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Abstract

Studies on habitat use have often helped explain observed variation in morphology, behavior and reproductive
characteristics among populations within a single species. Here we analyze morphological and ecological char-
acteristics of individuals from the Sceloporus grammicus species complex from 7 different localities (CER, El
Cerezo; PAC, Pachuca; HUI, Huichapan; EZA, Emiliano Zapata; SMR, San Miguel Regla; LMJ, La Mojonera;
and LMZ, La Manzana) in the state of Hidalgo, and one locality (Cahuacan) in the State of Mexico. A canon-
ical correspondence analysis (CCA) showed that females from PAC, EZA, LMZ, HUI, SMR and CAH popu-
lations use similar microhabitats characterized mostly by bare soil, in females from LMJ and CER use micro-
habitats characterized primarily by vegetation and rocks. Females were observed using 12 different types of
perches. With regard to perch height use, the CCA showed that females from PAC, LMJ, LMZ, SMR, CER and
CAH populations were correlated with height to nearest perch (HNP), in the rest of the females were not relat-
ed to any perch use variable. In contrast, the CCA showed that males from PAC, LMJ and CAH were character-
ized by microhabitats with higher vegetal coverage, while males from LMZ and CER used microhabitats com-
posed of bare soil, but males from HUI and SMR populations used microhabitats composed chiefly of bare soil
and rocks. With respect to perch height use, the CCA showed that males from PAC, LMJ, EZA and LMZ were
correlated with distance to the nearest perch, but the rest of the males were not correlated with any perch use
variables. Males were observed in 9 different perch types. The males were larger than the females in all mor-
phological variables analyzed. Moreover, in both sexes the snout—vent length is positively correlated with all
morphological variables, and although both the slope and ordinate of the origin of all morphological variables
were larger in males than females, the analysis of covariance indicated that there is no increase in the morpho-
logical variables with increasing SVL between sexes. Our results suggest that variation in habitat use and mor-
phology among populations is an adaptive response (phenotypic plasticity) to the environmental conditions
where these populations of Sceloporus grammicus occur.
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INTRODUCTION

Studies on species distributed over broad geograph-
ic ranges often exhibit extensive variation in life-history
characteristics across the species’ populations, such as
growth rate, snout—vent length (SVL) at sexual maturi-
ty, fecundity and survivorship (Michaud & Echternacht
1995). These traits allow the investigation of the ecolog-
ical (e.g. predation and competition) and environmental
factors (temperature, humidity and food) that influence
phenotypic expression for each population (Goodman et
al. 2008). For example, variation in habitat use among
populations in the distribution of a species is a reflection
of the respective selective pressures in each inhabited
environment, which ensuingly modifies body size, body
shape and behavior (Mesquita et al. 2015). These mod-
ifications allow us to group populations into ecomorphs
or ecotypes (Michaud & Echternacht 1995; Losos et al.
2006). Studies on habitat use have been conducted for
some lizard populations that have shown morphological
variation according to microhabitat structure (Irschick et
al. 1997; Vanhooydonck ef al. 2000; Herrel et al. 2001).
For example, the lizards of the genus Anolis Daudin
from the Greater Antilles have shown morphological
changes related to the use and diversification of their
microhabitat, which has resulted in the proposal of dis-
crete ecomorphs for each microhabitat type (Irschick et
al. 1997). Another study of 4 populations of Urosaurus
ornatus (Baird & Girard) showed a positive correlation
between microhabitat use and body shape, indicating
that these populations are well adapted to different mi-
crohabitat types (Herrel et al. 2001). However, in other
lizard species a relationship has not been found between
morphology and habitat characteristics. For example,
Schulte II et al. (2004) did not find any relation between
these characteristics in 25 Liolaemus Wiegmann spe-
cies; this pattern was explained by similar habitats ex-
ploited by the species, which are profoundly homoge-
neous. Therefore, functional morphology is similar for
all lizard species in all environments studied.

Irrefutably, studies on species with wide distributions
yield a better understanding of morphological, physio-
logical and ecological changes among populations that
result from phenotypic plasticity or local adaptation
(Schulte IT et al. 2004; Ramirez-Bautista et al. 2005). In
addition, within this context the differential use of mi-
crohabitat types by different populations of a species
with a broad distribution, under different ranges of el-
evation, humidity and temperature, can eventually lead
to genetic divergence and possibly to species radiation
(Johnson et al. 2009; Hertz et al. 2013). For these rea-
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sons, studying widely distributed species that inhabit
very different microhabitats is extremely important.

The Sceloporus grammicus Wiegmann species com-
plex has been an important system of study for phyloge-
netic and species delimitation analysis (Sites ef al. 1992;
Lara-Gongora 2004; Marshall et al. 2006), and life his-
tory evolution (Hernandez-Salinas ef al. 2010; Bas-
tiaans ef al. 2013a, 2014; Pérez-Mendoza & Zuiiiga-Ve-
ga 2014). S. grammicus is a viviparous species widely
distributed in Mexico (Arévalo et al. 1991), ranging
across the hottest regions of the Mexican Plateau (Sites
et al. 1992). Its wide geographic distribution in Mexi-
co and high variation in morphological (Lara-Gongo-
ra 2004; Leyte-Manrique et al. 2006), ecological (Le-
mos & Ballinger 1995; Leyte-Manrique et al. 2007,
Leyte-Manrique 2011), reproductive (Hernandez-Sa-
linas ef al. 2010; Lozano et al. 2014, 2015), life his-
tory (Ramirez-Bautista et al. 2004, 2005; Pérez-Men-
doza et al. 2013, 2014), demographic (Zufiga-Vega et
al. 2008; Pérez-Mendoza ef al. 2013, 2014) and genet-
ic characteristics (Arévalo ef al. 1993, 1994; Marshall et
al. 2006) indicate that this represents a species complex
and a possible speciation scenario (Arévalo ef al. 1991).

This species exploits a high diversity of environ-
ments, including temperate forests (pine forest, pine-oak
forest and cloud forest) and scrub (xerophilic, submon-
tane and crasicaule; Arévalo et al. 1991; Lara-Gongo-
ra 2004; Leyte-Manrique 2011). Populations of this spe-
cies utilize different microhabitat types, such as rocks,
trees, shrubs, ground and walls of abandoned houses
(Lara-Gongora 2004). The diverse use of microhabitats
in different species and groups of lizards has generat-
ed several predictions on morphological and ecologi-
cal variations among populations. For example, in or-
ganisms that use vertical perches or branches of trees,
individuals of small size and slender body with thin
limbs are expected; in contrast, individuals that live in
rocky habitats display dorsoventrally flattened bodies,
which favors the use of crevices as shelter, and in ad-
dition have relatively short limbs that support the abili-
ty to turn (Herrel et al. 2002). It is important to mention
that the populations in this study are a possible spe-
cies complex experiencing a speciation event, but un-
til a phylogenetic analysis proves otherwise, the eight
populations of S. grammiticus are worthy of study as a
single species. Therefore, S. grammicus is regarded as
an ideal model for comparative studies on morphologi-
cal and ecological traits among populations (Sites et al.
1988). However, few studies on morphology and habitat
use have been conducted among the diverse populations
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of this possible species complex (Lara-Gongora 2004;
Leyte-Manrique 2011). In this study, our objective is to
document variation between populations by presenting
quantitative data on microhabitat use and its relation-
ship to morphology from eight distinct populations of S.
grammicus from central Mexico.

MATERIALS AND METHODS

Study area

Fieldwork was carried out from February 2007 to
December 2008 in eight geographic localities con-
taining S. grammicus populations. Herein, these pop-
ulations are adduced as follows: El Cerezo (CER:
20°10'09"N, 98°43'31"W), Pachuca (PAC: 20°03'06"N,
98°4424"W), Huichapan (HUI: 20°26'N, 99°31'W),
Emiliano Zapata (EZA: 19°51'30”"N, 98°57'31"W),
San Miguel Regla (SMR: 20°13'11"N, 98°33'39"W),
La Mojonera (LMJ: 20°37'35"N, 99°02'33"W), and La
Manzana (LMZ: 20°52'14"N, 99°13'20"W) from Hidal-
go, and Cahuacén located in the State of Mexico (CAH:
19°33'N, 99°36'W; Table 1). Sampled months for each
population were as follows: CER in June (2007), and
April, June, August, October and December (2008);
PAC: February, June, October and December (2007),
and April and August (2008); HU: December (2007),
and February, April and June (2008); EZA: August, Oc-
tober and December (2007), and February, April and

June (2008); SMR: April and December (2007), and
February, April and June (2008); LMIJ: June, August,
October and December (2007), and February and April
(2008); LMZ: August, October and December (2007),
and February, April and June (2008); CAH: December
(2007), and February (2008). During the months of sur-
vey, each population was sampled from 0900 to 1700
hours while ensuring that surveys occurred on sunny
days, as individuals of S. grammicus show higher activ-
ity during these days (Ramirez-Bautista et al. 2014).

Vegetation types

To assess morphological characteristics along with
microhabitat types and perch height preference by S.
grammicus in these populations, we selected sampling
areas while taking into consideration conditions such as
vegetation type and annual precipitation (Table 1). Liz-
ards from all sites were observed in their activity areas
and characteristics of the microhabitat and perch height
were recorded following the criteria used by Herrel et
al. (2001) and Ramirez-Bautista & Benabib (2001). The
eight populations of S. grammicus analyzed in this study
were found in 3 different vegetation types: pine-oak for-
est, pine forest and xeric scrub (Rzedowski 1978: Table
1). Populations from CER, LMJ, LMZ and CAH inhabit
pine-oak forest, while populations from PAC, HUI, and
EZA are found in xeric scrub, and, finally, the popula-
tion in SMR occupies a mixture of xeric scrub and pine
forest.

Table 1 Environmental characteristics of localities for the eight populations of Sceloporus grammicus from Mexico

Environmental characteristics

Population Municipality Vegetation Elevation (m) Precipitation (mm)  Temperature (°C)
HIDALGO STATE

PAC Mineral de la Reforma XER 2348 387 14.2
LMJ Zacualtipan POF 2062 2047 13.6
EZA Tizayuca XER 2312 601 14.9
LMZ Zimapan POF 2507 1391 18.3
HUI Huichapan XER 2287 427 16
SMR Huasca de Ocampo PF-XER 2074 855 153
CER Mineral del Chico POF 2450 1503 14.9
MEXICO STATE

CAH Cahuacan POF 2058 1200 12

Vegetation: POF, pine and oak forest; PF-XER, pine forest and xerophytic scrub; XER, xerophytic scrub. Annual mean temperature
and precipitation for populations from the state of Hidalgo were taken from Pavon and Meza-Sanchez (2009) and for the population

from the state of Mexico (CAH) from Garcia (1973).
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Microhabitat and perch height use

In this study, we considered two groups of variables
to describe microhabitat and perch height use. The first
group of variables describes the microhabitat use and
comprises: (i) vegetation coverage (VC), with pastures
and other non-woody plants included; (ii) rock coverage
(RC); and (iii) bare soil coverage (BSC). These vari-
ables were taken in percentages and were determined
from a surface area of 1 m” with the focal spot under ob-
servation as the center (focal spot is the point located in
the center of the area of 1 m?, where the lizard was ob-
served; Herrel ef al. 2001). To describe the perch height
use we formed a second group of variables that consist-
ed of: (i) type of perch (TP), considered as the site or
place where lizards were observed or captured, such as
branches, rocks, logs, Agave plants and walls of aban-
doned houses; (ii) perch height (PH): the distance from
the ground to the point where the lizard was captured;
and (iii) distance to nearest perch (DNP), which is the
distance between the perch site where lizards were first
observed to the other nearest perch; and (iv) height to
nearest perch (HNP), which is the height of the near-
est potential perch that the lizard could occupy. All mea-
surements for these variables were taken with a standard
measuring tape (Vanhooydonck et al. 2000).

To confirm that all data collected were proper-
ly scored, photographs were taken with a high-resolu-
tion camera covering the entire surface area (1 m®). Data
from the microhabitat structure was transformed to arc-
sin. This transformation is suggested for percentage
data, and, thus, allowed an increase in normality and at
the same time as decreasing the interdependence of data
(Sokal & Rholf 1981). Variables of perch height were
log,,-transformed to increase the possibility of a normal
distribution. Normality of the data was performed by W
Shapiro—Wilk test, recommended for sample sizes >150
(Shapiro et al. 1968; Zar 1999). The relationship among
microhabitat use and perch height from the eight popu-
lations was evaluated with a canonical correspondence
analysis (CCA; Ter Braak 1986). The CCA is a multi-
variate method that helps to explain how a group of in-
dividuals can relate with environmental variables (hab-
itat structure and perch height). The CCA relates two
matrices: matrix of dependent variables (e.g. matrix of
sites by species or individuals) and matrix of indepen-
dent variables (e.g. matrix of environmental variables:
habitat structure and perch height). The relationship be-
tween both matrices is done by means of multivariate
regression techniques (Ter Braak & Verdonschot 1995).
In this study, this analysis was developed for males and
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females separated by different microhabitat and perch
height in the program CANOCO for Windows 4.56 (Ter
Braak & Verdonschot 1995). The significance of the re-
lationship of the individuals of both sexes and popula-
tions together with environmental variables was tested
using the Monte Carlo test (1000 permutations). The re-
sults of the ordination diagram for each individual and
population are represented by different symbols, while
correlations with variables that characterize the habitat
and perch use are shown with arrows.

Morphological analysis

For the morphological data, a total of 244 adult in-
dividuals (117 males and 127 females) were collect-
ed from the eight populations. For this study, only adult
individuals were collected, and to verify that they be-
longed to this age class, males and females were sexed
according to SVL (minimum size at sexual maturity;
see Ramirez-Bautista et al. 2004, 2005). For example,
sexually mature males showed brighter dorsal and ven-
tral color. In addition, they had enlarged testes and high-
ly convoluted epididymides, which are typically associ-
ated with sperm production (Lozano ef al. 2015), while
the smallest adult female (sexually mature) containing
enlarged vitellogenic follicles (in ovary) or oviductal/
uterus embryos (in oviduct/uterus) was used as an esti-
mate of minimum SVL at maturity (Lozano et al. 2014).
The sample size for each population was as follows:
PAC population with a sample size of 18 females and 18
males: LMJ: 21 females and 18 males; EZA: 25 females
and 20 males; LMZ: 19 females and 16 males; HUI: 12
females and 11 males; SMR: 16 females and 15 males;
CER: 10 females and 13 males; and CAH: 6 females
and 6 males. All specimens were caught directly by
hand under the scientific permit SGPA-DGVS/04989/10
issued by SEMARNAT (Direcciéon General de Vida Sil-
vestre).

After lizards were collected, we obtained the follow-
ing linear measurements: SVL (from the tip of snout to
the cloacal region; measured to nearest 1.0 mm); tib-
ia length (TIL: £ 0.1 mm, distance from knee to cen-
ter of the ankle); femur length (FEL: + 0.1 mm; distance
from the angle of the groin to the knee); forearm length
(FOL: £ 0.1; the apex of the elbow to the wrist center);
head length (HDL: + 0.1 mm; distance from the back of
the skull to the tip of the snout); and head width (HDW:
+ 0.1 mm; the widest point of the head, located mainly
on the region of the tympanum). These variables were
measured using a Mitutoyo caliper with an accuracy of
0.01 mm. After measurements were taken, the lizards
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were humanely euthanized (Sedalphorte: 0.1 ml) and
fixed with 10% formalin in the laboratory. Specimens
were deposited in the collection of amphibians and rep-
tiles of the Centro de Investigaciones Biologicas at the
Universidad Autonoma del Estado de Hidalgo located in
the city of Pachuca, Hidalgo, Mexico.

We log,,-transformed all morphological variables to
normalize and reduce heteroscedasticity. In addition, us-
ing a regression analysis, we eliminated the effect of
SVL (independent) on all morphological variables (TIL,
FEL, FOL, HDL and HDW: dependent) of males and
females, and at the same time we obtained residuals.
Through the residuals, and using a one-way ANOVA,
we conducted morphological comparisons considering
sex as a factor. In addition, we developed an analysis of
covariance (ANCOVA) to analyze sexual dimorphism.
The function of the ANCOVA is to eliminate, through
linear regression, the effect of SVL (covariate) on de-
pendent variables (TIL, FEL, FOL, HDL and HDW),
and to check whether the regression slopes are different
between sexes (factor).

RESULTS

Microhabitat and perch use

The relationship among female populations of S.
grammicus with all variables that characterize micro-
habitat and perch height use was significantly different
for the two canonical correlation axes (F = 103.035, P
= 0.0010; Fig. 1). The correlation of the environmental
variables along with the eight populations of females for
the two first axes was 0.93 and 0.94, respectively; this
explained the 37 and 31% of variation, respectively, for
each axis of this analysis (Fig. 1, Table 2). Therefore,
variables that showed a higher correlation in axis 1 were
VC, RC and BSC, and for axis two it was BSC (Table 3).
The four quadrants in Figure 1 show that females from

PAC, EZA, LMZ, HUI, SMR and CAH populations use
similar microhabitats characterized mostly by bare soil,
while females from LMJ and CER use microhabitats
characterized mostly by vegetation and rocks. Females
were observed on 12 different types of perches (Fig. 2),
but most frequently on rocks, walls and Agave plants.
With respect to perch height use, the CCA showed that
females from PAC, LMJ, LMZ, SMR, CER and CAH
populations were correlated with HNP, which revealed
similarities in the females on the use of this characteris-
tic (Fig. 1).
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Figure 1 Canonical correspondence analysis of females from
eight populations of Sceloporus grammicus. +, PAC; o, LMJ;
o, EZA; A, LMZ; ¢, HUK- , SMR; m, CER; %, CAH. The ar-
rows correspond to correlations of each variable.

Table 2 Results of the canonical correspondence analysis of the variables of microhabitat and perch height use by males and fe-

males from eight populations of Sceloporus grammicus

Males Females
Axis 1 Axis 2 Axis 1 Axis 2
Eigenvalues 0.82 0.66 0.73 0.61
Environmental variables correlation of populations 0.94 0.91 0.93 0.94
Percentage of accumulated variation by environmental variables
373 67.1 36.9 67.9

of the populations
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Table 3 Correlations between canonical axes and variables that
represent the microhabitat and perch height use for males and
females from eight populations of Sceloporus grammicus from
Mexico

Males Females

Variables — Axis 1 Axis 2 Axis 1 Axis 2
PH —0.0014  0.1904 0.0312 0.2791
DNP 0.2235 0.0454 -0.0559  0.0681
HNP 0.3523 —-0.0313 0.0206 0.3455
vC —0.7535 0.1955 0.6406 —0.2378
RC 0.8697 —0.2288  —0.8649  0.292
BSC —0.388 -0.8206  —0.2528  —0.8728

Variables that showed correlation in the ordination axes were
significant when the value was >0.3. BSC, bare soil coverage;
DNP, distance to nearest perch; HNP, height to nearest perch;
PH, perch height; RC, rocks coverage; VC, vegetation cover-
age.

With regard to males, the relationship among popu-
lations along with all the variables that characterize the
microhabitat and perch height use was significant for
the canonical correlation axes (F = 82.702, P = 0.0010;
Fig. 3). The correlation of environmental variables and
the eight populations for the first 2 axes was 0.94 and
0.91. Thus, both axes explained 37.3 and 30% of the to-
tal variation of this analysis, respectively (Table 2). The
variables with greater correlation to axis 1 were VC and
RC, and for axis 2 were HNP and BSC (Table 3).

The CCA showed that males from PAC, LMJ and
CAH were characterized by microhabitats with vegeta-
tion coverage (Fig. 3), while males from LMZ and CER
used microhabitats composed of bare soil; males from
HUI and SMR populations used microhabitats com-
posed primarily of bare soil and rocks (Fig. 3). Males
were observed using nine perch types (Fig. 2) and most
frequently observed on rocks, walls and Agave plants,
similar to females. Regarding perch height use, the CCA
showed that males from PAC, LMJ, EZA and LMZ
were correlated with DNP.

Morphology and sexual dimorphism

In general, a one-way ANOVA showed that males
were larger than females in all morphological variables
analyzed (SVL: F,,; = 10.78, P = 0.0012; TIL: F ;3
=24.57, P = 0.0001, FEL: F,;= 16.46, P = 0.0001,
FOL: F\,,; =10.82, P=0.0012, HDL: F| ,,; = 9.56, P =
0.0022, HDW: F ,,; = 17.42, P = 0.0001; Table 4).
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Table 4 Mean values (+ SE) of the morphological variables for males and females from the eight populations of the Sceloporus
grammicus complex of Mexico

Populations
Variables (mm)
Females CER PAC HUI EZA SMR LMJ LMZ CAH
SVL 462+2.18 513+12 547+10 5674+1.8 525+1.37 550+£1.7 535+09 453+1.48

Tibia length 9.1 +£0.45 8.9+0.26 10.0£0.20 11.1+0.38 9.5+0.32 11.1+038 10.1+0.26 9.2+0.25
Femur length  9.5+0.66 8.6+0.26 9.8+0.37 10.8+044 94+049 105+0.32 103+0.26 10.0+0.21
Forearm length 7.8+0.52 7.5+0.20 85+£026 89+024 82+022 9.1+026 86+0.16 9.5+0.21
Head length 11.0£035 109+0.19 124+£0.15 129+034 11.6+026 13.0+0.29 123+0.28 10.5+0.29
Head width 92+042 95+0.15 10.6+0.14 11.0+0.29 10.6+0.27 109+0.27 105+022 83+1.49
Males

SVL 523+1.83 562+1.07 57.6+2.1 654+13 547+233 56.5+19 51.4+1.84 53.0+£2.95
Tibia length 103+042 104+034 11.6+049 133+047 10.6+046 12.0+0.56 104+042 11.0+0.25
Femur length  10.2+0.42 104+041 109+0.59 12.7+£0.53 10.7+0.57 11.0+0.54 10.5+043 11.2+£0.27
Forearm length 8.0+0.32 82+0.21 93+042 105+£031 9.0+£046 9.7+048 85+0.37 104+0.35
Head length 122+0.37 12.0+0.39 13.0+042 148+031 11.7+040 13.0+0.54 125+045 11.7+£0.48
Head width 10.5+0.33 10.6+026 11.6+040 12.6+031 10.6+0.40 11.7+£0.51 10.6+0.41 11.1+0.38
SVL, snout—vent length.

Table 5 Statistical regression and comparison of slopes by ANCOVA of relations between morphological variables and snout—vent
length for males (M) and females (F) of Sceloporus grammicus of the eight populations from Mexico

Regression ANCOVA
Comparison slopes

Variables  Sex R F df Slope Ordered P F df P

TIL M 50.52 117.41 1116 0.89 0.5 0.001 1.37 1,2 0.24
F 38.12 76.99 1126 0.75 —0.29 0.05

FEL M 32.33 54.93 1116 0.73 —0.25 0.001 0.04 1,2 0.85
F 27.76 48.04 1126 0.71 —0.22 0.049

FOL M 40.52 78.35 1116 0.78 —0.41 0.003 1.55 1,2 0.21
F 34.72 66.47 1126 0.63 —-0.16 0.051

HDL M 42.69 85.65 1116 0.66 —0.05 0.042 0.23 1,2 0.63
F 46.61 109.11 1126 0.62 0.02 0.036

HDW M 50.75 118.5 1116 0.71 -0.19 0.026 1.31 1,2 0.25
F 46.64 109.28 1126 0.61 —0.03 0.028

df, degrees of freedom.

In both sexes the SVL is positively correlated with the ANCOVAs indicated that there is no increase in the
TIL, FEL, FOL, HDL and HDW (Table 5). morphological variables with increasing SVL between

Although slopes and ordinates of the origin of TIL, sexes (Table 5).
HDW and FOL were larger in males than in females,
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DISCUSSION

Sceloporus grammicus populations from the Mexican
Plateau represent a taxonomic challenge that has been
widely discussed over the past few decades (Hall 1973;
Sites et al. 1988; Arévalo et al. 1991; Marshall et al.
2006; Leaché 2010). Our study, which used multivariate
methods and comparative analysis of eight populations,
provides a description of habitat use and morphological
information that ultimately will enhance our understand-
ing of the challenging taxonomic issues that exist in this
species complex (Marshall et al. 2006, Leyte-Manrique
2011).

Microhabitat and perch use

In this study, we found similarities in habitat use
among females from eight populations of S. grammicus,
as well as among males from the analyzed populations.
The predictions of biomechanical models suggest that
lizard species that inhabit a wide range of microhabi-
tat types (e.g. bare soil, open areas, sandy areas and up
to dense vegetation cover) are often cursorial (runners),
with shorter anterior legs and longer hind legs (Her-
rel et al. 2001). Large hind limbs act as drivers to maxi-
mize acceleration, and such is the case for S. grammicus
in this study (Herrel ez al. 2001). Most saxicolous spe-
cies (inhabiting rocks) have a dorsoventrally flattened
body design that favors the use of crevices as refug-
es with shorter limbs that aid in turning ability (Adolph
1990; Herrel et al. 2002). Therefore, populations of S.
grammicus may be classified as cursorial and moderate-
ly saxicolous, a designation that corresponds to the ac-
tive foraging mode (Vitt & Congdon 1978), and not as
a tree-climber as it had been previously classified (Orte-
ga-Rubio & Arriaga 1990; Herrel et al. 2002). Based on
our results, females from LMJ, LMZ, HUI, SMR, CER
and CAH exhibited primarily terrestrial and cursori-
al behavior because lizards from these populations used
open microhabitats composed of bare soil (Herrel et al.
2001), while females from PAC and EZA may be con-
sidered cursorial and saxicolous because they displayed
a stronger correlation with microhabitats composed
of greater vegetation cover and rocks, such as was ob-
served in the CCA.

Males from PAC, LMJ, LMZ, CER and CAH can be
considered cursorial because they were correlated with
microhabitats composed of greater vegetation cover
and bare soil, while a group of males from HUI, SMR
and EZA may be considered cursorial and saxicolous
because they were more related to microhabitats with

Habitat use in Sceloporus grammicus

greater vegetation and ground and rock cover. The sim-
ilarities shown in the use of microhabitats between sex-
es and populations could be a reflection of their evolu-
tionary history, even though lizards of these populations
inhabit different environments (Leyte-Manrique 2011).
Therefore, our results indicate that these populations
could be exhibiting a high degree of phylogenetic con-
servatism (Eliosa Leon et al. 2010; Perez-Mendoza et
al. 2014).

High similarities were observed on perch height use
between sexes and populations. The CCA showed that
perch choice for females from PAC, LMJ, LMZ, SMR,
CER and CAH was more correlated to perches based on
the height of the nearest potential perch a lizard could
occupy, while males from PAC, LMIJ, EZA, and LMZ
use the distance to the nearest perch as their main crite-
rion. The use of both variables (height and distance) for
both sexes could be related to their evolutionary histo-
ry, and, therefore, these populations have similar behav-
ioral and ecological characteristics (Eliosa Leon et al.
2010; Perez-Mendoza et al. 2014). Adolph (1990) did
not find differences in perch use or height among ma-
nipulated populations in the field and laboratory studies
of Sceloporus occidentalis Baird & Girard and S. gra-
ciosus Baird & Girard and concluded that this was prob-
ably due to low genetic differences. In addition, these
similarities in relation to both perch characteristics in
our study could be a strategy to avoid predators by mov-
ing to higher perches and places in close proximity to
their shelters (Ramirez-Bautista & Benabib 2001).

Several studies have noted that perch height influenc-
es behavior and success of escape in both males and fe-
males (Herrel et al. 2001, 2002; Losos ef al. 2003). This
explanation is also supported by male behavior during
the reproductive season when males display their sexu-
al attributes to their rivals at higher perch sites to defend
their territory and priority access to proximate females.
This also reduces competition for space among differ-
ent age classes and sexes, especially when resources are
limited (Losos et al. 2003; Irschick et al. 2005a).

Morphology

The morphological traits analyzed in the eight pop-
ulations showed significant differences among them.
These differences could be due to adaptations to their
specific environments, mainly influenced by the avail-
ability of resources such as microhabitat, food and
predation pressures (Ballinger 1977; Irschick et al.
2005a,b). The fact that morphological variations were
found within and among populations of S. grammicus (in
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TIL, FEL, FOL, HDL and HDW) suggests an adaptive
response to their respective environments. Similar pat-
terns were found in other populations of the same spe-
cies (Rubio-Pérez 2005).

Larger SVL in males and females from EZA (see Ta-
ble 4) could be the outcome of low predation intensity,
similar to what has been documented for Urosaurus or-
natus (Dunham 1982) and other lizard species (Niewi-
arowski & Dunham 1994). This hypothesis is also sup-
ported by a tail regeneration study in S. grammicus
(Leyte-Manrique et al. 2007). These authors observed
that lizards with larger body size showed lower propor-
tions of regenerated tails. Therefore, larger lizards pos-
sibly have a lower likelihood of being attacked or may
be able to escape their predators due to their great-
er agility (Dunham 1982). Another possible explana-
tion for the variation of body sizes among the eight pop-
ulations could be that lizards with larger body size feed
on larger, higher quality prey. Support for this explana-
tion has been shown in other populations of S. grammic-
us (Leyte-Manrique & Ramirez-Bautista 2010) and oth-
er lizard species (Hierlihy et al. 2013). Morphologically,
females from LMIJ, LMZ, HUI, SMR, CER and CAH
and males from HUI, SMR and EZA had longer limbs
than females from PAC and EZA, and males from PAC,
LMJ, LMZ, CER and CAH. This has shown that organ-
isms with longer limbs can be more agile on sandy sur-
faces, bare soil and rocks, while with those with smaller
limbs are more agile in branches, tree trunks and often
use a lower height perch (Tulli ef al. 2012). However,
habitat use represents many challenges for all biological
groups, and we cannot point to a specific morphology as
exclusive for a microhabitat, especially in lizards, con-
sidering it is a group in which a single species can ex-
ploit different environments.

The ecological and morphological attributes of S.
grammicus populations from this study seem to have a
different degree of importance in patterns of predation
in comparison to those that occur in other lizard species
(Irschick et al. 2005b).

Sexual dimorphism

Sexual dimorphism has been observed as a common
characteristic between males and females in species
of the genus Sceloporus (Fitch 1978); however, stud-
ies carried out in species of this genus have also shown
that males and females are similar in SVL (Butler et al.
2000; Ramirez-Bautista & Pavon 2009). Even though
the ANOVAs showed that males were larger than fe-
males, the ANCOVAs indicated that there is no increase

in the morphological variables with increasing SVL be-
tween sexes. These results reveal that males and fe-
males can grow at the same rate. Therefore, we consid-
er it is necessary to conduct future research on growth
rates of both sexes of these eight populations, using
growth models that allow us to know which sex can
reach bigger sizes and grow at higher rates, similar to
the research developed by Lemos-Espinal and Ballinger
(1995) in the southeast of the state of Puebla. In an eco-
logical context, Butler et al. (2000) note that sexual di-
morphism in lizard species is strongly linked to the hab-
itat use where males use different microhabitats and
perches than females; however, there are very few stud-
ies that support this idea in the genus Sceloporus. Nev-
ertheless, this is not true for species of the genus Ano-
lis where multiple examples exist (Ramirez-Bautista &
Benabib 2001; Butler & Losos 2002; Losos et al. 2006).
Species and populations of single species that inhab-
it contrasting environments experience a wide gam-
ut of conditions, such as differences in food availabili-
ty, predation intensity and density of competition (Butler
& Losos 2002; Losos et al. 2006). Therefore, consider-
ing all of these pressures collectively, body size, growth
rates and high survivorship among age classes and be-
tween sexes should reflect an adaptive response to the
environments in which species and populations inhabit
(Butler et al. 2000), which could be taking place within
the eight populations of our study.

The observed differences in tibia length and femur
length, which were larger in males than in females, are
characteristics that help the body to rise off the ground,
to move and increase sprint speed, and are also likely
associated with courtship and interactions among males
(Filogonio et al. 2009). In addition, differences ob-
served in head length and head width could be related to
different prey items consumed between sexes, as well as
aggressive interactions used to defend territory and sub-
due females for copulation. Such aggressive behavior
has been observed in most lizard species of the genera
Sceloporus (Fitch 1978) and Anolis (Ramirez-Bautista
& Benabib 2001).

Our results can be compared to other studies en-
gaged in the relationships among morphology, demog-
raphy, behavior, life history, and microhabitat use (Van-
hooydonck et al. 2000; Herrel et al. 2002; Rubio-Perez
2005). These also indicate that environmental condi-
tions, interactions (e.g. competitive and predator—prey),
and phylogeny are principal forces that may modify the
morphology of these lizards.

206 © 2016 International Society of Zoological Sciences, Institute of Zoology/

Chinese Academy of Sciences and John Wiley & Sons Australia, Ltd



Finally, our results showed that ecological and mor-
phological variation exists among the eight populations
sampled, and provide a baseline for a more in depth
study focused on the taxonomic status of this species
complex with future data including diet, reproductive
characteristics, behavior, genetics, and population dy-
namics. Our study also revealed similarities in micro-
habitat and perch height use. This supports variations
found in studies of S. grammicus of populations focused
on genetics (Arévalo et al. 1991; Marshall et al. 2006),
morphology (Lara-Gongora 2004; Hernandez-Salinas
et al. 2010), ecology (Leyte-Manrique 2011; Bastiaans
et al. 2013a; Bastiaans et al. 2014; Pérez-Mendoza &
Zuiiiga-Vega 2014), reproduction (Hernandez-Salinas
et al. 2010; Bastiaans et al. 2013b; Lozano et al. 2014,
2015) and life history (Ramirez-Bautista et al. 2004,
2005; Pérez-Mendoza et al. 2013, 2014). Nonetheless,
future studies are needed regarding population ecology
and functional ecology to enhance our understanding of
how morphological characteristics operate in the differ-
ent environments that these populations of S. grammic-
us inhabit.
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