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Abstract Habituation to nonlethal predation stimuli may
provide benefits for animals living in areas with frequent
encounters with low-risk predators. On the other hand,
individuals can be very consistent in their antipredator
responses, with shy individuals showing greater degree of
responsiveness than bold individuals. However, the link
between habituation or boldness and individual benefits has
not been thoroughly investigated. We established whether
and how two behavioral components associated with
antipredator responses (habituation and boldness, and their
interaction) would influence body condition, which is a
parameter related to fitness. We conducted an outdoor semi-
natural experiment with Iberian wall lizards (Podarcis
hispanica). Individual boldness was consistent across
contexts, but we did not find any effect of boldness or the
interaction between boldness and habituation on body
condition. However, those individuals that habituated more
readily to a frequent predatory stimulus were able to
increase their body condition more relative to lizards that
habituated less. This finding highlights the importance of
individual differences in behavioral plasticity, which could
influence traits related to fitness. Habituation can provide
benefits for individuals exposed to low-risk predators;
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however, individuals more prone to habituation could also
experience mortality costs by wrongly habituating to a
dangerous predator.
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Introduction

Animals are subject to two main costs as a result of
predation: direct mortality and nonlethal costs arising from
behavioral changes while trying to reduce predation risk
(Fraser and Gilliam 1992; Creel and Christianson 2008). To
maximize fitness, animals should adjust their antipredator
behavior to match the actual level of predation risk,
balancing the risk of being captured with the costs incurred
in predator avoidance (Cooper and Frederick 2007; Lima
and Dill 1990; Ydenberg and Dill 1986). If an individual
experiences a history of frequent nonthreatening encounters
with a particular predator, it can learn that the predator
exerts low levels of predation risk. Consequently, it can
reduce the antipredator responses toward that predator via
habituation (Domjan 2003; Ellenberg et al. 2009;
Rodriguez-Prieto et al. 2009). Habituation is a special case
of behavioral plasticity (Hemmi and Merkle 2009) and is
defined as a behavioral response decrement that results
from repeated stimulation and that does not involve sensory
or motor fatigue (Rankin et al. 2009). Individuals may also
vary consistently in several personality traits (Réale et al.
2007), including boldness, which can be defined as the
reaction of an individual to risky situations such as those
elicited by predators or humans. Generally, shyer individ-
uals show stronger responses than bolder individuals (Réale
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et al. 2007). Habituation and boldness are not mutually
exclusive; an individual can be bold or shy, but at the same
time it can show habituation to a specific predator.

It is usually assumed that habituation, through reduction
of unnecessary antipredator responses, is beneficial for
individuals in areas with a high frequency of encounters
with low-risk predators (e.g., humans; Fox and Madsen
1997; Sutherlan 2007). Furthermore, some authors have
suggested that antipredator boldness could be advantageous
for increased growth and mass gain (Brown et al. 2007,
Ward et al. 2004). However, despite the growing number of
studies on habituation and boldness, the assumption that
they provide specific benefits for individuals has not
received enough empirical support. A simple reduction in
antipredator responses could be a weak predictor of the
consequences of predation risk if not accompanied by other
measures more directly related to the costs and benefits of
antipredator behavior or even fitness (Gill et al. 2001;
Tarlow and Blumstein 2007).

Previous studies have found that body condition is
negatively affected by predation risk in many taxa,
including reptiles (e.g., Amo et al. 2006; Martin and Lopez
1999), birds (e.g., Féret et al. 2003; Miillner et al. 2004),
and mammals (e.g., Hjeljord and Histel 1999; Pauli and
Buskirk 2007). This suggests that body condition is
affected by the nonlethal costs associated with the time,
energy, and resources lost when fleeing or hiding from
predators (Amo et al. 2007; Brown and Kotler 2004), when
avoiding risky habitats (Béchet et al. 2004; Peluc et al.
2008), and when predator presence is accompanied by
stress responses (e.g., increase in glucocorticoid levels,
Sapolsky 1992; Sheriff et al. 2009). A reduction in body
condition may imply less body reserves available for traits
related to fitness, such as survival and reproductive success
(Schulte-Hostedde et al. 2005).

We established whether and how body condition
changes could be associated with habituation and boldness.
We developed a semi-natural experimental scenario to
expose Iberian wall lizards (Podarcis hispanica) to con-
trolled levels of low predation risk (human intrusions) and
measured changes in behavior and body condition over a
short period of time.

The ability of individuals to habituate has been shown to
vary within a population (Ellenberg et al. 2009; Olson et al.
1997; Runyan and Blumstein 2004; Stolen 2003). We
predicted that individuals that habituate more readily would
increase their body condition relative to those individuals
that habituate less readily due to their reduction of
unnecessary responses to the risk stimuli. We also predicted
that bold individuals would increase their body condition
relative to shy individuals because the costs of non-lethal
predation risk could be higher for shy individuals given
their relatively greater degree of responsiveness to a
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predator (Carrete and Tella 2010). We also explored
whether habituation and boldness would interact. We
expected the effect of habituation on body condition to be
more detrimental to shy than to bold individuals. The
effects of non-lethal predation risk on bold individuals
could be so low that an additional habituation-driven
decrease in responsiveness to the predation stimuli may
not have a significant effect on body condition. Shy
individuals, on the contrary, could benefit more from a
decrease in their high-antipredator responses.

A measurable effect of habituation is the progressive
reduction in magnitude of a behavioral response to the
repeated application of a stimulus over time (Rankin et al.
2009). Therefore, we used the progressive reduction of
flight initiation distance (FID) as our proxy for habituation
to repeated human intrusions. Reduction in FID has been
commonly used as a proxy for habituation in both
vertebrate and invertebrate systems (e.g., Hemmi 2005;
Hemmi and Merkle 2009; Ikuta and Blumstein 2003; Lord
et al. 2001; Magle et al. 2005; Martinez-Abrain et al. 2008;
Mccleery 2009; Rodriguez-Prieto et al. 2009; Runyan and
Blumstein 2004).

Materials and methods

Thirty-two adult Iberian wall lizards were captured by
noosing from a population in the Guadarrama Mountains
(Central Spain) and were transported to El Ventorrillo field
station, 3 km from the capture site. We only used lizards
with intact tails since lizards with autotomized tails may
show altered antipredator behavior (e.g., Cooper 2003;
Cooper and Wilson 2008; Salvador et al. 1995) Lizards
were individually housed outdoors in plastic cages (48 x
29%24 cm) for 2 weeks. We added a ceramic refuge to each
cage and provided water ad libitum and mealworms and
crickets as daily food. While in these cages, lizards were
behaviorally tested for boldness (see below). After the
boldness tests were completed, lizards were transferred to
large outdoor enclosures to study habituation and change in
body condition.

Boldness

To position each individual lizard in the shy—bold gradient,
we followed the methodology of Lopez et al. (2005). We
tested the lizards between 1615 and 1815 hours, when all
individuals were active. We placed the individual cages
separately from each other in an open and sunny location,
but the cage walls and the ceramic refuge provided partial
shade. We simulated several consecutive attacks to each
lizard, recording at the start of each attack whether the
lizard was hiding inside the refuge (body and head inside
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the refuge), leaning out of the refuge (i.e., individual's body
was inside the refuge, but its head was sticking out), or
outside of the refuge (body and head outside of the refuge)
(Lopez et al. 2005). One observer (IRP) performed the
attacks by first crawling slowly on the ground to avoid
being seen by the lizards in the contiguous cages. The
observer then suddenly appeared over the cage walls
simulating a predator attack by tapping the lizard close to
its tail with a little stick, which made the animal run and
hide in the refuge. For each lizard, we simulated one attack
every 10 min in a 2-h window (12 attacks per day). We
repeated the same procedure the next day, with another 12
attacks. If the lizard was still hiding in the refuge from the
previous attack, the observer tapped the refuge entrance
with the stick. The purpose of all these “attacks” was to
create a context of constant high risk and to record the
lizards' responses (i.e., the number of times they were
outside versus the number of times they were inside the
refuge out of 12 attacks during the 2-h period).

We counted the number of times that each individual
was outside, inside, or leaning out of the refuge in each of
the 2 days of the experiment. We included six variables
(number of times inside the refuge on day 1, number of
times leaning out on day 1, number of times outside the
refuge on day 1, and the same variables on day 2) in a
principal component analysis (PCA) to obtain a composite
variable indicative of boldness following Lépez et al.
(2005). Instead of directly summing up the values of each
response for the 2 days (e.g., number of times inside the
refuge on day 1+number of times inside the refuge on day
2), we maintained them as separate variables while entering
them in the PCA because the lizards could have been
affected by different confounding factors (e.g., slight
weather differences) during each testing day.

‘We obtained two factors with eigenvalues >1 (percentage of
total variance explained: PC1, 55.6%; PC2, 23.0%). PCl
(hereafter ‘boldness index’) correlated positively with the
number of times outside the refuge on day 1 (factor loading=
0.88) and on day 2 (factor loading=0.92), and negatively with
the number of times inside the refuge on day 1 (factor loading=
—0.90) and on day 2 (factor loading=—0.93). PC1 represented a
gradient from shy to bold individuals. Shy individuals
responded to the simulated predator attacks with stronger
antipredator behavior than bold individuals, reducing their
predation risk by staying under the refuge longer. PC2
correlated with the number of times the lizards leaned out of
the refuge on day 1 (factor loading=—0.83) and on day 2 (factor
loading=—0.75). PC2 represented a gradient of the frequency
of leaning out of the refuge. A leaning lizard could be trying to
ascertain whether the predator that attacked it was still in the
vicinity of the refuge or not (Polo et al. in press). PC2 was not
associated with body condition change (#=0.12, F; ,90=0.44,
P=0.514), so we excluded it from the main analysis.

We believe that it would be unlikely that our boldness
index was influenced by habituation to humans developed
through the boldness tests. An attacked lizard could only
see a hand, a stick, and part of a face appearing suddenly
and briefly over the rim of their cage, which simulated a
dangerous attack that actually ended in a physical interaction
with the lizard or the refuge entrance.

Enclosures

After finishing the boldness tests, lizards were transferred to
four 6xX4-m outdoor enclosures placed in an open area
surrounded by woodland (Fig. 1), where the habituation
and body condition experiment was performed. Enclosures
had a natural herbaceous substrate. We supplied water to
the lizards by refilling at night four semi-buried water cups
per enclosure, but we did not supply any food, so that the
lizards were forced to search and capture naturally occur-
ring invertebrates within the enclosures. Lizards were not
able to climb the walls, which were made of polyethylene
sheets partially buried in the substrate. However, there was
a constant flux of arthropods, resulting in diverse and
abundant prey availability in the enclosures. We completed
each enclosure with a standardized array of rocks, tiles, and
bricks for refuge and thermoregulation (Fig. 1).

Individual lizards were assorted by size (four categories)
and sex, and eight lizards were allocated at random into
each of the four enclosures (n=32 individuals). The
proportions of body size and age classes were the same in
each enclosure. Lizard snout to vent length (SVL) ranged
from 53 to 64 mm in males, and from 53 to 60 mm in
females. Body mass ranged from 3.94 to 6.62 g in males
and from 2.68 to 5.49 g in females. Lizards went through
an acclimation phase in the enclosures from mid-June to
mid-August (post-reproductive period). Three days prior to
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Fig. 1 Enclosure layout showing the different elements used to create
refuge for Iberian lizards
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the experiments, each individual was dorsally marked with
three painted dorsal color circles to allow visual identification.

Habituation protocol

Lizards were subjected to a 6-day habituation protocol.
Previous studies found that even less than 6 days of
treatment were enough to observe habituation effects
(Ellenberg et al. 2009; Walker et al. 2006). One observer
(IRP), wearing dull-colored clothes entered and longitudi-
nally crossed each enclosure (Fig. 1) every 20 min during
the peak activity period (1200 to 1400 hours and 1645 to
1845 hours; 12 intrusions per enclosure per day). Lizard
activity was very low outside these peak activity periods
due to the shadows projected by surrounding trees before
1200 hours and after 1900 hours, and to high temperatures
between 1400 and 1630 hours. Flight initiation distance
(FID) was defined as the distance between the observer and
the lizard when the latter moved away in response to the
approaching threat. As the observer crossed the enclosure, he
was able to mark his own position and the positions of the
lizards as they individually flushed on a detailed scaled map of
the enclosure. When the observer reached the end of the
enclosure, he went back to the marked points of the crossing
path and measured FID with a measuring tape without
stepping out of the crossing path. We did not sample
individuals located at less than 40 cm from the enclosure
walls. When the lizards were in these locations, they had to
choose between fleeing towards our crossing path in order to
reach a refuge and hiding under the shadow cast by the walls.
Thus, they had different fleeing costs and benefits than when
they were in the main area of the enclosure, which could have
added uncontrolled noise to our analysis. We also measured
the distance to the nearest refuge, but it did not affect the FID
significantly (#=0.04, P=0.524). We obtained 12.90+0.74
(mean+SE) FID measurements per individual during the
habituation protocol (range, four to 20 measurements).

We estimated the reduction of the FID over the course of
the 6-day experimental phase by regressing the FID over
time for each individual. We were not interested in whether
the changes in FID were significant or not over the duration
of the experiment, but on the relative magnitude of the
gradual change, so we used the slope of the regression to
measure the rate of reduction. Some individuals maintained
their FID almost unaltered over the course of the experiment
(slope of the FID/time regression close to zero), but other
individuals experienced a strong decrease in FID over time
(high negative slopes), with a gradient of FID reduction
between these extremes. Some individuals even showed a
tendency to slightly increase their FID, (low positive slopes).
Thus, we used the slope of individual FID/time regressions to
characterize each individual's response to the habituation
protocol. For clarity, we multiplied the slopes by negative
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one in order to obtain a “habituation index” with higher
scores indicating rapid habituation.

Exposure index

When performing the habituation treatment and just before
entering each enclosure, the observer also recorded the
identity of all the lizards that were out of the refuges. Since
the enclosures were relatively small and lacked tall
vegetation, we are confident that we detected all the lizards
that were not in the refuges. Summing all observations over
the course of the habituation treatment, we obtained an
exposure index that represented the number of times each
individual was exposed to low-risk stimuli. Lizards were
exposed 23.55+0.86 times (range, 13 to 36 times). We
included this variable in the present analysis to control for
its potential effect on body condition change.

Body condition

We measured lizard mass with a digital balance (+ 0.01 g)
and SVL with a steel ruler (+1 mm) (1) at the start of the
acclimation phase (first measurement), (2) 3 days prior to
the habituation experiment (second measurement), and (3)
at the end of the habituation experiment (third measurement).
All measurements were performed at night when lizards were
lethargic to minimize potential handling effects. The body
condition index was calculated for each of the 31 lizards at
each of the measurement periods as the residuals from the
regression equation of body mass on SVL; both of these
variables were log-transformed (Jakob et al. 1996; Schulte-
Hostedde et al. 2005). We calculated body condition change
through the habituation period as the difference in body
condition between the third and second measurements. Body
condition change under no-habituation conditions (acclima-
tion phase) was the difference between the second and the
first measurements.

The captures and experiments were done under license
(Ref. 10/054082.5/05, resolucion 6516/05) from the Madrid
Environmental Agency (Consejeria de Medio Ambiente de
la Comunidad de Madrid). The experimental protocol and
procedures were in compliance with the European Com-
munities Council Directive of 24 November 1986 (86/609/
EEC). At the end of the experiment the lizards were
released at their exact capture points after ensuring that they
were healthy and in good condition.

Statistical analyses

We removed an individual that lost its tail during the
acclimation phase from the dataset. All variables were
checked for normality and the SVL was log-transformed.
We used Statistica 6.0 (Statsoft Inc.) for all statistical analyses.
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Boldness was not affected significantly by sex (F; 27=
0.79, P=0.380), absolute body size (F),7,=0.30, P=
0.586), or relative body size (F,7,=0.31, P=0.582). We
tested whether the individual lizard's shy—bold response
was consistent across situations: for each lizard, we
calculated the mean FID during the first day of the
habituation protocol and we used Spearman's rank
correlation analysis to compare it with the boldness index
obtained in the cage tests. Because we considered these
two measures to be different aspects of the same trait (i.e.,
boldness), we expected the lizards ranked as bold in the
cage tests to show short FID at the start of the habituation
treatment.

We used a general linear model to assess the effects of
habituation and boldness (boldness index from the cage
tests) on body condition change. All enclosures were
similar in design and composition. However, their specific
positions relative to the surrounding trees led to slight
differences in the total time of direct sunlight received by
each enclosure. Consequently, we included an enclosure
identity factor in the model and the interaction between the
enclosure effect and habituation. Additionally, we included
in the model sex, exposure index, SVL, and the body
condition of the lizards at the second measurement period
because the body condition change could be influenced by
whether individuals started the experimental phase with
low-body condition. We also included the interaction
between the effects of the habituation ability and boldness
on body condition change. Following Whittingham et al.
(2006), we included all the variables in the same model
instead of using stepwise procedures.

Given the duration of the habituation treatment, most
body condition change resulted from absolute mass change,
with very low SVL growth detected over the course of the
experiment. We preferred the use of body condition change
as our dependent variable instead of absolute mass change,
since the proportional nature of body condition can control
for any allometric relationship between mass change and
body length; for instance, a 0.1-g change in body mass
may not represent the same benefit for a big lizard as for
a small one. Nevertheless, we repeated the same analysis
using body mass change as the dependent variable in
order to provide a more complete picture of the effects of
habituation.

Finally, we used Spearman's rank correlation to assess
whether the lizards that were better at improving their
body condition during the experimental phase were also
those better at improving body condition during the
acclimation phase. An association between these two
variables might indicate that consistent individual
differences in the ability to capture or process food could
account for individual differences in body condition
change during the experiment.

Results

Habituation responses differed among lizards; some indi-
viduals reduced their FID over the course of the experi-
mental phase and others maintained or slightly increased
their FID. The change in the FID slope ranged from —14.1
(suggesting strong habituation) to +4.7 (suggesting slight
sensitization). These slopes, multiplied by negative one,
were used as the habituation index for each individual as
explained above.

The position of each individual in the shy—bold gradient
was consistent across contexts, with the individual boldness
index obtained in the cage tests being negatively correlated
with the individual mean FID obtained during the first day
of the habituation protocol (Spearman's rank correlation,
rs=—0.47, N=31, P=0.008).

Mass change during the experimental period varied
among individual lizards from —0.12 to 0.58 g (0.25+
0.03 g). With sex, body condition at the start of the
experiment, and enclosure statistically controlled, body
condition change during the experimental period was
significantly related to the habituation index (Table 1). This
means that greater ability of individuals to habituate was
associated with improved body condition (Fig. 2). There
was a significant enclosure effect, with body condition
change varying among enclosures (Table 1). Boldness did
not affect body condition change (P>0.95, Table 1), nor did
the interaction between habituation ability and boldness (P>
0.95, Table 1) or the interaction between habituation ability
and enclosure (P>0.80, Table 1).

We repeated the analysis using the body mass change as
dependent variable instead of the body condition change and

Table 1 Effects of habituation, boldness, initial body condition, snout
to vent length, times exposed to the habituation stimuli, sex,
enclosure, the interaction between habituation and boldness, and the
interaction between habituation and enclosure on the body condition
change of Iberian lizards

F D.F. P
Intercept 2.96 1, 17 0.103
Habituation index 6.13 1, 17 0.024
Boldness index 0.01 1, 17 0.974
Initial body condition 0.12 1, 17 0.736
SVL (log) 2.72 1, 17 0.118
Exposure index 0.27 1, 17 0.608
Sex 0.01 1, 17 0.902
Enclosure 3.40 3,17 0.025
Habituation x enclosure 0.33 3,17 0.802
Habituation x boldness 0.01 1, 17 0.957

Significant results are in bold
D.F. Degress of Freedom
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Fig. 2 Relationship between habituation index and body condition
change (r2=0.13) in Iberian wall lizards with 95% confidence intervals

obtained the same main result; greater ability to habituate was
associated with greater body mass gain (F0=12.12, P=
0.002). We also found a significant effect of enclosure
(F5320=10.61, P<0.001), but no other variables affected
body mass change significantly (£, ranged from 0.01 to
1.38, P>0.05).

Finally, body condition change during the experimental
phase was not significantly associated with body condition
change during the acclimation phase (Spearman's rank
correlation, ,=0.07, P=0.698).

Discussion

This is the first study that shows that ability to habituate to a
low-risk predator is positively associated with body condition
gain. Those individual lizards that quickly decreased their
antipredator responses over the course of the experiment were
able to increase their body reserves more than those lizards
that showed a lesser degree of habituation to the non-lethal
predator stimuli. Contrary to our expectations, boldness did
not influence changes in lizard body condition. Individual
boldness did not affect the habituation ability of lizards either
(Rodriguez-Prieto et al., in review).

We did not find an association between body condition
gained during the acclimation phase and the subsequent gains
during the habituation experiment. Thus, we believe our
results are not directly influenced by a differential ability to
capture or process food. The enclosure where lizards were
housed influenced body condition, probably reflecting differ-
ences in food abundance and thermoregulatory opportunities
due to the varying cover of surrounding trees. Nonetheless, we
controlled for this enclosure effect statistically. Sex did not
influence change in body condition, which could be explained
by the experiments being carried at least 2 months after the
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period of oviposition. At the end of August, both males and
females must gain energetic reserves before winter.

Our results support the idea that boldness is consistent
across contexts (Ward et al. 2004; Wilson and Godin 2009).
Those lizards that were more prone to leave a refuge under
simulated attacks in the plastic cage were also found to
initiate flight at closer distances in the semi-natural
enclosure more than 2 months later. However, our results
suggest that boldness had no effect on the ability of lizards
to maintain or increase their body condition. The effect of
habituation in our particular scenario may have overridden
any other behavioral effect on body condition. Alternative-
ly, the lack of an effect may be related to our experimental
scenario, because the effects of boldness in traits related to
fitness can vary between contexts (Smith and Blumstein
2008). Further research is needed to ascertain the causes of
this lack of association between boldness and body
condition change.

Those individuals that habituated more readily to a
frequently encountered low-risk predator (as shown by their
faster decrease in FID) would have a relative advantage
over those individuals unable to adjust that rapidly. This
resulted in greater body condition improvement for lizards
with higher habituation ability. This could arise from a
reduction in the energetic, foraging, and thermoregulatory
costs associated with fleeing to a refuge (Amo et al. 2006;
Martin and Lépez 1999). The mechanism implicated merits
more research particularly in light of recent findings. For
instance, more habituated individuals might also reduce
their physiological stress responses to the predation stimuli
(Ellenberg et al. 2009) parallel to the measured reduction in
FID. Heart rate increase (Ellenberg et al. 2009) and
glucocorticoid secretion (Sapolsky 1992; Sheriff et al.
2009; Walker et al. 2006) are common stress responses to
predation risk that can affect body condition; high levels of
glucocorticoids reduce body condition if maintained for
several days (Sapolsky 1992). The lack of association
between the exposure index or boldness and body condition
change (Table 1) further supports the idea that some non-
behavioral process associated with habituation (e.g., reduc-
tion in physiological stress responses) may play a role in
the variation in body condition.

Under the risk allocation hypothesis (Lima and Bednekoff
1999), antipredator behavior at any given time is influenced
not only by the present predation risk, but also by the history
of temporal variation in risk. Risk allocation may produce a
reduction in antipredator responses in frequently disturbed
areas, similar to that produced by habituation (Rodriguez-
Prieto et al. 2009). Risk allocation and habituation are not
mutually exclusive, and both processes can act simulta-
neously (Rodriguez-Prieto et al. 2009). However, while risk
allocation predicts reduced antipredator responses as the
frequency of predator encounters increases, we measured
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habituation as the progressive reduction in antipredator
responses over the course of several days under a constant
frequency of predator encounters, which could not be
produced by risk allocation.

One could argue that the association between the
decrease in FID over time (i.e., habituation) and the
increase in body condition actually may work the other
way round: some lizards may decrease their FID because
they have attained a greater body condition, since anti-
predator responses may be condition-dependent in animals
(Beale and Monaghan 2004). However, (1) we controlled
for initial body condition in the analysis, (2) antipredator
responses do not appear to be condition-dependent in
lizards (Pérez-Tris et al. 2004), and (3) even if condition
dependence is prevalent in our system we would actually
expect it to produce the opposite pattern; individuals
gaining body condition would increase their FID because
higher energy reserves would allow them to allocate higher
effort into antipredator behavior (Beale and Monaghan
2004). Similarly, we would expect individuals with high-
body condition to increase their FID in order to protect their
higher future expected fitness (Clark 1994; Cooper and
Frederick 2007).

Body condition is used in ecology as an estimate of
nutritional state and is a good predictor of survival and/or
reproductive success (Jakob et al. 1996; Schulte-Hostedde et
al. 2005). This positive association between body condition
and fitness, while not universal (see Dibattista et al. 2007), is
widespread in many taxa, such as amphibians (e.g., Garner et
al. 2009; Reading 2007), reptiles (e.g., Salvador et al. 2008;
Shine et al. 2001), birds (e.g., Buenestado et al. 2009; Taylor
and Jamieson 2007), and mammals (e.g., Dobson and
Michener 1995; Wauters and Dhondt 1995). Animals with
better body condition have higher energy reserves and may
allocate more resources to reproduction and maintenance
(Van Noordwijk and de Jong 1986), being better prepared to
initiate the breeding season (e.g., Naulleau and Bonnet
1996), to fight off parasites and diseases (e.g., Amo et al.
2006; Garner et al. 2009), and to gain greater access to
receptive females (e.g., Hofman and Henle 2006; Salvador et
al. 2008). Moreover, better body condition usually allows the
production of larger clutches (e.g., Radder and Shanbhag
2004) or offspring of larger size (e.g., Hofman and Henle
2006), which in turn may lead to higher offspring survivor-
ship (e.g., Diaz et al. 2005; Sinervo et al. 1992).

Our findings suggest that habituation ability may be
adaptive for individuals living in areas with a high
frequency of human disturbance. This supports the potential
use of habituation as a management tool for some wild
animal populations endangered by an excess of outdoor
recreation, as suggested by others (Davies et al. 2007; Fox
and Madsen 1997; Geist 1975, 1978; Martinez-Abrain et al.
2008; Nisbet 2000; Sutherlan 2007; Taylor and Knight

2003). Recent studies on the specificity of antipredator
habituation in wild animals have found no transfer of
habituation from target predator stimuli (i.e., a low-risk
predator) to other predator stimuli (i.e., a high-risk predator)
(Coleman et al. 2008; Deecke et al. 2002; Hemmi and
Merkle 2009; Martinez-Abrain et al. 2008; but see
Mccleery 2009). Moreover, Labra and Leonard's (1999)
results, while not focused on habituation transfer, imply that
lizards from human-habituated populations retained, or
even increased, their responsiveness to raptor predators.
However, not all species may be suitable for habituation
(e.g., Humboldt versus yellow-eyed penguins; Ellenberg et
al. 2006, 2009), while some species may actually exacerbate
human-wildlife conflicts if habituated (e.g., Cervus elaphus,
Kloppers et al. 2005; Thompson and Henderson 1998).
Overall, we caution that habituation of wild populations
could have unintended consequences, and a better under-
standing of the mechanisms of habituation is needed before
implementing it as a management tool.

The ability to habituate can provide benefits for
individuals exposed to low-risk predators, which may be
favored by natural selection. However, those individuals
more prone to habituation could also be more exposed to
the costs of habituation to the wrong predators (Frid and
Dill 2002). For instance, if a dangerous predator does not
show predatory behavior for several consecutive encounters
with a prey individual, this individual could become
incorrectly habituated to the predator provided it has a
high propensity for habituation. This could have lethal
consequences in future encounters. Depending on the
context (e.g., prevalence of low-risk predators in the area),
the cost of habituation to the wrong predator could
counteract the benefits of rapid habituation ability, thus
creating a trade-off contributing to the maintenance of
widespread individual variation in habituation potential
(Olson et al. 1997; Stolen 2003; Runyan and Blumstein
2004; Ellenberg et al. 2009, this study).
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