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ABSTRACT
The study of demographic and life history aspects of an organism provides
valuable information for its conservation. Here, we analyze the phenology of the
Mountain Treefrog Hyla eximia (= Dryophytes eximius) in a temperate environment
of the Mexican Plateau. Females were larger in snout-vent length and body mass than
males. The peak period of activity occurred in the rainy season (May–September),
with amplexus and egg deposition occurring between June and July, and larval
development from July to August. A logistic model best explained observed male
growth patterns, while the Von Bertalanffy model better described female growth.
Notably, males grew faster than females, although females reached a larger
overall body size. The diet of this species is made up of 10 prey categories. The index
of diet importance indicated that males feed mainly on Coleoptera and Diptera,
while females feed on Coleoptera, Diptera, Hemiptera, and Aranea. Both females
and males showed a significant abundance of plant material in their stomachs,
suggesting that H. eximia might exhibit highly specialized feeding behavior.
Reproduction was seasonal, and both female and male reproductive cycles are
synchronized with the rainy season. These natural history characteristics provide
information to better understand their responses to environmental conditions.

Subjects Animal Behavior, Biodiversity, Ecology, Ecohydrology
Keywords Amphibian, Growth rate, Diet, Reproduction

INTRODUCTION
The geographic distribution of amphibians is closely related to their ecological,
morphological and physiological characteristics (Dayton & Fitzgerald, 2006), as well as
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environmental conditions (Guisan & Zimmermann, 2000). In anurans, local
environmental factors, such as temperature, precipitation, or humidity, directly influence
species life history (Wells, 2007). Adaptation by each anuran species gives rise to
diverse life history characteristics (e.g., reproduction, foraging, growing, survival); and a
diverse range of survival and reproductive strategies (Egea-Serrano, Oliva-Paterna &
Torralva, 2005; Crump, 2015). For example, in tropical and subtropical environments,
the reproductive period of many species of treefrogs (family Hylidae) occurs throughout
the year due to constant humidity and temperature conditions (Duellman & Trueb,
1986; Da Silva et al., 2012). Conversely, in arid or semi-arid environments, reproduction in
toads occurs only during the rainy season (Denver, Mirhadi & Phillips, 1998;
Boeing, Griffis-Kyle & Jungles, 2014).

In temperate high-elevation environments, the reproductive behaviors of anurans
are also related to the onset of rains and environmental temperature (Duellman & Trueb,
1986; Vitt & Caldwell, 2013; Crump, 2015). For example, the spadefoot toad Spea
hammondii, which inhabits arid environments of western North America, amplexus
and egg deposition are synchronized with the first rains of the year (Duellman &
Trueb, 1986; Denver, Mirhadi & Phillips, 1998). Similarly, in hylids from mountainous
regions of Mexico, such as Hyla plicata or H. euphorbiacea, reproductive activity
(such as mating calls and amplexus) occurs with the arrival of the rains, and egg laying
and larval development continue until the end of this season (Luría-Manzano &
Gutiérrez-Mayén, 2014; Lemos-Espinal et al., 2016). This indicates that physiologically
and morphologically these species are adapted to the environments they inhabit;
however, depending on the quality and quantity of available resources, the growth
rates (GRs) of organisms may differ between sexes or populations (Schoener, 1974;
Ricklefs & Schluter, 1993; Pleguezuelos, 1997; Ramírez-Bautista, Hernández-Salinas &
Zamora-Abrego, 2016). This pattern has been observed in anuran species from
tropical environments (Haddad & Prado, 2005; Crump, 2015) and temperate montane
habitats (Luría-Manzano & Gutiérrez-Mayén, 2014; Cruz-Ruiz et al., 2015;
Lemos-Espinal et al., 2016).

Having complex life cycles, frogs show evidence of strong influence of environmental
factors on their species phenology, as well as the development of larvae, juveniles, and
adults (Haddad & Sawaya, 2000). In Mexico, hylids inhabiting high mountains occur
mainly in the center of the country (Faivovich et al., 2005). However, very little is known
regarding the phenology, ecology, or behavior of such species from these environments
(Duellman, 2001; Cruz-Ruiz et al., 2015; Lemos-Espinal et al., 2016), limiting our
understanding of their population dynamics. This study addresses that deficiency by
examining the life history characteristics of the Mountain Treefrog H. eximia, in turn
providing the basis for future hypothesis-based approaches. The specific goals of this study
were the following: (i) to determine if there is sexual dimorphism in a study population of
H. eximia from Hidalgo, Mexico, (ii) to characterize the reproductive period of this
population, identified by the production of mating calls, amplexus, egg laying, and larval
development, and (iii) to assess the feeding habits and GRs of males and females of
H. eximia.
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METHODS
Study species
Hyla eximia (= Dryophytes eximius) is a small species (Fig. 1), with an adult snout-vent
length (SVL) of 36.2 mm, endemic to temperate montane environments of central
Mexico at elevations at 900–2,900 m asl (Duellman, 2001). Recent work argued for the
placement of this taxon within the genus Dryophytes (Duellman, Marion & Hedges, 2016);
here, we retain the use of the genus Hyla for the study species, while acknowledging
that its taxonomic status at the generic level is not yet resolved.

Study area and field work
This study was carried out from May 21 to September 24, 2013 at the Ecotourism Reserve
Rancho Santa Elena, municipality of Huasca de Ocampo (20.1381 N,-98.5039W; WGS84),
Hidalgo, Mexico. This site is located at an elevation of 2,400 m asl; mean
annual precipitation is 543.3 mm, mean annual temperature is 14.8 �C (García, 1988), and
the dominant vegetation type is pine forest (INEGI, 1992).

Field work consisted of five sampling periods of 3 days each during the rainy season
(May–September). Sampling was conducted from 19:00 to 23:00 h coinciding with
activity of adult individuals, within a transect 500 m long by 10 m wide where frogs were
collected. To track frogs during the breeding season, we used the capture-mark-recapture
method, marking subjects by toe-clipping (Campbell et al., 2009). In this study, a total
of 128 adult individuals were captured (113 males and 15 females); of these, 30 males and
13 females were recaptured at least once, for a total of 62 recapture events overall.
Immediately following capture, the body temperature of each frog, and microhabitat
temperatures of capture sites, were collected with a quick reading Miller &Weber mercury
cloacal thermometer (scale 0–50 �C). Additional morphological (SVL, body mass) and
categorical data (sex, microhabitat, collecting time) were also collected in the field;
afterward, marked frogs were released at their sites of capture.

During these same sampling periods, we also collected 15 adult males and 15 adult
females in order to describe the reproductive condition of males (size and volume of testis)
and females (size and weight of clutch), as well as feeding habits. Frogs were
humanely sacrificed with an overdose of pentobarbital (0.1 ml) and subsequently fixed
with 10% formalin (Casas-Andreu, Valenzuela-López & Ramírez-Bautista, 1991). Field
work was conducted according to the Guidelines for the Care and Use of Lower
Vertebrates (2004), and the national Mexican laws CT-CERN-001-91 (Diario Oficial de la
Federación, 1991) and NOM-PA-CRN-001/93 (Diario Oficial de la Federación, 1993).
Specimens were collected 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.

Data analysis
To characterize sexual dimorphism, we measured the following characteristics: SVL
(± 0.1 mm), head length (HL; ± 0.01 mm), head width (HW; ± 0.01 mm), arm length
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(AL; ± 0.01 mm), forearm length (FL; ± 0.01 mm), femur length (FEL; ± 0.01 mm),
and tibia length (TL; ± 0.01 mm). All distance measures were taken with a digital caliper,
and body mass was measured with a Pesola balance (5 and 10 g). We used averages of
SVL and other morphological variables (HL, HW, AL, FL, FEL, and TL) of adults to
calculate the sexual size dimorphism index (SSDi; Lovich & Gibbons, 1992) according
to the equation: SSDi = (SVL of the larger sex/SVL of the smaller sex)–1. This value is
positive if females were larger, and negative if males were larger (Lovich & Gibbons, 1992).
For data on population phenology of H. eximia, we defined the period of reproductive
activity (day and month) to be the time from the start to the end of calling in males.
This period included observations of amplexus, egg deposition, presence of larval stages,
and emergence of juveniles (Paton, Stevens & Longo, 2000). To assess reproductive
condition, preserved frogs were dissected, and eggs or testes examined. For females, we
recorded clutch size and mass (± 0.0001 g; Adam digital balance). To assess clutch sizes,
eggs were placed in a petri dish and a stereoscopic microscope used to count the eggs
(Hernández-Austria, Lara-Tufiño & Ramírez-Bautista, 2015). For males, we recorded
testes mass (± 0.0001 g) and volume. Testis volume was determined using the formula of
an ellipsoid, V = (4/3) π a2b, where a is half the shortest diameter and b is half the longest
diameter (Dunham, 1978).

To evaluate the diet of females and males, stomach contents were removed and
poured into a petri dish lined with millimeter-ruled graph paper. All insects (complete and
semi-digested) found in each stomach were identified to order (Triplehorn & Johnson,
2005). Representatives of Hymenoptera were also divided into two groups, formicids
and non-formicids (Luría-Manzano & Ramírez-Bautista, 2017). In addition, we counted
the number of items of plant material (such as leaves, seeds, and fruits) as well as
inorganic material (sand grains) found in each stomach. The length and width of each prey

Figure 1 Hyla eximia from Rancho Santa Elena. Adult femaleHyla eximia from Rancho Santa Elena in
the municipality of Huasca de Ocampo, Hidalgo, Mexico. Photograph taken by Uriel Hernández-Salinas.

Full-size DOI: 10.7717/peerj.5897/fig-1
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item were measured to obtain prey volume (Dunham, 1978; Luría-Manzano &
Ramírez-Bautista, 2017). For each prey category, we calculated the abundance and
frequency of occurrence (Luría-Manzano & Ramírez-Bautista, 2017).

Diet data were analyzed according to the importance index (I) using the formula of
Biavati, Wiederhecker & Colli (2004), I = (N% + F% + V%)/3; where N% represents
the numerical percentage (abundance), F% is the percentage of occurrence (frequency) and
V% is the volumetric percentage. In addition, accounting for the types of prey consumed
by each sex, the degree of food overlap was obtained through the Pianka index (Ojk;
Pianka, 1973). The formula is represented as: Ojk = Sn

i = 1 Pij Pik/√ Sn
i = 1Pij

2 Sn
i = 1 Pij

2 ;
where Pij and Pik are the proportions of abundance in the use of resource i, by the
species j and k, which in this case are the sexes. This index ranges from 0 (when the
resource use between the sexes is completely different) to 1 (when resource use is
identical).

Capture and recapture data were used to assess the GRs of females and males of
H. eximia (Ramírez-Bautista, 1995). GRs was determined as the difference between
the second (SVL2) and first (SVL1) body lengths recorded, divided by the number of days
between captures. Using non-linear regression techniques, we fit three different growth
models (Von Bertalanffy, logistic-by-length, and logistic-by-weight; Dunham, 1978;
Schoener & Schoener, 1978; Zamora-Abrego, Zúñiga-Vega & Ortega-León, 2012) to our
data that relate GRs to body length (mean SVL between captures).

Growth rates were estimated for those individuals that were recaptured between 10 and
100 days after their previous captures, which prevented overestimating the growth values
of each individual and sex (Zamora-Abrego, Zúñiga-Vega & Ortega-León, 2012).
The choice of the best model was based on which represented the best fit for the GRs for
each sex, chosen by the lowest values of the mean square residual and the highest
coefficient of determination or correlation (R2: Dunham, 1978; Schoener & Schoener,
1978). We performed Spearman’s correlations (Zar, 2014) using environmental
temperature and temperature of the microhabitat against the residuals of the GRs of
both sexes to test whether one or both environmental factors influenced the growth of
males and females. The residuals used in this correlation were obtained from the growth
model (e.g., logistic-by-length) that showed the best fit for both sexes.

We used parametric tests when data met corresponding conditions for normality
and homogeneity of variances (Levene’s test; Zar, 2014); otherwise, we used
non-parametric tests. To test for differences in morphological variables between the sexes,
we used non-parametric Mann–Whitney U-tests. We used regression analysis to test
the relationship of HL, HW, AL, FL, FML, and TL with respect to SVL for each sex;
We then used analysis of covariance (ANCOVA) to test for differences between sexes of
the slopes of said regressions that represent the increase of the variables respect to SVL.
We used Student’s t-tests to test for differences in body and microhabitat temperature
between the sexes (Zar, 2014). Tests of analysis of variance (ANOVA) were used to assess
differences of body mass and gonadal volume of males and females, as well as clutch
size and egg mass across among months. All statistical analyzes were performed with
Statistica version 7.0 (StatSoft, Inc., Tulsa, OK, USA), while the calculation of the Pianka
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index was performed using Ecological Methodology version 6.1.1 (Krebs, 2013). All means
are reported ±standard error.

RESULTS
Sexual dimorphism
Males were smaller than females in SVL (males: 29.9 ± 0.39 mm; range = 26.9–32.7 mm,
n = 113; females: 33.5 ± 0.49 mm, range = 29.0–37.5 mm, n = 15; Mann–Whitney
U-test = -4.656, P = 0.003) and body mass (males: 2.5 ± 0.39 g, range = 1.4–3.5 g; females:
3.4 ± 0.74 g, range = 2.0–4.4 g; Mann–WhitneyU-test = -4.676, P = 0.001; Table 1). Similar
patterns were recorded for other morphological variables using the index of sexual
dimorphism, indicating that females showed larger morphological proportions (Table 1).
The ANCOVAs indicated that increases in HL, HW, AL, FL, and FML were related to
increases in SVL, and that these increases were significantly higher in females than
in males (Tables 1 and 2). The slopes for TL were not different between sexes, although
females exhibited higher overall TL than males (Table 2).

Phenology
From May to June (rainy season) we recorded adults producing mating calls and
females depositing clutches, as well as juveniles and various larval stages (Fig. 2).
Males called from May to September, whereas in June and July we observed pairs in
amplexus in the vegetation at the edge of the water. The first egg clutches appeared in June
and the last clutches were observed at the end of September (Fig. 2).

Larval development occurred between July and August, and during this time we
observed a large number of tadpoles in different stages (Fig. 2). Mean clutch size was
851.1 ± 106.93 eggs (range = 508–1,476 eggs; n = 11), which differed among months
(ANOVA, F2,9 = 14.54, P = 0.003). Mean clutch mass was 0.79 ± 0.14 g (range = 0.11–1.44
g; n = 11) and also differed among months (F2,9 = 6.41, P = 0.02; Figs. 3A and 3B).
Testes mass was 0.039 ± 0.023 g (range = 0.06–0.12 g; n = 15), and did not differ among
months (ANOVA, F4,10 = 1.93, P = 0.18). However, testes volume was 20.11 ± 6.33 mm

Table 1 Comparison of morphological variables between males and females of Hyla eximia.

Variables Males Females SSDi t P

SVL 29.7 ± 1.56 (26.2–33.7) 32.5 ± 1.76 (29.9–35.1) 1.09 6.37 <0.0001

HL 9.93 ± 0.67 (8.8–11.6) 10.4 ± 0.95 (8.8–12.8) 1.04 2.52 0.013

HW 9.99 ± 0.68 (8.9–12.0) 10.9 ± 0.65 (9.9–12.1) 1.09 4.72 <0.0001

AL 6.63 ± 0.68 (4.9–7.9) 7.14 ± 0.41 (6.4–8.0) 1.07 2.82 0.005

FL 6.60 ± 0.65 (5.1–7.9) 7.02 ± 0.31 (6.5–7.7) 1.06 2.42 0.016

FML 15.34 ± 0.76 (14.0–17.4) 16.20 ± 1.16 (14.0–18.0) 1.05 3.84 0.0002

TL 15.59 ± 0.94 (13.5–17.9) 16.95 ± 1.13 (15.5–19.0) 1.08 5.1 <0.0001

BM 2.5 ± 0.39 (1.4–3.5) 3.4 ± 0.74 (2.0–4.4) 8.11 <0.0001

Notes:
Comparison of morphological variables between males (n = 113) and females (n = 15) of Hyla eximia.
Means for each variable reported ± standard error; values in parentheses show variable ranges. SVL, snout-vent length;
HL, head length; HW, head width; AL, arm length; FL, forearm length; FML, femur length; TL, tibia length; BM, body
mass; SSDi, Sexual size dimorphism index.
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(range = 0.038–0.098 mm3), and showed differences among months (F4,10 = 8.05,
P = 0.003; Figs. 3C and 3D).

Adult females of H. eximia used microhabitats (perches) with higher air temperatures
(19.5 ± 1.89 �C, range = 15.0–22.0 �C) than those used by males (17.3 ± 2.47 �C,
range = 12.0–22.0 �C; t = 2.41, P = 0.04); however, no differences were found in
body temperature between sexes (males: 19.9 ± 3.12 �C, range = 16.0–25.0 �C; females:
21.0 ± 2.55 �C, range = 17.0–25.0 �C; t = 1.11, P = 0.09).

Diet
We analyzed the stomach contents of 30 adult frogs, and recorded a total of 134 prey,
representing 10 categories distributed among Araneae and Insecta (Table 3), as well as

Table 2 Regression statistics and comparison of slopes regression of the relationships between
morphological variables of males and females of Hyla eximia.

ANCOVA (comparison of slopes)

Variables Sex R2 F df Slope Intercept F df P

HL F 0.69 29.53 1,14 0.45 -4.29 4.91 1,124 0.028

M 0.33 56.37 1,112 0.25 2.44

HW F 0.68 28.31 1,14 0.33 0.95 0.11 1,124 0.021

M 0.46 96.43 1,112 0.29 1.17

AL F 0.54 13.06 1,14 0.31 1.76 3.47 1,124 0.046

M 0.51 119.62 1,112 0.16 -2.75
FL F 0.44 10.35 1,14 0.31 3.13 7.25 1,124 0.008

M 0.57 149.35 1,112 0.12 -2.85
FML F 0.67 27.25 1,14 0.54 -1.41 8.68 1,124 0.003

M 0.23 33.26 1,112 0.23 8.39

TL F 0.71 32.03 1,14 0.54 -0.71 0.82 1,124 0.366

M 0.56 142.17 1,112 0.45 2.12

Notes:
Regression statistics and comparison of slopes of regression of the relationship between morphological morphological
variables of males (M) and females (F) of Hyla eximia. HL, head length; HW, head width; AL, arm length; FL, forearm
length; FML, femur length; TL, tibia length.

Figure 2 Phenological phases of Hyla eximia. Phenological phases observed during the sampling period
(May–September 2013) for Hyla eximia. Full-size DOI: 10.7717/peerj.5897/fig-2
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Figure 3 Monthly variation in size and weight of egg clutches of Hyla eximia. Monthly variation in
size (A) and weight of egg clutches (B) in females, and in the volume (C) and weight (D) of testes of males
in Hyla eximia (mean ± SE). Full-size DOI: 10.7717/peerj.5897/fig-3

Table 3 Composition of the diet of adult males and females ofHyla eximia during the rain season at
Rancho Santa Elena.

Males Females

Prey category IA Ab Vol IA Ab Vol

Araneae 2 9 21.18 15.7 12 246.89

Coleoptera 20 13 1448.34 25.5 19 1630.30

Hymenoptera

Formicidae 3.3 6 9.60 4.6 9 14.00

Non-Formicidae 1.5 4 109.93

Lepidoptera 0.7 2 6.13 9.3 4 262.72

Orthoptera 6 5 29.29

Diptera 6.2 12 60.95 21.2 15 183.62

Hemiptera 2.6 6 79.45 17.2 6 2625.72

Odonata 7.5 8 67.10

Siphonoptera 3.2 4 8.30

Plant material 12 19 1083.93 9 17 18.83
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plant matter. Males consumed 52 prey items, whereas females consumed 82 prey items,
corresponding to seven and nine prey orders, respectively, without considering the
plant matter (Table 3). Prey items that were most abundant in the diet of males were
Coleoptera (26%) and Diptera (17%; Table 3), whereas for females the most abundant prey
items were Coleoptera (25%), Diptera (20%), and Araneae (13.5%; Table 3). The prey
items of highest volume consumed by males were coleopterans, and for females were
hemipterans, coleopterans, and lepidopterans. According to the importance index,
the most important prey for males were Coleoptera (I = 20.0) and Diptera (I = 6.2), and
for females were Coleoptera (I = 25.5), Diptera (I = 21.2), Hemiptera (I = 17.2), and
Araneae (I = 15.7; Table 3). The index of overlap was 67%, which indicates a similar diet
between the sexes (Ojk males = 0.425; females = 0.498).

Growth
The GR for males and females corresponded to predictions from the logistic-by-weight
and Von Bertalanffy models, respectively (Fig. 4; Table 4). In males, the selected
model showed a higher value (r ± EE: 0.025 ± 0.008/day) than the selected model for
females (r ± EE: 0.013 ± 0.004/day). Conversely, the value of the asymptotic growth
parameter in males was lower (A1 ± EE: 32.76 ± 1.21) than that for females (A1 ± EE:
37.33 ± 1.42; Table 4), indicating that females reach larger body sizes (SVL) than males.
Residuals of GR for females showed no relationship with environmental temperature
(r = 0.24, P = 0.42) or temperature of microhabitat (r = 0.35, P = 0.24); in contrast, for males,
both of these factors were negatively correlated with GR (environmental temperature:
r = -0.39, P = 0.029; microhabitat temperature: r = -0.38, P = 0.038, respectively).

DISCUSSION
Sexual dimorphism
Sexual dimorphism in anurans has been found in many morphological characteristics,
such as body size (SVL), body shape, and color pattern (Hoffman & Blouin, 2000).

Figure 4 Observed growth rates based on body size in females and males of Hyla eximia. Observed
growth rates (�) based on body size in females (A) and males (B) of Hyla eximia. The lines represent the
expected relationship between the growth rates and the sizes of both sexes according to the Von Ber-
talanffy model (solid line), logistic-by-length model (broken line) and logistic-by-weight model (dotted
line). Full-size DOI: 10.7717/peerj.5897/fig-4
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In anuran species, sexual dimorphism of body size is female-biased, which is related to
female fecundity (Salthe & Macham, 1974;Wells, 2007; Nali et al., 2014). A similar pattern
was found in this population of H. eximia; females were larger in SVL and in other
analyzed morphological characteristics. This pattern is similar to previous reports of
congeners H. euphorbiacea (Luría-Manzano & Gutiérrez-Mayén, 2014), H. chrysoscelis
(Ritke, Babb & Ritke, 1990), and H. japonica (Hirai & Matsui, 2000). This information is
supported by the results of the SSD analysis in this study, which indicate that females
exhibited larger morphological structures than males. Notably, body sizes in this study
were larger than those reported for other populations of the same species (Cruz-Ruiz et al.,
2015). Female-biased sexual dimorphism in H. eximia from our study population
could be explained not only in terms of fecundity, but also GRs; the GRs of females is
slower than that of males, allowing them to reach sexual maturity at a larger size.
Alternatively, males should exhibit a high rate of growth to reach sexual maturity
(at smaller SVL) before females to effectively compete with other males for access to calling
sites, and so maximize their number of matings (Wells, 2007; Lode & Le Jaques, 2003).
ANCOVAs showed that the increase in HL, HW, AL, FL, and FML with respect to
SVL was greater in females than males. This result is consistent with the data obtained
in an important study by Nali et al. (2014); they analyzed 616 species of frogs and found
that the body dimensions of the females were significantly greater than that of the males,
which in turn was related to fecundity (clutch size). According to Nali et al. (2014),
size-dependent selection in females associated with fecundity and breeding patterns is
an important mechanism driving SSD evolution in frogs.

Phenology
Males emerged at the beginning of the first rain of the year (May), and both male
calling and amplexus occurred in June and July during the rainy period (INEGI, 1992;
Pavón & Meza-Sánchez, 2009). Calling behavior extended from June to September,
a period in which we detected amplexus, egg laying, and larvae in various developmental
stages (Duellman, 2001; Berns, 2013). This pattern suggests that females of H. eximia

Table 4 Estimated parameters for males and females of Hyla eximia.

Models MSR R2 A1 r

Males (30)

Von Bertalanffy 0.090 0.35 33.89 ± 2.22 0.015 ± 0.007

Logistic-by-length 0.089 0.36 33.16 ± 1.54 0.020 ± 0.008

Logistic-by-weight 0.089 0.37 32.76 ± 1.21 0.025 ± 0.008

Females (13)

Von Bertalanffy 0.003 0.66 37.33 ± 1.42 0.013 ± 0.004

Logistic-by-length 0.007 0.65 37.04 ± 1.18 0.016 ± 0.004

Logistic-by-weight 0.007 0.64 36.8 ± 1.01 0.19 ± 0.004

Notes:
Estimated parameters for males and females of Hyla eximia obtained from tree models of body growth. Value in
parentheses corresponds to the number of recaptured specimens of each sex. Means presented ± standard error.
MSR, mean square residual; R2, coefficient of determination; r, characteristic growth parameter; A1, asymptotic body size.
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from this population may have more than one egg clutch during the reproductive season
(Duellman, 2001).

The mean clutch size of this population (851.1 ± 106.9 eggs) was lower than that
reported for H. cinerea (1,214 ± 528 eggs, n = 51; Gunzburger, 2006), but was similar
to that of H. gratiosa (867 ± 331 eggs, n = 11; Gunzburger & Travis, 2007), and higher
than that reported for H. euphorbiacea (774 ± 105 eggs, n = 12; Luría-Manzano &
Gutiérrez-Mayén, 2014). Similarities in clutch size could be related to phylogenetic
history (Haddad & Sawaya, 2000; Gómez-Mestre, Pyron & Wiens, 2012; Crump, 2015),
but may also reflect similar responses to local environmental factors, such as
precipitation, humidity, photoperiod, and/or solar radiation (Cruz-Ruiz et al., 2015;
Lemos-Espinal et al., 2016).

On the other hand, male reproductive activity inferred from weight and testes
volume has been very little studied in the genus Hyla, and mainly in H. eximia (Cruz-Ruiz
et al., 2015). Luría-Manzano & Gutiérrez-Mayén (2014) reported a higher testicular
volume for male H. euphorbiacea (105 ± 97.2 mm) than we found in males of our
study population of H. eximia (20.11 ± 6.33 mm). This difference may be related to be
the larger body size (SVL) of males in the former species as compared to H. eximia.
The reproductive activity of male H. eximia is reflected in the variation of testis weight
and volume among months, as the increase in these variables was related to the onset of the
first rains (May–June), reaching peak values in June and decreasing from August to
September. This pattern may be related not only to the environment but might reveal
an underlying phylogenetic effect (Gómez-Mestre, Pyron & Wiens, 2012; Crump, 2015), as
it is similar to that of other species of the genus, such asH. arenicolor (Woolrich-Piña et al.,
2011), H. euphorbiacea (Luría-Manzano & Gutiérrez-Mayén, 2014), and H. plicata
(Lemos-Espinal et al., 2016).

Larval development occurred during the period of highest precipitation (July and
September), similar pattern to of H. plicata (Lemos-Espinal et al., 2016), but different from
that of H. arenicolor (Davis & Smith, 1953) and Exerodonta xera (January–November;
Canseco-Márquez, Gutiérrez-Mayén &Mendelson, 2003). In these latter species, the period
of reproductive activity is longer (January–October), and therefore, the period of larval
development is longer (i.e., more variation in the number of development stages observed
at any single point in the reproductive season).

Growth rate
The logistic-by-weight model best described the GRs of males, whereas the Von
Bertalanffy model best described growth in females. Thus, GRs analysis showed that males
grew and reached a body size associated with sexual maturity faster than females but
attained a smaller overall body size than females. This pattern has been found in other
species of the genus Hyla in general (Shine, 1979), including species in the eximia group
specifically (Ritke, Babb & Ritke, 1990; Hirai & Matsui, 2000).

Correlations between the residuals of GRs and environmental and microhabitat
temperature of adult female H. eximia were not significant; however, as tadpoles,
their growth might depend on water temperature and availability of aquatic food
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(freshwater algae; Dmitriew, 2011). McMillen & Robinson (2005) pointed out that
accelerated growth in tadpoles is a strategy to avoid predation, which gradually decreases
until they become subadults or adults. However, quality and quantity of food could
significantly influence the growth of adult female H. eximia, as occurs in other groups of
vertebrates such as lizards (Stamps & Tanaka, 1981; Dmitriew, 2011). We observed a
negative and significant relationship among residuals of the GRs with both environmental
and microhabitat temperature in males. This pattern was similar to those reported for
males of the European frog Pelophylax lessonae (Orizaola & Laurila, 2015). According
to Orizaola & Laurila (2015), this relationship reflects accelerated growth in the first phase
of the transition of metamorphosis (larval to juveniles), followed by a reduction in GRs
when individuals reach adulthood and prepare to reproduce, thus representing trade-offs
between reproduction and growth (Stearns, 1992; Dmitriew, 2011).

Diet
Males consumed fewer prey than females; this might reflect the fact that males are
smaller in body size, and therefore their stomachs as well. This pattern is similar to
that of other members of the genus, such as H. euphorbiacea (Luría-Manzano &
Gutiérrez-Mayén, 2014), as well as other anuran species (Paton, Stevens & Longo, 2000).
Another possible explanation for the number of prey eaten by males is related to
reproductive behavior (Wells, 2007); during the reproductive season, males invest more
time and energy in looking for optimal sites to call and amplexus mates (Duellman &
Trueb, 1986; Luría-Manzano & Gutiérrez-Mayén, 2014) than to forage, and a similar
pattern has been observed in H. cinerea (Leavitt & Fitzgerald, 2009).

Differences in the reproductive behavior and body size of males and females are related
to the type and number of consumed prey in each sex (Cogalniceanu, Palmer & Ciubuc,
2000; Luría-Manzano & Ramírez-Bautista, 2017), and each sex is therefore able to adopt
different strategies for foraging (Toft, 1980). Males of H. eximia exhibit sit-and-wait
foraging (Wells, 2007), whereas females could potentially continue to feed when moving
during amplexus or searching for egg laying sites (Wells, 2007; Luría-Manzano &
Gutiérrez-Mayén, 2014). These behaviors permit a different diet composition between the
sexes, such as occurs in other anuran species (Toft, 1980; Parmelee, 1999; Leavitt &
Fitzgerald, 2009; Luría-Manzano & Gutiérrez-Mayén, 2014).

Despite recording a greater number of categories of prey consumed by females (nine)
than in males (seven), the Coleoptera and Diptera were the most important prey items to
both sexes, both in abundance and in volume. Likewise, plant material consumed by females
and males was high, suggesting this type of food is an intentional part of the diet of
individuals of this population, and not simply an inadvertent by-product of predation. Plant
material consumed by anurans has been reported in other frogs, such as Incilius valliceps
(Gelover, Altamirano & Soriano, 2001) and Lithobates vaillanti (Ramírez-Bautista & Lemos-
Espinal, 2004). Interpretations for an intentional consumption of plant matter include that
this type of diet acts as an important source of water, as well as facilitates the elimination of
intestinal parasites, or helps with the fermentation of food (Anderson, Haukos & Anderson,
1999; Mendoza-Estrada, Lara-López & Castro-Franco, 2008).
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The dominance of a small number of prey categories in the diet of both sexes may
indicate similar preferences in the use of resources available in the environment (Leavitt &
Fitzgerald, 2009), but the different prey types consumed by females generates low
values of dietary overlap. Consequently, to better evaluate the feeding niches of each
sex it will be necessary to carry out studies that assess the use and availability of food
resources in the environment, as well as dimensions of home range of individual frogs
(Cruz-Ruiz et al., 2015; Luría-Manzano & Ramírez-Bautista, 2017).

CONCLUSION
Our results provide important advances in the knowledge of the ecology of this species.
This study revealed differences in GRs as compared to other populations of the same
species (Cruz-Ruiz et al., 2015). In addition, data on life history, such as clutch size, growth,
phenology, and diet, help describe the behavior and natural history of this population
of H. eximia, in turn serving as a good model for other studies in different populations of
this species and others.

ACKNOWLEDGEMENTS
We thank Francisco Leyto, Itzel Magno Benitez, Raquel Hernandez Austria for their
logistic help in the field, and Cecilia Chavez Peón for support provided at the Ecotourism
Reserve Rancho Santa Elena. Finally, we also thank two reviewers who reviewed and
improved our work substantially.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Project FOMIX-CONACyT HIDALGO 191908,
“Diversidad Biológica del Estado de Hidalgo” (tercera fase). The funders had no role in
study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
The Project FOMIX-CONACyT HIDALGO 191908, “Diversidad Biológica del Estado de
Hidalgo” (tercera fase).

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Uriel Hernández-Salinas designed the field work, performed the data analysis and
writing of the manuscript, prepared figures and/or tables, and approved the final draft.

� Aurelio Ramírez-Bautista contributed to the data analysis, drafted and revised drafts of
the document, and approved the final draft.

Hernández-Salinas et al. (2018), PeerJ, DOI 10.7717/peerj.5897 13/18

http://dx.doi.org/10.7717/peerj.5897
https://peerj.com/


� Barry P. Stephenson contributed to the development of statistical tests, revised drafts of
the paper and approved the final draft.

� Raciel Cruz-Elizalde provided the idea for the study, prepared figures and/or tables, and
helped with field work, and approved the final draft.

� Christian Berriozabal-Islas analyzed the data, prepared figures and/or tables, and helped
with field work, and approved the final draft.

� Carlos Jesús Balderas-Valdivia analyzed the data, and prepared figures and/or tables, and
approved the final draft.

Field Study Permissions
The following information was supplied relating to field study approvals (i.e., approving
body and any reference numbers):

Field work was conducted according to the Guidelines for the Care and Use of Lower
Vertebrates (2004), and the national Mexican laws CT-CERN-001-91 (DOF, 1991) and
NOM-PA-CRN-001/93 (DOF, 1993). Specimens were collected under scientific permit
SGPA/DGVS/01902/11 provided by SEMARNAT.

Data Availability
The following information was supplied regarding data availability:

The raw data are available as Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.5897#supplemental-information.

REFERENCES
Anderson AM, Haukos DA, Anderson JT. 1999. Diet composition of three anurans from the

playa wetlands of northwest Texas. Copeia 1999(2):515–520 DOI 10.2307/1447502.

Berns CM. 2013. The evolution of sexual dimorphism: understanding mechanisms of sexual shape
differences. In: Moriyama H, ed. Sexual Dimorphism. London: InTech Open, 1–16.

Biavati GM, Wiederhecker HC, Colli GR. 2004. Diet of Epipedobates flavopictus
(Anura: Dendrobatidae) in a neotropical savanna. Journal of Herpetology 38(4):510–518
DOI 10.1670/30-04A.

Boeing WJ, Griffis-Kyle KL, Jungles JM. 2014. Anuran habitat associations in the northern
Chihuahuan Desert, USA. Journal of Herpetology 48(1):103–110 DOI 10.1670/12-184.

Campbell TS, Irvin P, Campbell KR, Hoffmann K, Dykes ME, Harding AJ, Johnson SA. 2009.
Evaluation of a new technique for marking anurans. Applied Herpetology 6(3):247–256
DOI 10.1163/157075409X420042.

Canseco-Márquez L, Gutiérrez-Mayén G, Mendelson JR III. 2003. Distribution and natural
history of the hylid frog Hyla xera in the Tehuacan-Cuicatlan Valley, Mexico, with a description
of the tadpole. Southwestern Naturalist 48(4):670–675
DOI 10.1894/0038-4909(2003)048<0670:DANHOT>2.0.CO;2.

Casas-Andreu G, Valenzuela-López G, Ramírez-Bautista A. 1991. Cómo hacer una colección
de anfibios y reptiles. Cuadernos del Instituto de Biología. México: UNAM, 68.

Hernández-Salinas et al. (2018), PeerJ, DOI 10.7717/peerj.5897 14/18

http://dx.doi.org/10.7717/peerj.5897#supplemental-information
http://dx.doi.org/10.7717/peerj.5897#supplemental-information
http://dx.doi.org/10.7717/peerj.5897#supplemental-information
http://dx.doi.org/10.2307/1447502
http://dx.doi.org/10.1670/30-04A
http://dx.doi.org/10.1670/12-184
http://dx.doi.org/10.1163/157075409X420042
http://dx.doi.org/10.1894/0038-4909(2003)048%3C0670:DANHOT%3E2.0.CO;2
http://dx.doi.org/10.7717/peerj.5897
https://peerj.com/


Cogalniceanu D, Palmer MW, Ciubuc C. 2000. Feeding in anuran communities on islands in the
Danube floodplain. Amphibia-Reptilia 22(1):1–19 DOI 10.1163/156853801750096141.

Crump ML. 2015. Anuran reproductive modes: evolving perspectives. Journal of Herpetology
49(1):1–16 DOI 10.1670/14-097.

Cruz-Ruiz G, Venegas-Barrera CS, Sanchez-Sanchez H, Manjarrez J. 2015. Temporal stability of
an endemic Mexican treefrog. PeerJ 3:e1274 DOI 10.7717/peerj.1274.

Da Silva FR, Almeida-Neto M, Do Prado VHM, Haddad CFV, Rossa-Feres DC. 2012.
Humidity levels drive reproductive modes and phylogenetic diversity of amphibians in the
Brazilian Atlantic forest. Journal of Biogeography 39(9):1720–1732
DOI 10.1111/j.1365-2699.2012.02726.x.

Davis WB, Smith HM. 1953. Amphibians of the Mexican state of Morelos.Herpetologica 8:144–149.

Dayton GH, Fitzgerald LA. 2006. Habitat suitability models for desert amphibians. Biological
Conservation 132:40–49.

Denver RJ, Mirhadi N, Phillips M. 1998. Adaptive plasticity in amphibian metamorphosis:
responses of Scaphiopus hammondii tadpoles to habitat desiccation. Ecology 79(6):1859–1872
DOI 10.2307/176694.

Diario Oficial de la Federación. 1991. Acuerdo por el que se establecen los criterios
ecológicos CT-CERN-001-91 que determinan las especies raras, amenazadas,
en peligro de extinción o sujetas a protección especial y sus endemismos,
de la flora y la fauna terrestres y acuáticas en la República Mexicana. Available at
http://www.dof.gob.mx/nota_detalle.php?codigo=4720453&fecha=17/05/1991.

Diario Oficial de la Federación. 1993. Proyecto de Norma Oficial Mexicana NOM-PA-
CRN-001/93, que determina las especies de flora y fauna silvestres terrestres y acuáticas,
raras, endémicas, amenazadas, en peligro de extinción y las sujetas a protección especial.
Available at http://dof.gob.mx/nota_detalle.php?codigo=4765974&fecha=02/08/1993.

Dmitriew CM. 2011. The evolution of growth trajectories: what limits growth rate?
Biological Reviews 86(1):97–116 DOI 10.1111/j.1469-185X.2010.00136.x.

Duellman WE. 2001. The Hylid Frogs of Middle America. Contributions to Herpetology. Vol. 1.
Ithaca: Society for the Study of Amphibians and Reptiles.

Duellman WE, Marion AB, Hedges SB. 2016. Phylogenetics, classification, and biogeography
of the treefrogs (Amphibia: Anura: Arboranae). Zootaxa 4104(1):1–109
DOI 10.11646/zootaxa.4104.1.1.

Duellman WE, Trueb L. 1986. Biology of amphibians. New York: McGraw-Hill, 670.

Dunham AE. 1978. Food availability as a proximate factor influencing individual growth rates
in the iguanid lizard Sceloporus merriami. Ecology 59(4):770–778 DOI 10.2307/1938781.

Egea-Serrano A, Oliva-Paterna FJ, Torralva M. 2005. Fenología reproductiva de la comunidad de
anfibios del Noroeste de la Región de Murcia (SE Península Ibérica). Zoologica Baetica 16:59–72.

Faivovich J, Haddad CF, Garcia PC, Frost DR, Campbell JA, Wheeler WC. 2005. Systematic
review of the frog family Hylidae, with special reference to Hylinae: phylogenetic analysis and
taxonomic revision. Bulletin of the American Museum of Natural History 294(1):1–240
DOI 10.1206/0003-0090(2005)294[0001:SROTFF]2.0.CO;2.

García E. 1988. Modificaciones al sistema de clasificación climática de Köppen. Ciudad de México:
Offset Larios, 177.

Gelover A, Altamirano T, Soriano M. 2001. Hábitos alimenticios de Bufo valliceps bajo distintas
condiciones; con aportación al conocimiento de la ecología alimenticia de Bufo marinus y
Bufo marmoreus. Revista de Zoología 12:28–32.

Hernández-Salinas et al. (2018), PeerJ, DOI 10.7717/peerj.5897 15/18

http://dx.doi.org/10.1163/156853801750096141
http://dx.doi.org/10.1670/14-097
http://dx.doi.org/10.7717/peerj.1274
http://dx.doi.org/10.1111/j.1365-2699.2012.02726.x
http://dx.doi.org/10.2307/176694
http://www.dof.gob.mx/nota_detalle.php?codigo=4720453&fecha=17/05/1991
http://dof.gob.mx/nota_detalle.php?codigo=4765974&fecha=02/08/1993
http://dx.doi.org/10.1111/j.1469-185X.2010.00136.x
http://dx.doi.org/10.11646/zootaxa.4104.1.1
http://dx.doi.org/10.2307/1938781
http://dx.doi.org/10.1206/0003-0090(2005)294[0001:SROTFF]2.0.CO;2
http://dx.doi.org/10.7717/peerj.5897
https://peerj.com/


Gómez-Mestre I, Pyron RA, Wiens JJ. 2012. Phylogenetic analyses reveal unexpected patterns in
the evolution of reproductive modes in frogs. Evolution 66:3687–3700
DOI 10.1111/j.1558-5646.2012.01715.x.

Guisan A, Zimmermann NE. 2000. Predictive habitat distribution models in ecology.
Ecological Modelling 135(2–3):147–186 DOI 10.1016/S0304-3800(00)00354-9.

Gunzburger MS. 2006. Reproductive ecology of the green treefrog (Hyla cinerea) in
Northwestern Florida. American Midland Naturalist 155(2):321–328
DOI 10.1674/0003-0031(2006)155[321:reotgt]2.0.co;2.

Gunzburger MS, Travis J. 2007. Egg clutch characteristics of the barking treefrog, Hyla gratiosa,
from North Carolina and Florida. Herpetological Review 38:22–24.

Haddad CFB, Prado CPA. 2005. Reproductive modes in frogs and their unexpected
diversity in the Atlantic forest of Brazil. BioScience 55(3):207–217
DOI 10.1641/0006-3568(2005)055[0207:RMIFAT]2.0.CO;2.

Haddad CFB, Sawaya RJ. 2000. Reproductive modes of Atlantic forest hylid frogs: a general
overview with the description of a new mode. Biotropica 32(4b):862–871
DOI 10.1111/j.1744-7429.2000.tb00624.x.

Hernández-Austria R, Lara-Tufiño D, Ramírez-Bautista A. 2015. Estado actual de la
distribución y aspectos ecológicos generales de la rana de Moore Lithobates johni
(Anura: Ranidae), endémica de México. Revista Mexicana de Biodiversidad 86(1):269–271
DOI 10.7550/rmb.45631.

Hirai T, Matsui M. 2000. Feeding habits of the Japanese tree frog, Hyla japonica, in the
reproductive season. Zoologica Science 17(7):977–982 DOI 10.2108/zsj.17.977.

Hoffman E, Blouin MS. 2000. A review of colour and pattern polymorphisms in anurans.
Biological Journal of the Linnean Society 70(4):633–665 DOI 10.1006/bijl.1999.0421.

INEGI. 1992. Sintesis geografica del estado de Hidalgo. México D.F.: Instituto Nacional de
Estadistica, Geografia e Informatica, 100.

Krebs CJ. 2013. Population fluctuations in rodents. Chicago: The University of Chicago Press, 306.

Leavitt DJ, Fitzgerald LA. 2009. Diet of nonnative Hyla cinerea in a Chihuahuan Desert wetland.
Journal of Herpetology 43(3):541–545 DOI 10.1670/08-225R1.1.

Lemos-Espinal JA, Smith GR, Hernandez Ruiz A, Montoya Ayala R. 2016. Natural history,
phenology, and stream use of Hyla plicata from the arroyo Los Axolotes, State of Mexico,
Mexico. Current Herpetology 35(1):8–13 DOI 10.5358/hsj.35.8.

Lode T, Le Jaques D. 2003. Influence of advertisement calls on reproductive success in the male
midwife toad Alytes obstetricans. Behaviour 140(7):885–898
DOI 10.1163/156853903770238364.

Lovich JE, Gibbons JW. 1992. A review of techniques for quantifying sexual size dimorphism.
Growth, Development, and Aging 56(4):269–281.

Luría-Manzano R, Gutiérrez-Mayén G. 2014. Reproduction and diet of Hyla euphorbiacea (Anura:
Hylidae) in a pine-oak forest of southeastern Puebla, Mexico. Vertebrate Zoology 62:207–213.

Luría-Manzano R, Ramírez-Bautista A. 2017. Diet comparison between rainforest and cave
populations of Craugastor alfredi (Anura: Craugastoridae): does diet vary in contrasting
habitats? Journal of Natural History 51(39–40):2345–2354
DOI 10.1080/00222933.2017.1366573.

McMillen IC, Robinson JS. 2005. Developmental origins of the metabolic syndrome: prediction,
plasticity, and programming. Physiological Reviews 85(2):571–633
DOI 10.1152/physrev.00053.2003.

Hernández-Salinas et al. (2018), PeerJ, DOI 10.7717/peerj.5897 16/18

http://dx.doi.org/10.1111/j.1558-5646.2012.01715.x
http://dx.doi.org/10.1016/S0304-3800(00)00354-9
http://dx.doi.org/10.1674/0003-0031(2006)155[321:reotgt]2.0.co;2
http://dx.doi.org/10.1641/0006-3568(2005)055[0207:RMIFAT]2.0.CO;2
http://dx.doi.org/10.1111/j.1744-7429.2000.tb00624.x
http://dx.doi.org/10.7550/rmb.45631
http://dx.doi.org/10.2108/zsj.17.977
http://dx.doi.org/10.1006/bijl.1999.0421
http://dx.doi.org/10.1670/08-225R1.1
http://dx.doi.org/10.5358/hsj.35.8
http://dx.doi.org/10.1163/156853903770238364
http://dx.doi.org/10.1080/00222933.2017.1366573
http://dx.doi.org/10.1152/physrev.00053.2003
http://dx.doi.org/10.7717/peerj.5897
https://peerj.com/


Mendoza-Estrada LJ, Lara-López R, Castro-Franco R. 2008. Dieta de Lithobates zweifeli Hillis,
Frost y Webb 1984 (Anura: Ranidae) en un río estacional del centro de México. Acta Zoologica
Mexicana (Nueva Serie) 24(1):169–197 DOI 10.21829/azm.2008.241630.

Nali RC, Zamudio KR, Haddad CFB, Prado CPA. 2014. Size-dependent selective mechanisms on
males and females and the evolution of sexual size dimorphism in frogs. American Naturalist
184(6):727–740 DOI 10.1086/678455.

Orizaola G, Laurila A. 2015. Developmental plasticity increases at the northern range margin in a
warm-dependent amphibian. Evolutionary Applications 9(3):471–478 DOI 10.1111/eva.12349.

Parmelee JR. 1999. Trophic ecology of a tropical anuran assemblage. Scientific Papers of the
Natural History Museum of the University of Kansas 11:1–59.

Paton PWC, Stevens S, Longo L. 2000. Seasonal phenology of amphibian breeding and
recruitment at a pond in Rhode Island. Northeastern Naturalist 7(3):255–269
DOI 10.2307/3858358.

Pavón NP, Meza-Sánchez M. 2009. Cambio climático es el estado de Hidalgo: Clasificación y
tendencias climáticas. Pachuca: Universidad Autónoma del Estado de Hidalgo, 168.

Pianka ER. 1973. The structure of lizard communities. Annual Review of Ecology and Systematics
4(1):53–74 DOI 10.1146/annurev.es.04.110173.000413.

Pleguezuelos JM. 1997. Distribución y biogeografía de los anfibios y reptiles de España y Portugal.
Granada: Universidad de Granada y Asociación Herpetológica Española, 542.

Ramírez-Bautista A. 1995. Demografía y reproducción de la lagartija arborícola Anolis nebulosus
de la región de Chamela, Jalisco. PhD thesis. Universidad Nacional Autónoma de México, 160.

Ramírez-Bautista A, Lemos-Espinal JA. 2004. Diets of two syntopic populations of frogs,
Rana vaillanti and Rana brownorum, from a tropical rain forest in southern Veracruz,
México. Southwestern Naturalist 49(3):316–320
DOI 10.1894/0038-4909(2004)049<0316:dotspo>2.0.co;2.

Ramírez-Bautista A, Hernández-Salinas U, Zamora-Abrego JG. 2016. Growth ecology of the tree
lizard Urosaurus bicarinatus (Squamata: Phrynosomatidae), in a tropical dry forest of the
Chamela region, Mexico. Animal Biology 66(2):189–199 DOI 10.1163/15707563-00002497.

Ricklefs RE, Schluter D. 1993. Species diversity in ecological communities; historical and
geographical perspectives. Chicago: University of Chicago Press, 414.

Ritke ME, Babb JG, Ritke MK. 1990. Life history of the gray treefrog (Hyla chrysoscelis) in western
Tennessee. Journal of Herpetology 24(2):135–141 DOI 10.2307/1564220.

Salthe SN, Macham JS. 1974. Reproductive and courtship patterns. In: Lofts B, ed. Physiology of the
Amphibia II New York: Academic Press, 309–521.

Schoener TW. 1974. Resource partitioning in ecological communities. Science 185(4145):27–39
DOI 10.1126/science.185.4145.27.

Schoener TW, Schoener A. 1978. Estimating and interpreting body-size growth in some Anolis
lizards. Copeia 1978(3):390–405 DOI 10.2307/1443602.

Shine R. 1979. Sexual selection and sexual dimorphism in the amphibia. Copeia 1979(2):297–306
DOI 10.2307/1443418.

Stamps J, Tanaka S. 1981. The influence of food and water on growth rates in a Tropical Lizard
(Anolis aeneus). Ecology 62(1):33–40 DOI 10.2307/1936665.

Stearns SC. 1992. The evolution of life histories. Oxford: Oxford University Press.

Toft CA. 1980. Feeding ecology of thirteen syntopic species of anurans in a seasonal tropical
environment. Oecologia 45(1):131–141 DOI 10.1007/BF00346717.

Hernández-Salinas et al. (2018), PeerJ, DOI 10.7717/peerj.5897 17/18

http://dx.doi.org/10.21829/azm.2008.241630
http://dx.doi.org/10.1086/678455
http://dx.doi.org/10.1111/eva.12349
http://dx.doi.org/10.2307/3858358
http://dx.doi.org/10.1146/annurev.es.04.110173.000413
http://dx.doi.org/10.1894/0038-4909(2004)049%3C0316:dotspo%3E2.0.co;2
http://dx.doi.org/10.1163/15707563-00002497
http://dx.doi.org/10.2307/1564220
http://dx.doi.org/10.1126/science.185.4145.27
http://dx.doi.org/10.2307/1443602
http://dx.doi.org/10.2307/1443418
http://dx.doi.org/10.2307/1936665
http://dx.doi.org/10.1007/BF00346717
http://dx.doi.org/10.7717/peerj.5897
https://peerj.com/


Triplehorn CA, Johnson NF. 2005. Borror and DeLong’s introduction to the study of insects.
Seventh edition. Belmont: Brooks Cole Cengage Learning, 864.

Vitt LJ, Caldwell JP. 2013. Herpetology: an introductory biology of amphibians and reptiles. Fourth
edition. Amsterdam: Elsevier, 760.

Wells KD. 2007. The ecology and behavior of amphibians. Chicago: University of Chicago Press.

Woolrich-Piña GA, Lemos-Espinal JA, Smith GR, Montoya-Ayala R, Oliver-López R. 2011.
Distribution of tadpoles (Hyla arenicolor) in the pools associated with the Río Salado, Puebla,
Mexico. Bulletin of the Maryland Herpetological Society 47:47–50.

Zamora-Abrego JG, Zúñiga-Vega JJ, Ortega-León AM. 2012. Ecología del crecimiento de una
lagartija del género Xenosaurus Peters 1861 (Squamata: Xenosauridae) en la Reserva de la
Biosfera, Sierra Gorda, Querétaro, México. Revista Chilena de Historia Natural 85(3):321–333
DOI 10.4067/s0716-078x2012000300006.

Zar JH. 2014. Biostatistical Analysis. Noida: Pearson India Education Services Pvt Ltd, 756.

Hernández-Salinas et al. (2018), PeerJ, DOI 10.7717/peerj.5897 18/18

http://dx.doi.org/10.4067/s0716-078x2012000300006
http://dx.doi.org/10.7717/peerj.5897
https://peerj.com/

	Amphibian life history in a temperate environment of the Mexican Plateau: dimorphism, phenology and trophic ecology of a hylid frog, Hyla eximia (=Dryophytes eximius) ...
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


