megalophylla m 24 1
Choeronycleris mexicana m m 1, 27, 28, 47, 48, 54, 55 1,2
Leptonycteris nivalis m 2 3
Antrozous pallidus X X X 27, 28, (29), 51, 55 1,2
Corynorhinus townsendii m m 4, 8,13, 25, 27 1,2,4,5
Eptesicus fuscus X X 8, 13, 20 1,2, 4
Euderma maculatum m ?

Idionycteris phyllotis m ?

Lasiurus cinereus m ?

L. xanthinus m m 2 3
Myotis auriculus m ?

M. californicus m m 13, 55 1,2
M. thysanodes X 8,9 1,2
M. velifer m m 13 4

M. yumanensis m ?

Perimyotis hesperus X X 7,13, 26, 49 1, 4
Fumops perotis 68 X m ?

Nyctinomops femorosaccus m 2 7

N. macrotis m 15 1
Tadarida brasiliensis m m 2,8, 13, 15, 52 1,2,3, 4
Canis latrans 24, 68 m m 7, 10, 16, (19), (25) 1,4
C. lupus 24, 68

Urocyon cinereoargenteus 24, 68 m m 5, (19), 28, (34) 1,2
Vulpes velox 24, 68 m m ?

Ursus americanus 68 v m

U. arctos 68

Lynx rufus 24, 68 m m (50)

Puma concolor 68 v m ?

Conepatus mesoleucus 68 m m ?

Mephitus macroura m m ?

M. mephitus 68 m m

Spilogale putorius 24, 68 m m ?

Mustela frenata m ?

Taxidea taxus 24, 68 m m (19)

Bassariscus astutus 24, 68 m m 25, (27) 2
Nasua narica 68, v m

Procyon lotor 68 m m ?

Pecari tajacu m m

Cervus elaphus 68

Odocoileus hemionus 24, 37, 64, 68 m m

O. virginianus 24, 37, 68 X X (26), (46), (51)

Antilocapra americana 37, 68 m

Bison bison 24, 68

Ammospermophilus interpres 24 m m 7,23, 55 1,4
Spermophilus mexicanus 24, 68 m m 6, 7, 23, 39, 45 1,2, 4
S. spilosoma 24, 37 X m
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TasLe 1—Continued.
Species A B C D E Museum (s)
S. variegatus 24, 37, 64, 68 m m (55)
Cratogeomys castanops 24, 68 X 3,17, 26,27, 38 1,4,6,8
Thomomys bottae 68 X m m
Chaetodipus eremicus 24, 68 X X X 7, 14, 18, 22, 25, 26, 1,2,4,8
33, 34, 36, 37, 44,
46, 47, 48, 52
C. hispidus X m m 38, 41
C. nelsoni 24 X m m 6, 7, 16, 18, 25, 26, 1,2, 4
29, 45, 46, 47, 55
Dipodomys merriami X X X 7,12, 14, 16, 17, 18, 1,2, 8
19, 21, 24, 25, 26,
29, 32, 34, 40, 42,
44, 45, 46, 48, 53
D. nelsoni 24, 37 m 11, 14, 25, 37, 40, 44 1,2
D. ordii m 25 2
Perognathus flavus X m m 33 1,8
Neotoma lewcodon 24, 37, 68 X X X 15, 47, 54 1,2
N. micropus 24, 68 X m m 7,22, 25, 44, 49 1,4
Onychomys arenicola X m m
Peromyscus difficilis m
P. eremicus X m m 6, 14, 16, 19, 22, 25, 26, 1,2
34, 39, 42, 44, 46, 47
P. leucopus X X
P. maniculatus X m m
P. pectoralis m m
Reithrodontomys fulvescens X m m 6, 26 1
R. megalotis m 18 2
Sigmodon hispidus 24 X X X
Erethizon dorsatum 68 m
Lepus californicus 24, 37, 68 m m 25, 26, 31, (34), (39), 1,2
45, 49
Sylvilagus audubonii 24, 37, 68 m m 25, 30, 51 1
S. floridanus m 35, 43, 48, 51, b4 1

mammals from the region (Gilmore, 1947;
Table 1) was based on undated archaeological
deposits from 5 sites surrounding the basin.
These deposits included species that were
estimated to have been regionally extirpated
nearly 300y ago (elk, Cervus elephas—Gilmore,
1947:161), as well as species believed to have
disappeared from the area within the 1800s or
1900s (bison, Bison bison; wolves, Canis lupus;
brown bears, Ursus and pronghorn,
Antilocapra americana). Based on presence of
these species, deposits appear to be =300 y old.

Baker (1953; Table 1) reported 14 species of
mammals from the northern rim of the basin
based on bones recovered from disintegrating
owl pellets from a cave 3 m NW of Cuatro
Ciénegas (Fig. 1), adding 9 species not pre-
viously reported by Gilmore (1947). (Baker

arclos;

[1953] reported only the southern plains wood-
rat, Neotoma micropus; but Baker [1956] cited
Baker [1953] as reporting both N. micropus and
the eastern white-throated woodrat, N. albigula
[now leucodon-Edwards et al., 2001].) Age of
these deposits is unknown; due to the arid
environment, the pellets might have been only
years or perhaps hundreds of years old. In
describing the distribution of mammals of
Coahuila, Baker (1956; Table 1) indicated 49
species as occurring in the basin: 14 species were
reported based on collected specimens (11 spp.)
or visual reports (3 spp.); 7 were based on owl
pellets (Baker, 1953) alone; 3 were based on
both owl pellets and archaeological material
(Gilmore, 1947); 16 were based on archaeolog-
ical material alone; and 9 were assumed to occur
in the region based on peripheral records. Hall
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(1981; Table 1) indicated the occurrence of 69
species of mammals from the basin, including 2
new recent records (fringed myotis, Myotis
thysanodes, and yellow-faced pocket gopher,
Cratogeomys castanops) and an additional 18
species indicated on distribution maps as prob-
ably occurring in the area. Four of these latter
species had been reported by Gilmore (1947)
from archaeological remains, but were consid-
ered by Baker (1956) to be locally extirpated
(white-nosed coati, Nasua narica; A. americana;
and North American porcupine, Erethizon dorsa-
tum) or were excluded by Baker (1956) without
comment (Nelson’s kangaroo rat, Dipodomys
nelsoni, reported as D. spectabilis by Gilmore,
1947). Neither Baker (1956) nor Hall (1981)
included the extirpated species C. elephas, B.
bison, C. lupus, or U. arctos (reported by Gilmore,
1947) as surviving in the basin, and both
apparently agreed with Gilmore (1947) that
archaeological records of bighorn sheep (Ovis
canadensis) originated outside of the basin.
According to Medellin et al. (2005), no verified
populations of O. canadensis survive in central
Coahuila, and this species also appears to have
been regionally extirpated. Thus, as of 1981, the
list of 69 mammals purported to occur within the
Cuatro Ciénegas Basin (Table 1) included 19
species documented only from archaeological
remains of unknown antiquity, 10 species docu-
mented from owl pellets of more recent but
unknown antiquity (including 3 also represented
in the archaeological record), 23 species consid-
ered as likely to occur in the basin based on
surrounding records, and only 17 species actually
documented as occurring in the valley during
the 1900s (including the visual record of N.
narica reported by Gilmore [1947] that was
discounted without comment by Baker [1956]
and Hall [1981]).

Environmental Stability and Faunal Shifts—The
general environment of the Cuatro Ciénegas
Basin has remained remarkably stable through-
out the climatic oscillations of the Pleistocene
glaciations (Meyer, 1973). The local environ-
ment more recently has been subjected to
profound impact, particularly canal construction
related to agricultural development (between
the late 1800s and 1960s-Dinger et al., 2005),
direct agricultural conversion, introduction of
exotic plants and animals, mining, and over-
grazing. Agricultural activities increased 300%
and livestock activities by 70% between 1960 and
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1999, and extraction of gypsum (from evaporites
on the floor of the basin) tripled between 1989
and 1999 (SEMARNAP, 1999). As of 1999, canals
drained between 1,730 and 2,620 1/sec of water
from the basin. Conversion of natural habitat
increased from 102 units of production in 1930
to 1,139 wunits in 1994, which represents
>1,000% increase in water use.

The long-term environmental stability of the
Cuatro Ciénegas Basin, its location at the
boundary of 2 very different biotic provinces,
and relatively recent environmental perturba-
tions provide a setting in which to examine
mammalian faunal shifts possibly associated with
climatic and human-induced environmental
change. Small mammals are particularly valuable
““biogeographic indicator species’ of past envi-
ronmental conditions (Harris, 1985; Sullivan,
1988; Hafner, 1993, 1994). The availability of
archaeological (Gilmore, 1947), more recent
(Baker, 1953), and early 1900s (Baker, 1956;
Hall, 1981) mammal records for the basin
provide the foundation for a comparison with
the current mammal fauna of the basin. During
12 mo in 1996 and 1997, the Universidad
Autonoma de Nuevo Leon (UANL) undertook
a survey of the Cuatro Ciénegas Basin to develop
a baseline inventory of the mammalian fauna.

MEerHODs—Collections were made from throughout
the basin, predominately within the protected area,
each month from November 1996 to November 1997.
Specimens were collected using Victor rat traps,
MacAbee gopher traps, mist nets, and 0.22 or 0.20-
caliber rifles. Voucher specimens (skin + skeleton,
skeleton-only, or skull-only) were deposited in the
Coleccion del Laboratorio de Manejo de Vida Silvestre
at UANL (UANL-MVS). Fieldwork also included inter-
views with local residents about recent and past
sightings of mammals in the region. Recent collections
in North America were queried simultaneously for
records not previously reported.

ResuLts—We collected a total of 287 speci-
mens representing 28 species during field survey,
and confirmed an additional 4 species with visual
sightings. Records for 29 species, including 7 not
collected during 1996-1997, were documented
by previously unreported specimens in the
following collections: Coleccion Mastozoologica,
UANL (UANL-M); Texas Natural History Collec-
tion, University of Texas, Austin (TNHC);
University of Colorado Museum (UCM); Colec-
cion de Mamiferos, Universidad Autonoma

Metropolitana, Unidad Iztapalapa (UAMI);
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Museum of Natural Science, Louisiana State
University (LSUMZ); New Mexico Museum of
Natural History (NMMNH); and the United
State National Museum (USNM). A list of exact
localities is available from the senior author.

We have confirmed that 39 species currently
occur within the Cuatro Ciénegas Basin (Ta-
ble 1); only 9 of these species were documented
previously from trapping or visual records. Thirty
trapping or visual records new for the 1900s
include 11 previously recorded only from ar-
chaeological material; 4 previously reported only
from owl pellets; 2 reported from both of the
latter; and 13 previously indicated as probably
occurring in the region (on distribution maps
without verified records). Wholly new records for
the basin include 10 bats, 2 rodents (western
harvest mouse, Reithrodontomys megalotis and
Ord’s kangaroo rat, Dipodomys ordii), and one
lagomorph (eastern cottontail, Sylvilagus florida-
nus). Of the 39 total species, 30 species are
widespread in occurrence, being found west and
east of the Sierra del Carmen — Sierra Madre
Oriental Filter-Barrier (Baker, 1956). Nine spe-
cies previously reported as occurring unequivo-
cally in the basin during the 1900s were not
detected during this survey: Virginia opossum
(Didelphis virginiana), western bonneted bat
(Eumops  perotis), American black bear (Ursus
americanus), cougar (Puma concolor), white-nosed
coati, spotted ground squirrel (Spermophilus
spilosoma), white-footed deermouse (Peromyscus
leucopus), hispid cotton rat (Sigmodon hispidus),
and North American porcupine.

DiscussioN—Probable  Additions to the Mam-
malian Inventory—Although this survey resulted
in the most complete inventory of mammals yet
compiled for the Cuatro Ciénegas Basin, it is
likely that particularly rare or secretive species
were not detected during survey work. We
predict (based on peripheral records) that
additional survey efforts will increase the list of
extant mammals by 14 species: 1 insectivore, 7
carnivores, and 6 bats (Table 1). Records for the
desert shrew (Notiosorex crawfordi) are notoriously
spotty throughout its distribution, and the single
record from owl pellets (Baker 1953) remains
the only record for Coahuila. Carnivores, being
nocturnal and secretive, might easily have been
missed, particularly if they seldom venture onto
the basin floor; indeed, only 1 of the 14 species
considered by Baker (1956) to be extant was
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sighted in previous surveys; we have documented
an additional 5 species. Of the remaining 8
species lacking recent records, we consider only
the striped skunk (Mephitus mephitus) as unlikely
to persist in the basin; the archaeological record
for the basin is well south of the periphery of its
documented recent distribution. Local residents
report the occurrence in areas surrounding the
basin of swift fox (Vulpes velox) and cougar, but
also of American black bear and mule deer
(Odocoileus hemionus), both of which we consider
to be locally extirpated. Of 16 species of bats
predicted to occur in the basin by Baker (1956)
or Hall (1981), 10 were documented during this
survey, and it is likely that additional netting will
detect some or all of the remaining 6 species.

Environmental  Stability—Comparison of the
current inventory with archaeological records
(Gilmore, 1947) reflects the long-term environ-
mental stability of the local ecosystem and
records the well-known extirpation of larger
game animals by humans. (The archaeological
record of the jaguar, Panthera onca, is dubious;
Gilmore (1947:156) stated that although the
species ‘‘occasionally occur[s] today...in the
region,” the remains ‘“‘may be puma.’”’) Of the
36 species unequivocally recorded from the
basin from archaeological sites, 23 probably are
extant; 17 were detected in our survey, and an
additional 6 species (1 bat and 5 carnivores)
likely were not detected in our survey due to
scarcity or secretive habit. Humans evidently
extirpated 2 carnivore and 3 ungulate species
before the 1900s (see above). Of the remaining 8
species, only 2 were not recorded during the
1900s: striped skunk and mule deer evidently
disappeared before that century due either to
range contraction or local extirpation.

Local Extirpations and Faunal Shifts—The hap-
hazard nature of previous sampling of mammals
from the Cuatro Ciénegas Basin (archaeological,
owl pellets, or trapping) precludes any consider-
ation of new records as representing actual
immigrations into the basin. However, absences
from our comprehensive survey of common and
easily detected species recorded during the
1900s likely reflect actual disappearance from
the basin. Our survey failed to detect 13 species
that were previously recorded from the basin
during the 1900s (including 4 species known
only from owl pellets). We consider it likely that
3 of these species were simply missed in our
survey due to scarcity or secretive habit: N.
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crawfordi, E. perotis, and P. concolor (known from
owl pellets, one nearby record, and visual
records, respectively). Two species (American
black bear and North American porcupine) were
probably locally extipated by hunting. Baker
(1956:298) reported American black bears as
“fairly common’ in the mountains surrounding
the basin, but stated that the ‘“‘bear population is
being slowly reduced because the animal is shot
at every opportunity.” Medellin et al. (2005)
reported no verified populations of American
black bears remaining in the region. The single
record for a North American porcupine from the
basin (USNM 282139) is from archaeological
deposits at a site near montane pine forests (CM
68-Gilmore, 1947). Baker (1956) and Anderson
(1972) reported that North American porcu-
pines occur infrequently in the mountainous
areas of Coahuila and Chihuahua (respectively).
Local residents observed a North American
porcupine in mountains near Cuatro Ciénegas
“2 to 3 y ago’’ and report that North American
porcupines were observed and hunted in the
basin 40 to 50 y ago” (A. J. Contreras-Balderas,
pers. comm.). List et al. (1999) interpreted the
remains at the CM 68 site as evidence of human
predation of the North American porcupine
which, coupled with climatic change, has re-
sulted in the range contraction of North
American porcupines in central Mexico. They
report that ranchers and cowboys kill porcupines
on sight in the one area of northern Chihuahua
in which porcupines are still regularly observed
(the Janos-Nuevo Casas Grande region). North
American porcupines may yet persist in the
higher, forested regions surrounding the Cuatro
Ciénegas Basin, but evidently have been extir-
pated from the basin floor.

Of the 39 species of verified current occurrence
in the basin, 30 are widespread in distribution,
while 5 occur only in the Chihuahuan biotic
province and 4 only in the Tamaulipan province.
The distribution of an additional 7 Chihuahuan
and 9 Tamaulipan species approach the Cuatro
Ciénegas Basin from the west and east, respec-
tively (Hall, 1981). Remains in owl pellets,
collection records, or sightings document the
former distribution in the basin of 3 of these
Chihuahuan species and 4 of the Tamaulipan
species. If E. perotis (a Chihuahuan species) is still
extant in the basin (as is likely), the basin has lost
2 Chihuahuan species (from 8 to 6 of 12 possible
species) during the past century, compared to
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a loss of 4 Tamaulipan species (from 8 to 4 of 13
possible species) and 2 widespread species.

The apparent disappearance of 4 Tamaulipan
species (D. virginiana, N. narica, P. leucopus, and
S. hispidus) from the basin may indicate a slight
drying trend in the basin floor due to agricul-
tural conversion, climatic change, or a combina-
tion thereof. The opossum is usually quite
common and obvious where it occurs; Baker
(1956:166) reported the last known sighting of
the opossum (along the Rio Salado) by a local
resident. White-nosed coatis occur in small
numbers along forested streams of eastern
Coahuila, and are commonly observed (Baker,
1956); Gilmore (1947:155) reported a possible
observation of a white-nosed coati along the
eastern edge of the basin in 1940-1941. Both
species of rodent (P. leucopus and S. hispidus) are
easily detected where they occur, and would
likely have been found in our survey if present.
The disappearance of S. hispidus is particularly
noteworthy, as it was recorded in archaeological
and owl pellet remains as well as from previous
trapping records.

It is more difficult to account for the disap-
pearance from the basin of 2 widespread species
(Botta’s pocket gopher [Thomomys bottae] and
spotted ground squirrel) or 2 Chihuahuan
species (Mearn’s grasshopper mouse [ Onychomys
arenicola]l and North American deermouse [Per-
omyscus maniculatus]). Both S. spilosoma and T.
bottae were recorded in archaeological deposits;
T. bottae, O. arenicola, and P. maniculatus were
recorded in owl pellets; and only S. spilosoma was
recorded from previous trapping records. These
species are easily detected and captured, and it is
unlikely that they were missed during our survey.
Perhaps, the gopher and 2 mice occurred only
peripherally in the basin, in the vicinity of the
owl roost northwest of Cuatro Ciénegas. Accord-
ing to Baker (1956:205), the spotted ground
squirrel accommodates easily to grazing and
agricultural conversion, becoming a ‘“‘trouble-
some pest.”” Although we know of no irradication
effort, it is possible that these squirrels suc-
cumbed to poisoning or trapping campaigns
during agricultural conversion of the basin floor.

Additional collecting immediately northwest
(6 m NW Cuatro Ciénegas; 1999) and about
20 km south (1 m SE Hundido; 1997) of the
basin failed to detect any of the 6 species of
rodents discussed above (D. J. Hafner, pers.
observ.). It is likely that these species, as well as
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opossums and white-nosed coatis, no longer
occur in the basin, whether due to climatic
change, human-induced environmental impact,
or a combination thereof. A gradual drying of
the basin might account for the loss of the 4
Tamaulipan species, but not necessarily for the
loss of the 2 widespread rodents or, particularly,
for the loss of the 2 arid-adapted Chihuahuan
species.

“Accumulated” Range Maps—Hafner and Shus-
ter (1996) criticized the interpretation of range
maps such as those employed by Hall (1981) as
“snapshots in time.”” They pointed out that
whereas documentation of temporally conserva-
tive distributions may support this static view,
these ‘‘accumulated”” range maps often repre-
sent data that have been collected over a period
of more than a century, and that supposed
marginal records from disparate times may blur,
rather than define, distributional limits. In this
case, distribution maps for the Cuatro Ciénegas
Basin include records spanning =300, and
perhaps thousands of years. Range shifts of
considerable magnitude over a matter of decades
have been documented for a variety of species:
e.g., least weasel, Mustela nivalis (450 km—-Frey,
1992); least shrew, Cryptotis parva (225 km-—
Hafner and Shuster, 1996); perimyotis bat,
Perimyotis subflavus (=175 km-Fitzgerald et al.,
1989; Bogan and Cryan, 2000; Geluso et al., 2005;
White et al., 2006). Certainly at the local level,
accumulated range maps must be read with
caution. That being said, the implicit predictions
by Hall (1981) of occurrence of 42 species of
mammals in the Cuatro Ciénegas Basin based
only on peripheral records have been quite
accurate. This survey has documented the
existence in the basin of 24 (57%) of these
species; 10 of 16 bats, 6 of 14 carnivores, 6 of 8
rodents, and all 3 species of lagomorphs. It is
likely that further, more taxon-directed survey
efforts will increase this level of predictive
accuracy.

Survey efforts during 1996-1997 now have
provided a confident baseline inventory of =39
native mammals occurring in the Cuatro Ciéne-
gas Basin. It is likely that further survey efforts,
including methods specifically directed at carni-
vores, bats, and the desert shrew, will add up to
14 species to that inventory. Exact delineation of
the current eastern and western distributional
limits of recently lost species (particularly the
rodents) in the area of the Cuatro Ciénegas
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Basin might facilitate an understanding of the
cause of their disappearance, and identify
specific and causally related environmental
changes that have occurred in the basin.

We gratefully acknowledge the assistance of the
following persons for providing information about
collections in their care: A. Jiménez Guzman (UANL-
M), R. Humphrey (UCM), C. Ludwig and S. Peurach
(USNM), and A. Anderson (TNHC). J. A. Nino-
Ramirez assisted in the preparation of the map.
Collecting permits were provided by la Secretaria del
Medio Ambiante, Recursos Naturales y Pesca (SEMAR-
NAP; now SEMARNAT). Financial support was pro-
vided primarily by the Comision Nacional para el
Conocimiento y Uso de la Biodiversidad (CONABIO)
and partially by grants from the National Science
Foundation to D. J. Hafner (DEB-9629840 and DEB-
0236957).

LiTERATURE CITED

ANDERSON, S. 1972. Mammals of Chihuahua: taxonomy
and distribution. Bulletin of the American Museum
of Natural History 148:149-410.

Baker, R. H. 1953. Mammals from owl pellets taken in
Coahuila, Mexico. Transactions of the Kansas
Academy of Science 56:253-254.

Baker, R. H. 1956. Mammals of Coahuila, Mexico.
University of Kansas Pulbications, Museum of
Natural History 9:125-335.

Bocan, M. A., aNp P. M. Cryan. 2000. Bats of Wyoming.
In: J. R. Choate, editor. Reflections of a naturalist:
papers honoring Professor Eugene D. Fleharty. Fort
Hays Studies, Special Issue, Hays, Kansas 1:71-94.

CotLE, G. A. 1984. Crustacea from the bolson of Cuatro
Ciénegas, Coahuila, México. Journal of the Arizona-
Nevada Academy of Science 19:3-12.

CONTRERAS-BALDERAS, S. 1990. Importancia biota endé-
mica y perspectivas actuales en el Valle de Cua-
trociénegas, Coahuila, México. In: C. R. José and R.
A. Fermin, editors. Areas naturales protegidas en
México y especies en extincion. Universidad Nacio-
nal Autonoma de México. Pages 15-23.

Dice, L. R. 1943. The biotic provinces of North
America. University of Michigan, Ann Arbor.

DINGER, E. C., A. E. CoHEN, D. A. HENDRICKSON, AND . C.
Marks. 2005. Aquatic invertebrates of Cuatro
Ciénegas, Coahuila, México: natives and exotics.
Southwestern Naturalist, 50:237-281.

Epwarps, C. W., C. F. FuLHORsT, AND R. D. Braprrey. 2001.
Molecular phylogenetics of the Neotoma albigula
species group: further evidence of a paraphyletic
assemblage. Journal of Mammalogy 82:267-279.

Finorey, J. S., axo W. Camre. 1974. The status of
mammals in the northern region of the Chihua-
huan Desert. In: R. H. Wauer and D. H. Riskind,



408 The Southwestern Naturalist

editors. Transactions of the symposium on the
biological resources of the Chihuahuan Desert
region, United States and Mexico. United States
National Park Service Transactions and Proceed-
ings Series 3:127-139.

FItzGERALD, J. P., D. TAYLOR, AND M. PRENDERGAST. 1989.
New records of bats from northeastern Colorado.
Journal of the Colorado-Wyoming Academy of
Science 21:22.

Frey, J. K. 1992. Response of a mammalian faunal
element to climatic change. Journal of Mammalogy
73:43-50.

GeLuso, K., T. R. MOLLHAGEN, J. M. TIGNER, AND M. A.
Bocan. 2005. Westward expansion of the eastern
pipistrelle  (Pipistrellus subflavus) in the United
States, including new records from New Mexico,
South Dakota, and Texas. Western North American
Naturalist 65:405-409.

GILMORE, R. M. 1947. Report on a collection of mammal
bones from archaeologic cave-sites in Coahuila,
Mexico. Journal of Mammalogy 28:147-165.

GoLbpMAN, E. A., aNpD R. T. Moore. 1945. The biotic
provinces of Meéxico. Journal of Mammalogy
26:347-360.

Harner, D. J. 1993. North American pika (Ochotona
princeps) as a Late Quaternary biogeographic in-
dicator species. Quaternary Research 39:373-380.

Harner, D. J. 1994. Pikas and permafrost: post-
Wisconsin historical zoogeography of Ochotona in
the southern Rocky Mountains, USA. Arctic and
Alpine Research 26:375-382.

Harner, D. J., axp B. R. Ripre. 2005. Mammalian
phylogeography and evolutionary history of north-
ern Mexico’s deserts. In: J-L. E. Cartron, G.
Ceballos, and R. S. Felger, editors. Biodiversity,
ecosystems, and conservation in northern Mexico.
Oxford University Press, Inc., New York. Pages
225-245.

Harner, D. J., anp C. J. SHuster. 1996. Historical
biogeography of western peripheral isolates of the
least shrew, Cryptotis parva. Journal of Mammalogy
77:536-545.

Harr, E. R. 1981. The mammals of North America.
Second edition. John Wiley and Sons, New York.
Harris, A. H. 1985. Late Pleistocene vertebrate paleo-
ecology of the West. University of Texas Press,

Austin.

HERsSHLER, R. 1985. Systematic revision of the Hydro-
biidae (Gastropoda: Rissoacea) of the Cuatro
Ciénegas Basin, Coahuila, México. Malacologica
2:31-123.

List, R., G. CEBALLOS, AND J. PacHECO. 1999. Status of the
North American porcupine (Erethizon dorsatum) in
Mexico. Southwestern Naturalist 44:400-404.

McCoy, C. J. 1984. Ecological and zoogeographic
relationships of amphibians and reptiles of the
Cuatro Cienegas Basin. In: P. C. Marsh, editor,
Biota of Cuatro Cienegas, Coahuila, Mexico: Pro-

vol. 52, no. 3

ceedings of a Special Symposium. Fourteenth
Annual Meeting, Desert Fishes Council, Tempe,
Arizona USA, 18-20 November 1983. Journal of
the Arizona-Nevada Academy of Science 19:
49-60.

MeprELLIN, R. A., C. MANTEROLA, M. VALDEZ, D. G. HEWITT,
D. DoAN-CRriDER, AND T. E. FuLsricur. 2005. History,
ecology, and conservation of the pronghorn ante-
lope, bighorn sheep, and black bear in Mexico. In:
J-L. E. Cartron, G. Ceballos, and R. S. Felger,
editors. Biodiversity, ecosystems, and conservation
in northern Mexico. Oxford University Press, Inc.,
New York. Pages 387-404.

MEYER, E. R. 1973. Late-Quaternary paleoecology of the
Cuatro Cienegas Basin, Coahuila, Mexico. Ecology
54:982-995.

MinckLEy, W. L. 1969. Environments of the Bolsén of
Cuatro Ciénegas, Coahuila, México, with special
reference to the aquatic biota. University of Texas
at El Paso, Science Series 2:1-65.

MinckrLey, W. L. 1974. Endemic fishes of the Cuatro
Ciénegas Basin, northern Coahuila, Mexico. In: R.
H. Wauer and D. H. Riskind, editors. Transactions
of the symposium on the biological resources of the
Chihuahuan Desert region, United States and
Mexico. United States National Park Service Trans-
actions and Proceedings Series 3:383-404.

Morarka, D. J. 1974. Is there a Chihuahuan Desert? A
quantitative evaluation through a herpetofaunal
perspective. In: R. H. Wauer and D. H. Riskind,
editors. Transactions of the symposium on the
biological resources of the Chihuahuan Desert
region, United States and Mexico. United States
National Park Service Transactions and Proceed-
ings Series 3:437-454.

PiNkAvA, D. J. 1974. Vegetation and flora of the Cuatro
Ciénegas Basin, Coahuila, Mexico. In: R. H. Wauer
and D. H. Riskind, editors. Transactions of the
symposium on the biological resources of the
Chihuahuan Desert region, United States and
Mexico. United States National Park Service Trans-
actions and Proceedings Series 3:327-333.

Pinkava, D. J. 1984. Vegetation and flora of the Bolson
of Cuatrocienegas region, Coahuila, Mexico. IV.
Summary, endemism, and corrected catalogue.
Journal of the Arizona-Nevada Academy of Sciences
119:23-48.

Sissom, W. D., axp B. E. HEeNDRIXSON. 2005. Scorpion
biodiversity and patterns of endemism in northern
Mexico. In: J-L. E. Cartron, G. Ceballos, and R. S.
Felger, editors. Biodiversity, ecosystems, and con-
servation in northern Mexico. Oxford University
Press, Inc., New York. Pages 122-137.

SECRETARIA DE DESARROLLO SociaL. 1994. Decrito por
elque se declara como Area Natural Protegida, con
el caracter de Area de Proteccién de Flora y Fauna,
la region conocida como ‘‘Cuatro Ciénegas,” con
una superficie de 84,347-47-00 Has. ubicada en el



September 2007

Municipio de Cuatro Ciénegas, Estado de Coahuila.
Diario Oficial De La Federacion, México, CDXCIV.
5-11.

SEMARNAP. 1999. Programa de Manejo del Area de
Proteccion de Flora y Fauna Cuatrociénegas. Méx-
ico: Instituto Nacional de Ecologia, Secretaria del
Medio Ambiente Recursos Naturales y Pesca. 166.

SurLivan, R. M. 1988. Biogeography of southwestern
montane mammals: an assessment of the historical
and environmental predictions. Ph.D. dissertation,
University of New Mexico, Albuquerque.

Contreras-Balderas et al.—Mammals of Cuatro Cienegas Basin, Coahuila, Mexico 409

StEIN, B. A., L. S. KUTNER, AND J. S. Apawms, editors. 2000.
Precious heritage: the status of biodiversity in the
United States. Oxford University Press, New York.

WHITE, J. A, P. R. MoosmaN, Jr., C. H. KiLGORE, aNDp T. L.
Best. 2006. First record of the eastern pipistrelle
(Pipistrellus subflavus) from southern New Mexico.
Southwestern Naturalist 51:420-422.

Submitted 17 February 2006.  Accepted 14 December 2006.
Associate Editor was Philip Sudman.



