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A B S T R A C T

Amphibian communities in arid and semi-arid environments are highly dependent on environmental factors for
breeding activities. A large number of species can also show different reproductive patterns and variation be-
tween sexes. In this study, the morphology and reproductive patterns in an assemblage of seven anuran am-
phibians from the southeast region of the Chihuahuan Desert were evaluated. Data on snout–vent length, weight
(body mass), and morphological structures (head width and head, femur and tibia length) were recorded. Three
size classes (small, medium and large) were identified, as well as three patterns of sexual dimorphism: i) females
larger than males, ii) females larger than males in some morphological variables, and iii) females similar to
males in all measured variables. Variation in clutch size and laying mass (weight) among species was also
described, as well as three reproductive patterns (short season, long season, and continuous reproduction). This
study expands our knowledge about sexual dimorphism and reproductive patterns in anurans from arid en-
vironments. Further studies analyzing the animals’ use of resources are necessary to determine the arrangement
and distribution of the resource space by amphibians in arid and semi-arid environments.

1. Introduction

Vertebrate adaptations in arid and semiarid regions have evolved
through aspects of their biology, such as morphology, physiology, be-
havior and ecology (Louw and Seely, 1982; Ligon and Peterson, 2002).
In these environments, reproduction in plants and animals is generally
seasonal and controlled by both environmental (temperature, food,
precipitation) and endogenous factors (hormone production)
(Duellman and Trueb, 1994). In arid environments, the period of op-
timum conditions for primary production is very short (Becerra-López
et al., 2017). At the beginning of spring, primary production (e.g.,
phenology of the plant community with production of leaves, flowers,
fruits and seeds) supports a high diversity of arthropods (Williams and
Tieleman, 2005), and as a consequence, an increase in density of ver-
tebrate populations (Schmidt-Nielsen, 1979; Williams and Tieleman,
2005). This period is the most propitious for feeding, growing, and
reproduction in most kinds of animals inhabiting these environments
(Duellman and Trueb, 1994; Torres-Cervantes, 2003). Precipitation and
temperature seem to be the most important factors that promote

reproductive activity for most vertebrates, especially amphibians (Louw
and Seely, 1982; Boeing et al., 2014).

Amphibians from humid tropical environments show two main
patterns of reproductive activity; continuous and seasonal reproduction
(Vitt and Caldwell, 2014; Crump, 2015), while those in subhumid
temperate, arid, and semiarid environments exhibit seasonal re-
production (Uribe-Peña et al., 1999). In arid and semiarid environ-
ments, the photoperiod begins to increase at the beginning of spring,
which stimulates the hypothalamus to release hormones for re-
productive activity in both females and males (Duellman and Trueb,
1994; Gribbins and Rheubert, 2011). In the summer, both photoperiod
and precipitation influence the reproductive activity of amphibians
(Licht, 1974; Duellman and Trueb, 1994; Vitt and Caldwell, 2014);
consequently, most amphibian species exhibit reproductive activity
during this season (Torres-Cervantes, 2003).

Unlike humid tropical environments, arid and semi-arid environ-
ments have fewer bodies of water to support anuran reproduction
(Dayton et al., 2004). Consequently, in arid environments there is ty-
pically strong competition among males for the best breeding sites
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during the reproductive period (for calling and amplexus; Wells, 2007).
Although competition among males for females has been tested as a
factor in the evolution of male-biased sexual dimorphism in several
groups of vertebrates, such as mammals (Mitani et al., 1996), birds
(Fairbairn and Shine, 1993) and reptiles (Cox et al., 2003, 2009), in
anuran amphibians most species exhibit female-biased sexual di-
morphism (Shine, 1979; Kupfer, 2007; Liao et al., 2013).

Female-biased sexual dimorphism in anurans has usually been ex-
plained in terms of fecundity (Shine, 1979; Kupfer, 2007). Fecundity is
highly variable among anuran groups; for example, species of the
genera Lithobates and Dryophytes produce larger clutches than species of
the genera Eleutherodactylus (Duellman and Trueb, 1994; Crump, 2015).
This pattern generates a high degree of variation in sexual dimorphism,
and species with aquatic and arboreal habits are more variable in the
degree of body size of the sexual dimorphism (Liao et al., 2013) than
species occurring in terrestrial habits, such as bufonids (Liao et al.,
2013; Schalk et al., 2015).

Anuran communities from arid environments of the Chihuahuan
Desert include species of the families Bufonidae, Hylidae,
Scaphiopodidae, Ranidae, and Eleutherodactylidae (Boeing et al., 2014;
Schalk et al., 2015; Cruz-Elizalde et al., 2016). Representative species of
these different groups exhibit different reproductive patterns, life his-
tories and morphological characteristics (Schalk et al., 2015), which are
associated with the environmental conditions where these species
occur, as well as resource availability (e.g., water bodies for re-
production or feeding; Torres-Cervantes, 2003; Vitt and Caldwell,
2014). For example, the levels of intensity and extent of rain could
permit some species to lay two or three clutches, as seen in scaphio-
podid toads from arid environments such as Scaphiopus couchii and Spea
hammondii (Duellman and Trueb, 1994; Vitt and Caldwell, 2014).

Existing information on anuran assemblages in arid and semiarid
environments, as well as variation in sexual dimorphism among species,
indicates that very little is known about the patterns of reproduction
and sexual dimorphism among desert-adapted species (Duellman and
Trueb, 1994; Vitt and Caldwell, 2014; Schalk et al., 2015). Therefore,
the goal of this study is to describe patterns of reproductive activity
(reproductive period, clutch size, clutch mass) and sexual dimorphism
(variation in morphological attributes) of an assemblage of anurans
from an arid environment of the southern Chihuahuan Desert Region
(as defined by Cruz-Elizalde et al., 2014). This study seeks to under-
stand the dynamics of reproduction and sexual dimorphism in species
from arid environments, for which there is little information compared
to species from temperate or tropical environments (Duellman and
Trueb, 1994; Crump, 2015).

2. Materials and methods

2.1. Study area

The study was carried out from May 1996 to June 1997, and from
October 1998 to April 2001 at the southern end of the Chihuahuan
Desert Region in the municipality of Guadalcazar (23° 7′ 35″, 22° 53′
41″ N and 100° 24′ 18″, 100° 29′ 3″ W), San Luis Potosi, Mexico, at sites
ranging in elevation from 1000 to 2230m a.s.l. The vegetation com-
munity at these sites is composed of xerophytic plant associations of
creosote bush scrub, rosetophyllous thorn scrub, and mesquite desert
scrub (Rzedowski, 1994; Hernández et al., 2001). The area is domi-
nated by extensive lowland plains interrupted by numerous mountain
ranges of variable elevation. This area has a high diversity of climates,
but the dominant type is dry semi-warm (BSh; García, 1981). It receives
between 22.4 and 497.7 mm of precipitation annually
(mean=330.3 mm), with precipitation increasing with elevation and
reaching a maximum of 800mm in the mountains. The temperature of
the region varies from 5 °C (coldest months, December to March;
winter) to 45 °C (warmest months, April to September; spring-summer).

2.2. Sampling regime

Sampling was conducted during two-week periods every two
months. All specimens were searched for and collected in or near water
bodies and under adjacent rocks and logs, mostly at night. Nocturnal
anurans were surveyed from 19:00 to 24:00 h; however, some in-
dividuals of toads (Spea multiplicata) and frogs (Lithobates berlandieri)
were found under logs and small ponds during the day. We collected
and analyzed 303 adult individuals of seven species of anurans:
Anaxyrus cognatus (n=10), A. debilis (n=16), A. punctatus (n=54),
Incilius valliceps (n=28), Dryophytes eximius (n=34), L. berlandieri
(n=127), and S. multiplicata (n=34). Fieldwork was conducted ac-
cording to the standards of the Herpetological Animal Care and Use
Committee (2004), the national Mexican laws CT-CERN-001-91 (DOF,
1991), and NOM-PA-CRN-001/93 (DOF, 1993). Specimens were col-
lected under scientific permit SGPA/DGVS/01902/11 provided by
SEMARNAT. All preserved specimens were deposited in the amphibian
and reptile collections of the Centro de Investigaciones Biológicas of the
Universidad Autónoma del Estado de Hidalgo.

2.3. Morphological and reproductive characteristics

The following morphological traits were measured for males and
females in this study: snout–vent length (SVL;± 0.01mm), head width
(HW;± 0.01mm), head length (HL;± 0.01mm), forearm length
(FL;± 0.01mm), and tibia length (TL;± 0.01mm) (Watters et al.,
2016). To assess reproductive condition, preserved frogs were dissected
ventrally, and eggs or gonads were removed and weighed
(± 0.0001 g). For females, we recorded clutch size and mass
(± 0.0001 g). To assess clutch sizes, eggs were placed in a petri dish
and a stereoscopic microscope was used to count the eggs (Hernández-
Austria et al., 2015). For males, we recorded testes mass (0.0001 g).
Body and clutch sizes and reproductive period categories were classi-
fied according to the morphology, ecology and reproduction literature
on anurans (Duellman and Trueb, 1994; Wells, 2007; Crump, 2015).
Body size was classified as small (0–45mm SVL), medium
(40.1–69.5 mm) or large (≥70mm). Clutch size was classified as small
(0–1000 eggs), medium (1001–4000) or large (≥4001). Reproductive
period was classified as seasonal and short (from June to August),
seasonal and long (April–November), or continuous (Februar-
y–November) (Duellman and Trueb, 1994; Wells, 2007; Crump, 2015).

2.4. Statistical analysis

For statistical analyses of sexual size dimorphism, we used a mul-
tivariate analysis of variance (MANOVA) to identify differences in body
size (SVL) and other morphological characteristics as a function of
species (Zar, 2010). A generalized discriminant function analysis
(GDFA) was applied at the sex and species levels to detect differences
between them. When significant variables were identified by the GDFA,
we used non-parametric tests to compare these variables among species
(Kruskal-Wallis tests) or between sexes (Mann-Whitney U tests). A
correlation analysis was applied to determine the relationship between
morphological traits (SVL) and clutch size. We used Kruskal-Wallis tests
to evaluate differences in clutch size and egg mass among species.
Statistical analyses and post hoc comparisons (when necessary) were
calculated using Statistica version 7.0, and means are presented ± 1 SE
(Zar, 2010).

3. Results

3.1. Body size and sexual dimorphism

A MANOVA including all traits showed statistically significant dif-
ferences between sexes (Wilk's λ=0.898, F6, 291= 5.488, P < 0.001),
among species (Wilk's λ=0.898, F6, 291= 5.48, P < 0.001), and in
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the sex–species interaction (Wilk's λ=0.889, F1, 291= 36.24,
P < 0.001).

The GDFA showed that all species varied in the morphological
characteristics analyzed, including SVL (Wilk's λ=0.803, F6,
291= 11.864, P < 0.0001), HW (Wilk's λ=0.750, F6, 291= 16.08,
P < 0.0001), HL (Wilk's λ=0.602, F6, 291= 31.95, P < 0.0001), FL
(Wilk's λ=0.750, F6, 291= 16.15, P < 0.0001) and TL (Wilk's
λ=0.219, F6, 291= 172.92, P < 0.0001). Also, the GDFA showed that
three traits were different between sexes; SVL (Wilk's λ=0.930, F1,
291= 36.24, P < 0.0001), HL (Wilk's λ=0.986, F1, 291= 3.902,
P=0.049), and FL (Wilk's λ=0.926, F1, 291= 23.09, P < 0.001), and
the others showed no differences (HW: Wilk's λ=0.997, F1,
291= 0.635, P=0.425; TL: Wilk's λ=0.999, F1, 291= 0.004,
P=0.945).

A Kruskal-Wallis test showed variation in SVL of females
(H=52.92, P < 0.0001) and males (H=113.7, P < 0.0001) among
species, and a similar pattern occurred in their body mass (Table 1).
Our results indicate that there are three classes of anuran body size at
our sites: small (Anaxyrus debilis, D. eximius), medium (A. cognatus, A.
punctatus and Spea multiplicata), and large (Incilius valliceps and L. ber-
landieri; Table 1). A Mann-Whitney test showed that females were
larger than males in A. debilis, A. punctatus, I. valliceps, L. berlandieri, and
S. multiplicata, while the two sexes were similar in A. cognatus and D.
eximius (Table 1). This pattern was similar for body mass in all species
(Table 1). Three patterns of sexual dimorphism were found (Table 2),
which are i) females larger than males in all traits (A. punctatus and L.

berlandieri; Table 2); ii) females larger than males only in some mor-
phological traits, including some or all of WH, HL, FL, and TL (A. debilis,
I. valliceps, and S. multiplicata; Table 2), and iii) females and males si-
milar in all of these traits (A. cognatus and D. eximius; Table 2).

3.2. Reproductive characteristics

Reproductive characteristics, such as clutch size (H=42.95,
P < 0.0001) and egg mass (H=29.77, P < 0.0001) varied among
species (Table 3). Females of D. eximius showed smaller clutch sizes
(870 ± 156 eggs) than A. debilis, L. berlandieri, or S. multiplicata, which
had medium clutch sizes (2069–3, 277 eggs), which in turn were
smaller than those of A. cognatus, A. punctatus, and I. valliceps with the
largest clutch sizes (5191.8–12,096; Table 3). A Pearson correlation
showed a positive relationship between SVL and species clutch size
(r= 0.53, P < 0.0001).

The reproductive period varied among species; seasonal-short, from
June to August (A. cognatus, A. debilis, and D. eximius), seasonal-long,
from April to November (A. punctatus and I. valliceps), and continuous
reproduction, from February to November (L. berlandieri and S. multi-
plicata; Table 3). The length of time of reproductive activity (gonadic
mass) of females from all species was similar to the males except for D.
eximius in which the reproductive period was longer in males (June–-
November; Table 3).

Table 1
Morphological characteristics of females and males of seven anuran species from Guadalcázar, San Luis Potosí México. Female (F), male (M). Size class (small= S,
medium=M, large= L). Mann-Whitney U test (ns = non-significant, * = < 0.05, ** = < 0.0001).

Species Sex SVL (mm) P-value Body mass (g) P-value Size class

Anaxyrus cognatus F 69.5 ± 5.2 (52.4–82.3, n=6) ns 40.7 ± 6.8 (20.2–62.0) ns M
M 65.3 ± 6.5 (53.9–78.4, n=4) 35.7 ± 8.9 (20.2–52.2)

Anaxyrus debilis F 43.2 ± 0.7 (41.8–44.0, n=3) * 10.0 ± 0.42 (9.2–10.7) * S
M 36.6 ± 1.0 (31.5–45.3, n=13) 6.0 ± 0.62 (3–9.5)

Anaxyrus punctatus F 59.0 ± 1.8 (49.8–70.4, n=15) ** 25.7 ± 3.6 (11.0–53.6) * M
M 52.0 ± 0.7 (37.3–60.0, n=39) 17.2 ± 1.4 (4.4–52.0)

Incilius valliceps F 74.9 ± 2.2 (67.4–82.9, n=8) * 39.8 ± 4.3 (25.0–62.0) * L
M 64.3 ± 1.7 (45.5–73.4, n=20) 26. 4 ± 2.1 (8.5–46.0)

Dryophytes eximius F 28.6 ± 1.1 (23.6–33.8, n=10) ns 1.5 ± 0.6 (2.5–2.5) ns S
M 29.4 ± 0.49 (24.0–34.7, n=24) 1.4 ± 0.10 (0.6–2.0)

Lithobates berlandieri F 61.6 ± 1.1 (47.9–85.1, n=70) ** 25.8 ± 1.5 (9.0–72.0) ** L
M 53.6 ± 0.84 (36.5–68.8, n=57) 17.5 ± 0.9 (3.1–38.0)

Spea multiplicata F 53.8 ± 0.77 (51.6–57.6, n=8) * 16.9 ± 0.57 (14.5–19.0) * M
M 49.4 ± 1.2 (35.4–58.3, n=26) 13.7 ± 1.1 (5.1–22.0)

Kruskal Wallis F (H=52.92, P < 0.0001) (H=50.7, P < 0.0001)
M (H=113.7, P < 0.0001) (H=107.7, P < 0.0001)

Table 2
Sexual dimorphism in seven anuran species from Guadalcázar, San Luis Potosí, México. Female (F), male (M). Head width (HW), head length (HL), forearm length
(FL), and tibia length (TL). Mann-Whitney U test (ns = non-significant, * = < 0.05, ** = < 0.0001).

Species Sex HW P HL P FL P TL P

Anaxyrus cognatus F 26.7 ± 2.0 ns 15.9 ± 1.0 ns 17.6 ± 1.5 ns 26.2 ± 1.6 ns
M 24.7 ± 2.2 15.1 ± 1.1 16.6 ± 2.5 24.9 ± 2.2

Anaxyrus debilis F 15.4 ± 0.22 ** 10.5 ± 0.68 ns 9.6 ± 0.46 ns 17.7 ± 0.52 **
M 13.0 ± 0.31 10.2 ± 0.25 8.7 ± 0.52 14.5 ± 0.39

Anaxyrus punctatus F 21.1 ± 0.87 * 14.7 ± 0.51 * 13.4 ± 0.66 * 22.7 ± 0.76 *
M 18.9 ± 0.42 13.4 ± 0.27 11.8 ± 0.35 20.6 ± 0.36

Incilius valliceps F 27.0 ± 0.70 ** 21.1 ± 0.34 ** 18.5 ± 0.61 ns 27.4 ± 0.62 *
M 23.6 ± 0.55 18.5 ± 0.43 17.3 ± 0.53 25.0 ± 0.66

Dryophytes eximius F 8.7 ± 0.49 ns 10.1 ± 0.84 ns 6.4 ± 0.29 ns 13.9 ± 0.55 ns
M 9.5 ± 0.24 9.9 ± 0.31 6.5 ± 0.12 14.2 ± 0.23

Lithobates berlandieri F 19.9 ± 0.36 ** 20.4 ± 0.32 ** 13.9 ± 0.30 * 34.7 ± 0.61 **
M 17.6 ± 0.34 18.5 ± 0.25 12.9 ± 0.22 30.6 ± 0.49

Spea multiplicata F 19.9 ± 0.28 * 15.6 ± 0.42 ns 12.5 ± 0.47 * 19.1 ± 0.27 ns
M 18.1 ± 0.38 14.5 ± 0.27 12.3 ± 0.37 18.5 ± 0.41

Kruskal Wallis F (H=56.50, P < 0.0001) (H=77.50, P < 0.0001) (H=53.14, P < 0.0001) (H=88.36, P < 0.0001)
M (H=118.32, P < 0.0001) (H=143.57, P < 0.0001) (H=110.59, P < 0.0001) (H=154.65, P < 0.0001)
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4. Discussion

4.1. Morphology

The southeastern Chihuahuan Desert Region has a high diversity of
anuran amphibians compared with the northern area (Dayton et al.,
2004; Boeing et al., 2014; Cruz-Elizalde et al., 2016). This assemblage
exhibits a high diversity of reproductive patterns compared to species
from central Mexico, being comparable to some sites in dry ecosystems
from Brazil (Vieira et al., 2009) and the southern United States (Schalk
et al., 2015). The species that compose this assemblage have evolved in
this arid zone by sharing resources such as space and food and have
evolved over time to live in sympatry (Duellman and Trueb, 1994;
Crump, 2015). Both females and males of this anuran assembly showed
variation in SVL, body mass, and other morphological structures, such
as HW, HL, FL, and TL, which could be explained in terms of differences
in resource allocation, such as food and selected microhabitats, or ac-
cess to sites for reproduction (Boeing et al., 2014; Crump, 2015; Schalk
et al., 2015).

Morphological analysis revealed three patterns of body size; small,
medium, and large. Small species (A. debilis and D. eximius) are able to
share shallow grassy ponds, temporary ponds, and spaces under logs,
because their small bodies allow them to occupy small shelters with
some degree of moisture; medium-sized species (A. cognatus, A. punc-
tatus, and S. multiplicata) can share water bodies that persist for longer
periods of time; and large-sized species (I. valliceps and L. berlandieri)
can share bodies of water that persist throughout the year (Schalk et al.,
2015). Distribution of resource space among species from arid regions is
a strategy to minimize resource overlap and competition; too much
resource overlap would lead to exclusion of individuals of one species
by others, and hence local extirpation of the less competitive species
(Monte de Andrade et al., 2013; Schalk et al., 2015).

Differences in HW and HL between females and males (A. debilis, I.
valliceps, L. berlandieri, and S. multiplicata) could be explained by their
eating prey of different sizes, as has been reported for other species of
anurans (Smith et al., 2011); however, studies on diet composition, and
correlations between prey size and morphological structures of the head
among species and between sexes will be necessary to support this
hypothesis. On the other hand, differences in FL (A. punctatus, L. ber-
landieri, and S. multiplicata) and TL (A. debilis, A. punctatus, I. vallliceps,
and L. berlandieri) between females and males could be explained by the
limbs helping females support their heavier bodies, especially during
reproductive activity, when egg masses represent significant seasonal
burdens (Duellman and Trueb, 1994; Vitt and Caldwell, 2014). Con-
versely, similarity in these characteristics between females and males in
other species (A. cognatus and D. eximius) could be related to similar

body sizes in these species, which reflect their similar allometry
(Schulte-Hostedde et al., 2011).

It is well known that in most anurans, females are larger than males
(Shine, 1979; Kupfer, 2007), which could be explained by fecundity and
mating position (amplexus type), because the female has to carry the
male on her back during amplexus and fertilization (Duellman and
Trueb, 1994; Vitt and Caldwell, 2014). In this study, we found that
females were larger than males in three species of the genus Anaxyrus,
as well as the species L. berlandieri and S. multiplicata; however, we
recorded one other pattern; namely, similar body sizes in females and
males in A. cognatus and D. eximius. All the species studied here exhibit
axillary amplexus with the exception of S. multiplicata, which has in-
guinal amplexus (Duellman and Trueb, 1994; Crump, 2015); thus,
variation in degree of sexual dimorphism in body size of the species
from this assemblage is not related to their respective amplexus type
(Duellman and Trueb, 1994).

We did not find sexual dimorphism in any of the other morpholo-
gical characteristics we analyzed in this study, despite some studies
showing that females are larger than males (Shine, 1979; Wells, 2007;
Liao et al., 2013). This could be explained in terms of fecundity; for
example, female D. eximius do not need to be larger than males given
their smaller clutch size (mean=870 eggs) compared to the other
species studied (Table 3). In contrast, A. cognatus represents the other
extreme, in that females exhibit the largest clutch sizes (mean=12,026
eggs), possibly explained by females choosing the breeding sites visited
for mate selection and amplexus (Torres-Cervantes, 2003). For ex-
ample, females live in shelters near the ponds where amplexus occurs,
so they do not need to move much when carrying eggs (Dayton et al.,
2004; Boeing et al., 2014).

4.2. Reproductive activity

In arid environments, the reproductive period of the amphibian
community would be expected to be restricted to the rainy season (in
this case, May–October), when maximum precipitation occurs. The
reproductive period varied substantially among species of the com-
munity, and in five species (A. cognatus, A. debilis, A. punctatus, I. val-
liceps and D. eximius; Table 3) reproduction was synchronized with
maximum temperature (22–23 °C) and precipitation (70–72mm), sug-
gesting that reproduction in these species is equally dependent on these
factors. However, it has been suggested that these species could simply
be reproductive opportunists, meaning that they are able to reproduce
at any time if environmental factors (humidity, presence of water
puddles) are suitable (Wright and Wright, 1949; Justus et al., 1977;
Degenhardt et al., 1996; Torres-Cervantes, 2003).

In contrast, L. berlandieri and S. multiplicata exhibited continuous

Table 3
Reproductive characteristics of females and males for seven anuran species from Guadalcázar, San Luis Potosí, México.

Species Sex SVL (mm) Clutch size Reproductive period

J F M A M J J A S O N D

Anaxyrus cognatus F 69.5 12,026 ± 4879 (121–21,478, n=5) X X X
M 65.3

Anaxyrus debilis F 3.2 3277 ± 223 (2841–3,575, n=3) X X X
M 36.6

Anaxyrus punctatus F 59 5191.8 ± 10.61 (1947–12,070, n=12) X X X X X X X X
M 52

Incilius valliceps F 74.9 8726.3 ± 1638 (4399–19,440, n=8) X X X X X X X X
M 64.3

Dryophytes eximius F 28.6 870 ± 156 (431–1,563, n=3) X X X
M 29.4

Lithobates berlandieri F 61.6 2069 ± 141.5 (554–5,826, n=61) X X X X X X X X X X
M 53.6

Spea multiplicata F 53.8 2519 ± 482.2 (1269–3,754, n=5) X X X X X X X X X X
M 49.4

Kruskal Wallis (H=42.95, P < 0.0001)
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reproduction, behavior that has been noted by other authors
(Degenhardt et al., 1996; Torres-Cervantes, 2003; Wells, 2007). These
species have been considered to be opportunistic, because their re-
production can occur at any time of the year as long as there is a small
amount of precipitation or pools available for reproduction, because
sexually mature females and males are always available in these en-
vironments. This pattern is different in species such as D. eximius and
others with a short reproductive season (Table 3) because they can use
only a specific time of the year for reproduction (Kaplan and Ramírez-
Bautista, 1996). Most species from arid environments have explosive
reproduction, such as S. multiplicata and probably some or all of the
species of genus Anaxyrus, as well as D. eximius. These strategies enable
them to distribute their reproductive effort in time and space, ensuring
greater survival of populations of these species in any environment, but
especially in arid regions (Stearns, 1992).

5. Conclusion

We studied the morphology and reproductive activity of an assem-
blage of anuran amphibians in an arid environment in the southeastern
the Chihuahuan Desert Region. The species of this assemblage varied in
size, body mass, and other morphological characteristics. Three pat-
terns of body size (SVL) were found, enabling them to be classified as
small, medium and large-sized species. Also, in contrast to the general
pattern of sexual size dimorphism in anurans, where females are larger
than males, we found that in two species (A. cognatus and D. eximius)
female and males were similar in SVL, while in the other species, fe-
males were larger in SVL than males. A similar pattern was observed for
other morphological characteristics (HW, HL, FL, TL) in which females
of five species were larger than males, while in the other two species (A.
cognatus and D. eximius) the sexes were similar. Females and males are
synchronized in the timing of egg and sperm production in all seven
species. Five species exhibited short-term reproductive activity, and
two species showed continuous reproduction for a longer period of the
year. Most of the species studied are likely to be opportunistic breeders
in this arid environment.
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