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Abstract. Habitat selection is a crucial process in the life cycle of animals because it
can affect most components of fitness. It has been proposed that some animals cue on the
reproductive success of conspecifics to select breeding habitats. We tested this hypothesis
with demographic and behavioral data from a 17-yr study of the Black-legged Kittiwake
(Rissa tridactyla), a cliff-nesting seabird. As the hypothesis assumes, the Black-legged
Kittiwake nesting environment was patchy, and the relative quality of the different patches
(i.e., breeding cliffs) varied in time. The average reproductive success of the breeders of
a given cliff was predictable from one year to the next, but this predictability faded after
several years. The dynamic nature of cliff quality in the long term is partly explained by
the autocorrelation of the prevalence of an ectoparasite that influences reproductive success.
As predicted by the performance-based conspecific attraction hypothesis, the reproductive
success of current breeders on a given cliff was predictive of the reproductive success of
new recruits on the cliff in the following year. Breeders tended to recruit to the previous
year’s most productive cliffs and to emigrate from the least productive ones. Consequently,
the dynamics of breeder numbers on the cliffs were explained by local reproductive success
on a year-to-year basis. Because, on average, young Black-legged Kittiwakes first breed
when 4 yr old, such a relationship probably results from individual choices based on the
assessment of previous-year local quality. When breeders changed breeding cliffs between
years, they selected cliffs of per capita higher reproductive success. Furthermore, after
accounting for the potential effects of age and sex as well as between-year variations, the
effect of individual breeding performance on breeding dispersal was strongly influenced
by the average reproductive success of other breeders on the same cliff. Individual breeding
performance did not appear to influence the probability of dispersing for birds breeding on
cliffs with high local reproductive success, whereas individual breeding performance did
have a strong effect on dispersal for birds that bred on cliffs with lower local reproductive
success. This suggests that the reproductive success of locally breeding conspecifics may
be sufficient to override an individual’s own breeding experience when deciding whether
to emigrate. These results, which are supported by behavioral observations of the role of
prospecting in recruitment, suggest that both first breeders and adults rely on the repro-
ductive success of conspecifics as ‘‘public information’’ to assess their own chances of
breeding successfully in a given patch and to make settling decisions. A corollary prediction
is that individuals should attempt to breed near successful conspecifics (a form of social
attraction) in order to benefit from the same favorable local environmental conditions. Such
a performance-based conspecific attraction mechanism can thus lead to an aggregative
distribution of nests and may have played a role in the evolution of coloniality.

Key words: breeding habitat selection; conspecific reproductive success; dispersal; ectoparasi-
tism; environmental predictability; evolution of coloniality; metapopulation; performance-based con-
specific attraction; public information; Rissa tridactyla.

INTRODUCTION

The environment of most animal species is hetero-
geneous at different spatial and temporal scales for
various characteristics that can directly affect compo-
nents of fitness. The processes of habitat selection are
thus likely to be under strong selective pressures (Cody
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1985, Martin 1993). Basic theoretical models indicate
that, at equilibrium, individuals should distribute them-
selves among patches in an Ideal Free or Ideal Despotic
distribution, depending on local density and frequency-
dependent effects on fitness and on the type of com-
petition (Fretwell and Lucas 1970). This implies that
individuals use some knowledge of environmental
quality to choose among habitat patches on the basis
of their current relative quality (Wiens 1976).

Animals can use a variety of physical cues to assess
environmental suitability (Buckley and Buckley 1980,
Cody 1985, Danchin and Wagner 1997). More parsi-
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moniously, they can use some integrative cue such as
the presence and activities of conspecifics (Kiester
1979, Shields et al. 1988, Stamps 1991, Boulinier and
Danchin 1997, review in Danchin and Wagner 1997).
The role of the presence of conspecifics in attracting
individuals to particular patches of habitat (i.e., Social
Attraction) has been suggested by several authors
(Fisher and Fisher 1969, Shields et al. 1988, Brown et
al. 1990, Stamps 1991, Reed and Dobson 1993, Forbes
and Kaiser 1994), and demonstrated experimentally in
various groups of vertebrates (e.g., Burger 1988, re-
viewed in Smith and Peacock 1990, Danchin and Wag-
ner 1997) and invertebrates (Meadows and Campbell
1972, Grosberg and Quinn 1986). However, the mere
presence of conspecifics may not always be a good
indicator of local quality, because feeding groups or
breeding colonies can show dramatic differences in for-
aging or reproductive success resulting from spatial
variations in the quality of the habitat patches that are
occupied (Brown et al. 1990, Danchin and Monnat
1992). Conversely, the fact that most current breeders
on some patches were successful in a given year dem-
onstrates that these particular patches provided favor-
able conditions at least in the current breeding season.
Current reproductive success of conspecifics may thus
be a reliable cue for predicting the reproductive success
that can be expected on a given patch in the next breed-
ing season (Chabrzyk and Coulson 1976, Burger 1982,
Shields et al. 1988, Boulinier and Danchin 1997, Swit-
zer 1997). Such a mechanism of patch choice, in which
individuals use the local success of conspecifics as
‘‘public information,’’ has been proposed and tested in
the context of optimal foraging (Clark and Mangel
1984, Valone 1989, 1991, Valone and Giraldeau 1993,
Templeton and Giraldeau 1995), but less so for breed-
ing habitat selection. Despite good evidence that in-
dividuals use their own breeding performance in de-
ciding whether to be faithful to their breeding site (e.g.,
Newton and Marquiss 1982, Beletsky and Orians 1987,
1991, Marzluff 1988, see Switzer 1993 and 1997 for
a review), tests of the value of conspecific reproductive
success as a cue for breeding site selection are scarce
(Burger 1982, Bollinger and Gavin 1989, Danchin et
al. 1991, Orians and Wittenberger 1991, Boulinier
1996, Boulinier et al. 1996).

An iteroparous animal selects its breeding site at first
recruitment as a breeder (natal dispersal) and for each
subsequent breeding attempt (breeding dispersal). In
both cases, the local reproductive success of conspe-
cifics may represent a valuable supplementary cue that
an individual can use to gauge its own chances of
breeding successfully in a given area. Theoretical in-
vestigations of the hypothesis that individuals use the
reproductive success of conspecifics for breeding patch
selection (hereafter referred to as the ‘‘performance-
based conspecific attraction hypothesis’’) have led to
testable assumptions and predictions (Boulinier and
Danchin 1997). In particular, comparing the fitness of

random settling strategies and strategies based on patch
reproductive success, it was shown that a key assump-
tion for such a habitat selection mechanism to be se-
lected is that the environment is patchy and predictable
at the scale considered. Key predictions concern ex-
pected patterns of local demography and individual be-
havior. In this paper, we use the Black-legged Kittiwake
(Rissa tridactyla), a cliff-nesting seabird, to test some
of these assumptions and predictions. That species is
well suited for testing this hypothesis because it feeds
on nondefendable food far from its actual nesting
patches (i.e., breeding cliffs), which permits the in-
vestigation of factors affecting breeding patch choice
independently from foraging constraints.

We examined two key assumptions: (1) that the en-
vironment is composed of patches of different quality;
and (2) that local breeding patch quality in one year is
a predictor of its quality in the next year (i.e., the qual-
ity of the patches is autocorrelated, or predictable, in
time [Stephens 1987, Switzer 1993]). As local patch
quality may have been difficult to infer independently
from the quality of local breeders, we tested whether
the reproductive success of current breeders was pos-
itively correlated with the success of new local recruits
in the next year. If this was the case, then it would
confirm the predictability of breeding patch quality.

We also explore different key predictions of this hy-
pothesis: (1) that high average reproductive success of
the breeders on a given cliff patch (hereafter called
local reproductive success) should lead to net local
recruitment of breeders in the following year (even
though Black-legged Kittiwakes first breed when 3 yr
old), while low local reproductive success should lead
to net emigration of local breeders; (2) that individuals
changing cliffs between year t 2 1 and year t should
move to better cliffs (i.e., those with higher local re-
productive success) in year t. Because such choices are
based on information gathered in year t 2 1, breeders
changing cliffs should have selected cliffs that were of
high quality in year t 2 1, i.e., at the time of pros-
pecting; finally, (3) that breeding patch fidelity should
be influenced not only by individual breeding perfor-
mance, but also by the current success of the other pairs
breeding on its home cliff, which together constitute
complementary sources of information on current cliff
quality. Failed breeders are expected to be more likely
to disperse from patches with low local reproductive
success than failed breeders from patches with high
local reproductive success. Testing prediction 1 in-
volved using yearly nest counts only (demographic
data); testing predictions 2 and 3 involved data of the
monitoring of individually marked birds (behavioral
data).

We discuss the implications of such a mechanism of
breeding habitat selection for the evolution of grouping
behavior in animals (Pulliam and Carraco 1984, Shields
et al. 1988, Stamps 1988). Indeed, Boulinier and Dan-
chin (1997) and Danchin and Wagner (1997) proposed



October 1998 2417HABITAT SELECTION AND COLONIALITY

that a performance-based conspecific attraction mech-
anism may explain the origin and maintenance of co-
lonial breeding (i.e., breeding among densely distrib-
uted territories that contain no resource other than
breeding sites; Perrins and Birkhead 1983).

METHODS

Black-legged Kittiwake study colonies are situated
in the Cap Sizun (Brittany, France) where 6682 adults
and chicks had been individually color banded between
1979 and 1992 (Danchin and Monnat 1992). Yearly
population size has varied between 800 and 1300 pairs
in six clearly separate colonies, which among them
include 45 breeding cliffs. Each colony was checked
for banded birds at least 80 times every year and the
breeding performance of every pair was monitored.
Pairs were considered as having bred successfully if
(1) their marked chicks had been seen alive after leav-
ing the nest, or (2) their chicks left the nest for the first
time when .35 d old (for pairs with unmarked chicks).
These two criteria gave us equivalent results. Chicks
were checked for the presence of feeding ticks (Ixodes
uriae) at banding and tick numbers were recorded
(Danchin 1992, Boulinier et al. 1997). Individual
breeding performance was rated according to the final
stage of the breeding attempt: (1) nest constructed, no
egg laid, (2) no egg hatched, (3) no chick fledged, (4)
fledged one chick, and (5) more than one chick.

Intensive demographic and behavioral monitoring
resulted in 12 901 bird-years of observations. The sex
of individuals was determined by recording behavior
during mating. We were able to assess with consider-
able precision the factors influencing the decision of
individuals to emigrate in a given year, because (1) the
rate of resighting of breeders, estimated by capture-
recapture models (Pollock et al. 1990, Lebreton et al.
1992, Nichols 1992), was almost 1 (Danchin and Mon-
nat 1992, Cam et al., in press; only 27 birds were
missed in one year among 4124 individuals with com-
plete information in two successive years); (2) 81.4%
of the adult nonbreeders were seen regularly during the
years they did not breed, and (3) we checked for marked
breeders at all colonies within 150 km of our colonies,
a distance beyond which even young birds are unlikely
to emigrate (Coulson and Nève de Mévergnies 1992).
The reproductive life-span of any individual was di-
vided into three ‘‘age’’ categories: (1) year of first re-
production, (2) years between first reproduction and
the last year of life, and (3) last year of life.

Geographical scale

For practical survey purposes, at the beginning of
the study, the colonies were subdivided into several
distinct breeding cliffs (or subcolonies) on the basis of
topographic features of the coastline. This permitted
us to investigate breeding habitat selection at a scale
intermediate between the nest site and the colony. Be-
cause different cliffs within a given colony showed

important variations in local reproductive success as-
sociated with local effects of ectoparasitism and pre-
dation (see Danchin and Monnat 1992 and results of
assumption 1), all the analyses in this paper used those
cliffs as the spatial units of breeding habitat. For in-
stance, birds changing nests within a given cliff were
considered as ‘‘faithful,’’ whereas birds moving from
one cliff to another were considered as having ‘‘dis-
persed.’’ However, we obtained similar results from
analyses using either the actual nest site or the colony
as the spatial unit. The average number of chicks
fledged per nest by other pairs nesting on the same cliff
(local reproductive success) was used to test whether
neighbors’ reproductive success affected individual
dispersal decisions. Cliffs were included in the data set
if they had hosted at least ten nests in a given year.
The number of nests per cliff built in a given year thus
varied from 11 to 121.

Cliff annual demographic trend

We describe the annual demographic trend of the
different cliffs with two different variables. The annual
multiplication rate in the local numbers of breeders on
a cliff between year t 2 1 and year t was computed as
the ratio of the numbers of pairs on that cliff in the
two successive years N(t)/N(t 2 1). That parameter re-
flects the demographic balance of the positive effect of
local recruitment against the negative effect of adult
mortality and emigration. Thus, for each cliff in a given
year, we compared the annual multiplication rate with
the corresponding year-specific annual adult survival
rate to estimate whether net emigration or net recruit-
ment had occurred. Annual rates of increase higher than
the upper limit of the 95% confidence interval of the
year-specific adult annual survival rate reveal net re-
cruitment of new breeders, while values lower than the
lower limit of that interval imply net emigration of
former local breeders (i.e., numbers of breeders de-
creased more than predicted by mortality alone). This
defines a variable taking three levels: net emigration,
net recruitment, and cases where the estimated annual
multiplication rate of the local population of breeders
was within the 95% confidence interval of the annual
survival rate (mortality alone could explain changes in
local numbers of breeders).

Statistical methods

We used analyses of variance and analyses of co-
variance for continuous dependent variables (GLM
procedure in SAS [SAS 1990]) and logistic regressions
for binary dependent variables (CATMOD procedure
in SAS [SAS 1990]). We checked fit of logistic re-
gression models with likelihood-ratio goodness-of-fit
tests. Except when specified, we started with the full
model containing the main effects plus all the possible
interactions. Model selection was carried out by re-
moving, one by one, the effects that were the furthest
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TABLE 1. Variations of the probability of successfully rear-
ing at least one chick in different years according to the
cliff (logistic regression).

Year
No. of
nests df x2

P of
cliff effect

1981
1982
1983
1984
1985
1986
1987
1988
1989†
1990
1991
1992

98
786
755
655
540
808
753
489
310
678
679
772

1
16
15
15
14
20
20
14

9
15
14
17

19.72
135.78

79.94
53.57
66.16
43.50
64.52
48.28
10.50
58.57
35.98
60.69

0.0001
0.0001
0.0001
0.0001
0.0001
0.0018
0.0001
0.0001
0.3112
0.0001
0.0011
0.0001

† This was an unusual year during our 17-yr study: a very
low proportion of adults bred (;35% vs. ;10% in other years;
Cam et al., in press), laying was very late, and there was a
very low reproductive success in all cliffs.

from statistical significance (a set at 0.05), starting with
the highest-order interactions down to the main effects.

Accounting for nonindependence in the data.—Data
used to test predictions 2 and 3 had two potential
sources of nonindependence. First, the different records
concerning the same individual (mean of 2.82 obser-
vations per individual; SD 5 2.1; range 5 1–11) could
not be considered as independent statistical events.
Second, birds breeding on the same cliff in the same
year (i.e., cliff-year) were not independent because they
each experienced the same local conditions (mean of
7.3 marked individuals per cliff-year; SD 5 8.7; range
1–45). One method that has been used in such cases
to avoid biases due to such nonindependence is to select
a single record per source of nonindependence and to
perform the analysis on the resulting data set. If this
random selection is done only once, such approach can
lead to wrong conclusions, as for instance the P value
associated with an effect may have a 50% chance of
being below the significance level, depending on the
data set (Massot et al. 1993, Potvin and Roff 1993; see
Fig. 4). It is thus necessary to study the distribution of
the P values associated with the different potential ef-
fects by performing multiple random resamplings of
one record per independent unit (Massot et al. 1993,
Potvin and Roff 1993).

We used such a resampling technique to analyze fac-
tors affecting breeding patch fidelity of individuals. We
performed the analyses in two steps. First, the analyses
were performed on the whole data set. This permitted
the selection of final models incorporating the signif-
icant effects. In a second step, we used data sets con-
taining statistically independent records by randomly
selecting one record per individual, and a single record
per cliff-year. This was repeated 1000 times to obtain
the distribution of the P value of the independent vari-
ables (or their interactions). The distribution of the P
values associated with each effect allowed us to de-
termine their significance. If the higher value of the
95% confidence interval of the P values associated to
a given effect (hereafter called 95% CI) was lower than
0.05, then the effect was significant. Conversely, if the
lower value of the confidence interval was higher than
0.05, the effect was not significant.

When the 95% confidence interval of the distribution
of the P values included 0.05, following Crowley
(1992), Efron and Tibshirani (1993), and Massot et al.
(1993), we performed randomization tests to determine
the probability P9 of obtaining the observed proportion
of significant values by chance. Randomization tests
use random permutations of the values of each inde-
pendent variable of the statistical model: for each per-
mutation, we performed 200 resamplings of one value
per individual and cliff-year as described above to ob-
tain the proportion of significant tests resulting from
that permutation. We did 500 permutations, and the
final value P9 for each effect was given by the pro-
portion of the permutations that led to an equal or larger

proportion of significant values than that observed in
the resamplings without permutation. If P9 , 0.05, we
reject the null.

RESULTS

Assumption 1: patchiness of the environment

We analyzed the probability of a pair breeding suc-
cessfully according to year and cliff (Table 1). Because
the interaction between those factors was significant
(Year 3 Cliff: 5 477.19, P , 0.0001), we analyzed2x139

the effect of the cliff separately for each year. In 11
out of 12 yr, the cliff effect was highly significant.
Thus, the probability of breeding successfully varied
among cliffs within years, and the relative quality of
different cliffs varied in time. This suggests that cliffs
were breeding patches of varying quality.

Assumption 2: predictability of the environment

The average reproductive success of the pairs of a
given cliff was autocorrelated from one year to the next
(n 5 205, r2 5 0.22, P , 0.0001, slope 6 1 SD 5 0.87
6 0.03), indicating that cliff quality was predictable
between years. The interactions between the previous
year’s local reproductive success with the year effect
(F10, 181 5 1.22, P 5 0.28) and with the cliff effect
(F30, 140 5 1.00, P 5 0.47) indicated that these rela-
tionships did not differ among years and cliffs.

Two local environmental factors are likely to explain
the main part of the predictability of local average re-
productive success independently of the quality of the
local breeders: ectoparasitism by cliff ticks and pre-
dation. In particular, each cliff’s density of tick (Ixodes
uriae, an ectoparasite linked to the breeding substra-
tum; Eveleigh and Threlfall 1974) was negatively cor-
related with the local number of chicks fledged per pair
(ANOVA, F1, 139 5 50.51, P , 0.0001, r2 5 0.26), sug-
gesting a negative effect of that ectoparasite on local
reproductive success. Furthermore, tick density on a
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TABLE 2. Predictability of breeding cliff quality as assessed
through temporal autocorrelation of local reproductive suc-
cess (RS).

A) Correlation of local reproductive success in year t and
local reproductive success of the same cliff at different time
lags before year t

Year R2
Sample

size df P

t 2 1
t 2 2
t 2 3
t 2 4

0.2227
0.0934
0.0452
0.0166

205
169
148
126

1
1
1
1

0.0001
0.0001
0.0095
0.1510

B) Existence of additive or multiplicative effects of the local
reproductive success of the four last years on current repro-
ductive success (analysis of covariance, n 5 103)

Independent
variables df F P

Year
Local RS(t 2 1)
Local RS(t 2 2)
Local RS(t 2 3)
Local RS(t 2 4)

7
1
1
1
1

2.88
21.89

3.26
0.00
2.33

0.0090
0.0001
0.0741
0.9604
0.1301

Selected model 8 4.98 0.0001

Note: The starting model included the local reproductive
success in the four previous years plus all the possible in-
teractions, as well as the year effect plus its interaction with
the previous-year local reproductive success.

FIG. 1. Local population trend of a group of Black-legged
Kittiwakes breeding on a cliff between year t 2 1 and year
t as a function of local reproductive success of year t 2 1
(average number of chicks fledged per pair; n 5 173 cliff-
years; see Table 3 for statistics). (A) Local multiplication rate
in number of breeders N(t)/N(t 2 1). Some of these values
imply net emigration of former breeders (m); others imply
net recruitment of new breeders (m); and others correspond
to cases in-between (M) (see Methods). (B) Proportion of net
emigration and net recruitment for breeders.

cliff was autocorrelated between years (n 5 66, P ,
0.0001, r2 5 0.54, slope 6 1 SD 5 0.99 6 0.06). This
parameter, which influenced environmental quality,
was thus predictable from one year to the next. Finally,
the probability of breeding successfully for young local
recruits was correlated with the local reproductive suc-
cess in the previous year (logistic regression, n 5 673
young recruits, P 5 0.0003), showing that the repro-
ductive success of current breeders was predictive of
the success of new recruits. Thus, factors other than
the quality of the local breeders explain the temporal
autocorrelation of the local reproductive success.

The temporal autocorrelation of local reproductive
success fades with time (Table 2A), showing that the
environment was only weakly predictable after a few
years. The prediction of the local reproductive success
in a given year as a function of local reproductive suc-
cess in the previous year was not improved by adding
information about the local reproductive success 2, 3,
and 4 yr before, either as additive or multiplicative
effects (Table 2B). This shows that this system is dy-
namic in space and time, but that cliff quality can nev-
ertheless be predicted from one year to the next, but
not over several years.

Prediction 1: local demographic trend and cliff
reproductive success

There was a strong relationship between local re-
productive success and local demographic trend in the
following year (Fig. 1, Table 3). High local reproduc-
tive success always led to high annual multiplication
rate in the number of local breeders (Fig. 1A) resulting

from net recruitment of new breeders (Fig. 1B) in the
following year. Conversely, low local reproductive suc-
cess led to low annual local population multiplication
rate and net emigration of breeders (Fig. 1). Breeders
were thus deserting cliffs with low local reproductive
success. Furthermore, the relation between annual local
population multiplication rate and the previous year’s
local reproductive success was positive in every year,
significantly so in 8 out of 10 yr (interaction between
local reproductive success and year effects P 5 0.20),
and was positive and significant in each of the six col-
onies (interaction between year and colony effects, P
5 0.80).

In this population as in others (Coulson and Thomas
1985), the youngest age at which Black-legged Kitti-
wakes first breed is 3 yr, and the modal age of first
breeding is 4 yr (percentage recruiting at age 4: 45.4%;
n 5 445; mean age at recruitment: 3.98 yr). Therefore,
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TABLE 3. Factors explaining the local annual population
trend of Black-legged Kittiwakes.

A) Annual local multiplication rate in the number of breeders
N(t)/N(t 2 1) as a function of year, previous-year local re-
productive success (RS, average number of chicks fledged
per pair), and colony (analysis of covariance)†.

Independent variables df F P

Local RS in year t 2 1
Year
Colony
Model

1
10

5
18

170.92
15.66

7.27
20.54

0.0001
0.0001
0.0001
0.0001

B) Probability of occurrence of net emigration or net recruit-
ment in relation to the previous-year local reproductive suc-
cess of the cliffs (logistic regression, n 5 173 cliff-years).

Independent variable df F P

Local reproductive success
in year t 2 1 1 17.22 0.0001

Selected model likelihood
ratio 139 38.09 1.000

Notes: Net recruitment was detected when local population
increased more than predicted by year-specific annual adult
survival rate. Cases of net emigration were those in which
local population decreased more than predicted by this pa-
rameter.

† The starting model of the analysis included the three in-
dependent variables plus all the possible interactions (n 5
173 cliff-years).

recruits in a given year could not have hatched in the
preceding year, and there should be a 4-yr delay in the
effect of local reproductive success on local population
trend under the assumption of natal philopatry to the
breeding cliff. However, after accounting for the effect
of local reproductive success in year t 2 1 on the mul-
tiplication rate in the numbers of local breeders from
year t 2 1 to t, there was no additive or interactive
effect of the local reproductive success in the years
before (final model as in Table 3A; starting model in-
cluded as independent variables year, colony, and local
reproductives successes in year t 2 1, t 2 2, t 2 3,
and t 2 4 and the interactions; all independent effects
removed in the selection process had P . 0.30): the
demographic trend was best explained by the previous
year’s local reproductive success only. Adding infor-
mation on years before did not improve the model. This
shows that active recruitment involving nonlocally
born individuals occurred immediately following high
local reproductive success.

Prediction 2: breeding patch selection of
experienced breeders

Birds that changed breeding cliffs between year t 2
1 and year t settled in higher proportions on cliffs of
better reproductive success in the year t than if they
had settled at random [(i.e., equally likely among cliffs;

5 13.5, P , 0.01; three levels of local reproductive2x2

success: high (.75% of successful pairs), average (be-
tween 75 and 50%) and low (,50% of successful
pairs)]. This biased spread of the former breeders that

changed cliffs can be explained by an active choice
made while prospecting at the end of year t 2 1. Indeed,
the reproductive success of the cliffs to which individ-
uals dispersed in year t was significantly better in year
t 2 1, at the time of prospecting, than if selected at
random in year t 2 1 (comparison of the different pro-
portions of cliffs with three levels of local reproductive
success, 5 34.13, P , 0.001).2x2

Prediction 3: individual breeding patch fidelity and
local reproductive success

First step: analysis of the whole data set.—To an-
alyze the effect of the average reproductive success of
local breeders on fidelity to the breeding cliff, we had
to account for the effect of other factors known to
influence breeding patch fidelity in other species. Such
factors are the sex and age, as well as individual’s last-
year breeding performance (e.g., Shieck and Hannon
1989). We also included a year effect to account for
between-year variations (Table 4). Because the model
explaining adult fidelity to the cliff in year t showed
an interaction between individual breeding perfor-
mance and local reproductive success in year t 2 1
(Table 4A; Figs. 2 and 3), individuals having experi-
enced a success or a failure in their year t 2 1 breeding
attempt were analyzed separately.

For failed breeders in year t 2 1, the average repro-
ductive success of other pairs breeding on the same
cliff in year t 2 1 had a strong effect on adult fidelity
to the breeding cliff in the following year (Figs. 2 and
3; Table 4B). For birds having bred successfully the
previous year, only sex had an effect, with females
being trivially less faithful to site than males (96.1 and
98.1% faithful, respectively; Table 4C). Successful
breeders were highly faithful to their breeding cliff
regardless of the reproductive success of the other pairs
on their breeding cliff (Table 4C; Figs. 2 and 3). How-
ever, in productive cliffs (Figs. 2 and 3) birds appeared
faithful to their breeding cliff regardless of their in-
dividual breeding performance ( 5 0.35, P 5 0.55,2x1

breeding failure at the nest stage against the other
stages; Fig. 2). Conversely, in less productive cliffs
(Figs. 2 and 3), individual breeding performance played
a prominent part ( 5 107.42, P , 0.0001), and fe-2x4

males were more likely to emigrate ( 5 22.51, P ,2x1

0.0001). When both individual breeding performance
and the average reproductive success of other pairs on
the same cliff were very low, breeding dispersal was
the most common behavior observed (Fig. 3).

Second step: numerical resamplings to control for
nonindependence.—We checked the validity of the pre-
vious analyses with a resampling technique to select
one record per individual and cliff-year to obtain in-
dependent data (see Methods). Resamplings confirmed
that in productive cliffs (Figs. 2 and 3), birds were
faithful to their breeding cliff regardless of their pre-
vious-year individual breeding performance (95% of
the P values associated to that effect were between
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TABLE 4. Fidelity to the breeding cliff in year t according
to individual breeding performance and local reproductive
success in year t 2 1, and sex, age, and year (multiple
logistic regression, on the whole data set). In the three
cases, the starting models contained the main effects plus
all the pairwise interactions.

A) Analysis on all categories of breeders (n 5 1395)
Independent variable df x2 P†

Sex
Age
Year

1
2
7

8.54
6.90
8.17

0.0035
0.0317
0.3177

Individual breeding performance
in year t 2 1‡ 1 17.08 0.0001

Local reproductive success in year
t 2 1§ 1 5.80 0.0160

Individual breeding performance
3 Local reproductive success 1 6.57 0.0104

Model likelihood ratio 478 382.44 0.99

B) Analysis on breeders that failed in year t 2 1 (n 5 491)
Independent variable df x2 P

Sex 1 4.91 0.0267
Age
Year

2
7

2.97
14.68

0.2268
0.0229

Individual breeding performance
in year t 2 1\ 2 11.67 0.0029

Local reproductive success in year
t 2 1§ 1 35.59 0.0001

Model likelihood ratio 217 208.52 0.6482

C) Analysis on breeders that bred successfully in year t 2 1
(n 5 1197)

Independent variable df x2 P

Sex
Age
Year

1
2
7

3.93
3.98
5.27

0.0474
0.1364
0.6265

Individual breeding performance
in year t 2 1¶ 1 0.87 0.3508

Local reproductive success in year
t 2 1§ 1 0.64 0.4233

Model likelihood ratio 1 0.31 0.5792

† Significant P values are in boldface.
‡ Fledged at least one chick vs. complete breeding failure.
§ Local reproductive success in year t 2 1 is the average

number of chicks fledged per nest by other pairs nesting on
the same cliff. Similar results were obtained by using the
three categories of cliff quality (as in Fig. 2) or the percentage
of breeding failure per cliff (arcsine transformed) as a de-
scriptor of local reproductive success.

\ Failed at the nest, egg, or chick stage.
¶ Fledged one vs. two or more chicks.

0.049 and 0.97 among the analyses carried out on 1000
resamplings of the data set), whereas in less productive
cliffs individual breeding performance played a prom-
inent part (95% of the P values were below 0.004).

For successful breeders, when using successive re-
samplings, the lower limits of the 95% confidence in-
tervals of the significance levels obtained in 1000 it-
erations were above 0.05 when testing the final model
obtained on the whole data set (Table 4C): specifically,
the lower limit of the 95% CI was 0.078 for the effect
of the previous-year individual breeding performance
and 0.102 for the effect of sex. This confirms the results
obtained on the whole data set (Table 4C), that suc-

cessful breeders were highly faithful to their breeding
cliff regardless of their age, sex, level of breeding suc-
cess, and the average breeding success of the other pairs
on the same cliff.

For failed breeders, when testing the model selected
on the whole data set (see Table 4B) on randomly se-
lected independent records, the 95% CI of the signifi-
cance levels obtained in 1000 iterations included 0.05
for all the effects (Fig. 4). Randomization tests (see
Methods) showed that the probability P9 of obtaining
similar proportions of significant values by chance was
0.002 for the effect of local reproductive success, 0.004
for individual breeding performance, and 0.102 and
0.132 for sex and year effects, respectively. This con-
firms that, for failed breeders, fidelity to the breeding
cliff was strongly influenced by the average reproduc-
tive success of the other pairs breeding on the same
cliff as well as by the stage of the breeding cycle at
which the breeding failure occurred. Those results con-
firm that, for a given individual breeding performance,
as well as age, sex, and year, breeders did not behave
in the same way according to the average reproductive
success of their neighbors.

DISCUSSION

The hypothesis that animals cue on the reproductive
success of conspecifics to select breeding patches (i.e.,
performance-based conspecific attraction) was strongly
supported by our results. They provide the first em-
pirical evidence that individual animals use local av-
erage reproductive success of conspecifics as a source
of public information (Valone 1989) to select their
breeding environment (Chabrzyk and Coulson 1976,
Burger 1982, Shields et al. 1988, Bollinger and Gavin
1989, Beletsky and Orians 1991, Switzer 1997). A sim-
ilar hypothesis has been proposed on the basis of the-
oretical and experimental considerations for feeding
site selection, with foraging success of conspecifics
being the cue to assess the quality of a feeding area
(Clark and Mangel 1984, Valone 1989, 1991, Temple-
ton and Giraldeau 1995, Valone and Giraldeau 1993).

The major assumptions of the hypothesis that ani-
mals use the reproductive success of conspecifics for
breeding habitat selection (Boulinier and Danchin
1997) were fulfilled: the environment was patchy (Ta-
ble 1) and current patch quality was predictive of next-
year patch quality (Table 2). The predictability of
breeding patch quality was supported by (1) a positive
temporal autocorrelation of local reproductive success,
(2) the autocorrelation from one year to the next of an
ecological parameter acting on reproductive success
(the prevalence of an ectoparasite, the tick Ixodes uriae,
which appears correlated to local quality), and (3) the
correlation between reproductive success of current
breeders with that of new local recruits in the following
year. However, this temporal autocorrelation fades in
a few years (Table 2A), and local population dynamics
were explained by local reproductive success only on
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FIG. 2. Fidelity of adult Black-legged Kittiwakes to the breeding cliff in relation to individual breeding performance and
average reproductive success of the pairs on the same cliff in the previous year (open bars, breeding cliffs in which ,25%
of the pairs failed in their breeding attempt; hatched bars, between 25 and 50% failed; black bars, .50% failed). Sample
sizes are above bars (whole data set).

FIG. 3. Fidelity to the breeding cliff in year t according
to individual breeding performance and the average number
of chicks fledged per nesting pair on the cliff (local repro-
ductive success [RS]) in year t 2 1 (multiple logistic re-
gression). Individual breeding performance: F2, fledged two
or more chicks; F1, fledged one chick; CF, chick failure—
none of the chicks fledged; EF, egg failure—none of the eggs
hatched; NF, nest failure—nest built, no egg laid.

a year-to-year basis (Table 4B). Because Black-legged
Kittiwakes typically first breed when 4 yr old, it would
not be valuable for first-time breeders to have assessed
the quality of their natal cliffs when they were chicks:
the information about that quality would have faded
by the time they first breed 4 yr later. The observed
relationship between local demographic trend and the
previous year’s local reproductive success (Fig. 1) thus
suggests an active selection by potential recruits of last
year’s most productive cliffs. In the same way, the high
frequency of net emigration after a year of poor local
reproductive success (Fig. 1B) showed that former
breeders deliberately deserted currently low-quality
cliffs. Our monitoring of individually marked birds
demonstrated that deserting birds were failed breeders
of the previous year, and in agreement with prediction
3, their decision to desert was strongly influenced by
the breeding success of their close neighbors in the
previous year.

Alternative hypotheses

Could our findings result from different dispersal
strategies rather than by a performance-based conspe-
cific attraction? Alternative mechanisms could be phil-
opatry or breeding-patch selection based on the pres-
ence of conspecifics. Philopatry to the birth cliff would
generate a 3 or 4 yr delay in the relationship between
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FIG. 4. Distribution of the P values obtained in 1000 analyses following the random resamplings of one record per
individual and per cliff-year (95% CI: 95% Confidence Intervals of the distributions). Effect of (A) local RS of conspecifics
in year t 2 1, (B) year, (C) individual breeding performance in year t 2 1, and (D) sex on fidelity to the breeding cliff
between year t 2 1 and t in breeders that failed in their breeding attempt in year t 2 1. P9 values are the actual significance
levels obtained after randomization tests.

local dynamics and local reproductive success. No such
relationship was found, and only 14.5% of 807 indi-
viduals recruited in the study colonies first bred on their
natal cliff (Boulinier et al. 1997). Similarly, individuals
apparently may have relied on the mere presence of
conspecifics to select a breeding cliff. However, this
could not be a major effect because local reproductive
success was only slightly explained by the size of the
breeding group in the previous year (P 5 0.0437, AN-
COVA with previous year local reproductive success
as a second covariate P 5 0.0001, and year as a class
effect, P 5 0.0001). Finally, individuals could use dif-
ferent cues acting on local reproductive success, but
the use of the reproductive success of conspecifics is
likely to be a more parsimonious strategy because it
integrates the effect on fitness of all these factors into
a single parameter.

Our results on breeding-patch fidelity could also re-
sult from at least two different mechanisms: birds may
actually have assessed local reproductive success (or
some correlates), or in highly predictable environ-
ments, individuals may simply rely on their own pre-
vious long-term breeding experience (Boulinier and
Lemel 1997). However, we have seen that the temporal
autocorrelation of cliff quality breaks down in a few
years, and the relative quality of cliffs also varied in
time. Consequently, a bird’s long-term memory could
not generate the detected relationship between local
reproductive success and breeding-patch fidelity. In an
environment presenting such patterns of variation, and
if dispersal is not too costly, individuals should present
a dispersal strategy based on a year-to-year appraisal
of their environment. Prospecting several years prior
to recruitment, or memorizing breeding experience
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over a long period, should not necessarily improve
breeding-patch selection. This is supported by our ob-
servation that net recruitment and breeding dispersal
(Fig. 1B) were strongly related to local reproductive
success in the previous year.

The performance-based conspecific attraction hy-
pothesis also assumes that there is no important phe-
notypic differences between the prospector and the lo-
cal breeders. Reproductive success is indeed influenced
by local environmental factors (Boulinier and Lemel
1997) but also individual components such as age, ge-
netics, body condition, and pair bonding (Coulson and
Thomas 1985, Wooller et al. 1990, Hamer and Furness
1991, Pärt et al. 1992, Weimerskirch 1992). In the pres-
ent study, however, environmental factors seem more
important than individual components because the re-
productive success of current breeders is a good pre-
dictor of the success of local recruits in the next year.

Breeding dispersal

Prediction 3 is that breeding dispersal should be af-
fected by various factors, including local reproductive
success. This might appear to contradict previous stud-
ies on Black-legged Kittiwakes, given that Coulson and
his collaborators almost never observed significant em-
igration of breeders in their long-term study (Coulson
and Nève de Mévergnies 1992), and suggested that
once established, breeding Black-legged Kittiwakes
never emigrate (Aebisher and Coulson 1990). Their
study also showed that prior individual experience in-
fluenced the relationships between nest site and mate
fidelity (Fairweather and Coulson 1995). In fact, the
only significant breeding failure event in Coulson and
his collaborators’ studies was followed by the only
significant emigration event (Coulson and Nève de
Mévergnies 1992). In other words, except in that par-
ticular case, their colony probably corresponded to the
highly productive cliffs of the present study (open bars
in Fig. 2 or rear part of Fig. 3) from which none of
our birds emigrated either. Moreover, our study pre-
sents results on fidelity to subcolony rather than to
colony. That scale appeared particularly meaningful in
our case because of the patchiness resulting from local
environmental factors (ectoparasitism and predation).
Besides, we documented 62 cases of infidelity to the
colony, and we conducted similar analyses that showed
that dispersal between colonies was also influenced by
the same variables, including local reproductive suc-
cess.

For various practical reasons, ecologists often study
growing or stable populations, rather than rapidly de-
clining ones (Pulliam 1988). This may have precluded
the finding of some important processes that are ex-
pressed only in unfavorable situations. For instance,
Bollinger and Gavin (1989) found results similar to
ours on the influence of neighbors’ reproductive suc-
cess when comparing populations with very different
average reproductive success, whereas Beletsky and

Orians (1991) did not find this within a productive
population. Finally, breeding dispersal should not be
neglected since even a low rate of breeding infidelity
can have important effects on individual fitness, as well
as on metapopulation dynamics and gene flow (Barton
1992, Danchin and Monnat 1992, Lebreton and Gon-
záles Dávila 1993, Spendlow et al. 1995, Prévot-Jul-
liard et al., in press). In cases where local resighting
probabilities are below one, the use of multistate cap-
ture–recapture models should allow the effect of local
habitat characteristics in a given year on dispersal prob-
abilities to be studied (Nichols and Kendall 1995, Spen-
dlow et al. 1995).

Behavioral evidence of habitat assessment before
recruitment

Our results strongly suggest that potential recruits
actually assess some parameter highly correlated with
the current reproductive success of conspecifics. This
may be the reproductive success itself and/or the local
social context (resulting from the activities of the in-
dividuals of the breeding group), which has been shown
to influence individual behavior (Southern 1974, Dan-
chin 1988). In the Black-legged Kittiwake, several be-
havioral observations explain the results of predictions
1, 2, and 3. The two categories of individuals most
likely to be seeking a nesting site (i.e., immatures and
failed breeders), prospect colonies towards the end of
the breeding season (Hodges 1974, Porter 1990, Dan-
chin et al. 1991, Cadiou et al. 1994, Boulinier et al.
1996). During the course of this study, 92.9% of the
807 birds that were banded as chicks and recruited into
our study colonies were seen in the year preceding their
first recruitment. Most failed breeders on productive
cliffs remained on their nest for the rest of the season,
while on less productive cliffs failed breeders tended
to desert their nest immediately after failure and squat
on (i.e., occupy) successful nests on other cliffs that
often belong to other colonies (Cadiou 1993, Cadiou
et al. 1994). This can explain how, in certain circum-
stances, some measure of current local environmental
quality (here estimated by the local reproductive suc-
cess) can override individual breeding experience, as
shown by our results on breeding-patch fidelity.

Furthermore, the timing of prospecting in this spe-
cies corresponds to the period when the value of in-
formation on relative cliff quality is the highest (Bou-
linier et al. 1996). More generally, the widespread avi-
an habit of prospecting (Danchin et al. 1991, Baker
1993, Reed and Dobson 1993, Reed et al. 1998) occurs
when young individuals and failed breeders can actu-
ally assess the relative quality of the patches they visit.
In burrow-nesting species, where nest contents cannot
be assessed from a distance, prospectors visit burrows
during chick rearing (reviewed in Reed et al., 1998),
which is probably the best strategy to assess current
reproductive success. In the common Goldeneye (Bu-
cephala clangula), for instance, adults whose nesting
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attempt failed, and nonnesting yearlings are commonly
captured in nest boxes while prospecting (Zicus and
Hennes 1991). Active nests received up to 25 visits per
day, and adults appeared to prospect more in nest boxes
that had contained successful nests during the current
season than in those where nests were abandoned or
unused. As a consequence, previously successful nest
sites are used preferentially in the following season
(Dow and Fredga 1985, Zicus and Hennes 1991). In
some cliff-nesting species, nest ownership depends on
the individual’s capacity to land on the nest during
fights, and nest appropriation is based on repeated land-
ings on the actual nest site (Danchin and Nelson 1991).
Prospectors in these species try to land and squat on
nests with chicks as soon as they are left unattended
(Monnat et al. 1990, reviewed in Danchin and Nelson
1991, Danchin et al. 1991, Cadiou 1993). In the Black-
legged Kittiwake, squatters recruit preferentially to one
of the squatted nests (Monnat et al. 1990, Cadiou 1993,
Cadiou et al. 1994), thus showing a link between pros-
pecting and recruitment.

Performance-based conspecific attraction and
dynamics of subdivided populations

According to the performance-based conspecific at-
traction hypothesis, when local conditions deteriorate,
individuals ‘‘vote with their feet’’ by moving to more
productive locations and prospectors can choose to
breed in the currently best places. Indeed, in our study,
birds that dispersed finally settled on cliffs of currently
higher than average quality. Some individuals, how-
ever, may be unable to fulfil their choices because of
density-dependent intraspecific competition for sites
and mates. This may lead individuals to skip breeding
opportunities (while queuing for breeding vacancies)
or to pioneer new colonies (Forbes and Kaiser 1994).
At the scale of a metapopulation (Hanski 1991), such
individual behavior would lead to preferential recruit-
ment to the most productive areas at a given time. The
effect of this form of conspecific attraction on the prob-
ability of persistence of metapopulations would need
specific investigations (Smith and Peacock 1990, Ray
et al. 1991, Reed and Dobson 1993, Boulinier and Le-
mel 1997).

Our results underscore the complexity of settling de-
cisions in interaction with the spatial and temporal
scales of habitat variation (Orians and Wittenberger
1991, Desrochers and Magrath 1993, Switzer 1993,
1997, Prévot-Julliard et al., in press). The performance-
based conspecific attraction hypothesis relates breed-
ing-patch selection to the evolution of dispersal. Recent
models have underlined the importance for the evo-
lution of dispersal of the ability to alter dispersal pro-
pensity according to environmental cues (McPeek and
Holt 1992, Lemel et al., 1997). Using the current re-
productive success of conspecifics may provide such
cues, allowing animals to track spatiotemporal varia-
tions of the environment (Stephens 1987).

Performance-based conspecific attraction and
coloniality

Dispersal and recruitment based on the assessment
of the spatiotemporal variation in local reproductive
success could aggregate nesting territories (Boulinier
and Danchin 1997), as other conspecific-based habitat
selection strategies (Shields et al. 1988, Brown et al.
1990, Stamps 1991, Wagner 1993, 1997). This may
have led to coloniality in species feeding on nonde-
fendable resources (Shields et al. 1988, Brown et al.
1990, Boulinier and Danchin 1997). The performance-
based conspecific attraction hypothesis may thus cast
new light on the evolution of coloniality, a breeding
pattern observed in many taxa, in spite of its costs for
the individual (reviewed in Brown and Brown 1996,
Danchin and Wagner 1997). The main difficulty of the
classical cost-and-benefit approach to that question is
that the balance of these different effects is difficult to
estimate because the various costs and benefits cannot
be expressed in a single currency (Pulliam and Caraco
1984, Wittenberger and Hunt 1985, Shields et al. 1988).
However, one important reason for nesting close to
conspecifics may be that they provide information on
the current quality of the breeding patch (Shields et al.
1988, Stamps 1991, Brown et al. 1990, Forbes and
Kaiser 1994, Boulinier and Danchin 1997). In fact, as
a component of fitness, reproductive success integrates
the effects of most factors acting on fitness, including
the costs and benefits of coloniality, so that it can be
considered as the ‘‘common currency’’ biologists have
been seeking. Thus, its use eliminates the problem of
weighing the costs and benefits of coloniality (Danchin
and Wagner 1997). It also avoids the risk of overem-
phasizing any one factor in studies of habitat selection
(e.g., food resources, as emphasized by Stamps [1994]).

More generally, the use of any conspecific cue as a
way to select all the commodities necessary to breed
can generate aggregations of breeders, thus paving the
way to coloniality (Danchin and Wagner 1997). This
may provide an initial seeding of nest clumping, which
allows some or several of the other colony-based se-
lective advantages proposed in the literature (e.g., so-
cial defence against predators, social foraging; Witten-
berger and Hunt 1985, Brown and Brown 1996) to take
effect and promote colony growth. However, the effi-
ciency of breeding-patch selection based on conspecific
reproductive success is self-amplified because, once
nests are aggregated, individuals can more easily assess
the local reproductive success on a large sample of
nesting conspecifics within each patch. This is likely
to diminish the costs of prospecting and increases the
reliability of the estimation of current local environ-
mental quality. Thus, breeding-patch selection based
on conspecific cues may contribute to both the for-
mation and the maintenance of colonies.

Counterintuitively, however, reputed costs of colon-
iality (e.g., predation and parasitism) may have indi-
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rectly promoted coloniality. Indeed, the negative ef-
fects on individual fitness of such costs may have pro-
duced environmental patchiness in the ancestral spe-
cies, which was likely to have been solitary (Rolland
et al., in press). This could have increased the necessity
of habitat selection strategies based on current fitness
components of conspecifics. This may, in turn, have
favored the evolution towards colonial breeding to
which the formerly negative effects secondarily be-
came costs. Similarly, any factor acting on environ-
mental quality (either positively or negatively) may
have indirectly caused the evolution of coloniality. The
performance-based conspecific attraction mechanism
of colony formation thus integrates the effect of all the
previously proposed mechanisms in a single frame-
work, that of breeding habitat selection based on con-
specifics (i.e., the commodity selection hypothesis of
Danchin and Wagner [1997]). By studying individual
decisions, this framework emphasizes the proximate
mechanisms of aggregation rather than the resulting
patterns. Ultimate causes of coloniality and proximate
cues of habitat selection are connected, the reproduc-
tive success of conspecifics being the proximate cue
that ultimately allows individuals to optimize their own
reproductive success.
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social d’ontogenèse. Cas de la mouette tridactyle (Rissa
tridactyla). Dissertation. Université de Rennes I, Rennes,
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Hafner, and D. N. Nettleship, editors. Colonial breeding in
waterbirds; evolutionary causes and functional conse-
quences. Oxford University Press, Oxford, UK.

Pulliam, H. R. 1988. Sources, sinks, and population regu-
lation. American Naturalist 132:652–661.

Pulliam, H. R., and T. Caraco. 1984. Living in groups: is
there an optimal group size? Pages 122–147 in J. R. Krebs
and N. B. Davies, editors. Behavioural ecology, an evo-
lutionary approach. Second edition, Blackwell Scientific,
Oxford, UK.

Ray, C., M. Gilpin, and A. T. Smith. 1991. The effect of
conspecific attraction on metapopulation dynamics. Pages
123–134 in M. Gilpin and I. Hanski, editors. Metapopu-
lation dynamics: empirical and theoretical investigations.
Academic Press, London, UK.

Reed, J. M., T. Boulinier, E. Danchin, and L. W. Oring. 1998.
Prospecting by birds for breeding site. Current Ornithology,
in press.

Reed, J. M., and A. P. Dobson. 1993. Behavioural constraints
and conservation biology: Conspecific attraction and re-
cruitment. Trends in Ecology and Evolution 8:253–256.



2428 Ecology, Vol. 79, No. 7ETIENNE DANCHIN ET AL.

Rolland, C., E. Danchin, and M. de Fraipont. In press. The
evolution of coloniality in birds in relation to food, habitat,
predation and life history traits: a comparative analysis.
American Naturalist.

SAS. 1990. SAS user’s guide. Version 6 edition. SAS In-
stitute, Cary, North Carolina, USA.

Schieck, J. O., and S. J. Hannon. 1989. Breeding site fidelity
in Willow Ptarmigan: the influence of previous reproduc-
tive success and familiarity with partner and territory. Oec-
ologia 81:465–472.

Shields, W. M., J. R. Crook, M. L., Hebblethwaite, and S. S.
Wiles-Ehmann. 1988. Ideal free coloniality in the swal-
lows. Pages 189–228 in C. N. Slobodchikoff, editor. The
ecology of social behavior. Academic Press, San Diego,
California, USA.

Smith, A. T., and M. M. Peacock. 1990. Conspecific attrac-
tion and the determination of metapopulation colonization
rates. Conservation Biology 4:320–323.

Southern, W. E. 1974. Copulatory wing flagging: a syn-
chronizing stimulus for nesting Ring-Billed Gulls. Bird
Banding 45:210–216.

Spendelow, J. A., J. D. Nichols, I. C. T. Nisbet, H. Hays, G.
D. Cormons, J. Burger, C. Safina, J. E. Hines, and M. Goch-
feld. 1995. Estimating annual survival and movement rates
of adults within a metapopulation of Roseate Terns. Ecol-
ogy 76:2415–2428.

Stamps, J. A. 1988. Conspecific attraction and aggregation
in territorial species. American Naturalist 131:329–347.

. 1991. The effect of conspecifics on habitat selection
in territorial species. Behavioral Ecology and Sociobiology
28:29–36.

. 1994. Territorial behavior: testing the assumptions.
Advances in the Study of Behavior 23:173–232.

Stephens, D. W. 1987. On economically tracking a variable
environment. Theoretical Population Biology 32:15–25.

Switzer, P. V. 1993. Site fidelity in predictable and unpre-
dictable habitats. Evolutionary Ecology 7:533–555.

. 1997. Past reproductive success affects future hab-

itat selection. Behavioral Ecology and Sociobiology 40:
307–312.

Templeton, J. J., and L. A. Giraldeau. 1995. Patch assessment
in foraging flocks of European starlings: evidence for the
use of public information. Behavioral Ecology 6:65–72.

Valone, T. J. 1989. Group foraging, public information, and
patch estimation. Oikos 56:357–363.

. 1991. Bayesian and prescient assessment: foraging
with pre-harvest information. Animal Behaviour 41:569–
577.

Valone, T. J., and L. A. Giraldeau. 1993. Patch estimation
by group foragers: what information is used? Animal Be-
haviour 45:721–728.

Wagner, R. H. 1993. The pursuit of extra-pair copulations
by female birds: a new hypothesis of colony formation.
Journal of Theoretical Biology 163:333–346.

. 1997. Hidden leks: Sexual selection and the clump-
ing of avian territories. Pages 123–145 in P. G. Parker and
N. Burley, editors. Extra-pair mating tactics in birds. Or-
nithological Monographs, American Ornithologists’ Union,
Washington, D.C., USA.

Weimerskirch, H. 1992. Reproductive effort in long-lived
birds: age specific patterns of condition, reproduction and
survival in the wandering albatross. Oı̈kos 64:464–473.

Wiens, J. 1976. Population responses to patchy environ-
ments. Annual Review of Ecology and Systematics 7:81–
120.

Wittenberger J. F., and G. L. Hunt. 1985. The adaptive sig-
nificance of coloniality in birds. Pages 1–78 in D. S. Farner,
J. R. King, and K. C. Parkes, editors. Avian biology. Vol-
ume VIII. Academic Press, New York, New York, USA.

Wooller, R. D., J. S. Bradley, I. J. Skira, and the late D. L.
Serventy. 1990. Reproductive success of Short-tailed
Shearwaters Puffinus tenuirostris in relation to their age
and breeding experience. Journal of Animal Ecology 59:
161–170.

Zicus, M. C., and S. Hennes. 1991. Nest prospecting by
Common Goldeneyes. Condor 91:807–812.


