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An overview of the mammals of the Gila region, New Mexico
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A study of the mammals of the Gila region of New Mexico was conducted from 2012 through 2020, with 2,919 voucher specimens col-
lected through fieldwork and collaborations with commercial trappers, in addition to data from camera traps, review of major holdings at
46 museums (n = 12,505 georeferenced specimens), and literature review. Specimens cover a 170-year span, dating back to 1850 and were
unevenly distributed spatially and temporally across the Gila region. Most areas were very poorly represented and when summed across all
mammal species, ranged from 0.02 to 3.7 specimens per km2 The survey documented 108 species (104 now extant) for the region. High
species richness, greater than that reported for 38 states in the United States, is likely due to the juxtaposition of multiple biomes in the Gila,
including the Sonoran, Chihuahuan, and Great Basin deserts, the Rocky Mountains and Sierra Madre Occidental, and nearby “sky islands” of the
Southwest. Two species, Leptonycteris yerbabuenae and Zapus luteus, are documented for the first time from the study area. Expansions of the
known range of these species, and Sciurus arizonensis are described from specimen and camera data. Preliminary phylogeographic studies of
four species (Notiosorex crawfordi, Neotoma albigula, Perognathus flavus, and Thomomys bottae) using the mitochondrial cytochrome-b gene
reveal the dynamic biogeographic history of the region and reinforce how landscape complexity and climate change have jointly contributed
to diversification and thus high mammalian diversity in the region.

Se condujo estudio de los mamiferos de la regién Gila en Nuevo México desde 2012 hasta 2020, con 2,919 vouchers de especimenes
recolectados a través de trabajo de campo y colaboraciones con cazadores comerciales, ademas de datos de trampas cdmara, revision de las
principales colecciones en museos (n = 12,505 especimenes georeferenciadas) y revision de literatura. Los especimenes cubren un lapso de
170 afos, se remontan a 1850 y se distribuyeron de manera desigual en la regién de Gila. La mayoria de las dreas estaban muy mal representa-
das, y sobre todo las especies oscilando entre 0.02 a 3.7 especimenes por km?. En este estudio se documentaron 108 especies (104 existentes
ahora) a la region. Alta riqueza de especies, mdas que la diversidad reportada para 38 estados en los Estados Unidos, se debe probablemente a
la yuxtaposicion de multiples biomas en la regién Gila, incluido los desiertos de Sonora, Chihuahua, y la Gran Cuenca, las Montafias Rocosas y
la Sierra Madre Occidental, y las cercanas islas del cielo (“sky islands”) del suroeste Estados Unidos. Dos especies, Leptonycteris yerbabuenae 'y
Zapus luteus, se documentaron por primera vez en el drea de estudio. Las expansiones de area de estas especies y Sciurus arizonensis se descri-
ben a partir de especimenes colectados y de cdmaras trampa. Los estudios filogeogréficos de cuatro especies (Notiosorex crawfordi, Neotoma
albigula, Perognathus flavus y Thomomys bottae) utilizando el gen mitocondrial citocromo-b revelan la historia biogeografica dinamica de la
regiéon y refuerzan como la complejidad del paisaje y el cambio climatico han contribuido a la alta diversidad de mamiferos en la region.
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Introduction

Together with adjacent southeastern Arizona, the Gila
Region of southwestern New Mexico (Figure 1) supports
high biotic diversity, likely due to a dynamic geologic his-
tory, topographic complexity, considerable elevational
relief, and the confluence of multiple, distinctive biomes.
This diversity and an abundance of archaeological and pale-
ontological sites have long generated interest in the fauna
and flora of the region, including a series of mammalogists
(e. g., Jones 1965; Hayward and Hunt 1972; Frey et al. 2008;
Geluso and Geluso 2020). In a seminal paper on patterns of
mammalian diversity across North America, Simpson (1945)
noted that this region supported among the highest spe-
cies richness north of the Mexican border (Figure 2). As a
young forest ranger, Aldo Leopold spent his formative years
in the region, gaining valuable insights in wildlife ecology

and later proposing and pushing through Congress the cre-
ation of the renowned Gila Wilderness of New Mexico. This
was the first federally designated wilderness in the United
States (designated in June 1924) and, together with the
adjoining Aldo Leopold Wilderness to the east (designated
in 1980), these untrammeled wilderness areas encompass
more than 309,000 ha and provide valuable habitat for wild
mammals.

In recent decades, the Gila Region has been the focus of
conservation efforts and controversy for several imperiled
taxa (e. g., Hibbitts et al. 2009; National Academies of Sci-
ences, Engineering and Medicine 2019; Propst et al. 2020):

the Mexican spotted owl (Strix occidentalis lucida), Mexi-
can gray wolf (Canis lupus baileyi), Chiricahua leopard frog
(Lithobates chiricahuensis), Mexican garter snake (Tham-
nophis eques), and a series of threatened fishes (Gila trout,
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Oncorhynchus gilae, headwater chub, Gila nigra, loach min-
now, Tiaroga cobitis, and spikedace, Meda fulgida). Despite
this long history tied to conservation and the wealth of
interest in the Gila, relatively few specimen-based biotic
surveys (with the notable exception of fishes) have been
conducted and no comprehensive review of the mammals
of the region has been completed.

Herein we provide the first overview of the mammals of
the Gila Region based on a synthesis of historical informa-
tion (e. g., museum specimens), updated taxonomy and dis-
tributional data, the addition of 2,919 new specimens, and
observational camera trap data for the region.

Materials and Methods

Study area. The Gila Project Area (hereafter the Gila), as
defined in this study, encompasses 24,383 km? in Catron,
Grant, and Sierra counties of New Mexico (Figure 1). The
western boundary is the border of New Mexico and Ari-
zona, and the eastern border is the Rio Grande. The north-
ern boundary is the southern end of the Plains of San Agus-
tin, but extends north into the higher elevations of the
Mangas, Escondido, and Gallo mountains and Jones Peak.
The Gila is roughly bounded by the Deming Plains in the

South. The region includes both public (primarily the Gila
National Forest with 1,335,462 ha, Bureau of Land Manage-
ment with 1,042,386 ha, and New Mexico State Land Office
with 676,864 ha) and private lands (e. g., small communities
or ranches throughout the region).

Physiography and habitat. The Gila is located near the
confluence of multiple major biomes, including three
regional deserts: the northeastern Sonoran Desert, the
northwestern Chihuahuan Desert, and the southern edge
of the Great Basin Desert (Riddle and Hafner 2006). The Gila
straddles the Continental Divide, which extends from the
southern Rocky Mountains to the northern Sierra Madre
Oriental. Regional desertification resulted from uplift of
the Continental Divide during the Pliocene-Pleistocene
(~2 Ma; Wilson and Pitts 2010). As the eastern extension of
the Mogollon Rim (Mogollon Plateau) of Arizona, the Gila is
situated at the southern boundary of the Colorado Plateau
and Basin and Range provinces (Julyan 2006), and is char-
acterized by extensive topographic complexity that is com-
pounded by relatively recent volcanism (Eocene, ca. 40 Ma).
Regional basin and range block faulting and volcanism also
resulted in “sky islands,” isolated mountains surrounded
by radically different lowland environments. Elevation
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Figure 1. Location of the Gila Project Area and distribution of woodland and forest montane communities within the Sky Islands of the Southwest.
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Figure 2. Mammalian species richness across the southern borderlands of western North America indicates that the Gila is among the most diverse terrestrial mammal regions on
the continent. Each pixel represents an area of 100 km? and the orange circle denotes the location of the Gila.

within the Gila ranges from 1,008 m where the San Fran-
cisco and Gila rivers meet to 3,322 m at Whitewater Baldy in
the Mogollon Mountains. This substantial elevational relief
and topographic complexity supports high habitat diver-
sity and associated high mammalian diversity.

This generally arid region is transected by an array of
river drainages and riparian systems. Most of the area is
drained by the Gila River and numerous tributaries includ-
ing the San Francisco River, whereas other creeks drain the
area east of the Continental Divide into the Rio Grande
watershed. The Mimbres River drains the southcentral
Gila into an endorheic basin on the Deming Plain (formerly
Pleistocene Lake Animas). Vegetation in the Gila ranges
from desert grassland at the lowest elevations, to desert
scrubland, pifion-juniper woodland, ponderosa pine for-
est, and mixed coniferous forest and montane grassland at
increasingly higher elevations (Dick-Peddie et al. 1993).

Collection survey. Four museum collections contain-
ing either the largest or most important historical series
of mammal specimens for the Gila were visited, including
the Museum of Southwestern Biology, University of New
Mexico (MSB; n = 7,255), Western New Mexico University

(WNMU; n = 2,474), the National Museum of Natural History
(USNM; n =310), and the American Museum of Natural His-
tory (AMNH; n = 262). These museums hold important his-
torical specimens from the Gila, including species that were
extirpated from the Gila, rarely occur in the Gila, or that may
have expanded their distribution into the region. In order
to identify all other records for the region, we performed a
Global Biodiversity Information Facility (GBIF) search using
the following parameters: mammal, from Catron, Grant,
and Sierra Counties. In addition to the holdings from the
four primary collections, specimen records from 42 other
museums were downloaded (16,278 total; https://doi.
0rg/10.15468/dl.vddbz5; accessed 20 November 2020).
After culling county records which fell outside the delin-
eated Gila region, a total of 12,505 georeferenced specimen
records remained for further analyses (Figure 3). Of these,
3,773 specimen records were newly georeferenced using
Geolocate Web Application (https://www.geo-locate.org/).

Specimen collection. Field work (48 expeditions plus
ancillary salvaged material from a total of 194 localities;
Figure 4) was conducted from October 2012 to August
2020 throughout the region, with emphasis on the rela-
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Figure 3. Temporal and spatial distribution of mammal specimens preserved from
the Gila (1850-2020). These are compiled across all years (3a), but also broken into three
time periods (3b, 1850-1970; 3¢, 1971-1995; 3d, 1996-2020) to examine specimen density
across time and especially in relation to the most recent period of accelerating environ-
mental change. Hexagons=541 km?.
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tively poorly documented eastern extent of the Gila in
Sierra County, which includes the 636 km? Ladder Ranch.
This ranch has focused on privately-funded habitat and
threatened species restoration efforts. Specimens were
collected under a scientific collecting permit from the
New Mexico Department of Game and Fish issued to
Joseph Cook (NMDGF Cook #3300), using standard trap-
ping methods approved by the American Society of Mam-
malogists (Sikes et al. 2016) and the Institutional Ani-
mal Care and Use Committees at the University of New
Mexico. Collecting efforts focused on producing holistic
specimens (Cook et al. 2016; Schindel and Cook 2018) of
rodents, bats, shrews, small carnivores, and their associ-
ated parasites from multiple sites representative of all
major habitats in the Gila. Trapping was conducted pri-
marily with Sherman© live traps and museum special
snap traps, augmented by Tomahawk®© live traps for
small- to medium-sized mammals, Macabee®© traps for
pocket gophers, and pitfall traps for shrews. Small mam-
mal surveys were conducted by MSB field crews, some of
which included UNM mammalogy field classes. Trap lines
typically consisted of 50 live traps and 50 snap traps, with
up to a total of 600 traps per night. Bats were collected
with mist nets over streams, ponds, and stock tanks (Kunz
and Parsons 2009), including sporadic netting during win-
ter months, particularly the “buffer” months of November
and March (Geluso 2007). GPS locations were recorded for
all specimens along with standard voucher information.
Specimens were preserved as either skin-plus-skeleton
(Hafner et al. 1984) or fluid-preserved (95% ethanol) along
with multiple ultra frozen tissues (typically heart, lung,
liver, kidney, spleen, and muscle) and ecto- and endopar-
asites (either preserved in 70 % EtOH or frozen in liquid
nitrogen; Yates et al. 1996; Galbreath et al. 2019). All speci-
mens were deposited in the collections of the Museum of
Southwestern Biology (MSB) and available on the Arctos
database (https://arctos.database.museum) along with
historical records from MSB and WNMU.

Physical records of larger mammals were obtained
through salvaged specimens archived at the MSB by the
New Mexico Department of Game & Fish, U. S. Department
of Agriculture Wildlife Services, and local commercial fur
trappers. Photographic data on medium and large mam-
mals were collected from a grid of camera traps situated
on the southern portion of the Ladder Ranch near Animas
Creek (Figure 5) from April 2008 to 30 December 2019 for
a total of 86,061 camera nights. The Ladder Ranch Head-
quarters is 14 km NNE of Hillsboro. Initial surveys (2008
to 2009) included 16 cameras (64 km? coverage); an addi-
tional nine cameras (44 km?coverage) were added in 2010,
for a total of 25 cameras and approximately 100 km? of
coverage. Additional records (e. g., annual harvests) and
distributional information were obtained from the web-
site of the New Mexico Department of Game and Fish
(NMDGF; https://www.wildlife.state.nm.us/hunting/har-
vest-reporting-information).
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Figure 4. Sampling localities in the Gila. Yellow dots represent historical mammal
collecting localities prior to our fieldwork (1851-2011) and green dots are collecting lo-
calities sampled during this study (2012-2020).

Over the last seven decades, a series of graduate studies
that included Gila mammals were conducted, primarily at
the University of New Mexico and New Mexico State Uni-
versity. We avoided unpublished reports on Gila mammals,
particularly those that failed to produce data validated by
specimens, due to the citation requirements of Therya. We
acknowledge that there have been multiple bat, rodent,
carnivore, or ungulate focused studies in the Gila that have
produced non-peer reviewed reports and encourage their
eventual publication. The one exception is that we include
the specimen-based field studies of Bruce Hayward, who
is now deceased. In particular, Hayward and Hunt (1972)
summarizes a survey of remote sites in the Gila Wilderness
(specimens deposited at WNMU) conducted in 1972.

Phylogeographic analyses. We compared sequences of
the mitochondrial (mtDNA) cytochrome-b gene (cytb) for
four select species to begin to place specimens from the
Gila into phylogeographic context and improve insights
about the evolutionary history of these species. The species
studied include representatives from the Gila, surround-
ing areas, and appropriate outgroups. For packrats, speci-
mens include: Neotoma albigula (n = 10 individuals from
three localities in the Gila), Arizona (n = 7), and Chihuahua
(n=1), N. leucodon (n=3), N. micropus (n = 2) including one
from the Gila), N. stephensi (n = 4 including one from the
Gila), and N. mexicana (n = 4). Outgroups used to root this
tree were Hodomys alleni and Neotoma cinerea. For pocket
gophers, these include Thomomys bottae (n = 11 individu-
als from five localities in the Gila), elsewhere in New Mexico
(n =7), Arizona (n= 4), and Texas (n =4). Outgroups used to
root this tree was Thomomys talpoides. For desert shrews,
specimens include Notiosorex crawfordi (n = 5 individuals

Jones etal.

Figure 5. Camera-trap localities (n = 25) established across 100 km? (10 X 10 km
grid) on the Ladder Ranch (2008-2012). Red outline indicates Ladder Ranch location
within New Mexico. The New Mexico map is modified from original (USA New Mexico
relief location map.svg).
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from four localities in the Gila), Arizona (n = 1), and Texas (n
= 6). Notiosorex cockrumi, N. tatticuli and Sorex cinereus were
used to root the tree. For pocket mice, Perognathus flavus
(n = 17 individuals from 15 localities), with P. flavescens
as the outgroup. Lab procedures followed standard salt
extraction methods (Fleming and Cook 2002), and amplifi-
cation and Sanger sequencing methods for the entire cytb
gene (1,140 base pairs; Hope et al. 2010), using the MSB05/
MSB14 primer set. Representative cytb sequences were
downloaded from GenBank (https://www.ncbi.nlm.nih.
gov/genbank/) to assess phylogeographic placement of
Gila specimens (Appendix 1). To graphically examine geo-
graphic variation, phylogenetic trees were inferred under
a Bayesian framework with Mrbayes 3.2.6 (Ronquist and
Huelsenbeck 2003). A mixed model was used to sample all
possible model space with rates set to a gamma distribu-
tion run for 1,000,000 generations sampling every 1,000
with two runs and four chains. Convergence of runs was
determined by verifying that the standard deviation of split
frequencies was below 0.01 after which trees were sum-
marized to produce a 50 % consensus tree following a 25
% burn-in and then manually rooted with the outgroup in
FigTree 1.4.4 (Rambaut 2014).

Conservation status. \We assess conservation status by
compiling risk assessments across geographic scales, from
global sources through the International Union for Conser-
vation of Nature-lUCN (www.iucn.org) and Convention on
International Trade on Endangered Species-CITES (https://
www.cites.org), to national through the Endangered Species
Act-ESA  (https://www.fws.gov/endangered/laws-policies),
and regional through the New Mexico Department of Game
and Fish-NMDGF (https://www.wildlife.state.nm.us/conser-
vation/wildlife-species-information/threatened-and-endan-
gered-species) following MacDonald and Cook (2007). We
then assess species identified as being imperiled based on
distributions or relative abundances found during this survey.

Results

Faunal composition. We documented 108 native mammal
species in the Gila (104 extant; Table 1). This diversity of
species is documented by 12,505 specimens held in 46
museum collections that span the period 1851 to 2020. The
majority of these specimens (7,312; 58 %) are archived at
the MSB, including 2,919 specimens collected during this
study (https://dx.doi.org/10.7299/X73B60G6).  Rodents
(74 %) and bats (20 %) make up most of these specimens,
and most of the rodents are in the families Cricetidae (69 %),
Sciuridae (13 %) or Heteromyidae (11 %; Figure 6). Medium
(beaver-sized) and larger game mammals continue to be
poorly represented in museum collections (323 specimens
across 15 species), although many are harvested (i. e., fur
trapping, hunting) at high annual rates. Photographic
data (Figure 7) from the camera-trap grid yielded data
on medium and large mammals (Figure 8). Six species
have been extirpated from the region including: Cynomys
gunnisoni (last recorded by a museum voucher in 1972),

218 THERYA Vol.12(2):213-236

A

Mammalian Sampling Across Orders in Gila
N = 12,505

O

Sampling across Rodent Families in the Gila
N =9,282

O

H Artiodactyla

M Carnivora

H Chiroptera
Lagomorpha

M Perissodactyla

® Rodentia

W Soricomorpha

H Unknown

H Cricetidae

B Geomyidae

B Heteromyidae

Sciuridae

H Others

c Mammalian Sampling Across Time in the Gila
N =12,505
5000
4500

4000
3500
3000
2500
2000
1500
1000 I
500
o — l

Figure 6. A) Concentration of taxonomic sampling (number of specimens) in the
Gila across Mammalian orders. The vast majority of specimens represent the Order
Rodentia and Order Chiroptera. B) Within the Order Rodentia, Cricetidae is the most
commonly sampled family. C) Comparison of mammalian specimen acquisition across
20-year intervals shows that the periods 1961-1980 and 2001-2020 were the most inten-
sively sampled.
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Table 1. Mammal species of the Gila. Of 108 species, 104 are extant. Nine of the 108 were extirpated (1), but four of those have been reintroduced (*) and another non-native species
has been introduced (**). Prior taxonomic names, revised since Wilson and Reeder (2005), are provided (in parentheses).

Order Family Species Order Family Species

Artiodactyla (6) Microtus montanus (Peale, 1848)

Tayassuidae (1) Myodes gapperi (Vigors, 1830)

Pecari tajacu (Linnaeus, 1758) Neotoma albigula Hartley, 1894
Cervidae (3) Neotoma mexicana Baird, 1855
*Cervus canadensis Shaw, 1804 Neotoma micropus Baird, 1855

Odocoileus hemionus (Rafinesque, 1817) Neotoma stephensi Goldman, 1905

Odocoileus virginianus (Zimmerman,1780) Ondatra zibethicus (Linnaeus, 1776)

Antilocapridae (1) Onychomys arenicola Mearns, 1896
Antilocapra americana (Ord, 1815) Onychomys leucogaster (Wied-Neuwied, 1841)
Bovidae (1) Onychomys torridus (Coues, 1874)

*Ovis canadensis Shaw, 1804 Peromyscus boylii (Baird, 1855)

Primates (1) Peromyscus eremicus (Baird, 1857)

Hominidae (1) Peromyscus gratus Merriam, 1898
Homo sapiens Linnaeus, 1758 Peromyscus leucopus (Rafinesque, 1818)
Rodentia (51) Peromyscus sonoriensis (maniculatus) (Wagner, 1845)
Sciuridae (12) Peromyscus nasutus (J.A. Allen 1891)
Ammospermophilus harrisii (Audubon & Bachman, 1854) Peromyscus truei (Schufedlt, 1885)
Callospermophilus (Spermophilus) lateralis Say, 1823 Reithrodontomys megalotis (Baird, 1857)

+Cynomys gunnisoni (Baird, 1855) Sigmodon fulviventer J.A. Allen, 1889

*Cynomys ludovicianus (Ord, 1815) Sigmodon hispidus Say & Ord, 1825

Ictidomys (Spermophilus) tridecemlineatus (Erxleben,1777) Sigmodon ochrognathus V. Bailey, 1902

Neotamias (Tamias) cinereicollis (J.A. Allen, 1890) Muridae (1)

Neotamias (Tamias) dorsalis (Baird, 1855) **Mus musculus (Linnaeus, 1758)

Otospermophilus (Spermophilus) variegatus (Erxleben, 1777) Erethizontidae (1)

Sciurus aberti Woodhouse, 1852 Erethizon dorsatum (Linnaeus, 1758)

Sciurus arizonensis Coues, 1867 Lagomorpha (3)

Tamiasciurus fremonti (hudsonicus) (Audubon &Bachman, Leporidae (3)
1853) Lepus californicus Gray, 1837
Xerospermophilus (Spermophilus) spilosoma (Bennett, 1833) Sylvilagus audubonii (Baird,1857)
Castoridae (1) Sylvilagus floridanus (J.A. Allen, 1890)
Castor canadensis Kuhl, 1820 Eulipotyphla (Soricomorpha) (3)
Heteromyidae (9) Soricidae (3)

Chaetodipus baileyi (Merriam, 1889)
Chaetodipus hispidus (Baird, 1858)

Chaetodipus intermedius (Merriam, 1889)
Chaetodipus penicillatus (Woodhouse, 1852)
Dipodomys merriami Mearns, 1890

Dipodomys ordii Woodhouse, 1853

Dipodomys spectabilis Merriam, 1890
Perognathus apache (flavescens) Merriam, 1889

Perognathus flavus Baird, 1855

Thomomys bottae Eydoux & Gervais, 1836

Zapus luteus (hudsonius) Miller, 1911

Baiomys taylori (Thomas, 1887)

tMicrotus drummondii (pennsylvanicus) (Ord, 1815)

Microtus longicaudus (Merriam, 1888)

Microtus mogollonensis (mexicanus) (Mearns, 1890)

Notiosorex crawfordi (Coues, 1877)
Sorex merriami (Dobson, 1890)
Sorex monticola Merriam 1890
Chiroptera (23)
Phyllostomidae (1)
Leptonycteris yerbabuenae Miller, 1900
Molossidae (2)
Nyctinomops macrotis (Gray, 1840)
Tadarida brasiliensis (I. Geoffroy,1824)
Vespertilionidae (20)
Aeorestes cinereus Palisot de Beauvois, 1796
Antrozous pallidus (Le Conte, 1856)
Corynorhinus townsendii (Cooper, 1837)
Eptesicus fuscus (Beauvois, 1796)
Euderma maculatum (J.A. Allen, 1891)
Idionycteris phyllotis (G.M. Allen, 1891)
Lasionycteris noctivagans (Le Conte, 1831)

Lasiurus blossevillii (Lesson & Garnot, 1826)
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Table 1. Continuation....

Order Family Species

Lasiurus borealis (Miiller, 1776)
Myotis auriculus (Baker & Stains, 1955)
Myotis californicus (Audubon & Bachman, 1842)
Myotis carissima Thomas, 1904
Myotis ciliolabrum (Merriam, 1886)
Myotis evotis (H. Allen, 1864)
Myotis occultus Hollister, 1909
Myotis thysanodes Miller, 1897
Myotis velifer (J.A. Allen, 1890)
Myotis volans (H. Allen, 1866)
Myotis yumanensis (H. Allen, 1864)
Nycticeius humeralis (Rafinesque, 1818)
Parastrellus (Pipistrellus) hesperus H. Allen, 1864
Carnivora (19)
Felidae (3)
Lynx rufus (Schreber, 1777)
Puma concolor (Linnaeus, 1771)
tPanthera onca (Linnaeus, 1758)
Canidae (4)
Canis latrans Say, 1823
*Canis lupus Linnaeus, 1758
Urocyon cinereoargenteus (Schreber, 1775)
Vulpes macrotis Merriam, 1888
Ursidae (2)
Ursus americanus Pallas, 1780
tUrsus arctos Linnaeus, 1758
Mustelidae (3)
tLontra canadensis (Schreber, 1777)
Mustela frenata Lichtenstein, 1831
tMustela nigripes (Audubon & Bachman, 1851)
Taxidea taxus (Schreber, 1777)
Mephitidae (4)
Conepatus leuconotus (Lichtenstein, 1832)
Mephitis macroura Lichtenstein, 1832
Mephitis mephitis (Schreber, 1776)
Spilogale leucoparia (gracilis) Merriam, 1890
Procyonidae (3)
Bassariscus astutus (Lichtenstein, 1830)
Nasua narica (Linnaeus, 1766)

Procyon lotor (Linnaeus, 1758)

Microtus drummondii (last voucher from 1915), Panthera
onca (no voucher specimen), Ursus arctos (no voucher
specimen), Lontra canadensis (last voucher from 1933),
and Mustela nigripes (last voucher from 1915). Four other
species were extirpated and subsequently reintroduced
(Cynomys ludovicianus, last recorded by a museum voucher
specimen in 1936, reintroduced in 1997; Canis lupus baileyi,
last voucher from 1925, reintroduced in 1998; Cervus
canadensis, last voucher from 1900, reintroduced 1910;
and Ovis canadensis, no voucher, reintroduced 1964).
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Figure 7. Photos from Ladder Ranch camera trap array documenting species occur-
rences as well as interactions among species. a) Grey fox (Urocyon cinereoargenteus) and
spotted skunk (Spilogale leucoparia) were documented travelling together on many occa-
sions; b) bobcat (Lynx rufus) carrying woodrat (Neotoma sp.) prey (other prey items docu-
mented included black-tailed jackrabbits, cottontail rabbits, kangaroo rats, rock squirrels;
¢) puma (Puma concolor) are one of the apex predators of the Gila.

Dates of extirpation based on museum vouchers represent
a minimum estimate, as wild but uncollected populations
may have persisted later. A single introduced species, Mus
musculus, persists in the wild. We did not directly address
several domesticated species that now have significant
ecological roles in some ecosystems (e. g., cattle, Bos taurus).
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Figure 8. Photo capture rate of large and medium mammal species recorded from 25 cameras covering 100 sq km at a density of 1 per 4 sq km. A 16-camera grid was established
in 2008 and expanded to 25 cameras in 2009. Cameras have been operated continuously since that time, for a total sampling effort of 81,293 camera nights through 2020. Photo rates in

the figure are per 1,000 camera nights.

Phylogeographic analyses. We examined four species
groups to detect potential endemism in the Gila or the
possibility that multiple clades converged in this region.
For white-throated woodrats, two major clades within N.
albigula appear to converge in the Gila. A northeastern
clade includes specimens from McKinley, Socorro, and
Otero counties and the northern end of Sierra County in
New Mexico, and a southwestern clade includes all speci-
mens from Arizona, Chihuahua, and from the southern end
of Sierra County (Figure 9).

For desert shrews, Notiosorex crawfordi and N. cockrumi
both occur in sympatry in nearby Pima County, Arizona
(adjacent to the Gila; Figure 10), but we did not detect the
latter in the Gila. These two species, along with N. tatat-
iculi, form an unresolved trichotomy (although similarity
is slightly higher between the two most distant species, N.
crawfordi and N. tataticuli, at PP = 0.87). In this case, there
appears to be little phylogeographic structure within N.
crawfordi across Arizona, New Mexico, and Texas.

For pocket gophers, we obtained multiple unresolved

clades that form a polytomy within T. bottae. Most of the
Gila specimens clustered with a specimen from the nearby

Graham Mountains in Arizona and this distinctive clade
was the only grouping found in the Gila to date (Figure 11),
although more extensive geographic sampling of this poly-
morphic species is needed to better understand evolution-
ary relationships and biogeographic history of this ecologi-
cally important clade of mammals.

With regard to silky pocket mice, there appear to be
two clades of P. flavus that converge in the Gila region (Fig-
ure 12). Representatives of these clades apparently are syn-
topic in Sierra and Catron counties. Specimens from those
counties and Grant County form a southwestern clade
along with specimens from southern Arizona and northern
Chihuahua. Other specimens examined from Sierra and
Catron counties are united in a northeastern clade with
specimens from central Arizona, west Texas, and Oklahoma.
This latter clade is weakly united (PP = 0.87) with specimens
from southeastern New Mexico and west Texas.

Discussion

Faunal composition. With 104 extant species, the Gila sup-
ports one of the most diverse mammalian faunas in North
America north of the USA-Mexico border. It includes nearly
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two-thirds of all the mammalian species known for New
Mexico (Malaney et al. 2021), and exceeds state-wide totals
for 38 states in the United States (https://www.mammal-
ogy.org/mammals-list). The addition of six more species to
the Gila inventory in the last decade suggests the area har-
bors even higher mammalian diversity than documented
here. The paucity of sampling and uneven distribution of
specimens (Figure 3a) suggests more site intensive and
broad spatial sampling has the potential to reveal further
unrecorded taxa. Only six areas (hexagonal grids = 541
km?) within the region contain more than 500 specimens
summed across all species. The most well sampled regionin
the Gila (Willow Creek area with 1,992 specimens) equates
to fewer than four specimens per km? summed for all spe-
cies. The majority contain far less, ranging from 0.02 to 0.87
specimens per km? documenting the entire temporal span
of the past 170 years (Figure 3a). Most areas did not have
sufficient specimens across a temporal scale for any single
species to effectively assess environmental change through
time (Figure 3b-d).

More than a third (35) of the 104 mammal species
recorded in the Gila reach their distributional range limit
within the Gila (Figure 13), reflecting the position of the Gila
at the confluence of distinct physiographic provinces and
biomes. A number of other species have distributions that
are peripheral to the Gila region and may be recorded there
in the future. For example, two heteromyid rodents (Chae-
todipus eremicus, Perognathus flavescens) and two cricetid
rodents (Reithrodontomys montanus, Sigmodon arizonae)

Neotoma

Bayesian analysis performed on

1140 base pairs of cytochrome b

occur in the surrounding lowlands. Intensive inventories
for shrews are lacking for the Gila and some taxa may yet
to be recorded, including the western water shrew, Sorex
navigator, which has been collected from the adjacent
White Mountains in Arizona. Fossil records of Vulpes vulpes
exist from the Gila and recent specimens have been col-
lected just west of the region, near Dusty, New Mexico. The
northern limits of a number of bat species (Eumops perotis,
Nyctinomops femorosaccus, Choeronycteris mexicana, Lep-
tonycteris nivalis, and Dasypterus xanthinus) occur in the
Bootheel region of New Mexico (Hidalgo County) within
100 km of the Gila. The cottontails collected in ponderosa
pine forest in the Gila were tentatively referred to S. florida-
nus, following Hoffmeister (1986) and Findley et al. (1975);
however, we emphasize that the definitive identity of these
higher elevation lagomorphs in the Gila awaits detailed
taxonomic investigation. Whether they are this species,
or Sylvilagus cognatus, S. nuttallii, S. holzneri, or a new spe-
cies remains unknown (Hoffmeister and Lee 1986; Ruedas
1998). Panthera onca has been sighted in several nearby
mountain ranges along the border and may well be found
again in the Gila in the near future.

Regional historical biogeography. Although the
geographic position, complex topography, and dynamic
geological and climatic history of the Gila have played the
primary roles in assembling this diverse fauna, additional
phylogeographic (e. g., Duran et al. 2012; Malaney et al.
2012) and paleontological analyses in the future likely
will yield new insights into this dynamic biogeographic
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Figure 9. Phylogenetic placement of Neotoma albigula from southwestern New Mexico inferred under a Bayesian framework using 1140 base pairs of the mitochondrial cytochrome
b gene. Node labels represent the posterior support probabilities with values of 50% or greater shown, but only values >95% are considered well supported. Specimens from the Gila

region are indicated with an asterisk.

222 THERYA Vol.12(2):213-236



history. Desertification in the Southwest began in the
Tertiary and continued into the Neogene with mountain
uplift, creating rain shadows and deserts (Riddle 1995).
During the Oligocene, dry tropical habitats were replaced
with seasonal dry woodlands and savannas (Riddle 1995).
With the uplift of the Sierra Madre Occidental and Colorado
Plateau, and more local block-faulting of the Basin and
Range province during the middle Neogene, diversity and
provinciality of these faunas increased in western North
America (Riddle et al. 2000). During the Miocene and
Pliocene, three provinces that meet near the Gila (Basin and
Range, Colorado Plateau, and Mexican Plateau/Chihuahuan
desert) and their corresponding habitats (semi-desert/
woodland, grassland/savannah, semi-desert/sub-tropical,
respectively) were dynamically assembled and evolving
(Riddle 1995). Episodic events during glacial-interglacial
cycles of the Pleistocene set the stage for contraction and
expansion of populations that led to divergence of many
lineages of southwestern mammals (Conroy and Cook
2000; Jezkova et al. 2009; Andersen and Light 2012).

High biotic diversity in both montane and desert hab-
itats of the Gila is likely the result of vicariance that frag-
mented species distributions and led to subsequent diver-
gence of populations during shifting pluvial-interpluvial
periods of the Pleistocene (Findley 1969; Patterson 1980;
Riddle and Hafner 2006). This cyclic history of expansion
and contraction, followed by isolation and divergence can
be seen today in the disjunct distributions of high-eleva-
tion, montane populations of species such as Myodes gap-
peri, Callospermophilus lateralis, Tamiasciurus fremonti, and
Sciurus aberti (Findley et al. 1975).

Fossil record. Nineteen paleontological sites in the Gila
that span a period from the Eocene to the Pleistocene
(https://www.utep.edu/leb/pleistNM/default.htm) illus-
trate both therich fossil history of the region as well as distri-
butional shifts. Schollmeyer and MacDonald (2020) added
records of faunal remains from an additional 90 (of their
total 105) archaeological sites from this region that range
in age from 2000 BC to AD 1450. From all these sites, 137
mammal specimens representing nine mammalian orders
have been identified including: Eulipotyphla (n = 4), Pilosa
and Cingulata (n = 3), Chiroptera (n = 1), Carnivora (n = 18),
Artiodactyla (n = 29), Perissodactyla (n = 24), Proboscidea
(n = 14), Rodentia (n = 35), and Lagomorpha (n = 9), repre-
senting 28 extant and 51 extinct taxa (Stearns 1942; Cos-
grove 1947; Wills 1988; Morgan 2015; Morgan et al. 2011;
Schollmeyer and MacDonald 2020). Specimens of extant
mammals not currently found in the Gila include Marmota
flaviventris, Urocitellus elegans, Cynomys gunnisoni, Cra-
togeomys castanops, Geomys arenarius, Thomomys talpoi-
des, Neotoma cinerea, Microtus drummondii (extirpated in
the last ca. 50 years), Sylvilagus nuttallii, Vulpes vulpes, and
Vulpes velox, and some of these document changes that
have occurred since the Last Glacial Maximum.

Phylogeographic analyses. For the four selected spe-
cies that we examined using cytochrome-b sequences,

Jones etal.

we found variable phylogeographic patterns. One species
shows a single phylogeographic clade largely centered on
the Gila (T. bottae), another (N. crawfordi) was shown to be
closely related to populations to both the east and west
of the Gila, and two species (N. albigula and P. flavus) were
shown to have multiple clades that converged in the Gila.

Edwards et al. (2001) recognized N. leucodon to repre-
sent N. albigula east of the Rio Grande, based on sequence
analysis of the mtDNA cytb gene. Bradley and Mauldin
(2016) suggested that populations from McKinley and
Otero counties in New Mexico (spanning the Rio Grande)
may represent a third species, based on cytb divergence of
6.2 %. Derieg etal. (2021) reexamined the two species using
multiple nuclear loci in addition to cytb, and instead con-
cluded that the distinction between the two taxa was the
result of mitochondrial introgression from an unsampled,
or perhaps a now-extinct, lineage related to N. micropus
into the eastern form of N. albigula (nominally N. leucodon).
Neotoma leucodon is minimally differentiated from N. albig-
ula across nuclear loci and therefore represents either a
recent divergence or is conspecific. The two clades that we
recovered within N. albigula (Figure 9) do not conform with
clades recovered by Edwards et al. (2001), but instead sort
into northeastern and southwestern clades that roughly
are parallel to, but north of, the Mogollon Rim.

There is no phylogeographic structure within specimens
of N. crawfordi across the Gila (Figure 10). Similarly, the dis-
tinctive phylogeographic clade of T. bottae of the Gila (Fig-
ure 11) suggests the possibility of finding other endemic taxa
from the region. Patton and Smith (1990) and Smith and Pat-
ton (1988) found that southwestern New Mexico populations
ultimately related to the widespread Basin and Range genetic
group that extends from southern California to southeast-
ern Coahuila. The boundary between the Basin and Range
and Great Basin clades of T. bottae (Smith and Patton 1988)
also approximates the boundary between two clades of N.
albigula we identified. The two paraphyletic clades recov-
ered within P, flavus (Figure 12) in the Gila are consistent with
an east-west split although representatives of each clade are
found in both Catron and Sierra counties. The northeastern
and southeastern clades represent the Southern Rockies/
Colorado Plateau clade and the Northern Chihuahuan clades,
respectively, of Neiswenter and Riddle (2010).

Relatively few recent phylogeographic studies of South-
western mammals have included representative specimens
from the Gila, likely because the region is marginal to the
various biomes that converge there. However, this edge
dynamic makes the Gila a critical region for the examina-
tion of interactions among expanding lineages and spe-
cies. Surveys of the literature reveal only 11 published
phylogeographic studies of mammals to date that we are
aware of that include samples from the Gila. These studies
are: Lynx rufus (Reding et al. 2012), Ursus americanus (Van
den Bussche et al. 2009), Microtus mogollonensis (Crawford
et al. 2011), Onychomys arenicola (Riddle 1995), Peromys-
cus maniculatus (Dragoo et al. 2006), Chaetodipus hispidus
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(Andersen and Light 2012), Chaetodipus penicillatus (Jez-
kova et al. 2009), Perognathus flavus (Neiswenter and Riddle
2010), Neotamias cinereicollis and N. dorsalis (Sullivan et al.
2014), Tamiasciurus fremonti (Hope et al. 2016), and Sciurus
aberti (Lamb et al. 1997). Our analyses of Notiosorex craw-
fordi, Neotoma albigula, Perognathus flavus, and Thomomys
bottae expand the spatial and temporal views of biotic
variation in the Gila and highlight the region’s potential for
more detailed examination of contact zone dynamics. Fur-
ther, the possibility of endemic populations in this region
requires further focus and investigation.

Conservation status. Frey (2010) identified mammalian
species of potential concern in the Gila and included mam-
mals from Apache and Greenlee counties in Arizona and
Luna and Hidalgo counties in New Mexico. Modifying the
methods of Yu and Dobson (2000), she assessed aspects of
rarity, concluding that > 90 % of the mammal species of the
Gila should be classified at some level of rarity, with 50 % at
risk for habitat loss (Frey 2010). This preliminary approach
has merit, but only when based on robust documentation
of the distribution and status of species in the Gila. Lacking
such documentation, the relatively high levels of apparent

Using conservation criteria across formal international
to statewide risk assessments and new data gathered in
this study, we concluded that nine extant and one extir-
pated species should be considered for immediate (or rein-
vigorated) conservation assessment and monitoring (see
beyond). These represent about 10 % of the species identi-
fied in this study, but we acknowledge that many species
remain data deficient.

Euderma maculatum was designated as “Threatened”
by NMDGF in 1988, although Geluso (2017) reported the
persistence of this species at many sites in his 2006 resur-
vey of historic sites of occurrence in New Mexico. He found
this species at seven sites in the Gila based on audible
calls. Hayward and Hunt (1972) stated that E. maculatum
is a late-night flyer (after midnight), which could conceal
detection because nets are often closed before midnight.
The spotted bat is a mid-elevation bat in the Gila (1,850 to
2,450 m), usually occurring in ponderosa pine and mixed
conifer forests, and usually within 1.5 km of rocky outcrop-
pings and cliffs where they likely roost (Findley et al. 1975).
In Arizona, spotted bats are often captured in riparian areas
near cliffs and rocks (Hoffmeister 1986). Hayward and Hunt

rarity may primarily reflect insufficient field work (Malaney
and Cook 2018). For example, we recorded three of the 11
species considered by Frey (2010) as “extremely rare”at mul-
tiple localities: Myotis evotis (five localities), Myotis auriculus
(three localities), and Peromyscus nasutus (two localities,
restricted to rocky substrate).

Notiosorex

Bayesian analysis performed on

1140 base pairs of cytochrome b

(1972) caught one specimen in their 1972 survey of the Gila
Wilderness and Jones (1965) reported that he captured one
during his survey of the Mogollon Mountains, in ponderosa
pine forest near the town of Mogollon. One of the few Gila
specimens (WNMU: Mamm:1842) was found on a screen
door in May at Lake Roberts. The spotted bat is listed on
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Figure 10. Phylogenetic placement of Notiosorex crawfordi from southwestern New Mexico inferred under a Bayesian framework using 1140 base pairs of the mitochondrial cyto-
chrome b gene. Node labels represent the posterior support probabilities with values of 50% or greater shown, but only values >95% are considered well supported. Specimens from the

Gila region are indicated with an asterisk.
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the US Fish and Wildlife Service’s Species of Concern List
(O'Shea et al.2018), as Threatened by the NMDGF, but Least
Concern by the IUCN.

The migratory Lasiurus blossevillii is recommended
for additional conservation study, although it has not
been mentioned previously in conservation assessments.
Although other migratory tree bats are found in moder-
ate numbers (Aeorestes cinereus, n = 20, and Lasionycteris
noctivagans, n = 40), only five L. blossevillii have been cap-
tured in the Gila. The two taken in 2013 were a male and a
female captured in early April (MSB: Mamm: 267123, MSB:
Mamm: 267125) and likely early migrants, as they represent
the earliest annual record in New Mexico. Western red bats
are usually found in riparian areas (Ammerman et al. 2012),
consistent with the two we captured in cottonwood ripar-
ian areas on Animas Creek, just east of Ladder Ranch Head-
quarters. Hayward captured a female (WNMU: Mamm:
6615) in Reserve in ponderosa pine habitat.

Leptonycteris yerbabuenae is reported for the first time
from the Gila. Cook (1986) reported L. yerbabuenae in the
Animas Mountains. Hoyt et al. (1994) summarized records
for Leptonycteris in New Mexico, noting that L. yerbabuenae
and L. nivalis were found in the Peloncillo Mountains and
Animas Mountains. Bogan et al. (2017) reported L. yerba-
buenae from the Big Hatchet Mountains farther east in
Hidalgo County. In September 2016, a resident living near
Bill Evans Lake southeast of Cliff recorded a video of nectar
bats swarming her hummingbird feeder (K. Beckenbach,
pers. comm.) and in October 2018 recovered a specimen
(MSB: Mamm: 333977) that died of unknown causes at her

home. In September 2019, Keith Geluso documented a
lesser long-nosed bat just east of the Gila Post Office (MSB:
Mamm: 328326). These newer records may indicate an on-
going distributional expansion or this species simply was
not previously detected, but given Bruce Hayward’s long-
term monitoring of bats in this area, the former hypothesis
seems more likely. Lesser long-nosed bats were recently
removed from the Endangered Species List (USFWS 2019),
but populations should continue to be monitored and doc-
umented.

Zapus luteus is reported for the first time from the Gila
and this new record (Malaney et al., submitted) may indicate
a range expansion from the nearest source populations in
the White and Mogollon mountains of Arizona (Hoffmeis-
ter 1986) as close as 15 km away, however limited sampling
in the western Gila may also explain why this species was
not previously detected. Hoffmeister (1986) reported 63
specimens from ten localities in the White and Mogollon
Mountains on the nearby Mogollon Plateau. Malaney et
al. (2012) predicted that the jumping mouse could occur in
the Mogollon Mountains and Black Range of New Mexico
based on species distribution modeling. This species occurs
in riparian, mesic habitats at both high and low elevations
(Malaney et al. 2012). Given these discoveries, a more thor-
ough sampling effort to determine the geographic distri-
bution of the New Mexico jumping mouse in the Gila is
warranted. The seasonal habits of Zapus restrict fieldwork
because they go into hibernation in late September or early
October, seeking hibernacula in higher ground above their
usual streamside habitat, and remain in hibernation until
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April or May. We and others have found jumping mice to
be more readily captured in Museum Special traps than in
Sherman live traps, so live traps set in the wrong season, or in
the wrong habitat after they have begun moving towards
hibernacula, are likely to be unsuccessful. Currently listed
as federally Endangered, a more thorough sampling of their
geographic distribution in the Gila is warranted (Malaney et
al. submitted).

Canis lupus is listed by CITES as a species that may not
currently be threatened with extinction but could become
so (https://www.cites.org/eng/app/index.php). The Mexi-
can wolf (Canis lupus baileyi) is listed as Endangered by
NMDGF and the ESA. Mexican gray wolves were extir-
pated from the Gila, the region of their greatest historical
abundance (Robinson 2005) by 1925 with the last recorded
specimen from the Gila from 24 km SE Reserve on 11
May 1925 (USNM:245841). Plans to recover Mexican gray
wolves began in 1977 and were executed in 1998 with the
release of 11 wolves into the Blue Range of the Gila Wilder-
ness as an experimental population (Hedrick and Frederick-
son 2008; USFWS 2010, 2015, 2017). According to a recent
quarterly update (October-December 2020, USFWS 2020),
there are at least 87 wolves that primarily roam the Gila in
New Mexico, but they also venture into the Cibola National
Forest and the San Mateo Mountains of Socorro County.

Another large carnivore native to the Gila, Panthera

onca, was extirpated from the region in the last century, but
could potentially recolonize from the south with an ever-
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ing number of camera trap records from the Animas, Pel-
oncillo, Chiricahua and other sky island mountain ranges
just south of the Gila. There are jaguar petroglyphs present
on rock faces within the Gila and numerous historic records
(photos, accounts, and specimens) document jaguar occur-
rence far north of US Interstate 10 (I-10) from the late 1800s
through the 1960s. One specimen held in the Smithsonian
(USNM 289015) was collected by a U.S. Biological Survey
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tion in Arizona just west of the Gila. Others include animals
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since 1900. Camera trap data have recorded regular use
of the mountains in SE Arizona and SW New Mexico in the
past two decades (McCain and Childs 2008). To date, those
observed were males.
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suitable habitat extends northward into central Arizona and
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in the re-establishing a self-sustaining population within
a proposed Central Arizona/New Mexico Recovery Area
(Sanderson et al. 2021) including the Gila region.

Microtus montanus arizonensis was listed as Endangered
by NMDGF in 1979 and in 2008 NMDGF attempted to imple-
ment a recovery plan for M. montanus, but those plans were
not formally approved. The threat is listed in terms of pres-
sures on an already small, isolated population including
anthropogenic activities (e. g., grazing, water diversion, and
wetland conversion) as well as projected diminished habi-
tat due to climate change (NMDGF 2020). There were 11
records from Catron County (two localities) before 1994,
and 15 from Catron County (five localities) from 1994 to
2008 (including nine records from the Apache National For-
est of Catron County). In 2020, one was captured at Romero
Creek in Catron County (NMDGF 2020), but more work on
the status and distribution of the montane vole in the Gila
is needed.

In November 2014, we failed to find the meadow vole,
M. drummondii, at two previously known localities near Ara-
gon in the Gila (recorded in 1915). We also failed to detect
the species about 140 km N of the Gila, near San Rafael in
Cibola County. Riparian habitat around Aragon is severely
over-grazed, reducing the riparian grass-sedge habitat of
M. drummondii and potentially causing the local extirpa-
tion of this species (Anderson 1961; Anderson and Hubbard
1971; Findley et al. 1975; Jackson and Cook 2020). South-
ern peripheral populations of this species are genetically
distinctive and important components of overall diversity
within this species (List et al. 2010; Jackson and Cook 2020).
Populations in northern México recently also have been
lost due to conflicts with agriculture (List et al. 2010).

Dipodomys spectabilis is listed as Near Threatened by
IUCN throughout its range due to loss of desert grassland
habitat to encroaching mesquite and creosote (List et al.
2010; Linzey et al. 2013) and a history of federally funded
poisoning campaigns. Mitigation of anthropogenic
impacts that directly impact kangaroo rats, or lead to shrub
encroachment, should be implemented to protect D. spec-
tabilis. We captured 11 specimens during the 2012 to 2019
survey at two localities on the Ladder Ranch and saw exten-
sive mounding activity of this species northwest of Winston,
New Mexico in 2014. Their mounds are seen along Highway
180 south to Deming and near Faywood in Mimbres Valley.

We include Sciurus arizonensis because of its IUCN Data
Deficient status and note that the species is listed as Threat-
ened in México (Coronel-Arellano et al. 2016). Bailey (1931)
reported that the Arizona gray squirrel is common along the
San Francisco River, and Findley et al. (1975) recounted that
itis“limited to the deciduous riparian forest of the San Fran-
ciscodrainage in Catron Co." However, as Hayward and Hunt
(1972) observed, Arizona gray squirrels have been extend-
ing their range up the Gila and San Francisco drainages and
east towards the Rio Grande. We examined two specimens
from 1937 captured near the Sacaton Landing Strip (AMNH
M-127032-127033) and one from 1928 captured in the
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Mogollon Mountains near Big Dry Creek (AMNH M-127260).
Findley et al. (1975) reported that Arizona gray squirrels are
usually found in ponderosa pine forest, and Hayward's cap-
tures came from low-elevation riparian habitat and pifion-
juniper woodland. Hayward also recovered a road-killed
Arizona gray squirrel near his home 6 km north of Silver City
in 1985 (WNMU: Mamm: 4781). Frey et al. (2008) reported
evidence of range expansion of Arizona gray squirrels east-
ward into Sierra County of the Gila, including several per-
sonal observations, two photographs, and one specimen
(MSB: Mamm: 124820) from Sierra County. Camera data
from the Ladder Ranch (Figure 8) show Arizona gray squir-
rels in January, June, July, and September of 2009 providing
additional evidence (time-stamped and geo-tagged photo-
graphs) of their range extension eastward and persistence.
Frey et al. (2008) assert that lack of historic records from the
Ladder Ranch belies a range expansion. The distribution
of the Arizona gray squirrel in the Gila requires continued
monitoring.

Nine other bat species from the Gila (Corynorhinus
townsendii, Idionycteris phyllotis, Myotis evotis, M. occultus,
M. thysanodes, M. velifer, M. volans, M. yumanensis, and Nyc-
tinomops macrotis) are listed on the US Fish and Wildlife
Services Bats of Concern List (O’Shea et al. 2018). Some of
these are also listed as Species of Concern by the New Mex-
ico Department of Game and Fish. Of these, Myotis evotis
was the least common bat encountered in this survey. Idi-
onycteris phyllotis is listed at Imperiled by New Mexico Game
and Fish (O’Shea et al. 2018) and was the second least com-
mon bat captured in this survey. Corynorhinus townsendii
also was among the least often encountered species in
mist net surveys in the Gila (O’Shea et al. 2018, this study).
A renewed focus on the status of bats of the Gila is needed.
In addition to these species, there are a series of other spe-
cies listed as Data Deficient that should be reviewed. Broad
specimen-based surveys, such as conducted here, are the
most efficient approach to gather the sampling necessary
to stimulate the study of these species.

Habitats of Concern. It is most cost efficient to focus
limited conservation and rehabilitation resources on habi-
tats that support multiple threatened species. Increased
protection of riparian habitats should be considered a top
conservation priority, most importantly along the Mimbres,
Gila, and San Francisco rivers and tributaries. More robust
exclusion of cattle from these drainages would address
the habitat requirements of associated species such as
L. blossevillii, M. drummondii, Z. luteus, and S. arizonensis.
Over the past five decades, the Gila River in southwestern
New Mexico has been proposed for damming and diver-
sion multiple times and efforts will likely continue with a
warming and drying climate coupled with increased water
demands from major metropolitan areas. The most recent
effort to impound the Gila River was rejected by the Inter-
state Stream Commission in June 2020. Flow variability
across different seasons characterizes the Gila River and
helps maintain diverse habitat types (riparian forest, wet-
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lands, and floodplains) that elevate mammalian diversity.
Proposed diversions would decrease both mid-size flows
and negatively impact persistence of riparian forest (e. g.,
affect roosting sites for bats and habitat for Arizona gray
squirrels); lessen the connection of the river to the flood-
plains (affecting habitat for hydroseric species); diminish
aquatic habitat (fish are prey for multiple carnivorous mam-
mals); lower reproduction and emergence of aquatic and
aquatic-associated invertebrates (decreased food supply
for riparian-associated bats; Fukui 2006; Valdez and O’Shea
2014); and decrease vegetation productivity, potentially
important for multiple mammalian species such as the Ari-
zona squirrel, beavers, and muskrats.

Desert-grasslands are in decline regionally. The nearby
Jornada Experimental Range found that shrub cover
increased by > 12 % and grassland decreased by > 16 %
from 1937 to 2003 (Laliberte et al. 2004). Desert-grassland
obligate species, like Dipodomys and potentially Onycho-
mys, Chaetodipus, and Perognathus, may be at risk if open
grasslands continue to decline. Studies on mammalian pop-
ulation responses to shrub encroachment in the Southwest
remain few, but studies elsewhere show dramatic mamma-
lian declines with increased shrub cover (Blaum et al. 2007).

For both riparian and desert-grassland habitats, over-
grazing poses a severe threat. The Gila has a long history
of heavy grazing pressure, beginning in the late 1880s
when cattlemen and sheepherders moved into the area.
Shortly thereafter the Stock Raising Homestead Act of 1916
allowed for fencing of grazing allotments and encouraged
cattle growers to make water improvements. After the des-
ignation of the Gila Wilderness and the Aldo Leopold Wil-
derness, some of these allotments were reduced and allot-
ments generally decreased from 1928 to 2007 (from 83,499
to 18,772 ha); however, large numbers of livestock con-
tinue to graze on federal lands. Livestock grazing generally
decreases biodiversity (Fleischner 2002; Jones 2000; Milc-
hunas and Lauenroth 1993), with especially heavy impacts
in riparian zones in the arid Southwest. Hayward et al.
(1997) performed small mammal surveys over 10 years at
San Simon Cienega in southeastern Arizona (about 90 km
SW of the Gila) and found total abundance of small mam-
mals was about 50 % less in grazed plots, with Sigmodon
hispidus and Reithrodontomys megalotis especially sensitive
to grazing effects (Hayward et al. 1997). Similarly, Moser
and Whitmore (2000) found significantly greater abun-
dance of small mammals, species richness, and diversity on
sites that were ungrazed when compared with grazed sites
and shrews were only captured on ungrazed sites.

Fire. Fires are a natural part of the ecosystems of the
Southwest. Historically, national forests of this region aver-
aged more fires annually than other regions stemming
from diverse sources, including one of the largest concen-
trations of lightning-caused fires worldwide (Pyne 1982).

the Gila in the last decade (e. g., Whitewater-Baldy in 2012,
Silver in 2013). Snowmelt earlier in the spring, increas-
ing temperatures, and high fuel loads due to historic fire
suppression have elevated the severity of wildfires in the
region (Hurteau et al. 2014). Of particular note for forest
and riparian-associated mammal communities is the pre-
diction that many of these forests will not return to pre-
fire forested conditions due to having crossed climatic
thresholds for regeneration related to ongoing warming
and drought conditions (Davis et al. 2019). Post-fire burned
sites of Douglas-fir (Pseudotsuga menziesii) and ponder-
osa pine (Pinus ponderosa), in particular, have decreased
potential to return to their pre-fire forest structure (Haffey
et al. 2018; Rodman et al. 2019). Those changes may have
negative consequences for a wide variety of both riparian-
associated (e. g., Whitney et al. 2015) and forest-associated
species of the Gila, such as tree-roosting bats, L. blossevil-
lii, A. cinereus, and L. noctivagans (Kunz 1982; Shump and
Shump 1982). Nonetheless, analyses of the impact of fires
of different intensities on bat communities in the Sierra
Nevadas of California are now revealing the role for forest
fires in bat ecology, with some species showing increased
occupancy of burned areas (Blakey et al. 2019; Buchalski et
al. 2013; Steel et al. 2019). Sciurids, including Sciurus aberti,
S. arizonensis, Neotamias cinereicollis, and Tamiasciurus fre-
monti, also may be impacted by large, catastrophic fires
(Koprowski et al. 2006). Tamiasciurus fremonti, for example,
has been shown to no longer inhabit areas that have expe-
rienced stand-replacing fires (Ream 1981). Although lower
intensity fires do not appear to have lasting impact (Blount
and Koprowski 2012) on red squirrels in nearby Pina-
lefio Mountains of southeastern Arizona, the cumulative
and synergistic impacts of severe fires, climate warming,
drought, insect-invasion and other forest habitat distur-
bances have resulted in reduced food availability, survival,
and reproductive output for this endemic squirrel (Tamias-
ciurus fremonti grahamensis). Allard-Duchene et al. (2014)
reported that T. fremonti will inhabit a manually thinned
area about 20 years sooner than a burned area. Other stud-
ies found that prescribed burns were negatively correlated
with occurrence of Neotamias cinereicollis (Converse et al.
2006), but relatively little is known about impacts of these
events on biodiversity in the Gila (Whitney et al. 2015).

Climate Change. Although climate variability is natural,
recent warming and drying trends in southwestern New
Mexico have been accentuated through increased produc-
tion of CO, by humans. Data from local weather stations
show temperatures in the Gila National Forest, Aldo Leop-
old National Forest, Ladder Ranch, and surrounding areas
have increased while precipitation has decreased since
the early 1900s (Girvetz et al. 2009), and these trends have
accelerated recently (Jones and Gutzler 2016, O'Connor et
al. 2020). Using museum specimens, Moritz et al. (2008),

In recent years, however, large catastrophic fires and sub-
sequent flooding have become more common with two
of the largest fires in New Mexico’s history occurring in
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Rubidge et al. (2012), and McCain et al. (2021) have each
shown that climate change over the past century can
affect the elevational distributions of some mammals.




Figure 13. At least 35 species of mammals have their distributional limit in the Gila.

Through the Grinnell Resurvey Project, Moritz et al. (2008)
investigated mammalian range shifts in the Sierra Nevada
Mountains and generally found that low elevation species
expanded their ranges upslope, while the ranges of higher
elevation montane species contracted. Some species
showed idiosyncratic movements, hypothetically due to
competitive release when congeners were displaced. Simi-
larly, we hypothesize potential range shifts of species along
elevational gradients in the Gila Region with possible range
expansion of lower elevation desert, grassland, and wood-
land-associated species and range contraction in montane
and riparian species. Such changes may increase the risk of
extirpation of high-elevation species as their ranges decline
(McDonald and Brown 1992; Parmesan 2006).

Bats are also at risk due to disrupted climate regimes.
Adams (2010) showed a significant decrease in reproduc-
tion of insectivorous bats in years with lower precipitation
in the Front Range of Colorado. Rebelo et al. (2010) hypoth-
esized that many bat species will be at risk of extinction due
to rising temperatures and declining precipitation; thus,
some populations in the Gila may be locally extirpated in
the future with increasing drought conditions. Several New
Mexico bat species roost communally, where dehydration
presents significant challenges due to the high tempera-
ture and low humidity of the microclimates within roosts.
Communal maternity roosts may be challenged by the
increased physiological stress on nursing mothers due to
milk production (Adams 2008). Therefore, the ability of
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female bats to survive and raise young hinges on readily
accessible open water. Given projected trends for warming
and drying across the Southwest, reproductive success of
bats in New Mexico may be severely reduced. Sherwin et al.
(2012) reviewed potential risk factors for bats with chang-
ing climate and classified food, roosts, reproduction, and
distribution as potential risks. Reduced precipitation may
decrease food availability for insectivorous and frugivorous
bats. Habitat availability also may be decreased for tree-
roosting bats. In addition, problems associated with ability
to reproduce as outlined by Adams (2008, 2010) are likely,
and species with small ranges or higher elevation associa-
tions may be differentially affected by dramatic environ-
mental warming and aridification (Sherwin et al. 2012). As
most bat species migrate or hibernate, their phenology
should be carefully monitored in relation to climate trends
to understand whether they are impacted. Georeferenced
specimens not only unequivocally document the time
and place of species occurrence, but they also can provide
insights into physiological status related to hibernation,
migration, and reproduction.

Specimen-based research. The lack of repeated faunal
surveys documented by holistic specimens continues to
hamper the study of Gila biodiversity, suggesting an urgent
need to build natural history collections, which can serve
as primary infrastructure or libraries of biodiversity for the
region (Malaney and Cook 2018). Natural history speci-
mens not only provide the necessary retrospective mate-
rials (i. e., historical baselines; Suarez and Tsutsui 2004;
McLean et al. 2016; Cook and Light 2019) to understand
how changing conditions are impacting organisms, but
they also provide a foundation for forecasting how future
changing conditions may impact aspects of biodiversity
(Schindel and Cook 2018; Funk 2018). Recent evolution of
the concept of voucher specimens has resulted in collec-
tions of holistic specimens that include traditional vouch-
ers (e. g., fluid, skin and skeleton) that are now associated
with diverse ancillary materials (e. g., multiple ultra frozen
tissues), and preserved endoparasites and ectoparasites
(Dunnum and Cook 2012; Galbreath et al. 2019). Parasit-
ism plays a large role in structuring biotic communities,
yet this aspect of mammalian biology has been minimally
evaluated throughout the Southwest. Parasites can also
yield historical and biogeographic insights not revealed by
examination of host-history alone (Galbreath et al. 2020).
Holistic collections of mammals, such as exemplified in this
study, provide a sampling infrastructure that will facilitate
integrated insights into the history and future trajectory
of natural communities (Gardner and Campbell 1992; Gal-
breath and Hoberg 2015; Brooks et al. 2019). This broad
array of material allows for more intensive and integrated
investigations of the biology of these organisms (Dunnum
etal. 2020), taking advantage of recent advances in technol-
ogy (e. g., genomics, stable isotopes, microCT scans), analy-
ses (e. g., ecological niche modeling; Cook and Light 2019),
and immediate on-line access to these ever-growing data
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streams through vast data repositories (e. g., GenBank, Iso-
Bank, MorphoBank).

Our ability to investigate and more completely under-
stand aspects of these complex systems, including the
impact of changing environmental conditions in the future,
will primarily be limited by the extent of the sampling that
we preserve now for future generations of scientists, man-
agers, planners, policy makers, and educators (Malaney
and Cook 2018). With regard to educators, biological col-
lections that are accessible on-line have proven to be novel
resources for K-16 educators and citizen scientists to more
deeply learn about the natural world (Powers et al. 2014;
National Academies of Sciences, Engineering, and Medi-
cine 2020). When associated with active research programs
at academic institutions, collections have long been key to
the development of the next generation of naturalists (Cook
et al. 2014, 2016; Lacey et al. 2017). Educators can draw on
the rich biodiversity datasets now available for the Gila,
and through specimen-based activities students can learn
how to integrate across disciplines as they are drawn into
a diverse and growing network of scientists that are pro-
ducing fascinating insights into biology, chemistry, public
health, and an array of other fields (Schmidly 2001, 2005).

We recognize that a key finding emerging from this
overview of taxonomy, distribution, phylogeographic his-
tory, and conservation concerns for Gila mammals is that
our understanding of this fauna remains incomplete. By
emphasizing information principally backed by specimens,
there is now a durable sampling platform that will stimulate
future integrative studies (e. g., Cook et al. 2017; Funk 2018;
Thompson et al. 2021), investigations that will substantially
extend these preliminary results as they unravel the com-
plex role of mammals and their symbionts in Gila ecosys-
tem dynamics.
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Appendix 1
Thomomys Neotoma Notiosorex Perognathus
Catalog # GenBank Accession # Catalog # GenBank Accession # Catalog # GenBank Accession # Catalog # GenBank Accession #

MSB140628 MW?752461 MSB121427 AF186799 MSB156020 MW156020 ACUNHC195 FJ514864
MSB141310 MW752462 MSB74610 AF186800 MSB156726 MW156021 ACUNHC452 FJ514880
MSB269054 MW752463 TTU71198 AF186806 MSB156735 MW156022 ACUNHC779 FJ514882
MSB269116 MW?752464 TTU75440 AF186809 MSB157880 MW156023 LVT702 AY926405
MSB270749 MW?752465 TTU43294 AF186815 MSB269044 MW156024 LVT1050 FJ514881
MSB270750 MW?752466 TTU79129 AF294345 TTU142705 AY611574 LVT1063 AY926389
MSB280649 MW752467 TTU101643 AF294346 TTU142706 AY611573 LVT1198 FJ514887
MSB280650 MW752468 TTU36179 AF298840 MVZ148831 AY611572 LVT3610 AY926383
MSB280908 MW?752469 MSB60818 KF267873 MVZ154747 AY611571 MSB269161 MW?752455
MSB280916 MW?752470 MSB77371 AF186808 MVZ154748 AY611570 MSB270341 MW?752456
MVZ146822 EU240745 MSB77708 AF186811 TTU80965 AY611569 MSB270584 MW752457
MVZ146880 TBU65269 MSB82999 EU141962 ASNHC11431 AY611568 MSB278341 MW752458
MVZ146927 TBU65271 MSB122177 MW?752445 MVZ148830 AY611567 MSB284563 MW?752459
MVZ146961 TBU65268 MSB146228 MW?752446 TTU40000 AY611566 MSB284623 MW?752460
MVZ147002 EU240741 MSB157277 MW?752447 TTU142703 AY611565 OSU13171 FJ514890
MVZ147023 TBU65272 MSB227112 MW?752448 TTU80966 AY611563 0SU13186 FJ514897
MVZ150272 TBU64979 MSB261214 MW752449 ASNHC17335 AY611562 0SuU13188 FJ514899
MVZ150298 TBU64980 MSB261216 MW?752450 ASNHC10653 AY611564 0OSU13194 FJ514871
MVZ158511 EU240739 MSB269084 MW?752451 UAM50408 AY014952 0SU13195 FJ514869
MVZ158534 TBU65270 MSB269085 MW?752452 TTU38444 FJ514888
TTU127500 AF445059 MSB270394 MW?752453 TTU75790 FJ514865
TTU44656 AF445047 MSB270400 MW752454 TTU75817 FJ514889
TTU67236 AF445052 MSB72986 AF307834
TTU75866 AF445055 TTU78505 AF308867
TTU76383 AF445053 MVZ197170 DQ781305
TTU78861 AF445061 TTU76474 DQ179817
MVZ176455 U65291 TTU76476 AF376472

TTU77530 AF186828

TTU78448 AF186816

TTU89870 KM488337

TTU97148 EU141961

TTU99895 EU141964

TTU106768 KM488338

TTU42833 EU286808

TK45042 DQ179810

236 THERYA Vol.12(2):213-236



	Marcador 1

