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abstract: For more than six decades, physiological ecologists have
intensively studied diverse aspects of lizard thermal biology. Nevertheless, a recent review notes that prior studies have generally ignored gender differences in body temperatures, thermal sensitivity,
or other aspects of thermal biology. We concur that gender differences
have been ignored and should be examined: if gender differences
prove common, standard protocols for studying lizard natural history, thermal physiology, and ecology will require significant modification. To help resolve this issue, we conducted a retrospective
analysis of our huge data set on the thermal biology of many desert
lizards (more than 11,000 individuals from 56 species in seven major
clades) from Africa, Australia, and North America. Results are unambiguous: gender differences in body temperature, air temperature,
and time of activity—and thus in field thermal biology—are almost
always minor. In fact, mean body temperatures of males and females
differ by less than 1⬚C in 80.4% of species. For desert lizards, gender
differences in thermal biology are the exception, not the rule. Nevertheless, gender differences should be examined when feasible because exceptions—though likely rare—could be biologically interesting.
Keywords: body temperature, lizards, thermal biology, sexual
dimorphism.
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corded Tb of tens of thousands of reptiles in nature as well
as determined effects of Tb on physiological and ecological
performance (Bennett 1987). Lizards have been the focus
of most reptile studies: the relevant literature for lizards
on Tb (Brattstrom 1965; Heatwole 1976; Avery 1982;
Pianka 1986), thermal ecology (Tracy and Christian 1983;
Dunham et al. 1989; Kearney and Porter 2004), and thermal sensitivity of physiological processes (Bennett 1980;
Huey 1982; Angilletta et al. 2002) is unsurpassed for terrestrial ectotherms.
Despite this wealth of natural history information, one
question has largely been ignored, namely, do males and
females differ in thermal biology? In a recent review, Lailvaux (2007) draws attention to this question and cites
several studies documenting gender differences in field Tb,
in laboratory thermal preferences, or in thermal sensitivity
of performance. He concludes that potential gender differences in thermal biology deserve greater attention.
We agree with Lailvaux (2007) that physiological ecologists should have been routinely examining gender differences (Shine et al. 1995). Anyone who has watched
lizards in nature knows that males and females sometimes
use different microhabitats, are active at different times,
or differ in behavior (Schoener 1967; Spoecker 1967; Bauwens and Thoen 1981; Bull et al. 1991; Stamps et al. 1997;
Butler et al. 2000; Kerr and Bull 2006; Ashbury and Adolph
2007). For example, in many species, males defend territories whereas females do not. Males and females sometimes differ in basking behavior as well (Huey and Webster
1975; Ashbury and Adolph 2007), and gravid females may
alter thermoregulatory behavior (Beuchat 1986; Schwarzkopf and Shine 1991). Thus, males and females could easily
encounter different operative thermal environments (Bakken 1992) and, if so, could have different Tb and thermal
sensitivities (Shine 1999). Moreover, such differences
would be relevant to models predicting ecological responses to climate change (Dunham 1993; Kearney and
Porter 2004).
Whether gender differences are the rule in lizard thermal
biology is, however, unresolved. If differences are common, lizard ecologists will definitely need to change the
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way they study lizards in nature and in the laboratory.
The only way to resolve this issue is to conduct comprehensive surveys of diverse lizards. Fortunately, the existing
database of lizard natural history is large, and some data
are still accessible and can be readily mined. If gender
differences in lizard thermal biology are general (see Lailvaux 2007), then differences in field Tb of males and females will be conspicuous in existing data sets.
Over the decades, we have collected more than our share
of lizard body temperatures (e.g., Pianka 1970, 1986; Huey
1974; Pianka and Pianka 1976; Huey et al. 1977, 1989;
Hertz 1981), and one of us has quantified the thermal
sensitivity of sprint speed of numerous lizards (e.g., Hertz
et al. 1983; Huey and Bennett 1987; Huey et al. 1989).
Nevertheless, we seldom examined or reported gender differences. Why, even though we always recorded gender of
our lizards? As best we can recall, we ignored gender in
part because our focus (and that of others) at the time
was on interspecific or interpopulational patterns and in
part because we never noticed conspicuous gender differences in thermal biology when capturing lizards in the
field.
In any case, we now rectify our past sins of omission.
We compiled our extensive data sets on the thermal biology of desert lizards from North America, Australia, and
Africa (56 species total). For males versus females of each
species, we compared body temperatures, air temperatures
(Ta), and times of activity. Results of this exercise are unambiguous: males and females do not differ significantly
in these measures in most species. In fact, mean Tb of
males and females differ by less than 1⬚C in 80.4% of all
species examined. For desert lizards, gender differences in
field thermal biology are the exception, not the rule. Nevertheless, we still agree with Lailvaux (2007; see also Lailvaux et al. 2003): when feasible, possible gender differences
should be examined.
Material and Methods
Natural history data reported here were collected over several decades by Pianka (1986) and colleagues in deserts of
western North America (nine species, 2,337 individuals),
western Australia (31 species, 4,264 individuals), and
southern Africa (16 species, 4,770 individuals). For the
majority of species, records were obtained over their entire
seasonal period of activity, although most records are from
spring or summer. We considered only species (N p 56)
for which sample sizes exceeded nine individuals for each
trait and each gender. (However, for completeness, data
for seven additional species with smaller sample sizes are
provided in the appendix in the online edition of the American Naturalist.) Gravid females are included (but see the
fifth paragraph of “Results”). Data from different popu-

lations of a given species were pooled, except those for
the North American teiid lizard Apidoscelis tigris. This species shows geographic variation in Tb (Pianka 1970), which
could increase the probability of Type II error (see “Discussion”). So we partitioned data for four populations with
large samples (see appendix) to investigate the effect of
geographic pooling. However, when presenting results for
all species, we included data for only the B-area population, which has the largest sample size.
Using standard precautions, we used quick-reading
Schultheis thermometers to measure Tb (cloacal) of active
lizards and associated (shaded) air temperatures (Ta, at
chest height), and we also recorded time of activity. (Note
that not all measurements were taken on each lizard.)
Gender was established from external morphology or by
dissection.
We computed basic descriptive statistics by gender for
each species (table 1; appendix) and then compared mean
Tb and mean Ta of males with those of females (two-tailed
t-tests for unequal variances, with Welch-Satterthwaite approximations for degrees of freedom), as well as variances
in Tb (variance ratio tests). Because we ran many tests,
significant differences occasionally occurred by chance
(Type I error). To control this false error rate, critical P
values were often adjusted via Bonferroni-style corrections
(Rice 1989; Benjamini and Hochberg 1995). Use of such
corrections is, however, debated (Moran 2003; Nakagawa
2004). In any case, to give Lalivaux’s (2007) hypothesis
(that genders differ significantly) the maximum chance for
support, we report uncorrected P values. For completeness, however, we include results following sequential Bonferroni adjustments (Benjamini and Hochberg 1995).
Results
Descriptive statistics (body temperatures, air temperatures,
and daily times of activity) for each species are collated
in table 1 by continent, nested within taxa. Summary statistics for individual species are available in the appendix.
Mean Tb of males and females are strikingly similar in
most species (table 1; fig. 1A). Average absolute deviation
in Tb between males and females was only 0.56⬚ Ⳳ
0.077⬚C. Moreover, absolute deviation in mean Tb was less
than 1⬚C in 80.4% of species and was less than 0.5⬚C in
58.9% of species (fig. 1A; table A3). Males and females
differed significantly in mean Tb in only a few species (8
of 56; table A1), even without a sequential Bonferroni
correction. With that correction (Benjamini and Hochberg
1995), males and females never differed significantly.
Effect sizes (Cohen 1988), which estimate the difference
in Tb between groups scaled to within-group variance, were
small (Cohen’s d ≤ 0.20) in 37 of 56 species (table A1).
Effect sizes were large (d 1 0.50) in only 5 of 56 species.
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Table 1: Mean absolute differences in Tb and activity times of male versus female lizards from several deserts
Body temperature (⬚C)
Taxon, desert
Agamidae:
Australia
Kalahari
Gekkota:
Australia
Kalahari ⫹ Namib
North America
Iguania:
North America
Lacertidae:
Africa
Scincidae:
Australia
Kalahari
Teiidae:
North America
Varanidae:
Australia
Total
a

Mean absolute
deviation

10
1

Air temperature (⬚C)

SD

Mean absolute
deviation

.75
.13

.749
…

7
6
1

.77
.23
.13

7

Time of activity (h)
SD

Mean absolute
deviation

SD

1.59
1.21

1.798
…

.78
.11

.590
…

.584
.890
…

.66
.66
.58

.721
.327
…

.25
.23
.44

.222
.131
…

.40

.439

.66

.439

.83

.917

6

.41

.239

.42

.323

.39

.369

11
3

.33
.20

.209
.181

.63
.61

.58
.318

.62
.37

.540
.304

1 (4)a

.16

.094

.36

.103

.12

.067

3

1.37

.876

1.45

1.157

.49

.711

56

.57

.597

.81

.937

.50

.537

No.
species

Four populations of one species.

Gender differences in Tb were uniformly small for all
taxa and for all geographic areas (table 1). Absolute differences exceeded 2⬚C in only three species (Colopus wahlbergi, Diporiphora winneckei, and Varanus eremius), which
have little in common ecologically or phylogenetically
(three different families represented). Sampling error and
false error could well be involved, of course. For the Australian agamid D. winneckei, however, the gender difference appears real (males 2.2⬚C colder than females). Males
of this species were active 2 h earlier in the day (11.75 vs.
13.79 h) and at considerably lower Ta than were females
(22.7⬚C vs. 28.9⬚C), so their lower Tb is not surprising.
Most data on this species were collected during the austral
spring months of August and September, and so gender
differences in this species could be an artifact of partial
seasonal sampling. Further field observations of D. winneckei are required.
Males and females might also differ in variability in Tb
(fig. 1B); if so, this might lead to disruptive selection between genders for the degree of thermal generalization of
physiology (Hertz et al. 1983). However, males and females
differed significantly in Tb variance in only eight species
(Fisher variance ratio tests; table A1); only two species
(Pedioplanis namaquensis, Varanus gouldi) remained significant after Bonferroni correction. Males and females do
not differ systematically in relative magnitude of Tb variance (P p .415, paired t-test), which suggests that possible
shifts in set-point temperatures of females when gravid

(Beuchat 1986; Schwarzkopf and Shine 1991) are generally
minor.
Mean Ta of males and females are also strikingly similar
(tables 1, A2; fig. 1C) and differed significantly in only
four species (none after sequential Bonferroni correction).
Average absolute deviation was only 0.90⬚C and was consistently small for all taxa and deserts (table 1). In fact,
75.0% of all species have an absolute deviation of less than
1⬚C, and 41.2% deviate less than 0.5⬚C. Similarly, times
of activity of males and females are similar (tables 1, A3;
fig. 1D): absolute median difference was only 0.50 h. Differences were significant in only seven species, and none
remained significant after Bonferroni correction.
Discussion
The literature on thermal biology of lizards is extensive,
but almost all comparative studies have focused on interspecific differences. As a result, few studies have examined
within-species differences, such as those between males
and females, even though genders sometimes differ conspicuously in ecology and behavior (Schoener 1967; Butler
et al. 2000; Kerr and Bull 2006; Ashbury and Adolph 2007).
Lailvaux and collaborators (Lailvaux et al. 2003; Lailvaux
2007) recently highlighted this gap and argued that gender
differences in thermal biology should be routinely evaluated, not ignored. We agree and therefore reexamined
our own extensive natural history data on desert lizards
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Figure 1: Thermal biology of male versus female desert lizards. Histograms of differences in mean body temperature Tb (A), SD Tb of
males/SD Tb of females (B), differences in mean air temperature Ta (C),
and differences in mean time of activity (D). N p 56 species in each
panel. Shaded bars indicate species for which mean differences in Tb or
Ta were less than 1⬚C (A, C), for which the ratio of SDs ranged between
0.85 and 1.15 (B), or for which mean differences in time of activity were
less than 1 h (D).

from three continents. Specifically, we compared body
temperatures, air temperatures, and daily times of activity
of males versus females of 56 species (11,371 individuals)
representing seven major clades from the deserts of Africa,
Australia, and North America. Sample sizes are generally
large for each gender and provide adequate power (see
below) to detect significant differences between males and
females (冘 Tb p 8,956, average N per species p 79 for
males, 73 for females). Thus, our analyses should help
establish—at least for desert lizards—whether gender differences in these thermal traits are major or not.
The observed pattern is striking: males and females have
remarkably similar body temperatures (means, variances),
air temperatures, and times of activity (fig. 1). In only a
few species do males and females have differences in Tb
or Ta exceeding 2.0⬚C (fig. 1A, 1B) or differences of time
of activity exceeding 1 h (fig. 1C). Thus, male and female
desert lizards have similar thermal biologies, at least with
respect to the three metrics addressed here.
The apparent rarity of significant gender differences in
field thermal biology in desert lizards (table 1; fig. 1) might,
however, be an artifact of inadequate statistical power
(Type II error). To evaluate the adequacy of our sample
sizes, we ran a power test to find the minimum group size

appropriate to detect a 2.0⬚C difference in mean Tb. With
power set at 80% and with a standard deviation of 2.82
(median value for all samples), minimum sample sizes are
21 individuals of each sex. Our samples equal or exceed
that limit in 80.4% of species. If we delete species with
fewer than 42 individuals, significant gender differences
are still relatively uncommon (e.g., only 7 of 52 cases).
Another way to evaluate a potential power confound is
to examine the correlation between sample size and P
value. If power is limiting, then P values should decrease
with sample size. This is not the case (rS p ⫺0.085,
P p .5232).
If thermal biology of a species varies geographically, our
lumping of data from multiple populations will inflate
variances and thus cause Type II errors. One species, the
North American teiid Apidoscelis tigris, shows geographic
variation in Tb (Pianka 1970). However, mean male and
mean female Tb differ by a maximum of only 0.27⬚C in
four populations of this species (table A1); thus, pooling
of geographic samples seems unlikely to be masking gender
differences in our data.
In conclusion, Lailvaux and colleagues (Lailvaux et al.
2003; Lailvaux 2007) have recently challenged physiological ecologists to examine gender differences in thermal
biology of reptiles. Their rationale is inarguable, and in
response we compiled natural history data for desert lizards that we have accumulated over several decades. We
find little evidence that male and female lizards differ substantively in Tb, in Ta, or in time of activity. Because our
sample sizes are large and include many species from several different clades on three continents, gender differences
in field thermal biology of desert lizards are the exception,
not the rule. Whether this pattern holds for lizards in other
habitats remains to be determined. Lizard species are also
diverse in closed tropical forests, but we expect that gender
differences will prove to be minor there. At least below
the canopy, thermal heterogeneity is limited in space and
time (Hertz 1992), thus providing few opportunities for
thermal differentiation.
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