Xantusia jaycolei Bezy, Bezy, and Bolles, 2008; Cole’s Night Lizard. The population of night lizards at Desemboque del Rio San Ignacio,
Sonora, the principal town of the Seri (Comaac people), was reported first by ethnozoologist Charles Malkin in 1962. Subsequent fieldwork
by Richard Felger, also an ethnobiologist, revealed that the lizards are found almost exclusively within dead, rotting cardons, Pachycereus
pringlei (Felger, 1965). Surveys of the region by Bezy in 1966 indicated that the population is restricted to the immediate vicinity of
Desemboque, leading him to hypothesize that these small, secretive lizards might have been transported inadvertently in Seri boats across the
Gulf of California from Baja California, an area from where night lizards are common. But, subsequent examination revealed that female night
lizards in the Desemboque population lack femoral pores, a character they share with Xantusia arizonae, a species found in rock crevices in
central Arizona. Later, analyses of DNA sequences (Sinclair et al., 2004) confirmed the distinctiveness of the Desemboque population and its
sister relationship to X. arizonae, from which it differs in several morphological features other than femoral pores, resulting in its description
as X. jaycolei by Bezy et al. (2008). The total known range of this Sonoran Desert coastal endemic is ca 20 km in length, extending from 6 km
E of Desemboque del Rio San Ignacio to Cerro Tepopa. This species received a highly vulnerable rating (EVS of 16) by Wilson et al. (2013a).
Pictured here is an individual from Cerro Tepopa, Municipio de Pitiquito, Sonora, Mexico. #® © Erik F. Enderson
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ABSTRACT: The Sonoran Desert is a well-recognized and widely studied zone of endemism with high
landscape and herpetofaunal diversities, but its transitions with the core Neotropics remain understudied.
Based on museum and literature records and our field experience, we identify and discuss the currently
known southern distributional limits of species of amphibians and reptiles that occur extensively or ex-
clusively in the Sonoran Desert, and that terminate on or within 50 km of the coasts of Sonora, Sinaloa,
and Nayarit. Five focal areas are evident among the 60 species that terminate in this region. These foci are
in areas in which marked transitions in vegetation and climate also are known. Three species reach their
southern limits near the mouth of the Rio Colorado. In the arid northern 400—500 km of our study region,
we document a diffuse zone in which highly arid-associated species reach their southern, coastward dis-
tributional limits. To the south, nine species limits are clustered near the southern limit of the phytogeo-
graphically defined Sonoran Desert, but the herpetofauna retains a clear and strong Sonoran Desert char-
acter for an additional 200-350 km farther south, into the border region of Sonora and Sinaloa, where 13
species reach their known southern limits. The herpetofauna attains a demonstrably tropical character seen
near Culiacan, Sinaloa. An additional 10 species, however, reach their southern limits, in southern Sinaloa
and 10 in Nayarit, where the curtain falls on the Sonoran Desert herpetofauna along the coast of Mexico.

Key Words: Amphibians, anurans, biogeography, geographic distribution, lizards, Nayarit, reptiles,
Sinaloa, snakes, Sonora, species terminations, turtles.

Resumen: El Desierto Sonorense es una zona de endemismo, con una alta diversidad de paisajes y her-
petofauna, bien conocida y ampliamente estudiada, pero sus transiciones desde el nucleo del Neotropico
siguen siendo poco estudiadas. Con base en registros de museos y literatura y nuestra experiencia de
campo, se identifican y discuten los limites surefios actualmente conocidos de las especies que terminan
en o dentro de 50 km de las costas de Sonora, Sinaloa y Nayarit. Cinco regiones centrales de transicién son
evidentes en las 60 especies que terminan en esta region. Estos centros estan en areas en las que también se
conocen marcadas transiciones en la vegetacion y el clima. Cerca la boca del Rio Colorado, tres especies
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alcanzan sus limites de distribucion mas al sur. En los 400-500 km aridos al norte de nuestra region de
estudio, documentamos una zona difusa en la que las especies altamente asociadas aridas alcanzan sus
limites de distribucion mas al sur, hacia la costa. Al sur, los limites de ocho especies se agrupan cerca del
limite actualmente reconocido del Desierto Sonorense, pero la herpetofauna conserva un caracter claro
y fuerte del Desierto Sonorense por otros 200-350 km mas al sur, en la regioén fronteriza entre Sonora
y Sinaloa, donde 13 especies alcanzan sus limites meridionales conocidos, antes de alcanzar un caracter
claramente tropical cerca de Culiacan, Sinaloa. Otras 10 especies alcanzan sus limites més surefios en el
sur de Sinaloa y 10 en Nayarit, donde cae el telon sobre la herpetofauna del Desierto Sonorense.

Palabras Claves: Anfibios, anuros, biogeografia, distribucion especies terminaciones geografica, lagarti-
jas, Nayarit, reptiles, serpientes, Sinaloa, Sonora, tortugas.
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DEDICATION

#® © Julia Coffman Rosen

We dedicate this paper to the memory of our mentor and friend Charles H. Lowe, who sparked our interest in the
distribution of the herpetofauna of the Sonoran Desert. Some of his views on the topic were first expressed 60 years
ago in seminal papers on species richness of the herpetofauna on the islands of the Gulf of California (Lowe, 1955a)
and the eastern limits of the amphibians, reptiles, and vegetation of the Sonoran Desert (Lowe, 1955b).

In this photo, Lowe (far right) can be seen directing the progress of a 1992 venture into Sonora’s Gran
Desierto with Brent Martin (left) and Phil Rosen (middle). Additional information about Lowe’s life and colorful
personality and about the people he inspired can be found on a website dedicated to him (CharlesLowe.net), and in
Rosen (2004).
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INTRODUCTION

The Sonoran Desert is a well recognized and widely studied zone of endemism with diverse landscapes and herpeto-
fauna (Brown and Lowe, 1980; Turner and Brown, 1982; Brown, 1994), but its transitions with the core Neotropics
via thornscrub and tropical deciduous forest remain largely unexamined. These transitions occur primarily in north-
western Mexico, and are challenging to define due in large measure to the Sierra Madre Occidental paralleling the
coast and its outlying Madrean Archipelago of mountains extending northward into southern Arizona and New
Mexico (Gehlbach, 1981; DeBano et al., 1995). The cordillera and archipelago support a complex and species-rich
mosaic involving both montane and lowland tropical biotas (e.g., Schwalbe and Lowe, 2000; Enderson et al., 2014;
Bezy and Cole, 2014; Van Devender and Reina-Guerrero, 2016).

In this paper we step away from the topographic and biotic complexities of the sierra, and examine her-
petofaunal transitions from Sonoran desertscrub to tropical deciduous forest in a simpler context, the mainland
coast of the Gulf of California extending 1,500 km from extreme northwestern Sonora to Nayarit. Compared to
the interior, the topography near the coast is far less rugged and presents a clearer vista from which to examine the
desert-to-tropics transition of the herpetofauna. We use the available databases and published papers, supplemented
by our field observations of the distribution of amphibians and reptiles, to estimate the southernmost occurrence of
species along the coast of Sonora, Sinaloa, and Nayarit.

We pose two pivotal questions about the southern distribution limits of Sonoran Desert herpetofauna along
the coast: (1) Are there focal areas for the southern terminations of species? and (2) How do the locations of these
focal areas compare with the limits of recognized biotic communities and provinces? Ultimately, we hope to begin
to clarify the nature of the herpetofaunal transition from Sonoran desertscrub to thornscrub and tropical deciduous
forest, from which subtropical desertscrub largely has been derived (Van Devender, 2002). We ask: Do we find a
more or less smooth gradient upon which defined biogeographic boundaries are artificially imposed, or is their
clear evidence for herpetofaunal congruence with these defined boundaries that might represent transitions among
centers of biodiversity generation and community organization within the tropics—subtropics transition?

Anaxyrus kelloggi (Taylor, 1938). The Little Mexican Toad ranges in the Sonoran Desert from near Santa Ana, Sonora, south along the coasts
of Sonora and Sinaloa into tropical deciduous forest to near Acaponeta, Nayarit. Rated as highly vulnerable (EVS of 14) by Wilson et al.
(2013b). Near Masiaca, Municipio de Navojoa, Sonora, Mexico. #® © Erik F. Enderson
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MATERIALS AND METHODS

The study includes native species that meet both of two criteria: (1) they are found extensively or exclusively in the
Sonoran Desert, and (2) they reach a southern distribution limit within 50 km of the coast of Sonora, Sinaloa, or
Nayarit (exclusive of islands). We focus on occurrences near the coast for two reasons: first, this is a tractable ap-
proach examining a relatively well-collected region, and second, it permits us to study the herpetofaunal transitions
from hyperarid Sonoran desertscrub and, toward the south, to increasingly tropical desertscrub, thornscrub, and
tropical deciduous forest biotic communities. We do not capitalize the common names of plants used in this paper,
as we consider them to be informal names.

Species List

An initial species list of amphibians and reptiles known from Arizona, Sonora, and Sinaloa was compiled
from Enderson et al. (2009) and Lemos-Espinal (2015). Locality data for the species were retrieved via queries of
the Madrean Discovery Expedition (MDE; www.madrean.discovery.org; 2015-2016) database, which includes re-
cords from diverse sources, many from the large dataset pulled together by one of us (EFE) from major herpetolog-
ical collections in the United States, VertNet, the published literature, and personal observations (EFE, PCR, TRV,
and others). We performed additional data searches for all the species in January of 2016, using the EFE database
VertNet (2016; www.vertnet.org), the Amphibian and Reptile Collection of the University of Arizona Museum of
Natural History (http://eebweb.arizona.edu/ collections/herp /amphibian.htm), and specimens cited by Hardy and
McDiarmid (1969) and McDiarmid et al. (1976). The VertNet searches included Nayarit, Jalisco, and Colima, for
species found to reach Sinaloa. We also consulted species lists in Serrano et al. (2014) for Sinaloa and Woolrich-
Pifa et al. (2016) for Nayarit.

Smilisca fodiens (Boulenger, 1882). The Lowland Burrowing Treefrog ranges from Sonoran desertscrub in southern Arizona, south along the
coasts of Sonora, Sinaloa, and Nayarit into tropical semideciduous forest south to Colima. Pima County, Arizona, United States.
#® © Erik F. Enderson
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The criteria for inclusion include species ranging beyond the Sonoran Desert, but exclude species found only
in the Sonoran Desert of southern California or the Baja California peninsula. We do not include Sonoran Desert
species that occur essentially or only on the Baja California peninsula or on islands, due to the complexities intro-
duced by these endemics that are not directly relevant to the questions we pose.

Our definition of “Sonoran Desert herpetofauna” includes species found extensively or exclusively in the
Sonoran Desert as originally outlined by Shreve (1951), with the subsequent exclusion of the Foothills of Sonora
by Brown and Lowe (1980). Not restricting our definition to those species found exclusively in the Sonoran Desert
is important to our examination of the southern limits of species that might occur beyond the desert, as mapped
strictly by vegetation. We consider the Sonoran Desert to be a geographic region roughly similar to the Sonoran
Biotic Province of Dice (1939; figure 3 in Lowe and Brown, 1994). Most of the species included in this study occur
extensively in the Sonoran desertscrub biotic community, although some are found primarily in riparian and aquatic
biotic communities.

We included Anaxyrus woodhousii, Sonora semiannulata, and Thamnophis marcianus, as they occur widely
in the Sonoran Desert biotic province, where they are restricted to major river corridors, despite not being fully
aquatic or perennial-water obligate species. Three other species that are perennial-water aquatic (Rana yavapa-
iensis, Kinosternon sonoriense, and Thamnophis eques) were not included, as we have no verifiable records from
within 50 km of the coast. We suspect they may have occurred near the Gulf on the Rio Sonora delta west of
Hermosillo, but were never recorded prior to agricultural development, the desiccation of riparian habitats, and the
introduction of exotic species. Four species occurring extensively in or endemic to the Sonoran Desert (Crotaphytus
bicinctores, Cophosaurus texanus, Phrynosoma platyrhinos, and Aspidoscelis xanthonota) also are not included, as
they have not been reported within 50 km of the coast, although the endemic 4. xanthonota probably occurs there.

Crotaphytus dickersonae Schmidt, 1922. Dickerson’s Collard Lizard is a Sonoran Desert endemic found only on Isla Tiburén and the 150
km of Sonoran mainland coast from the Sierra El Julio south to Cerro Eucla near Bahia Kino. In the Sierra Libertad it basks on rocks in the
only Sonoran stand of cirios (Fouquieria columnaris). Similar to strictly island species, it achieves dense populations and, compared to other
mainland collard lizards, is relatively unwary. Originally described as a separate species, it was long considered a subspecies of C. collaris,
but its distinctive color, color pattern, scalation, skeleton, allozymes, and DNA sequences place it as sister to three species of collard lizards
in Baja California. Near Bahia Kino, Municipio de Hermosillo, Sonora, Mexico. #® o Erik F. Enderson
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A number of other species significantly penetrate the margins of the Sonoran Desert, in canyons and riparian
areas and in springs on the desert floor (e.g., Hyla arenicolor, Elgaria kingii, Terrapene ornata, Aspidoscelis so-
norae, A. stictogramma, Plestiodon obsoletus, Sceloporus cowlesi, and Diadophis punctatus). We exclude these as
fundamentally non-desert species, and most do not approach the Gulf coast.

Species Terminations

For each species, we identified the southernmost record on or within 50 km from the coast of Sonora, Sinaloa, and
Nayarit (excluding islands) from the locality data, and this comprised our initial estimate of its southern termination
on the Gulf coast of mainland Mexico. For a few species, we rejected the initial estimate after finding convincing
evidence that it was inaccurate in either species allocation or locality data. For example, for Kinosternon alamosae,
the locality for LACM 105397 (Culiacan, Sinaloa) was considered by the original describers (Berry and Legler,
1980) to be in error, so we excluded it from consideration and used the next record to the north (UAZ 27956, 7.4
mi S Guasave) that was accepted by Berry and Legler. We consider that Taylor’s (1936) La Posa, Sonora, record
for Thamnophis eques (UIMNH 32968; now a skeleton; D. Wylie, pers. comm. 2016) likely is 7. cyrtopsis, in view
of the historical nomenclatural confusion of these species (Smith, 1951) and their documented ecological and geo-
graphic distributions (Webb, 1966; Rossman et al., 1996). We also did not accept any coastal records for Kinosternon
sonoriense (e.g., O’Brien et al., 2006) considering the otherwise documented ecological and geographic distribution
of the species (Iverson 1976, 1981; Legler and Vogt, 2013; and see above). Per our main criterion above, for species
found farther south but > 50 km away from the coast, we used the record < 50 km of the coast.

Biogeographic Distribution

We used the map of Brown and Lowe (1980), as digitized by The Nature Conservancy (http://azconservation.org/
download s/biotic_communities of the southwest gis data/), and that of Brown et al. (2007) to assign localities
to the Lower Colorado River Valley (LCRV), Arizona Upland (AU), Plains of Sonora (POS), and Central Gulf
Coast (CGC) subdivisions of the Sonoran Desert, as originally defined and outlined by Shreve (1951, 1964). We
approximated the vegetation communities south of the desert using the maps of Brown et al. (1998, 2007).

Heloderma suspectum Cope, 1869. The Gila Monster occurs primarily in the Sonoran Desert and ranges from southern Nevada south along
the coast of Sonora with an isolated record in thornscrub near El Dorado, Sinaloa. Rated as near threatened by IUCN and as highly vulnerable
(EVS of 15) with a persecution score of 5 (killed on sight) by Wilson et al. (2013a). Sierra El Aguaje, Municipio de Guaymas, Sonora,
Mexico. #® © Erik F. Enderson
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We assigned each species to a biogeographic distribution class based on these vegetation maps, our field
experiences, and the ranges depicted in Degenhardt et al. (1996), Grismer (2002), Stebbins (2003), Rosen (2007),
Brennan and Holycross (2009), Jones and Lovich (2009), Stebbins and McGinnis (2012), Powell et al. (2016), and
Rorabaugh and Lemos-Espinal (2016): (1) North American deserts, occurring in all three warm deserts (Sonoran,
Chihuahuan, and Mohave); these species may extend more broadly across the continent; (2) Sonoran and Chihuahuan
deserts; (3) Sonoran and Mohave deserts; these may extend into the colder Great Basin Desert; (4) Mohave and
Lower Colorado River Valley subdivision of the Sonoran Desert; (5) Sonoran, centered in the Sonoran Desert;
these may extend into thornscrub, tropical deciduous forest, or grasslands and woodlands of adjacent foothills and
mountains (e.g., Mogollon Rim, Sierra Madre Occidental, and the Madrean Archipelago); (6) North American
arid lands, Sonoran riparian; these species have wide distributions, but in the Sonoran Desert occur primarily in
association with major riverine riparian corridors; and (7) Sonoran Desert-Madrean; these species occur widely in
the Sonoran Desert, in riparian forests and on productive rock slopes, but are more widespread and abundant in
Madrean woodlands.

We recognize that the categories are not discrete and use them primarily as a proxy to evaluate the rela-
tionship of biogeographic distribution patterns to species terminations of the herpetofauna in the Sonoran Desert.
The categories reflect our understanding of the biogeographic distributional centers (principally in warm deserts)
and salient macrohabitat features (riverine-riparian-aquatic versus desertscrub) of each species within the Sonoran
Desert region.

Many core desert species also occur in grassland, woodland, and forest, but we did not include this in the
categorization to avoid excessive multiplication of categories that might not be relevant to our focus on the subtrop-
ics—tropics transition. We included two species (Sceloporus clarkii, Masticophis bilineatus), however, which occur
far more widely and abundantly in oak woodland than in desertscrub, in the Sonoran Desert—-Madrean (category 7).

Dipsosaurus dorsalis (Baird and Girard, 1852). The Desert Iguana ranges from the northern Mohave Desert in California and Nevada south
around the Gulf of California to Cabo San Lucas, Baja California Sur, and Topolobampo, Sinaloa. This highly thermophilous lizard represents
an ancient lineage that diverged from other iguanids over 20 million years ago (Oligocene, Norell, 1989). In the Mohave and Sonoran
deserts it is now closely associated with creosotebush (Larrea divaricata; Norris, 1953) which arrived in North America relatively recently
(Pleistocene, Van Devender, 2007). Pima County, Arizona United States. #® © Philip C. Rosen
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RESULTS
Species Terminations

A total of 60 species of amphibians and reptiles included in the Sonoran Desert reach a southern limit on the coast
of Sonora, Sinaloa, or Nayarit (Appendix 1, Fig. 1). Note that these terminations represent the most southern record
on or near (= within 50 km of) the coast of these three states of Mexico, not necessarily the global southern limit of
the species (see Materials and Methods). Here, we present a more or less north-to-south account highlighting the
southern terminations for the Sonoran Desert herpetofauna.

Three species occur near the coast of Sonora only along the delta of the Hardy and Colorado rivers (Appendix
1, Fig. 1): Anaxyrus woodhousii, Thamnophis marcianus, and Sonora semiannulata. Essentially, these are ripari-
an-aquatic species in much of the Sonoran Desert, and all three are widely distributed elsewhere in North America,
with S. semiannulata ranging south on the Baja California peninsula to the cape region.

Phrynosoma mcallii and Uma rufopunctata are restricted primarily to the hyper-arid and sandy Gran Desierto
del Altar. Four species that are characteristic of the arid LCRV and Mohave deserts reach their southern limits in
this area: Chionactis annulata at Puerto Lobos; Phrynosoma goodei at Campo Dolar; Urosaurus graciosus at Bahia
Kino; and Crotalus cerastes at Tastiota.

Fig. 1. The location of current estimates of the southern distributional limits along the coasts of Sonora, Sinaloa, and Nayarit for 60 species
of amphibians and reptiles occurring exclusively or extensively in the Sonoran Desert (see data in Appendix 1). Yellow = elevations below
200 m; green = 200—-1,000 m; and brown = above 1,000 m.
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Sauromalus ater Dumeril, 1856. The Common Chuckwalla, a large herbivorous lizard, ranges in the Mohave and the Lower Colorado

River Valley subdivision of the Sonoran deserts south to near Guaymas, Sonora. The species was eaten by native people, but was given a

persecution score of 3 (generally ignored by humans) by Wilson et al. (2013a). Punta Sargento, Municipio de Hermosillo, Sonora, Mexico.
#® © Erik F. Enderson

Xantusia vigilis, occurring in the Mohave Desert and in isolated mountain ranges of the arid LCRV Sonoran
Desert, currently is known from only one locality in Sonora (25 mi S of San Luis). Crotalus pyrrhus, another spe-
cies absent from most of the arborescent Arizona Upland Sonoran desertscrub, is documented in Sonora only in
the Sierra Pinacate. Two Sonoran coastal endemics occur in this northern region of species terminations: Xantusia
Jjaycolei has been recorded only from Desemboque del Rio San Ignacio south to Cerro Tepopa; and Crotaphytus
dickersonae from the Sierra Julio (EFE, pers. observ.) south to Bahia de Kino. Although these range terminations
occur over a wide area, along 420 km (airline) of coast, and do not comprise a tight cluster (see next subsection),
they share an underlying biogeographic association with great aridity.

Nine species reach their southern limits along the coast in a distinct cluster in the Guaymas region that en-
compasses an extent of 70 km (airline) from 32 km N (Anaxyrus retiformis) to 38 km SE of Guaymas (Hypsiglena
chlorophaea). Farther south, 13 species terminations are clustered along the 150 km (airline) from Huatabampo,
Sonora (Uta stansburiana), to just south of Topolobampo, Sinaloa (Sceloporus magister). Five species terminate
in the 300 kms between the Topolobampo and Mazatlan regions (Kinosternon alamosae, Phrynosoma solare,
Ctenosaura macrolopha, Aspidoscelis tigris, and Heloderma suspectum). The occurrence of H. suspectum at El
Dorado, Sinaloa (Hardy and McDiarmid, 1969), 280 km south of the nearest records in southern Sonora, remains
enigmatic (Campbell and Lamar, 2004; Beck, 2005). This specimen (AMNH R-90786) was collected by Dyfrig
McH. Forbes (D. Kizirian, pers. comm., 2016), who extensively vouchered the herpetofauna of the El Dorado area
(Fugler and Dixon, 1961). We consider the record to be valid, but puzzling.

Another nine species terminate in a distinct cluster in southern Sinaloa, and 10 in Nayarit.

Focal Areas of Terminations

Five focal areas are discernable among the 60 species terminations of amphibians and reptiles along the coast of
Sonora, Sinaloa, and Nayarit (Appendix 1, Figs. 1-7).

Rio Colorado, Sonora (32.29°N). Three species (species 1-3; two anurans, one snake) occur in the study region
only in riparian biotic communities near the delta of the Hardy and Colorado rivers.
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Sonoran Desertscrub
Thornscrub
% Tropical Deciduous Forest
Tropical Subdeciduous Forest

Fig. 2. The southern coastal terminations of 60 species of Sonoran Desert amphibians and reptiles plotted on a map of the biotic communities
of northwestern Mexico. The map is derived from Brown and Lowe (1980), as extended by Brown et al. (1998, 2007). The letters represent
five focal areas for terminations discussed in the text: C = Rio Colorado, Sonora; K = Bahia Kino, Sonora; G = Guaymas, Sonora; T =
Topolobampo, Sinaloa; M = Mazatlan, Sinaloa; and A = Acaponeta, Nayarit.
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Fig. 3. The results of the cluster analysis (UPGMA, geographic distances) of coastal terminations for 60 species of Sonoran Desert amphibians
and reptiles. The letters represent five focal areas for terminations discussed in the text: C = Rio Colorado, Sonora; K = Bahia Kino, Sonora;
G = Guaymas, Sonora; T = Topolobampo, Sinaloa; M = Mazatlan, Sinaloa; and A = Acaponeta, Nayarit.
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Holbrookia elegans Bocourt, 1874. The Elegant Earless Lizard ranges in the Sonoran Desert from southern Arizona south along the coasts
of Sonora and Sinaloa into semideciduous forest to near San Blas, Nayarit. Near Agua Prieta, Municipio de Agua Prieta, Sonora, Mexico.
#® o Erik F. Enderson

Bahia de Kino, Sonora (28.82°N). Seven species (7—13; five lizards, two snakes) reach their southern limit over a
distance of 160 km (airline) between Puerto Lobos and Bahia de Kino. Of these, two are found only in the Sonoran
Desert, four in the LCRV Sonoran and Mohave deserts, and one in all three warm North American deserts.

Guaymas, Sonora (27.92°N). Nine species (16—24; one anuran, four lizards, four snakes) terminate in the Guaymas
area over a distance of 75 km. Six primarily are restricted to the Sonoran Desert, one to the Sonoran and Chihuahuan
deserts, one to the LCRV Sonoran and Mohave deserts, and one widely in the North American deserts.

Topolobampo, Sinaloa (25.60°N). Thirteen species (26—38; two anurans, five lizards, five snakes, one turtle) ter-
minate in this area over a distance of 150 km. Six occur primarily in the Sonoran Desert, two in the Sonoran and
Chihuahuan deserts, two in the Sonoran and Mohave deserts, one in the LCRV Sonoran and Mohave deserts, and
three widely in the North American deserts. Closely associated with this set of termini are five other species (39—43;
four lizards, one turtle) known farther south in the northern coastal plain of Sinaloa, each from a single record. Three
of these five are important Sonoran Desert species, as discussed below.

Mazatlan, Sinaloa (23.25°N). Seven species (44—50; one anuran, one lizard, five snakes) terminate in this area
over a distance of 80 km. Two occur primarily in the Sonoran Desert, one in the Sonoran and Chihuahuan deserts,
one in the Sonoran and Mohave deserts, one in the LCRV Sonoran and Mohave deserts, and three widely in North
American deserts.

Acaponeta, Nayarit (22.50°N). Ten species (51-60; three anurans, four lizards, three snakes) terminate in the area
over a distance of 134 km. Three occur primarily in the Sonoran Desert; one in the Sonoran and Mohave deserts,
one in the Sonoran and Chihuahuan deserts, three widely in the North American deserts, and two in the Sonoran
Desert and Madrean woodlands.

Whereas the range terminations of 13 species occur at various locations within the northern 420 km of Sonoran
Desert, from the Gran Desierto and El Pinacate to Tastiota, a remaining 42 terminations occur within the summed
total of 514 km in the five focal areas we identify, with only five terminations in the remaining 506 km (airline) of
coast extending southward within our study region, demonstrating strong clustering rather than a gradual or random
distribution of range terminations (X* = 26, P < 0.0001).
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Taxonomic and Biogeographic Groups

For anurans, the species terminations tend to occur relatively far south, in the Topolobampo and Mazatlan
and Acaponeta regions; for lizards, in the Topolobampo and Guaymas areas; and for snakes, in the Guaymas,
Topolobampo, and Mazatlan areas (Fig. 4). Species found primarily in the LCRV Sonoran and Mohave deserts ter-
minate almost exclusively in the Bahia Kino area; species found broadly in the three North American deserts have
a higher percentage of their terminations in southern Sinaloa and Nayarit than species found only in the Sonoran
Desert or only in the Sonoran and Mohave deserts (Fig. 5). We did not find these differences, however, to be sta-
tistically significant using ANOVA on either the untransformed, log-transformed, or ranked data, likely because of
the difficulty of treating multi-modal distributions statistically; it appears that for snakes and anurans, widely dis-
tributed species tend to extend farther south into the tropical environments than lizards and desert-endemic species.
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Fig. 4. Histograms of the number of southern terminations along  Fig. 5. Histograms of the number of southern terminations along the
the coast of northwest Mexico occurring at latitude intervals (30 coast of northwest Mexico occurring at latitude intervals (30 minutes,
minutes, ordered north to south) for all taxa, anurans, lizards, and  ordered north to south) for four biogeographic distribution classes
snakes. of amphibians and reptiles. The letters represent five focal areas for
terminations discussed in the text: C = Rio Colorado, Sonora; K
= Bahia Kino, Sonora; G = Guaymas, Sonora; T = Topolobampo,
Sinaloa; M = Mazatlan, Sinaloa; and A = Acaponeta, Nayarit.
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Lower Colorado River Valley Arizona Upland
[ Plains of Sonora | Central Gulf Coast

Fig. 6. Location of the southern terminations around the head of the Gulf of California for seven species of lizards (Crotaphytus dickersonae,
Phrynosoma goodei, Phrynosoma mcallii, Uma rufopunctata, Urosaurus graciosus, Xantusia jaycolei, and Xantusia vigilis) and two snakes
(Chionactis annulata and Crotalus cerastes). The map is based on Brown and Lowe (1980).

Tropical Deciduous Forest Grassland
.~ Tropical Subdeciduous Forest Wetland
" Pine-Oak Forest

Fig. 7. Location of the southern terminations for seven species of amphibians and reptiles (4naxyrus kelloggi, Scaphiopus couchii, Rhinocheilus
lecontei, Callisaurus draconoides, Gastrophryne mazatlanensis, Masticophis flagellum, and Holbrookia elegans) in the complex vegetation
mosaic of Nayarit and extreme southern Sinaloa. The map is based on Brown et al. (2007).

Mesoamerican Herpetology 150 March 2017 | Volume 4 | Number 1



Bezy et al. Sonoran Desert herpetofauna

Conservation Status

None of the 60 species of amphibians and reptiles that reach southern limits along the northwestern coast of
Mexico are listed as Threatened or Endangered under the U.S. Endangered Species Act (www.fws.gov/endan-
gered/; accessed 10 December 2016). The IUCN Red List of Threatened Species (www.iucnredlist.org/search; ac-
cessed 10 December 2016) categorizes Heloderma suspectum, Phrynosoma mcallii, and Uma rufopunctata as Near
Threatened. Eighteen species are listed as Subject to Special Protection (Sujetas a Proteccion Especial; Pr), and
nine as Threatened (Amenazadas; A) under NOM 59 SEMARNAT 2010, the Mexican protected species law. Only
one anuran (4naxyrus kelloggii) received a high vulnerability score (EVS 14) by Wilson et al. (2013b), whereas two
turtles, 11 lizards, and three snakes (Appendix 1) were scored as highly vulnerable (14-19) by Wilson et al. (2013a).
Eight species of venomous reptiles received high persecution scores (5), as they were considered to be killed on
sight, and Gopherus morafkai and Ctenosaura macrolopha were rated as 6, because they were exploited for meat
and/or the pet trade.

On the basis of their limited geographic and ecological distribution, the most globally vulnerable species in
the region may be five lizards, of which four are found near the head of the Gulf and one near Guaymas (listed
in decreasing order): Xantusia jaycolei, Uma rufopunctata, Phrynosoma mcallii, Crotaphytus dickersonae, and
Aspidoscelis burti.

Phrynosoma mcallii (Hallowell 1852). The Flat-tailed Horned Lizard ranges from extreme SE California and SW Arizona, south around the
head of the Gulf of California into NE Baja California and NW Sonora, terminating near Bahia San Jorge. This arenicolous species is endemic
to the periphery of the Gran Desierto and the adjacent sandy hyper-arid portions of the Sonoran Desert. It was listed as near threatened by
TUCN and highly vulnerable (EVS of 15) by Wilson et al. (2013a). 30 km E San Luis Colorado, Yuma County, Arizona, United States.

#® © Philip C. Rosen

DISCUSSION
Conservation

The five globally vulnerable lizard species, identified in the Results, occur on the northwestern coast of Sonora
south to Guaymas, an area where threats from human impacts currently are minimal, but global warming and
coastal developments for housing and energy production likely pose future threats. Although lizards generally are
thermophilic, many, including common species, appear to be sensitive to the effects of global warming (Sinervo et
al., 2010; Lara-Resendiz et al., 2015).
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Uta stansburiana Baird and Girard, 1852. The Common Side-blotched Lizard is an abundant, widely distributed species in the North American
deserts and ranges south along the coast of Sonora to near Huatabampo. Nacapule Canyon, Sierra el Aguaje, Municipio de Guaymas,
Sonora, Mexico. #® © Erik F. Enderson

Arizona elegans Kennicott, 1859. The Glossy Snake, widely distributed in the Chihuahuan, Mohave, and Sonoran deserts, ranges from
southern Utah south along the coasts of Sonora and Sinaloa into tropical deciduous forest to near Mazatlan. Near Playa Mancha Blanca,
Municipio de Pitiquito, Sonora, Mexico. #® © Erik F. Enderson
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Micruroides euryxanthus (Kennicott, 1860). The Sonoran Coral Snake, endemic to the Sonoran Desert, ranges from southern Arizona south
along the coasts of Sonora and Sinaloa into Tropical Deciduous Forest to Jalisco (Cruz Saenz et al., 2008). It was listed as highly vulnerable
(EVS of 15) with a persecution score of 5 (killed on sight) by Wilson et al. (2013). Sierra El Aguaje, Municipio de Guaymas, Sonora, Mexico.

#® o Erik F. Enderson

For the populations of amphibians and reptiles in our study region, the greatest threat is the massive loss of
natural or even modified flatland coastal plain habitat, including the deltas of Colorado, Sonora, Yaqui, and Mayo
rivers, and the entire coastal plain of Sinaloa, from the Rio Fuerte delta south to its terminus north of Mazatlan. In
Sinaloa, the conversion of the river valley environs to agriculture already was well underway by the 1930s (Shreve,
1937) and, according to Brand (1936), already had been agricultural for centuries and, south of Culiacan, from
pre-Columbian times. The remainder of the coastal plain was massively and almost uniformly converted to modern
agriculture during the ensuing four decades (Fugler and Dixon, 1961; Rochin, 1985; Borlaug, 2007). Today, few
areas retain even small isolated patches of intact or even modified wild habitat. Little information exists concerning
natural environments or populations in this region. Species populations, habitat examples, scientific knowledge,
and recreational amenities have been all but totally lost. The exceptions are in towns and villages, the immediate
environs of major rivers, and local hills. Relatively more intact habitat may be surveyed, as the coast itself and its
barrier islands are approached. Shreve (1937) noted that, “The vegetation of the hills which are scattered over the
plain is commonly very similar to that of the plain” suggesting that important clues are to be found in these relict
habitat patches, of which many still exist. We suggest that an inventory of these relict environments and their spe-
cies populations, with a special focus on the aquatic species, is a key prelude to any future recovery of the resources
lost, and will greatly assist interpretation of biogeographical transitions, to which we now turn our consideration.

Species Terminations

In northern Sonora, a 450 km-wide expanse of the Sonoran Desert lies between the Sierra Madre Occidental and the
Ri6 Colorado delta (Fig. 2). In Sinaloa, 600 km south of the desert, the coastal plain narrows to less than 100 km,
and in Nayarit it disappears entirely as the sierra foothills meet the sea. This progressive southward convergence of
the cordillera and the Gulf intensifies latitudinal climatic gradients, and has a significant impact on the biota as rain-
fall increases, winter freezes virtually cease to be part of the climate, and the environment becomes progressively
more fully “tropical.” The northernmost thornscrub in Sonora is at 30.35°N near Arizpe in the Rio Sonora Valley
and 30.35°N at Presa Angostura on the Rio Bavispe (Van Devender et al., 2013). Although the Tropic of Cancer
lies at 23.43°N, just north of Mazatlan, Sinaloa, the northernmost tropical deciduous forest occurs in the Sierra San
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Crotalus tigris Kennicott in Baird, 1859. The Tiger Rattlesnake occurs primary in the Sonoran Desert and ranges from southern Arizona south
along the coast of Sonora to near Huatabampo. It was listed as highly vulnerable (EVS of 16), with a persecution rating of 5 (killed on sight)
by Wilson et al. (2013a). Near Camahuiroa, Municipio de Huatabampo, Sonora, Mexico. o o Erik F.
Enderson

Javier, Sonora (28.62°N), 680 km to the northwest. The Nayarit Peninsula is the wettest area on the west coast of
Mexico (Van Devender et al., 2013). Thus, the southern coastal terminations of the herpetofauna examined in the
study occur along a steep and complex gradient in climate and vegetation.

At the head of the Gulf lies the Gran Desierto del Altar (Fig. 6), the hottest and driest region in North America
(Turner and Brown, 1982), equaled or surpassed only by local conditions in Death Valley and the Salton Depression
of California, with some areas receiving less than 50 mm of rain per year. Its large sand sea originated from
Colorado River sediments primarily in the Pleistocene, but lowered sea levels during the last glaciation also might
have played a role, exposing an additional 50 km of sand below the present tides (Kresan, 2007). Evidence from
packrat middens indicates that the vegetation near the Gulf might have been minimally impacted by ice age fluctua-
tions, always retaining a Sonoran Desert character (Van Devender, 1990, 2007; Van Devender at al., 1990), although
100 km to the north, pinyon-juniper woodland was present in the Tinajas Altas Mountains in the late Pleistocene.
Early Holocene (i.e., at the start of the present interglacial) vegetation in the Hornaday Mountains in the Pinacate
region was a Sonoran desertscrub without junipers or other woodland plants. With Ice Age and early Holocene
climates having greater winter rainfall, reduced summer rainfall, and cooler summers, the Central Gulf Coast sub-
division of the Sonoran Desert probably was more like central Baja California, along a broader coastal area on the
mainland (Van Devender et al., 1994). Nevertheless, fossil evidence suggests that Pleistocene fluctuations in cli-
mate and vegetation might not have greatly displaced vertebrate distributions in the Sonoran Desert (Van Devender
and Mead, 1978). Thus, the herpetofaunal distributions examined here might have fluctuated to a relatively limited
extent, compared to the large vegetational flux in the northern Sonoran Desert. A key unknown is whether reduced
summer rainfall expanded the Sonoran Desert into thornscrub in southern Sonora during glacial periods.

Two endemic arenicolous lizards inhabit the extensive sand sheets surrounding the most barren dunes of the
Grand Desierto sand sea (Figs. 8, 9) on both sides of the Gulf (Fig. 6), terminating near the southern edge of the
LCRV (Phrynosoma mcallii and Uma rufopunctata). Four additional sand-associated species reach southern lim-
its along the Gulf coast of northwestern Sonora (see Fig. 5), along with two arid-adapted rock-dwellers (Crotalus
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pyrrhus and the locally endemic Crotaphytus dickersonae). All nine species that reach their range limits in the area
have centers of abundance in, or even geographic distributions restricted to, the strongly arid LCRV Sonoran and
Mohave deserts, or are endemic to the relatively arid Central Gulf Coast subprovince of the Sonoran Desert (Figs. 6,
9). Although this set of nine species clearly represents a well-defined ecological group, the relatively diffuse spread
of their terminations points toward a complex ecological setting and transition within the northwestern Sonoran
portion of the “true” or hyperarid desert of North America.

Fig. 8. The hot, hyper-arid Sierra Pinacate at the head of the Gulf of California, the southern limit of Crotalus pyrrhus near the coast of Sonora.
Sonoran desertscrub is dominated by brittlebush (Encelia farinosa), creosotebush (Larrea divaricata), foothills paloverde (Parkinsonia
microphylla), and desert ironwood (Olneya tesota). El Pinacate and Gran Desierto de Altar Biosphere Reserve, Municipio de Puerto Pefasco,
Sonora, Mexico. #® © Ana Lilia Reina-Guerrero

Fig. 9. Sand dunes of the Gran Desierto at the Central Gulf Coast subdivision of the Sonoran Desert near the southern limits of the arenicolous
Phrynosoma mcallii, Chionactis annulata, and Uma rufopunctata. Coastal Sonoran desertscrub is dominated by cliff spurge (Euphorbia
misera), elephant tree (Bursera microphylla), cardon (Pachycereus pringlei), and old man cactus (Lophocereus schottii). Near Libertad,
Municipio de Pitiquito, Sonora, Mexico. #® © Ana Lilia Reina-Guerrero
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The first clearly, well-defined cluster south of the terminations of these several arid desert species occurs
in the region of Guaymas, astride the mapped transition from Sonoran desertscrub to thornscrub (Figs. 2, 11), de-
scribed in detail by Forrest Shreve 83 years ago (Shreve, 1934). He noted the southern limits of creosotebush east
of Empalme (Cruz de Piedras, 27°57'N; near Guaymas), thus connoting the southern end of the phytogeographi-
cally defined Sonoran Desert as currently conceived (Brown and Lowe, 1980). Shreve noted that this was followed
significantly farther south by the terminations of many other stalwarts of arborescent Sonoran desertscrub, such as
desert ironwood (Olneya tesota, Teachive, 26°47'N) and saguaro (Carnegiea gigantea, Mesa Masiaca, 26°46'N)
southeast of Navojoa, which reach their absolute limits in thornscrub considerably south of the desert itself (see
also Turner and Brown, 1982; and Turner et al., 2005). Similar terminations of other highly characteristic Sonoran
Desert plants (SEINet, 2016) also occur in the Guaymas region (foothill paloverde, Parkinsonia microphylla; oco-
tillo, Fouquieria splendens; triangle-leaf bursage, Ambrosia deltoidea) whereas many others, less arid-associated,
similarly extend to the region near Masiaca and the Sinaloan border (blue paloverde, Parkinsonia florida; velvet
mesquite, Prosopis velutina; desert hackberry, Celtis pallida; and brittlebush or incienso, Encelia farinosa), al-
though isolated records for the latter two are available in Sinaloa). These two focal regions for range terminations
of the dominant Sonoran Desert plants of southern Arizona (see Brown and Lowe, 1980) are broadly similar to the
second and third focal areas we identified for the herpetofauna; however, we return to this issue below.

Fig. 10. The night lizard Xantusia jaycolei is endemic to the coast of Sonora and lives almost exclusively in fallen cardon (Pachycereus
pringlei). Coastal Sonoran desertsctrub is dominated by cardon, plus white bursage (4dmbrosia dumosa), foothills paloverde (Parkinsonia
microphyla), and teddybear cholla (Cylindropuntia bigelovii). Cerro Tepopa, Municipio de Pitiquito, Sonora, Mexico. #8 © Erik F. Enderson

Fig. 11. Nine species of the Sonoran Desert herpetofauna reach their southern limits in the region just south of Guaymas, Sonora. The
transition from desertscrub to thornscrub occurs in this area and was discussed 82 years ago by Shreve (1932). Data remain inadequate
to examine the correspondence of the distributional limits of the plants, amphibians, and reptiles in this zone, and detailed studies are
needed while the biotic communities remain somewhat intact. Coastal thornscrub is dominated by torote prieto (Bursera laxiflora), brazil
(Haematoxylum brasiletto), palo brea (Parkinsonia praecox), samota (Coursetia glandulosa), organ pipe cactus (Stenocereus thurberi), and
the southernmost saguaros (Carnegiea gigantea). Masiaca Mesa, Municipio de Navojoa, Sonora, Mexico. # © Thomas R. Van Devender
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The confluence of 10 herpetofaunal range terminations near Guaymas supports the concept of a real biogeo-
graphic transition in this area (Figs. 2-5), although the species are an ecologically and biogeographically mixed
assemblage, ranging from Tantilla hobartsmithi (primarily associated with semi-desert grassland and mesic des-
ertscrub), Aspidoscelis burti (mesic desertscrub), Chionactis palarostris and Lichanura trivirgata (arid margin of
arborescent Sonoran desertscrub), and Sauromalus ater (mostly in arid Sonoran and Mohave desertscrub). Most of
these species are relatively arid-associated, but the change evident in this region does not appear to signify the prin-
cipal transition from a Sonoran Desert herpetofauna to one of more tropical affiliation, thus differing from currently
accepted phytogeographic categories that clearly place the terminus of the Sonoran Desert in the Guaymas region.

The 13 terminations clustered between Huatabampo, Sonora, and Topolobampo, Sinaloa, also appear to cor-
relate with geographical changes in climate, and to a lesser extent with vegetation (Hardy and McDiarmid, 1969;
Serrano et al., 2014). Annual precipitation at Empalme, Sonora, near the southern margin of the Sonoran Desert, is
196 mm (BWh, K6ppen-Geiger “hot desert”); at Topolobampo (Figs. 12, 13), 300 km to the south, it is somewhat

Fig 12. Thirteen species of Sonoran Desert amphibians and reptiles reach their southern limits of distribution along the mainland coast
of Mexico in the area of Topolobampo, Sinaloa. Fortunately large expanses of thornscrub and tropical deciduous forest remain intact in
the region, and these deserve protection. Thornscrub in northwestern Sinaloa differs from coastal and foothills thornscrub in Sonora in
dominance by ashy limberbush (Jatropha cinerea, as a small tree) in association with torote prieto (Bursera laxiflora) and organ pipe cactus
(Steonocereus thurberi) on rocky slopes, and étcho (Pachycereus pectin-aboriginum), guayacan (Guaiacum coulteri), saituna (Ziziphus
amole), and honey mesquite (Prosopis glandulosa) in flatter areas. Near Topolobampo, Municipio de Ahome, Sinaloa, Mexico.

#® o Philip C. Rosen
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higher, 274 mm (BWh, “hot desert”); whereas at Culiacan, 400 km farther south, it is triple, 668 mm (BSh, “hot
semi-arid”; http://en.climate-data.org). Plants widely distributed in the Sonoran Desert that reach their southern lim-
its near Topolobampo, Sinaloa, include honey mesquite (Prosopis glandulosa) and organ pipe cactus (Stenocereus
thurberi; Turner et al., 2005).

Fig. 13. In northern Sinaloa, thornscrub is replaced by tropical deciduous forest dominated by diverse 10—15 m tall trees. The understory in

the rainy season is dense and humid, and reduced sunlight for basking limits the distribution of thermophilous, desert-adapted reptiles. The

succulent in the foreground is the spiny bromeliad cuicuixtle (Bromelia plumieri). Near Pericos, Municipio de Mocorito, Sinaloa, Mexico.
#® © Philip C. Rosen

The 13 species in this cluster comprise a diverse assemblage, including some that are characteristic of the
Sonoran Desert (Chilomeniscus stramineus, Crotalus tigris, Incilius alvarius) and other desert species that are
conspicuously prominent in the Sonoran Desert (e.g., Gopherus morafkai, Crotalus atrox, Dipsosaurus dorsalis,
Sceloporus magister, Uta stansburiana). Indeed, beyond this region the herpetofauna begins to lose much sem-
blance of Sonoran Desert character.

The species turnover of the herpetofauna south of the Sonora—Sinaloa border was noted previously by Hardy
and McDiarmid (1969). Just 75 km north of the border, Heringhi (1969) reported that Sonoran Desert species pre-
dominate (16 of 20 species) in [foothills] thornscrub along the road from Navojoa to 16 km west of Alamos, Sonora,
to which may be added five additional Sonoran Desert species from 6.4 km north of Navajoa, for a total of 21 of 25
(84%) species that reach the Sonoran Desert of southern Arizona. Bogert and Oliver (1945) reported Sonoran Desert
species to predominate (nine of 14, 64%) at Ahome, Sinaloa, 50 km south of the Sonora border. In contrast, in the
Culiacan region the herpetofauna is distinctly and predominantly tropical in character: near El Dorado, Sinaloa (280
km south of the border) Fugler and Dixon (1961) identified 11 Sonoran Desert species among 32 amphibians and
reptiles (32%); and near Costa Rica, Sinaloa (250 km south of the border), Smith and Van Gelder (1955) similarly
reported six (32%) Sonoran Desert species among 19 total species reported.

These limited, old data on local species composition of the herpetofauna demonstrate support for the rela-
tively abrupt species turnover indicated in our analysis of southern range terminations along the coast. Together, the
species composition and range terminations indicate that the lowland herpetofauna of northwestern Mexico retains
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a strongly Sonoran Desert character into the northern coastal region of Sinaloa. Thus, whereas thornscrub vegeta-
tion assumes predominance along the Sonoran coast in the Guaymas area (Brown, 1982; Martin et al., 1998), the
Sonoran Desert herpetofauna retains its predominance at least another 200-350 km farther south.

The vegetation in this coastal region of Sinaloa has been variously characterized, mapped, and named. Shreve
(1937), Goldman (1951), and Hardy and McDiarmid (1969) indicate that the vegetation is relatively uniform and
extends throughout lowland Sinaloan to the middle of the state. Nonetheless, Shreve’s (1934, p. 378) general state-
ment that, “For 500 km. south of Navojoa ... the physiognomy of the vegetation is almost identical” is contradicted
by his more specific statements, “Only in the northern part of the thorn-forest [= coastal thornscrub] are there large
openings such as are thickly carpeted with ephemerals in the desert” (Shreve, 1937: 612), and “In certain situations,
however, ....the open patches suggestive of desert spacing may still be seen as far south as the valley of Rio Fuerte,
in Sinaloa, with Cercidium, Encelia and Opuntia fulgida as their characteristic plants” (Shreve, 1934: 377; Fig.
12). Brown (1982) called the vegetation in the region Sinaloan thornscrub, lumping it with the distinctive foothills
thornscrub. Barquez et al. (1992, 1999) and Martin et al. (1998) identify it as coastal thornscrub, a unique vegetation
type (Fig. 11). Creel (2010) included thornscrub from Sonora and northern Sinaloa as “bosques secos transiciona-
les de Sonora y Sinaloa” (transitional dry forests of Sonora and Sinaloa) with southern limits similar to those we
demonstrate here for the Sonoran Desert herpetofauna.

The southern limits of five species of reptiles are scattered between the Rio Fuerte and Rio Culiacan areas;
two of these (Heloderma suspectum, Phrynosoma solare) are characteristic of and occur largely in the Sonoran
Desert. The southernmost of these terminations, H. suspectum at 24°18'N, corresponds roughly with the southern
coastal limit of thornscrub as mapped by Brown et al. (1998, 2007) at ca 24°N (Fig. 2). These herpetofaunal termi-
nations are over 400 km south of the Sonoran Desert, as mapped on the basis of vegetation. The dominant perennial
plants characteristic of tropical thornscrub in northwestern Mexico are, in varying degrees, controlled northward by
exposure to freezing temperatures (Shreve, 1934; Felger et al., 2001), which they cannot avoid, whereas the herpe-
tofauna likely is controlled by other factors, including precipitation and humidity, seasonal temperature means, and
vegetation structure.

Fig. 14. Tropical deciduous forest has dense, slender trees with whitish bark in a large area in southern Sinaloa. Characteristic of tropical
deciduous forest, the trees reach a greater height than the étcho columnar cactus (Pachycereus pecten-aboriginum). This habitat is most
desert-like and open in the hot dry season, and the closed canopy in the wet season is limiting to desert-adapted species. Larger arroyos also
provide open, sandy microhabitats. Meseta de Cacaxtla, Municipio de San Ignacio, Sinaloa, Mexico. &9 © Albert van der Heiden
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Fig. 15. A coastal strand. Survival of such desert-adapted reptiles as sand lizards, Callisaurus draconoides and Holbrookia elegans, in tropical
habitats is promoted by coastal dunes and wetlands where saline soils produce an edaphic desert. The trees in the background are mangroves.
Las Labradas, Meseta de Cacaxtla, Municipio de San Ignacio, Sinaloa, Mexico. #® © Albert van der Heiden

Fig. 16. Dense tall trees, a closed canopy, a shady moist understory, heavy rainfall, and a shortened dry season in tropical semideciduous
forest bring down the curtain along the Pacific for all but three Sonoran Desert species of amphibians and reptiles. Cacti and agaves are
replaced by bromeliads and orchids. The dominant tree is capomo (Brosimum alicastrum). La Guasima, Municipio de Concordia, Sinaloa,
Mexico. #® © Thomas R. Van Devender
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Our finding that the terminus in northern Sinaloa of the Sonoran Desert herpetofauna as the predominating
assemblage is consistent with a map presented by Lavin-Murcio and Lazcano (2010), and probably is not a sam-
pling artifact related to agricultural development. Shreve (1937) reported that only the river floodplains proper in
Sinaloa, comprising a small portion of the coastal plain, were extensively converted to agriculture; 25 years later
Fugler and Dixon (1961) reported that their coastal plain study area south of Culiacan was completely converted
to agriculture. Given the number of prior herpetological records in Sinaloa (e.g., records in Hardy and McDiarmid,
1969), however, the abundance and conspicuousness of many of the species involved, and the number of species
sharing the terminus in the Topolobampo area (Appendix 1), it seems unlikely that the herpetofaunal termination
patterns in northern and central Sinaloa are primarily artifacts of the impact of agriculture on sampling.

Details of how closely the herpetofaunal terminations correspond with the limits of species of Sonoran Desert
and tropical plants and other organisms remain to be evaluated, both locally and regionally. We note that a strong
and more varied perspective would likely emerge from an analysis similar to ours, but 50-200 km farther inland,
and that a detailed study of distributional limits and abundance across the transitions from warm temperate to sub-
tropical to tropical regions is of great and immediate interest, while at least remnants of natural vegetation exist in
northwestern Mexico.

South of the thornscrub on the Sinaloa coast, amphibian and reptiles widespread in the Sonoran Desert grad-
ually are closed out as the coastal plain narrows and the cordillera reaches the Pacific. Three species that are be-
yond the scope of this study (based on our criteria) continue along the coast south of the cordillera, terminating in
Michoacan and Colima: Smilisca fodiens (Cox et al., 2012), Rena humilis (Hahn, 1979), and Thamnophis cyrtopsis
(Webb, 1966). Masticophis flagellum (UMMZ 80186—89), listed for Colima by Duellman (1958), was identified as
M. mentovarius by Johnson (1977). A few other species, such as Sceloporus clarkii, Micruroides euryxanthus, and
M. flagellum abandon the coast, but extend inland in canyons (Webb, 1984; Cruz Saenz et al., 2008).

Where the cordillera meets the Pacific in Nayarit is a complex mosaic of wetlands, tropical deciduous forest,
tropical subdeciduous forest, and pine-oak forest (Fig. 7; Woolrich-Pifa et al., 2016). The last appearance on the
coast of three prominent Sonoran Desert species, Callisaurus draconoides, Holbrookia elegans, and Masticophis
flagellum, is along a vast wetland, the Marismas Nacionales-San Blas, where saline soils give rise to a hot, open,
sandy, dehydrating edaphic desert (Fig. 15). To the south, closed-canopy moist forests (Fig. 16) bring down the
curtain along the Pacific for all but three species of Sonoran Desert amphibians and reptiles, a finality rivaling that
of land’s end at Cabo San Lucas on the Baja California peninsula, which now lies across the Gulf.
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Robert L. Bezy is a native of Arizona and has been interested in the amphibians and
reptiles of the Sonoran Desert since childhood. His herpetological development was
greatly influenced by working with Charles Lowe as an undergraduate and a graduate
student at the University of Arizona, where Bob received his Ph.D. in 1970. He served
as a curator in the Section of Herpetology, Natural History Museum of Los Angeles
County, for 27 years, before becoming emeritus in 1997 and moving back to Tucson,
Arizona. His research on the systematics and distribution of xantusiid lizards has taken
him throughout Mexico and Central America. In recent years he has enjoyed focusing
on the biogeography of the amphibians and reptiles of Arizona and Sonora, including a
paper with Charles Cole on the herpetofauna of the Madrean archipelago and one with
Erik Enderson and Thomas Van Devender on the Yécora region of Sonora.

Philip C. Rosen followed a westerly trend from metro New York City, via Michigan to
Arizona, arriving penniless in 1983. He has studied ecology, evolution, and herpetol-
ogy continuously from an early age. Meeting Charles Lowe at Quitobaquito, in Organ
Pipe Cactus National Monument in 1985 led to a dream job studying desert community
ecology at the monument with Lowe as his Ph.D. mentor. Forbidden during that time
from Sonora by Lowe (“You can’t keep ‘em down on the farm once they’ve been to gay
Parie”), he completed his Ph.D. at the University of Arizona in 2000, and first visited
Mexico professionally in 2005. He has remained at the University, specializing in des-
ert, wetland, and urban herpetological ecology, conservation, and restoration. His love
of Mexico and enjoyment of its people goes back, however, to vagabonding through in
winter 1979-80, and now includes collaborations involving ecology and conservation
of chelonians, lizards, and cacti.

Thomas R. Van Devender was born in Texas and collected his first Texas Horned
Lizard eight years later in Roswell, New Mexico. His interest in amphibians, reptiles,
the Sky Islands, and biogeography flourished when he went to graduate school at the
University of Arizona in 1968 and met Charles Lowe. He finished his Ph.D. in 1973 be-
fore working as an Endangered Species Botanist with the Nature Conservancy, Senior
Research Scientist at the Arizona-Sonora Desert Museum, Manager of the Madrean
Archipelago Biodiversity Assessment program at Sky Island Alliance, and currently
the Director of Biodiversity Programs at GreaterGood.org. His research interests have
included a broad range of topics, natural history, paleoecology, desert grasslands, desert
tortoise ecology, local floras, ethnobotany, herpetofaunas, and biodiversity. He is espe-
cially interested in the Sky Island mountain ranges, the Yécora area in the Sierra Madre
Occidental, and tropical deciduous forest in the Alamos area, all in Sonora, Mexico.

Erik F. Enderson, despite his Los Angeles upbringing, developed a passion for the
natural world at an early age. Egged on by his father’s stories of 10-foot rattlesnakes
that wandered the nearby mountains of his southern California home, he began to take
a particular interest in the region’s amphibians and reptiles. By his teens he had be-
come fascinated with the area’s rapidly disappearing frog fauna and at 14 made his
first of many excursions into the Sierra Nevada in search of the Golden Trout and the
now-endangered state frog, Rana draytonii (California Red-legged Frog). A resident of
southern Arizona since 1993, Erik has spent much of the last 20 years researching and
photographing the herpetofauna of Sonora, Mexico.
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