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Abstract We studied the determinants of colony site
dynamics in Audouin’s gull, Larus audouinii, breeding in
a small archipelago of the western Mediterranean. Data
on island occupation were available for a series of
25 years, since first colonization of the archipelago in
1973. Group behavior was studied in relation to the
components of dispersal: permanence or abandonment
(extinction) on an island previously occupied and per-
manence or occupation (colonization) of another island.
Generalized Linear Mixed Models (GLMMs) were used
to identify the relative contribution of each explanatory
variable to the probability of colony abandonment.
Gulls showed a low probability (3%) of abandoning one
of the islands (Grossa I.), especially when the colony was
increasing in numbers from time ti-1 to ti. However, the
probability of abandoning Grossa increased up to 31%
when the colony was declining. The probability of island
abandonment was very high for all other islands (range
66–99%) when the colony was declining, but much
lower (range 36–82%) when it was increasing. Hence, we
suggest that island abandonment by Audouin’s gull is at
least a two-step process. The first step (dispersal of a
portion of the colony) probably takes place at random,
as an evolutionary load typical of a species evolved in
unstable habitats. The second step, a further loss of
breeding pairs, seems to feedback on the first loss of
members of the colony (public information), likely

perceived as a loss of colony quality. Colonization of
islands by gulls abandoning Grossa I. was marginally
and negatively affected by the density of breeding yel-
low-legged gulls, a predatory species. Results apply to
conservation ecology since they highlight the need to
protect not only occupied patches but also those empty
at present.
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Introduction

Breeding dispersal in birds has recently received much
attention (Andreassen et al. 2001; Clobert et al. 2001).
Individuals facing dispersal enter a two-fold process (e.g.
Stamps 2001): first, they have to decide every breeding
season whether to reoccupy or abandon the former
patch, and secondly, individuals dispersing have to de-
cide where to breed in the forthcoming season. These
sets of processes, influencing abandonment (i.e. extinc-
tion) and occupation (i.e. colonization) of breeding
patches, have important consequences on the structure
and dynamics of local populations and metapopulations
(Johst and Brandl 1997; Dieckmann et al. 1999;
Andreassen et at. 2001). In long-lived animals such as
seabirds, knowledge of factors conditioning dispersal is
of crucial importance due to the influence of such phe-
nomena on lifetime reproductive success (e.g. Spear et al.
1998). In addition, in these species extinction-coloniza-
tion processes (typical of metapopulation dynamics)
occur by group dispersal (immigration-emigration) ra-
ther than by mortality and consequent extinction of
some patches (Oro 2003).

A number of environmental cues have been proposed
as proximate factors influencing the process of dispersal
in colonial birds. However, most approaches are indi-
vidual-based and only a few works have explored the
causes of group behavior (e.g. the causes explaining why
a group of individuals leaves a colony synchronously, a
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behavior typical of some ground-nesting gulls and terns;
see e.g. Erwin et al. 1998; Oro 2002). Individuals tend
to be more faithful with increased familiarity to the
breeding place due to the benefits reported from the
previous knowledge of the area (Forbes and Kaiser
1994; Pärt 1995; Forero et al. 1999). In fact, several
works have found a significant effect of breeding expe-
rience on dispersal decisions (Beletsky and Orians 1991;
Pärt 1995). Previous reproductive performance of indi-
viduals is also a frequent factor affecting breeding dis-
persal (Switzer 1997; Forero et al. 1999), with those
individuals from territories or colonies having a higher
breeding success being more philopatric to the breeding
place. Some determinants of breeding success such as
presence of predators (Cuthbert 1988; Erwin et al. 1981,
1998; Oro et al. 1999), food availability (Lurz et al.
1997), and other indicators of habitat quality have also
been found to affect movement of individuals. In colo-
nial birds, factors that determine abandonment and
further selection of a colony site could also be related to
colony characteristics, such as presence of conspecifics
(Smith and Peacock 1990; Reed and Dobson 1993;
Forbes and Kaiser 1994; Oro and Pradel 2000; Serrano
et al. 2001) and other conspecific cues such as breeding
performance (Burger 1982; Danchin et al. 1998; Suryan
and Irons 2001) or rates of change in colony size during
previous years (Serrano 2003). Ectoparasites have also
been cited as a cause of colony abandonment in some
gull species (see e.g. Danchin 1992). Most studies have
inspected the isolated effect of different factors on dis-
persal behavior, and only a few have taken into account
the combined effect of several variables and their inter-
actions (e.g. Wiklund 1996; Forero et al. 1999; Serrano
et al. 2001).

Here, we aim to analyze the determinants of colony-
site dynamics (i.e. frequent changes in colony site at a
small geographical scale) in a small local population of
Audouin’s gull, Larus audouinii, of the western Medi-
terranean. Several factors were introduced in our mod-
eling to assess their influence in the probability of both
patch extinction and colonization at spatial and tem-
poral levels. Nomadic behavior has been previously de-
scribed in this species by Oro and Muntaner (2000): they
recorded transfer processes between local populations as
well as a high turnover rate of colony patch occupancy
(i.e. extinction and colonization of islands within a small
Balearic archipelago), although the factors governing
such behavior were not identified.

Materials and methods

Study area

The study area was the Columbretes Islands, a small (ca. 18 ha)
volcanic archipelago comprising four groups of islands (see Fig. 1),
located around 57 km off the mainland coast (39�51¢N, 0�40¢E,
northwestern Mediterranean), close to the edge of a wide
continental shelf. In addition to Audouin’s gull four other seabird
species breed on the Islands in small numbers: yellow-legged gull

(Larus cachinnans), Cory’s shearwater (Calonectris diomedea),
European shag (Phalacrocorax aristotelis) and storm petrel (Hyd-
robates pelagicus). The most abundant seabird species in the
archipelago is the yellow-legged gull, with a population of about
400 breeding pairs, breeding mostly on the largest island (Grossa
I.). Two raptor species also breed in the archipelago: Eleonora’s
falcon (Falco eleonorae) and, only recently, the peregrine falcon
(Falco peregrinus). Vegetation on the main island (Grossa) has been
severely altered in the past by human activities (fires, agriculture,
livestock, introduced rabbits) from a climax composed of Pistacia
lentiscus (L.), Chamaerops humilis (L.), Smilax aspera (L.), Lava-
tera arborea (L.) and Medicago citrina (Bolòs & Vigo) to a number
of small shrubby species like Suaeda vera (J. F. Gmelin), Lycium
intrincatum (Boiss.) and Asparagus horridus (L.) adapted to high
salinity and high nitrogen content of the soil. Some smaller islands
(Ferrera, Foradada) have a weak vegetation cover but still preserve
remains of the climax.

Species and population monitoring

Audouin’s gull is a middle sized gull endemic of the Mediterranean
Sea. At present it is considered as vulnerable by the IUCN, and its
world population is estimated at around 20,000 pairs (Oro 1998). It
breeds on sandbars and islands and feeds on clupeoids mainly
during the night, although discards from human fisheries are

Fig. 1 Map of the study area showing both the location of the
Columbretes archipelago in the western Mediterranean and the
islands within the archipelago where Audouin’s gull bred during
the study period
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commonly included in their diet when available (Oro et al. 1996;
Oro 1998). It is a monogamous species with a modal clutch size of
three eggs. Incubation is typically shared by the two sexes. Breeding
failure can be caused by flooding of nests, predation by terrestrial
mammals or yellow-legged gulls, and food shortage (Oro 1998).
Kleptoparasitism by yellow-legged gulls is common especially when
food is scarce and during the chick rearing period, although it does
not threaten colony persistence nor its growth (Oro and Martı́nez-
Vilalta 1994; Martı́nez-Abraı́n et al. 2003). High nest density
enhances protection against aerial predators (Oro 1998).

Data for Audouin’s gull breeding in the Columbretes archi-
pelago come from unpublished reports of the Valencian regional
government. Information extracted from these reports was mainly
related to island occupancy, number of breeding individuals and
breeding success. Data include information on occupancy of all six
islets where the species has bred (i.e. Mancolibre, Ferrera, Fora-
dada, Grossa, Bauzá and Lobo) during a period of 30 years (i.e.
since first colonization of the archipelago in 1973 to 2002), except
for 5 years for which data are missing (see Appendix). Data on
occupancy of each islet was considered independently, although
gulls may have occupied more than one islet in a given breeding
season (see Appendix). The population showed an increasing trend
since its foundation in 1973 up to 1991, when a 2-month trawling
moratorium was established each year and reduced dramatically
the availability of fishing discard for the species (Oro et al. 1996).
From 1991 onwards population size has decreased progressively
facing local extinction in 2002. This trend was only stopped during
the mid 1990s, when a demographic peak was recorded due to the
immigration of hundreds of birds from the Ebro Delta after a
predatory event (Oro and Pradel 2000).

Selected variables and statistical analyses

Colony site turnover has been formerly studied by means of a
‘‘colony-site turnover index’’ (see Erwin et al. 1981; Barbraud
et al. 2003). This approach was later substituted by modeling the
presence and absence of colonies at particular sites as a function
of local extinction and colonization probabilities (Barbraud et al.
2003). The use of general probabilistic models allows separate
estimates of extinction and colonization probabilities and also
testing effects of biotic or abiotic parameters. Data on island
occupation were first treated as a series of zeros and ones, as
when dealing with capture-recapture models, to select the
appropriate cases to study extinction (1–0) or colonization (0–1)
vs permanence (1–1). Each island was considered as a colony (or
patch) and the whole archipelago as a local population. We
considered as response variables the permanence or abandonment
of an island every year: Bernouilli distributed with two possible
values, 0, meaning permanence (all cases when ti =1 and ti+1

=1), and 1 meaning extinction (all cases when ti =1 and ti+1

=0). The permanence or colonization of a patch every year was
also considered: the response variable was Bernouilli distributed,
with two possible values, 0, meaning permanence (if ti =1 and
ti+1 =1) and 1, meaning colonization (if ti =0 and ti+1 =1).

Explanatory variables were those that evaluated the effect of
resource availability (e.g. food availability as availability of
fishing discards, of which this colony seems to depend for sub-
sistence; Oro et al. 1996), island features and demographic
characteristics (e.g. colony size, k or realized changes in popu-
lation size), historical factors and interspecific interactions
(Table 1). We considered different factors for the study of

Table 1 Parameters used to analyze group patch abandonment and
patch colonization (from year ti to year ti+1) by Audouin’s gull at
the Columbretes archipelago through Generalized Linear Mixed

Models (GLMM) modeling. Island identity was introduced as the
random variable (RS reproductive success). Actual values of some
variables are shown in the Appendix

Explanatory variables Codes Values

Island features
(1) Island identity 1–6 Mancolibre, Ferrera, Foradada, Grossa, Bauzá, and Lobo

(see Fig. 1)
(2) Effective protection of the island 0–1 Absence or presence of wardens, respectively
(3) Vegetation cover on year ti+1 0–1 Low or high vegetation cover, respectively
(4) Management of the vegetation on year ti+1 0–1 Whether vegetation was mowed to facilitate colony

establishment
Historical factors
(5) No. of years of patch occupationa

(6) No. of years since first colonization of the patcha

(7) Colonization 0–1 Patch colonized on year ti or already occupied in ti-1,
respectively

Demographic factors
(8) RS on year ti

b 0–1 None or some chicks fledged, respectively
(9) RS on year ti as a continuous variableb Actual RS values as no. of chicks fledged/pair
(10) Change in RS from ti-1 and ti, as a continuous variableb, c

(11) No. of breeding pairs on year ti
b

(12) Density on year ti
b Number of pairs/unit area

(13) Population change (n) from ti-1 toti
b,c 0–1 Decreasing (n <1) or increasing (n >1), respectively

Resource availability
(14) Trawling moratorium on year ti 0–1 With (before 1991) and without (since 1991) discard

availability, respectively
(15) Period of implementation of the trawling moratorium 1–4 April–May (1992); May–June (1991, 1994, 1997); June–July

(1993, 1995–1996, 1998–1999); July–August (2000–2002),
respectively

Interspecific interactions
(16) Density of Yellow-legged gull on year ti+1 0–2 Absence; 1–50 pairs; 51–100 pairs, respectively
(17) Ratio Audouin’s/Yellow-legged gulls
(no. of breeding pairs) on year ti

a Up to ti-1 included
b Only used in the analysis of colony extinction, as colonization refers to patches that were not occupied on year ti
c Considered at two levels: for each patch and for the whole local population
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extinction and colonization of patches since these are two inde-
pendent processes, recognized to be driven by different factors
(Forero et al. 1999; Serrano et al. 2001).

We used Generalized Linear Mixed Models (GLMMs; Littell
et al. 1996) which represent an extension of Generalized Linear
Models (McCullagh and Nelder 1983). GLMMs constitute a
multivariate approach appropriate to separate the potential effects
of co-varying factors on the process of island abandonment and
colonization. In addition GLMMs allow us to incorporate inde-
pendent variables as random effects in the models. In our case,
since during the study period a given island could present different
stages of colonization and extinction, we fitted island as a random
term in GLMMs using the SAS Macro program GLIMMIX
(Littell et al. 1996). The GLIMMIX macro automatically adjusts
extra dispersion. We used scaled deviance to quantify the contri-
bution of each variable to the change in the original deviance.
GLIMMIX uses restricted/residual pseudo likelihood (REPL) to
find the parameter estimates of the generalized linear model and
calls to the macro proc mixed iteratively until convergence. The
criterion of inclusion of the variables tested in our models was
P>0.05, and the selected model was the one which explained
a higher percentage of the original deviance. Probability of island
extinction was modeled as a binomial response variable (0 meaning
permanence, and 1 meaning extinction) using the logit link func-
tion: log [p/(1-p)], where p is the probability of island extinction.
Explanatory variables and their interactions were fitted to the ob-
served data following a stepwise forward procedure beginning with
the random terms and testing each explanatory variable and its
interactions separately (see Serrano et al. 2001). The variable best
explaining variance in the response variable was incorporated to
the model and the significance of the remaining variables tested
again, until no additional variables significantly increased the fit-
ting of the model. Parameter estimates of the final model were used
to derive the predicted values for the probability that an island is
abandoned, by means of the inverse link function

p ¼ ex

1þ ex

� �
:

Results

Causes of colony extinction

During the study period, and considering only those
cases where we had information on occupation of the
islands (Table 1, see also the Appendix), we recorded a
total of 12 cases of colony extinction. The best signifi-
cant GLMM obtained for the probability of colony
extinction accounted for 39% of the original deviance
(Table 2). The only explanatory variable retained sig-
nificantly into the model was population change (n;
variable 13 in Table 1, see also the Appendix). The
finally selected model showed that the probability of

patch abandonment was higher when numbers of pairs
in the patch decreased the year before. Patch identity
(variable 1, Table 1) did not enter significantly as a
random term in this model, nor did other variables or
interactions.

On the basis of the model, that included population
changes, we calculated the expected probability of col-
ony extinction for each island (Fig. 2). Probabilities of
island abandonment, when the population was declining
the previous year, were very high for all islands (range
66–99%) except for a much lower value for Grossa I.
(31%). Probabilities of island abandonment were much
lower (range 36–82%) when the population was
increasing, with a very low value (3%) for Grossa I.

Causes of island colonization

Provided that gulls showed a large preference for occu-
pying Grossa I. (14 cases of permanence out of 23 cases
recorded and only 2 cases of colonization out of 14 re-
corded) we decided to perform a second GLMM to
account for the probability of patch occupation, mostly
to explain which islands were chosen by gulls aban-
doning Grossa I. No variable entered significantly into
the model, suggesting that none of the variables con-
sidered (Table 1) had an effect on the decision of
breeding in a patch (other than Grossa) that was
unoccupied the previous year, except for a marginal ef-
fect of the density of yellow-legged gulls (variable 16,
Table 1); Audouin’s gulls tended to preferentially colo-
nize patches where yellow-legged gulls were absent or
present in lower numbers (F =3.05, P =0.06) when
moving from Grossa to the smaller islands.

Discussion

Our results show that despite Audouin’s gulls having a
marked tendency to breed on one of the islands of the
archipelago (Grossa I.), there was a 90% increase in the

Table 2 Generalized Linear Mixed Model (GLMM) for probabil-
ity of colony abandonment between ti and ti+1 using binomial error
and the logit link function. (0 means values of k <1, i.e. decreasing;
1 means values of k >1, i.e. increasing numbers).SE Standard er-
ror, df degrees of freedom. Scaled deviance of the model was 39.49
(df =28)

Effect Estimate SE df F test P

Intercept )0.7308 1.0086 5
k 2.7956 1.2571 1,28 4.95 0.03

Fig. 2 Probabilities of island (i.e. patch) abandonment with time
ti+1. Solid bars show population decreasing from ti-1 to ti and white
bars population increasing from ti-1 to ti
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probability of abandonment of that island when the
number of pairs at the colony decreased the previous
year. The probability of abandonment of all other is-
lands within the archipelago was very high, especially if
the colony showed a decreasing trend. The nature of the
information used by individuals when dispersal occurs
as a group (e.g. in social species such as seabirds) is
poorly understood (Doligez et al. 2002), although it is of
primary importance to know what factors drive this
process and what are their consequences on population
dynamics (Hansson 1991; Johst and Brandl 1997; Doli-
gez et al. 2003). According to our results patch extinc-
tion in Audouin’s gull is probably a process which
involves a progressive loss of breeding pairs over a
period of at least 2 years. The first step of the process
(i.e. abandonment of the patch by some pioneer indi-
viduals) could take place at random, as a demographic
stochastic process affecting the probability of dispersal.
In fact, a stochastic pattern of dispersal has been pre-
viously found (Switzer 1993; Erwin et al. 1998; Ferrière
et al. 2000) or predicted (Doligez et al. 2003) in species
breeding in highly unpredictable habitats. High extinc-
tion-colonization rates seem to occur in these habitats
under most ecological conditions, even when conditions
are good and breeding success is high (Kharitonov and
Siegel-Causey 1988; Danchin et al. 2001). From a his-
torical perspective, the species has probably only been
occupying stable habitats (such as the rocky islands of
our study) since recent times, as a result of human
occupation and loss of suitable littoral zones in the
Mediterranean. Alternatively, pioneers could rely on
their own private information (i.e. own breeding success)
although we cannot test this hypothesis since there are
no data available on productivity of individual pairs.

The second step of the process of island extinction
seemingly involves public information. Gulls detecting
the dispersal of neighbors could perceive the decrease
in number of birds as a loss of colony quality and
would in turn decide to disperse. This pattern of
progressive loss of members probably feeds back, and
colonies keep loosing members rapidly until extinction.
It has been actually shown that a decrease in the
relative number of Audouin’s gull to yellow-legged
gull increases the rates of nest predation and other
aggressive behaviors (Oro et al. 1996, Martı́nez-Abrain
et al. 2003). It is likely that individuals first aban-
doning the patch were young breeders, because it has
been recorded that experienced individuals remain
longer, probably due to the benefits of familiarity with
the breeding area (Kharitonov and Siegel-Causey 1988;
Forbes and Kaiser 1994; Oro et al. 1999). Gulls
abandoning the colony during this step could perceive
the loss of neighbors as an indication of a reduced
chance to have a successful breeding season. In fact we
found a strong and positive correlation between
number of pairs and breeding success (rs=0.70, N=26,
P <0.001). However modeling did not retain mean
productivity in the patch as a factor with a significant
effect, probably because of small sample sizes. The

lack of significance of some other factors could actu-
ally be due also to the reduced sample sizes, both in
colonization and extinction analyses.

Interestingly, the probability of abandonment of a
patch was not influenced by the background of occu-
pation, suggesting that triggers of nomadism in this
species were stronger than philopatry to particular
patches. Similarly, neither food shortage (through
fishing moratoria) nor changes in vegetation cover
seemed to have an effect on the temporal and spatial
dynamics of the local population. Gulls actually
already showed high colony-site turnover prior to the
establishment of the trawling moratorium in 1991
(when food was highly available and, in turn, enhanced
breeding success), and in the smaller patches (e.g.
Ferrera, Foradada, see Fig. 1) where vegetation cover
has not changed. Although dramatic immigration-
emigration processes between Columbretes and the
large Ebro Delta colony have been well documented
(Oro and Pradel 1999, 2000; Oro and Ruxton 2001),
our modeling suggested that changes of colony size at
the local population level did not influence extinction
of patches. This fact may suggest that nomadism is
independent of the change of pairs at the scale of the
whole archipelago and that it is only a matter of
rearrangement of pairs within the archipelago.

The process of patch occupation does not seem to be
mediated by any of the factors analyzed. Modeling
suggests again that the history of patch occupation (both
at the level of number of years of occupation or time
elapsed since colonization) played a minor role in the
probability of having a patch occupied. Demographic
stochasticity could also be a determinant at patch
occupation level if pioneering involves few individuals
(Coulson 1997; Oro and Ruxton 2001). Only the density
of breeding yellow-legged gulls in a patch could nega-
tively influence its probability of occupation, since this
species is actually known to compete for suitable habi-
tat, to prey on Audouin’s gulls’ nests and to klepto-
parasitize adults (see Oro and Martı́nez-Vilalta 1994;
Martı́nez-Abraı́n et al. 2003). Gulls abandoning Grossa
I. seemed to avoid the presence of yellow-legged gulls
when choosing one of the smaller patches. Nevertheless,
Audouin’s gulls preferred Grossa I. over the other is-
lands to breed, where the largest density of yellow-legged
gulls also occurs.

The unpredictable temporal and spatial dynamics of
Audouin’s gulls bears no relationship to the degree of
effective protection of a given island. This nomadic
group behavior actually poses a conservation problem
(see also Crawford et al. 1994; Frederick et al. 1996; Oro
2003) since protection cannot be limited to occupied
patches but a wider conservation approach is needed
instead, protecting patches where individuals are not
currently breeding. In addition, conservation of species
of these characteristics would imply the development of
predictive models on habitat occupation for detecting
unoccupied sites that could have substantial conserva-
tion value (Johnson and Krohn 2002).
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and two anonymous referees critically read drafts of the manu-
script. M.G. Forero was financed by a contract of the Program
Ramón y Cajal of the Ministerio de Ciencia y Tecnologı́a of
Spain.

References

Andreassen HP, Stenseth NC, Rolf AI (2001) Dispersal behaviour
and population dynamics of vertebrates. In: Bullock JM, Den-
ward RE, Hails RS (eds) Dispersal ecology. British Ecological
Society, London, pp 237–256

Barbraud C, Nichols JD, Hines JE, Hafner H (2003) Estimating
rates of local extinction and colonization in colonial species and
an extension to the metapopulation and community levels.
Oikos 101:113–126

Beletsky LD, Orians GH (1991) Effects of breeding experience and
familiarity on site fidelity in female red-winged blackbirds.
Ecology 72:787–796

Burger J (1982) The role of reproductive success in colony-site
selection and abandonment in Black Skimmers (Rynchops
niger). Auk 99:109–115

Clobert J, Danchin E, Dhondt A, Nichols JD (2001) Dispersal.
Oxford University Press, Oxford

Coulson JC (1997) How do colonies form and grow? Do other
species use the method in kittiwakes? Proceedings of the XI
colonial waterbirds society annual meeting. Colonial Water-
birds Society, Lafayette, Calif., pp 39

Crawford RJM, Dyer BM, Brooke RK (1994) Breeding nomadism
in southern African seabirds: constraints, causes and conser-
vation. Ostrich 65:231–246

Cuthbert FJ (1988) Reproductive success and colony-site tenacity
in Caspian terns. Auk 105:339–344

Danchin E (1992) The incidence of the tick parasite Ixodes uriae in
kittiwakeRissa tridactyla colonies in relation to age of the colony,
and a mechanism of infecting new colonies. Ibis 134:134–141

Danchin E, Boulinier T, Massot M (1998) Conspecific reproductive
success and breeding habitat selection: implications for the
study of coloniality. Ecology 79:2415–2428

Danchin E, Heg D, Doligez B (2001) Public information and
breeding habitat selection. In: Clobert J, Danchin E, Dhondt
AA, Nichols JD (eds) Dispersal. Oxford University Press,
Oxford pp 243–258

Dieckmann U, O’Hara B, Weisser W (1999) The evolutionary
ecology of dispersal. Trends Ecol Evol 14:88–90

Doligez B, Danchin E, Clobert J (2002) Public information and
breeding habitat selection in a wild bird population. Science
297:1168–1170

Doligez B, Cadet C, Danchin E, Boulinier T (2003) When to use
public information for breeding habitat selection? The role of
environmental predictability and density dependence. Anim
Behav (in press)

Erwin RM, Galli J, Burger J (1981) Colony site dynamics and
habitat use in Atlantic coast seabirds. Auk 98:550–561

Erwin RM, Nichols JD, Eyler B, Stotts DB, Truitt BR (1998)
Modeling colony-site dynamics: a case study of gull-billed terns
(Sterna nilotica) in coastal Virginia. Auk 115:970–978

Ferrière R, Belthoff JR, Olivieri I, Krackow S (2000). Evolving
dispersal: where to go next? Trends Ecol Evol 15:5–7

Forbes LS, Kaiser GW (1994) Habitat choice in breeding seabirds:
when to cross the information barrier. Oikos 70:377–384

Forero MG, Donazar JA, Blas J, Hiraldo F (1999) Causes and
consequences of territory change and breeding dispersal dis-
tance in the black kite. Ecology 80:1298–1310

Frederick PC, Bildstein KL, Fleury B, Ogdens J (1996) Con-
servation of large, nomadic populations of White Ibises
(Eudocimus albus) in the United States. Conserv Biol
10:203–216

Hansson L (1991) Dispersal and connectivity in metapopulations.
Biol J Linn Soc 42:89–103

Johnson CM, Krohn W (2002) Dynamic patterns of association
between environmental factors and island use by breeding
seabirds. In: Scott JM, Heglund PJ, Morrison ML (eds)
Predicting species occurrences. Island Press, Washington, D.C.,
pp 171–181

Johst K, Brandl R (1997) The effect of dispersal on local popula-
tion dynamics. Ecol Model 104:87–101

Kharitonov SP, Siegel-Causey D (1988) Colony formation in sea-
birds. In: Johnson RF (ed) Current ornithology. Plenum, New
York, pp 223–272

Littell RC, Milliken GA, Stroup WW, Wolfinger RS (1996) SAS
system for mixed models. SAS Institute, Cary, N.C.

Lurz PWW, Garson PJ, Wauters LA (1997) Effects of temporal
and spatial variation in habitat quality on red squirrel dispersal
behaviour. Anim Behav 54:427–435
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Mancolibre Ferrera Foradada Grossa Bauza Lobo AG YLG

Area (ha) 0.57 1.5 1.8 13.5 0.18 0.28
Vegetation Low Low Low Higha Low Low
Protection No No No Yesb No No
Year
1973 20 0 0 0 0 0 20 NA
1974 45 0 0 0 0 0 45 NA
1975 105 0 0 0 0 0 105 NA
1977 0 0 50 0 0 0 50 NA
1978 0 65c 65c 0 0 0 130 NA
1983 283 50 0 0 0 0 333 NA
1984 0 0 0 300 0 0 300 NA
1985 0 0 5 376 0 0 381 120
1986 0 0 0 300 0 0 300 NA
1987 0 0 0 200 (0.04) 0 0 200 NA
1988 0 0 0 225 (1.85) 0 0 225 169
1989 0 0 0 274 (1.25) 0 0 274 200
1990 50 2 0 378 (1.40) 0 0 430 275
1991 0 109 (0.08) 0 92 (0.04) 0 0 201 318
1992 0 169 (0.13) 0 0 0 0 169 300
1993 0 35 (0) 0 10 (0) 51 (0) 0 96 425
1994 0 0 0 273 (0.16) 0 0 273 425
1995 0 0 0 604 (0.35) 0 0 604 475
1996 0 0 0 502 (0.57) 0 0 502 675
1997 0 0 0 476 (0) 0 0 476 650
1998 0 158 (0) 0 14 (0) 15 (0) 0 187 500
1999 0 48 (0) 0 20 (0) 0 0 68 530
2000 0 0 64 (0.12) 10 (0) 0 6 (0) 80 400
2001 0 23 (0) 0 0 0 47 (0.14) 70 420
2002 0 0 13 (0) 0 0 7 (0) 20 350

a In this island cover was low until 1987 when rabbits were removed from the island
b This island was not protected before 1989
c In 1978 reports only indicate that the total number of pairs in Ferrera + Foradada was 130. We divided the total number of pairs
between the two islands

Appendix Values for a number of variables used for analyzing patch
extinction and colonization of Audouin’s gull at the Columbretes
archipelago. The area, vegetation cover and protection against
human disturbances are shown for each patch (i.e. island or col-
ony). For each year and patch, number of breeding pairs is shown

during the period 1973–2002 and its breeding success (when
available, as mean number of fledglings per pair) in brackets. Data
for 1976, 1979, 1980, 1981 and 1982 were not available. AG Total
number of Audouin’s and YLG yellow-legged gulls (in number of
pairs) in the archipelago (NA not available).
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