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ABSTRACT.-The fossil record from the Wisconsin (Pleistocene) of Trans-Pecos Texas, New 
Mexico, Arizona, and southern Nevada indicates that most of the region north of a line from 
northwestern Arizona southeast to the Guadalupe Mountains of Trans-Pecos Texas supported 
habitats suitable for taxa now occurring in the high Southern Rockies of northern New Mexico 
and southern Colorado. South of this line, highlands were isolated from many of these taxa 
throughout the late Wisconsin by lowland barriers. However, many species of mammals that now 
occur in the Southern Rockies only in high-elevation habitats, but that occur in nonboreal habitats 
farther north, ranged far south of this line. Some taxa now typical of the Great Basin also occurred 
far to the south, some to the Mexican boundary and southeastern New Mexico. Following full
glacial conditions, slightly warmer and more mesic summers allowed eastern and southern grass
land taxa to penetrate westward, but with little loss of northern and Great Basin species of mammals. 
The full-glacial situation for lowland taxa is less well known; some had distributions similar to 
now, but others were restricted greatly. The present ranges of many taxa probably were reached 
early in the Holocene, but some taxa may have survived in refugia into the late Holocene. Several 
lowland taxa expanded north and west of their present ranges during the middle Holocene under 
conditions warmer and possibly more moist than today. 

The purpose of this study is to summarize and interpret fossil evidence bearing on mammalian 
biogeography of Arizona, New Mexico, and adjacent areas. Such evidence supplies specific data 
that otherwise can be inferred only from present-day distributional patterns. Study of biogeog
raphy in the Southwest is particularly complex because of the transitional position of the region 
between temperate and semitropical climates, and between semiarid and arid climates. In ad
dition, the vast topographic relief results in numerous highland islands of relatively cool, mesic 
habitats surrounded by areas of warmer, more arid lowlands. Mountaintop biotas generally show 
greater affinity with those of other highlands and with more northern biotas than with those of 
encircling lowlands; some taxa, however, show affinities with highlands to the south. 

Findley (1969) outlined basic concepts of Southwestern mammalian biogeography, empha
sizing that climatic fluctuations during Pleistocene and early post-Pleistocene times must have 
been instrumental in forming current patterns. With few paleontological data available, his ideas 
necessarily were based primarily on modern distributions. Since then, climatic and vegetational 
histories have become clearer through studies of pollen (Hall, 1985a, 1985b) and woodrat (Neo
toma) middens (VanDevender eta!., 1987). Numerous investigators of Pleistocene and Holocene 
faunas have documented past mammalian distributions (Harris, 1985, 1987, 1988, 1989), and 
explicit biogeographic hypotheses have been advanced for testing (Patterson, 1984). 

Fossils are evidence of past occurrences and supply data for generalizing distributional patterns 
of the past; they also allow inference of past ecological conditions, including the broad climatic 
and vegetational characteristics within the region through time. The fossil record thus may supply 
basic data for answering questions posed by neobiogeographers, such as where (and in what time 
interval) has a taxon become extirpated, as opposed to not having occurred; what were the nature 
and positions of past connections between populations; and what was the pattern of disconnection 
of now-isolated populations. 

No useful late-Pleistocene fauna predating the mid-Wisconsin is known from the region, 
preventing study of long-term patterns. Only the last 40,000 years are considered here: mid
Wisconsin (to ca. 25,000 years ago); late Wisconsin (25,000-11,000 years ago), with the full 
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FIG. I.-Location of selected late-Pleistocene sites in the Southwest. Contours are life-zone boundaries 
(Fig. 2). Sites are: 1, Tule Springs; 2, Gypsum Cave; 3, Rampart Cave; 4, Cylinder Cave, Tse'an Kaetan 
Cave, and Tse'an Olje Cave; 5, Government Cave; 6, Ventana Cave; 7, Papago Springs Cave; 8, Murray 
Springs; 9, Atlatl Cave, Sheep Camp Shelter; 10, Isleta Cave No. 1, Isleta Cave No. 2; 11, Blackwater Draw; 
12, Bat Cave; 13, Howell's Ridge Cave; 14, U-Bar Cave; 15, Baldy Peak Cave; 16, Conkling Cavern, Shelter 
Cave, Anthony Cave; 17, Hermit Cave; 18, Burnet Cave; 19, Dry Cave; 20, Dark Canyon Cave; 21, Muskox 
Cave; 22, Upper Sloth Cave, Lower Sloth Cave, Dust Cave, Williams Cave; 23, Fowlkes Cave. 

glacial (pleniglacial) centering about 18,000 years ago; early Holocene (ll,000--8,000 years ago); 
middle Holocene (8,000--4,000 years ago); and late Holocene (4,000 years ago to pre~ent). 

Fossil faunas are samples with the usual biases of modern samples plus biases of deposition, 
preservation, and recovery; identification often is difficult because of fragmentary skeletal ele
ments, poor preservation, and limited material. Frequently, dating is problematic. Cave faunas 
(which supply most specimens from the region) often have at least a portion of their microfaunas 
deposited by raptors or other predators. Such prey items usually come from within 5 km of a 
site, and only rarely will items come from beyond a 32-km radius (Harris, 1977). This, however, 
is sufficient in many cases to include parts of two or more life zones. All of these factors must 
be kept in mind during interpretation of fossil evidence. 

MATERIALS AND METHODS 

New Mexico and Trans-Pecos Texas have by far the best-studied record of Southwestern mammals of 
mid- and late-Wisconsin times. Concentration will be on this area, with other parts of the region considered 
in lesser detail. Locations of selected Southwestern mid- and late-Wisconsin sites mentioned are shown in 
Fig. 1. 

In an earlier study (Harris, 1985 ), the late Pleistocene distributions of fossil vertebrates and of plant 
macrofossils from woodrat middens were studied from sites throughout western North America from southern 
Canada into northern Mexico. The distributional data were used to hypothesize late-Wisconsin, full-glacial 
life zones for the region. The term "life zone," as used here, indicates an area with broad commonality of 
plant and mammalian taxa during pleniglacial time and does not imply coevolutionary relationships or long
term stability of the included biota. For most taxa, full-glacial conditions should have resulted in the most 
extreme departures from modern distributions, and life zones at that time may serve as the standards against 
which variation in space and time can be evaluated. 

Elevational boundaries between life zones were located on the basis of presence and absence of plants 
and vertebrates considered typical of major habitat types. For example, the lower boundary of the Northern 
Highland Zone was taken as the elevation (standardized for latitude) below which taxa typical of arctic and 
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FIG. 2.-Map showing hypothesized full-glacial extent in the Southwest of the Northern Highland Zone 
(solid), Middle-elevation Savannah Zone (hatched), Sagebrush Steppe-Woodland Zone (stippled), and com
bined Steppe-Woodland and Steppe zones. 

alpine tundra were not recorded. The boundary then was extended at the standardized elevation throughout 
the interior West, even where data otherwise were unavailable. 

Elevation and latitude tend to be inversely correlated with temperature; sites at identical elevations but 
different latitudes normally have different temperature regimes. To allow direct comparisons of temperature, 
standardized elevations were obtained by multiplying latitude times 107 plus elevation in meters (Findley 
and Jones, 1967). Regardless of latitude, sites with the same standardized elevation should have approximately 
the same temperatures. The hypothesized life zones (Fig. 2) were mapped by standardized elevations; thus, 
boundaries of the zones are 107m lower for each degree of latitude from south to north. 

Northern Highland Zone.-The Northern Highland Zone (ca. 6,050->7,000 m standardized elev.) was 
characterized by common occurrence of plants and animals today present in alpine or arctic tundra, boreal 
forest, grassland, and sagebrush (Artemisia) associations. Mammalogically, the zone is defined as being 
environmentally suitable for such tundra taxa as Dicrostonyx (lemmings) and Ovibos (muskoxen). The zone 
is inferred to have been more or less continuous throughout the Rocky Mountains to their southern end 
(Sangre de Cristo and Jemez ranges). Farther south, numerous highlands were within this zone climatically, 
but they lack known paleontological sites. 

Middle-elevation Savannah Zone.-This zone (ca. 5,000 to 6,050 m standardized elev.) is envisioned as 
a mosaic of boreal forest elements, grassland, and sagebrush; woodland elements were at lower elevations. 
The zone differed from elevationally lower zones by presence of boreal "marker species" (Harris, 1985); its 
lower boundary was defined primarily on the basis of sites outside of the Southwest. 

This was the largest zone in the Southwest during pleniglacial times. If the interpretation is correct, most 
present montane islands in the Southwest were directly accessible to mammals now associated with Rocky 
Mountain boreal forest. Present or past occurrence of truly boreal forms in mountains south of continuous 
habitat (e.g., in the Pinaleno and Chiricahua mountains of southeastern Arizona) suggests dispersal over 
generally unsuitable lowland barriers or arrival during earlier glacial times. 

Sagebrush Steppe-Woodland Zone.-This was an area of sagebrush, steppe, and woodland from ca. 4,500 
to 5,000 m standardized elevation. Boreal marker species are not known from this zone, but many species 
were present that now are limited predominantly to high-elevation, boreal situations at the southern limits 
of their ranges. However, these modern peripheral habitats are not typical of these species, which have most 
of their geographic ranges in nonboreal vegetation farther north. The zone covered most of southern New 
Mexico and extended into adjacent states and Mexico (Fig. 2). 

Steppe-Woodland Zone and Steppe Zone.-Although Harris (1985) considered the area below ca. 4,500 
m standardized elevation as divisible into two zones, it is mapped here as a single unit (Fig. 2). The few 
sites available suggest a sudden drop in faunal diversity at the upper boundary of the zone, probably because 
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FIG. 3. -Observed southern limits of 19 northern or highland taxa from Wisconsin-age sites, and occurrences 
by site (Fig. 1) of Marmota flaviventris and Sylvilagus nuttalli. Taxa are: 1, Phenacomys intermedius; 2, 
Mustela vison; 3, Brachylagus idahoensis; 4, Zapus hudsonius; 5, Tamias minimus; 6, Sorex nanus; 7, 
Spermophilus elegans; 8, Microtus longicaudus; 9, Thomomys talpoides; 10, Sorex palustris; 11, Lepus 
townsendi; 12, Lagurus curtatus; 13, Sylvilagus nuttalli; 14, Sorex cinereus; 15, Tamiasciurus hudsonicus; 
16, Sorex monticolus; 17, Microtus pennsylvanicus; 18, Neotoma cinerea; 19, Marmota flaviventris. 

of abrupt simplification of the vegetation. Modern mammals associated with sagebrush are absent, but a few 
taxa suggest moderately mesic habitats. Microtus sp. (vole) and Marmotaflaviventris (yellow-bellied marmot), 
and possibly Lepus townsendi (white-tailed jackrabbit) and Neotoma mexicana (Mexican woodrat), were 
present below 4,500 m standardized elevation, suggesting caution in assuming that even montane islands 
surrounded by low desert today were unreachable by species characteristic of mesic habitats. 

RESULTS AND DISCUSSION 

New Mexico and Trans-Pecos Texas during the late Wisconsin.-There are about 35 extant 
northern or highland mammalian taxa (Figs. 3 and 4) likely to be identifiable as fossils that meet 
one or more of the following criteria to be useful in biogeographic reconstruction of the Southwest: 
southern limits of their current geographic ranges in the Southwest are in the Southern Rockies 
of New Mexico or southern Colorado, they now occur south of the Southern Rockies in New 
Mexico but only as isolated populations in montane or specialized habitats, or they occur presently 
only north or west of the Southern Rockies but are reported as fossils from New Mexico. A few 
of these taxa occur now both on montane islands and in limited lower areas (e.g., Neotoma 
cinerea, bushy-tailed woodrat; Zapus hudsonius, northern jumping mouse; and Sorex merriami, 
Merriam's shrew). Chipmunks (Tamias [Neotamias]) are treated only at the generic level except 
for Tamias minimus, the least chipmunk. 

Approximately 19 of the 35 are recorded as mid- or late-Wisconsin fossils at one or more sites 
near or beyond the southern periphery of the middle-elevation Savannah Zone; others are 
unrecorded from the southern peripheral area, but occurred at lower elevations than today or 
south of their present ranges (Figs. 3 and 4). All 35 taxa may have occurred at least to the limits 
of the Middle-elevation Savannah Zone, although some may have required special conditions 
that prevented southward expansion (e.g., talus habitat for Ochotona princeps, pika). East-west 
climatic differences were considerable (Harris, 1989), but to what degree is unknown for most 
of the region. Taxa meeting one or more of the criteria but not recorded as fossils from the area 
include 0. princeps, Lepus americanus (snowshoe hare), Zapus princeps (western jumping 
mouse), Gulo gulo (wolverine), Martes americana (marten), Lynx canadensis (Canadian lynx), 
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FIG. 4.-0bserved limits of four taxa from Wisconsin-age sites (Fig. 1), and occurrences of Lagurus 
curtatus and Microtus mexicanus. Taxa are: 1, Tamias sp. and Neotoma mexicana; 2, Microtus mexicanus; 
3, Sorex merriami. 

Sciurus aberti (Abert's squirrel), Clethrionomys gapperi (red-backed vole), Lutra canadensis 
(river otter), lind Mustela erminea (ermine). 

Some taxa likely were not in geographic position to invade the Southwest, and special habitat 
requirements may have kept others out. For example, Spermophilus lateralis (golden-mantled 
ground squirrel), now absent east of the Rio Grande and south of the Sangre de Cristo Mountains, 
possibly reached the northern highlands only after routes to the southern ranges were blocked 
by lowland vegetation; it is recorded (cf.) in the San Juan Basin (Sheep Camp Shelter) in terminal
Pleistocene deposits (W. B. Gillespie, in !itt.). S. aberti, largely dependent on ponderosa pine 
(Pinus ponderosa), may have been prevented from reaching the same area because southwestern 
populations of this pine "probably dispersed from relict populations in southern Arizona and 
southern New Mexico" during the Holocene (Van Devender et a!., 1987:349), after lowland 
barriers were in place. 

Many taxa meeting the aforementioned criteria for northern or highland forms were common 
well down into the Sagebrush Steppe-Woodland Zone, but apparently under climatic conditions 
uncommon at present. For example, Microtus mexicanus (Mexican vole), although occasionally 
found in lower habitats, typically lives in the ponderosa pine zone today. However, M. mexicanus 
was nearly ubiquitous in southern New Mexico throughout the late Wisconsin in areas with few 
or no ponderosa pines (Fig. 4). Likewise, Neotoma cinerea is known from virtually every large, 
well-studied, late-Wisconsin fauna. 

The distribution of M. flaviventris was widespread in the past (Fig. 3), because of greater 
effective precipitation during the colder parts of the year (Harris, 1970). Sorex cinereus (masked 
shrew) probably was able to live in lowland, mesic situations because of cooler summer tem
peratures. Both cool summers and more-effective cold-season precipitation probably played a 
part in the notable expansion of present-day Great Basin forms. During the full glacial, the Dry 
Cave fauna of southeastern New Mexico was most similar to that in southeastern Idaho now 
(Harris, 1989). These conditions allowed expansion of such forms as Brachylagus idahoensis 
(pygmy rabbit) and Lagurus curtatus (sagebrush vole). The latter was one of the more widespread 
rodents in New Mexico during the late Wisconsin, occurring in both the Middle-elevation 
Savannah Zone and Sagebrush Steppe-Woodland Zone (Fig. 4). More than 10% of the Dry Cave, 
non-chiropteran, mammalian fauna from the period immediately preceding the full glacial 
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was L. curtatus, and this species occurred in lesser numbers south to the Mexican border (U-Bar 
Cave) in both middle and late Wisconsin (Harris, 1987, 1989). 

A number of middle-elevation taxa probably were absent from southeastern New Mexico 
during pleniglacial times, but occurred in southwestern New Mexico (U-Bar Cave), where con
ditions were drier and winters less severe (Harris, 1989). Included in this group were Sylvilagus 
auduboni (desert cottontail), Lepus californicus (black-tailed jackrabbit), Spermophilus varie
gatus (rock squirrel), Neotoma mexicana, and Urocyon cinereoargenteus (gray fox). Sper
mophilus tridecemlineatus (thirteen-lined ground squirrel) of the southeast was replaced in the 
southwest by S. spilosoma (spotted ground squirrel). Vulpes velox (swift fox), common in the 
east, is unknown from U-Bar Cave. V. velox was not replaced by V. macrotis (kit fox), known 
as a fossil only as far east as Ventana Cave, Arizona. 

Blackwater Draw, in extreme east-central New Mexico, drains to the east and had several taxa 
in the late Wisconsin otherwise unknown from the Pleistocene of the Southwest. These include 
Didelphis virginianus (opossum), Geomys bursarius (plains pocket gopher), and a gray squirrel 
(identified by Slaughter [1975] as Sciurus cf. arizonensis but, if a gray squirrel, most likely S. 
carolinensis). Procyon lotor (raccoon), although known from both the West Coast and Texas, 
appears in the Pleistocene of the Southwest only at Blackwater Draw. Presumably all of these 
taxa, except the pocket gopher, moved up riparian corridors from farther east. 

The fossil record also documents greater penetration than today of nonboreal taxa into the 
Southwest from the east or northeast. For example, Microtus ochrogaster (prairie vole) occurred 
> 450 km south of its present southwestern limits both before and after full-glacial times; its 
range probably extended into southwestern New Mexico (Harris, 1988). Similarly, the range of 
Crypt otis parva (least shrew) extended southwestward nearly to the Arizona border from its 
present limits in northeastern New Mexico (Harris et a!., 1973). Neotoma fioridana (eastern 
woodrat) is recorded from Dry Cave in southeastern New Mexico (Harris, 1985). It is tentatively 
identified from near the Mexican border in southwestern New Mexico (Harris, 1989) and from 
southern Chihuahua, Mexico (Messing, 1986); today, N. fioridana is found no nearer than south
central Texas. 

The most extreme incursion of nonboreal mammals into the Southwest occurred near the end 
of the Wisconsin. Evidence suggests an influx at that time of eastern and southern forms associated 
with grasslands. Warming summer temperatures with greater summer precipitation likely were 
involved (Spaulding and Graumlich, 1986); however, it must be emphasized that climatic changes 
must have been relatively small, for the same sites show ample evidence that temperatures were 
cooler than now (Harris, 1988), and there was still significant cold-season precipitation (Harris, 
1985, 1989). Most Great Basin and highland taxa recorded from Dry Cave in earlier Wisconsin 
deposits persisted into the late Wisconsin (Harris, 1989), including Sorex monticolus (montane 
shrew), S. merriami, Sylvilagus nuttalli (Nuttall's cottontail), L. townsendi, Thomomys talpoides 
(northern pocket gopher), N. cinerea, L. curtatus, M. mexicanus, M. longicaudus (long-tailed 
vole), and M. pennsylvanicus (meadow vole). 

Sigmodon hispidus (hispid cotton rat) probably entered southern New Mexico in the late 
Wisconsin, possibly from the southeast, and Sylvilagus fioridanus (eastern cottontail) from the 
Isleta Caves (Harris and Findley, 1964) may date to this time. This cottontail is limited now in 
central and southern New Mexico to highland habitats. Records of the yellow-faced pocket 
gopher (Cratogeomys castanops) in extreme southwestern New Mexico (Harris, 1989) west of 
its present limits near El Paso, Texas, may be late Wisconsin or Holocene. This pocket gopher 
probably was present in southeastern New Mexico throughout the late Wisconsin. 

In certain cases, competitive exclusion seems a possible explanation for changes in lowland
mammal distributions during the late Wisconsin (Table 1), but reasons are not clear for others. 
For example, Dipodomys ordii (Ord's kangaroo rat) currently is widespread from Canada to 
Mexico. This species is not known from well before pleniglacial times to near the end of the 
Wisconsin, even from faunas with the larger D. spectabilis (banner-tailed kangaroo rat); the 
latter is widely sympatric with D. ordii but reaches its northern geographic limits in northern 



i 

May 1990 HARRIS-SOUTHWESTERN MAMMALIAN BIOGEOGRAPHY 225 

TABLE i.-Distribution in the late Wisconsin of New Mexico of taxa now mostly limited in the state 
to woodland or lower-elevation habitats. Savannah = Middle-elevation Savannah Zone; Steppe-woodland 
=Sagebrush Steppe-Woodland Zone. 

Chronological distribution 

Pre-lull glacial Full glacial Post·full glacial 

Taxon Savannah :':lt:d Savannah :':lt:d Savannah :':lt:d 
M yotis velifer X X X X X X 
Neotoma albigula X X X X X 
Microtus ochrogaster X X ?X• X 
Notiosorex crawfordi X X• X X 
Cratogeomys castanops X X• X X 
Vulpes velox X X X X 
Antilocapra americana X X X X 
Perognathus sp. (small) X X X 
Sylvilagus auduboni X X• X 
Lepus californicus X X• X 
Dipodomys spectabilis X X• X 
Cryptotis parva X X X X 
Neotoma micropus X X X 
Cynomys ludovicianus X X 
Mustela nigripes X X 
Geomys bursarius x· 
Dipodomys ordii X 
Peromyscus leucopus X 
Peromyscus truet X 
Sigmodon hispidus X 
Didelphis virginianus x• 
Tayassu tajacu x· 
Peromyscus eremicus X 
Dipodomys merriami 
Vulpes macrotis 

" Marginal occurrences only. 

Arizona and New Mexico. Also notably rare are pocket mice (Chaetodipus and Perognathus), 
and Cynomys (prairie dogs) also is sparsely represented in most sites (Isleta Cave No. 2, a pit
fall trap, is an exception; but some, probably most, prairie dogs from the site may be Holocene). 
Dalquest and Stangl (1984) suggested that barn owls (Tyto alba) were unable to prey successfully 
on prairie dogs, which may account for rarity of prairie dog fossils in Fowlkes Cave. 

Tamias (chipmunks) was moderately common in the late Wisconsin in south-central New 
Mexico and regions to the west; if present in southeastern New Mexico, chipmunks were limited 
to montane sites (where records may be Holocene rather than Pleistocene). Chipmunks are not 
known from the extensive, late-Wisconsin microfaunas from Dry Cave. 

New Mexico and Trans-Pecos Texas during the Holocene.-Neotoma mexicana may have 
been absent in southeastern New Mexico in the late Wisconsin; (although records exist, identi
fication often is difficult and specimens from high-elevation sites were collected under circum
stances such that Holocene material may be included). It first appears in securely dated deposits 
in the Holocene. In south-central New Mexico, N. mexicana is recorded in the Holocene Khulo 
Site at about 4,765 m standardized elevation (Smartt, 1977). 

Microtus pennsylvanicus may have survived to relatively recent times along the Rio Grande 
and near permanent, lowland marshes. Specimens from the Khulo Site probably came from the 
Rio Grande Valley about 35 km to the east; the oldest date from the site is 8,210 ± 220 years 
ago (Smartt, 1977). Large mandibles collected from Howell's Ridge Cave in southwestern New 
Mexico, which includes Holocene material, may have tissue remnants and thus be modern 
material; in size, they are comparable to modern specimens from the relictual population in
habiting sedge (Cyperaceae) beds in northwestern Chihuahua. Playas Lake, near Howell's Ridge, 
probably supported similar vegetation historically. 
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In the Guadalupe Mountains of Texas, N. cinerea, M. mexicanus, and M. fiaviventris are 
recorded from Pratt Cave (standardized elev. 5,014 m) from deposits presumed to date from 
2,820 ± 180 years ago and later (Lundelius, 1979). If the age of the Pratt Cave fauna is correct, 
these (and perhaps other) populations of highland mammals survived well into the late Holocene 
at relatively low elevations before becoming extirpated locally. 

Several lines of evidence suggest that shallow, late Pleistocene deposits were mixed with late
Holocene materials at Pratt Cave. The full glacial form of the greater roadrunner ( Geococcyx 
californianus conklingi) occurred at the site (Rea, 1980). Although Lundelius (1979) suggested 
that a horse (Equus) specimen probably was post-Columbian, intrusion from Pleistocene deposits 
seems as likely. Vegetation from woodrat middens suggests major drying of the climate in this 
region by about 8,000 years ago and essentially modern climate by 4,000 years ago (VanDevender 
et a!., 1987). Finally, occurrence of C. castanops and S. hispidus in the San Juan Basin, well 
beyond their present ranges, at dates of 5,430 ± 240 and about 5,000 years ago, respectively 
(Lyman, 1983), suggests that climatic conditions at Pratt Cave should have been too extreme 
for marmots, at least before 3,000 years ago. 

This evidence is far from conclusive, and the material from Pratt Cave must serve as a caution 
against assuming that present patterns have existed unchanged since the end of the Pleistocene 
or early Holocene. The data of Davis and Dunford (1987) also suggest that some intermontane 
movement of highland taxa may have occurred throughout the post-Pleistocene. 

The records of C. castanops and S. hispidus in the San Juan Basin and of S. hispidus and M. 
ochrogaster at Chaco Canyon about 5,000 years ago (W. B. Gillespie, in !itt.; Harris, 1988) 
probably do not represent late-glacial westward movements. Morphological data from M. och
rogaster from the San Juan Basin suggest winter temperatures were near or slightly below those 
of the present, but summers were several degrees warmer than now (Harris, 1988). 

This may have been a time of contact between currently disjunct lowland populations (e.g., 
San Juan Basin and Rio Grande Valley populations of S. spilosoma), and Tajacu tayassu (collared 
peccary), Nasua nasua (coati), and Sigmodon fulviventer (tawny-bellied cotton rat) may have 
entered the Southwest at this time. P. lotor, unrecorded until the late Holocene except at 
Blackwater Draw, may have invaded at this time, also. C. castanops and Spermophilus elegans 
(Wyoming ground squirrel) are known to have occurred beyond their current ranges during the 
late Holocene (Lang and Harris, 1984), but patterns and causes of such changes need further 
study. 

Arizona during the late Wisconsin.-Few forms meeting the aforementioned criteria for 
"northern" taxa are known from Arizona. M. fiaviventris, absent from the modern fauna, was 
widespread in the northern portion of the state and also is known from near the Mexican border 
in the Sagebrush Steppe-Woodland Zone at Papago Springs Cave (possibly mid-Wisconsin age). 
Occurrence of M. mexican us at Papago Springs Cave and Microtus sp. at the terminal Pleistocene 
sites of Deadman Cave (Mead eta!., 1984) and Murray Springs Occupation Level (Lindsay and 
Tessman, 1974) indicates movement of some highland mammals into the lower elevations of 
southeastern Arizona. 

Colbert (1950) reported S. latera/is from the late Wisconsin of Ventana Cave in southwestern 
Arizona (4,228 m standardized elev.), but certain investigators have questioned the identification 
of the specimen (Mehringer, 1967). Because there is no evidence that suitable habitat for this 
ground squirrel existed at Ventana Cave, this may be a rare case of long-distance transport by 
a raptor. 

The poor fossil record of "northern" taxa in Arizona may be an artifact of the extremely poor 
microfauna! fossil record for the late Wisconsin of this region, or it may indicate a strong east
west gradient in temperature and precipitation that resulted in few northern taxa in Arizona 
(Harris, 1989; VanDevender eta!., 1987). 

Scanty late Wisconsin records of lowland forms in Arizona include Myotis velifer (cave myotis) 
from Papago Springs Cave, S. auduboni from Papago Springs Cave, L. californicus from Rampart 
and Ventana caves, Perognathus fiavus (silky pocket mouse) from Deadman Cave (possibly 
Holocene), Perognathus fiavescens (plains pocket mouse) from Papago Springs Cave, Dipodomys 
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sp. from Wellton Hills and the Wolcott Sites, D. spectabilis and Sigmodon arizonae from 
Deadman Cave, Vulpes macrotis from Ventana Cave, and Platygonus (extinct peccary) or 
Tayassu from Papago Springs Cave and Ventana Cave. Cynomys ludovicianus (black-tailed 
prairie dog) was reported from Ventana Cave (terminal Wisconsin), well west of its historical 
range (Colbert, 1950). This suggests the presence of well-developed grassland habitat in what is 
now Sonoran Desert. 

Arizona during the Holocene.-As with the Pleistocene, few usable data are available for the 
early or middle Holocene of Arizona. Deadman Cave may have both late-Wisconsin and Holocene 
fossils (Mead et a!., 1984), but few are clearly assignable to the Holocene. Holocene C. ludovi
cianus at Ventana Cave, if correctly identified, suggests grasslands in southwestern Arizona in 
the Holocene. 

Nevada during the late Wisconsin.-Severallate-Wisconsin faunas in southern Nevada suggest 
cooler conditions with more effective moisture (Harris, 1985). The mid- or late-Wisconsin Glen
dale fauna includes Microtus, Ondatra zibethicus (muskrat), and Castor canadensis (beaver); 
however, the site is near the Muddy River, and conditions in the late Wisconsin may have been 
similar to Holocene conditions. Tule Springs Unit E-1 included M. californicus (California vole), 
Ondatra, and possibly B. idahoensis in what is now Mojave Desert. Gypsum Cave reportedly 
contained fossils of L. townsendi, although identifications of jackrabbits to species are suspect 
because of the difficulty of accurate discrimination. Marmots were recovered from Mercury 
Ridge (5,209 m standardized elev.) and farther north at Fishbone Cave (5,518 m standardized 
elev.) from the late Wisconsin. 

Passage of barriers.-Several boreal or highland taxa have current distributions south of the 
hypothesized continuous Middle-elevation Savannah Zone habitat. Most notable are Tamiasciurus 
hudsonicus (red squirrel) in the Pinaleno Mountains of southeastern Arizona and S. aberti in 
the northern Sierra Madre of Mexico. 

The Pinaleno Mountains are separated from the nearest highlands to the north by the deep 
Gila River Valley. However, dispersal from the Big Burro Mountains south to the Animas
Peloncillo highlands and then northwest to the Pinalenos would require crossing no gap between 
areas of Middle-elevation Savannah Zone vegetation greater than about 21 km; approximately 
4 km would drop slightly below 4,800 m standardized elevation (about 200 m below the bottom 
of the Middle-elevation Savannah Zone) if the continental divide were followed. Such an area 
could act as a filter barrier, occasionally being penetrated by highland forms such as Tamiasciurus. 
Passage between the highlands of Mexico and those of the Southwest by S. aberti seems likely 
considering that modern, introduced populations seem to have spread naturally between conif
erous forests separated by nonforested lowlands (Hoffmeister, 1986). 

Davis et a!. (1988) analyzed the modern distribution of forest-dwelling small mammals in 
New Mexico and parts of adjacent Arizona, emphasizing that vegetative barriers between most 
highland areas within this region are woodland and grassland today. Their analysis suggests that 
post-Pleistocene colonization has influenced distributions of montane forest dwellers. If such is 
occurring today, similar Pleistocene movements would seem even more likely. 

If the explanation for the current distribution of Tamiasciurus is correct, the species must 
have been extirpated in the intermediate areas, including presumably suitable habitat in the 
Chiricahua Mountains. Likewise, S. aberti must have become extirpated in the area between 
the highlands of southwestern New Mexico and the high, northern Sierra Madre. This gap in 
the range of S. aberti is similar to that of M. mexicanus, known from fossils within the gap. 
Occasional successful passages followed by local (Holocene?) extinctions seem likely; however, 
absence of larger numbers of boreal taxa in the Sierra Madre of Mexico suggests that successful 
passage was rare. There is no fossil evidence bearing on the possibility that some such distributions 
of boreal mammals might be relictual from earlier glacials. 

ACKNOWLEDGMENTS 

Appreciation is extended to B. D. Patterson and several anonymous reviewers who made many useful 
suggestions regarding an earlier version of this manuscript. 



228 JOURNAL OF MAMMALOGY Vol. 71, No.2 

LITERATURE CITED 

COLBERT, E. H. 1950. The fossil vertebrates. Pp. 
126--148, in The stratigraphy and archaeology of 
Ventana Cave, Arizona (E. W. Haury eta!.). Uni
versity of Arizona Press, Tucson, and University 
of New Mexico Press, Albuquerque, 599 pp. 

DALQUEST, W. W., AND F. B. STANGL, JR. 1984. Late 
Pleistocene and early Recent mammals from 
Fowlkes Cave, southern Culberson County, Texas. 
Pp. 432-455, in Contributions in Quaternary ver
tebrate paleontology: a volume in memorial to John 
E. Guilday (H. H. Genoways and M. R. Dawson, 
eds.). Special Publication, Carnegie Museum of 
Natural History, 8:1-538. 

DAVIS, R., AND C. DUNFORD. 1987. An example of 
contemporary colonization by small, nonflying 
mammals of montane islands in the American 
Southwest. The American Naturalist, 129:398-406. 

DAVIS, R., C. DuNFORD, AND M. V. LoMOLINO. 1988. 
Montane mammals of the American Southwest: 
the possible influence of post-Pleistocene coloni
zation. Journal of Biogeography, 15:841-848. 

FINDLEY, J. S. 1969. Biogeography of Southwestern 
boreal and desert mammals. Pp. 113-128, in Con
tributions in mammalogy (J. K. Jones, Jr., ed.). 
Miscellaneous Publications, University of Kansas, 
Museum of Natural History, 51:1-428. 

FINDLEY, J. S., AND C. J. JONES. 1967. Taxonomic 
relationships of bats of the species Myotis forti
dens, M. lucifugus, and M. occultus. Journal of 
Mammalogy, 48:429-444. 

HALL, S. A. 1985a. Quaternary pollen analysis and 
vegetational history of the Southwest. Pp. 95-123, 
in Pollen records of Late-Quaternary North Amer
ican sediments (V. M. Bryant, Jr. and R. G. Hol
loway, eds. ). American Association of Stratigraphic 
Palynologists Foundation, Dallas, Texas, 426 pp. 

---. 1985b. A bibliography of Quaternary pal
ynology in Arizona, Colorado, New Mexico, and 
Utah. Pp. 405-423, in Pollen records of Late-Qua
ternary North American sediments (V. M. Bryant, 
Jr. and R. G. Holloway, eds.). American Associa
tion of Stratigraphic Palynologists Foundation, 
Dallas, Texas, 426 pp. 

HARRIS, A. H. 1970. Past climate of the Navajo 
Reservoir District. American Antiquity, 35:374-
377. 

---. 1977. Wisconsin age environments in the 
northern Chihuahuan Desert: evidence from the 
higher vertebrates. Pp. 23-52, in Transactions of 
the symposium on the biological resources of the 
Chihuahuan Desert Region, United States and 
Mexico (R. H. Wauer and D. H. Riskind, eds.). 
National Park Service, Transactions and Proceed
ings Series, 3:1-658. 

---. 1985. Late Pleistocene vertebrate paleo
ecology of the West. The University of Texas Press, 
Austin, 293 pp. 

---. 1987. Reconstructionofmid-Wisconsinen
vironments in southern New Mexico. National 
Geographic Research, 3:142-151. 

---. 1988. Late Pleistocene and Holocene Mi-

crotus (Pitymys) (Rodentia: Cricetidae) in New 
Mexico. Journal of Vertebrate Paleontology, 8:307-
313. 

---. 1989. The New Mexican late Wisconsin
east versus west. National Geographic Research, 
5:205-217. 

HARRIS, A. H., AND J. S. FINDLEY. 1964. Pleistocene
Recent fauna of the Isleta Caves, Bernalillo Coun
ty, New Mexico. American Journal of Science, 262: 
114-120. 

HARRIS, A. H., R. A. SMARTT, AND W. R. SMARTT. 
1973. Cryptotis parva from the Pleistocene of 
New Mexico. Journal of Mammalogy, 54:512-513. 

HoFFMEISTER, D. F. 1986. Mammals of Arizona. 
The University of Arizona Press and The Arizona 
Game and Fish Department, Tucson, 602 pp. 

LANG, R., AND A. H. HARRIS. 1984. The faunal 
remains from Arroyo Hondo Pueblo, New Mexico. 
School of American Research Press, Santa Fe, New 
Mexico, 316 pp. 

LINDSAY, E. H., AND N. T. TESSMAN. 1974. Cenozoic 
vertebrate localities and faunas in Arizona. Journal 
of the Arizona Academy of Science, 9:3-24. 

LuNDELIUS, E. L., JR. 1979. Post-Pleistocene mam
mals from Pratt Cave and their environmental sig
nificance. Pp. 239-258, in Biological investigations 
in the Guadalupe Mountains National Park, Texas 
(H. H. Genoways and R. J. Baker, eds.). National 
Park Service, Transactions and Proceedings Series, 
4:1-442. 

LYMAN, R. L. 1983. Prehistoric extralimital records 
for Pappogeomys castanops (Geomyidae) in 
northwestern New Mexico. Journal of Mammal
ogy, 64:502-505. 

MEAD, J. I., E. L. RoTH, T. R. VAN DEVENDER, AND 
D. W. STEADMAN. 1984. The late Wisconsinan 
vertebrate fauna from Deadman Cave, southern 
Arizona. Transactions of the San Diego Society of 
Natural History, 20:247-276. 

MEHRINGER, P. J., JR. 1967. The environment of 
the late-Pleistocene megafauna in the arid south
western United States. Pp. 247-266, in Pleistocene 
extinctions (P. S. Martin and H. E. Wright, Jr., 
eds.). Yale University Press, New Haven, 453 pp. 

MESSING, H. J. 1986. A late Pleistocene-Holocene 
fauna from Chihuahua, Mexico. The Southwestern 
Naturalist, 31:277-288. 

PATTERSON, B. D. 1984. Mammalian extinction and 
biogeography in the Southern Rocky Mountains. 
Pp. 247-293, in Extinctions (M. H. Nitecki, ed.). 
The University of Chicago Press, Chicago, 354 pp. 

REA, A. M. 1980. Late Pleistocene turkeys in the 
southwest. Contributions in Science, Natural His
tory Museum of Los Angeles County, 330:209-224. 

SLAUGHTER, B. H. 1975. Ecological interpretation 
of the Brown Sand Wedge local fauna. Pp. 179-
192, in Late Pleistocene environments of the south
ern High Plains (F. Wendorf andJ. J. Hester, eds.). 
Publication of the Fort Burgwin Research Center, 
9:1-290. 

SMARTT, R. A. 1977. The ecology of late Pleistocene 



May 1990 HARRIS-SOUTHWESTERN MAMMALIAN BIOGEOGRAPHY 229 

and Recent Microtus from south-central and 
southwestern New Mexico. The Southwestern Nat
uralist, 22:1-19. 

SPAULDING, W. G., AND L. J. GRAUMLICH. 1986. The 
last pluvial climate episodes in the deserts of south
western North America. Nature, 320:441-444. 

VAN DEVENDER, T. R., R. S. THOMPSON, AND }. L. 
BETANCOURT. 1987. Vegetational history of the 
deserts of southwestern North America; the nature 

Submitted 23 january 1989. Accepted 21 August 1989. 

and timing of the late Wisconsin-Holocene tran
sition. Pp. 323-352, in North America and adja
cent oceans during the last deglaciation (W. F. 
Ruddiman and H. E. Wright, Jr., eds.). The Geo
logical Society of America, Inc., The Geology of 
North America, K-3:1-501. 

t---·,-·~"""\' 


