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Abstract. In ectotherms, environmental factors shape the distribution of species mediated by ecophysiological constraints
such as thermal requirements and water stress. Species with different distributions along an environmental gradient are
expected to show contrasting responses in thermal-gradient and water-stress lab experiments. We examined basic ther-
mal and hydric physiological traits throughout the day in two related lizard species with different, but partially overlap-
ping, distributions in the Iberian Peninsula: Podarcis liolepis (abundant but mostly restricted to northeastern Iberia) and
P. muralis (restricted in Iberia but widespread across Europe). We expected P. liolepis to opt for higher preferred body
temperatures and have lower water loss rates as compared to P. muralis. Surprisingly, results revealed no differences in pre-
ferred body temperatures between species or sexes. Conversely, interspecific differences in the temporal profiles of water
loss were found. Results suggest that water availability rather than thermal environment shapes the biogeographical pat-

ters of both species.
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Introduction

A species’ geographic range is shaped by both biotic and
abiotic factors, if the effects of geographic barriers are ex-
cluded (Diaz ET AL. 1996, GVOZDiK 2002, KEARNEY & POR-
TER 2004). Being ectotherms, reptiles are highly influenced
by abiotic conditions, because they follow more closely the
temporal and spatial variations of the environment, espe-
cially regarding temperature and humidity. Body tempera-
ture (Tb) has a major influence on reptile physicochemical
processes (HUEY 1991). When Tb comes close to the pre-
ferred temperature (Tp) which is, by definition, attained in
the absence of thermoregulatory constraints (VAN DAMME
et al. 1990, BAUWENS et al. 1995, CASTILLA et al. 1999, CAR-
RETERO et al. 2005), the performance of many biochemical
processes is enhanced (HUEY & SLATKIN 1976, VAN DAMME
et al. 1989, BAUWENS et al. 1995, ANGILLETTA 2002). While
Tp may change within the lifespan of individuals (VAN

DAMME et al. 1986) it tends to be conserved within species
(VAN DAMME et al., 1990) for individuals of the same sex,
reproductive state, and body condition (CARRETERO et al.
2005).

Although studies on thermal ecology dominate the rep-
tilian ecophysiological literature, other environmental fac-
tors are also of relevance for lizard physiology and ecol-
ogy. Several studies suggest that water constraints are as
important in limiting reptile geographic ranges (PACKARD
1991, PACKARD 1999, FLATT et al. 2001, RATO et al., 2015). In
particular, ecological niche models of wall lizards of the ge-
nus Podarcis suggest that humidity may in fact be more rel-
evant than temperature at a geographical scale (SA-Sousa
2000, HERKT 2007, KALIONTZOPOULOU et al. 2008, SILLE-
RO & CARRETERO 2013). On the other hand, these two ther-
mal and hydric ecophysiological traits may trade off due
to physical constraints, where one may expect lizards se-
lecting high temperatures to suffer higher water loss (WL)
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rates (MAUTZ 1982, BOWKER 1993). Hence, restricted wa-
ter availability may lead to changes in activity patterns that
could in turn cause changes in body temperature, tying to-
gether both physiological traits (ANDREWS 1982, ADOLPH
& PORTER 1993, LORENZON et al. 1999).

The congeneric lacertid lizards Podarcis muralis (LAU-
RENTI, 1768) and P. liolepis (BOULENGER, 1905) provide a
good model system for examining the potential associa-
tion between biogeographical range and thermal and hy-
dric physiology to identify possible differences in thermal
and hydric physiology. These two species are closely relat-
ed phylogenetically, even though not sister taxa (HARRIS &
ARNOLD 1999), and very similar morphologically and eco-
logically. Their global distributions are for the largest part
allopatric: P. muralis is widespread across Europe, ranging
from the Netherlands to southern Italy and Greece, and
from Turkey to northwestern Iberia (PEREZ-MELLADO et
al. 2002). For its part, P. liolepis is restricted to northeastern
Iberia and southern France (LLORENTE et al. 1995). None-
theless, the ranges of both species partially overlap in the
northeastern Iberian Peninsula where they are sympat-
ric and syntopic on a regional scale (Fig. 1A; LLORENTE et
al. 1995). In Iberia, the two species are reported to occupy
habitats that are different in terms of temperature and wa-
ter availability (GosA 1985, LLORENTE ET AL. 1995, PEREZ
I DE LANUZA et al. 2012). This suggests that both species
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migth differ in their ecophysiological traits, but such a hy-
pothesis has not been assessed yet.

Here, we use ecophysiological experiments to investi-
gate the thermal and hydric requirements of these two lo-
cally syntopic lacertid species. While laboratory experi-
ments may to some extent lack realism compared to field
observations, they are a valuable tool for focusing only on
the factors of interest (i.e., preferred body temperature and
water loss rate). To put the results obtained through labora-
tory experiments into the real ecological and biogeograph-
ical context of the two species under examination, we also
compare the thermal and hydric environments the two
species are exposed to in the northeastern Iberian Penin-
sula, based on normalised distribution records and wide-
scale environmental data. Specifically in this study, we aim
at 1) assessing intraspecific (sex and time) and interspecif-
ic variation in Tp; 2) identifying WL rates and their daily
variation for both species and sexes; and 3) testing for the
existence of a trade-off between Tp and WL.

Materials and methods
Study area and sample size

Twenty-one P. liolepis (9 males and 12 females) were col-
lected in Palau Reial (Barcelona city; 41°23°N, 2°07°E; 76 m
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[ Pyrenees; [] pre-Pyrenees; [] Catalan depression;
[B] Transversal range; [l Predittoral mountain range;

i Littoral mountain range; |: Littoral and pre-littoral depressions.

Figure 1. Location (A) and geography (B) of Catalonia; presence records (in 10 x 10 km resolution) of Podarcis muralis (open circles)
and P, liolepis (closed circles) (C). Sympatry areas are marked with both circles.
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altitude; datum = WGS84) dominated by Pinus pinea,
P. halepensis, Cedrus deodara, and Cupressus sempervirens
vegetation. Fifteen P. muralis (7 males and 8 females) were
collected from Santa Fé del Montseny (Montseny Natural
Park, 41°46’ N, 2°27 E; 1136 m; datum = WGS84) dominat-
ed by Quercus ilex and Fagus sylvatica forests. All lizards
were captured by noosing (GARCIA-MUNOZ & SILLERO
2010) in May 2011 and were of adult size (minimum adult
snout-vent length [SVL] 38 mm for P. liolepis, CARRETE-
RO & LLORENTE 1993; KALIONTZOPOULOU et al., 2006; and
46 mm for P. muralis, DIEGO-RASILLA 2009).

All specimens were transported to the facilities of the
University of Barcelona, where they were kept individually
in 20 X 10 X 15 cm terraria under natural-light conditions.
Food (Achaeta domestica and larval Tenebrio molitor) and
water were provided ad libitum on days during which the
lizards were not involved in experiments. In accordance
with the phenology of both species in the region (RIVERA
et al. 2011), all females were diagnosed as gravid based on
belly circumference, the presence of copulation marks, and
egg palpation.

For each lizard, we measured the SVL to the nearest
o.0o1 mm using digital callipers. All lizards were first sub-
jected to an experiment designed to identify temperature
preferences, followed by an experiment to quantify water
loss in the subsequent day. No food or water were provided
during and between these experiments. Only lizards with
unbroken or fully regenerated tails were used. When acci-
dental autotomy occurred during the experiments, subse-
quent Tp and WL measurements were excluded from the
analyses since tail loss may interfere with thermoregula-
tion and rate of water loss, as it changes the shape and ex-
posed surface area (CHAPPLE & SWAIN 2004).

Thermal gradient experiment

Lizards of both species were individually exposed to a ther-
mal gradient (ranging from 25 to 45°C) produced by a 150-
W infra-red reflector bulb fixed 25 cm above the substrate
on one side of a 100 X 40 X 30 cm terrarium with a thin
layer of soil. The range of temperatures within the thermal
gradient was measured by recording the temperature at ei-
ther end of the terrarium before each Tp measurement. The
Tp within the gradient (LICHT et al. 1966, BAUWENS et al.
1995) was recorded during a single day at ten consecutive
hourly intervals distributed throughout the period of daily
activity observed in the field (from 8 through 17 h, UTC +
1:00 Madrid). The bulb was switched on one hour in ad-
vance (at 7 h, UTC + 1:00 Madrid) in order to avoid out-
liers created by the early-morning warm-up (BAUWENS et
al. 1995). The natural photoperiod was maintained by ex-
posing the terraria to external light. Body temperature was
recorded using a type-k thermocouple HIBOK® 18 (preci-
sion 0.1°C) by inserting a probe of 1.5 mm diameter into
the cloaca (CARRETERO et al. 2006, VERISSIMO & CAR-
RETERO 2009). No more than 10 seconds elapsed between
the capture of the animal from the terrarium and the meas-

urement of body temperature, to minimize lizard stress
and manipulation time. This procedure represents a com-
promise between invasiveness and accuracy: these species
were too small to properly insert permanent cloacal probes
or implant internal transmitters (CLUSELLA-TRULLAS et al.
2007) and too slender for obtaining accurate infrared read-
ings (see HARE et al. 2007, CARRETERO 2012). No interspe-
cific differences in activity that could constrain their ther-
moregulatory behaviour (DILLON et al. 2012) were obvious
within the gradient.

Water loss experiment

This experiment was conducted in sealed chambers (40 x
30 x 20 cm), which kept the animals in the dark and at a
relative humidity of ~35% attained by affixing 100g of silica
gel on the bottom side of the chamber lid (OsojNIK et al.
2013) and at an air temperature of ~24°C, which is a real-
istic emulation of the thermal situation the animals face
in the wild during spring (see http://weatherspark.com/).
Temperature and humidity inside this chamber were mon-
itored to the nearest 0.1°C and 0.1%, respectively, using a
Fluke®-971 hygrothermometer. Each individual was intro-
duced to a sealed chamber with a false bottom containing
five grams of silica gel. WL was quantified by weighing the
individuals (inside their individual plastic boxes in order
to avoid stress from handling) using a digital scale (pre-
cision o0.0001 g). Weights were measured every hour for
12 consecutive hours that covered the normal activity pe-
riod of the lizards (7-19 h, solar time). The weight differ-
ence observed between measurements and water loss rates
directly reflect the amount of cutaneous, pulmonary, ocu-
lar, and excreta water loss. Although defecation and urina-
tion make a relatively low contribution to total water loss
(MUNSEY 1972), these products were not removed from the
individual plastic boxes during the experimental process,
and as such, water loss due to these physiological functions
was also included in the calculation of water-loss rates.
Defecation was scarce and randomly distributed along
time and species (our observations). Since manipulation
was minimized and conditions were dark (opaque cham-
ber), the lizards remained inactive from the beginning of
the experiment with no external signs of stress.

Environmental characterization at a geographic scale

To describe differences in the thermal and hydric environ-
ments experienced by the two species in nature, and con-
sidering the area where the study was conducted, we ex-
amined environmental variation in the distribution area
of the two species in Catalonia, northeastern Iberian Pen-
insula (Fig. 1A). This region is large enough to include
areas of allopatry and sympatry for both species while
providing a reasonable representation of the different en-
vironments occupied by them. Moreover, within this ter-
ritory, there are no potential conflicts due to misidentifica-
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tion or ecological interaction between the two species un-
der study and members of the P. hispanica species complex
(CARRETERO 2008). A total of 377 records of Podarcis (273
P, liolepis and 104 P. muralis) in Catalonia were obtained
at a 10 x 10 km resolution from the Spanish Atlas of Am-
phibians and Reptiles (MONTORI et al. 2005). To describe
the thermal environment experienced by the two spe-
cies, we considered eight variables describing temperature
mean values, extremes, and variation that were obtained
from the Worldclim database (http://www.worldclim.org/
bioclim; HiymANS et al. 2005). Similarly, we explored the
hydric environment experienced by the two species in
Catalonia through eight variables describing annual pre-
cipitation and variation that were obtained from the same
source.

Statistical analyses

All data were log-transformed to meet the assumptions of
normality, homoscedasticity, and sphericity as confirmed
through Shapiro-WilK’s tests (P > 0.05 in all cases), mul-
tivariate Box M and univariate Levene’s tests (P > 0.05 in
most cases), and Mauchley’s tests (P > 0.05 in all cases),
respectively. To test whether significant variation in select-
ed temperatures existed between the studied species and
sexes, while also examining temporal variation throughout
the day, we performed Repeated Measures ANOVAs (RM-
ANOVAs) with sex and species as between-subject factors
and time interval as a within-subject factor.

We examined both the instantaneous WL (relative to
initial weight, W ; [WL = (W -W_)/W ]) and the cumu-
lative WL (WL = [W_-W ]/W ) in each time interval be-
tween species and sexes. Instantaneous WL captures the
amount of WL in each moment whereas cumulative WL
provides a quantitative measurement of the water already
lost by lizards throughout the experiment. RM-ANOVAs
were performed for instantaneous WL using sex and spe-
cies as between-subject factors and time interval as a with-
in-subject factor. ANOVAs for each time interval of cumu-
lative WL were performed to identity putative differences
between species and sexes (between-subject factors).

The possible trade-off between Tp and WL was inves-
tigated through Pearson correlation coefficients between
mean Tp and total WL (calculated as WL = [W -W ]/W )
for each sex-by-species group separately. ANCOVAs using
SVL, initial weight (W ) and SVLand W as covariates were
also employed for the two experiments to test whether size,
shape or both had an influence on the two ecophysiological
characteristics. Duncan post-hoc tests were used for pair-
wise comparisons between groups for each experiment.

To test whether thermal and hydric conditions differed
between the distribution areas of the two species in Cata-
lonia, we performed MANOVA comparisons on the mul-
tivariate temperature and precipitation datasets separately,
as well as ANOVA comparisons on single variables. Sta-
tistica 7.1 (StatSoft 2005) was used to perform all analyses.
Significance was evaluated at an a-value of 0.05.
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Results

ANOVA comparisons revealed a significant sexual dimor-
phism in SVL, with inverse patterns between species: P. lio-
lepis males were larger than females, whereas the opposite
was true for P. muralis. Males and females of P. muralis also
differed in W, with females being heavier (Tab. S1). Males
of both species only differed in SVL whereas females also
differed in W_ (Duncan post-hoc test P < o.05 for all sig-
nificant differences). ANCOVA performed on W_with sex
and species as within-subject factor and SVL as covariate
revealed that P. muralis was relatively heavier than P. lio-
lepis (sz 32.54; P <10%%).

Environmental differences on a geographic scale

Regarding the thermal and hydric environments experi-
enced by P. liolepis and P. muralis throughout their respec-
tive distribution areas in Catalonia, we found significant
differences both in temperature (MANOVA: F = 15.274;
df = 1,375, P = 2.14*10™) and precipitation variable sets
(MANOVA: F = 16.0374; df = 1,375; P = 2.44*10%°). This
result is also corroborated by the examination of individ-
ual variables (results not presented here; available from
the authors upon request). Specifically, the area occupied
by P. muralis is generally characterized by lower temper-
atures and higher precipitation levels when compared to
that of P. liolepis (Fig. 2).

Thermal gradient experiment

Overall Tp of P. liolepis females was (mean + SE) 31.22 +
0.32°C while P. liolepis males selected 31.97 + 0.51°C. The
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Figure 2. Annual mean temperature (°C) and annual precipita-
tion (mm) experienced by Podarcis liolepis and P. muralis in natu-
ral conditions in Catalonia. Whiskers represent + 0.95 confidence
intervals.
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mean Tp of P. muralis females was 31.28 + 0.26°C and that
of P muralis males was 31.76 + 0.17°C (Fig. 3). RM-ANO-
VA revealed statistical differences along time intervals, but
not between sexes or species (Tab. 1). Subsequent RM-AN-
COVA using W_and SVL as covariates did not reveal any
statistical difference between species or sexes (Tab. 1). No
significant interactions were detected.

Water loss experiment

RM-ANOVA showed a statistical significance for time and
time*species, indicating that species have different WL pat-
terns throughout the day, even when variation due to SVL
is taken into account (Fig. 4). Using W as the covariate
rendered the time*species effect non-significant, but spe-
cies, sex and species*sex presented a statistically signifi-
cant effect on WL, indicating that the sexes of each spe-
cies lose water at different rates (Tab. 1). When using both
SVL and W as covariates, sex and species were the only
significant effects, indicating differences in the patterns of
WL only between species and sexes. Duncan post-hoc tests
between species and sexes using W _ as the covariate only
revealed significant differences between P. muralis females
and P, liolepis males (P < 0.05). When no covariates were
considered, no statistical differences were found.
Examination of the daily patterns of WL (Fig. 4A) sug-
gested that P. liolepis males lost more water after 3—4 hours
in the experimental setting whereas P. muralis only started
losing more during the second half of the experiment (after

Females

6-7 hours). Differences in accumulative WL between spe-
cies were detected in the last three hours of the experiment
once corrected for SVL and W_(Tab. S2).

Tp vs. water loss

No significant correlations between mean Tp and total
WL were detected for any of the sexes or species, indicat-
ing a lack of support for a trade-off between both variables
(P, liolepis males: 1> = 0.04; P = 0.62; P, liolepis females: 1* =
0.02; P = 0.70; P. muralis males: r> = 0.06; P = 0.59; P. mu-
ralis females: r> = 0.001; P = 0.94).

Discussion

Our results reveal that environmental humidity may be
more relevant for lacertid ecology than temperature, which
is usually assumed to be the main factor influencing ecto-
thermic species. The patterns of water loss differ between
the two investigated species with regard to the time from
the beginning of the experiment and body size. In fact,
P, liolepis and P. muralis exhibit divergent trends in daily
WL patterns, although both select similar Tps. Several oth-
er lacertid species are known to diverge in terms of pre-
ferred hydric environment when occurring in sympatry,
either by selecting microhabitats with different humidity
characteristics (even though structurally similar), or by
differing in their distance to water bodies (ARNOLD 1987).

F1F1pLL
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Figure 3. Daily Tp variation pattern of females and males of Podarcis liolepis (top, continuous line) and P. muralis (bottom, dashed

line). Whiskers represent + 0.95 confidence intervals.
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This also seems to be the case in NE Iberia, where P. mu-
ralis occurs in more humid places compared to P. liolepis
(R1veRra et al. 2001, Fig. 2).

In terms of proximate causation, since experimental
conditions allow discarding differential stress between spe-
cies during the experiments, the trends observed in WL are
likely to arise from intraspecific differences in physiologi-
cal compensatory mechanisms. In fact, this is indicated by

the reduction of WL in the first time interval exhibited by
P, liolepis males (1-2 in Fig. 4A) whereas, if WL rates were
uniform across time intervals, a linear cumulative WL pro-
file should be expected. The observed deviation from such
a pattern (Fig. 4B) suggests that the quantity of water al-
ready lost at the beginning of the experiment had a nega-
tive impact on the subsequent water loss rate. After this
initial period, P. liolepis males were not capable of main-
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Figure 4. Variation patterns of instantaneous (A) and cumulative (B) water loss of females and males of Podarcis liolepis (full line) and
P. muralis (dashed line) during 12 h in sealed chambers. Whiskers represent + 0.95 confidence intervals.
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Table 1. RM-ANOVA and RM-ANCOVAs results of Tp and in-
stantaneous WL data using SVL, W or both W and SVL as co-
variates. Significant effects are in bold. Data are log-transformed.

Tp experiment WL experiment

results results

RM-ANOVA df F p df F p

Species 1,30 0.0 0.89 1,21 1.82 0.19
Sex 1,30 25 0.12 1,21 141 0.25
Species*Sex 1,30 0.0 0.90 1,21  0.32 0.58
Time 9,270 2.3 0.02 11,231 2.54 0.01
Time*Species 9,270 1.1 033 11,231 1.89 0.04
Time*Sex 9,270 1.6 0.12 11,231 0.89 0.55
Time*Species*Sex 9,270 1.0 042 11,231 1.36 0.19
RM-ANCOVAs df F p df F P

Covar. (SVL) 1,29 022 0.64 1,20 10* 099
Species 1,29  0.01 091 1,20 1.69 0.21
Sex 1,29 243 0.13 1,20 1.33  0.26
Species*Sex 1,29 0.03 0.87 1,20 021 0.65
Time 9,261 0.33 0.96 11,220 0.38 0.96
Time*(SVL) 9,261 0.35 0.96 11,220 0.38 0.96
Time*Species 9,261 1.13 0.34 11,220 1.94 0.04
Time*Sex 9,261 1.55 0.13 11,220 0.87 0.58
Time*Species*Sex 9,261 0.55 0.84 11,220 1.00 0.45
Covar. (W) 1,29 0.18 0.68 1,20 32.48 <0.01
Species 1,29 0.04 0.84 1,20  6.49 0.02
Sex 1,29  2.19 0.15 1,20 6.76  0.02
Species*Sex 1,29  0.02 0.90 1,20 4.80 0.04
Time 9,261 0.81 0.60 11,220 0.48 0.92
Time*(W) 9,261 1.00 0.43 11,220 0.66 0.78
Time*Species 9,261 143 018 11,220 1.26 0.25
Time*Sex 9,261 1.57 0.12 11,220 0.93 0.51
Time*Species*Sex 9,261 1.10 0.36 11,220 1.26 0.25
Covar. (SVL) 1,28 0.11 0.74 1,19 399 0.06
Covar. (W) 1,28 0.07 0.80 1,19 4132 <10°
Species 1,28 0.01 091 1,19 856 0.01
Sex 1,28 2.17 0.15 L1I9 699 0.02
Species*Sex 1,28 0.06 0.81 1,19 1.61 022
Time 9,252 041 093 11,209 0.49 0091
Time*(SVL) 9,252 047 0.89 11,209 0.54 0.87
Time* (W) 9,252 1.11 036 11,209 0.81 0.63
Time*Species 9,252 144 0.17 11,209 1.20 0.29
Time*Sex 9,252 1.52 0.14 11,209 090 0.54
Time*Species*Sex 9,252 0.71 0.70 11,209 0.96 0.49

taining any kind of initial compensatory mechanism, and
as such they started losing water at a more constant rate.
Conversely, P. muralis males showed a higher WL rate
during the second half of the experiment, suggesting that
longer-term compensatory mechanisms may operate in
this species. Confirming that such proximate compensa-
tory mechanisms are in action would require a study of dif-
ferences in several relevant physiological properties (pul-

monary respiration rate, ocular evaporation, skin perme-
ability; e.g., BENTLEY & SCHMIDT-NIELSEN 1966, ROBERTS
1968, DMI'EL 1972, EYNAN & DMI'EL 1993). Regarding ther-
mal physiology, both P. liolepis and P. muralis select simi-
lar preferred temperatures (Tp). Given that these two spe-
cies are not sister taxa but belong to different clades with-
in the genus Podarcis (HARRIS & ARNOLD 1999, HARRIS et
al. 2005), and since phylogenetically intermediate Podar-
cis forms display different Tps (VER{SSIMO & CARRETERO
2009), the lack of differences reported here may lend sup-
port to the hypothesis that both species have converged in
terms of thermal physiology. A phylogenetically informed
comparative analysis including more species of the genus
is, however, needed in order to confirm this hypothesis, as
other factors such as habitat use and historical biogeogra-
phy of both species in question may have shaped the ob-
served patterns.

Furthermore, Tp may also vary within the lifespan of in-
dividuals (BRANA 1993, CASTILLA et al. 1999, CARRETERO
et al. 2005), as our results seem to suggest in terms of the
Tp of females (gravid). In fact, the females analysed here
selected lower Tps than males, which has previously been
reported for other populations of the same species (BRANA
1993) and for other lacertid lizards (VAN DAMME et al.
1987, CASTILLA et al. 1999, CARRETERO et al. 2005, 2006).
Such a trend may reflect the physiological requirements of
the embryos rather than those of the female herself (VAN
DAMME et al. 1986, CASTILLA et al. 1999, GVOZDIK & CAS-
TILLA 2001, CARRETERO et al. 2005, 2006, VERISSIMO &
CARRETERO 2008). Therefore, extrapolating these differ-
ences between sexes over time is risky since lizards were
caught during the beginning of the breeding season and
seasonal variation is expected (HUEY 1976, VAN DAMME et
al. 1987, HARRIS et al. 1998).

Some studies suggest that Tp and WL may trade oft in-
tra- and interspecifically between closely related species
(WARBURG 1965, TRACY & CHRISTIAN 2005, TRACY et al.
2008), a prediction that is also reasonable from a biophysi-
cal point of view. Yet, this is not the case here, probably due
to two factors. Firstly, thermal rigidity at intraspecific level
has been reported for many lacertids (VAN DAMME et al.
1989, GvOZDiK & CASTILLA 2001, CARRETERO et al. 2005,
Diaz et al. 2006), including P. muralis (TOSINI & AVERY
1993), so that it is likely to also occur in P, liolepis. In such a
scenario, Tp may not vary even if the WL rates are altered.
Again, a phylogenetically informed analysis of evolution-
ary rates in both traits would aid in deciphering wheth-
er WL is more prone to change than Tp. In fact, such a
thermal “rigidity” would also explain why the two species
are differentiated in WL patterns but not in TP in spite of
the evident differences in the thermal environments they
experience, at least in this part of their distribution range
(Fig. 2). Secondly, variation in adult body size, as repre-
sented by SVL, is certainly lower within a given population
than across populations of the same species (KALIONTZO-
POULOU et al. 2012), which could explain the differences
in the results obtained here when compared to previous
studies.
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Further comparative studies against a phylogenetic
background are necessary in order to identify to which ex-
tent the physiologies of sympatric lizard species may vary
and interact across taxa and geographic regions. However,
the results obtained here are highly concurrent with those
recently reported by OsojNIK et al. (2013) and GARCIA-
MuRoz & CARRETERO (2013) for other lacertid species,
highlighting the importance of incorporating water ecol-
ogy experiments (in combination with the classic thermal
ones) in the framework of lizard ecophysiological studies.
This evidence also contributes to future biogeographical
analyses and predictions resulting from climate change by
emphasizing that humidity-related factors and not only a
raise in global mean temperatures may have substantial ef-
fects on species distributions and extinction risks.
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Supplementary table S1. Descriptive statistics of SVL, W , Tp, and instantaneous WL (relative to initial weight, W ; [WL = (W _-W__ )/
W,]) at each time interval for each species and sex.

n+1

P liolepis males N Mean Min. Max. SD SE P liolepis females N Mean Min. Max. SD SE
SVL (mm) 9 60.60 56.87 63.65 2.21 0.74 SVL (mm) 10 55.17 47.94 63.47 4.63 1.46
W, (g) 9 4.72 4.23 5.57 0.41 0.14 W, (g) 10 3.08 1.95 4.05 0.67 0.21
Tp (°C) Tp (°C)
Tp 9 9 3277 30.60 36.00 1.61 0.53 Tp 9 10 31.87 29.10 35.20 1.96 0.62
Tp 10 9 3271 30.10 35.80 1.83 0.61 Tp 10 10 31.25 30.00 34.10 1.28 0.41
Tp 11 9 3094 24.00 35.50 3.84 1.28 Tp 11 10 30.01 24.70 34.40 2.89 0.91
Tp 12 8 32.88 3090 3540 1.83 0.65 Tp 12 10 31.85 2540 35.70 3.34 1.06
Tp 13 8 32.15 29.60 34.50 1.56 0.55 Tp 13 10 30.19 2490 33.40 2.31 0.73
Tp 14 8 3035 26.10 33.60 2.13 0.75 Tp 14 10 31.35 28.20 33.10 1.40 0.44
Tp 15 8 3098 2690 34.20 2.52 0.89 Tp 15 10 30.11 26.20 34.60 2.97 0.94
Tp 16 8 3131 29.20 35.50 1.97 0.70 Tp 16 10 31.82 29.70 34.70 1.68 0.53
Tp 17 8 3243 29.10 37.30 2.57 0.91 Tp 17 10 31.59 28.60 33.70 1.42 0.45
Tp 18 8 31.51 2550 37.00 3.82 1.35 Tp 18 10 32.11 29.50 36.40 2.03 0.64
WL (g) WL (g)
(WO—Wl)/WO 9 0.004 0.002 0.01 0.001  0.0005 (WO—WI)/Wn 10 0.004 0.001 0.013 0.004 0.0010
(WO—WZ)/W0 9 0.002 0.0004 0.004 0.001 0.0004 (WO—WZ)/WO 10 0.002 0.001 0.004 0.001 0.0004
(WO—W3)/W0 9 0.002 0.0001 0.01 0.002  0.0006 (WO—Ws)/WO 10 0.003 -0.004 0.010 0.004 0.0010
(WO—W4)/W0 9 0.004 0.002 0.01 0.003  0.0008 (WO—W4)/WO 10 0.003 0.0001 0.010 0.002 0.0006
(WO—Ws)/W0 9 0.003 0.0001 0.01 0.002  0.0008 (WO—WS)/WO 10 0.002 0.0002 0.004 0.001 0.0004
(WO—WG)/WO 9 0.003 0.001 0.01 0.002  0.0005 (WO—Wé)/WO 10 0.002 0.001 0.005 0.001 0.0005
(WO—W7)/V\70 9 0.003 -0.001 0.01 0.002  0.0007 (WO-W7)/W0 10 0.002 -0.005 0.005 0.003 0.0009
(W,-W)/W, 9 0003 0001 001 0001 0.0004 (W,-W)/W, 10 0.004 0002 0010 0.002 0.0006
(WU'W9)/W0 9 0.002 0.0002 0.004 0.001 0.0004 (WO-WQ)/WO 10 0.003 0.001 0.010 0.002 0.0007
(W,-W /W, 9 0002 -0.0001 0.004 0.001 0.0005 (W,-W /W, 10 0.002 0.0003 0.004 0.001 0.0004
(W,-W )/W, 9 0001 -0.0003 0.003 0001 0.0003 (W,-W /W, 10 0.001 00002 0.003 0.001 0.0003
(W,-W_)/W, 9 0002 -0.0005 0.005 0.001 0.0005 (W,-W_)/W, 10 0.003 -0.0004 0.009 0.003 0.0009
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P. muralis males N Mean Min. Max. SD SE P. muralis females N Mean Min. Max. SD SE

SVL (mm) 7 5564 4607 6645 620 2.34 SVL (mm) 8 61.06 5742 6482 3.19 113
W, (g) 7 609 355 943 231  0.87 W, (g) 8 812 376 1115 292 103
Tp (°C) Tp (°C)

Tp 9 7 3174 2950 3340 132 0.50 Tp 9 8 3281 312 3460 112  0.40
Tp 10 7 3206 30.80 3330 080 0.30 Tp 10 8 3219 3070 33.80 1.003 0.35
Tp 11 7 3231 3070 3290 077 029 Tp 11 8 31.31 2990 3260 099 0.35
Tp 12 7 3164 3050 3440 132 0.50 Tp 12 8 31.98 3090 3400 1.03 0.36
Tp 13 7 3306 30.00 3520 182 0.9 Tp 13 8 30.48 2750 3250 191  0.67
Tp 14 7 3171 3090 3320 082 031 Tp 14 8 30.65 27.80 3340 185  0.65
Tp 15 7 3147 2920 3440 176  0.66 Tp 15 8 3093 2870 3290 170  0.60
Tp 16 7 3130 28.60 3470 212  0.80 Tp 16 8 3228 29.80 3600 220 0.78
Tp 17 7 3194 2920 3540 204 077 Tp 17 8 30.05 2540 3260 219 078
Tp 18 7 3039 2660 3210 1.85 0.70 Tp 18 8 30.15 23.60 31.80 270 0.95
WL (g) WL (g)

(W,-W)/W, 7 0.004 0001 0006 0.002 0.0007 (W,-W)/W, 8 0.002 0.0008 0.004 0.001 0.0004
(W,-W,)/W, 7 0.002 -0.0004 0.005 0.002 0.0007 (W, -W,)/W, 8 0.002 0.0005 0.004 0.001 0.0004
(W, -W)/W, 7 0003 0001 0.006 0002 0.0006 (W,-W)/W, 8 0.002 0.0008 0.003 0.001 0.0002
(W,-W)/W, 7 0.002 0.0005 0.005 0.002 0.0006 (W,-W /W, 8 0.002 0.0003 0.003 0.001 0.0003
(W, -W)/W, 7 0003 0001 0006 0002 0.0008 (W,-W)/W, 8 0.002 0.0001 0.003 0.001 0.0004
(W, -W)/W, 7 0004 0001 0.006 0002 0.0008 (W,-W /W, 8 0.002 0.0010 0.004 0.001 0.0004
(W, -W)/W, 7 0001 -0.002 0.004 0003 0.0010 (W,-W,)/W, 8 0.002 0.0003 0.003 0.001 0.0004
(W, -W)/W, 7 0004 0001 0012 0004 0.0015 (W,-W)/W, 8 0.002 0.0002 0.005 0.002 0.0006
(W, -W))/W, 7 0.003 0.003 0.006 0.002 0.0008 (W,-W,)/W, 8 0.002 0.0002 0.004 0.001 0.0005
(W,-W, /W, 7 0.004 0001 0008 0.003 0.0010 (W, W, )/W, 8 0002 0.0009 0.003 0.001 0.0003
(W,-W, /W, 7 0.002 -0.002 0.005 0.003 0.0008 (W,-W_)/W, 8 0.001 0.0007 0.003 0.001 0.0003
(W,-W,)/W, 7 0.03 0.0003 0.009 0.003 0.0012 (W, -W_)/W, 8 0.002 0.0008 0.003 0.001 0.0003
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Supplementary table $2. ANOVA accumulated WL of each time intervals between species and sexes using the covariates SVL and W .

(W,-W)/W, (W,-W)/W, (W,-W)/W, (W,-W)/IW, (W,-W)/W, (W,-W)OIW,
df F p F p F p F p F p F p

Species 1,30 154 0.22 3.16 0.09 0.36 0.55 3.38 0.08 2.29 0.14 3.00 0.09
Sex 1, 30 1.9 0.18 0.09 0.77 0.3 0.59 0.49 0.49 0.57 0.46 1.02 0.32
Species*Sex 1,30 0.1 0.75 0.75 0.39 0.19 0.67 0.70 0.41 0.43 0.52 1.12 0.30
SVL (covar.) 1,29 0.07 0.79 0.04 0.85 0.11 0.76 0.10 0.75 0.08 0.78 0.05 0.83
Species 1,29 1.52 0.23 3.08 0.09 0.37 0.55 3.33 0.08 2.26 0.14 2.94 0.10
Sex 1,29 1.85 0.18 0.09 0.77 0.29 0.59 0.47 0.50 0.55 0.46 0.99 0.33
Species*Sex 1,29 0.17 0.69 0.66 0.42 0.28 0.60 0.73 0.40 0.48 0.49 0.97 0.33
W, (covar.) 1,29 599 0.02*  7.70 0.01 2.36 0.14 6.47 0.02 7.30 0.01* 11.7 <10°*
Species 1,29 061 0.44 0.33 0.57 0.42 0.52 0.15 0.70 0.54 0.47 0.97 0.33
Sex 1,29 335 0.08 0.01 0.94 0.61 0.44 1.26 0.27 1.47 0.23 2.75 0.11
Species*Sex 1,29 1.10 0.30 0.51 0.48 0.22 0.65 0.40 0.53 0.76 0.39 0.70 0.41
SVL (covar.) 1,28 1.77 0.19 1.93 0.18 0.95 0.34 2.08 0.16 2.16 0.15 2.99 0.09
W, (covar.) 1,28 7.83 0.01* 9.83 <10 3.20 0.08 8.66 0.01 9.65 <10 154 <10
Species 1,28 1.2 0.28 0.81 0.37 0.75 0.39 0.54 0.47 1.18 0.29 1.99 0.17
Sex 1,28 3.74 0.06 0.03 0.87 0.70 0.41 1.51 0.23 1.76 0.20 3.31 0.08
Species*Sex 1,28  0.25 0.62 0.03 0.87 0.01 094 <10°%*  0.95 0.08 0.78 0.03 0.87

(W,-W.)/IW, (W,-W)IW, (W,-W)/W, (W,-W )W, (W,-W /W, (W,-W,)/W,

df F p F p F p F p F P F P

Species 1,30 3.79 0.06 3.84 0.06 3.31 0.08 2.69 0.11 2.32 0.14 2.52 0.12
Sex 1,30 0.60 0.44 0.52 0.48 0.39 0.54 0.65 0.43 0.69 0.41 0.63 0.43
Species*Sex 1,30 0.84 0.37 1.53 0.23 1.6 0.22 1.97 0.17 2.05 0.16 2.29 0.14
SVL (covar.) 1,29 0.15 0.70 0.10 0.75 0.14 0.71 0.29 0.60 0.32 0.57 0.06 0.80
Species 1,29 375 0.06 3.77 0.06 3.27 0.08 2.70 0.11 2.35 0.14 2.47 0.13
Sex 1,29 0.59 0.45 0.50 0.49 0.38 0.54 0.63 0.43 0.68 0.42 0.61 0.44
Species*Sex 1,29  0.94 0.34 1.41 0.24 1.55 0.22 2.09 0.19 2.22 0.15 1.89 0.18
W, (covar.) 1,29 11.6 <10*  17.2 <10 18 <10 18.1 <10 169 <10 244 <10°*
Species 1,29 0.65 0.43 1.48 0.23 1.93 0.18 2.42 0.13 2.47 0.13 3.99 0.06
Sex 1,29 1.94 0.17 2.21 0.15 1.93 0.18 2.61 0.12 2.61 0.12 3.12 0.09
Species*Sex 1,29 093 0.34 0.96 0.33 0.98 0.33 0.73 0.40 0.58 0.45 1.01 0.32
SVL (covar.) 1,28 3.93 0.06 5.21 0.03* 5.93 0.02* 7.48 0.01* 7.28 0.01% 6.86 0.01 %
W, (covar.) 1,28 164 <10 248 <10°*  26.7 <10°*  29.1 <10°*  27.20 <10°*  36.10 <10°%*
Species 1,28 1.70 0.20 331 0.08 4.21 0.05 5.47 0.03* 5.49 0.03* 7.64 0.01 %
Sex 1,28 2.50 0.13 2.98 0.10 2.72 0.11 3.81 0.06 3.78 0.06 4.39 0.05
Species*Sex 1,28  0.05 0.83 0.02 0.89 0.01 0.92 0.02 0.90 0.04 0.83 0 0.95
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