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Abstract—Reproductive success in oviparous squamates requires the selection of an appropriate nest site for
oviposition. The resulting environmental conditions directly influence different biological traits of offspring. We
studied thermal and hydric conditions of nesting sites before, during, and after the egg-laying season of Aspidoscelis
costatus costatus (Balsas Basin Whiptail) in central Mexico to assess their respective relationships with the female
reproductive cycle. We placed electronic thermometers directly into nests and measured soil humidity using a
modification of the McGehee method. We measured and classified 45 nests of this subspecies, all located under
volcanic rocks, as either active (i.e., with developing turgid, white-shelled eggs or shell remnants) or inactive (i.e.,
those from previous reproductive seasons as indicated by brown eggshells). We located active nests between June
and September, whereas the inactive nests were found throughout the year. The average temperature and humidity
in nests were 24.6° C and 19.5%, respectively, during the nesting season; however, neither temperature or humidity
was optimal for clutch development in the months before and after the observed nesting season. Our study suggests
that gravid female A. c. costatus respond to environmental seasonal cues for oviposition (obtained from nesting
sites) that coincidentally influence completion of embryonic development. This is the first study of nesting sites in
Aspidoscelis that could be monitored without destruction of the nest. Knowledge of the location of nesting sites for
this species has major implications for its conservation, especially in patches of suitable habitat in a crowded urban
landscape.
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INTRODUCTION

Approximately 80% of squamate species are
oviparous and they generally do not exhibit parental care
(Pianka and Vitt 2003; Vitt and Caldwell 2009). Thus,
embryonic development and survival after oviposition
are dependent on the incubation environment and
nest site-selection of females (Thompson et al. 1996).
Nesting site selection in oviparous lizards represents the
ultimate test of the fitness of an individual, given the
persistence of a mode of existence that does not require
parental care.

The incubation environment in a nest is defined by
both biotic and abiotic factors, with temperature and
humidity playing the predominant roles (Calderdn-
Espinosa et al. 2018; Li et al. 2018; Pruett et al. 2020).
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Physiological, morphological, and ecological traits
of the hatchlings are in part temperature-dependent
(Andrewartha et al. 2010; Esquerré et al. 2014).
Additionally, the temperature within a nest influences
the developmental rate and the incubation time of the
embryos (Andrews et al. 2000; Parker and Andrews
2007). Moreover, the hydric environment can affect
the usage rate of yolk, calcium integrity of the shell,
duration of the incubation period, hatching rate, and
mass of the offspring (Ackerman and Lott 2004).

In lizards of the genus Aspidoscelis (Teiidae),
cyclic reproduction seems to be common in seasonal
environments (Hernandez-Gallegos et al. 2003;
Manriquez-Moran et al. 2005; Lopez-Moreno et al.
2016) and may continue as long as required resources
are available (Mojica et al. 2003). Diversity in the
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reproductive patterns (e.g., both non-cyclic and cyclic;
both oviparity and viviparity), however, suggests the
absence of group-wide genetic factors responsible for
the regulation of the reproductive activity (Fitch 1985).
For example, reproductive activity in squamates can
be influenced by rainfall (Colli 1991), temperature
(Dearing and Schall 1994; Hernandez-Gallegos et al.
2003; Granados-Gonzalez et al. 2015), photoperiod
(Rodriguez-Ramirez and Lewis 1991; Manriquez-
Moran et al. 2005), phylogeny (Censky and McCoy
1988), frequency of what are called nortes (i.e., storms
that occurs from November to February on cool overcast
days in the subtropics; Hernandez-Gallegos et al.
2003), and time available for foraging and/or favorable
conditions for oviposition (Vitt and Breitenbach 1993;
Lopez-Moreno et al. 2016).

For most species of whiptail lizards (genus
Aspidoscelis), the selection of nest sites and the
environmental conditions therein are poorly understood;
however, we note the few known exceptions to this
statement. Trauth (1983) searched for nesting habitat
and oviposition sites of 4. sexlineatus for § y, during
which time he collected 195 egg clutches from 66
nesting sites in eight southeastern states in the USA.
Nests of this species were typically excavated from
the south to west sides of road embankments. Trauth
(1987) also discovered nests of A. gularis by excavation
at two sites in Texas, USA, at the base of south to
west roadside embankments. In Jalisco state, México,
Rodriguez-Canseco et al. (2013) reported eight neonates
of 4. gularis within a nest beneath a rock. The nesting
data for A. costatus from Guerrero state, México,
reported by Lara-Resendiz et al. (2013) is problematic
as they presented no definitive evidence that the nests
described there belonged to a single species. Contrary
to the assessment of the authors of the presence of
a single species, we have found at least three species
of Aspidoscelis at their study site (Walker et al. 2020;
unpubl. data).

Western Mexican Whiptail (4. costatus), a
moderately large gonochoristic species endemic to
western Mexico (Maslin and Secoy 1986), has been
afforded special protection by Mexican laws (Secretaria
de Medio Ambiente y Recursos Naturales 2019).
Its Environmental Vulnerability Score (EVS) of 11
identifies it as a species of medium vulnerability (Wilson
et al. 2013). According to International Union for the
Conservation of Nature (IUCN) Red List, it is considered
a species of Least Concern (IUCN 2007). In due course,
A. costatus may be shown to be a complex of species.
Currently, eight of its putative variants are recognized
as subspecies (Reeder et al. 2002; Barley et al. 2019),
one of which is 4. ¢. costatus (see Maslin and Secoy
1986; Barley et al. 2019), commonly known as Balsas
Basin Whiptail. In the inclusive sense, 4. c. costatus
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is widely distributed in the Mexican states of Guerrero,
Mexico, Morelos, Puebla, Tlaxcala, and Oaxaca (Maslin
and Secoy 1986; Méndez de la Cruz et al. 2018; Barley
et al. 2019). It has an oviparous reproductive mode,
producing a single clutch annually at our study site in
central Mexico at 1,500-1,600 m elevation, which is the
largest clutch size reported (mean of 7.7 eggs) within
the genus Aspidoscelis (Lopez-Moreno et al. 2016). The
ovarian cycle is seasonal, spanning from the end of the
dry season (April) to the middle of the wet season (July),
with a higher prevalence of gravid females during June
and July (Lopez-Moreno et al. 2016).

Experience has shown that locations of nesting
sites of female A. c. costatus (i.e., under volcanic
rocks) in the high elevation study area are predictable,
which facilitated completion of this study. Such
predictability for nesting sites is not known for other
Mexican population of Aspidoscelis at this elevation.
Construction of the nest cavity beneath a volcanic
rock for oviposition by a lizard allowed for the nests
to be temporarily exposed by the researchers, fitted
with sensitive data-recording devices, and restored to
their natural condition. This allowed for assessment
of thermal and hydric conditions for each nesting site,
whether in or out of the nesting season of 4. ¢. costatus,
at a high elevation site in central Mexico. We evaluated
these conditions in terms of their relationship to the
reproductive cycle of female 4. c. costatus.

MATERIALS AND METHODS

Nomenclature—The nomenclatural status of Balsas
Basin Whiptail (Aspidoscelis c. costatus), referred to
as Aspidoscelis c. costata in publications following the
erroneous recommendations by Reeder et al. (2002),
was technically clarified by Tucker et al. (2016). Based
on Article 30.1.4.2 (International Commission on
Zoological Nomenclature 1999), the name Aspidoscelis
must be treated as grammatically masculine rather than
feminine as presumed by Reeder et al. (2002). This
correction also impacted the suffixes of specific epithets
of other Mexican whiptail lizards with names emended
to end in -a, which should be returned to -us (e.g., 4.
septemvittata to A. septemvittatus). These revisions
have been accepted by Barley et al. (2019), which
included Tod W. Reeder among the coauthors.

Study site.—The study site was located in El Zapote,
Municipality of Tonatico, Estado de México, México
(18°45°17.1” N, 99°37°20.1” W; WGS84; elevation
1,500—1,600 m), which is an unusually high-elevation
locale for teiid lizards of the genus Aspidoscelis (Vitt
and Breitenbach 1993). The climate at the study site
is semi-humid and warm with a rainy season occurring
generally from June to September (Fig. 1). The rainy
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FiGure 1. Average monthly air temperature (°C) and precipitation
(mm) during the study period of the Balsas Basin Whiptail
(dspidoscelis c. costatus) in El Zapote, Municipality of
Tonatico, Estado de México, México. (Data from Coatepequito

Meteorological Station; http://clicom-mex.cicese.mx).

A S o N D

season may also include May and October given annual
variations in some years (Hernandez-Gallegos and
Dominguez-Vega 2012). The patchy habitat consists of
low-growing deciduous forest vegetation (Rzedowski
2006), interspersed among agricultural areas.

Field work.—From May 2008 to May 2009, we made
weekly data collections during the nesting season of A.
c. costatus (June-September), and conducted monthly
field sampling during the remainder of the year. Based
on preliminary findings, we searched for nests during
each field trip in areas with elevations between 1,500
and 1,600 m, and with slopes of 11 + 2.4° (which can
favor a greater retention of humidity, an important factor
for the appropriate development of eggs; Flores-Santin
2010). We located all nests studied under volcanic
rocks, with a mean length and width of 31.6 = 1.4 cm and
14.0 + 1.5 cm, respectively, and all rock coverings were
completely exposed to the sun (Flores-Santin 2010). We
ascertained that all nesting sites we located belonged to
A. c. costatus based on the following: (1) some females
were observed during actual oviposition; (2) the clutch
size of 7.8 = 0.58 eggs in the active nests (see below
for the categorization) was not significantly different (¢
-0.54, df = 29, P = 0.590) from the oviductal clutch
size of 7.7 £ 0.44 eggs recorded by Lopez-Moreno et al.
(2016); and (3) both length (15.4 mm) and width (9.6
mm) of eggs were always smaller than the eggs of the
Sack’s Reticulated Whiptail, 4. sackii gigas (18.6 mm in
length, and 10.0 mm in width), the only other congener
at the study site (Hernandez-Gallegos et al. 2011). We
recorded temperature and humidity for each nesting site
whether in or out the nesting season. A thermocouple
placed among the eggs under a rock recorded the
temperature of each nesting site of 4. c¢. costatus each
hour (starting 8 May 2008) with a Hobo® Temp External
Data Logger (Model H8, Onset Computer Corporation,
Bourne, Massachusetts, USA). We evaluated the daily
variation in temperature to understand proximate factors
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relating to nesting and non-nesting behaviors using data
from three nesting sites selected from April (warmest
month, without active nests), August (a representative
warm month, with active nests) and December (coldest
month, without active nests). We measured the soil
humidity at the nesting sites during each monthly field
trip by a modification of the method proposed by McGee
(1990). We took a soil sample of 50 g from beneath
each rock and near each nest (i.e., within 5 cm from the
nest perimeter), which we dried on a stove at 100° C
for 24 h. Thereafter, the sample was weighed again to
evaluate the loss of moisture. We recorded the moisture
as a percentage according to the formula: percentage of
humidity = (weight of the humid sample minus weight
of the dry sample / weight of the dry sample) x 100
(Arzola-Gonzalez 2007). Both temperature and soil
moisture data, including the methodology, were taken in
a very similar manner as Li et al. (2018).

Statistical analyses.—Because temperature and soil
humidity did not meet the assumptions for parametric
tests (Kolmogorov-Smirnov Test), and there were
repeated measurements on the same nest over the months
(i.e., non-independence in the data: autocorrelation),
the differences among months were assessed using
Generalized Linear Mixed Models (GLMM). This
analysis also handled the cases of missing data due to
loss and replacement of nests. We used the nest as the
random effect, and the month as the fixed factor. We
used Least Significant Difference to test for significant
differences. Moreover, we estimated the thermal and
hydric variances using the Coefficient of Variation (CV)
per month, and we evaluated differences between CV
of the nesting season and outside of the nesting season
using the Mann-Whitney U test. We compared both
temperature and humidity within nesting season in
either active or inactive nests using either parametric
or nonparametric tests. Additionally, we compared the
temperatures of the nesting sites selected from April,
August, and December using a Two-way ANOVA by
hour, month, and the interaction of hour and month. We
used SPSS version 20.0 for all statistical tests and we
deemed results significant if P < 0.05.

REsuLTs

Number and types of nests found.—We identified
two categories of nests for 4. c¢. costatus: active nests
(with live turgid white eggs or shell remnants that
indicated hatching or fresh predation of eggs prior to
their observation, Fig. 2A), and inactive nests (identified
by brown eggshells from previous reproductive seasons,
Fig. 2B). Accordingly, 26.7% were active nests (n =
12) found from June to September, whereas 73.3% (n =
33) were inactive nests found throughout the year. We
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FiGURE 2. (A) Active nest and (B) inactive nest of the Balsas Basin
Whiptail (4spidoscelis c. costatus) in El Zapote, Municipality of

Tonatico, Estado de México, México.
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found no evidence of communal nesting. A chamber of
mud was found in each active nest (Fig. 2). The eggs
were not actually covered by soil, which likely enabled
the hatchlings to leave the cavity more easily than if
covered. We did not find a chamber in the inactive nests
(Fig. 2). Moreover, the brown color of the eggshells was
apparently caused by desiccation during the dry season.
We base this on our observation that white eggshells we
found in a nesting site in 2008 had become brown when
we reexamined the nest in May 2009.

Variation in nest temperatures.—Temperature varied
significantly throughout the months in the nesting sites
(F) 34110 = 648.9, P < 0.001). The nest effect was also
significant (Z = 5,693, P < 0.001). During the nesting
season from June to September (Fig. 3), the average
temperature of all pooled data was 24.6° C (range 23.6°—
25.6° C). During this season, both active (median 24.0°
C) and inactive nests (23.6° C) significantly differed
in temperature (U = 39,315,210, df = 8694, 9684, P <
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0.050). Temperatures in the three months prior to the
start of nesting (June) varied from 23° C to 26° C (March
23.9 £ 0.26° [standard error] C; April, 26.6 = 0.26° C,
the highest temperature of the year; and May 26.2 +
0.28° C); however, no nesting sites including active
nests were found during these months. We recorded the
lowest temperatures in the nesting sites from October
to February when there were no viable eggs; the mean
temperature for these months was 19.2° C (range 17.4°—
20.6° C). The nesting sites exhibited the greater thermal
fluctuations outside of the nesting season (U = 32.0, df
=4, 8, P<0.050; Fig. 4). The pattern of daily variation
was similar in April, August, and December: the lowest
temperatures within nesting sites were experienced in
early morning, and the highest temperatures occurred in
the afternoon (Fig. 5). Mean temperatures in the nesting
sites varied significantly by the interaction of hour and
month (F, ,, = 2.810, P < 0.001). Nest temperatures
were hotter in April than in August, except between
0500 and 0900, when nest temperatures were either the
same or hotter in August (Fig. 5).

Variation in nest soil humidity.—We found
significant differences in the percentage of soil humidity
throughout sampling in the nesting sites (¥, ,,, = 31.35,
P < 0.001, Fig. 3). The nest effect was nonsignificant
(Z = 1.209, P = 0.227). During the nesting season
(June-September), the percentage of humidity was the
highest, with an average of 19.5% (range, 16.1-22.2%).
During the nesting season, both active nests (19.7%)
and inactive nests (19.8%) did not differ significantly
in humidity (¢ = -0.147, df = 139, P> 0.050). Although
we recorded suitable soil humidity for nesting in A4. c.
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Ficure 3. Variation in (A) the average (95% confidence interval, solid line) of the temperature (°C) and (B) humidity (%) and their
coefficients of variation (dashed line) per month measured in nests, within (NS) and outside of nesting season (ONS), of the Balsas Basin
Whiptail (Aspidoscelis c. costatus) in El Zapote, Municipality of Tonatico, Estado de México, México. Different letters denote significant
differences among months according to Least Significant Difference test (P < 0.05). Numbers at the top denote nests; single numbers are
nests outside the nesting season, during the nesting season active nests are followed by inactive nests.
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Ficure 4. Comparison of coefficients of variation of the
temperature in nests, within (NS) and outside of nesting season
(ONS), of the Balsas Basin Whiptail (4spidoscelis c. costatus) in
El Zapote, Municipality of Tonatico, Estado de México, México.

costatus in October (19.5 + 0.96%), active nests were
not found in that month. From November to March the
lowest yearly percentage in humidity was recorded with
an average of 4.5% (range, 3-6.2%). The CV for the
humidity demonstrated that during the nesting season,
the variation did not differ significantly from other
months (U= 20.0,df =4, 7, P=0.298; Fig. 3).

DiscussioNn

Incubating reptile eggs are subjected to fluctuating
environmental factors, of which temperature and soil
humidity are among the most important (Calderén-
Espinosa et al. 2018; Li et al. 2018). According to
Brown and Shine (2006), Li et al. (2018), and the results
from our study, female 4. c. costatus selected a moist
and warm environment with minimal temperature
fluctuations under rocks (between June and September).
This condition is favorable for oviposition and
embryonic development and provides suitable micro-
environmental conditions to stimulate oviposition
progressing to successful incubation. The nest effect
was also significant, which could have resulted from the
sizes of the covering rocks.

Both daily and monthly temperature fluctuations in
nests seem to be a common pattern in lizards (Qualls
and Shine 1998; Calderon-Espinosa et al. 2018; this
study). This suggests that oviparous lizards have
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FiGurke 5. Daily nest temperature (°C) variation during the hottest
month (April, inactive nests), a representative warm month
(August, active nests) and the coldest month (December, inactive
nests) in nesting sites of the Balsas Basin Whiptail (Aspidoscelis
c. costatus) in El Zapote, Municipality of Tonatico, Estado de
México, México.

evolved physiological mechanisms that withstand
such temperature fluctuations (within specific ranges)
with minimal disruptions to the developmental
processes, whereas prolonged egg retention (atypical in
Aspidoscelis) would both reduce such fluctuations and
preclude evolution of such mechanisms. The nesting
environment that the eggs of 4. c. costatus naturally
experience indicated that the average incubation
temperature was 24.6° C. The incubation temperature
was similar to those recorded for other whiptail
lizard species such as Chihuahuan Spotted Whiptail,
A. exsanguis (22°-26° C), Six-lined Racerunner, 4.
sexlineatus (25°-32° C), and Sonoran Spotted Whiptail,
A.sonorae (22°-26° C; Kohler 2005); and is found within
the optimal temperature for oviparous reptiles in general
(23°-31° C; Birchard 2004). In A. c. costatus, incubation
temperature  possibly influences the embryonic
developmental process (Andrews et al. 2000; Parker and
Andrews 2007; Lopez-Moreno 2011), and the different
phenotypic traits of the hatchlings (Andrewartha et al.
2010; Esquerré et al. 2014). At El Zapote, Municipality
of Tonatico, which is a high-elevation (1,500 and 1,600
m) population of whiptail lizards (Vitt and Breitenbach
1993), the rocks permanently exposed to the sun heated
up to 47.4° C; however, the temperatures of the nests
underneath did not exceed 37° C. The protective effect
of the rock cover for temperature extremes was noted
by Flores-Santin (2010) for high temperatures and by
Calderon-Espinosa et al. (2018) for lower temperatures.
We regard this as an adaptive response for populations
at high elevations (Shine 2004; Calderon-Espinosa et al.
2018; Granados-Gonzalez et al. 2020) including the El
Zapote site. This response provides eggs of female A.
c. costatus a thermal micro-environment with relatively
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minimal fluctuation for incubation (i.e., the rocks
reduce both absolute maximum and minimum values of
temperature). In our population, a very similar situation
was recorded for the nesting sites during 2009 and 2010
(Lopez-Moreno 2011). Increased thermal variation
during incubation has been found to significantly reduce
embryonic survivorship and offspring fitness (Horne et
al. 2014; Li et al. 2018).

Our study shows that moisture from rainfall influences
nesting microhabitat; the egg-laying season in 4. c.
costatus occurs during the months with more rainfall and
represents an adaptation responsive to these conditions.
Based on results for other species (Packard and Packard
1987; Vleck 1988), this adaptation helps female lizards
to avoid habitats and/or time periods that are prone to
desiccating eggs (Li et al. 2018). We believe that eggs
incubated under adequate humidity conditions, such as
a mean of 19.5% for our population of 4. ¢. costatus,
would produce larger individuals in June to September.
This would not occur under drought conditions, such as
those recorded under rocks in El Zapote from November
to May, where the albumin in the eggs could not be
separated and degraded (Packard et al. 1977).

Seasonal reproduction in squamates has been
hypothesized to be correlated with both biotic (i.e.,
evolutionary baggage, resource availability) and
abiotic factors (i.e., temperature, rainfall, frequency of
nortes, day length). This included appropriate micro-
environmental conditions (i.e., thermal and hydric
conditions) for oviposition/incubation (Brown and
Shine 2006; Lopez-Moreno et al. 2016). Our data
further supports the hypothesis by Lopez Moreno et
al. (2016) that the female reproductive cycle of A4. c.
costatus is likely correlated with the thermal and hydric
conditions at the nesting sites. At El Zapote the required
temperature and soil humidity for the embryonic
development of 4. c. costatus only occur simultaneously
in June through September. Any incubation scenario
beyond the optimal values presented are thought to
be inadequate for the embryonic development of 4. c.
costatus; no active nests have been found before or after
this period. It should be noted that there are months
which are within, or close to, the interval for either
temperature or humidity, but not for both simultaneously.
From March through May, an adequate incubation
temperature was present, yet the soil humidity was
lower than the average values. During October, the soil
humidity was adequate, yet the temperature was also
lower than the average values observed in the nesting
season. The oviposition timing is significant for the
success of egg hatching (Warner and Shine 2007). If
the eggs of 4. c. costatus were oviposited before June,
viable embryos would likely not develop because of
inadequate humidity for yolk metabolism (Packard et al.
1977; however, further experimental evidence is needed

to corroborate this hypothesis). If the oviposition took
place in October, the eggs would be exposed to proper
humidity but not an adequate temperature and similarly
there would be no success in the incubation, as has been
demonstrated by Lopez-Moreno (2011).

Investigations into other sympatric oviparous species
(i.e., A. sackii gigas) are needed to compare the warm
(including low variation in temperature) and moist
environment inside of nests during nesting season that
was observed in 4. c. costatus is consistent across teiid
lizards. This topic would provide a greater understanding
of the nesting ecology of lizards and its relationship with
different biological traits including female reproductive
cycle. Although A. c. costatus is still widely distributed
in south-central Mexico, it can be locally threatened by
a variety of anthropogenic activities such as habitat loss
and land conversion (Gomez-Benitez et al. 2016). In
addition to destruction of local populations (including
decline and collapse), recent studies indicate that
these anthropogenic activities apparently promote
potentially harmful morphological and ecological
changes in this species (Gomez-Benitez et al. 2016,
2020; Goémez-Benitez 2017). Successful, evidence-
based conservation of vulnerable populations of 4. c.
costatus requires robust basic natural-history data (i.e.,
nesting environment), which will provide knowledge of
the effects of both anthropogenic and natural factors in
its life history. This is especially needed in areas where
preferred habitat loss of A. c. costatus is the primary
threat to a lizard population as reported for 4. gularis in
Mexico City by Hernandez-Gallegos et al. (2009).

Acknowledgments.—We thank Fernando Ordorica for
the resources granted to complete this study, as well as
the students of the Herpetology laboratory for their help
in the field. Support for the project (number 2620/2008)
was provided by of Universidad Autonoma del Estado de
México. The Mexican government provided Scientific
Collector Permit SEMANART FAUT-0186.

LiTERATURE CITED

Ackerman, R.A., and D.B. Lott. 2004. Thermal,
hydric and respiratory climate of nests. Pp. 15-43
In Reptilian Incubation: Environment, Evolution,
and Behavior. Deeming, D.C. (Ed.). Nottingham
University Press, Nottingham, UK.

Andrewartha, S.J., N.J. Mitchell, and P.B. Frappell.
2010. Does incubation temperature fluctuation
influence hatchling phenotypes in reptiles? A test
using parthenogenetic geckos. Physiological and
Biochemical Zoology 83:597-607.

Andrews, R.M., T. Mathies, and D.A. Warner. 2000.
Effect of incubation temperature on morphology,
growth, and survival of juvenile Sceloporus

100



Herpetological Conservation and Biology

undulatus. Herpetological Monographs 14:420—431.
Arzola-Gonzalez, J.F. 2007. Humedad y temperatura
en nidos naturales y artificiales de tortuga golfina
Lepidochelys olivacea (Eschssoltz 1829). Revista de
Biologia Marina y Oceanografia 42:377-383.

Barley, A.J., A. Nieto-Montes de Oca, T.W. Reeder,
N.L. Manriquez-Moran, J.C. Arenas-Monroy, O.
Hernandez-Gallegos, and R.C. Thomson. 2019.
Complex patterns of hybridization and introgression
across evolutionary timescales in Mexican whiptail
lizards (Aspidoscelis). Molecular Phylogenetics and
Evolution 132:284-295.

Birchard, G.F. 2004. Effects of incubation temperature.
Pp. 103—123 In Reptilian Incubation: Environment,
Evolution, and Behavior. Deeming, D.C. (Ed.).
Nottingham University Press, Nottingham, UK.

Brown, G.P., and R. Shine. 2006. Why do most tropical
animals reproduce seasonally? Testing hypotheses
on an Australian snake. Ecology 87:133—143.

Calderon-Espinosa, M.L., A. Jerez, and G.F. Medina-
Rangel. 2018. Living in the extremes: the thermal
ecology of communal nests of the Highland
Andean Lizard Anadia bogotensis (Squamata:
Gymnophthalmidae). Current Herpetology 37:158—
171.

Censky, E.J.,and C.J. McCoy. 1988. Female reproductive
cycles of five species of snakes (Reptilia: Colubridae)
from the Yucatan Peninsula, Mexico. Biotropica
20:326-333.

Colli, G.R. 1991. Reproductive ecology of Ameiva
ameiva (Sauria, Teiidae) in the Cerrado of central
Brazil. Copeia 1991:1002-1012.

Dearing, M.D., and J.J. Schall. 1994. Atypical
reproduction and sexual dimorphism of the tropical
Bonaire Island Whiptail Lizard, Cnemidophorus
murinus. Copeia 1994:760-766.

Esquerré, D., J.S. Keogh, and L.E. Schwanz. 2014. Direct
effects of incubation temperature on morphology,
thermoregulatory ~ behaviour and  locomotor
performance in Jacky Dragons (Amphibolurus
muricatus). Journal of Thermal Biology 43:33-39.

Fitch, H.S. 1985. Variation in clutch and litter size in
New World reptiles. University of Kansas Museum
of Natural History, Miscellaneous Publications 76:1—
76.

Flores-Santin, J.R. 2010. Descripcion ecologica de los
sitios de anidacion de Aspidoscelis costata costata
(Squamata: Teiidae) en Tonatico Estado de México.
Bachelor Thesis, Universidad Autonoma del Estado
de México, Estado de México, México. 33 p.

Gomez-Benitez, A. 2017. Efecto de la urbanizacion en
Aspidoscelis costata costata (Squamata: Teiidae).
Bachelor Thesis, Universidad Autonoma del Estado
de México, Estado de México, México. 35 p.

Gomez-Benitez, A., A.E. Lopez-Moreno, J.M. Walker,

E. Vésquez-Alcantara, D. Sanchez-Manjarrez, O.
Suarez-Rodriguez, and O. Hernandez-Gallegos.
2016. Aspidoscelis  costata. Scale variation.
Mesoamerican Herpetology 3:1089-1091.

Gomez-Benitez, A., .M. Walker, A.E. Lopez-Moreno,
and O. Hernandez-Gallegos. 2020. The influence
of urbanization on morphological traits in the
Balsas Basin Whiptail lizard (4spidoscelis costatus
costatus). Urban Ecosystems 2020:1-7. https://doi.
org/10.1007/s11252-020-01038-7.

Granados-Gonzalez, G., C. Pérez-Almazan, A. Gomez-
Benitez, J.M. Walker, and O. Hernandez-Gallegos.
2020. Aspidoscelis costatus costatus (Squamata,
Teiidae): high elevation clutch production for a
population of whiptail lizards. Herpetozoa 33:131—
137.

Granados-Gonzalez, G., J.L. Rheubert, M. Villagran-
SantaCruz, M.E. Gonzalez-Herrera, J.V. Davila-
Cedillo, K.M. Gribbins, and O. Hernandez-Gallegos.
2015. Male reproductive cycle in Aspidoscelis
costata costata (Squamata: Teiidae) from Tonatico,
Estado de México, México. Acta Zoologica 96:108—
116.

Hernandez-Gallegos, O., and H. Dominguez-Vega.
2012. Cambio estacional en la coloracion dorsal de
la lagartija Aspidoscelis costata costata (Squamata:
Teiidae). Revista de Biologia Tropical 60:405—412.

Hernandez-Gallegos, O., C. Ballesteros-Barrera, M.
Villagran-Santa Cruz, D. Alonzo-Parra, and F.R.
Méndez-de la Cruz. 2003. Actividad reproductora
estacional de las hembras del género Aspidoscelis
(Reptilia: Teiidae), en la Peninsula de Yucatan,
Meéxico. Biogeographica 79:1-17.

Hernandez-Gallegos, O., C. Pérez-Almazan, A.E.
Loépez-Moreno, G. Granados-Gonzalez, and J.M.
Walker. 2011. Aspidoscelis sacki (Sack’s Spotted
Whiptail). Reproduction. Herpetological Review
42:428.

Hernandez-Gallegos, O., F.J. Rodriguez-Romero, P.
Sanchez-Nava, and F.R. Méndez. 2009. Rediscovered
population of Mexican Plateau Spotted Whiptail
Lizard, Aspidoscelis septemvittata (Teiidae), from
México, D.F. Western North American Naturalist
69:49-55.

Horne, C.R., W.J. Fuller, B.J. Godley, K.A. Rhodes, R.
Snape, K.L. Stokes, and A.C. Broderick. 2014. The
effect of thermal variance on the phenotype of marine
turtle offspring. Physiological and Biochemical
Zoology 87:796—804.

International Union for the Conservation of Nature
(IUCN). 2007. IUCN Red List. http://www.
iucnredlist.org.

Koéhler, G. 2005. Incubation of Reptile Eggs. Krieger
Publishing Company, Melbourne, Florida, USA.

Lara-Resendiz, R.A., A.H. Diaz de la Vega-Pérez,

101



Hernandez-Gallegos et al.—Nesting in a Mexican endemic whiptail lizard.

V.H. Jiménez-Arcos, and F.M. Méndez-de la Cruz.
2013. Aspectos morfologicos y térmicos del nido de
Aspidoscelis costata en Guerrero, México. Revista
Mexicana de Biodiversidad 84:701-704.

Li, S.R., X. Hao, Y. Wang, B.J. Sun, J.H. Bi, Y.P. Zhang,
F.J. Janzen, and W.G. Du. 2018. Female lizards
choose warm, moist nests that improve embryonic
survivorship and offspring fitness. Functional
Ecology 32:416-423.

Lopez-Moreno, A.E. 2011. Efecto de la temperatura de
incubacion sobre el fenotipo de Aspidoscelis costata
costata  (Squamata: Teiidae). Master’s Thesis,
Universidad Auténoma del Estado de México,
Estado de México, México. 133 p.

Loépez-Moreno, A.E., J.L. Rheubert, C. Pérez-Almazan,
G. Granados-Gonzalez, L.E. Hernandez-Hernandez,
K.M. Gribbins, and O. Hernandez-Gallegos. 2016.
Female reproductive cycle and clutch size of
Aspidoscelis costata costata (Squamata: Teiidae)
from Tonatico, Estado de México. Revista Mexicana
de Biodiversidad 87:1336-1341.

Manriquez-Moran, N.L., M. Villagran-Santa Cruz, and
F.R. Méndez-de la Cruz. 2005. Reproductive biology
of the parthenogenetic lizard, Aspidoscelis cozumela.
Herpetologica 61:435-439.

Maslin, T.P., and D.M. Secoy. 1986. A checklist of the
lizard genus Cnemidophorus (Teiidae). University
of Colorado Museum, Contributions in Zoology
1:1-60.

McGehee, M.A. 1990. Effects of moisture on eggs
and hatchlings of Loggerhead Sea Turtles (Caretta
caretta). Herpetologica 46:251-258.

Meéndez-de la Cruz, F.R., A. Diaz de la Vega-Pérez,
E. Centenero-Alcala, and V. Jiménez-Arcos. 2018.
Anfibios y Reptiles del Parque Nacional la Malinche.
Universidad Auténoma de Tlaxcala, Tlaxcala,
Meéxico.

Mojica, B.H., B.H. Rey, V.H. Serrano, and M.P.
Ramirez-Pinilla. 2003. Annual reproductive activity
of a population of Cnemidophorus lemniscatus
(Squamata: Teiidae). Journal of Herpetology 37:35—
42.

Packard, G.C., and M.J. Packard. 1987. The
physiological ecology of reptilian eggs and embryos.
Pp. 523-605 In Biology of the Reptilia. Volume 16.
Gans, C., and R.B. Huey (Eds). Alan R. Liss, New
York, New York, USA.

Packard, G.C., C.R. Tracy, and J.J. Roth. 1977. The
physiological ecology of reptilian eggs and embryos,
and the evolution of viviparity within the class
Reptilia. Biological Reviews 52:71-105.

Parker, S.L., and R.M. Andrews. 2007. Incubation
temperature and phenotypic traits of Sceloporus
undulatus: implications for the northern limits of
distribution. Oecologica 151:218-231.

Pianka, E.R., and L.J. Vitt. 2003. Lizards. Windows to
the Evolution of Diversity. University of California
Press, Berkeley, California, USA.

Pruett, J.E., A. Fargevieille, and D.A. Warner. 2020.
Temporal variation in maternal nest choice and
its consequences for lizard embryos. Behavioral
Ecology 31:902-910.

Qualls, F.J., and R. Shine. 1998. Geographic variation
in lizard phenotypes: importance of the incubation
environment. Biological Journal of the Linnean
Society 64:477—-491.

Reeder, T'W., C.J. Cole, and H.C. Dessauer. 2002.
Phylogenetic relationships of whiptail lizards of the
genus Cnemidophorus (Squamata: Teiidae): a test of
monophyly, reevaluation of karyotypic evolution,
and review of hybrid origins. American Museum
Novitates 3365:1-61.

Rodriguez-Canseco, J.M., K.L. Gonzalez-Estupifian,
L.E.  Lopez-Rodriguez.  2013.  Aspidoscelis
gularis (Common Spotted Whiptail). Clutch size.
Herpetological Review 44:138.

Rodriguez-Ramirez, J., and A.R. Lewis. 1991.
Reproduction in the Puerto Rican teiids Ameiva exsul
and A. wetmorei. Herpetologica 47:395-403.

Rzedowski, J. 2006. Vegetacion de México. Comision
Nacional para el Conocimiento y Uso de la
Biodiversidad, Mexico City, México.

Secretaria de Medio Ambiente y Recursos Naturales
(SEMARNAT). 2019. Modificacion al anexo
normativo III, lista de especies en riesgo de la
Norma Oficial Mexicana NOM-059-Ecol-(2010)
Proteccion ambiental-Especies nativas de México
de flora y fauna silvestres-Categorias de riesgo
y especificaciones para su inclusion, exclusion o
cambio-Lista de especies en riesgo, publicado el 30
de diciembre del 2010.

Shine, R. 2004. Incubation regimes of cold-climate
reptiles: the thermal consequences of nest site choice,
viviparity and maternal basking. Biological Journal
of the Linnean Society 83:145-155.

Thompson, M.B., G.C. Packard, M.J. Packard, and B.
Rose. 1996. Analysis of the nest environment of
Tuatara Sphenodon punctatus. Journal of Zoology
238:239-251.

Trauth, S.E. 1983. Nesting habitat and reproductive
characteristics of the lizard Cremidophorus
sexlineatus (Lacertilia: Teiidae). American Midland
Naturalist 109:289-299.

Trauth, S.E. 1987. Natural nests and egg clutches of
the Texas Spotted Whiptail, Cnemidophorus gularis
gularis (Sauria: Teiidae), from north central Texas.
Southwestern Naturalist 32:279-281.

Tucker, D.B., G.R. Colli, L.G. Giugliano, S.B. Hedges,
C.R. Hendry, EM. Lemmon, A.R. Lemmon, J.W.
Sites, Jr., and R.A. Pyron. 2016. Methodological

102



Herpetological Conservation and Biology

congruence in phylogenomic analyses with
morphological support for teiid lizards (Sauria:
Teiidae). Molecular Phylogenetics and Evolution
103:75-84.

Vitt, L.J., and G.L. Breitenbach. 1993. Life histories
and reproductive tactics among lizards in the
genus Cnemidophorus (Sauria: Teiidae). Pp.
211-244 In Biology of Whiptail Lizards (Genus
Cnemidophorus). Wright, J.W., and L.J. Vitt (Eds.).
Oklahoma Museum of Natural History, Norman,
Oklahoma, USA.

vitt, L.J.,, and J.P. Caldwell. 2009. Herpetology.
Academic Press, China.

Vleck, D. 1988. Embryo water economy, egg size and

cycles of lizards.

de Meéxico, Toluca City.

Rosa-Silva).

Oswaldo Hernandez-Gallegos).

by Shilpa Iyer).

hatchling viability in the lizard Sceloporus virgatus.
American Zoologist 28:87A.

Walker, J.M., G. Granados-Gonzalez, A. Pérez-Pérez,
A.E. Loépez-Moreno, O. Hernandez-Gallegos, and
J.E. Cordes. 2020. Aspidoscelis sackii gigas (Sack’s
Reticulated Whiptail). Color pattern variation.
Herpetological Review 51:591-593.

Warner, D.A., and R. Shine. 2007. Fitness of juvenile
lizards depends on seasonal timing of hatching, not
offspring body size. Oecologia 154:65-73.

Wilson, L.D., V. Mata-Silva, and J.D. Johnson. 2013. A
conservation reassessment of the reptiles of Mexico
based on the EVS measure. Amphibian and Reptile
Conservation 7:1-47.

OswaLDO HERNANDEZ-GALLEGOS is a Professor at the Universidad Autonoma del Estado de México,
Toluca City, and he earned his Ph.D. at the Universidad Nacional Auténoma de México, Mexico City.
His research since 1995 has focused on the ecology and evolution of parthenogenesis and reproductive
Recently, he has been interested in the ecology and conservation of threatened
amphibians and reptiles in México. (Photographed by Kevin M. Gribbins).

EpitaH BENITEZ-DOLORES graduated from the Universidad Autéonoma del Estado de México, Toluca City,
with a Biology degree. She earned a M.S. in Science from the same university. The research she carried
out had a focus on conservation of wildlife. (Photographed by Oswaldo Hernandez-Gallegos).

AILED PEREZ PEREZ is a Ph.D. student from Facultad de Ciencias at Universidad Autonoma del Estado
Her research has been focused on the movement, thermal ecology, and
conservation of freshwater turtles and lizards in México. (Photographed by Victor Hugo Pérez).

EDGAR DE LA Rosa-SiLva is a student in Biology at the Universidad Autonoma del Estado de México,
Toluca City. He enrolled himself in an individualized class conducted in Oswaldo Hernandez-Gallegos
laboratory, during which he contributed to the completion of parts of the current study. He has also been
involved in the study of vocalizations produced by 4. costatus costatus. (Photographed by Edgar de la

GisELA GRANADOS-GONZALEZ is a Professor at the Universidad Autonoma del Estado de México, Toluca
City, and she earned her Ph.D. at the Universidad Nacional Autonoma de México, Cuernavaca City. Her
research focuses on spermiogenesis of lizards. Gisela is interested in the morphology and physiology
of sperm, spermatogenesis, and spermiogenesis of invertebrates and vertebrates. (Photographed by

Josk FERNANDO MENDEZ-SANCHEZ is a Professor at the Universidad Autonoma del Estado de México,
Toluca City, and he earned his Ph.D. at the University of North Texas, Denton, USA. He has been
working with high altitude fish, amphibian, and reptile ecology and conservation since 1996. His recent
research is focused on ecophysiology of extreme habitats vertebrates, mainly on hypoxia and temperature
effect over cardiorespiratory metabolism. (Photographed by José Fernando Méndez-Séanchez).

JameEs M. WALKER is a Professor of Biological Sciences, University of Arkansas, Fayetteville, USA.
Since earning B.S. and M.S. degrees from Louisiana Tech University, Ruston, USA, and a Ph.D. from
the University of Colorado, Boulder, USA, he has taught and conducted research at the University of
Arkansas (1965 to present) and collaborated with numerous scientists on the biology and systematics
of whiptail lizards (genera Aspidoscelis and Cnemidophorus: Family Teiidae). His graduate students
have completed theses and dissertations on a variety of amphibian and reptile species. (Photographed

103



