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Animal personalities are common across taxa and have important evolutionary and ecological implications.

Such consistent individual differences correlate with important life-history traits such as dispersal. Indeed,

some environmental conditions are supposed to determine dispersers with a specific personality. For

example, an increased density should promote the departure of individuals with less social tolerance.

Therefore, we hypothesized that dispersers from high-density populations should primarily be asocial

individuals, whereas dispersers from low-density populations should be social individuals. In the common

lizard (Lacerta vivipara), we measured attraction towards the odour of conspecifics on juveniles at birth as a

metric of social tolerance. We then released these juveniles into populations of different densities and

measured dispersal and settlement behaviours with regard to social tolerance. One year later, we again

measured the social tolerance of surviving individuals. The social tolerance is constant across time and

strongly reflects the individual’s dispersal and settlement patterns with respect to population density. These

results strongly suggest that social personalities exist and influence dispersal decisions. Further studies will

help to elucidate the proximate and ultimate determinants of social personalities.

Keywords: behavioural differences; personality; dispersal; sociability; habitat selection; common lizard
1. INTRODUCTION
The ecology of personality is a fast-growing field in animal

behaviour (Dall et al. 2004; Sih et al. 2004). For several

decades, psychologists have explored the considerable

range of human and non-human personalities (reviewed in

Gosling & John 1999; Gosling 2001), primarily in

reference to a deviation from a norm. While such studies

aimed to find a common origin of personalities to resolve

human psychological problems (Gosling 2001), beha-

vioural ecologists propose an adaptive framework to these

presumed non-adaptive individual differences (Dall et al.

2004; Sih et al. 2004). ‘Personality differences’, defined as

consistent individual differences across time and contexts,

have been observed in numerous behaviours (Clobert et al.

1994; Verbeek et al. 1994; Marchetti & Drent 2000;

Dingemanse et al. 2003b, 2004; Sih et al. 2004; Dall et al.

2004; Aragon et al. 2006). Personality differences have

been found in exploration, aggressiveness, reactivity and

boldness, and are observed across taxa and in both

vertebrates and invertebrates (Dingemanse et al. 2003b;

Sinn & Moltschaniwskyj 2005). While in many species

some individuals avoid social interactions and others

search for conspecifics (Gosling & John 1999), social

personality, or sociability, has been rarely studied in non-

human species and particularly with an ecological

perspective (Gosling & John 1999).

Differences in personalities have been found to correlate

with important life-history traits such as reproduction and

dispersal (Fraser et al. 2001; Dingemanse et al. 2003a;

Both et al. 2005). For instance, recent studies on Trinidad
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killifish (Rivulus hartii) and great tits (Parus major)

revealed that natal dispersal distance is positively corre-

lated to boldness (Fraser et al. 2001; Dingemanse et al.

2003a). Dispersal is a typical response to locally degrading

conditions (Clobert et al. 2001). However, not all

individuals disperse with respect to the same environ-

mental factor (Clobert et al. 2001). For example,

competition among conspecifics or among kin can lead

to the departure of particular phenotypes (Léna et al.

1998; Le Galliard et al. 2003; Moore et al. 2006), and

dispersal has been shown to correlate with social

behaviours such as cooperation (Sinervo & Clobert

2003; Le Galliard et al. 2005b). Recent theoretical and

empirical work on the evolution of altruism, sociality and

dispersal suggest links between dispersal and sociality

(Sinervo & Clobert 2003; Le Galliard et al. 2005b; Sinervo

et al. 2006a). For a long time, dispersal has been seen as a

means to avoid negative effects of intraspecific compe-

tition (Lambin et al. 2001; Clobert et al. 2004). At the

same time, behavioural ecologists were demonstrating that

settlement (i.e. habitat selection) probability was

increased in the presence of conspecifics (Crespi & Taylor

1990; Lambin et al. 2001; Stamps 2001; Doligez et al.

2004). Two opposite responses to increasing density have

currently been documented: a higher dispersal rate

(reviewed in Lambin et al. 2001) and a higher settlement

rate (Stamps 1991; Lambin 1994; Denno & Peterson

1995; Le Galliard et al. 2003). Various interpretations

have been given to explain such varying responses of

dispersal to density (reviewed in Lambin et al. 2001), but

none have attempted to integrate findings from ecologists

and behaviouralists. If density is informative about both
This journal is q 2006 The Royal Society
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crowding and habitat suitability, then the sign of the

relationship between dispersal and density is likely to be a

function of the balance between increased competition

and conspecific attraction (Clobert et al. 2004). As

dispersal has either a genetic or a strong maternal

determinism (Sinervo et al. 2006a), the above hypothesis

militates for the existence of an individual variability in the

responses to density, for example, along a trade-off

between sociability (attraction towards conspecific) and

asociability (sensitivity to crowding). Several recent

empirical findings militate for such a scenario. Individuals

leaving a high-density population have been found to be

phenotypically different from those leaving a low-density

population (Léna et al. 1998). In a population density

manipulation experiment, dispersers were found to have

long-lasting behavioural differences to residents (Aragon

et al. 2006). Similarly, in a colonization experiment,

individuals colonizing empty habitats were found to

display different phenotypes to those in adjacent occupied

habitats (Le Galliard et al. 2005a). Therefore, we

hypothesized that the phenotypic differences between

resident and dispersing individuals might be associated

with differences in social personalities and that dispersers

from high-density populations should primarily be asocial

individuals, whereas dispersers from low-density popu-

lations should be social individuals.

To test this hypothesis, we used the common lizard as

our model system. This species has a density-dependent

dispersal probability, which can be either positive or

negative (Massot et al. 1992; Le Galliard et al. 2003).

Dispersers have been shown to have particular phenotypes

different from non-dispersers in terms of morphology (e.g.

body size and body condition), physiology (stress

response) and reaction to olfactory cues (Clobert et al.

1994; Léna et al. 1998; de Fraipont et al. 2000; Le Galliard

et al. 2003; Meylan & Clobert 2004; Meylan et al. 2004).

These particular phenotypes could be associated with

documented variability in the sensitivity of individuals to

changes in social contexts such as density of conspecifics

(Aragon et al. 2006). Thus, the presence of both positive

and negative reactions to these social contexts might

reflect different social personalities. The results from these

previous studies allow us to predict the existence of social

personalities associated with dispersal decisions in the

common lizard (Lacerta vivipara). To characterize social

personalities, we measured the attraction of individuals

towards the odour of conspecifics at birth, a metric of

social tolerance. We then released these individuals as

juveniles into semi-natural populations of different

densities and measured juvenile dispersal attempts and

the settlement success of these individuals during the

following year. Finally, the social tolerance of surviving

individuals was again measured after 1 year to estimate the

stability of the social personality type across time and

contexts.
2. MATERIAL AND METHODS
(a) Species, study site and rearing conditions

The common lizard (Lacerta vivipara; Jacquin 1787) is a

small lacertid (adult snout–vent length: males, 40–60 mm;

females, 45–75 mm) inhabiting humid habitats in Eurasia

(Avery 1962). Lizards become active between late March and

the beginning of April (Massot et al. 1992) and begin
Proc. R. Soc. B (2007)
hibernation in late September. Females produce offspring

once a year and laying occurs in June–July. Juveniles are

independent of their mother immediately after birth and

disperse after 10 days of age on average (Massot et al. 2002).

This experiment was conducted using lizards which had

been living for the previous 3 years in semi-natural populations

at the Ecological Research Station of Foljuif (Seine-et-Marne,

48817 0 N, 2841 0 E; Le Galliard et al. 2003). These semi-natural

populations occur in enclosures (10 m!10 m) protected from

avian and mammalian predation, which are connected to a

one-way 20 m dispersal corridor. The enclosure size is

equivalent to the individual’s core home range size and the

length of the corridor corresponds to the minimal dispersal

distance observed in natural populations (Boudjemadi et al.

1999). A trap is located at the extremity of each corridor to

catch dispersing lizards. The lizards caught in the corridor trap

while leaving their enclosure were considered ‘dispersers’.

In June 2004, we captured all lizards maintained in the

enclosures. Males were released a few days after the capture,

whereas females were maintained in laboratory until they gave

birth. To provide each lizard with the same standardized

environment (e.g. food, water, heat, social interactions),

pregnant females were individually housed in plastic terrar-

iums (25!15.5!15 cm, containing a 3 cm of soil; Le Galliard

et al. 2003). In one corner of the terrarium, a bulb provided

heat for thermoregulation and light from 9.00 to 12.00 and

13.00 to 17.00 h. A piece of cardboard and a plastic tube were

provided to allow the lizards to hide. Female lizards gave birth

in the terrariums and all offspring were thereafter released into

semi-natural populations as described in §2c. On the day of

birth, all offspring were measured for body length (nearest

millimetre), tail length (nearest millimetre) and body mass

(nearest milligram), and their sex was determined by counting

ventral scales (Lecomte et al. 1992). For later identification,

juveniles were individually marked by toe-clipping.

(b) Reaction to conspecific odours

Adult males were selected as the source of odour for two

reasons. Previous studies showed that juvenile philopatry was

increased in the presence of an adult male odour while it was

reduced in the presence of adult female odour (Léna et al.

1998), suggesting that adult male odours are socially

attractive to juveniles. Second, while juveniles are sensitive

to the odour of adult males when selecting a shelter (i.e.

juveniles prefer a shelter with or without an odour depending

on their origin and morphology), they are indifferent to the

odour of other categories of individual (Aragon et al. in press);

thus, the important social context again appears to be based

on male odour. To obtain olfactory cues, six different pairs of

adult males were maintained in the same terrarium for the

whole laying period. We collected odours on a piece of

absorbent paper placed on the floor of the terrarium. We also

created six other terrariums structurally similar to the

previous ones and submitted to the same conditions as

inhabited terrariums, but they were vacant. This method

allows us to obtain pieces of paper differing only in the

presence of olfactory cues. We changed the pieces of paper

after utilization to avoid a second utilization. The odour was

thus collected during 6 days which is sufficient to obtain

olfactory cues (Aragon et al. in press). All neonates were

tested the day after their birth. Behavioural measurements

were performed in plastic terrariums of the same dimensions

as maternal terrariums. A piece of egg box (shelter) was

added to the centre of the terrarium allowing the lizards to
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hide and a bulb provided heat for thermoregulation. Each

lizard was tested separately in a cleaned terrarium, beginning

either with the paper with the odour or with the paper without

the odour. This allows us to completely separate the effect of

olfactory cues from all other potential effects of experimental

procedure. We placed the odorized paper under the shelter.

The lizard could choose between staying under the shelter

with a conspecific’s odour or leaving the shelter and being

exposed. We quantified the time spent under the shelter when

faced with a conspecific’s odour as a metric of social

tolerance. The same observer performed all the tests. Each

lizard was introduced into a terrarium with the piece of

absorbent paper and left for 5 min to acclimate. Then, the

time spent hidden under the shelter was measured during

10 min with the software ‘The Observer’. After these

measurements, the piece of paper was changed, but lizards

were not moved. After 5 min, we again measured the time

spent hidden under the shelter during 10 min. The lizard was

then removed and placed in the terrarium of its mother. We

reiterated the same procedure for all offspring. When it was

impossible to test all neonates born within the same day, we

randomly selected at least two juveniles per family (one male

and one female) for testing. The tests done within the same

day were temporally homogeneous for individual charac-

teristics and subsequent density treatment ( pO0.2).

In April 2005, 32 one-year old lizards (i.e. two lizards per

enclosure) were captured during a 4-day session. Lizards

were individually maintained as described previously. Two

days after capture, we measured the reaction to conspecific

odour of all these lizards. The same protocol used with

neonates was applied to measure the reaction as well as to

obtain olfactory cues. For 17 of these 32 one-year old lizards,

the reactions to conspecific odour were also tested at birth.

This allowed us to test for the stability of the behaviours

during the first year of life.

(c) Field study

All males and females came from populations kept in semi-

natural conditions in Foljuif (see §2a). In June 2004, 96 adult

males and 176 adult females were captured. We then created

16 semi-natural populations with two density levels. Popu-

lation densities were either high (adults: 8 males, 12 females;

yearlings: 10 males, 10 females and 34 juveniles) or low

(adults: 4 males, 6 females; yearlings: 5 males, 5 females and

17 juveniles) with each density level being applied to eight

populations (Le Galliard et al. 2003). All 16 populations had

age and sex structures similar to natural populations (Massot

et al. 1992) and individual characteristics (i.e. body size, body

mass and date of birth for juveniles) were not different

between levels of density treatment for all age and sex classes

(pO0.5 for all). Males and all yearlings were released 7 days

after their initial capture, whereas juveniles and their mothers

were released 2 days after laying. The release of juveniles and

females (just after females’ laying) began three weeks after

capture and spread over three weeks. However, 85% of the

juveniles were released within two weeks after the laying

started. We maintained the ratio between density treatments

(1 : 2) during the whole laying period by releasing juveniles

accordingly, such that densities were different during the

whole releasing period. Moreover, no dispersal event was

observed before all juveniles were released. Dispersal was

monitored daily from release of the first family through

hibernation. Dispersers were measured (body size and

weight) and released in another population the same day.
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We released dispersers randomly in a high- or low-density

population. High- and low-density populations received

exactly the same number of juveniles, but juveniles were

randomly assigned to a population. Therefore, on average,

juveniles released in high- and low-density populations did

not react differently to odour at birth (density in arrival

population: F1,11Z0.23, pZ0.64; density in arrival popu-

lation!density in initial population: F1,8Z0.45, pZ0.52).

This procedure allowed us to measure a second dispersal

attempt, and thus settlement decision depending on the

densities in the destination and initial populations. After

release in their destination population, dispersers had the

possibility to disperse again in the same manner as the first

dispersal. If a disperser again left its new population, we

removed it from the experiment and we released it in a non-

experimental enclosure. When a juvenile dispersed from a

population, an immigrant was released in the following days.

It allowed us to maintain the density constant, and thus to

avoid changes in the intensity of density treatments.

(d) Statistical analyses

Our analyses aimed to determine whether the dispersal status

of lizards depended on the reaction to conspecific odours and

to the density of their population. The dispersal status was

analysed using the GLIMMIX procedure in SAS v. 8.02

(Littell et al. 1996) with a logit link function and a binomial

error term. The fixed effects were the density of the

population, the odour-dependent time spent hidden (time

spent hidden when the piece of paper contained odours minus

time spent hidden when the piece of paper contained no

odour) and their interaction. We also added individual

covariates (body length and body mass) and sex as additional

factors. The random effects were populations nested within

the density treatment and family nested within the popu-

lation. The probability of a second dispersal event was

analysed on all the juveniles released (juveniles tested for the

reaction to odour and juveniles not tested) using the

GENMOD procedure in SAS v. 8.02 with a logit link function

and a binomial error term. The fixed effects were the density

of the ‘natal’ population, the density of the arrival population,

sex and all interaction terms. Dispersers were released equally

in all populations and there were no family biases. Indepen-

dent contrasts were performed for the first and second

dispersal attempts using the CONTRAST option of each

statistical procedure used to analyse dispersal probability. The

correlation between reactions to conspecific odour at birth

and after 1 year was tested using the MIXED procedure in

SAS v. 8.02. This allowed us to add a population effect as a

random factor and the density treatment as a fixed effect. We

could thus test for environmental dependence of behavioural

reaction. The assumptions of these models were verified on

residuals. Likelihood ratios were used to test the significance

of each factor or interaction term. Simplification of all these

models was made using backward elimination of the non-

significant terms. Significance level was set at pZ0.05.
3. RESULTS
(a) Reaction to conspecific odour throughout

the life

The reaction towards conspecific odour measured in April

2005 (1 year after the beginning of the experiment) was

positively correlated with the reaction measured at birth

(nZ17, F1,7Z13.17, pZ0.0084, estimate 0.25G0.07,
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Figure 1. Reactions to olfactory cues through life. Relation-
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year. Linear regression is shown.

Table 1. Natal dispersal probability depends on the reaction
to conspecific odour at birth and the density in the
population. (Dispersal probability was modelled with mixed
effects logistic regressions using the GLIMMIX macro in
SAS. The initial model included the density of the
population, the odour-dependent time spent hidden (time
spent hidden when the piece of paper contained odours
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immigrants and family nested within enclosure. The final
model was obtained by backward elimination, dropping in a
stepwise process all non-significant effects. Statistical tests
were type III F-tests for fixed effects.)
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Figure 2. Reaction to olfactory cues at birth depending on
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minus the time spent hidden without the olfactory cues.
Mean difference (secondsGs.e.) in relation to density
treatments and dispersal status is shown (n.s. pO0.05;
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R2Z0.31, figure 1). The density of the population did not

affect the reaction after 1 year nor the correlation between

the reactions throughout the life (density: F1,6Z0.66,

pZ0.45; reaction measured at birth!density: F1,5Z0.01,

pZ0.92). One year later, the reaction to odour did not also

depend on the population of the juvenile (Wald z-tests–

population: zZ0.77, pZ0.22; reaction measured at

birth!population: zZ0.51, pZ0.30).
(b) Reaction to olfactory cues and

dispersal decision

The probability of dispersing did not depend on the

density of the population nor on the reaction to odour

alone (table 1). However, the interaction between the

density and the reaction to odour was significant (table 1).

Independent contrasts revealed that the dispersal prob-

ability from low-density populations is positively related to

the odour-dependent time spent hidden (i.e. difference in

time spent hidden; F1,145Z3.84, pZ0.05) or a high

attraction for conspecific odour. In contrast, this relation-

ship tended to be negative in high-density populations
Proc. R. Soc. B (2007)
(F1,145Z2.39, pZ0.12). A high dispersal probability from

low-density populations was thus correlated to a high

attraction for conspecific odour.

Non-dispersing juveniles of the two density treatments

did not differ in the time spent with the male odour

(residents: F1,145Z0.95, pZ0.33; figure 2). Among dis-

persers, those from low population density spent more time

with male odour than those from high population density

treatments (contrasts, dispersers: F1,145Z8.58, pZ0.004;

figure 2). Sex, body length and date of birth had no

significant effect on the probability of dispersal (sex:F1,143Z
0.04, pZ0.83; body length: F1,143Z0.36, pZ0.55; date of

birth: F1,143Z0.57, pZ0.44) but lizards in better condition

at birth dispersed more (body condition: F1,145Z4.95, pZ
0.03).

(c) Settlement of dispersers

Dispersers from low- and high-density populations (i.e. 52

juveniles) were introduced randomly in high- and low-

density populations. All of the 16 populations received

dispersers and we homogenized the number of dispersers

across populations. Among all dispersers, 17% of

dispersers left their arrival populations. The probability

of leaving their arrival population was dependant on the

interaction between density of the arrival populations and

density of the initial populations (initial density!arrival

density: c1Z6.33, pZ0.0119; figure 3). Independent

contrasts showed that dispersers from low-density popu-

lations settled more in high-density populations than in

low-density populations (c1Z5.21, pZ0.02) and the

opposite pattern was observed, but was not significant

for dispersers from high-density populations (c1Z1.25,

pZ0.2641). Interestingly, no dispersers coming from

low-density populations and introduced into high-density

populations left their arrival populations. Female dispersers

left their arrival populations more often than male dispersers

(c1Z4.31,pZ0.0379).All these effects remained significant

when we added date of dispersal in the model and there was

no relationship between date at dispersal and the probability

of settlement (c1Z1.32, pZ0.25).
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4. DISCUSSION
(a) Consistent social personalities

The reaction towards the odour of a pair of males can be

interpreted either as juvenile sensitivity to interactions

among males and/or to their simple presence. During

another experiment, we quantified some characteristics of

the six pairs of males used to collect odour (e.g. males’

body size, body condition, coloration, age, bites).

Juveniles did not show any reaction towards the variation

in males’ characteristics within the pair (pO0.5 for effects

of males’ body size, body condition, coloration, age and

bites on reaction towards odour). If juvenile sensitivity

was linked to adult male interactions, pairs of males

displaying strong interactions should not induce the same

reaction as pairs of males displaying weak interactions

(e.g. no bites). Therefore, male presence alone is a more

probable explanation for variation in sensitivity, which

suggests that the juvenile reaction towards male odour

measures social tolerance or phobia. In this study, we used

the odour only of adult males, but juvenile reactions could

be related to the sex of the signaller. As stated in §2, adult

females seem to be perceived as important competitors by

juveniles since they promote juvenile dispersal (Léna et al.

1998), and experimental manipulation of density has

indeed shown that females are closer competitors of

juveniles (yearlings) than adult males (Massot et al. 1992;

Lecomte et al. 1994). Furthermore, the sensitivity of

juveniles was not dependent on their gender, and we

should not have observed such a result if the signal was

indicating the gender of the adult. These points strongly

suggest that males are an indicator of something other

than their gender alone. One year later, the same

individuals displayed a similar behaviour towards the

presence of male odours as they did at birth and this

reaction did not depend on the environmental conditions

(i.e. density and population) undergone during juvenile

growth. This demonstrates that the individual’s response

to a same social context is constant through time and

context, a trait that is a characteristic of personalities. The

above two results strongly suggest the existence of social

personalities in this lizard species. Social personalities,
Proc. R. Soc. B (2007)
here measured by the reaction to odour, might be part of a

more general behavioural pattern. Indeed, personality

traits, such as boldness, aggressiveness and exploration,

are correlated types of behaviour (Verbeek et al. 1996;

Marchetti & Drent 2000; Sih et al. 2004) which might

correspond to a suit of behavioural traits defining some

individual strategies. Some individuals therefore exhibit a

set of personality traits likely to constitute behavioural

syndromes (Sih et al. 2004), which can be genetically and/

or developmentally controlled (Dufty et al. 2002; Sih et al.

2004). Our study develops the idea that behavioural

syndromes may also exhibit a social component, which

might be seen as complementary to other personality traits

such as boldness, aggressiveness and exploration. For

example, we might predict that, according to the pattern

observed in other species, and particularly in humans,

‘asocial’ lizards will also be shyer and less aggressive

individuals.

(b) Social personalities, dispersal

and habitat selection

Individuals who dispersed from low- and high-density

populations had different social phenotypes. Dispersers

from low-density populations were attracted to the odour

of males, while dispersers from high-density populations

tended to be repulsed by male odour. Indeed, only

dispersers from high-density populations reacted nega-

tively to male odour. These results indicate that juveniles

have different social personalities, which affect their

reaction to social context (i.e. density). Some juveniles

leave to search for more socially attractive or dense

environments when faced with reduced social interactions.

These individuals display social attraction to odour at

birth. In contrast, other juveniles prefer to leave environ-

ments with too much social interaction. These individuals

are repulsed by the presence of conspecifics at birth.

If the above scenario is true, we should expect dispersers

from low-density populations to settle more often when

released in high-density destinations than when released in

low-density destinations. This is indeed what we found.

This result reinforces the idea that dispersers from low-

and high-density populations exhibit different social

personalities and search for different social habitats. All

dispersers from low-density populations settled when they

were released in a high-density population. Even if the

number of dispersers was low (i.e. 52 dispersers), this

dependence of settlement on the density in natal and

arrival populations is completely concordant with the other

results and strongly supports the hypothesis. The lack of

secondary attempts for the dispersers originating from

low-density populations and released in high ones is not the

result from these individuals dying before being able to

move again, because they were found to survive for at least

a month after release. Furthermore, all secondary dispersal

attempts were completed within five days of the release in

their novel populations.

Population density is known to affect dispersal in

numerous ways. Here, we showed that the perception of

density varies among individuals, which results in strong

variability of which individuals disperse with respect to

natal density. Here, the age and context invariance of the

behavioural response to adult male odour strongly

suggests the existence of fixed social personalities (Aragon

et al. in press; Meylan & Clobert submitted), which is
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subsequently associated with dispersal decisions. Low

densities repulse some individuals while attract others.

Our results contradict the assumption that every disperser

prefers the same habitat. While several theoretical reviews

have recently developed this idea (Stamps 2001; Clobert

et al. 2004), experimental tests are still quite scarce. To

explain such differences, both proximate and ultimate

causes of dispersal should be considered as well as their

associated costs and benefits (Massot et al. 2002). For

example, costly kin interactions are selecting for the

departure of pioneer individuals which are not sensitive to

density (and might display their own particular beha-

vioural syndrome; Cote et al. submitted; Léna et al. 1998;

Le Galliard et al. 2003) while, even within the same

species, beneficial kin-like interactions will promote

philopatry with individuals displaying mutualistic or

even altruistic behaviours. In the latter case, such

behaviours have been proved to be adaptive (Sinervo &

Clobert 2003; Sinervo et al. 2006a,b).

Intraspecific competition is likely to act in a different

way. Indeed, high-density populations can indicate either

a good quality habitat (conspecific attraction) or costs

linked to conspecific competition. Both have been

documented in our species (Massot et al. 1992; Léna

et al. 1998; Le Galliard et al. 2003). First, conspecific

attraction would be beneficial if the fitness of juveniles is

increased in high-density populations (Shields et al. 1988;

Stamps 2001). Proximate mechanisms of conspecific

attraction have been shown to be reduced predation rate,

reduced costs of settlement and increased future repro-

ductive success (Shields et al. 1988; Stamps 2001).

Conversely, conspecific repulsion might be explained by

high levels of competition and aggressiveness (Shields

et al. 1988; Stamps 2001). The latter causes should mostly

affect lizards with low competitive abilities and low

aggressive level, which might correspond to ‘asocial’

individuals. However, one might ask why/how such

different personalities (syndromes) are maintained within

a population. Recently, theoretical models have shown

that the polymorphism of dispersal strategies can be

generated and maintained whenever the direction of

selection was different within the different patches within

a metapopulation (Doebeli & Ruxton 1997). If variations

in densities are sufficient to generate such differences in

selective pressure within a metapopulation, one can then

predict the existence of different dispersal strategies, i.e.

different dispersal-based personalities or syndromes. The

widespread existence of density-dependent dispersal

strategies is however likely to depend on the possibility

that a species has to acquire some knowledge about the

density in its own and in surrounding populations. Some

recent findings militate for such a possibility. First,

common lizards have recently been demonstrated to

acquire environmental information during social

interactions (Aragon et al. in press; Boudjemadi et al.

1999) either through private or public (socially acquired)

information. Second, there is evidence that they can

recognize the dispersal status of conspecifics (Aragon

et al. 2006, in press). In this way, social personalities might

reflect variable abilities in acquiring public information

(Marchetti & Drent 2000) or variable balance between

private and public information-based decision.

The existence of such social personality polymorphism

might have a considerable impact on understanding the
Proc. R. Soc. B (2007)
evolution of condition-dependent dispersal strategies. In

our case, for example, the relationship between density and

dispersal can then be either positive or negative depending

on the frequency of each type of individual, and it offers an

alternative explanation to the recently reported variations

in the direction of the correlation between density and

dispersal (Lambin et al. 2001; Le Galliard et al. 2003;

Clobert et al. 2004). More generally, dispersers with

different personalities (or behavioural syndromes) might

be a good research avenue for understanding the multiple

causes of dispersal evolution (Gandon & Michalakis 2001;

Clobert et al. 2004) and the way they interact. Recent

studies indeed propose that different selective pressures

induce the evolution of dispersers with specific phenotypes

in terms of morphology, physiology and also behaviour

(Léna et al. 1998; Le Galliard et al. 2003; Meylan et al.

2004; Moore et al. 2006), leading to complex and variable

associations among these phenotypic variables. Different

selective pressures resulted in specific traits associations or

‘phenotypic syndromes’ conferred to philopatric or

dispersing individuals such that it minimizes the cost

associated with each strategy. For example, the common

lizard seems to exhibit three dispersing phenotypic

syndromes: (i) colonizers (i.e. dispersers with high success

in empty habitat (Cote et al. submitted), mainly promoted

by kin competition), (ii) dispersers attracted by low-

density populations, and (iii) dispersers attracted by

high-density populations. Such variations are also to

be expected in philopatric strategies (i.e. sneaking,

mutualistic or altruistic behaviour). These three types of

dispersers should affect the composition of a metapopula-

tion, both at a spatial and at a temporal scale. Indeed, an

empty habitat should be colonized by the first type of

dispersers, then dispersers attracted by low densities

should reinforce the population, and finally dispersers of

the third type should be attracted by high densities.

Our results should therefore have important implications

in the understanding of metapopulation dynamics and

dispersal evolution with respect to crowding. Particularly, it

proposes an alternative explanation to opposite dispersal

density-dependant responses. More generally, it might

strongly change our views on metapopulation functioning

and resilience. However, more research will be needed to

better understand how and under which conditions these

social personalities are produced, as well as their impact on

metapopulation functioning and evolution.
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