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2IUFM de Paris-Université Sorbonne, Paris, France
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ABSTRACT Dispersal is a common response to deteriorating conditions such as intense
competition, food limitation, predation or parasitism. Although it provides obvious advantages,
dispersal is often assumed to be costly. Selection is therefore likely to have acted to decrease these
costs, and indeed several studies demonstrated that dispersers and philopatric individuals differ in
their morphology, physiology and/or behavior. Using the common lizard (Lacerta vivipara) as our
model system, we examined the contribution of phenotypic plasticity to the establishment of
dispersal-dependent behavioral traits. We used a reciprocal transplant experiment in which
conditions at the maternal site of origin, during offspring development in utero, and at the release
site were manipulated. We then compared activity, social interactions and foraging behavior between
individuals that stayed philopatric and those that dispersed. Most behavioral traits were also
measured at birth and after the dispersal phase.

This study demonstrates that (a) 10 months after the dispersal phase, there were still marked
behavioral differences between dispersing and philopatric individuals, (b) the reaction when
confronted to another individual was also dispersal-status dependent, a result which strongly
suggests that individuals are able to recognize the dispersal status of same-age conspecifics and (c)
none of the behavioral characteristics were found to be dependent on the environmental conditions
(maternal and natal environment) indicating a lack of phenotypic plasticity in the building of the
dispersal-dependent behavioral traits examined. J. Exp. Zool. 311A, 2009. r 2009 Wiley-Liss, Inc.
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In a majority of situations, dispersal has been
proved theoretically to evolve even in the presence
of high costs (Lemel et al., ’97; Murren et al.,
2001). For example, traveling across unfamiliar
habitats or through an hostile matrix makes
individuals prone to predation or starvation
(energetic costs due to transience), and settling
into a new population might render an individual
less successful in searching for refuges and food
owing to a lack of familiarity with the habitat and
conspecifics (Johannesen and Andreassen, ’98;
Aars et al., ’99). Although these costs are compen-
sated by benefits accrued by changing habitat or
social group, it has been suggested that some of

these costs might also be decreased by dispersing
individuals having some morphological, physiolo-
gical or behavioral pre-adaptations to dispersal
(Ims and Hjermann, 2001; O’Riain and Braude,
2001; Clobert et al., 2004, 2009). For example, the
dispersal ability of individuals to rapidly travel

Published online in Wiley InterScience (www.interscience.wiley.
com). DOI: 10.1002/jez.533

Received 11 July 2008; Revised 23 December 2008; Accepted 10
February 2009

Grant sponsor: The CNRS; Grant number: 98N62/0120.
�Correspondence to: Sandrine Meylan, Laboratoire d’Ecologie,

CNRS-UMR 7625, Université de Paris VI, Case 237, 7 quai Saint
Bernard, 75252 Paris, France. E-mail: smeylan@snv.jussieu.fr

r 2009 WILEY-LISS, INC.

JOURNAL OF EXPERIMENTAL ZOOLOGY 311A (2009)



long distances has been enhanced by the develop-
ment of morphological structures such as winged
seeds in plants or winged forms in insects (Dixon,
’85; Denno and Peterson, ’95; Venable et al., ’98).
Other types of extreme morphological adaptation
are found in a wide range of organisms, from
ciliates (Nelson and DeBault, ’78) to mammals
(O’Riain et al., ’96). In fact, the appearance of
dispersal-specialized forms is likely to correspond
to particular ecological situations (discontinued or
heterogeneous habitats), but, in most situations,
decreasing the cost of dispersal apparently re-
quires only small quantitative shifts in the
phenotype, such as differences in body size or in
energy reserves (Nunes and Holekamp, ’96; Dufty
and Belthoff, 2001).

Most of the above specializations are likely to
concern primarily the transience phase, and it
might be predicted that decreasing the cost at
settlement requires other types of adaptation,
such as habitat recognition (Edelaar et al., 2008)
and social integration (Cote and Clobert, 2007a,
Cote et al., 2008). For instance, young females of
the gray-sided voles (Ims, ’90), which show asocial
behavior against unfamiliar females were the most
likely to disperse. In naked mole rats, dispersers
participate little to cooperative maintenance tasks,
but display important locomotor and feeding
activities (O’Riain et al., ’96). In the common
lizard (de Fraipont et al., 2000), individuals that
showed a higher exploratory rate in novel envir-
onments were those found to disperse later on.
Finally, two other studies found similar results
using ‘‘novel environment test’’ (Verbeek et al.,
’94), a variant of the classical open field test of
animal psychologists (Walsh and Cummins, ’76):
Dingemanse et al. (2003) in the great tit, and
Fraser et al. (2001) in fishes. Fraser and colleagues
demonstrate that boldness, expressed as the
propensity to explore unfamiliar habitat, predicts
initial dispersal in the field. All these studies
provide direct evidence for a behavioral poly-
morphism that underlies dispersal behavior.
These behavioral modifications were demon-
strated, in some cases, to have an underlying
physiological component (Woodroffe et al., ’93;
Dufty and Belthoff, 2001). In most cases, only pre-
dispersal differences in behavior are correlated
with dispersal propensity, but the extent to which
they reflect short-term behavioral modifications or
more profound changes remains questionable.
Two studies have reported on post-dispersal
differences in behavior among philopatric and
dispersing individuals: in mole rats (O’Riain

et al., ’96), individuals that had dispersed had a
reduced participation in social activities of the
colony they joined, and in the great tit (Dinge-
manse et al., 2003), individuals that immigrated
into a population were faster explorers than
locally born birds. In the two above studies,
dispersers and residents already behave differ-
ently before dispersal. In the great tit case, a
comparison of exploratory behavior between par-
ents and offspring has lead these authors to
suggest a strong heritability of dispersal through
its behavioral component.

Dispersal behavior has been found to be a fixed
trait in only a few species (Ims and Hjermann,
2001; Roff and Fairbairn, 2001; Sinervo et al.,
2006). Instead, most studies have documented the
important role of phenotypic plasticity in shaping
dispersal patterns (Davis and Stamps, 2004), and
the few models that addressed this question all
found support for the predominance of plastic over
fixed dispersal decisions (Ronce et al., ’98; Clobert
et al., 2001, 2009). Indeed it was demonstrated
that dispersal behavior was strongly influenced by
maternal effects (MacKay and Wellington, ’77;
Massot and Clobert, ’95; Lorenzon et al., ’99; de
Fraipont et al., 2000; Meylan et al., 2002) or even
by grand-maternal effects (Dixon, ’85).

The aims of this study are first to examine the
nature of the differences in behavioral traits
between dispersing and philopatric individuals,
second to assess the stability of these differences
in a 10-month period, and finally to determine the
contribution of phenotypic plasticity to the devel-
opment of dispersal-dependent behavioral traits.

We selected the common lizard as our model
system because it has been demonstrated that in
this species: (1) dispersal was strongly environ-
mentally driven (Massot et al., ’92; Lorenzon et al.,
2001) even in the presence of a strong family effect
(Massot and Clobert, 2000), (2) juveniles that
showed a strong attraction toward their mothers’
odor at birth were found to be philopatric later on
(Léna et al., 2000), (3) dispersers confronted with
a novel environment were less stressed than
philopatric individuals (de Fraipont et al., 2000)
and (4) social tolerance was found to influence
density-dependent settlement (Cote and Clobert,
2007a). If dispersal decision seems to be influenced
by many environmental factors, we have no
information on the plasticity of the ‘‘behavioral
profile’’ associated to dispersal decision. Indeed,
the dispersal tendency can be plastic but the
behavioral profile associated to dispersers
and philopatrics can be fixed. To study the
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contribution of phenotypic plasticity to the estab-
lishment of dispersal-dependent behavioral traits
(also called dispersal syndromes, Sih et al., 2004),
we conducted a reciprocal transplant experiment
in which conditions at the site of origin, during
offspring development in utero, and at the release
site were manipulated. We then compared activity
patterns, social interactions and foraging behavior
between individuals that remained philopatric and
those that dispersed.

METHODS

Species

Lacerta vivipara is a small, live bearing lacertid
species (50–70 mm adult snout–vent length) in-
habiting peat bog and heath land. This species is
widely distributed across Europe and Asia (from
Spain to the Pacific coast of Russia, and from
Scandinavia to southern Romania). In our study
populations (Mont Lozère, 441 300 N 31 450 E,
Southern France), mating takes place in May.
Parturition occurs after a 2-month gestation,
when young are fully developed. Females lay a
clutch of five soft-shelled eggs, on average, and
offspring hatch within 1 hr of oviposition.
Juveniles (snout–vent length up to 18 mm) are

independent of their mother immediately after
birth. Dispersal occurs within the first 10 days of
activity after birth (Clobert et al., ’94).

Experimental design: manipulation of pre-
and post-natal conditions

To study phenotypic plasticity in behavioral
traits, we selected four populations located in the
same geographical area (called A, B, C, and D,
distant by less than 4–5 km at a same elevation of
1450 m), that display comparable population
structure and density (sex ratio, proportion of
age classes, for more details see Meylan and
Clobert, 2004; Meylan et al., 2007).

We decided to manipulate the environmental
conditions at different stages of juvenile develop-
ment (Fig. 1 and Table 1 to assess the chronology
of the different manipulations). We focused on two
factors that earlier studies on this species have
shown to strongly influence dispersal probability
and the production of dispersal-dependent
phenotype: density (Léna et al., ’98, Le Galliard
et al., 2003; Lecomte et al., 2004; Cote and
Clobert, 2007a; Meylan et al., 2007), and maternal
levels of corticosterone during pregnancy
(de Fraipont et al., 2000; Meylan and Clobert,
2004, 2005).

Number of captured 
females in  2000 and  2001

Mother’s site 

Hormonal
manipulation 

Juvenile’s release 
site

Number of recaptured 
juveniles in May 2000 and 

2001

     Reduced density Control density 

A
(62)  (42) 

B
(63)  (44) 

C
(62)  (43) 

D (62)
(43) 

Cortico 
(64)   (42) 

Placebo 
(60)   (45) 

B
(213)   (194) 

A
(187)   (167) 

Cortico 
(65)   (43) 

Placebo 
(60)   (42) 

C
(202)   (155) 

D
(339)   (255) 

   (15)   (30) (30)    (50)  (19)   (22) (18)    (37) 

Number of juveniles 
released in  2000 and 2001 

Number  of  females in 
each treatment in  2000 

and 2001 

Density 
manipulation 

Fig. 1. Experimental design of years 2000 and 2001. We manipulated conditions (density and maternal hormonal level) at
different stages of juvenile development (pre- and post-natal). Females treated with corticosterone are indicated as ‘‘cortico’’ vs.
placebo. Sample sizes used at different stages are indicated in brackets.
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Pre-natal density

Pre-natal density manipulation was achieved by
removing a quarter of the individuals (in all age
classes) in two of the four chosen populations (C
and D) at the end of May 2000 and 2001 (see
Meylan et al., 2007 for more experimental details).
The most distant sites were separated by 4.5 km
and the closest sites were separated by 300 m.
Previous behavioral experiments (Léna et al., ’98)
as well as population experiments in semi-natural
or natural conditions (Massot et al., ’92; Le
Galliard et al., 2003; Lecomte et al., 2004) all
demonstrate the ability of individuals to perceive
small variation in the number or quality of
individuals. Moreover, this manipulation proved
to have some effects on population demography, in
particular on fecundity, female brightness and
juvenile dispersal (Meylan et al., 2007).

Maternal corticosterone level

We manipulated the maternal hormonal envir-
onment by increasing corticosterone levels in
pregnant females, during late gestation. In mid-
June 2000 and 2001, we captured respectively 249
and 172 gravid females from the four populations
and kept them in the laboratory until parturition
(usually at the beginning of August, see Meylan
et al., 2007 for details). Circulating levels of
corticosterone were manipulated using a non-
invasive method for sustained elevation of steroid
hormone levels (Knapp and Moore, ’97; Meylan
et al., 2003). We diluted corticosterone (Sigma
C2505, St Louis, MO) in commercial sesame oil
(3 mg corticosterone/1 mL sesame oil). Corticoster-
one was then delivered transdermally to the
lizards and was shown to modify juvenile behavior

after birth (Meylan et al., 2002, 2004; Meylan and
Clobert, 2005). Within each population, randomly
chosen pregnant females (N 5 129 in 2000 and
N 5 85 in 2001) were given 4.5mL of the hormone
solution dorsally, every day until parturition (15
days on average), whereas control females
(N 5 120 in 2000 and N 5 87 in 2001) received
the same amount of sesame oil (see Fig. 1 for the
exact repartition of females in each treatment).
Our manipulation does not correspond to pharma-
cological doses and is in the range of the observed
variation in the wild (for more details see Meylan
et al., 2003).

Post-natal density

Post-natal density manipulation was achieved
by releasing 941 (in 2000) and 771 (in 2001)
juveniles (4 days of age) in the two different
density conditions. After being sexed (Lecomte
et al., ’92), measured, weighted, and marked by toe
clipping to allow identification, juveniles from a
same family were split in two groups (Fig. 1). One
group was released in the density control sites (A
or B) and the other group in the decreased density
sites (C or D). None of the offspring were released
in their site of origin to avoid interaction with the
mother (Léna et al., ’98).

This design allowed to study independently the
effect of environmental perturbations at different
stages of the juvenile development, therefore
enhancing the probability of observing any envir-
onmental influences on the production of disper-
sal-dependent behavioral traits.

Dispersal status—measurement in natural con-
ditions: We assessed dispersal status by recaptur-
ing juveniles in September of the year of release
and in May of the following year (n 5 409). A grid

TABLE 1. Timing of experiments of years 2000 and 2001

Year 2000 Year 2001 Year 2002

Density manipulation End of May End of May
Captures of pregnant females 15–24 June 15–23 June
Hormonal treatment 28 June–10 August 27 June–11 August
Dates of parturition 19 July–11 August 18 July–12 August
Experiments
Activity at birth 21 July–10 August
Activity 10 months later 15 May–1 June
Foraging at birth 20 July–10 August
Foraging 10 months later 15 May–1 June
Social interaction 15 May–1 June
Reaction to odor 15 May–1 June

Two weeks after density manipulations (in spring 2000 and 2001), females were temporarily removed from the field and kept in the laboratory
until parturition. Then we elevated experimentally the corticosterone level of half of the females. Behavioral assays have been done with
juveniles at birth and 10 months later.
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of markers (every 5 m) allowed us to locate
recaptures with a 1 m precision. Dispersal was
then measured as the distance between the points
of release and last recapture. Because kin compe-
tition shapes the dispersal decision in L. vivipara
(Léna et al., ’98; Ronce et al., ’98), we character-
ized dispersal status by comparing juvenile move-
ments to the diameter of an adult female home
range that we estimated in the study population.
Juveniles that moved a distance greater than 20 m
(the upper limit of the adult female home range
diameter) were considered dispersers, whereas
juveniles that moved less than 15 m (average of
adult female home range diameter) were consid-
ered philopatric individuals (for individuals
caught both in September and May, any difference
in dispersal status was recorded, see also Massot
and Clobert, 2000). Juveniles that moved dis-
tances between these two values were not used in
the experiment. Previous studies demonstrated
that juveniles with natal movements exceeding
one female home range never returned to their
natal area later on (Massot and Clobert, ’95).

Behavioral assays

We selected some behavioral traits that we know
to be important for a successful dispersal or
settlement in our species (activity, foraging beha-
vior, and social interactions, Clobert et al., ’94,
2000). We also selected traits that we could
measure at birth (before dispersal) and at 10
months of age (after dispersal, Table 1).

Just after birth, juveniles were kept in a
terrarium in a calm part of the laboratory at
ambient temperature to avoid any major energetic
expenditure. No juvenile was fed before the assay
to avoid creating differences in behavior related to
different level of satiation. All behavioral assays
were conducted in standard conditions of light (a
bulb providing light and heat (301C) for thermo-
regulation was placed 25 cm above the center of
the terrarium) not later than 3 days after birth.

Ten-month-old individuals (born in the labora-
tory, in July and August) were temporary removed
from the field and kept for a few days (mean 3
days) under isolated conditions (one individual per
terrarium, in similar conditions than at birth:
neither perturbation nor food) in the laboratory.
An individual participated in only one behavioral
assay to avoid multiple manipulations and affect
their subsequent behavior. Moreover, the tests
done at birth and 10 months later were not done
on the same individuals because of the low

juvenile survival rate (between 0.26 and 0.52
depending on the year and on the treatments,
see Meylan and Clobert, 2005; Meylan et al., 2007)
and their medium recapture rate (around 50%,
Massot et al., ’92).

Activity at birth and 10 months later

The first experiment was designed to investigate
the behavior of individuals in an unfamiliar
environment. This experiment was performed on
juveniles at birth (n 5 409) and at 10 months of
age (n 5 47). After at least one day of acclimatiza-
tion in the laboratory, each individual was placed
at the center of an empty terrarium
(28� 18� 12 cm). After 10 min of acclimatization
in the terrarium, we provided in the central part
of the terrarium a delimited zone of heat using
incandescent illumination. We recorded during
10 min the general activity as in de Fraipont et al.
(2000): the time spent walking, the time spent
motionless, and the time spent scratching the
inner wall. Because the three variables are not
independent, we analyzed only the time spent
walking and scratching, two behaviors related to
the dispersal status of an individual. Because
individuals at birth participated in only one
behavioral assay, most of the individuals that
were captured at 10 months of age had not had
their activity measured at birth.

Foraging at birth and 10 months later

To measure the foraging behavior, juveniles
were placed alone into a terrarium and given
10 min to acclimate. Three Apterus drosophila
were then introduced for 10 min, and we recorded
the capture of a prey, the time needed for seizing
the first prey and the strategy used (chasing or
waiting). We performed this experiment on juve-
niles at birth (n 5 407) and at 10 months of age
(n 5 86).

Social interactions at 10 months of age

The third experiment aimed to examine the
reaction of juveniles to the presence and dispersal
status of a conspecific. Because the dispersal
status cannot be assessed immediately after birth,
these experiments were conducted only on 10-
month-old juveniles.

We used the same design used to study activity
(i.e. a terrarium with a delimited zone of heat).
Two juveniles were introduced at the same time.
We recorded the activity (time spent walking and
scratching) and the social interactions (attack and
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distance between individuals). The experiment
lasted 15 min, and individuals experienced only
one confrontation. Juveniles in a pair were
selected to obtain an equal number of each
dispersal status combination (P–P, P–D, D–D,
where P is a philopatric individual and D is a
disperser), and such that individuals were coming
from the same site, but not of the same location
within the site. We did not match individuals in a
pair for size or sex, but these factors were taken
into account in the analyses by including body size
of the two individuals in the statistical model.
However, to avoid the problem of non-indepen-
dence between the behaviors of individuals be-
longing to the same pair, only one individual per
pair previously chosen at random was the focus of
our observation (n 5 47), the other one being
disregarded in the analyses.

Data Analyses

Corticosterone treatment, density of origin,
density of release, and dispersal status were
included in all the models (analysis of variance)
as independent variables and were considered as
class factors. For continuous dependent variables
(time spent scratching and walking), we checked
for normality (Shapiro–Wilk test, proc univariate,
SAS ’96) and homosedasticity (Barlett test). To
test for the effects of these variables and all their
interactions, we used the procedure GLM of the
SAS Institute (SAS ’96). Because, we have two
sites (replicates) per density treatment, we used
nested models with the replicates nested within
density treatment. We performed the additional
tests h and e that specify, respectively, the error
effect and the effect in the preceding model to be
used as the correcting variance matrices. With this
method, we were able to test for the effect of the
density treatment corrected by the potential
difference between replicates. We did not intro-
duce a mother effect (as a random factor) because,
in most cases, only one single offspring per female
was available (regarding the experiments done at
birth, of the 408 juveniles used only 42 were
siblings, and none for the experiment done at 10
months). For binary dependent variable (foraging
behavior), we used the GENMOD procedure of the
SAS Institute with a similar model structure as
above. We performed a covariance analysis with
the different factors (and their interactions) and
we simplified the models by backward selection
(McCullagh and Nelder, ’89). In others words, we
dropped the non-significant effects, starting with

the most complex interaction terms. We presented
only the non-significant effects corresponding to
the experimental manipulations. As in all ana-
lyses, the effects of juvenile body size and condi-
tion were not significant (all P40.1) and we did
not report these results in the next section.

RESULTS

Dispersal rate was only affected by the density
at the release sites (0.31 in control sites vs. 0.42 in
manipulated sites, w2 5 5.64, P 5 0.01, see Meylan
et al., 2007 for details). In all experiments, the
corticosterone treatment, the density at the origin
and release site did not interact with the dispersal
status to shape behaviors (all P40.05). In other
words, the behavioral traits displayed by disper-
sing and philopatric individuals were not depen-
dent on the experimental modifications of the
environmental conditions before and after birth.

Activity

The time spent walking (at birth: F1, 408 5 2.27,
P 5 0.13; at 10 months of age: F1, 43 5 0.09,
P 5 0.76) and the time spent scratching (at birth:
F1, 406 5 0.17, P 5 0.68; at 10 months of age: F1,

43 5 0.01, P 5 0.99) did not differ between disper-
sing and philopatric individuals. The pre-natal
density (walking: F1, 2 5 3.69, P 5 0.19; scratching
F1, 2 5 8.52, P 5 0.10) and the post-natal density
(walking: F1, 2 5 0.001, P 5 0.97; scratching F1,

2 5 0.87, P 5 0.52) did not affect activity at 10
months of age. Moreover, there are no differences
between replicates. Only the maternal hormonal
treatment influenced the activity of individuals.
The time spent active was higher for juveniles
born from corticosterone-treated females than for
those born from placebo females (scratching at
birth F1, 408 5 6.73, P 5 0.009, walking at 10
months of age: F1, 58 5 4.64, P 5 0.03).

Foraging behavior

At birth, the probability of catching a prey was
significantly dependent on the interaction be-
tween the dispersal status and the juvenile sex
(F1, 406 5 4.52, P 5 0.03; Figure 2a). For females,
philopatric individual had a higher probability to
catch a prey than disperser, whereas there was
no difference in males. This interaction also
affected foraging strategy (chasing or waiting,
F1,406 5 5.20, P 5 0.02; Figure 2b). The influence
of the dispersal status on the probability to chase
is opposite in females and males. No effect of the
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hormonal treatment was found on this variable
(df 5 130, w2 5 0.3, P 5 0.6).

At 10 months of age, there was no difference in
the probability of catching a prey between disper-
sing and philopatric individuals (df 5 85, w2 5 0.59,
P 5 0.44). Similarly, foraging behavior (chasing or
waiting) did not vary according to dispersal status
(df 5 83, w2 5 2.78, P 5 0.09). Only the time needed
to catch a first prey was affected by dispersal
status (F 5 5.06, df 5 1.58 P 5 0.02). Dispersers
took more time to capture prey than philopatric
individuals (Fig. 3). The other variables such as
corticosterone, and pre- and post-natal density did
not affect foraging behavior (all P40.05).

Social interactions

The juvenile behavior when interacting with a
conspecific was affected by the dispersal status of
the conspecific. The time spent scratching the
inner wall is higher for an individual facing a
conspecific that has dispersed than when facing an
individual that has not (106.74715.43 sec vs.
51.6679.58 sec, Table 2). In addition, the time
spent walking was dependent on the interaction
between the dispersal status of each individual in
the pair (Fig. 4 and Table 3). When a philopatric or
a disperser is confronted with a conspecific of
the same status, the walking activity is higher
than when they are confronted with a conspecific
of a different status. Corticosterone, post- and
pre-natal densities did not influence the juvenile
behavior when interacting with a conspecific
(Table 3).

The social interactions (attack, distance between
individuals) were neither affected by the dispersal
status of the individuals in the pair nor by the
experimental treatments (Table 4).
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Fig. 2. Difference in (a) the probability of catching prey
and (b) the foraging strategy (measured as the probability
chasing rather than waiting) at birth between dispersers and
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Fig. 3. Influence of yearling dispersal status on the
latency to catch a first prey.

TABLE 2. Effects of the dispersal status and of the prenatal
and postnatal conditions on the time spent scratching the inner

wall of the terrarium when confronted with a conspecific

Independent variables Df F value Pr4F

Density at the release site 1.2 0.08 0.82
Replicate of the populations of release 1.42 3.48 0.07
Density at the site of origin 1.2 0.22 0.68
Replicate of the populations of origin 1.43 0.96 0.39
Dispersal status 1.44 0.48 0.49
Hormonal treatment 1.45 0.89 0.35
Conspecific dispersal status 1.46 10.88 0.002

The time spent scratching the inner wall is higher for an individual
facing a conspecific that has dispersed than when facing an individual
that has not dispersed. All interactions are non-significant (P40.05).
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Fig. 4. The time spent walking in relation with dispersal
status of both individuals. When a philopatric or a disperser is
confronted with a conspecific of the same status, the walking
activity is higher than when confronted with a conspecific of
different status.
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DISCUSSION

Individuals that dispersed or stayed have differ-
ent behavioral traits at birth and 10 months later,
a long time after the natal dispersal phase.
Although the density and hormonal treatments
significantly affected female coloration, clutch
size, offspring dispersal, survival and growth
(Meylan and Clobert, 2004; Meylan et al., 2007),
none of the behavioral characteristics have been
found to be treatment-dependent, which suggests
that the production of dispersal-dependent beha-
vioral traits is not influenced by pre- or post-natal
conditions, at least for the environmental condi-
tions considered.

Stress and dispersal: validity of behavioral
assays

Because behavioral assays have been performed
under laboratory conditions, we may have induced
a stress component in the response and this might
complicate the interpretation of our results. In the
literature there is indeed some evidence that
dispersal activity is linked to an increase in
corticosterone (Dufty and Belthoff, 2001), which
might in turn promote shyness, aggression or
an increase in activity (Dufty et al., 2002).
Furthermore, a corticosterone increase during
pregnancy produces offspring with a modified
behavioral profile (Pollard, ’84; Takahashi et al.,

’88) including condition-dependent dispersal (de
Fraipont et al., 2000; Meylan et al., 2004; Vercken
et al., 2007). Therefore, a differential response to
stress might be at the origin of the behavioral
differences between dispersing and philopatric
individuals. This seems unlikely in our species.
First, although we demonstrated that a pre-natal
administration of corticosterone modified the
perception of the mother’s presence at birth (de
Fraipont et al., 2000) and promoted philopatry, we
did not find here any corticosterone effect on other
dispersal-dependent behavioral traits. Further-
more, the application of corticosterone directly
on the offspring before dispersal did not modify
natal dispersal (Meylan et al., 2002). Secondly,
captivity did not affect corticosterone level when
measured 2 days after the arrival to the laboratory
(Meylan et al., 2003). Thirdly, corticosterone
affects activity (de Fraipont et al., 2000, including
our experiment), but philopatric individuals did
not show higher or lower activity levels than
dispersers either before or after the dispersal
period when measured under laboratory condi-
tions. It is therefore unlikely that the production
of dispersal-dependent behavioral traits is solely
owing to stress.

Dispersal status and foraging activity

Inter-individual variation in the ability to access
resources in the natal area, and therefore to

TABLE 3. Effects of dispersal status and of prenatal and postnatal conditions on the time spent walking inside a terrarium when
confronted with a conspecific

Independent variables Df F value Pr4F

Density at the site of origin 1.2 0.01 0.91
Replicate of the populations of origin 1.41 2.39 0.10
Density at the release site 1.2 0.27 0.69
Replicate of the populations of release 1.42 1.30 0.26
Hormonal treatment 1.43 3.20 0.08
Dispersal status 1.44 1.90 0.17
Conspecific dispersal status 1.44 1.07 0.30
Dispersal status � conspecific dispersal status 1.44 7.10 0.01

TABLE 4. Effects of dispersal status and of prenatal and postnatal conditions on social interactions

Independent variables Nb of attacks Nb of escapes Nb of attractions

Dispersal status w2 5 2.27, P 5 0.13 w2 5 0.29, P 5 0.58 w2 5 0.06, P 5 0.80
Conspecific dispersal status w2 5 0.47, P 5 0.49 w2 5 0.02, P 5 0.87 w2 5 0.36, P 5 0.54
Density at the site of origin w2 5 0.08, P 5 0.76 w2 5 0.01, P 5 0.90 w2 5 0.32, P 5 0.56
Density at the release site w2 5 1.73, P 5 0.18 w2 5 1.45, P 5 0.22 w2 5 1.18, P 5 0.27
Hormonal treatment w2 5 1.14, P 5 0.28 w2 5 0.04, P 5 0.83 w2 5 1.71, P 5 0.18

Neither dispersal status nor different environmental manipulations affected attack and distance between individuals. All interactions are non-
significant (P40.05).
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compete for establishment, have often been
proposed to explain differences in natal dispersal
behavior (Nilsson and Smith, ’85). Indeed, fora-
ging activity has been found to increase at the
onset of dispersal period in some species of birds
(Belthoff and Dufty, ’98). We also found in this
study that foraging activity was different between
dispersing and philopatric individuals. At birth,
future dispersers were less prompt to catch prey
than future philopatric individuals, and, 10
months later, this difference persisted when
examining the latency to prey capture. Although
it remains difficult to interpret these results, the
confrontation with other results in the same
species helps to propose a scenario. In natural
conditions, dispersers were demonstrated to grow
less rapidly than philopatric individuals during
their first year of life (Bélichon et al., ’96). When
observed in semi-natural conditions (field enclo-
sures), dispersers displayed more exploratory
behaviors than philopatric individuals (Clobert
et al., ’94). This suggests that different alloca-
tion strategies between activity compartments
(food acquisition, exploration, etc.) might consti-
tute the basis for dispersal-dependent foraging
characteristics.

Dispersal status and conspecific
interactions

Dispersers have been suggested to be either sub-
dominant, solitary or less aggressive individuals
(Clobert et al., 2004). For example, Gathereaux
(’78) demonstrated that, in birds, dominance rank
could be used to predict dispersal distance. Rather
than social dominance, social tolerance might be
more important in promoting dispersal (Léna
et al., ’98, Clobert et al., 2004). Indeed, we recently
discovered that social tolerance at birth and
population density interacted to shape dispersal
patterns (Cote and Clobert, 2007a). However,
performance in social interactions has rarely been
assessed through confrontations, and even less so
within and between individuals of the same or
different dispersal status. Here we provide evi-
dence that the dispersal status of individuals in a
pair affected the outcome of the confrontation.
When confronted with conspecifcs of the same
dispersal status, individuals were more active than
when confronted with conspecifics of a different
status. This result, along with those of Aragón
et al. (2006c) and Cote and Clobert (2007b),
strongly suggests that individuals can recognize
the dispersal status of same-age conspecifics,

probably directly through their behavioral profile.
Indeed, when we used olfactory cues (results not
shown), the dispersal status of the odor’s donor
did not influence the juvenile behavioral response
(Aragón et al., 2006a,c). In other words, the
physical presence would be required for a beha-
vioral expression of a conspecific dispersal status
recognition.

Direct agonistic interactions (bites, chases) were
rare and did not depend on dispersal status. Inter-
individual distance (a potentially more subtle
measure of dominance) was also not dependent
on the dispersal status of the individuals in a pair.
Only the pattern of activity (walking within the
terrarium and trying to escape the terrarium) has
been affected but not in the way predicted by the
social dominance hypothesis. All individuals,
whatever their dispersal status, were increasing
their attempts to escape from the terrarium when
faced with a disperser.

If the social dominance hypothesis is excluded,
why then are individuals affected by the dispersal
status of one another? Dispersers or philopatric
individuals, besides being individuals displaying
different strategies, might also carry some infor-
mation about their natal and/or current environ-
ment (Clobert et al., 2004; Cote and Clobert,
2007b). This information might be of interest to
some conspecifics when the latter have to make
decisions about their social and/or non-social
environment. It might even represent some sort
of public information (Valone, ’89; Danchin et al.,
2004). In this context, natural selection could have
promoted a dispersal status-dependent recogni-
tion. This scenario has the advantage to match
some explanations provided to understand earlier
results on dispersal behavior. For example, in a
study aimed at understanding the role of connec-
tion in the population dynamics of this species,
Lecomte et al. (2004) found experimentally that
the number of dispersal attempts was positively
density-dependent in connected populations,
whereas it was not dependent on density in
unconnected populations. Furthermore, in uncon-
nected situations, the return of dispersers to their
population of origin was followed by a second
dispersal peak. This indeed may suggest that the
information brought by dispersers has some
influence on dispersal decisions made by other
individuals. The extent to which the dispersal
status of an individual serves as a cue on habitat
quality for other individuals (Stamps, ’87; Muller,
’98, 2001; Danchin et al., 2001) obviously deserves
more research (Aragón et al., 2006b).
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The origin of a dispersal-dependent
behavioral profile

Most of the studies on personalities and beha-
vioral syndromes suggest that there is a consider-
able amount of genetic variation for personality
types (territorial temperament, shy-bold, etc.) and
that the behavioral variation is heritable (in birds:
Drent et al., 2003; in lizards: Stapley and Keogh,
2004; López et al., 2005). In the same way, it has
been recently proposed that personalities that
characterize the behavioral strategies of philopa-
tric and dispersing individuals have a strong
genetic determinism (Dingemanse et al., 2003).
Although we did not study personalities/tempera-
ments or behavioral syndromes per se as we
neither use the same individuals at birth and at
10 months of age nor the same individuals for the
different behavioral assays (Sih et al., 2004;
Groothuis and Carere, 2005), we nevertheless
observed that foraging behavior measured at birth
was related to dispersal status later on, and that
the activity when facing a conspecific and foraging
efficiency measured after dispersal were still
characterizing individuals that had or had not
dispersed. This is somehow in contradiction with
the high phenotypic plasticity of dispersal re-
corded in our species (Massot and Clobert, 2000;
Dufty et al., 2002) as in many others species (Ims
and Hjermann, 2001). This can suggest a con-
servation of dispersal-dependent behavioral traits,
which, in turn, militates for some genetic control
or some very early determination of these beha-
viors. However, as these behavioral traits have not
been measured on the same individuals, we have
to remain cautious about this scenario at this
stage.
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