"' BioOne COMPLETE

Sexual Dimorphism and Feeding Ecology of the Black-
bellied Bunchgrass Lizard Sceloporus aeneus
(Squamata: Phrynosomatidae) in Central Mexico

Authors: Cruz-Elizalde, Raciel, Ramirez-Bautista, Aurelio, and Nunez
de Caceres-Gonzalez, Francisco F.

Source: South American Journal of Herpetology, 18(1) : 46-55
Published By: Brazilian Society of Herpetology
URL: https://doi.org/10.2994/SAJH-D-18-00056.1

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/South-American-Journal-of-Herpetology on 20 May 2024
Terms of Use: https://bioone.org/terms-of-use



South American Journal of Herpetology, 18, 2020, 46-55
© 2020 Brazilian Society of Herpetology

Sexual Dimorphism and Feeding Ecology of the
Black-bellied Bunchgrass Lizard Sceloporus aeneus
(Squamata: Phrynosomatidae) in Central Mexico

Raciel Cruz-Elizalde™*, Aurelio Ramirez-Bautista®, Francisco F. Nuiiez de Cdceres-Gonzdlez®

! Museo de Zoologia “Alfonso L. Herrera”, Facultad de Ciencias, Universidad Nacional Auténoma de México, A.P. 70-399, Ciudad de México CP 04510, México.

Laboratorio de Ecologia de Poblaciones, Centro de Investigaciones Bioldgicas, Instituto de Ciencias Bdsicas e Ingenieria,

Universidad Auténoma del Estado de Hidalgo, km 4.5 carretera Pachuca-Tulancingo, 42184, Mineral de La Reforma, Hidalgo, México.

Laboratorio de Genética, Centro de Investigaciones Bioldgicas, Instituto de Ciencias Bdsicas e Ingenieria,

Universidad Auténoma del Estado de Hidalgo, km 4.5 carretera Pachuca-Tulancingo, 42184, Mineral de La Reforma, Hidalgo, México.

* Corresponding author. Email: cruzelizalde@gmail.com

Abstract. Morphology and resource use have a significant influence on lizard population dynamics. In this study, sexual dimorphism and
feeding ecology were assessed in a population of Sceloporus aeneus from central Mexico. Sexual dimorphism was recorded, with males being
larger than females in several morphological characteristics, such as jaw width, femur length, tibia length, and forearm length, but not
snout-vent length (SVL) or jaw length, which were similar in both sexes. The stomach contents analysis indicated an insectivorous diet
composed of 11 prey categories, of which females consumed 11 and males consumed 9. Low values of feeding niche breadth were found, as
well as high overlap between sexes and seasons. For the whole population, adult preys of the family Formicidae and orders Coleoptera and
Hemiptera showed the highest values of food importance and abundance. A higher volume of stomach contents was recorded during the dry
season than the wet season in both females and males. Results showed a pattern of sexual dimorphism similar to that of other species of the
genus Sceloporus, but different from those of other populations of the same species. Morphological variation in jaw length and width seems
to be related to food resources use because, in spite of the high similarity in the diet between sexes, the volume of stomach contents was
not correlated with SVL in females. These findings suggest a constant consumption of food that is subsequently invested in reproduction.
Further studies analyzing morphology and diet and their effect on reproductive characteristics such as clutch size, eggs mass, and volume are
needed among populations of this species. The results obtained in this research could help explain the differences and similarities previously
reported on the morphology and reproductive characteristics for S. aeneus and other species of the S. scalaris group.
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Resumen. La morfologia y el uso de los recursos son dos factores que tienen influencia en la dindmica de las poblaciones de lagartijas.
En este estudio, se determiné el dimorfismo sexual, asi como la ecologia alimentaria en una poblacién de Sceloporus aeneus del centro de
México. El dimorfismo sexual se sesgé hacia los machos, siendo estos mas grandes que las hembras en varias caracteristicas morfoldgicas,
tales como el ancho de la mandibula, longitud del fémur, longitud de la tibia y longitud del antebrazo, pero no en la longitud hocico-cloaca
(LHQ), y la longitud de la mandibula, las que fueron similares en ambos sexos. Los analisis del contenido estomacal indicaron una dieta
insectivora, compuesta por 11 categorias de presa, de las que las hembras consumieron 11 categorias y los machos nueve. Se reportaron
bajos valores de amplitud de nicho alimentario, asi como un alto solapamiento entre sexos y estaciones. Para la poblacién, las presas adultas
de la familia Formicidae, y de los 6rdenes Coleoptera y Hemiptera mostraron los mayores valores de importancia alimentaria, asi como
las mayores abundancias. Un alto volumen del contenido estomacal se registré durante la estacion de secas, comparado con la de lluvias,
tanto en hembras como machos. Los resultados mostraron un patrén de dimorfismo sexual similar a otras especies del género Sceloporus,
pero distinta a otras poblaciones de la especie. La variacién morfolégica en el largo y ancho de la mandibula, parece estar relacionada
con el uso de recurso alimento, debido a que, a pesar de la alta similitud en la dieta entre sexos, el volumen del contenido estomacal no
estuvo correlacionado con la LHC de las hembras. Estos hallazgos indican un consumo constante de alimento para luego invertir la energia
en la reproduccién. Se necesitan estudios adicionales que analicen la morfologia y la dieta, asi como sus efectos sobre las caracteristicas
reproductivas, como el tamario de la puesta, y masa y volumen del huevo entre las poblaciones de esta especie. Los resultados obtenidos en
este estudio proporcionan informacién para explicar las variaciones y similitudes previamente reportadas sobre morfologia y caracteristicas
reproductivas de S. aeneus, asi como para otras especies relacionadas del grupo scalaris.

INTRODUCTION

The genus Sceloporus Wiegmann, 1828 is composed
of 97 species (Leaché et al., 2016). These species have
shown high variation in ecological, morphological, and re-
productive attributes (Benabib, 1994; Leyte-Manrique and

Ramirez-Bautista, 2010; Zuriiga-Vega et al., 2016; Garcia-
Rosales et al., 2017) both at the intraspecific (Stephenson,
2010; Garcia-Rosales et al., 2017) and the intrapopulation
level (Ramirez-Bautista et al., 2008, 2014, 20164, b).
With respect to lizard species (Cox et al., 2003,
2007), in the genus Sceloporus (Fitch, 1978; Jiménez-Ar-
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cos et al., 2017) morphological variation between sexes,
also called sexual dimorphism, has been explained by two
main hypotheses: (i) male-biased dimorphism by sexual
selection, which gives advantages in male-male competi-
tion for territory and access to females (Endler and Houde,
1995) and (ii) female-biased dimorphism explained by fe-
cundity advantage, where larger females are favored by
natural selection (Du et al., 2005; Pincheira-Donoso and
Hunt, 2017). A third hypothesis proposed by Rand (1967)
and Schoener (1967) suggests that sexual dimorphism in
lizards has evolved by intraspecific niche divergence, in
which each sex is able to use the same or different resourc-
es with different degrees, such as food, microhabitat, and
territory (Schoener, 1967; Hierlihy et al., 2013); however,
this hypothesis has only been tested in a few studies (Her-
rel et al., 2001; Edwards et al., 2013).

According to Fitch (1978), the genus Sceloporus shows
three patterns of sexual dimorphism that have been con-
firmed in recent years by several studies: (i) larger snout-
vent length (SVL) in males than in females found in S. tor-
quatus Wiegmann, 1828, S. grammicus Wiegmann, 1828,
and S. minor Cope, 1885 (Feria-Ortiz et al., 2001; Hernan-
dez-Salinas et al.,, 2010; Ramirez-Bautista et al., 2014);
(ii) larger female SVL than male SVL found in S. undulatus
(Boscand Daudin in Sonnini and Latrelle, 1801), S. graciosus
Baird and Girard, 1852, and S. virgatus Smith, 1938 (Fitch,
1978; Cox and John-Alder, 2007); and (iii) lack of sexual di-
morphism found in S. taeniocnemis Cope, 1885, S. formosus
Wiegman, 1834, and S. spinosus Wiegmann, 1828 (Fitch,
1978; Ramirez-Bautista and Pavén, 2009; Ramirez-Bautista
et al., 2013). Likewise, at the population level several stud-
ies have reported temporal (Ramirez-Bautista et al., 2016a)
and geographic variation in sexual dimorphism (Valdéz-
Gonzalez and Ramirez-Bautista, 2002; Ramirez-Bautista
et al.,, 2013). These patterns have been explained by the ef-
fect of sexual competition (Fitch, 1978; Ramirez-Bautista
et al., 2008; Ramirez-Bautista and Pavén, 2009), different
degrees of growth rate between sexes (Ruby and Dunham,
1984; Smith and Ballinger, 1994), fecundity (Olsson et al.,
2002; Pincheira-Donoso and Hunt, 2017), and niche diver-
gence (Camilleri and Shine, 1990; Hierlihy et al., 2013).

Morphological variation and sexual dimorphism can
affect the ecology and behavior of individuals, mainly in
the use of food resources (Edwards et al., 2013; Scali et al.,
2016). This parameter is indispensable for maintenance
and development, such as growth, reproduction, and
tissue repair in lizard species (Vitt and Caldwell, 2009);
therefore, the quantity and quality of consumed food are
important parameters influencing these activities (Ball-
inger and Congdon, 1980). Use of food resources by both
sexes and among populations are determined by food
availability in the environment. Such availability might be
influenced by the dry and wet seasons as well as intra-
interspecific competition (Huey and Pianka, 1981; Ngo
et al., 2015). For example, variation has been recorded

in the diet composition between insular and mainland
populations (Dutra et al., 2011; Herndndez-Salinas et al.,
2016) or among populations from different mainland en-
vironments (Parker and Pianka, 1975; Ngo et al., 2015).
Likewise, diet type can vary in relation to type, size, and
abundance of prey consumed between sexes and popula-
tions (Vitt and Colli, 1994; Herrel et al., 2001).

Sceloporus aeneus Wiegmann, 1828 is an endemic
species of Mexico, oviparous, and of small size in SVL (47—
50 mm). [ts distribution occurs in the central and northern
regions of the country, in the states of Puebla, Michoacén,
Guanajuato, Morelos, Estado de México, Distrito Federal,
and Hidalgo (Smith et al., 1993). It inhabits temperate en-
vironments from high elevation with vegetation types of
pine, oak, and pine-oak forests (Sites et al., 1992). Studies
carried out among populations of this species have shown
similarities in reproductive characteristics, such as clutch
size, egg mass, and volume (Rodriguez-Romero et al.,
2002; Manriquez-Moran et al., 2013; Ramirez-Bautista
et al., 2016b) as well as differences in minimum SVL at
sexual maturity (Manriquez-Morén et al., 2013; Ramirez-
Bautista et al., 2016a, b). Regarding sexual dimorphism, it
hasbeen reported that males show larger SVL than females
(Ramirez-Bautista et al., 2016a). Despite showing simi-
larities in reproductive characteristics and morphological
variation among populations, there is no information to
date on the use of food resources between sexes and/or
seasons within a population. Such ecological studies are
needed to determine possible interactions that could help
interpret the variations/similarities of the reproductive
and morphological attributes, which will also generate
information on the feeding behavior of the species, and
between sexes and seasons within the same population.

Therefore, the goal of this study was to analyze sexual
dimorphism as well as feeding ecology between sexes and
seasons of Sceloporus aeneus from central Mexico. The ob-
jectives comprised: (i) to analyze sexual dimorphism, (ii) to
determine the diet in both females and males within sea-
sons, (iii) to determine the degree of overlap of the food
niche between sexes and seasons, and (iv) to determine the
relationship between sizes (SVL) of the individuals and the
volume and weight of stomach contents, as well as abun-
dance of consumed prey. According to the hypothesis on
variation of morphological characteristics previously found
between sexes (Ramirez-Bautista et al., 2016a), we expect-
ed to find differences in the diet between sexes and sea-
sons, as well as a low overlap in the use of food resources.

MATERIALS AND METHODS
Study area

The present study was carried out in the community
of El Encinal (20°03'54.17"N, 98°12'21.99”"W) located in
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the municipality of Cuautepec de Hinojosa, Hidalgo, Mex-
ico. El Encinal is situated at an elevation of 2,474 m, pre-
senting a vegetation type of pine-oak forest (Rzedowski,
1978). Mean annual temperature is 13.6°C, and the mean
annual precipitation is 714.5 mm (Pavén and Meza San-

chez, 2009).

Field work

Samples were collected on 13 different dates in No-
vember 2008, February, April, June, and August 2009,
and in April-November 2010 (seven samples were from
the dry season, from January-May and October-Decem-
ber, and six from the wet season, from June—September).
Capture of organisms was at 10:00-17:00 h in order to
increase the possibility of finding individuals with food in
their stomach. Specimens were captured under the collec-
tion permit SGPA/DGVS/02726/10 issued by Secretaria
del Medio Ambiente y Recursos Naturales (SEMARNAT).
Lizards were humanely euthanized in the laboratory by
an intracelomic injection of sodium pentobarbital. This
study was conducted according to the ethics and regula-
tions for animal research of the Universidad Auténoma
del Estado de Hidalgo and AVMA Guidelines on Eu-
thanasia (AVMA, 2013), and Norma Oficial Mexicana
NOM-033-SAG/Z00-2014 (DOF, 2015), for handling
specimens. Specimens were fixed in 10% formalin and
then preserved in 70% ethanol (Ramirez-Bautista et al.,
2014). All specimens were deposited at the collection of
Amphibians and Reptiles of the Centro de Investigaciones
Biolégicas, Universidad Auténoma del Estado de Hidalgo.

Morphological analyses

Morphological description and comparison were re-
stricted to adult males and females. Males were regard-
ed as adults if they had enlarged testes and convoluted
epididymides consistent with sperm production (Lozano
et al., 2015). Adult females were those with vitellogenic
follicles in ovaries, or eggs in oviducts (unpublished
data; Goldberg and Lowe, 1966; Ramirez-Bautista et al.,
2016a, b). Morphological measures were: SVL (+ 0.1 mm),
jaw length (JL; + 0.1 mm), jaw width (JW; + 0.1 mm), fe-
mur length (FEL; + 0.1 mm), tibia length (TL; + 0.1 mm),
and forearm length (FL; + 0.1 mm).

Analysis of stomach contents

The stomachs of collected individuals were re-
moved and weighed using an analytic balance (precision:
0.0001 g). The stomach contents were then placed in a
Petri dish where length, width, and height were mea-

sured with a digital caliper. The same measurements were
also taken for each prey category (Leyte-Manrique and
Ramirez-Bautista, 2010). Different types of prey were
identified at the taxonomic level of order using the di-
chotomous keys by Triplehorn and Johnson (2005). In
the case of holometabolous individuals, they were clas-
sified as larvae and adult (Leyte-Manrique and Ramirez-
Bautista, 2010; Gadsden et al., 2011). Likewise, within
the order Hymenoptera, the family Formicidae was con-
sidered a different prey category because of its impor-
tance in the diet composition of other lizard species of the
genus Sceloporus (Leyte-Manrique and Ramirez-Bautista,
2010; Gadsden et al., 2011). Plant material was also con-
sidered a prey category for the diet analysis (Feria-Ortiz
etal., 2001).

Data analysis

An analysis of covariance (ANCOVA) was conducted
to analyze sexual dimorphism. The function of the AN-
COVA was to eliminate, through linear regressions, the
effect of SVL (covariate) on the dependent variables (JL,
JW, FEL, TL, and FL) and to check whether the regression
slopes were different between sexes (factor; Zar, 2009).
The data were presented as mean + 1 SE.

To assess food importance, the relative index impor-
tance (I) of each category of the consumed prey was used.
This index includes three parameters of the consumed
prey (frequency, number, and volume; Biavati et al.,
2004; Ngo et al., 2014). The formula is represented as I:
(%F + %N + %V)/3, where %F is the percentage of occur-
rence, %N the numerical percentage, and %V the volumet-
ric percentage. The importance index (I) was calculated for
each population, sex, and season (dry and wet). Likewise,
the breadth and overlap of the food niche of the sexes and
seasons were analyzed. The food niche breadth was mea-
sured with the standardized Levin’s index by using the
formula B, = ((1/2pi2)-1)/n-1, where B, is the measure-
ment of niche breadth, pi is the proportion of each prey
category with respect to the total number of prey found
in each group (sex or season), and n is the number of prey
category in the diet of individuals (Hurlbert, 1978). The
overlap of eating habits between the sexes was analyzed
with Pianka’s index (1986): O, = SpijPik/Spi% Spi*k, where
O, represents the value of food niche overlap, and pij and
Pik are the proportions of prey belonging to the first cat-
egory (food groups) that were used by the organismsj and
k (sexes or seasons, Gadsden and Palacios-Orona, 1997).
Numbers of prey by sex and season were compared using
a Mann-Whitney test (Zar, 2009). The breadth of the diet
and diet overlap was determined for males, females, and
for dry (January-May and October-December) and wet
(June-September) seasons using the Ecological Method-
ology software v.7 (Krebs, 1999).
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RESULTS
Sexual dimorphism

According to the results, females and males of Sce-
loporus aeneus showed sexual dimorphism, and males
were larger in the morphological characteristics JW, FEL,
TL, and FL, except in SVL and JL (Table 1). In size (SVL),
females (48.55 + 0.45; range 40.57-55.27, n = 47) were
similar to males (49.48 + 0.73; range 44.21-54.68, n = 20;
U=2347,P=0.091).

Diet

A total of 62 (42 females and 20 males) lizards were
collected for the analyses of stomach contents. These liz-
ards fed on a total of 783 prey items belonging to 11 cat-
egories (Table 2). The diet of Sceloporus aeneus (Table 2)
was composed primarily of insects (70%), followed by
arachnids (20%), and plant material (10%).

For the population estimate, the prey categories For-
micidae, Coleoptera (adult; A), and Hemiptera showed the
highest values of food importance (I), as well as being the
most consumed prey in the population (Table 2). When
diet was analyzed by sex, females consumed 11 prey cat-

egories, and males 9; however, no significant difference
was found (U = 42.5, P = 0.250). According to the abun-
dance of prey consumed, no significant difference was
found (U = 42.5, P = 0.621) between males (38.22 + 28.05)
and females (39.90 + 21.28; Table 2). The categories For-
micidae, Coleoptera (A), and Hemiptera in females, and
Orthoptera in males showed the highest values of I. For
females, these values were 28.63, 23.62, and 22.62 for
Formicidae, Coleoptera (A), and Hemiptera, respectively.
In males, the values for Formicidae, Coleoptera (A), and
Orthoptera were 44.64, 26.61, and 8.65, respectively (Ta-
ble 2).

Diet composition by season

Diet composition showed similarity between sea-
sons (U=42, P =0.838). In the dry season, alower number
of prey categories (eight) but more prey items (439) were
found compared to the wet season (10 prey categories and
340 prey items; Table 3). The number of prey items con-
sumed in the dry (54.87 + 34.99) and the wet (34 + 20.04)
season did not differ significantly (U = 32, P = 0.505). For
the dry season, the categories Formicidae, Hemiptera, Co-
leoptera (A), and Orthoptera showed the highest values
of I (Table 3). For the wet season, the results revealed a

Table 1. Mean values + 1 SE and range of morphological characteristics (SVL = snout-vent length, JW = jaw width, JL = jaw length, FEL = femur length,
TL = tibia length, FL = forearm length) of adult female and male Sceloporus aeneus from El Encinal, Cuautepec de Hinojosa, Hidalgo, Mexico. Comparisons

were made with ANCOVA with SVL as the covariate.

Morphological characteristics Female (n = 47) Male (n = 20) ¥ AN(;(:VA b
SVL 48.55 + 0.45 (40.57-55.27) 49.48 + 0.73 (44.21-54.68)
JW 8.49 + 0.21 (7.14-9.82) 9.41 + 0.22 (6.89-10.78) 8.37 1,64 0.005
JL 9.43 +0.22 (7.53-11.13) 10.03 £0.17 (8.51-11.11) 2.342 1,64 0.132
FEL 8.39 +0.11 (6.86-9.99) 9.40 + 0.19 (7.81-10.89) 21.01 1,64 <0.001
TL 9.83 +0.08 (8.25-10.77) 10.59 £ 0.17 (8.62-11.85) 18.15 1,64 <0.001
FL 7.66 + 0.07 (6.48-8.61) 8.02 +0.12 (7.27-9.10) 4.67 1,64 0.034

Table 2. Diet composition of the species, females, and males of Sceloporus aeneus from El Encinal, Cuautepec de Hinojosa, Hidalgo, Mexico. N = number
of items, F = frequency of occurrence, and I = value of feeding importance. A = adult, L = larvae.

Species (n = 62) Female (n = 42) Male (n = 20)
Prey Category
N F I N F I N F I

Acari 1 1 0.25 1 1 0.38

Aranae 17 16 4.94 12 12 5.96 5 4 3.13
Coleoptera (A) 137 48 24.52 87 31 23.62 50 17 26.61
Coleoptera (L) 14 6 4.68 7 4 4.44 7 2 5.08
Diptera 3 2 0.58 2 1 0.54 1 1 0.70
Hemiptera 54 24 16.39 44 17 22.62 10 7 5.85
Hymenoptera 31 10 4.19 29 8 5.94 2 2 1.44
Formicidae 497 31 34.91 238 19 28.63 259 12 44.64
Lepidoptera (L) 2 1 0.31 2 1 0.45

Orthoptera 11 11 4.57 5 5 2.35 6 6 8.65
Plant material 16 16 4.64 12 12 5.06 4 4 3.90
Total 783 166 233 43 344 55
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Table 3. Diet composition of Sceloporus aeneus from El Encinal per season (Dry [January—June and October-December] and Wet [July-September]). n =

number of items, I = Value of feeding importance. A = adult, L = larvae.

Sex Female Male
Season Dry Wet Dry Wet
Prey Category/Values n I n I n 1 n I
Acari 1 0.69
Aranae 2 2.14 10 10.39 3 291 2 3.45
Coleoptera (A) 29 14.17 58 37.23 29 29.03 21 25.38
Coleoptera (L) 7 10.87 7 10.37
Diptera 2 1.20 1 1.24
Hemiptera 33 33.33 11 6.97 6 6.48 4 4.81
Hymenoptera 24 9.22 5 3.59 1 1.31 1 1.64
Formicidae 135 31.44 103 25.73 160 42.46 99 45.41
Lepidoptera (L) 2 0.85
Orthoptera 1 1.35 4 13.91 2 3.83
Plant material 7 7.15 5 3.68 2 2.67 2 5.12
Total 233 202 206 138

very similar composition of prey categories to those of the
dry season (Formicidae, Coleoptera [A], and Orthoptera);
however, the category Coleoptera (larva; L) also recorded
high values of I (Table 3).

Breadth and overlap of dietary niche

The food niche breadth was higher in females
(B = 0.186) than males (B = 0.087). Seasonally, females
showed similar values in both dry and wet seasons (dry,
B = 0.230; wet, B = 0.235), whereas males had lower
breadth values than females, but these values were
higher in the wet season (B = 0.121) than the dry season
(B = 0.086). According to the food niche overlap, a high
value of O, =0.972 was shown between sexes. These high
values of overlap were also recorded between seasons for
females (Ojk = 0.935) and males (Ojk =0.997).

Variation in stomach content, number of
prey items, and correlation analyses

There were no differences with respect to stomach
content volume (females: 1,332.6 + 362.44 mm?; males:
1,202.55 + 351.18 mm?®; U = 407, P = 0.850), or in the
consumed prey (females: 4.59 + 1.44; males: 9.21 + 3.98,
U =382.5, P = 0.803) between sexes.

Considering thedryand wetseasons, differences were
found in stomach content volume (U = 193.5, P = 0.001)
and number of prey consumed by season (U = 252.5,
P = 0.034), with a higher volume and abundance in the
dry season (2,649.8 + 742.52 mm?®; 9.33 + 3.56) than in
the wet season (690.09 + 137.48 mm?; 4.65 + 1.68). By
sex and seasons, females showed a larger volume of stom-
ach contents in the dry season (3,302.15 + 1150.58 mm®)
than in the wet season (633.72 + 156.49 mm? U = 55,

P = 0.001), as well as a higher number of prey items
(dry, 6.81 + 3.23; wet, 3.80 + 1.58; U = 102, P = 0.05). In
males, there were no significant differences in the volume
of stomach contents (dry: 1,976.29 + 831.29 mm?; wet:
835.71 + 288.76 mm?; U = 28, P = 0.253) nor in the num-
ber of consumed prey between seasons (dry: 13.28 + 7.78;
wet: 6.83 +4.51; U=32,P=0.422).

The correlation between SVL of the individuals and
volume of stomach contents did not show statistical sig-
nificance in females (r = 0.252, P = 0.151; Fig. 1A); how-
ever, a significant negative correlation occurred in males
(r=-0.588, P = 0.006; Fig. 1B). A similar pattern was ob-
served in mass (weight) of stomach contents for females
(r = 0.213, P = 0.174; Fig. 1C) and males (r = -0.673,
P =0.001; Fig. 1D).

DISCUSSION

Sceloporus aeneus, like other species of the genus,
shows male-biased sexual dimorphism (Fitch, 1978;
Ramirez-Bautista et al.,, 2016a; Jiménez-Arcos et al,,
2017). This pattern is similar to that of other small-sized
species, such as S. gadoviae Boulenger, 1905 (Lemos-Es-
pinal et al., 1999), S. siniferus Cope, 1870 (Hierlihy et al.,
2013; Ramirez-Bautista et al., 2015), and S. variabilis
Wiegmann, 1834 (Ramirez-Bautista et al., 2006; Cruz-
Elizalde et al., 2017).

Males of Sceloporus aeneus showed sexual dimor-
phism in dimensions of the jaws and limbs, but not in
SVL or JL (see Table 1). This pattern of sexual dimor-
phism is similar to that found in other populations of
the same species from central Mexico (Ramirez-Bautista
etal.,, 2016a). As in other species of the genus, in addition
to the morphological characteristics, sexual dimorphism
can be expressed in other attributes such as color pattern
(Stephenson and Ramirez-Bautista, 2012; Jiménez-Arcos
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Figure 1. Relationships between snout-vent length (SVL) and volume of stomach contents of females (A) and males (B), and SVL vs. mass of stomach

content in females (C) and males (D).

et al., 2017). Males of S. aeneus show more conspicuous
ventral and gular patches than females (Smith et al,,
1993). This color pattern has been evaluated for species
that lack sexual dimorphism in body size like S. torquatus
(Feria-Ortiz et al., 2001), S. formosus (Ramirez-Bautista
and Pavdn, 2009), and S. spinosus (Ramirez-Bautista et al.,
2013). These color patterns are used by males for intra-in-
terspecific recognition, care, and defense of territory and
courtship (Martins, 1994; Cox et al., 2003; Garcia-Rosales
etal., 2017).

Despite not showing significant differences in SVL
and JL between sexes, the rest of the analyzed charac-
teristics varied, with the males having the greatest mor-
phological dimensions. These results can be explained by
the sexual selection hypothesis (Cox et al., 2003, 2007),
because the greatest dimensions in the jaw (or the head)
give an advantage in the male-male combat to gain access
to the females and in the defense of the territory (Fitch,
1978; Cox et al., 2003). This pattern occurs in other spe-
cies of the genus such as Sceloporus minor (Ramirez-Bautis-
taetal, 2014) and S. grammicus (Hernadndez-Salinas et al.,

2010; Bastiaans et al., 2014), as well as in other lizard spe-
cies like Zootaca vivipara (Lichtenstein, 1823) (Gvozdik
and Van Damme, 2003) and Lacerta agilis Linnaeus, 1758
(Borczyk et al.,, 2014). In this sense, intersexual competi-
tion (Fitch, 1978; Ramirez-Bautista et al., 2008; Ramirez-
Bautista and Pavén, 2009), unlike fecundity (Olsson et al.,
2002) and different growth rates in each sex (Ruby and
Dunham, 1984; Cox and John-Adler, 2007), may be deter-
mining the morphological differences between the sexes
of this species (Ramirez-Bautista et al., 2016a).
Morphological variation can be influenced by di-
verse factors, such as sexual selection (Fitch, 1978; Cox
et al., 2003), competition (Parker and Pianka, 1975; Ols-
son et al., 2002), or use of resources (Scali et al., 2016).
Therefore, this morphological variation is highly related
to the ecology and reproductive characteristics of the indi-
viduals, which is also reflected in the use of food resources
(Miles et al., 2007). The analyzed population of Sceloporus
aeneus showed an insectivore diet, similar to other spe-
cies of the genus, like S. grammicus (Leyte-Manrique and
Ramirez-Bautista, 2010) and S. jarrovii Cope in Yarrow,
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1875 (Gadsden et al., 2011), as well as other lizard spe-
cies such as Eutropis multifasciata (Kuhl, 1820) (Ngo et al.,
2014), Anolis nebulosus (Wiegmann, 1834) (Hernandez-
Salinas et al., 2016), Xenosaurus mendozai Nieto-Montes
de Oca et al.,, 2013 (Zamora-Abrego and Ortega-Leén,
2016), and Tropidurus torquatus (Wied, 1821) (Siqueira
etal., 2013).

The main prey categories consumed by Sceloporus
aeneus were from the Formicidae family and the orders
Hemiptera and Coleoptera (A), which coincides with the
diet patterns of other species of the genus like S. gram-
micus (Leyte-Manrique and Ramirez-Bautista, 2010) and
S. jarrovii (Gadsden et al., 2011). These results are also
similar to those reported for other species from temper-
ate environments of central Mexico, such as S. mucronatus
Cope, 1885 (Méndez-de La Cruz et al., 1992) and S. tor-
quatus (Feria-Ortiz et al., 2010). Diet composition may be
influenced by the foraging mode of the species, which are
classified as “sit and wait” (Huey and Pianka, 1981; Reilly
et al., 2007), a characteristic of the genus Sceloporus. In
addition, diet might also be determined by the availability
of the resources in the environment (Ballinger and Ball-
inger, 1979) because variation in precipitation or tem-
perature modifies the biomass of the food that lizards can
consume (Ballinger, 1977; Benabib, 1994).

Diet composition similar to that indicated above has
been observed in other lizard species of the same genus,
such as Sceloporus gadoviae, S. horridus Wiegmann, 1834,
S. jalapae Gunther, 1890 (Serrano-Cardozo et al., 2008),
S. grammicus (Leyte-Manrique and Ramirez-Bautista,
2010), and S. jarrovii (Gadsden et al., 2011), and in spe-
cies of a different genus, such as Xenosaurus mendozai
(Zamora-Abrego and Ortega-Ledn, 2016). In these spe-
cies, seasonal changes in diet have been reported in rela-
tion to prey availability of Hymenoptera, Formicidae, Co-
leoptera, or Hemiptera, whose abundances are influenced
by rains or droughts throughout the year. The latter re-
sults in a diet composition that is significantly shaped by
the occurrence and abundance of the available categories
in the environment (Ballinger and Ballinger, 1979). This
pattern of seasonal change might also occur in this popu-
lation of S. aeneus, because even though they consumed
a smaller number of prey categories (8) in the dry season
than in the wet season (10), total abundance of prey was
greater in the dry period than during the rains, and no
significant difference was found. Ballinger and Ballinger
(1979) pointed out that the differences in the number of
consumed prey by season might be affected by the low
availability of prey in the environment, especially of prey
that are gregarious such as ants, hemipterans, and cole-
opterans. Therefore, individuals in the population would
consume a high number of prey of small size, such as ants,
to compensate for the nutritional value that larger prey
can provide, such as members of Coleoptera or Lepidop-
tera (Maury, 1995; Gadsden et al., 2011).

Similarly, an increase in the volume of stomach con-
tents, as well as the consumption of a higher number of
prey categories, might be related to the different phases
of the reproductive period, and, thus, to the different
types of diet between sexes. For example, in viviparous
species such as Sceloporus mucronatus (Méndez-de La Cruz
et al., 1992), S. torquatus (Feria-Ortiz et al., 2001), and
S. jarrovii (Gadsden and Estrada-Rodriguez, 2008) the
lowest volume of stomach content in females coincides
with the gestation period; therefore, the embryos would
displace the stomach of the lizards and occupy more space
inside the females. When neonates are born, the produc-
tion of progesterone in the females decreases (Crews and
Garrick, 1980) and feeding increases, as does the volume
of stomach contents (Méndez-de La Cruz et al., 1992).
With regard to S. aeneus, it has been reported that differ-
ent populations in central Mexico produce at least two
clutches (frequencies) during the reproductive season
(Rodriguez-Romero et al., 2002; Manriquez-Morén et al.,
2013; Ramirez-Bautista et al., 2016b). This reproductive
pattern allows females to consume a constant volume
of food, and this consumption rate can be increased and
converted to energy invested in reproduction, as has been
observed in oviparous species like S. variabilis (Benabib,
1994). These results might explain the higher value re-
ported for breadth of food niche in females than in males
at the population and season level, and the higher volume
of stomach contents in the dry season and previous to the
months of the reproductive activity of the females (April-
September; Ramirez-Bautista et al., 2016b); also, no cor-
relation was observed between female SVL and volume of
stomach contents. The above indicates that the females
might feeding continuously throughout the year (Bena-
bib, 1994) and investing energy on egg production (clutch
size, egg mass and volume) without significant changes
among reproductive periods or populations (Manriquez-
Moran et al., 2013; Ramirez-Bautista et al., 2016a, b).

In males, the diet was composed of a smaller num-
ber of categories, but with greater abundance of prey con-
sumed than in females, until no significant difference was
found. Similar pattern has been reported for other spe-
cies, such as Anolis nebulosus (Lister and Aguayo, 1992),
A. humilis Peters, 1863 (Parmerlee and Guyer, 1995), and
A. polylepis Peters, 1874 (Perry, 1996). This result may be
due to the fact that reproduction in males of Sceloporus
aeneus represents a higher energy cost, mainly for de-
fense of territory and access to females (Martori and Aun,
1997). This energy cost is compensated by feeding on a
smaller number of prey but containing a higher nutrition-
al value, such as members of Orthoptera or Coleoptera
(Maury, 1995). In addition, the foraging time invested by
males can be different from that of females, which modi-
fies the number of prey consumed, as well as the values
of breadth of food niche between seasons (Perry, 1996;
Hierlihy et al., 2013).
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Sceloporus aeneus, like other species of the S. scalaris
group (Benabib et al., 1997; Rodriguez-Romero et al.,
2002; Leaché et al., 2016), maintains similar character-
istics among its populations, such as body size (SVL;
Rodriguez-Romero et al., 2002; Ramirez-Bautista et al.,
2016a), reproductive characteristics (Manriquez-Moran
et al., 2013; Ramirez-Bautista et al., 2016a, b), and eco-
logical characteristics (Smith et al., 1993; Benabib et al.,
1997; Rodriguez-Romero, 1999). The absence of sexual
dimorphism with respect to body size (SVL) recorded in
this study was different to the general pattern reported in
the genus Sceloporus, where males are larger than females
in SVL (Fitch, 1978; Jiménez-Arcos et al., 2017). Howev-
er, in this study the rest of the morphological structures
(mandibular and body extremities) coincide with male-bi-
ased dimorphism in the genus (Fitch, 1978; Wiens, 1999).
Morphological differences can influence other activities,
such as the use of available resources both at the intra-
population and interpopulation level; therefore, along-
side analyzing the use of food resources between sexes
and seasons, further studies are needed aiming to evalu-
ate different populations of single species, as well as the
effect of food on reproductive characteristics (e.g., clutch
size, egg mass and volume; Hernandez-Salinas et al.,
2016), growth rate (Ballinger and Congdon, 1980; Dun-
can et al., 2015), and cranial morphology (Herrel et al.,
2008; Edwards et al., 2013).
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