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a b s t r a c t

The greater evolutionary history of Cynomys (prairie dog, Rodentia, Sciuridae) has been established.
Earliest members are recorded from the late Blancan Land Mammal age, Late Pliocene. The fossil history
for Cynomys is well reconstructed for the Great Plains of the USA and Canada. However, it is insufficiently
studied for the arid Southwest and almost entirely unknown for adjacent northern Mexico. This paper
reports on the remains of Cynomys recovered from the paleontological site of La Playa, northern Sonora,
Mexico. Two species of Cynomys live today in Mexico in disjunct, likely relictual locations, Cynomys
ludovicianus and Cynomys mexicanus. The distribution of prairie dogs today does not include the region of
La Playa: the closest population lives about 150 km north and east in northeastern-most Sonora and
adjacent Arizona. The identification criteria presented here indicate that the black-tailed prairie dog,
C. ludovicianus, inhabited the valley bottom now exposed as the La Playa fossil deposits. The description
of this species from La Playa represents the first report of Rancholabrean prairie dogs from Sonora. Its
recovery from the extremely low elevations of northern Sonora indicates that a different climatic regime
was in operation during the Late Pleistocene resulting in local vegetation and soil types considerably
different from those recorded there today. The late Wisconsinan Glacial climate supported herbivores
that cannot inhabit the area today.

� 2009 Elsevier Ltd and INQUA. All rights reserved.
1. Introduction

This paper reports on the remains of Cynomys (prairie dog,
Rodentia, Sciuridae) recovered from the paleontological and
archaeological site of La Playa, northern Sonora, Mexico (Fig. 1). The
squirrel family, Sciuridae, is one of the most diverse and widely
distributed mammalian families and is among the most intensively
studied with respect to their ecology and behavior. The mono-
phyletic prairie dogs (Cynomys) are large, derived, and distinctive
ground squirrels endemic to North America (Hollister, 1916).
Cladistic analysis of morphological traits of Cynomys and the closely
related subgenus Spermophilus (Spermophilus), ground squirrels,
creates a species-rich clade (Goodwin and Hayes, 1994; Goodwin
1995b). Contrary to this, molecular evidence suggests that although
nd INQUA. All rights reserved.
Cynomys is nested within Spermophilus, it is a sister taxon to the
clade containing Spermophilus (Xerospermophilus) mohavensis
(Mohave ground squirrel), Spermophilus (X.) tereticaudus (round-
tail ground squirrel), Spermophilus (Ictidomys) spilosoma (spotted
ground squirrel), and Spermophilus (I.) perotensis (Perote ground
squirrel) (Harrison et al., 2003; Herron et al., 2004).

The greater evolutionary history of Cynomys has been estab-
lished by Goodwin (1995a,b, 2004). The earliest members are
recorded from the late Blancan Land Mammal Age (LMA; Late
Pliocene; Goodwin, 1995a). Blancan species (Cynomys vetus, Cyn-
omys meadensis, Cynomys hibbardi) have not been assigned to
either of the two subgenera (Cynomys: black-tailed prairie dogs;
Leucocrossuromys: white-tailed prairie dogs; Goodwin, 1995a,b,
2004). The living Cynomys gunnisoni (Gunnison’s prairie dog),
Cynomys leucurus (white-tailed prairie dog), and Cynomys parvidens
(Utah prairie dog), and the extinct Cynomys niobrarius are white-
tailed prairie dogs (Goodwin, 1993a). Black-tailed prairie dogs
include Cynomys ludovicianus (black-tailed prairie dog) and



Fig. 1. Map of United States and Mexico showing the distribution of Cynomys and the
fossil localities discussed in text. Distribution of Cynomys adapted from Foster and
Hygnstrom (1990).

Fig. 2. Labial view of Cynomys from La Playa, Sonora, Mexico. NVPL: (A) 17920; (B)
17919; and (C) 17921.
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Cynomys mexicanus (Mexican prairie dog), and the extinct Cynomys
andersoni, Cynomys sappensis, and Cynomys spenceri (Goodwin
1995a, 2004). The fossil history for Cynomys is reconstructed best
for the Great Plains of the USA and Canada. Conversely, it is insuf-
ficiently studied for the arid Southwest USA and almost entirely
unknown for adjacent northern Mexico (see review in Goodwin,
1995a).

Two species of black-tailed prairie dogs live today in Mexico, C.
ludovicianus and C. mexicanus (Pacheco and Ceballos, 2005; Fig. 1).
C. ludovicianus lives in extreme northeastern Sonora and adjacent
areas of northwestern Chihuahua, in southeastern Arizona
(historical records), much of New Mexico and north to Canada
(Hoogland, 1996; Pacheco and Ceballos, 2005). Although histori-
cally it may have occupied a greater distribution in Mexico, today it
is greatly restricted. It lives between 1400 and 1600 m elevation
north and west of the Sierra Madre Occidental, south and east of the
Chihuahuan Desert in Chihuahua, and in a small area north of
Cananea, Sonora, at the border with Arizona.

C. mexicanus (hypothesized to have evolved from C. ludovicia-
nus; see discussion in Goodwin, 1995b) is endemic to Mexico
where it occurs in a restricted area of approximately 500 km2 in
Coahuila, Nuevo Leon, Zacatecas, and San Luis Potosi (Pacheco,
2005; Fig. 1). The species lives between 1600 and 2200 m eleva-
tion in valleys, prairies, and intermontane basins, mainly north
and east of the Sierra Madre Oriental (Ceballos and Wilson, 1985;
Pacheco, 2005).

Late Pleistocene vertebrate localities of Sonora are beginning to
be recognized and assessed. Arroyo-Cabrales et al. (2002) reported
17 fossil localities and now approximately 50 Late Pleistocene
vertebrate localities are recorded (White et al., in press). Unfortu-
nately, most of these localities are isolated occurrences of Mam-
muthus (mammoth), Equus (horse), and Bison (bison). Only two Late
Pleistocene localities have been studied in detail, both which
contain a microfaunal component due to extensive micromesh
sieving: Rancho la Brisca (Van Devender et al., 1985) and Terapa
(Mead et al., 2006, 2007). This contribution reports on the first
fossils of Cynomys recovered from the state of Sonora, which
represent a third paleontological site (La Playa) studied in detail
utilizing micromesh sieving. No species of Cynomys lives today any
closer to the locality than approximately 150 km to the northeast
and 600 m higher in elevation (C. ludovicianus, near the town of
Cananea).

2. La Playa

The fossil deposits of La Playa are located 40 km west of Santa
Ana at 30�2905500N; 111�3200400W, at approximately 1000 m eleva-
tion, and near the town of Trincheras. The sedimentary deposits do
not originate from a true playa but are alluvial sediments from the
Rı́o de las Pedradas (also called the Rı́o de Ocuca). The Rı́o de las
Pedradas continues to the Rı́o Magdalena, which combines with the
Rı́o Altar to form the Rı́o Asuncı́on which empties into the Gulf of
California. Today the biotic community around La Playa is a Sonoran
Desertscrub at the northern extent of the Neotropical Realm of
Brown et al. (1998). Howard S. Gentry was the first to record the
fossil potential of the La Playa deposits. Data from Gentry’s field
notes and collections (1937, archived in the American Museum of
Natural History, New York) and the authors’ work in 2001 record
two major sedimentary units at the locality: upper – Holocene gray
paludal sediments, and lower – Pleistocene (Wisconsinan Glacia-
tion equivalent age; Rancholabrean Land Mammal Age) reddish
alluvium. Gentry stated that he also recovered remains of Bison
from the lower stratigraphic layer. In May 2001 the authors visited
the locality and recovered additional fossil remains from the



Table 1
Measurements of Rancholabrean Cynomys from La Playa and modern species;
method of measurement from Goodwin (1995a). Abbreviations: ANTJW, length of
anterior part of jaw from posterior border of alveolar row to dorsoposterior margin
of the I1 alveolus; Cm, Cynomys mexicanus (NVPL 2176); Clu, Cynomys ludovicianus
(NVPL 2177); MDALV, length of mandibular alveolar row parallel to its long axis; SD,
one standard deviation.

Specimen measurement 17919 17920 17921 Cm Clu

MDALV 14.96 13.63 14.09 13.13 16.66
ANTJW 24.28 – – 22.01 24.43
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Pleistocene layer representing a small fauna which includes the
prairie dog specimens presented here.

3. Prairie dog

Three dentaries identified as Cynomys were recovered eroding
from within the reddish unit (Pleistocene) and from between 67
and 112 cm below the contact with the gray Holocene unit.
Specimens were temporarily curated into the paleontological
collections of the Laboratory of Quaternary Paleontology, Quater-
nary Sciences Program, Northern Arizona University, Flagstaff
(now temporarily at NVPL, see below), and will be returned for
archiving at INAH Sonora (Hermosillo).

3.1. Specimens

Three right dentaries with dentition (NVPL 17919–17921) (Figs.
2 and 3) were recovered and utilized for this study (Table 1).

3.2. Identifications

Identification of the fossils is based on criteria provided in
Dalquest (1988) and Goodwin (1993a, 1995b) along with compar-
isons with modern specimens C. ludovicianus (NVPL 2177), C.
mexicanus (NVPL 2176), and C. gunnisoni (NVPL 6582). The modern
comparative specimens are housed at the Neogene Vertebrate
Paleontology Laboratory (NVPL), Department of Geosciences, East
Tennessee State University, Johnson City, TN.

Cynomys and the subgenus Spermophilus are distinguished
from other members of Spermophilus by several derived dental
Fig. 3. Occlusal view of Cynomys from La Playa, Sonora, Mexico. NVPL: (A) 17920; (B)
17919; and (C) 17921.
characters observable even on isolated teeth (Goodwin and Hayes,
1994). Cynomys can be differentiated from the subgenus Spermo-
philus using the following characters: greater crown height, cuspid
on the m1-2, and complete metalophid on the m3 (Goodwin and
Hayes, 1994). These characters indicate that the specimens from La
Playa belong to Cynomys.

The three mandibles from La Playa have an m3 with a deflected
hypoconid, a character that the white-tailed Cynomys (Leucoc-
rossuromys) does not have but that is characteristic of the black-
tailed Cynomys. The talonid valley is not divided and the talonid
platform is not constrained by the mesolophid in Cynomys and the
specimens from La Playa. In C. (Leucocrossuromys) the talonid valley
is divided and the talonid platform is confined anteriorly by the
mesolophid (Dalquest, 1988; Goodwin, 1993a,b). Based on these
morphological conditions, the La Playa prairie dogs belong to the
subgenus Cynomys.

The ratio of the length of the mandibular alveolar row (MDALV)
and the length of the anterior part of jaw from the posterior
border of alveolar row to the dorsoposterior margin of the incisor
alveolus (ANTJW) differentiates C. ludovicianus from C. mexicanus
(Goodwin, 1995b). Data were plotted from the modern and La
Playa specimens with that of modern and fossil specimens plotted
by Goodwin (1995b) in Fig. 4. Assuming that C. mexicanus was not
larger during the Pleistocene, the La Playa specimens clearly plot
with modern C. ludovicianus. For this reason, the La Playa fossil
Cynomys is identified as belonging to C. ludovicianus and not to
C. mexicanus.
Fig. 4. Scatter plot (MDALV versus ANTJW; see text) of individual modern and Pleis-
tocene Cynomys. Data represented by symbols from Goodwin (1995b). Abbreviations:
S, Sonora, La Playa (NVPL 17919); M, C. mexicanus modern (NVPL 2176); L, C. ludovi-
cianus modern (NVPL 2177); square/dot, C. mexicanus modern; solid triangle, C. ludo-
vicianus modern; open square, C. (Cynomys) Illinoian Glaciation age; open circle,
C. (Cynomys) Wisconsinan Glaciation age.
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4. Discussion and conclusions

The identification criteria presented above indicate that the
black-tailed prairie dog, C. ludovicianus, inhabited the valley bottom
of the Rı́o de las Pedradas now exposed as the La Playa fossil
deposits. These prairie dog remains were recovered from the
reddish alluvial unit in association with Bison, and the extinct
Mammuthus, camel (possibly Camelops), large tortoise (probably
Hesperotestudo), pronghorn (Capromeryx), and peccary (Platygonus)
remains, and are of the Late Pleistocene Rancholabrean Land
Mammal Age.

Two species of Cynomys live today in Mexico in disjunct, likely
relictual locations. C. mexicanus is restricted to portions of four
states in northeastern Mexico (see above), approximately 1150 km
southeast of La Playa. In contrast, C. ludovicianus lives about 150 km
north and east of La Playa, in the northeastern-most region of
Sonora and adjacent regions of Chihuahua, New Mexico, and Ari-
zona. Today this species occupies a larger geographic distribution
than any other living species of Cynomys (Hoogland, 1996).
Ranching and farming industries have largely eradicated this
species from southeastern Arizona (Hoffmeister, 1986). Both
species of black-tailed prairie dogs require a deep sediment
substrate that allows them to excavate burrows 2–5 m below
ground (Hoogland, 1996). Both species occupy semi-arid, open and
level, short to mid-grass prairies to desert grasslands, often with
nearby shrubs and cactus (Foster and Hygnstrom, 1990).

The fossil record of C. ludovicianus is fairly well established;
however, this is mainly for the central states of the USA (see
reviews in Goodwin, 1993b, 1995a, 2004). A review of Rancholab-
rean faunas from Arizona indicates that Cynomys is rarely identified
from deposits in the state; this is likely a bias in recovery and
excavation techniques (Mead et al., 2005). C. ludovicianus is known
from the Late Pleistocene units at Ventana Cave in the south-
western portion of the state (Colbert, 1950; Fig. 1). Both C. ludovi-
cianus and C. mexicanus occurred in southwestern New Mexico
during the Rancholabrean (Harris, 1985, 1993, 2005; Morgan and
Lucas, 2005).

The recovery and description here of C. ludovicianus from La
Playa represents the first report of Rancholabrean prairie dogs from
Sonora. Its occurrence at La Playa is indicative of an environment
and supporting climate that no longer exists today in the hot, arid
Sonoran Desert of northwestern Sonora. The Wisconsinan glacial
regime that occurred during the late Rancholabrean caused climate
and responding plant communities to be distinctly different than
what is there today. Climate reconstructions representative of the
late Rancholabrean of the American Southwest come from both
dry-preserved woodrat (packrat; Neotoma) middens (debris piles of
nests, dens, and cover vegetation) found in rock crevices, typically
located well above the valley floors in adjacent mountains, and
from C and O isotopes preserved in tooth enamel of herbivorous
vertebrates (Connin et al., 1998; Van Devender, 2007).

Woodrat middens have not been recovered from the immediate
area of La Playa, although they do occur nearby at slightly higher
elevations (Van Devender, 2007). Based on this record, most of the
modern Sonoran Desert dominant plant species (which are tied to
summer rainfall patterns) did not appear in the greater La Playa
region until the middle or late Holocene (<8000 years ago).
According to this macrobotanical record, reconstructed climates of
the late Rancholabrean were cooler in the summer than today;
there was a major shift in seasonal distribution of rainfall (Van
Devender, 2007). The large and diverse sequences of fossil middens
analyzed by Van Devender (2007) indicate that milder winter
temperatures coupled with cooler summers created a more
equable climate for the region. Woodlands occupied at least the
mountains and upper slopes during the late Rancholabrean, areas
dominated today by species characteristic of the Sonoran Desert.
The macrobotanical record does not record directly the plant
community of the low valleys, areas most likely to be grazed and
browsed by many of the megafauna and the prairie dogs presented
here from La Playa. No fossil record indicates that the valley bottom
had a woodland community as occurred in the nearby mountains.
However, the reconstructed climate from nearby mountains surely
had the same influence on the valley bottoms such as at La Playa.

Isotopes of C and O recovered from megaherbivore tooth enamel
do record the dietary intake of graze and browse plant species in
the valley bottoms. The analysis by Connin et al. (1998:,fig.1)
unfortunately does not contain samples of vertebrates from as far
south as the valley bottom region of La Playa. From elevations and
physiographic areas immediately to the north and east of La Playa,
enamel data imply significant summer precipitation in south-
eastern Arizona and southwestern New Mexico throughout the late
Rancholabrean (Connin et al., 1998). The reconstructed pattern can
be explained with a tropical or subtropical source of the summer
precipitation.

The recovery of C. ludovicianus from the low elevations at La
Playa implies that a different climatic regime was in operation
during the Late Pleistocene than today, and that local vegetation
and soil types in response were drastically dissimilar. The recon-
structed climate and valley-bottom plant community supported
herbivores that today cannot inhabit the region. Clearly much has
yet to be discovered, recovered, and elucidated about the Pleisto-
cene vertebrates, plant communities, and climate of Sonora,
Mexico.
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Pacheco, J., Ceballos, G., 2005. Perro llanero. In: Ceballos, G., Oliva, G. (Eds.),
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