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Abstract Theoretical models about the benefits of

philopatry predict that immigrant fitness can be higher,

lower or similar to that of philopatrics depending on habitat

heterogeneity, dispersal costs, distance between patches or

population densities. In this study, we compared transience

rates, local survival and recruitment among philopatric and

immigrant individuals of Audouin’s gull Larus audouinii, a

long-lived bird with high dispersal capacities. Several

previous studies have shown that these capacities were

probably the result of adaptation to unstable and highly

discrete habitats; hence, we tested the hypothesis that fit-

ness components for philopatrics and immigrants were

similar. During 1988–2006, ca. 27,800 chicks were marked

in 31 colonies in the western Mediterranean metapopula-

tion, and more than 52,000 resightings were made in a

single, high-quality colony, to estimate local demographic

parameters by capture–recapture analyses. Results suggest

that, even though parameters related to site-tenacity (e.g.

recapture rates) were higher for philopatrics than for

immigrants, survival and recruitment were fundamentally

similar. Small differences between philopatrics and immi-

grants were probably influenced by a highly suitable hab-

itat at the study site, which reduced dispersal costs for

immigrants; furthermore, the similarities in most fitness

components were also probably the result of a life-history

strategy of a species living in unpredictable, unstable

habitats with high emigration rates among local popula-

tions, and with a relatively low cost of dispersal.
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Introduction

While survival and fecundity have long attracted the interest

of population ecologists, the importance of dispersal and its

measurement has only been considered over recent decades.

Several theoretical models such as island biogeography and

metapopulations have been developed in recent times, in

which dispersal was considered one of the most important

life history traits involved in both species population

dynamics and evolution. Movements of individuals in open

or metapopulation systems are crucial for their stability,

their genetic properties and for local dynamics (Dieckmann

et al. 1999; Clobert et al. 2001; Hanski and Gaggiotti 2004).

From an evolutionary point of view, being philopatric or

emigrant has its own benefits and costs. For instance,

philopatry has a potential cost in terms of kin competition, as

well as inbreeding, while dispersal implies facing new sites

and consequently a number of potential risks such as pre-

dation or higher competition (Forbes and Kaiser 1994;

Clobert et al. 2001; Bullock et al. 2002). On the other hand,

philopatric birds can take advantage of the knowledge they

acquire about their environment (Greenwood and Harvey

1982). Theoretical models predict that immigrant fitness

should be lower than that of philopatrics because of the costs

of dispersal (Forbes and Kaiser 1994; Murren et al. 2001),

although those models also consider that immigrants can

increase their fitness by dispersing. In fact, all three possible

hypotheses about the fitness of philopatrics and immigrants

have been already stated: being higher for philopatrics (due

to their knowledge about the social and biotic environment,

the so-called ‘‘resident fitness’’ hypothesis; e.g. Anderson
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1989), being lower for philopatrics (when immigrants move

to a higher quality site, called the ‘‘cost of philopatry’’

hypothesis; e.g. Morris 1992) and being similar between the

two groups (when dispersal and philopatry are components

of a mixed, evolutionarily stable strategy; e.g. Maynard-

Smith 1982; Doncaster et al. 1997).

Although comparisons between philopatric and immi-

grant fitness are constrained by technical issues (such as the

difficulties at monitoring animals during the dispersal

phase; see Bélichon et al. 1996; Doligez and Pärt 2008), a

number of empirical studies now exist for testing theoret-

ical predictions, with an overall trend of a lower fitness for

immigrants (e.g. Julliard et al. 1996; Orell 1999; Doligez

et al. 2002, Lin and Batzli 2004; Doligez and Pärt 2008).

However, Doligez and Pärt (2008) showed that immigrant

fitness may have been underestimated in many of those

studies (for instance, the small size of the study area

compared to the range of dispersal), and that one possible

solution is to reduce the effects of a spatially limited study

area. There is in fact a logistic limitation to marking

individuals and monitoring them at large spatial scales (e.g.

Reid et al. 2006; van de Pol et al. 2006); empirical results

at such scales are scarce and show contradictory results

(Bélichon et al. 1996; Doligez and Pärt 2008). Such con-

trasting results have seldom been considered in terms of

habitat stability and temporal autocorrelation in habitat

quality (Doncaster et al. 1997; Dieckmann et al. 1999),

which should influence the rates of dispersal and their

associated costs (e.g. Parejo et al. 2006). In temporal and

unpredictable habitats, sites remains suitable for breeding

during a short period, and these habitats are likely to show

a greater variance in the length of unfavourable periods

(e.g. Southwood 1977). In fact, theoretical models predict

that mean dispersal rates within populations are bound to

be lower given longer habitat persistence (Travis and

Dytham 1999; Keymer et al. 2000). Empirical studies

suggest that, in stable habitats, philopatry will be preferred

over immigration, which is not the case in environments in

which habitats are temporary (Denno et al. 1991; Wissinger

1997). Nevertheless, most examples come from insects and

short-lived species, because for many systems, such as

host-parasitoids, flooded pastures, tide pool fishes and

amphibians or infectious diseases with fast turnover rates,

environments are highly dynamic. In contrast, it is assumed

that most vertebrates (particularly mammals and birds) live

in stable systems and thus the influence of habitat stability

and predictability on dispersal is much less known, though

the hypothesis of the use of public information on dispersal

decisions in birds requires a corollary of temporal auto-

correlation in habitat quality (e.g. Danchin et al. 2004).

Thus, if habitat predictability and stability are low, dis-

persal in birds and mammals should also be selectively

advantageous.

In the present study, we compare survival, recruitment

and transience of philopatric and immigrant individuals of

Audouin’s gull (Larus audouinii) at a large spatio-temporal

scale. Previous studies on this species have shown that

there is a high spatial heterogeneity in habitat quality and

that the largest colony exhibits higher quality in its meta-

population, with higher availability of breeding sites and of

food and lower predator densities (Oro et al. 1996, 2000;

Cam et al. 2004). Previous monitoring of marked birds at a

large spatio-temporal scale showed that colonies are well

connected through dispersal of individuals (Oro and Pradel

1999; Tavecchia et al. 2007), with a higher level of

exchange between neighbouring colonies and with the

largest colony attracting most immigration (Oro and Rux-

ton 2001; Oro 2003; Cam et al. 2004). Oro and Ruxton

(2001) illustrated that the growth rate of local populations

was mainly explained by high immigration rates from

abroad, even beyond the exponential growth phase. Aud-

ouin’s gulls have a life-history strategy that has evolved in

unstable, ephemeral habitats resulting in high rates of

dispersal among local populations compared with close,

phylogenetically related species (Martı́nez-Abraı́n et al.

2003; Cam et al. 2004; Parejo et al. 2006; Tavecchia et al.

2007). For instance, an average 20 and 12% of local pop-

ulations in this metapopulation are colonized and extinct,

respectively, each year (unpublished results); consequently,

we predict that immigrants and philopatric individuals will

have similar survival and fitness.

Materials and methods

Study area and species

Audouin’s gulls are vulnerable and endemic to the Medi-

terranean region (total world estimate of 21,000 breeding

pairs), where the species is mostly confined to the western

area of the basin, ranging from Italy and southern France to

Gibraltar. The population is spatially structured in one large

colony—holding more than 60% of total world population—

located in the delta of the Ebro river (Punta de la Banya,

Catalonia, Spain), and several smaller colonies scattered on

islands and salt marshes mainly on Spanish and Italian

archipelagos (see Fig. 1). Data on individually marked birds

have shown that the Ebro Delta colony is a population source

that also attracts immigrants due to its higher habitat quality

(e.g. lower predator densities, higher availability of main and

secondary food resources, higher availability of suitable

breeding habitat) than that of other local populations (Cam

et al. 2004; Oro et al. 2006). During 1988–2006, ca. 27,800

chicks were individually marked in most Spanish local

populations (31 colonies) of the western Mediterranean

metapopulation; this metapopulation occupies a surface of
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more than 105 km2 (Fig. 1). The median distance of those 31

colonies to the Ebro Delta colony is 235 km (range

75–656 km). Resightings of marked birds (with known age)

were carried out in the focal study colony (the Ebro Delta) to

estimate local demographic parameters by capture–recap-

ture analyses (see details in Tavecchia et al. 2007). Only

birds resighted at least once in the study colony were con-

sidered. The breeding status of resighted birds was not

always recorded because in ground-nesting gulls this is

difficult to monitor; to reduce the resulting potential bias, we

excluded all resightings from non-sexually mature ages

(birds younger than 3 years old), those made at non-breeding

clubs, on beaches or at the beginning of the breeding season.

The sex of the individual was seldom recorded because the

species is not highly dimorphic (Oro 1998); thus, and even

though sex is a strong driver of dispersal (e.g. Greenwood

and Harvey 1982), we could not test for this effect. We used

resightings made at the other 31 colonies of the metapopu-

lation (using the same restrictions to at least partially avoid

the inclusion of resightings of non-breeding birds) to assess

whether breeders at the Ebro Delta had been seen before in

those colonies. These resightings were also used to assess

whether a bird seen at the Ebro Delta was observed later in

the same season breeding at the other colonies; this occurred

in only four cases during the study and these resightings were

excluded from the analysis. We compiled this information

for birds resighted only in one breeding season at the Ebro

Delta (transients) and for those seen over multiple years

(residents). Birds born in the Ebro colony are considered

‘philopatric’, while those born in any of the other colonies

are referred to as ‘immigrants’ (see model notation below).

The capture–recapture framework

We individually marked fledglings using a darvic ring with

a unique alphanumeric code, and resighted from a distance

using a spotting scope at the Ebro Delta colony between

April and July during 1992–2006. Marking birds as chicks

allowed us to test for the effect of age on demographic

parameters (see below). We estimated our local demo-

graphic parameters of main interest, namely survival,

transience (individuals that were only seen once at the Ebro

Delta) and recruitment using standard capture–mark–

recapture methods described elsewhere (Lebreton et al.

1992; Pradel 1996). Individuals were considered as marked

when they were encountered as breeders for the first time,

although we could test for an age effect. We analyzed

survival and recruitment separately by defining:

pi = probability of resighting an individual known to be

alive at time i, recapture probability hereafter.

/i = probability of being alive at i ? 1 for an individual

known to be alive at time i, survival probability

hereafter.

ci = probability of being present in the population at

i - 1 for an individual known to be alive at time i,

seniority probability hereafter (see Pradel 1996). This is

a capture–recapture procedure to estimate recruitment in

a population (see also Pradel et al. 1997).

The probabilities above can be estimated from the

encounter histories by maximum likelihood procedures.

Since the goodness-of-fit tests to assess the fit of the more

general capture–recapture model showed a transient effect

(see below), this was taken into account in all the model-

ling procedure. Transients are individuals seen only once in

the Ebro Delta study colony and never seen again here,

while resident birds are birds breeding more than once at

the Ebro Delta. In our analysis, the proportion of such birds

was higher than expected. Tavecchia et al. (2007) showed

that most of these birds did not die but rather dispersed to

other colonies. From a methodological point of view, these

transients are treated by differentiating the first survival

from survival in subsequent years (Pradel et al. 1997).

Pradel et al. (1997) have shown that, at population level,

initial survival probability is related to the proportion of

transients, s, as:

s ¼ 1� /�

/

where /* is survival the year after the first resighting and /
the year thereafter (see also Oro et al. 1999).

To test the adequacy of the most general model, the fully

time-dependent model on survival and recapture within

each group—philopatric and immigrants—(e.g. Tavecchia

et al. 2001), we carried out a goodness-of-fit test (GOF) on

Fig. 1 The western Mediterranean showing the main local popula-

tions of Audouin’s gulls (Larus audouinii) where most marking and

resighting efforts were carried out during 1988–2006. The star shows

the focal local population (the Ebro Delta), where parameters from

philopatric individuals and immigrants were compared. This geo-

graphical area holds ca. 92% of the total world population of the

species
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this model. This can be tested by contingency tables that

compare the fate of individuals known to be alive at time

i according to their past and future capture-recapture his-

tory or determine whether they were observed at time i or

not. The sum of all v2 components provides a general test

for the adequacy of time-dependent models. The hypoth-

esis of homogeneity is rarely confirmed for large datasets

and this heterogeneity can be partially taken into account

by adding extra parameters to the general model. When the

source of heterogeneity was not identified, we used a var-

iance inflation factor, ĉ, to scale model deviances, calcu-

lated as the ratio between the v2 value from the GOF test

and its degrees of freedom (Lebreton et al. 1992). The

analyses of survival and recruitment were based on the

same dataset, and hence the GOF test and the corre-

sponding ĉ were unique for both analyses; this test was

performed using U-CARE software (Choquet et al. 2005).

Effects, model notation and model selection

After confirming the presence of transients from GOF tests,

our analyses estimated five parameters: first-year survival

probability (/*), survival probability of resident birds (/),

seniority probability (c0 and c, for transient and residents

gulls, respectively), and recapture probability (p). We tested

the influence of several potential factors on these parame-

ters: time (14 levels, noted t in model notation), age (15

levels from 3—the first age of reproduction—to 17, noted a,

or A when used as a covariate or linear trend) and the group

(2 levels: philopatric and immigrants, noted P and I,

respectively). Considering the number of effects and

parameters modelled, model notation was complex. To

guide the reader through the modelling procedure, in our

notation each parameter was separated by a ‘‘/’’ and fol-

lowed by the letter P or I to indicate philopatric or immigrant

birds, respectively. For a model in which all survival

parameters vary over time, an extension of the known Cor-

mack-Jolly-Seber model was denoted /*P(t)//P(t)//*I(t)//
I(t)/pP(t)/pI(t). For example, when a model assumed the

same survival for philopatric and immigrant residents was

noted /*P(t)//P(t) = /I(t)//*I(t)/pP(t)/pI(t) where the

symbol ‘‘/’’ was changed by the symbol ‘‘=’’. The symbol

‘‘?’’ was used when parameters were assumed to vary in

parallel, i.e. without statistical interactions between

effects. For example, a model as above, but assuming p to

vary in parallel over time according to the group (philopatric

vs. immigrants), was noted /*P(t)//P(t) = /I(t)//*I(t)/

pP(t) ? pI(t); we used the same notation in modelling

the seniority probability, c. In both analyses we began

with the same general model assuming the effect of the

group, of the year, the bird age and their statistical interaction,

noted /*P(t*a)//P(t*a)//*I(t*a)//I(t*a)/pP(a*t)/pI(a*t) and

c*P(t*a)/cP(t*a)/c*I(t*a)/cI(t*a)/pP(a*t)/pI(a*t). This model

was clearly overparameterized, but was the one for which a

GOF test was available. We used the MSURGE1.5

program (Choquet et al. 2004) to obtain parameter esti-

mates. We progressively eliminated the effects on each

parameter separately and kept the structure of the others as

general as possible. Model selection was based on the

Akaike’s Information Criterion (QAICc; see Williams et al.

2001).

We modelled seniority probability, c, by reversing the

encounter histories used to estimate survival: seniority

probability was the probability that an individual was

present before the date of the first resighting (Pradel et al.

1997). The complement of c is the probability of recruit-

ment, i.e. the probability that an individual was ‘new’ when

first seen. The GOF of the general model c*P(t*a)/cP(t*a)/

c*I (t*a)/cI(t*a)/pP(t*a)/pI(t*a) was taken as the starting

model (Pradel et al. 1997); hence, we corrected the devi-

ance with the same scale parameter.

Results

Demographic parameters were estimated from 52,671

resightings made at the colony from 1992 to 2006, corre-

sponding to 6,133 sexually mature gulls (C3 years old)

marked between 1988 and 2003. Among the total resighted

individuals, 407 (ca. 7%) were immigrants, i.e. individuals

born in other colonies. Despite an average recapture

probability of ca. 0.70 (see also Oro et al. 1999; Cam et al.

2004), about a third of the individuals were seen only once

over the entire study period, which denoted a high pro-

portion of transient birds (Tavecchia et al. 2007). Using

more than 8,500 resightings of sexually mature birds made

at the other colonies of the metapopulation (for which we

assumed that most were breeders), we found that for

philopatric transients (i.e. born in the Ebro Delta and only

seen once), more first sightings occurred at the colony than

expected (99% of 1,008 individuals; Table 1), whereas a

significantly higher proportion of immigrant transients

were seen at other colonies before they were sighted at the

Ebro Delta (v1
2 = 83.6, P \ 0.0001; Table 1). Those

results suggested that at least 31 transient immigrants

(15%) had some previous reproductive experience before

settling at the Ebro Delta, and thus were likely breeding

dispersers. Among resident birds (birds breeding more than

once at the Ebro Delta), this trend was higher: 20% of

immigrants were seen breeding at other colonies before

dispersing to the Ebro Delta (v1
2 = 322.5, P \ 0.0001,

Table 1). Resightings at other colonies also allowed us to

assess whether transients actually dispersed to other colo-

nies: at least 11% of the 1,218 transients seen at the Ebro

Delta were resighted again at other colonies in subsequent

years.
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Testing the adequacy of capture–recapture hypotheses

The GOF test of the model including age, time and

their interactions, noted /P(t*a)//I(t*a)/pP(a*t)/pI(a*t),

indicated that a significantly large part of the deviance

remained unexplained (v517
2 = 1160.45, P \ 0.001). The

specific components of the GOF test pointed out the pres-

ence of transient individuals, a consistent result with pre-

vious analyses of the same population (Oro et al. 1999, 2004;

Tavecchia et al. 2007). This lack of fit can be corrected

including extra parameters for newly observed birds or

transients (Pradel et al. 1997), a model noted /*P(t*a)//
P(t*a)//*I(t*a)//I(t*a)/pP(a*t)/pI(a*t) (Model 1, Table 2).

However, there was evidence of a large residual deviance

(v377
2 = 572.59, P \ 0.01), partly due to the fact that a

subset of individuals were systematically observed more

than others, a phenomenon known as trap-dependence.

Again, this effect can be controlled by increasing model

complexity (Pradel 1993), but in this case we preferred to

scale model deviances because adding further parameters

would have complicated the analysis unnecessarily. Hence

we estimated the variance inflation factor as the ratio

between the v2 and its degrees of freedom (ĉ = 572.59/

377 = 1.52) and used it to scale all model deviances.

Table 1 Contingency table of resighting frequencies for Audouin’s

gull (Larus audouinii) at the Ebro Delta and elsewhere—at other

colonies of the metapopulation—depending on status (transients vs

residents) and separated according to philopatrics and immigrants

Status First sighted at the Ebro Delta

Yes No

Transients

Philopatrics 994 (971) 14 (37)

98.6% 1.4%

Immigrants 179 (202) 31 (8)

85.2% 14.8%

Residents

Philopatrics 4,038 (4,007) 44 (75)

98.9% 1.1%

Immigrants 132 (163) 34 (3)

79.5% 20.5%

Altogether, 63,500 resightings made in the entire metapopulation

during 1992–2006 were used. Expected frequencies depending on

whether the individuals were seen first at the Ebro Delta or elsewhere

are shown in parentheses. The two comparisons between philopatrics

and immigrants depending on whether they were first seen at the Ebro

Delta or not for transients and residents were statistically different

(see ‘‘Results’’)

Table 2 Modelling survival (/0 and /, for ‘first-seen’ and resident gulls, respectively), seniority (c0 and c, for ‘first-seen’ and resident gulls,

respectively), and recapture (p) probabilities

Model Dev Np QAICc DQAICc

Survival probability

1 /*P(t*a)//P(t*a)//*I(t*a)//I(t*a)/pP(t*a)/pI(t*a) 34,989.818 393 23,823.805 560.443

2 /*P(t*a)//P(t*a)//*I(t*a)//I(t*a)/pP(t) ? pI(t) 35,031.281 234 23,730.629 467.267

3 /*P(t)//P(t)//*I(t)//I(t)/pP(t)/pI(t) 35,354.490 68 23,413.910 150.548

4 /*P(t ? a)//P(t)//*I(t)//I(t)/pP(t) ? pI(t) 35,109.787 81 23,278.794 15.432

5 /*P(t)//P(t)//I*(t)//I(t)/pP(t) ? pI(t) 35,354.490 68 23,413.910 150.548

6 /*P(t) = /P(t) = /*I(t) = /I(t)/pP(t) = pI(t) 36,096.008 27 23,820.136 556.774

7 /*P(.)//P(.)//*I(.)//I(.)/pP(t) ? pI(t) 36,716.658 19 23,554.367 291.005

8 /*P(A ? t)//P(t)//*I(t)//I(t)/pP(t) ? pI(t) 35,124.690 70 23,266.606 3.244

9 /*P(A ? t)//P(t) = /I(t)//*I(t)/pP(t) ? pI(t) 35,159.251 57 23,263.362 0

Seniority probability

10 c*P(a ? t)/cP(a ? t)/c*I(a ? t)/cI(a ? t)/pP(t) ? pI(t) 28,572.535 131 19,074.572 21.093

11 c*P(A ? t)/cP(a ? t)/c*I(a ? t)/c I(a ? t)/pP(t) ? pI(t) 28,596.162 118 19,064.129 10.650

12 c*P(a ? t)/cP(a6 ? t) = c I(a6 ? t)/c*I(a ? t)/pP(t) ? pI(t) 28,756.653 80 19,093.798 40.319

13 c*P(a ? t)/cP(a10 ? t) = c I(a10 ? t)/c*I(a ? t)/pP(t) ? pI(t) 28,752.700 83 19,097.221 43.742

14 c*P(A ? t)/cP(a6 ? t)/c*I(a ? t)/c I(a ? t)/pP(t) ? pI(t) 28,690.434 108 19,106.718 53.239

15 c*P(A ? t)/cP(a10 ? t)/c*I(a ? t)/c I(a ? t)/pP(t) ? pI(t) 28,687.993 112 19,112.592 59.113

16 c*P(A ? t)/cP(a ? t)/c*I(a ? t)/c I(a6 ? t)/pP(t) ? pI(t) 28,621.967 109 19,063.119 9.640

17 c*P(A ? t)/cP(a ? t)/c*I(a ? t)/c I(a10 ? t)/pP(t) ? pI(t) 28,618.210 112 19,066.640 13.161

18 c*P(A ? t)/cP(a ? t) = c I(a ? t)/c*I(a ? t)/pP(t) ? pI(t) 28,668.078 89 19,053.479 0

Dev model deviance, Np number of estimable model parameters, QAICc corrected Akaike’s Information criterion. Notation of potential factors

was: T time, I and P philopatric and immigrants, respectively, A linear trend of age up to age 17, aj age up to age j (3 \ j \15)
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Survival and transience probabilities

Model selection began by fitting the general model /*P(t*a)/

/P(t*a)//*I(t*a)//I (t*a)/pP(t*a)/pI(t*a) (Model 1, hereaf-

ter). Model 1 assumed the effect of age (15 levels), time (14

levels) and their interaction for philopatric and immigrant

birds, and distinguished between newly and previously

captured birds. Model 1 was highly parameterized (393

parameters) but not all parameters were estimable, as data

were missing for some age-by-time interactions, especially

for older birds. We quickly simplified this model by elimi-

nating irrelevant effects and/or their interactions. An unex-

pected result was that recapture probability was statistically

higher for philopatrics than for immigrants, and this differ-

ence was constant over time (i.e. there was an additive effect

of the group over time, see Fig. 2). A model without the

statistical interaction between time and the group (philop-

atrics vs. immigrants) had a lower QAICc value. Time had a

significant effect on all parameters, whereas age negatively

influenced *P but had no effect on the other parameters.

These results were confirmed by the lower QAICc value of

the simpler model /*P(t ? a)/ /P(t)//*I(t)// I(t)/pP(t) ?

pI(t) (Model 4, Table 2). A further reduction in QAICc value

was obtained by modelling age as a continuous variable

(Model 8, Table 2). At this point, we tested a model in which

immigrant and philopatric birds showed the same survival

(Model 9, Table 2). This model, noted /*P(t ? A)//
P(t) = /I(t)//*I(t)/pP(t) ? pI(t) had the lowest QAICc and

no further reductions were made. According to this model,

resident birds showed a similar mortality regardless of the

group (philopatrics and immigrants) (Fig. 3). In contrast,

philopatric birds were more likely to become residents than

immigrant birds; however, this probability decreased

according to the age at which the bird was seen for the first

time, a phenomenon that was not observed among immigrant

birds (Figs. 3, 4).

Seniority probability

Model selection began from the model c*P(a ? t)/

cP(a ? t)/c*I(a ? t)/cI(a ? t)/pP(t) ? pI(t), which assumes

for p the same structure retained as in the survival analysis

(Model 10, Table 2). As we did for survival, we tested the

significance of interaction terms first and then modelled the

effect of age. Unlike survival, age was important in

all seniority parameters modelled. However, we found

some differences in transient versus resident birds and in

philopatric versus immigrant individuals. A model in
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which the seniority probability of transient birds born at the

colony was assumed to vary linearly with bird age was

preferred (Model 11; Table 2), as in the survival analysis.

In contrast, we were not able to eliminate the age effect in

the parameter for newly seen immigrants, but this param-

eter does not have clear biological significance in the

reverse approach (Pradel et al. 1997).

Although we found that most recruitment also occurred

before birds reached the age of 6 years, a model assuming

constant recruitment probability after this age was not

retained (Table 2; Fig. 5). Finally, a model assuming the

same seniority parameters for immigrants and philopatrics

(Model 18) showed the lowest QAICc value (Table 2).

Discussion

Limitations of the study

The results found in the present analysis are based on the

comparison of survival, transience and recruitment between

gulls born locally and gulls born in other colonies. There are

some obvious limitations to comparing fitness components

between philopatrics and immigrants in a single site, pointed

out by Bélichon et al. (1996): first, we only analysed the

phase after settlement, when selection could have already

taken place filtering the low-quality individuals during dis-

persal (e.g. Bowler and Benton 2005; Doligez and Pärt 2008;

Devillard and Bray 2009); secondly, we did not have com-

plete information on the breeding experience of immigrants

and we could not separate the effects of natal dispersal from

those of breeding dispersal, nor the time elapsed since first

breeding in the study colony, which precluded the analysis of

experience (i.e. breeding events at the study colony); finally,

sex (dispersal can affect each sex differently; e.g. Ronce

2007) could not be included in the analysis. However, some

of those limitations were partially countered by the large

spatial scale covered in our study, i.e. that immigrants had to

move large distances to disperse (see Bélichon et al. 1996;

Hixon et al. 2002; Doligez and Pärt 2008); in some previous

studies, dispersal was considered at an intra-colony level and

the distances covered were small (e.g. Osorio-Beristain and

Drummond 1993). Furthermore, fitness differences between

philopatrics and immigrants are still recorded after settle-

ment in many studies (Bélichon et al. 1996; Lemel et al.

1997; Reid et al. 2006). Finally, reliability of the compari-

sons on demographic parameters between philopatrics and

immigrants was high due to the large sample sizes and also

the high number of resightings out of the study colony.

The influence of immigrants on local population

dynamics

At the level of local population dynamics, Audouin’s gull

immigrants not only result in an increase in the population
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density, but also in an increase of local recruitment from

breeding output (similar to that of philopatric individuals),

with important consequences for metapopulation dynam-

ics. Some theoretical models have shown that dispersal can

influence the size and stability of populations (e.g. McPeek

and Holt 1992). Using the proportion of Audouin’s gulls

resighted at the Ebro Delta born in other colonies over the

years, and correcting this number by the proportion of birds

ringed at each site and a different recapture probability

(Fig. 2), we can estimate that ca. 16% of breeders were

immigrants. Such numbers (compared with an average

immigration proportion of 3% in southern fulmars Fulm-

arus glacialoides, 40% in lesser snow goose Chen cae-

rulescens or 50% in black guillemots Cepphus grylle; see

Jenouvrier et al. 2003; Johnson 1995; Frederiksen and

Petersen 2000, respectively) should have an influence on

the metapopulation dynamics (see also Oro and Ruxton

2001): in 2006, 5,428 females bred out of the Ebro Delta in

the other colonies of the metapopulation (own data), while

in that year ca. 2,452 of the females breeding at the Ebro

Delta were immigrants. In fact, recent studies on several

long-lived animals, identified as highly philopatric, show

that the importance of dispersal for their population

dynamics is greater than previously considered (e.g.

Bullock et al. 2002; Inchausti and Weimerskirch 2002; Oro

et al. 2004; Serrano et al. 2004; Gerber et al. 2005).

Are there differences in demographic parameters

between philopatrics and immigrants?

According to our study, some demographic parameters were

lower for immigrants, in agreement with the resident fitness

hypothesis (Anderson 1989). For instance, immigrants were

less likely to become residents in the Ebro Delta colony than

philopatrics, probably because they were more likely to

return to their natal colonies (Table 1; see also Prévot-

Julliard 1996; Tavecchia et al. 2007). Also, an interesting

difference was that the probability of becoming resident was

negatively associated with age in philopatric birds, but not in

immigrants. This also suggests that immigrants had a greater

tendency to return to their natal colonies, regardless of the

recruiting age at the Ebro Delta. The oldest philopatrics

would disperse to other breeding patches at higher rates after

their first reproductive attempts at the natal site (see also

Serrano et al. 2003; Dittmann et al. 2005). Furthermore, the

striking differences in resighting probability could not be

explained by higher skipping of reproduction in immigrants

(this is a rare behaviour in Audouin’s gulls; see Oro 1998),

but rather suggested some type of despotic behaviour of

philopatrics against immigrants (Oro 2008), or once again a

stronger tendency among the latter to be absent from the

study colony due to breeding alternatively in other colonies

(Table 1; see also Tavecchia et al. 2007). Nevertheless, and

despite the abovementioned differences in site-tenacity and

dispersal, philopatric and immigrant Audouin’s gulls shared

most of the demographic parameters. For a long-lived spe-

cies such as Audouin’s gulls, the most sensitive parameters

for their population dynamics are adult survival and

recruitment, and these components were very similar

between philopatrics and immigrants. In our study, dispersal

and philopatry could be components of a mixed, evolu-

tionarily stable strategy, in which fitness of immigrants

would be similar to that of philopatrics (e.g. Gaines et al.

1979; Johannesen and Andreassen 1998; Gillis and Krebs

2000). The question is, what could influence such low dif-

ferences between philopatric and immigrants? A potential

factor is the high environmental quality of the Ebro Delta,

with higher food availability per capita and higher breeding

success than the rest of the colonies (see Oro et al. 1996; Oro

and Ruxton 2001; Oro 2003). That factor probably allowed

immigrants to exhibit a relatively successful performance; in

fact, the benefits of dispersal to suitable patches in hetero-

geneous habitats have been pointed out previously, and in

extreme cases of habitat quality, immigrants can perform

even better than philopatrics (McPeek and Holt 1992;

Stenseth and Lidicker 1992; Lin and Batzli 2004; Clobert

et al. 2009). Nevertheless, differences in breeding success

between philopatric and immigrants are unknown in our

study; yet, the differences in the probability of recapture and

that of becoming resident may suggest that immigrants

could be breeding worst and having a higher probability of

emigrating (temporally or not, respectively) from the Ebro

Delta colony. In fact, the idea that vertebrates have a higher

probability of dispersal after a bad breeding experience is

highly accepted and proved elsewhere (e.g. Serrano et al.

2003).

The influence of habitat stability on philopatric

and immigrant fitness

Audouin’s gulls have a life-history strategy that evolved in

unstable habitats—such as salt marshes and river deltas—

with low temporal autocorrelation in habitat quality (see

Martinez-Abraı́n et al. 2001 and 2003; Parejo et al. 2006;

Valdemoro et al. 2007). In such dynamic systems and par-

ticularly for long-lived birds, i.e. with no predators and with

no important geographical barriers, and thus the ability to fly

easily among local populations, the costs of dispersal should

be rather low (e.g. Serrano et al. 2003). The temporal

unpredictability of ephemeral habitats is known to affect

dispersal in dynamic systems typical of r-type organisms

(e.g. insects, parasites), and this pattern has been shown in

studies on pest control, life histories and biodiversity

(Palmer and Strathmann 1981; Wissinger 1997). In contrast,

the influence of habitat stability on dispersal and metapop-

ulation dynamics in vertebrates has seldom been addressed
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despite the frequency of ecosystems with high unpredict-

ability (e.g. Magoulick and Kobza 2003). Together with

Audouin’s gulls, several other avian species have been

identified occupying ephemeral habitats, such as some gulls

Larus spp., terns Sterna spp., skimmers Rynchops spp., fla-

mingos Phoenicopterus roseus and snail kites Rostrhamus

sociabilis (McNicholl 1975; Crawford et al. 1994; Erwin

et al. 1998; Valentine-Darby et al. 1998; Oro 2002; Balkız
et al. 2009), although the influence of habitat predictability

on dispersal processes has received scarce attention (with

exceptions such as Oro and Ruxton 2001).

Results concerning the differences in fitness between

dispersers and philopatrics across a series of studies on

several species of birds and mammals (Bélichon et al.

1996; Doligez and Pärt 2008) did not show a consistent

pattern: some organisms exhibited differences between

philopatrics and immigrants, whereas others did not. It has

been argued that such contradictory results were the con-

sequence of different evolutionary strategies, different

phenotypic or condition-dependent (based on external

information) responses, or even due to the biases in some

studies (see also Ronce 2007; Clobert et al. 2009). Among

the evolutionary causes, however, little has been said about

the stability of habitats and the low temporal autocorrela-

tion in habitat quality (e.g. Andersson 1980; Crawford et al.

1994; Dieckmann et al. 1999), which should result in

high dispersal rates for organisms living in such systems

(an example of the opposite evolutionary strategy—extre-

mely low dispersal rates—in a Procellariiform, is Cory’s

shearwater Calonectris diomedea occupying very stable

breeding habitats; see Igual et al. 2007). Thus, in species

with high dispersal capabilities resulting from a life-history

strategy that has evolved in unstable habitats, we would

expect differences in fitness components between philop-

atric and immigrants to be rather low.
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