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ARTICLE INFO ABSTRACT

Keywords: Most animals face predators in their daily life and have evolved antipredator strategies that promote survival
Thermal ecology while minimizing escaping costs. For example, many animals often hide into refuges when chased. Ectotherms
Refuge use ) rely on external sources of heat to raise their body temperature, and thermoregulate to keep their body tem-
Thermoregulation perature close to the optimal for performance. For many ectotherms living in temperate areas, it can be expected
Antipredator behavior . . . .

Lacertidae that they pay a cost in terms of heat loss while staying hidden. Indeed, refuges are often more thermally un-

suitable than the external environment. Hence, the aim of this study was to assess if and to what extent hiding
may result in a decrease of body temperature in a temperate lizard. We used infrared technology to measure the
body temperature of a large-sized lizard (Timon lepidus) before individuals escaped from a simulated predation
attempt to hide inside a refuge, and after they emerged back from the refuge. We quantified the change of body
temperature that lizards experienced while hiding. Results show that while the decrease in body temperature
covaried with the time spent hidden, it was also affected by the initial body temperature. Our key finding is that
the time spent hidden depends mostly on the temperature inside the refuge. Indeed, lizards hiding in warmer
refuges spent more time hidden, likely benefitting from a reduced cooling rate. This suggests that lizards per-
ceive and evaluate the thermal quality of their refuges and integrate this information to react to predation
attempts and minimize the potential thermal consequences of hiding.

Timon lepidus

1. Introduction considering past predation experiences and information about their
surroundings, including refuges characteristics.
Hiding in refuges usually entails costs as well as benefits. By hiding,

animals often cannot feed, which entails a trade-off between short-term

Many animals, both vertebrate and invertebrate, avoid predation by
entering in temporary refuges small enough to prevent their pursuers to

fit in (Frix et al.,, 1991; MacHutchon and Harestad, 1990). Several
studies investigated hiding strategies, both theoretically (Hugie, 2003)
and experimentally (Jennions et al., 2003), showing that many animal
species use cues about their predators, like the angle or approach ve-
locity to modulate their hiding behavior. Similarly, hiding time often
depend on the predator pressure (Martin and Lopez, 2001). Optimality
models predict that antipredator behavior allows animals to increase
their fitness through survival and future chances to reproduce (Cooper
and Frederick, 2007a, 2007b). Various models predicting hiding time
have been theorized and tested (Johansson and Englund, 1995; Polo
et al., 2005), showing that, in general, preys wait hidden more than
their predators, and are often able to modulate their hiding behavior by

survival probability and energetics (Koivula et al., 1995). The loss of
feeding opportunities depends on the relative balance of predation risk
and food availability in the environment (Martin et al., 2003a). Like-
wise, while hiding an individual cannot engage in social activities like
mating, thus losing opportunities to reproduce (Kalas et al., 1995).
Other costs involve the risk of intrusion of competitors into the animal's
territory (Diaz-Uriarte, 1999) or the exposure to a different predator
while hiding (Soluk, 1993). Some of these costs may also vary de-
pending on the sex or the season (Brown and Shine, 2004).

The physiological cost of hiding, especially regarding heat loss, may
be particularly relevant for ectotherm species, since they rely on ex-
ternal sources of heat to raise their body temperature and keep it close
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to a preferred and often narrow range (Angilletta, 2009; Hertz et al.,
1993; Huey, 1982). Hiding lizards may experience suboptimal condi-
tions inside their refuges (Wolf and Kramer, 1987) since air tempera-
ture is usually lower than the range of preferred body temperatures
(Martin and Lopez, 1999b). Hence, lizards often strive to maintain their
body temperature within the range that maximize the individual per-
formance, as suboptimal body temperatures —both too high or too
low— may eventually lead to a decrease in performance, survival and,
in general, in fitness (Angilletta, 2009). For example, temperate lizards
often experience operative temperatures that are colder (as in spring) or
warmer (as in summer) than their thermal preferences (Ortega and
Martin-Vallejo, 2019). As a consequence, the body temperature of
hiding lizards may drop below the range at which several physiological
functions are optimized, like locomotion (Angilletta et al., 2002), di-
gestion (Van Damme et al, 1991), and prey-handling (Avery and
Mynott, 1990). Furthermore, when emerging from a refuge, lizards may
be forced to spend time thermoregulating to recover their original body
temperature. This implies an additional loss of feeding opportunities
(Downes, 2001) and further exposition to predators (Martin and Lépez,
2001). The reliance on external sources of heat, coupled with the
suboptimal thermal conditions encountered inside refuges make lizards
an excellent model to study the influence of hiding strategies in thermal
ecology. Indeed, a vast wealth of knowledge is now available on op-
timal hiding time (Polo et al., 2005), on the effect of body size (Martin
and Lépez, 2010), on intrasexual competition (Diaz-Uriarte, 1999) and
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Fig. 1. Examples of the thermal and visible images of the lizard Timon lepidus taken during the study carried on at Castro S. Paio (Portugal) and used to extract body
temperatures. The temperature scale on the right margin is expressed in Celsius degrees.

on the impact of multiple types of predators (Stapley, 2004). A recent
compendium on antipredator behavior (Cooper and Blumstein, 2015)
also summarized the hiding strategies of lizards (Martin and Lopez,
2015), in which it is highlighted how lizards often take into account
their body temperature as well as environmental and refuge tempera-
ture when it comes to decide how much time they spend hidden or how
far they should run from a predator.

Unfortunately, to our knowledge, no study measured the decrease in
body temperature that lizards may experience while hiding from a
predator under natural conditions. Indeed, a recent review of anti-
predator behaviors stressed that methodological difficulties prevented
so far to study the relationship between body temperature and escaping
behavior (Cooper, 2015). Such challenges arise from the need to record
the body temperature of an animal both before and after a predation
attempt, in order to calculate the resulting difference due to hiding. A
common practice in field research on lizards is to capture an individual
only after a predation attempt, and measure its cloacal temperature
with a thermocouple, thus getting a single measure of body tempera-
ture. Several studies recognized this methodological limit and inferred
the thermal costs of hiding indirectly, for example using air or operative
temperatures (Cooper and Wilson, 2008; Martin and Lépez, 1999a,
1999b). Quantifying to what extent lizards’ body temperature change
while hiding is important to develop more accurate models of optimal
hiding time and understand how behavior and physiology interplay in
wild ranging ectotherms (Polo et al., 2005).
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In the present study, we used infrared technology (IRT) to assess the
change in body temperature that lizard experienced while hiding from a
predator and which environmental and biological factors may influence
heat loss and hiding time. We predicted that (1) lizard body tempera-
tures will fall below ther range of their preferred body temperatures
while hiding, due to the unsuitable thermal conditions inside the re-
fuges; (2) lizards body temperature will decrease proportionally to the
time spent inside refuges; that (3) bigger lizards will lose heat at a
slower pace than smaller ones, due to their higher thermal inertia; and
that (4) the thermal quality of the refuges will affect the duration of
hiding, with warmer refuges inducing a prolonged retreat.

2. Material and methods
2.1. Species and study site

The ocellated lizard, Timon lepidus (Fig. 1) is the biggest European
lizard, with a snout-vent length (SVL) that grow up to 240 mm in S
Iberia, but only up to 195mm in NW Iberia (Mateo and Castroviejo,
1991). It is a territorial and thermophilic species, usually associated
with bushes and large rocky outcrops (Diaz et al., 2006). It is often
preyed by large raptors (Martin and Lopez, 1996), snakes (Mateo,
2014) and occasionally, carnivorous mammals (Padial et al., 2002). In
the study area, ocellated lizards live close to dry stone walls and rocky
outcrops, inside which they seek refuge if pursued. The preferred body
temperatures of the species have been estimated using both IRT and
cloacal readings in a previous work, in which the body temperature of
various body parts were measured with IRT while animals were free to
move in a thermal gradient (Barroso et al., 2016). In a thermal gradient,
the average of the preferred temperatures of adult males is ~32°C,
while the central 50% range of preferred temperatures measured at the
head is 30.2-36.2°C and 30.0-36.6 °C when the temperature is mea-
sured close to the cloaca. In the field the body temperature of this
species in the southern part of its distribution range is comprised be-
tween 21.2 and 34.5°C (Busack and Visnaw, 1989). We discarded ju-
veniles (SVL. < 100 mm) due to the practical difficulties in measuring
their body temperature accurately from a distance. Individuals between
100 and 125 mm were considered subadults.

The present study took place during 2016 at Castro Sao Paio
(Labruge), a coastal area of approximately 5ha in Northern Portugal
(41° 16’ 54” N; 08° 43’ 50” W). The area is characterized by a mixture of
small agricultural corn fields, grasslands, and bush patches (mainly
Ulex, Erica and Carpobrotus species), while trees are almost absent. Low-
height dry stone walls (50-150 cm) and rocky outcrops are abundant,
delimiting walking paths and fields. Data collection occurred in
September, a period during which ocellated lizards are not sexually
active and dedicate most of their time to feed and thermoregulate
(Mateo and Castanet, 1994). By focusing on the last part of the active
season, we were able to exclude confounding factors like sexual com-
petition, body condition, and egg-bearing-induced thermal shifts in
female lizards (Carretero et al., 2005).

2.2. Data collection

Opportunistic sampling was carried on from approximately 9:00 to
19:00 h, covering the daily time span of activity of the ocellated lizard.
Upon detecting a lizard with binoculars, one of us (MS) approached it
slowly and took a thermal picture from ~3 m with a FLIR T335 thermal
camera (Fig. 1: sensitivity: < 0.05 °C; accuracy: * 2% of the reading; IR
image resolution: 320 x 240 pixels, field of view 25° x 19°, lens 25°;
Flir Systems Inc., Wilsonville, Oregon, USA). The same researcher then
simulated a predation attempt by further approaching frontally the li-
zard at a constant speed to induce an escaping reaction. To avoid
confounding effects that may affect risk perception of lizards (Cooper
et al., 2003), the same person wearing the same cloths performed all
approaches. Given its large body dimension, Timon lepidus seeks refuge
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into big crevices of the dry-stone wall or under large rocks (Diaz et al.,
2006). As soon as the lizards hid, we started a stopwatch and moved
away to observe from a distance (8-10m) the entry of the refuge.
Following the procedure of Martin and Léopez (2010), we measured the
time it took for the lizard to show the head first (appearance time) and
the time for full-body emergence (recovery time, from the beginning of
hiding).

As soon as the lizard fully emerged from the refuge it was ap-
proached again, a second thermal picture was taken, and then it was
captured by noosing. We measured the SVL (snout-vent length; to the
nearest mm with a digital caliper) and head length (to the nearest
0.1 mm). We also measured the air temperature and the relative hu-
midity inside the refuge (Mini-Hygrometer Mod. GBC KTI-903; tem-
perature precision * 0.5 °C, humidity precision + 2.5%), as well as the
height from the ground of the refuge entrance (nearest cm). To avoid
pseudoreplication, we took dorsal, ventral and lateral pictures of each
individual and crossed photo-identification with biometric variables to
ensure that each lizard was tested only once (Sacchi et al., 2016).

2.3. Thermal images analysis

We inspected each thermal image with the software FLIR Tools 2.1
and extracted temperatures using the Spotmeter tool (Copyright 2014
FLIR Systems, Inc; http://www.flir.com). For each picture, we extracted
the head and trunk temperature, since in lacertid lizards these two body
areas may be at a different temperature even in a controlled environ-
ment (Sannolo et al., 2014). A recent study demonstrated that the
readings from both the head and trunk provide a good proxy for ocel-
lated lizards’ internal temperature, at least under laboratory conditions
(Barroso et al., 2016). In the present study the cloacal and IRT trunk
readings still correlate significantly, despite the lag in time between the
shoot of the thermal picture and the following measurement of cloacal
temperature (R? = 0.50, P < 0.0001, y = 0.68x + 7.9). We thus
calculated the decrease of head and trunk temperature as the difference
between the thermal picture shot before approaching the lizard and the
one shot after the appearance of the head and the rest of the body,
respectively.

2.4. Statistical analysis

We computed descriptive statistics for the change in temperature in
the head and trunk, as well as for the time spent hidden until appear-
ance and recovery time. So far, the only evidence for head-trunk tem-
perature difference in lacertid lizards come from laboratory observa-
tions (Barroso et al., 2016; Sannolo et al., 2014). Hence, we used
pairwise t-tests to compare head and trunk temperature both before the
simulated attack and after the lizard emerged from the refuge. We
compared the head and trunk temperature after hiding with published
data on the preferred temperatures for the same population (Barroso
et al., 2016), to estimate to what extent lizards are willing to let their
body temperature drop below the range of thermal preferences. We
used structural equation modeling (SEM) to assess the relationship
between appearance and recovery time and several predictors (Lomax
and Schumacker, 2004). In particular, we were interested in testing if
lizards’ body temperature decreased significantly while hiding, and if
hiding time was significantly correlated with the characteristics of the
refuges. Hence, the starting model for appearance time included as
predictors the decrease in head temperature, the refuge temperature,
the relative humidity inside the refuge, the initial head temperature, the
head length and the height from the ground of the refuge. A second
model was fitted for trunk temperature. The predictors were similar,
but SVL replaced head length, initial trunk temperature replaced the
initial head temperature, and the decrease in trunk temperature re-
placed the decrease in head temperature. Potential multicollinearity
was checked both qualitatively through pairwise correlations plots and
quantitatively through VIF analysis. VIF values < 3 were considered as
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not correlated (Hair et al., 2006). Because SEM cannot deal with un-
ordered factors, the potential contribution of sex and age on hiding
behavior was assessed separately using ANOVA.

All statistics were performed in the R environment (R Development
Core Team, 2018). SEM models were fitted using the package lavaan
(Rosseel, 2012). Figures were produced with the package ggplot2
(Wickham, 2009). Unless otherwise specified, results are expressed as
mean *+ standard deviation (SD).

3. Results
3.1. Time spent hiding, cooling, and preferred temperatures

We collected full data for 56 lizards (20 males, mean
SVL =142 = 17 mm; 19 females, mean SVL =130 * 10mm; 17
subadults, mean SVL = 113 * 6 mm). Appearance time ranged be-
tween 19 and 4355 (118 = 965), while recovery time ranged between
29 and 613s (156 = 125s). Head temperature before hiding was
30.97 = 2.63°C, while trunk temperature was 32.16 + 3.11 °C. Such
head-trunk temperature difference before hiding was statistically sig-
nificant (Paired Student's t-test = —5.8474, P < 0.0001, d.f. = 55).
After hiding, head temperature dropped to 29.82 * 2.51°C, while
trunk temperature dropped to 30.46 = 2.86 °C. The head-trunk tem-
perature difference remained significant also after hiding (Paired t-
test = —3.4422, P = 0.0005, d.f. = 55). The difference in temperature
before and after hiding was significant for both the appearance and
recovery time (Paired t-test = 8.6262, P < 0.0001, d.f. =55; t-
test = 10.414, P < 0.0001, d.f. = 55, respectively). After hiding, li-
zards lost 1.15 = 1.04 °C in the head and 1.69 *= 1.27 °C in the trunk.
The greatest decrease in head temperature was 3.6 °C, measured in an
adult female after hiding for 370s. Instead, the greatest decrease in
trunk temperature was 5.3 °C, measured in a subadult that hid for 415s.
The mean rate of temperature decrease was 0.58 °C/min for the head
and 0.65 °C/min for the trunk. Refuge temperature ranged between 18
and 27.6 °C (mean 23.3 *+ 2.3°C).

While both the head and trunk temperatures of lizards were, on
average, close to mean temperature selected in the thermal gradients
before escaping (Barroso et al., 2016), they dropped, on average, ap-
proximately 2°C below this average value when emerging from the
refuge. Furthermore, the mean head temperature after emergence
(29.8°C) was colder than 50% central range selected in the lab
(30.2-36.2°C).

3.2. Predictors for appearance and recovery time

The SEM model for the head accounted for 47.3% of the variance in
appearance time, while the model for recovery time accounted for the
43.7% of the variation. The results of SEM analysis (Fig. 2 and Fig. 3)
showed that hiding time and heat loss covaried (appearance time: z-
value = 4.233, P < 0.0001; recovery time: z = 2.314, P = 0.021), but
this relationship was modulated by refuge quality, with lizards hiding
in warmer refuges waiting more before emerging (appearance time: z-
value = 4.233, P < 0.0001; recovery time: z = 2.311, P = 0.021). The
other predictors considered, like SVL, humidity, initial temperature and
refuge height did not influence hiding time (P > 0.05 in all cases).
Among the predictors, although all were only weakly correlated (S1 and
S2 for all pairwise comparisons), the strongest relationships were be-
tween refuge humidity and temperature (—0.43) and between the heat
loss and the initial head (0.30) or trunk temperature (0.37).

We found no statistical differences in hiding time among sexes
(Fq1,37 = 2.132, P = 0.153). Similarly, adult lizards were not associated
with refuges of higher thermal quality than subadults (F; 54 = 0.265,
P = 0.609).
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4. Discussion

We provide here the first field quantification of the decrease in body
temperature that free-ranging lizards may experience as a consequence
of hiding from a predator. Of the initial four hypotheses, we found
statistical support for three of them. We showed that, after hiding, li-
zards’ body temperature dropped below the preferred temperatures;
that such a decrease was proportional to the time spent hidden and that
the thermal quality of the refuge affected the recovery behavior.
Instead, we found no support for the potential effect of body size, likely
due to the reduced variability of body size of our sample, composed
solely by adult lizards.

The most important result of this study is that both appearance and
recovery times correlated with the thermal quality of the refuges, with
lizards hiding in warmer refuges waiting more before showing the head
and the rest of the body (Figs. 2 and 3). In the present case, lizards’
body temperatures were close to the preferred ones before escaping.
Conversely, when recovering from hiding, temperatures dropped ap-
proximately 2 °C below the average of preferred ones for this species.
Also, the head temperature dropped below the set-point range. Such a
result may have significant consequences for lizards. Indeed, lizards are
able to use information on refuge quality in the context of antipredator
behavior (Polo et al., 2005; Andersson et al., 2010), while in the field
they show complex hiding strategies depending on the thermal quality
of the refuge (Martin and Lépez, 2000; Cooper and Wilson, 2008).
Warmer refuges may slow the cooling rate of a lizard, thus directly
reducing the thermal consequences of hiding from a predator. Hence,
an ideal refuge would have a temperature close to the preferred by the
lizard and entails no thermal cost (Huey and Slatkin, 1976). Therefore,
if the temperature is viewed as a resource (Magnuson et al., 1979), it is
likely that lizards compete for refuges of higher thermal quality, if they
are limited. Competition may vary depending on population densities,
predator pressure, external operative temperature, and refuges avail-
ability (Downes and Shine, 1998).

Cooling of both the head (Fig. 2) and the trunk (Fig. 3) covaried
with hiding time. This result was the most expected since several stu-
dies already quantified the cooling rates over time for various lizard
sizes under laboratory settings (Dzialowski and O'Connor, 2001; Kour
and Hutchison, 1970). However, we present here novel quantifications
for wild ranging lizards. In our sample, the duration of hiding, and
hence the resulting decrease of body temperature were, on average,
modest. Indeed, most lizards spent from a few seconds up to 7 min
before showing the head, while lizards waited no more than 10 min
before repositioning at their original position. Nonetheless, some li-
zards lost over 5 °C of their initial body temperature, indicating that in
some cases hiding behavior may potentially entail high thermal costs.
Such costs would be represented by the time needed to restore the
original body temperature, which would depend on environmental
conditions (radiation intensity, air temperature and wind speed), and
by potential missed opportunity to feed, mating and defend a territory
(Diaz-Uriarte, 1999; Downes, 2001; Kalas et al., 1995). The decrease in
body temperature was mainly associated with the initial temperature
either of the head or trunk, with warmer individuals losing more heat.
However, warmer individuals did not spend more time hidden, nor
were those individuals hiding in cooler refuges. The apparent contra-
diction may be explained when considering that cooling does not vary
linearly with the difference of air temperature inside the refuge, but
instead, it follows Newton's law on cooling (Maurone and Shiomos,
1983). It is hence possible that lizards tried to find a compromise to
minimize the potential thermal costs of hiding, resulting in similar
hiding times despite the initial differences in body temperatures.

We predicted that lizard's size would affect the cooling rate, but
body length correlated neither with hiding time nor with the decrease
in body temperature. It should be considered that having focused only
adult lizards, we inevitably sampled only a small portion of the overall
variability in body size for this species. Indeed, other animal groups
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showed a size-related variation in antipredator behavior (Krause et al.,
1998; Sih, 1992). Different behavioral, social, and thermal pressures on
large and small individuals may explain our results as well. Larger in-
dividuals may choose refuges not only based on their thermal quality
but also looking for protection against predators or as possible nesting
sites (Kerr et al., 2003). However, it is unlikely to be the case here,
because this study has been conducted outside the reproductive period.
On the other hand, juvenile lizards may be more cautious due to their
higher residual reproductive value (Clark, 1994), and refuge selection
may be based mainly on their thermal properties. Similarly, due to their
smaller dimensions, juveniles may choose a broader variety of refuges.
However, juveniles were not measured in this study, thus reducing the
range of variation in body size. Moreover, as already discussed, hiding
time was generally short, possibly contributing to mask the effect of
size. Finally, we simulated only a single predator attack. Multiple pre-
dation attempts may force lizards to hide for prolonged periods or force
variation in activity pattern and antipredator behavior, potentially
boosting heat loss (Martin et al., 2009).

Our results showed that sex did not influence hiding time, even
though other lizard species have proved to vary in their hiding time
depending on sex, at least during the reproductive season (Martin et al.,
2003b). By choosing the post-reproductive season, we likely removed
sex-related confounding factors, like egg and sperm development. He-
liothermic lizards living in temperate areas like the ocellated lizards
devote autumn mostly to optimising fat accumulation before winter for
the subsequent breeding season, through eating and thermoregulating
as accurately as possible (Carretero, 2006). Hence, intersexual differ-
ences that may otherwise play a role during the reproductive season
were absent in our study. Furthermore, to estimate how the time in the
refuge, throughout a season, would decrease fat accumulation, it would
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Fig. 2. Path analysis diagram showing the relation-
ship among the outcome variable (emergence time,
bottom) and predictors. Positive relationships are
expressed in green, while negative relationships are
in red. Arrows width is proportional to the strength
of the correlation between the two variables. Note
that the relationships among predictors are ex-
pressed as correlations coefficients (dotted lines),
and the double-headed arrows do not imply causal
relationship. Instead, the relationships between the
outcome and predictors (full lines) are expressed by
the path coefficients, which are standardized ver-
sions of linear regression weights. (For interpretation
of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)

be needed a prolonged field study with observations over time to esti-
mate how often lizards retreated in response to disturbance in a season.
Such a research would be of interest, especially in conservation and
management in areas with intense human, cat, and dog activity.

Relative humidity and the height from the ground of the refuge did
not influence hiding time. Relative humidity was generally high in all
refuges (range 50-88%, mean 65%) and likely the rate of heat loss
inside the refuges was not affected by this variable. Instead, humidity
may play a relevant role in nocturnal or wintering refuges (Galan,
1999). Height from the ground may influence the internal structure and
thermal quality of refuges, as well as to affect the cooling rate and vary
the exposure of lizards to predators and competitors (Bakken, 1989).
Indeed, it can be hypothesised that increasing height may correlate
with air flow, light intensity and inversely with humidity. Even though
in this study ocellated lizards used refuges evenly from the ground to
approximately 150 cm, it is challenging to ascertain the actual position
of a lizard inside the wall. A more specific study on refuge quality and
its physical characteristics (height, internal structure, light, tempera-
ture and humidity) may add meaningful data on the subject.

Finally, the results obtained in the present study with IRT would not
be possible to obtain using an invasive method, like measuring the
cloacal temperature. Indeed, by shooting thermal pictures both before
and after a predation attempt, we were able to quantify heat loss
without affecting lizards' behavior. However, our approach bears lim-
itations as well. Indeed, a few lizards (4) showed negative values of heat
loss for the head, suggesting that they gained some heat while hiding.
Instead, this likely results from the observer being forced to wait for
each lizard to fully emerge before shooting the second thermal picture,
leading to underestimate heat loss from the head. Lizards that gained
heat are those with longer vigilance time that lead their head to heat
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again before exiting with the rest of the body (“head basking”, see for
example Heath, 1964; Gregory, 1990). Hence, the trunk may represent
a more accurate proxy than the head for measuring the thermal con-
sequences of hiding behavior in those species that routinely patrol with
the head before showing the rest of the body. Nonetheless, the lizards’
head represents a fundamental component for thermoregulation, being
the physiological thermostat (Cabanac et al., 1967). Hence, it is chal-
lenging to assess if lizards regulate more strictly the head or trunk
temperature. Such a challenge is further confounded by the behavioral
role (patrolling) that the emerging head often has in lizards. However,
the observation that lizards emerged when head, but not trunk tem-
perature, dropped below the set-point range may suggest that the head
temperature is regulated more finely than trunk one.

5. Conclusions

By measuring lizards’ body temperature both before and after a
standardized predation attempt, we have been able to directly quantify
the resulting decrease in body temperature, as a consequence of a
predation attempt. Even though previous studies attempted to infer the
thermal costs of hiding indirectly (Martin and Lépez, 2010), as far as we
know this is the first quantification of the thermal consequences of
hiding behavior in lizards. Even though the average decrease in body
temperature was modest regarding absolute values, it varied con-
siderably among individuals and led to suboptimal body temperatures
for this species (Barroso et al., 2016). The key finding of this study is
that hiding time correlated with the decrease in body temperature and
was modulated by the thermal quality of the refuges. Therefore, lizards
hiding from a predator are likely forced to thermoregulate to regain the
heat lost. However, basking may expose lizards to the old predator or a
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Fig. 3. Path analysis diagram showing the relation-
ship among the outcome variable (recovery time,
bottom) and predictors. Positive relationships are
expressed in green, while negative relationships are
in red. Arrows width is proportional to the strength
of the correlation between the two variables. Note
that the relationships among predictors are ex-
pressed as correlations coefficients (dotted lines),
and the double-headed arrows do not imply causal
relationship. Instead, the relationships between the
outcome and predictors (full lines) are expressed by
the path coefficients, which are standardized ver-
sions of linear regression weights. (For interpretation
of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)

Refuge
temp.

new one, or competitors (Huey and Slatkin, 1976). Hiding lizards are
thus forced to balance potential thermal costs against predator pressure.
It may be hypothesised that depending on predator and competitor
pressure and refuge quality, lizards may show variable hiding times
(Polo et al., 2005). Future works should focus on how the variability in
the thermal quality of the refuges may affect antipredator behavior and
how this is modified by other pressures such reproduction, predation
intensity or competition (Frix et al., 1991; Hedrick and Kortet, 2006).
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