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Université Montpellier 2, CNRS, Institut des Sciences de l’Evolution, CC65, Place Eugène Bataillon, 34095 Montpellier cedex 5, France

Submitted April 3, 2013; Accepted October 18, 2013; Electronically published January 14, 2014

Online enhancements: appendixes.

abstract: Abundant empirical evidence for dispersal syndromes
contrasts with the rarity of theoretical predictions about the evolution
of life-history divergence between dispersing and philopatric indi-
viduals. We use an evolutionary model to predict optimal differences
in age-specific reproductive effort between dispersing and philopatric
individuals inhabiting the same metapopulation. In our model, only
young individuals disperse, and their lifelong reproductive decisions
are potentially affected by this initial event. Juvenile survival declines
as density of adults and other juveniles increases. We assume a trade-
off between reproduction and survival, so that different patterns of
age-specific reproductive effort lead to different patterns of aging.
We find that young immigrant mothers should allocate more re-
sources to reproduction than young philopatric mothers, but these
life-history differences vanish as immigrant and philopatric individ-
uals get older. However, whether the higher early reproductive effort
of immigrants results in higher fecundity depends on the postim-
migration cost on fecundity. Dispersing individuals have conse-
quently a shorter life span. Ultimately, these life-history differences
are due to the fact that young dispersing individuals most often live
in recently founded populations, where competition is relaxed and
juvenile survival higher, favoring larger investment in offspring pro-
duction at the expense of survival.

Keywords: dispersal syndromes, aging, reproductive effort, colonizer.

Introduction

Dispersal is a major trait for the evolution and dynamics
of spatially structured populations (Benton and Bowler
2012). A better understanding of dispersal processes is
particularly critical for the forecasting of the consequences
of habitat fragmentation, global warming, and exotic spe-
cies introduction (Baguette et al. 2012; Le Galliard et al.
2012; Travis and Dytham 2012). Empirical studies show
that dispersers are not a random subset of their source
population, differing from philopatric individuals in mor-
phology, behavior, physiology, and life history (Clobert et
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al. 2004). Phenotypic differences between dispersers and
philopatric individuals can strongly alter the consequences
of dispersal for population dynamics, range expansion,
community dynamics, and effective gene flow and its fit-
ness consequences. However, predicting the phenotypes
associated with dispersal is not an easy task, given the high
variability in dispersal syndromes (see reviews about dis-
persal syndromes in Clobert et al. 2009; Bonte et al. 2012;
Ronce and Clobert 2012).

In this article, our aim is to better understand the evo-
lutionary forces that shape life-history differences between
dispersers and philopatric individuals. Dispersers often ex-
hibit different life-history traits than philopatric individ-
uals, but the sign and magnitude of correlations between
dispersal and life-history traits vary widely both between
and within species (Belichon et al. 1996; Ronce and Clo-
bert 2012). For example, dispersers have a higher survival
rate than residents in the great tit (Parus major; Clobert
et al. 1988) but a lower survival rate in the damselfly
Calopteryx splendens (Chaput-Bardy et al. 2010). Part of
such inconsistency may be explained by the many meth-
odological issues affecting the estimation of fitness com-
ponents of philopatric and dispersing individuals in nature
(Belichon et al. 1996; Doligez and Part 2008).Variation in
dispersal syndromes might also be due to the fact that
differences in life-history traits between dispersing and
philopatric individuals vary with age. For instance, in water
striders winged females have a shorter pre-oviposition pe-
riod than wingless females before diapause, but the trend
reverses after diapause (Fairbairn 1988). In the Glanville
fritillary butterfly (Melitaea cinxia), lifetime reproductive
success is similar for females originating from recently
founded and longer-established populations, despite their
marked difference in mobility (Saastamoinen 2007). How-
ever, clutch size early in life is higher for females from
recent populations, while the reverse trend is observed for
older females (Hanski et al. 2006; Bonte and Saastamoinen
2012).

The interpretation of dispersal syndromes is also com-
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plicated by their multiple proximal and ultimate causes
(Clobert et al. 2009; Ronce and Clobert 2012). In partic-
ular, life-history differences between philopatric and dis-
persing individuals could be explained because (i) ener-
getic investment in dispersal trades off with energetic
allocation to other traits, and more generally, dispersal is
a costly, time-consuming, risky behavior (Bonte et al.
2012); and (ii) selection on dispersers’ life-history traits
differs from that on philopatric individuals. During each
stage of the dispersal process, that is, departure, transience,
and settlement, dispersers are indeed likely to experience
new environments and thus different selective pressures
than residents. Several theoretical studies have explored
how divergent selection could shape phenotypes of phil-
opatric and dispersing individuals. For example, Kisdi et
al. (2012) predicted that different body size would be op-
timal for dispersing and philopatric individuals when tran-
sience is costly (see also Bonte and de la Peña 2009).
Dispersing individuals are on average less related to other
individuals in their breeding patch than philopatric in-
dividuals are, which selects for higher aggressiveness and
less cooperation in dispersers (Perrin and Lehmann 2001;
El Mouden and Gardner 2008; Wild and Fernandes 2009)
as well as for less female-biased (Taylor and Crespi 1994)
and less dispersive offspring in the progeny of dispersing
parents (Asaduzzaman and Wild 2012). These predictions
have been supported by data (e.g., Duckworth 2008 for
aggressiveness; Taylor and Crespi 1994 for sex ratio;
MacKay and Wellington 1977 for offspring dispersal). Em-
pirical evidence for association between dispersal and sur-
vival and fecundity however contrasts with the rarity of
theoretical predictions about the evolution of life-history
divergence between dispersing and philopatric individuals
(Ronce and Clobert 2012). Lemel et al. (1997) investigated
the consequences of different life histories for residents
and dispersers on the evolution of dispersal in a two-patch
system and found that higher dispersal rates evolved when
dispersing individuals have a higher survival compensating
for the fecundity cost due to transience. However, which
life-history strategy was optimal in dispersing and philo-
patric individuals was not explored.

Avoidance of high densities is one of the major drivers
of dispersal, both from a proximate and evolutionary
point-of-view (Lambin et al. 2001; Clobert et al. 2004;
Ronce 2007). Dispersing and philopatric individuals are
then likely to experience different levels of intraspecific
competition. In particular, when dispersal leads to the col-
onization of new sites, as in a metapopulation with fre-
quent patch turnover, dispersing individuals may encoun-
ter very different demographic conditions in newly
colonized sites, favoring the emergence of a “colonizer
syndrome” associating high mobility to rapid develop-
ment, early reproduction, and high fecundity (Baker and

Stebbins 1965; Ronce and Olivieri 2004). To our knowl-
edge, no study has investigated whether different life-his-
tory strategies would be favored by selection in dispersing
and philopatric individuals depending on the level of in-
traspecific competition experienced after dispersal. Most
theoretical studies about colonizer syndromes due to in-
traspecific competition instead examined covariation be-
tween mean dispersal rate and mean survival or fecundity
at the scale of the whole metapopulation, reaching widely
different conclusions (Ronce and Olivieri 2004; Clobert et
al. 2009; Ronce and Clobert 2012). For instance, Ronce
and Olivieri (1997) predict a positive correlation between
life span and dispersal, while Crowley and McLetchie
(2002) predict a negative correlation between these two
traits.

Our aim here is to derive theoretical predictions about
life-history differences between philopatric and dispersing
individuals in the same metapopulation, as empirical data
on dispersal syndromes is generally documented at this
scale. We are particularly interested in the variation of
dispersal syndromes with age and focus on the case of
metapopulations with relatively frequent extinction and
recolonization, as is the case in Glanville fritillary butterfly.
We build on recent theoretical work on the evolution of
age-specific reproductive effort in a metapopulation
(Cotto et al. 2013), modifying our model to allow dis-
persing and philopatric individuals to express different re-
productive tactics. In our model, only young individuals
disperse and their lifelong reproductive decisions are po-
tentially affected by this initial event. We assume a trade-
off between reproduction and survival, so that different
patterns of age-specific reproductive effort lead to different
patterns of aging. Juvenile survival declines as density of
adults and other juveniles increases. We investigate
whether dispersers and residents should have a different
optimal strategy of age-specific reproductive effort, re-
sulting in different age-specific fecundity and survival.

Methods

The model is an extension of that of Cotto et al. (2013).
For simplicity, we assume that reproduction is asexual. We
used adaptive dynamics methods to find the optimal strat-
egy of resource allocation to reproduction at each age for
philopatric and dispersing individuals, as in Cotto et al.
(2013), but we allow reproductive effort to vary not only
with age but also with migratory status. Detailed deriva-
tions are given in appendixes A and B (apps. A–C available
online) and we just recall here the main assumptions (see
Ronce and Olivieri 1997; Ronce et al. 2000, 2005 for de-
tails). The model is spatially implicit. We consider a meta-
population composed of an infinite number of patches.
Each population is characterized by its age i, the time spent
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since its foundation. At each time step, a population has
a probability e to become extinct. When an extinction
event occurs, the species of interest disappears from the
patch. The patch is empty and is available for colonization.
Only juveniles colonize empty patches where they can
settle and reproduce if no extinction event occurs. We
assume that the lifetime of a population is limited, for
example, because of successional replacement or any
other type of ephemeral habitat. When a population
reaches its maximal age imax, it becomes extinct and the
patch remains uncolonizable until it is disturbed again
with a probability eimax � 1. The metapopulation at equilib-
rium is characterized by a stable age structure (Olivieri et
al. 1995).

The life cycle is as follows: (1) reproduction, (2) juvenile
dispersal, (3) death of established adults, and (4) juvenile
recruitment. Only juveniles disperse according to an island
model of migration, each offspring having a probability d
to disperse, with a fraction c dying during migration. Sur-
viving dispersers immigrate in empty and occupied patches
with a probability equal to the respective frequency of the
different types of patches in the metapopulation. In the
current version of the model, this dispersal rate is fixed.
First reproduction occurs after one time step and, for con-
venience of numerical computations, life span is limited
to xmax. We checked that none of our qualitative conclu-
sions were affected when varying the maximum life span
of individuals or populations. The demography of pop-
ulations is regulated through juvenile survival, which de-
clines as the local density of other juveniles and adults in
the patch increases (see app. A). Adult survival and fe-
cundity are not affected by local density.

We assume that the decision to disperse when juvenile
affects all subsequent reproductive decisions in an indi-
vidual’s lifetime. Among reproductive adults, we therefore
distinguish immigrant individuals, which have dispersed
when juvenile and established in a different patch from
their natal patch, and philopatric individuals, which stayed
in their natal patch. The offspring, dispersing or philo-
patric, and their mother have then the same genotype
(asexual reproduction). Consequently, any phenotypic dif-
ference between dispersing and philopatric offspring born
to the same mother results from phenotypic plasticity only,
juveniles developing into either disperser or philopatric
phenotypes. We look for the optimal phenotypic combi-
nations that maximize the transmission of genotypes pro-
ducing such two types of offspring.

Let index m denote the migratory status of an individ-
ual, with m p p for philopatric individuals and m p d
for dispersing individuals. Life history is modeled through
the allocation of resources to reproduction versus main-
tenance. We note Rm,x the proportion of resources allocated
to reproduction (reproductive effort) at age x by an in-

dividual with the migratory status m. Reciprocally, the
proportion allocated to maintenance is 1 � Rm, x. The
allocation of resource determines the fecundity at age x,
fm, x, and the probability of survival from age x to age x �
1, sm, x:

bs p S (1 � R ) , (1)m, x m, x m, x

bf p F R , (2)m, x m, x m, x

where Sm, x is the maximal survival probability at age x and
Fm, x is the maximal fertility at age x for individuals with
the migratory status m. The effect of resource allocation
at age x does not affect life-history traits at later ages
(“income breeder” life cycle; Drent and Daan 1980). Al-
ternative assumptions about the trade-offs between sur-
vival and fecundity affected the optimal pattern of age-
specific reproductive effort but without affecting
qualitatively our results. The coefficient b determines the
shape of the trade-off curve between survival and fecundity
at age x. In numerical explorations, this coefficient is
smaller than one, so that the trade-off between reproduc-
tion and survival is concave allowing the selection of in-
termediate reproductive effort (Schaffer 1974; Cotto et al.
2013). We assume that the maximal fecundity and maximal
survival rate of philopatric individuals, which we note with
Fp and Sp, respectively, are constant with age. We further
assume that immigrant individuals can have reduced max-
imal fecundity and/or survival with respect to philopatric
individuals, and allow such a cost of dispersal to vanish
with increasing age. Transience could reduce the capacity
of recent immigrants to survive or reproduce after their
settlement. The maximal survival rate of an immigrant
with age x is

1
S p S 1 � ,d, x p( )g exp [x]s

where gs is a parameter regulating the duration and in-
tensity of this dispersal cost (see fig. 2). Similarly, the max-
imal fecundity of an immigrant at age x is

1
F p F 1 � .d, x p( )g exp [x]f

Analytical Results

When the reproductive effort strategy at age x is optimal,
any gain in reproductive value due to the production of
extra offspring will be exactly offset by the loss of expected
future reproductive value as a surviving adult. A strategy
of intermediate reproductive effort expressed by individual
with migratory status m and age x corresponds to such a
singular evolutionary point if (see app. B):
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Figure 1: Number of individuals (A) and recruitment rate (B) func-
tion of the age of the population. Number of dispersing individuals
(striped) and philopatric individuals (unstriped); tones represent the
age classes. The brighter tone is the age class 1, followed by age
classes 2, 3, and older than 3 (darkest tone). The full line represents
change in the juvenile survival rate with the age of the population.
Other parameters: d p 0.1, e p 0.1, Sm p 0.9, Fm p 20, k0 p
kx p 0.1, c p 0.5, j0p 0.9, i maxp 20, xmax p 10, no postimmigration
cost, gs p gf p 100.

dfm, x˜ ˜[(1 � d)v (x, m) � dv ]philo disp dRm, x (3)

dsm, x˜�v(x � 1, m) p 0.
dRm, x

where is the average reproductive value of anṽ(x � 1, m)
adult with age x � 1 and with migratory status m,

is the average reproductive value of a philo-ṽ (x, m)philo

patric juvenile born to a mother with age x and with
migratory status m, and is the average reproductiveṽdisp

value of dispersing offspring. The first two quantities differ
between philopatric and immigrant mothers. In particular,
the reproductive value of a philopatric offspring born to
an individual with migratory status m and age x depends
on the age the population where such an adult reproduces.
Reproductive value of a philopatric offspring should in
particular be higher if its parent reproduces in a patch
with a low number of competitors, where juvenile survival
is high. The average reproductive value of a philopatric
offspring thus depends on the distribution of adults across
populations with different ages (see app. B). This distri-
bution varies depending on both the age of the adult and
its migratory status (apps. A, B). The reproductive values
in equation (3) were computed numerically, following the
same procedure as in Cotto et al. (2013), until we found
a set of reproductive efforts satisfying equation (3) for each
age and migratory type. The numeric procedure we used
ensures that the strategies found are also convergence sta-
ble (see Cotto et al. 2013), and we verified that these
strategies corresponded to fitness maxima.

Numerical Results

Figure 1 shows that there are more dispersing adults in
young populations than in old populations. In particular,
adults that did not disperse when juvenile necessarily re-
produce in populations that have been founded for at least
two time steps, while only young dispersers reproduce in
populations founded for only one time step. The number
of philopatric individuals increases with the time since
colonization (fig. 1A). The age structure of individuals also
changes with the age of the population. Young individuals
are more numerous in recently founded populations,
whereas old individuals prevail in older populations. This
is due to our assumption of juvenile dispersal but also to
the fact that juvenile survival rate is higher in recently
founded populations where density is lower and the pop-
ulation is growing. Indeed, when the number of founders
is small, the juvenile survival rate is high in young pop-
ulations and rapidly decreases in older populations (fig.
1B). The changes in juvenile survival with the age of the
population are negatively correlated with the changes in

density. This effect can be exaggerated when older indi-
viduals monopolize more resources reducing juvenile sur-
vival (not shown).

Only young immigrant adults benefit from these fa-
vorable ecological conditions following colonization be-
cause they are frequent in such populations. Philopatric
individuals start to reproduce in populations where ju-
venile survival rate is already much lower due to growing
density and live on average in populations with a lot of
competition. In consequence, according to equation (3),
we would expect young immigrants to invest more energy
in production of juveniles than young philopatric adults
do.

In accordance with our expectation, immigrant and
philopatric individuals have different optimal age-specific
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Figure 2: Age-specific reproductive effort (A, B), fecundity (C, D), and fraction surviving (E, F) of dispersing and philopatric individuals.
A, C, E, No postimmigration cost, gs p gf p 100. B, D, F, Transience reduces individual reproductive performances, gf p 1, but not
survival after immigration, gs p 100. Other parameters: d p 0.1, e p 0.1, Sm p 0.9, Fm p 20, k0 p kx p 0.1, c p 0.5, j0p 0.9, imax p
20, xmax p 10.

reproductive effort at the beginning of their life. Dispersing
individuals should spend most of their resources in re-
production when they are young contrarily to philopatric
individuals (fig. 2A, 2B). The optimal reproductive effort
increases at the end of life for both migratory types, con-
sistently with previous results (Schaffer 1974). This dif-
ference in reproductive effort in early ages results in a
lower average life span for immigrants (fig. 2E, 2F). How-
ever, the difference in age-specific fecundity between im-
migrant and philopatric individuals depends on our as-
sumptions about the cost of transience on life-history
traits. Young immigrant mothers have a higher fecundity
than young philopatric mothers when dispersal has no or

a small effect on the age-specific maximal fecundity (fig.
2C). When dispersal reduces the reproductive performance
of individuals after settlement, young philopatric mothers
can have a higher fecundity than young immigrant moth-
ers, despite a lower reproductive effort (fig. 2B, 2D). Phil-
opatric mothers then have higher lifetime reproductive
success than immigrant mothers (higher fecundity and
longer expected life span; fig. 2F) whereas, in the absence
of transience cost on fecundity, the reverse trend can be
found (not shown). Depressed maximal survival of im-
migrants does not change qualitatively these predictions
(not shown).

Figure 3 shows the proportional differences in age-spe-
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Figure 3: Proportional difference ([Rd, x � Rp, x]/Rd, x) in age-specific
reproductive effort between dispersing and philopatric adults for
various dispersal rates (A), costs of dispersal (B), and extinction rates
(C). When not specified, d p 0.1, e p 0.1, c p 0.5. Other parameters:
Sm p 0.9, Fm p 20, k0 p kx p 0.1, j0 p 0.9, no postimmigration
cost, gs p gf p 100, xmax p 10, imax p 20.

cific reproductive effort between immigrant and philo-
patric individuals of the same metapopulation for various
dispersal rates, costs of dispersal, and extinction rates.
When the dispersal rate increases, the age-specific repro-
ductive effort of dispersing and philopatric individuals
converge (fig. 3A). The effect of high dispersal rate is two-
fold. First, when most juveniles disperse, the recruitment
conditions in the parental patch do not matter much. The

average recruitment prospects of (mostly dispersing) ju-
veniles are then the same whatever the status of their par-
ent. Second, when dispersing individuals are numerous,
the number of founders recolonizing disturbed patches is
large. The patches are then crowded immediately after
colonization so that the juvenile survival rate is low in all
populations. Therefore, the philopatric offspring of dis-
persing and philopatric individuals have similar recruit-
ment rates. Conversely, when the dispersal rate is low, there
are fewer juveniles colonizing empty patches so that the
recruitment opportunities in young populations are
higher, selecting for higher reproductive effort in young
dispersing mothers. Accordingly, if a lot of juveniles die
during dispersal, dispersing individuals invest more in re-
production relative to philopatric individuals (fig. 3B). The
effect of increasing the cost of dispersal is lower than the
effect of decreasing the dispersal rate, because the former
affects the number of colonizers but not the number of
philopatric offspring. Increasing the extinction rate also a
twofold effect. On the one hand, it increases the number
of empty patches and hence decreases the number of col-
onizers per patch. On the other hand, high extinction rates
increase extrinsic mortality for both philopatric and im-
migrant adults, thus selecting for high reproductive effort
(Ronce and Olivieri 1997; Cotto et al. 2013) in both types
of individuals. The latter effect dominates, and we find
that high extinction rates reduce the difference in repro-
ductive effort between the two migratory types (fig. 3C).

Discussion

Differences in life history between dispersing and philo-
patric individuals are often understood as resulting from
the costs of dispersal (Bonte et al. 2012; Ronce and Clobert
2012). Dispersal can be associated with lower or delayed
fecundity and lower survival, which is interpreted to result
from the cost of transience or developmental constraints
(Bonte et al. 2012). However, in this study we show that
differences in life-history between dispersing and philo-
patric individuals could also be selected for because both
types do not live on average in the same environments.

We modeled a metapopulation with extinction-recolo-
nization (Levins 1969) where only juveniles disperse and
populations grow after foundation. Young individuals are
then overrepresented in young populations. When the
number of colonizers is low, recruitment opportunities are
abundant for juveniles in young populations but not in
old populations. Dispersing individuals start to reproduce
in a favorable environment, whereas philopatric individ-
uals start to reproduce later in more crowded populations.
Thus, depending on their age and dispersal history, in-
dividuals do not live on average in the same environment.
As a result, dispersing adults should allocate more resource
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to reproduction at the beginning of their life, which allows
exploiting favorable local opportunities following colo-
nization. In this respect, the dispersal syndrome predicted
by our model could be described as a colonizer syndrome
(Baker and Stebbins 1965). Low dispersal, high cost of
dispersal, and low initial performances reduce the popu-
lation size at foundation and consequently favor higher
reproductive effort in young dispersing adults. However,
as they age, immigrant and philopatric individuals live in
similar environments. The differences in life-history de-
cisions between philopatric and dispersing thus vanish as
individuals get older.

An interesting case is when dispersal entails a cost on
initial individual performances due for example to tran-
sience (Belichon et al. 1996; Bonte et al. 2012). In this
case, we found that philopatric individuals can have a
higher average survival and fecundity than dispersing in-
dividuals despite the latter having a higher reproductive
effort. This emphasizes the importance to distinguish fe-
cundity from reproductive effort. For instance, even
though the oogenesis-flight syndrome is widespread in in-
sects (e.g., Roff and Fairbairn 2001), dispersing individuals
sometimes reallocate resource from flight muscles via his-
tolysis after settlement (Harrison 1980; Derr et al. 1981 in
Bonte and Saastamoinen 2012; see also a review in Rankin
and Burchsted 1992 in favor of this idea). Measuring re-
productive effort remains a challenge (Clutton-Brock
1984; Descamps et al. 2007; Fletcher et al. 2013). Mea-
suring daily energy expenditure, oxidative damage, and
antioxidant protection, along with fitness components in
each age class, could allow disentangling the role of con-
straints and life-history decisions in shaping dispersal
syndromes.

Our model ignores kin competition, an important driver
of dispersal in small populations (Frank 1986; Poethke et
al. 2007), predicted to affect the evolution of dispersal
behavioral syndromes (El Mouden and Gardner 2008), as
well as the evolution of reproductive effort (Pen 2000). In
a structured population model, Pen (2000) found in par-
ticular that the optimal reproductive effort increases with
kin competition. As dispersers may be less related to their
neighbors than philopatric individuals, one would then
predict that the former should have a lower reproductive
effort. However, predictions are less straightforward in a
metapopulation where extinction-recolonization dynamics
may alter patterns of kin competition for dispersing and
philopatric individuals in a complex manner. Computing
kin selection measures in structured metapopulations with
a large number of demographic classes is technically dif-
ficult (Rousset and Ronce 2004), preventing a simple an-
alytical approach of the question. To check on the ro-
bustness of our predictions in the presence of kin
competition, we performed individual-based simulations

of a model with otherwise similar assumptions as in our
analytical model (app. C). Our preliminary exploration
shows that our qualitative prediction of a higher repro-
ductive effort in young dispersers in a metapopulation still
holds, even when patch carrying capacity is low and kin
competition is potentially strong (app. C).

Few empirical studies investigating dispersal syndromes
describe trait variation with age (see, however, Auld and
Charmantier 2011), as most studies report the total num-
ber of offspring (Hansson et al. 2004), the average life
span (Hansson et al. 2004), or the average daily fecundity
(Chaput-Bardy et al. 2010) of dispersing and philopatric
individuals. Our model suggests that dispersal syndromes
should vary with the age of individuals, which has been
investigated in few empirical studies. Ignoring the varia-
tion of life histories with age could thus potentially obscure
the detection of dispersal syndromes.

We here discuss those few empirical results where age-
specific variation in life-history traits in immigrant and
philopatric individuals has been described. We hope that
this study will stimulate the reanalysis of more data sets
of this kind. Our predictions should be more relevant for
species living in metapopulations where at least some dis-
persers settle in patches with low competition. The Glan-
ville fritillary living in the Aland islands system is a good
example of such species. Each year many sites are colonized
and become extinct (Bonte and Saastamoinen 2012). In
new populations, there are mostly individuals with dis-
persing genotypes (Haag et al. 2005). Females from new
populations initiate reproduction at younger age, have
higher mating frequency and most importantly lay more
eggs when they are young than females from old popu-
lations (Hanski et al. 2006). Conversely, old females from
old populations lay more eggs than old females from new
populations. This pattern of variation in fecundity is con-
sistent with the interaction between individual age and
dispersal propensity predicted by our model when the cost
of dispersal on fecundity is not too high. Finally, Glanville
fritillary females from new populations have a lower life
span than females from old populations (Hanski et al.
2006), which is also consistent with our predictions if we
assume that most of these females are dispersers. Prelim-
inary results indicate that common lizards (Zootoca vivi-
para) having dispersed out of their mother territory as
juveniles show higher early reproductive effort than phil-
opatric individuals and that these differences vanish as they
age (O. Cotto et al., unpublished manuscript), consistent
with our predictions. There is further evidence that in-
dividuals dispersing because of kin competition in that
species are larger and better colonizers than philopatric
individuals or those individuals dispersing for other rea-
sons (Le Galliard and Clobert 2003; Cote and Clobert
2007).
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Dispersal phenotypes and syndromes often depend on
the context and motivation for dispersal (Clobert et al.
2004) and more generally vary with habitat selection strat-
egies (Le Galliard and Clobert 2003; Cote and Clobert
2007), with probably different optimal life histories after
settlement. Our study suggests that we expect difference
in life histories between colonizers and philopatric indi-
viduals but not necessarily between the latter and other
types of dispersers. For instance, in great tits, immigrant
females have a lower fecundity than resident females when
they are young but they live on average longer (Clobert
et al. 1988; Tully et al. 2004; Auld and Charmantier 2011),
which could be interpreted as young immigrant tits having
a lower reproductive effort than residents, contrary to our
prediction. In this last case study, the immigrant individ-
uals had established in an already occupied and dense
population: whether they are representative of other dis-
persing individuals (e.g., those colonizing empty habitats)
is an open question.

An interesting consequence of our findings is that the
sign of the predicted covariation of life-history traits with
dispersal changes depending on the scale of the study.
When comparing different metapopulations with different
dispersal rates but otherwise similar assumptions as in this
study, reproductive effort correlates negatively with dis-
persal (Ronce et al. 2000). This happens because higher
dispersal results in higher density and lower juvenile sur-
vival after colonization, selecting for decreasing investment
into reproduction. In this study, we conversely found a
positive correlation between dispersal and reproductive ef-
fort when contrasting life-history strategies of dispersing
and philopatric individuals in the same metapopulation.
This shift in the sign of the correlation between dispersal
and reproductive effort across scales can be a source of
inconsistency among empirical studies and between em-
pirical studies and theoretical predictions interested in dis-
persal syndromes (Ronce and Clobert 2012).

Our study showed that, in a metapopulation with
extinction-recolonization, dispersing and philopatric in-
dividuals should have a different schedule of resource al-
location. This schedule of resource allocation is driven by
the favorable ecological conditions encountered in recently
colonized populations and by the fact that, depending on
their dispersing status and age, not all individuals en-
counter these conditions. Our model highlights the need
to study dispersal syndromes at different scales both em-
pirically and theoretically, considering explicitly how such
syndromes vary with age.

Acknowledgments

We thank J. Clobert and I. Olivieri for helpful discussions
and comments and T. Day, A. Gardner, J. F. Wilkins, and

an anonymous reviewer for help in improving our paper
and pointing out important literature. O.C. acknowledges
support from the Ministry of Research through a PhD
scholarship. A.K. acknowledges funding from the Euro-
pean Research Area Network BiodivERsA TipTree project
(ANR-12-EBID-0003). This is publication ISEM 2013-152
from the Institut des Sciences de l’Evolution, Montpellier.
This work was supported by the French Agropolis Fon-
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“A few days thereafter the spider made another cover, entirely unlike the winter one, more like a little room. The nest is situated in a
bed of green moss, and the cover looks like a little oval mound of moss and leaves.... The base of the cover is made of acorn cups and
sticks firmly held together with strands of silk, then a canopy of web is made, and over this is laid green moss, dry pine needles, bits of
dry oak leaves and light sticks held fast with web. This makes a neat little upper room, the walls [of which] are smooth on the inside but
rough outside. She leaves a window in the room, the object of which is apparent. She has a cocoon of eggs attached to the spinneret, and
she puts herself in position to let the cocoon rest against the window where it receives the rays of the sun. For three weeks this has been
her daily occupation—patiently holding the eggs in the sun.” From “The Habits of a Tarantula” by Mary Treat (The American Naturalist,
1879, 13:485–489).


