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Summary

1. Several hypotheses have attempted to explain why sedentary populations persist
in the wintering grounds of many migratory bird species. For instance, residents may
overcome the flooding of their range if they are better competitors than migrants.
Alternatively, each population fraction may use different resources or even different
habitat types, for example because residents benefit from site tenacity while migrants
benefit from resource tracking.

2. To evaluate these hypotheses, we studied the distribution of sympatric migratory
and sedentary blackcaps (Sylvia atricapilla) in southern Spain during two winters.
We distinguished two habitat types: forests, which are used by residents for breeding,
and shrublands, to which blackcaps spread in winter with the arrival of migrants.
Shrublands are unsheltered habitats that show more abundant but less diverse fruits
than forests. We investigated (i) if blackcaps show habitat segregation with respect to
migratory behaviour, sex, age and body size, (i1) what resources are used by each popula-
tion fraction within each habitat type and (iii) how habitat occupancy affects the body
condition of individuals.

3. Residents were almost completely restricted to forests, while migrants occupied both
habitat types. Among migrants, adults predominated in forests and juveniles in shrub-
lands, but no sexual segregation was found. Body size was larger in residents than in
migrants, and these were larger in forests than in shrublands (especially juveniles). If
larger birds are dominant, these results support the idea that residents may endure in
forests and exclude the most subordinate migrants (juveniles and small birds) towards
shrublands.

4. Within forests, migrants and residents tracked fruit abundance, but residents were
also associated with the most suitable breeding sites. Migrants tracked fruits less closely
in shrublands, due probably to a higher fruit abundance and a lower availability of shelter.
5. Habitat segregation did not affect muscular development of migrants. However, migrants
accumulated more fat in shrublands. Therefore, differences in nutritional quality cannot
explain why adult and larger blackcaps predominate in forests. Instead, other factors
such as food diversity or exposure to predators might account for this distribution.

6. Our results provide a mechanism to explain the persistence of sedentary populations
despite migrants overflowing their range and using the same resources. Residents may
challenge the arrival of conspecifics because they are better competitors. From an
evolutionary perspective, this shows that non-breeding processes may be as important
as breeding benefits accrued to migrants for explaining the dynamics of migratory and
sedentary populations.

Key-words: body condition, habitat segregation, resource use, Sylvia atricapilla, winter
ecology.
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Introduction

Birds are able to exploit the most seasonally suitable
habitats at each moment in their life cycle. By mov-
ing between highly productive breeding and wintering
grounds, they may improve fecundity and non-breeding
survival, paying a comparatively low cost of movement
(Gauthreaux 1982; Alerstam 1991; Berthold 1993).
Variation in migratory behaviour is widespread, not
only among species but also within species, shifting
from sedentary at low latitudes to completely migra-
tory at high latitudes in temperate regions (Newton &
Dale 1996; Berthold 1999). As a consequence of this
gradation, the wintering area of migratory populations
overlaps with the range of residents, which may be liter-
ally flooded during winter by migrant conspecifics.

The coexistence of migrant and resident conspecifics
in non-breeding grounds poses a dilemma. In the absence
of resource partitioning, and assuming that migrants
and residents have a similar winter survival, migrants
would have a higher recruitment than residents due
to the higher fecundity they may achieve in their more
productive breeding grounds, eventually putting an end
to the resident population (Alerstam & Enckell 1979;
Fretwell 1980; Ricklefs 1992; Bell 2000). Competition
with migrants has long been thought to explain why
residents are absent from the wintering areas of many
migratory species, despite these maintaining favourable
environmental conditions (Alerstam & Enckell 1979;
Bell 2000). However, in many other species residents
have somehow overcome the negative impact of mig-
rants, maintaining their population despite their lower
fecundity. Nowadays, we have a little knowledge of the
processes that may have caused sedentary populations
to have persisted in some cases but to have gone extinct
in others (Bell 2000).

In two influential papers, Cox (1968, 1985) proposed
that residents can outcompete migrants and hence per-
sist in their range as long as environmental conditions
allow their existence. If residents take advantage of
prior occupancy, site-tenacity and familiarity with the
area, they might endure in their breeding territories by
expelling arriving migrants once saturation is reached.
This may well explain the stable coexistence of both
population fractions in non-breeding grounds. Com-
petitive advantages would improve non-breeding
survival of residents so as to counterbalance their
comparatively low fecundity, while the reproductive
benefits accrued to migrants would counteract their
reduced non-breeding survival (Greenberg 1980).

Although Cox’s hypothesis has been the basis of
much subsequent theoretical work (Rappole 1995;
Safriel 1995), the actual mechanisms of coexistence
of migrants and residents remain poorly studied, and
alternative hypotheses have been proposed. Thus, a
number of studies have suggested that site-fidelity or
familiarity with the area may not have that impact on
the outcome of social contests, and prior occupancy by
residents cannot preclude that migrants overflow their

range (Alerstam & Enckell 1979; Fretwell 1980; Bell
2000). According to this view, whether or not residents
may overcome competition with migrants would prim-
arily depend on the size of the migratory population
instead of the relative competitive abilities of migrants
and residents (Bell 2000).

A third hypothesis for coexistence suggests that
competition between migrants and residents may be
attenuated through resource partitioning if they pre-
ferred different resources or habitat types. This idea
originated from the observation that migratory species
often occupy secondary-growth habitats in wintering
areas. Alerstam & Enckell (1979) even suggested that
this is a result of the lower predictability of these
habitats, where residents would lose the advantage of
site-tenacity and hence might compete less efficiently.
However, different requirements of migrants and
residents could facilitate habitat segregation without
too extensive competition. Residents have reproduct-
ive interests within their range, where they could try to
endure over winter to benefit from an early occupancy
of the best breeding territories (Verboven & Visser
1998). Migrants, which are free of these pressures, may
track resources necessary to secure self-maintenance,
such as food and refuge to escape predators (Herrera
1985; Blem 1990; McNamara & Houston 1990; Watts
1991; Rey 1995).

Understanding non-breeding interactions between
migrants and residents is also crucial to the theory of
the evolution of migration. Based on the former models
of conspecific interaction, three main hypotheses have
tried to explain how migratory behaviour could appear
from an otherwise sedentary population, leading to a
migratory species with nonoverlapping breeding and
wintering grounds (Rappole 1995). According to the
first hypothesis (Cox 1985), if locals are better com-
petitors the split between breeding and non-breeding
areas of migrants could proceed by selection for leap-
frogging the residents’ range. Leap-frog migration could
be favoured because many migrants are obliged to
leave the areas already occupied by residents, and birds
that move beyond could eventually reach suitable non-
breeding habitats without competitors (Cox 1985).
However, this cannot account for the final extinction
of residents, which has to be explained by advocating
other processes such as the deterioration of environ-
mental conditions or interspecific competition (Cox
1985).

The second hypothesis is based on the assumption
that residents lack advantages over migrants, so that
intraspecific competition may drive sedentary popula-
tions to extinction (Alerstam & Enckell 1979; Bell 2000).
In this case, the split between breeding and non-breeding
areas of migrants would occur through a wave-like
latitudinal expansion of their breeding range caused by
a progressively increased fecundity at higher latitudes,
combined with the inability of resident populations to
afford flooding by migrants below some fecundity
threshold at lower latitudes. Thus, breeding populations
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would disappear from areas in which the breeding
output was too small to counterbalance mortality due
to competition with more northerly migratory popu-
lations, so the persistence of sedentary populations
would provide evidence that only migratory popula-
tions have not directly outcompeted them (Bell 2000).

Finally, the third hypothesis does not require com-
petition to explain the separation of breeding and winter-
ing grounds of migrants, and suggests that this would
be triggered by selection by migrants of resources
located outside the residents’ geographical range (Chesser
& Levey 1998). The first migrants would occupy a sort
of ‘ecological vacuum’ in winter bird communities
(Hutto 1980), which would allow them to increase their
numbers in a population dominated by sedentary birds
(Levey & Stiles 1992). For instance, Levey & Stiles (1992)
realized that many temperate migrants are frugivorous
and occupy open habitats, two strategies based on the
exploitation of unpredictable environments that force
birds to track resources, and proposed that wandering
movements connected to these strategies would be
precursors of true migrations (Levey & Stiles 1992;
Chesser & Levey 1998).

To resolve which of these theories best explains the
evolution of migration requires knowledge of how mig-
rant and resident conspecifics interact in non-breeding
grounds (Cox 1985; Levey & Stiles 1992; Rappole 1995;
Bell 2000). This should elucidate whether they have
a different habitat distribution, and how this may be
affected by competition or habitat preferences. In order
to enter into social contests, both migrants and resid-
ents should use the same resources within habitats
(Greenberg 1986). In addition, competition should
make dominant individuals predominate in the best
habitat types. For example, in many species adults
and males are dominant over juveniles and females,
respectively, and often occupy the best habitat types
in wintering grounds (Marra, Sherry & Holmes 1993;
Sherry & Holmes 1996; Marra 2000). On the other
hand, to be large may give subordinate individuals (e.g.
females or juveniles) priority of access to the best hab-
itats compared to the smallest subordinates, or even to
the smallest dominants (Ketterson 1979; Marra 2000).
Finally, the consequences to individuals of habitat
occupancy should be evaluated. Social dominance can
only have ecological significance if it affects adversely
some fitness component of subordinates, for example
survival (Greenberg 1986). Indeed, the occupation of
poor, subordinate-biased habitats in wintering grounds
usually translates into an increased physiological stress
and an impaired body condition of birds (Sherry &
Holmes 1996; Marra & Holberton 1998; Strong &
Sherry 2000).

However, the difficulty of telling apart migrants
from residents has precluded resolving their inter-
actions in winter. These have been inferred by studying
migratory and sedentary species with different degrees
of relatedness (Fretwell 1980; Hutto 1980; Cox 1985;
Levey & Stiles 1992; Ricklefs 1992; Chesser & Levey

1998), or by relying on the patterns of distribution and
the relative size of migratory and sedentary popula-
tions in the whole species range (Safriel 1995; Bell
2000). However, to our knowledge very few studies
have attempted to analyse winter interactions between
migrant and resident conspecifics (Pérez-Tris, Carbonell
& Telleria 2000a; Telleria ez al. 2001).

We studied sympatric migratory and sedentary black-
caps, Sylvia atricapilla (L.), wintering at the northern
side of the Strait of Gibraltar (southern Spain). In this
region, sedentary blackcaps breed in forests, but avoid
neighbouring shrublands for reproduction. However,
both habitat types are occupied in winter, with the
arrival of migratory blackcaps from north-western
Europe. This gives an excellent opportunity to test the
hypotheses mentioned above, because resident black-
caps can be distinguished accurately from migrants
based on their morphology (Pérez-Tris, Carbonell &
Telleria 1999). We studied the extent to which migrants
occupy the breeding areas of residents, and the extent
to which residents disperse towards neighbouring
environments during winter. We also analysed hab-
itat segregation in relation to sex, age and body-size to
evaluate the role of social dominance in determining
such distribution. In addition, we examined whether
migrants and residents differ in habitat use by compar-
ing how closely they track food resources and shelter
within forests and shrublands, and by studying whether
residents remain in their breeding territories during
winter. Finally, we studied the consequences to indi-
viduals of conspecific interactions by analysing the
variation in body condition of blackcaps in relation to
habitat occupancy, sex, age and migratory behaviour.

Methods

STUDY AREA AND FIELD METHODS

We studied blackcaps during two winters (between
1998 and 2000) in an area of around 200 km? in the
Campo de Gibraltar area (36°01'N, 5°36'W). In this
region, montane areas between 100 and 300 masl are
forested primarily by cork-oaks Quercus suber L., but
mixed with Mirbeck’s oaks Q. canariensis Willd., which
constitute the main breeding habitats of blackcaps.
The lower elevation areas are largely bare shrublands
dominated by lentiscs Pistacia lentiscus L. and wild
olives Olea europaea sylvestris (Miller), where black-
caps rarely breed.

We mist-netted blackcaps in forests and shrublands
from mid-December to mid-January, when the species is
not migrating through the area (Cramp 1992). Five sites
were sampled in forests and four in shrublands, which
showed similar shelter, food abundance and migrant—
resident ratios as shown by Tukey’s tests in an ANOVA
with site as a factor and mist-netting plots as sampling
units (P > 0-05 in all pairwise within-habitat compar-
isons; see methods to measure these variables below).
Because of this we did not consider between-site
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differences in our analyses. We made sure that black-
caps were present as breeders in all forest sites and
absent from all shrubland sites by means of extensive
searching in spring (Telleria & Pérez-Tris, in prepara-
tion). All sites were sampled from dawn to dusk and at
least twice in the study period, first in December and
later on in January (about 3 weeks later). Every day we
set up four to 12 mist-nets in randomly selected loca-
tions, but avoiding spots too bare to conceal mist nets.
Mist-nets were visited hourly, and all individuals
were processed within 1 h of capture. Blackcaps were
sexed and aged by plumage (Svensson 1992). We dis-
tinguished between juveniles (first-winter birds) and
adults (older birds whose exact age was unknown). Of
548 blackcaps captured in total, we were unable to age
26 individuals which were excluded from the analyses.
We measured flattened maximum wing chord, length
of the eighth primary (feathers numbered from the
body to the wing tip), tail length and distance between
the wing tip and the tip of each primary (from the first
to the ninth, hereafter primary distances). All these
measurements were taken to the nearest half mm using
appropriate rulers. We also recorded the tarsus length
(to the last unbroken scale before the toes), the bill
length from the skull and the bill height at the culmen,
using a 0-01-mm precision digital calliper (for further
details, see Svensson 1992). Finally, we estimated visu-
ally the size of the subcutaneous fat deposits (accord-
ing to a nine-value scale; Kaiser 1993) and weighed
blackcaps with a 0-1-g precision digital balance. All
the measurements were recorded by JP-T to avoid any
interpersonal bias. Every blackcap was marked with a
numbered aluminium ring to avoid repetition.

HABITAT CHARACTERISTICS OF FORESTS
AND SHRUBLANDS

Blackcaps are forest birds, so they are likely to be more
vulnerable to predators in open landscapes (Watts 1991).
On the other hand, they are intensive frugivores in
winter (Jordano & Herrera 1981; Herrera 1998). Although
blackcaps could prefer habitats with abundant fruits,
they have been found to feed upon up to nine fruit spe-
cies in places where most fruits are rare and one single
species is supplied almost ad libitum, which suggests
the need of maintaining an adequate nutrient balance
in the diet (Herrera 1982, 1985). According to this, the
best wintering habitats for blackcaps should be shel-
tered environments with a high abundance and variety
of fleshy fruits.

To evaluate these features, we recorded the percent-
age of ground covered by trees (vegetation above 2-m
height), shrubs (below 2 m) and grass or bare ground in
a 50-m diameter circular plot around each mist-net. We
also recorded the number and specific composition of
shrubs and trees holding ripe fruits in each sampling
plot. We only considered the fruits that blackcaps feed
upon habitually (according to studies of diet; Jordano
& Herrera 1981; unpublished data). These are all fleshy

fruits in the area except Rosa spp., Crataegus monogyna
Jacq. and Ruscus aculeatus L., three species with large
and very hard berries that have never been found in the
diet of these blackcaps (unpublished data).

DISTRIBUTION OF SEDENTARY AND
MIGRATORY BLACKCAPS

We used a morphological discriminant function to
distinguish migratory from sedentary blackcaps. The
technique is based on three traits: the length of the
eighth primary feather, the tail length and the differ-
ence between the primary distances 1 and 9 (a simple
index of wing pointedness). When applied to Iberian
blackcaps, this method allows the correct classification
of 91% of individuals (Pérez-Tris et al. 1999). North-
western European blackcaps, the main components
of populations wintering in our study area, have more
pronounced migratory-like traits than Iberian migrat-
ory blackcaps (Pérez-Tris & Telleria 2001). Hence, they
will be more easily classified by a method that different-
iates so finely between Iberian migratory and sedentary
populations (for further details see Pérez-Tris et al.
1999).

We conducted a log-linear analysis to investigate the
variation in population composition between forests
and shrublands in relation to migratory behaviour, sex
and age. To obtain the log-linear model, we first pro-
ceeded hierarchically by fitting all interactions of order
n to the corresponding null hypotheses that all of them
are simultaneously zero. As soon as the reduction in n
caused a lack of fit, we selected the terms of that order
or lower which significantly contributed to explain the
distribution of frequencies, thus generating the final
model that best fitted the data (StatSoft 1999).

We used mist-nets as sampling units to analyse
whether the abundance of migrant and resident black-
caps is associated with the same or different resources
within habitats. As mist-nets differed in the number of
days they were opened (because of different reasons
including forestry or presence of cattle), we derived
capture indices for each net computed as the number
of individuals captured per day, excluding recaptures.
Capture indices were computed for each population
group; that is, individuals with the same migratory
behaviour, sex and age, and were used as measures of
abundance in our analyses (after log-transformation to
meet normality).

Because the patterns of distribution of different
population groups are non-independent, to analyse how
they are associated with habitat characteristics one by
one would increase the risk of detecting significant
effects by chance alone. To avoid this, we conducted a
principal components analysis (PCA) with the capture
indices of each population fraction and the variables
measured to assess habitat characteristics. By so doing,
we studied (1) if there is a match between the abund-
ance of migrants and residents within habitats and
(2) which resources are associated with the distribution
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of each population fraction at the within-habitat scale,
taking into account the possible effects of sex and
age. We considered food and vegetation cover to be
important resources for all blackcaps, and the distribu-
tion of breeding resources to be possible particular
requirements of residents. In our study area, breeding
territories show a high cover of Mirbeck’s oaks and
brambles (Rubus spp.), a thorny bush commonly chosen
by blackcaps as the nest site (Carbonell & Telleria
1998).

BODY SIZE AND BODY CONDITION

We conducted a PCA with several body dimensions
to extract an index of structural body size (Rising &
Somers 1989). The PC1 was a good descriptor of body
size, showing high positive loadings for all body meas-
urements except wing length (eigenvalue = 1-59; factor
loading for tarsus length = 0-74, bill length = 0-71, bill
height = 0-44, wing length = 0-13, tail length = 0-57).
Wing length showed a small loading on this compon-
ent and was separated on the PC2 together with tail
length (eigenvalue = 1-34; tarsus = 0-14, bill length =
0-34, bill height = 0-28, wing = —0-86, tail =—0-62). This
was due probably to the strong variation in flight-
related morphology in the population, which includes
birds from many different breeding-site origins (Pérez-
Tris et al. 1999; Pérez-Tris & Telleria 2001).

We used the amount of fat stored by blackcaps as a
measure of their body reserves, as it has been suggested
that starvation probabilities decrease exponentially
with increasing fat stores (Blem 1990; McNamara &
Houston 1990). Visual estimates of fat content have
long been used to measure the nutritional condition of
wintering birds (Brown 1996). However, the relation-
ship between the amount of fat scored by visual indices
and the actual fat content is not linear, but usually fits
better a quadratic model (Rogers 1991; Kaiser 1993).
Because of this, we used the logarithm of the squared
fat scores as a measure of fat content, which was
normally distributed and linearly related to body mass
(changes in avian body mass are chiefly due to fat mob-
ilization; Blem 1990). We controlled for daily fat
accumulation in the analysis of fat content, but fat
storage also depends on other factors which are less
easily controlled, such as unpredictable variations in
environmental conditions, predation risk or domin-
ance hierarchies (Blem 1990; McNamara & Houston
1990; Witter & Cuthill 1993). Because of this, we also
studied the muscular development of individuals, which
measures long-term nutrient reserves more effectively
(Brown 1996). At a given body size, changes in avian
body mass are related primarily to fat accumulation,
but after this they depend principally on the develop-
ment of the large pectoral muscles (Blem 1990). We
regressed body mass on structural size and fat con-
tent (beta values: size = 0-47, P <0-0001; fat = 0-45,
P < 0-0001) and used the residuals of this regression as
indices of muscular development.

Results

HABITAT CHARACTERISTICS OF FORESTS
AND SHRUBLANDS

A PCA with the arcsine-transformed proportion of
ground covered by trees, shrubs and grass in each
sampling plot extracted a single component which
accounted for 80% of variance, whose scores increased
with increasing vegetation cover (eigenvalue = 2-39;
factor loading for trees = 0-81, shrubs = 0-91, grass or
bare ground =—0-94). Obviously, forests are more shel-
tered environments than shrublands (Fig. 1; two-way
ANOVA: habitat F o = 206-53, P < 0-0001, year F; ;o9 =
0-003, P = 0-95, interaction F, ;oo = 3-41, P = 0-068).
The average number of fruit-holding shrubs per plot
was higher in shrublands than in forests in both years,
and slightly increased in the second winter (ANOVA
with the log-transformed abundance of fruits: habitat
Fi 00 = 6846, P < 0-0001, year F 0 = 4:25, P = 0-042,
interaction F ;o = 1-83, P = 0-18; Fig. 1). The lentisc
and the wild olive were by far the most abundant and
widely distributed species in both habitat types. How-
ever, while these were the only species found in shrub-
land plots (where some scattered Smilax aspera L.
observed during fieldwork apparently made up the rest
of available fruits), three other species occurred fre-
quently in forest plots: Myrtus communis L., Phillyrea
latifolia L. and S. aspera, the first two being common
depending on year (Fig. 1). Moreover, we observed some
scattered Rhamnus alaternus L., Hedera helix L. and
Viburnum tinus L. in forests during our fieldwork. There-
fore, despite the fact that fruits were less abundant in
forests, they were more diverse there than in shrublands.

HABITAT SEGREGATION IN RELATION TO
MIGRATORY BEHAVIOUR, SEX AND AGE

The composition of blackcap populations varied be-
tween forests and shrublands, which remained similar
between study years with only slight changes with
respect to sex. The best log-linear model to explain the
frequency of each population group in forests and
shrublands included five interactions (Table 1, Fig. 2).
The first one, between habitat and population, showed
that resident blackcaps were almost restricted to forests,
while migrants occupied both habitats more equally
although they were more abundant in shrublands. Adult
blackcaps were more frequent in forests while juveniles
predominated in shrublands, leading to an interaction
between age and habitat type. Males were more frequent
than females in forests in the first winter, but this trend
disappeared in the second winter causing an interaction
between sex, habitat and year. However, this was not
associated with sexual segregation in the first winter, but
to a higher proportion of resident juvenile males captured
in forests that year, as shown by the significant change
between years in the proportions of individuals of each
sex and age. Finally, we captured a higher proportion
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Fig. 1. Habitat characteristics of forests and shrublands. Above, variation between habitats and years in shelter (an index obtained
by PCA that increases with increasing cover of trees and shrubs) and fruit abundance measured around mist-nets (means + SEand
sample sizes). Below, variation between habitats and years in the species composition of fruiting shrubs (frequency of each species
in sampling plots with fruits, whose number is indicated in brackets).

Table 1. Log-linear analysis of blackcap frequencies according to population, sex, age, habitat type and year. From top downwards,
the fit to the lack of interactions of the corresponding order (only the relevant orders are shown), the goodness of fit of the final
model and the contributions of each interaction included in the model are shown. Partial associations are computed by evaluating
the gain of fit of the model that includes the corresponding interaction with the model that excludes it. Marginal associations are
computed by comparing the fit of the model including all effects of lower order than the one of interest with the model including
that interaction instead (StatSoft 1999)

Maximum likelihood chi-square

d.f. X P
Order of interactions
No fourth-order interactions 5 2:06 0-840
No third-order interactions 10 26-35 0-0033
Test of fit of the final model: 14 6-65 0-948
Partial association Marginal association
Interactions in the model X P X P
Population x habitat 1 148-80 < 0-0001 154-62 < 0-0001
Age x habitat 1 2511 < 0-0001 25-30 < 0-0001
Sex x habitat x year 1 8:86 0-0029 9-27 0-0023
Sex x age x year 1 7-02 0-0081 3-68 0-0549
Sex x age x population 1 7-83 0-0051 8-47 0-0036

of juveniles of the migratory population, which was
especially accentuated in females leading to an inter-
action between sex, age and population (Table 1, Fig. 2).

The differences in population composition identified
in our analyses could be influenced by different prob-

ability of capture of migrants and residents. To evaluate
this possibility, we analysed 20 recaptures of black-
caps obtained during the study, of which none was
recaptured more than once. In forests, residents had a
slightly higher recapture rate (13 of 134 residents and
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Fig. 2. Composition of the blackcap populations wintering in forests and shrublands in each study year, with respect to migratory

behaviour, sex and age.

three out of 151 migrants were recaptured; Fisher’s
exact test: P = 0-02). In shrublands, four of 224 migrants
were recaptured, but none of seven residents was ever
recaptured. Although the number of recaptures was too
small, these data showed that residents had the same
recapture probability than migrants in this habitat
(P > 0-99), and that migrants had the same probability
of recapture in both habitat types (P > 0-99). These
results support the view that residents remain in their
breeding territories during winter, thus being easier to
recapture, while migrants track resources more intensely
in wintering grounds regardless of the habitat occupied.

We tested for between-site variation in population
composition by repeating the log-linear analyses within
habitats, including a site factor and excluding year
effects to keep a suitable within-cell sample size. In
forests, changes among localities in population com-
position were difficult to model (maximum likelihood
chi-square of goodness of fit of the final model: x> =
14-38,d.f. = 10, P = 0-16). The model obtained did not
include interactions between site and population or
age, as we obtained using habitat as a factor. However,
there was a significant interaction between sex, age and
site (partial association chi-square: X*> = 14-64,d.f. = 4,
P < 0-01) and an almost significant interaction between
sex, population and site (x> = 8:95,d.f. =4, P = 0-062).
The fact that some combinations of sex and age classes
were more frequent in some localities than in others
could be related to the higher proportion of resident
juvenile males captured during the first winter, as we
captured slightly different numbers of blackcaps each
winter in each site (x> =892, d.f. =4, P=0-063).
Nevertheless, this slight variation in population com-
position cannot affect our conclusions, as sexes, ages

and migratory behaviours were represented in similar
proportions in all forest sites. In shrublands, between-
site variation was negligible, as shown by the log-linear
analysis which could not discard the absence of lowest-
order interactions (maximum likelihood chi-square of
goodness of fit to the null hypothesis that all two-
way interactions are simultaneously zero: X* = 13-42,
d.f. =12, P =0-34).

DISTRIBUTION WITHIN HABITATS OF
MIGRANTS AND RESIDENTS

It follows from the former results that the comparison
of within-habitat distribution of migrants and resid-
ents must be restricted to forests, where both popula-
tion groups occur in enough numbers. Furthermore, a
PCA including forests and shrublands would give a
non-realistic picture of the association between breed-
ing resources and the abundance of residents, as both
are restricted to forests. To avoid these problems, we
analysed the associations between migrants, residents
and habitat characteristics within forests by means of a
first PCA. After this, we checked whether migrants
track the same resources in both habitat types by con-
ducting another PCA for shrublands, including only
migrants and excluding the cover of Mirbeck’s oaks
(which are absent from shrublands).

The PCA from forest plots extracted two compon-
ents (Table 2). The PC1 showed that, in general, all
blackcaps track the abundance of fruits in that habitat
type (Fig. 3). Moreover, because fruits are abundant in
forest clearings and very scarce in the most developed
areas covered by Mirbeck’s oaks, this analysis allowed
us to discern unequivocally the generalized preference
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Table 2. Factor loadings in the PCAs evaluating the association between abundance of blackcap population fractions and the
variables measured to describe habitat characteristics (cover of Mirbeck’s oaks and brambles, number of fruit-holding shrubs, and
an index of shelter obtained by PCA from vegetation covers) in forest and shrublands. The significance of each correlation is also

shown
Forests (n = 70) Shrublands (n = 43)
PC1 PC2 PC1 PC2
Migrants
Adult males —0-614** 0-015 0-608** -0-172
Adult females —0-672%* —-0-101 0-806%* —-0-104
Juvenile males —0-700%** —-0-035 0-816%* —-0-037
Juvenile females —0-593%* 0-270* 0-830%** -0-224
Residents
Adult males —0-271* —-0-067 - -
Adult females —0-607** 0-390** - -
Juvenile males —0-587** —0-294* - -
Juvenile females —0-477%* 0-520%* - -
Habitat features
Mirbeck’s oaks 0-397 0-674** - -
Brambles 0-004 —0-646%* -0-102 —0-922%*
Fruit abundance —0-664** —0-160 0-534%* 0-579%*
Shelter —-0-001 0-564** —0-006 -0-267
Eigenvalue 3-283 1-813 2-670 1-349
Variance (%) 27-36 15-11 38-15 19-27
*P < 0-05; **P < 0-001.
08  ouks of blackcaps for fruits above shelter and breeding ter-
06 oF Sh;,lfter * ritories. Only resident adult males deviated towards a
04 Afg higher preference for these latter resources, indicating
o 02 OJF that they tend to remain in their breeding territories
% 00 ”‘g 0 AM © A during winter to a greater extent than other resident
§ 02 % AF population groups (Fig. 3). The PC2 defined a gradient
[+ Fruits @ . . . .
-04 ™ of increasing forest development, with highest load-
06 B”"m;‘es ings for oak cover and shelter. However, the cover of
-0-8 brambles (the main nesting substrate of blackcaps in
08 06 04 020 00020406 the area) had a very low, negative loading in this com-
Forests PC1 . .
ponent. Interestingly, controlling for the strong effect
08 Fruits of fruit abundance in the distribution of blackcaps,
* resident males tended to be better associated with
o4 brambles, while resident females tended to occur in
;0: 00 AM M more sheltered sites (Fig. 3). Meanwhile, migrants
g Sheier o AF o, chiefly situated themselves in the space between, in
E -04 closer correlation to the abundance of fruits than any
@ g | Brambles of the resident population groups (Fig. 3).
# We found sensibly different patterns for migrants
_12 when we analysed their distribution in shrublands
~02 0-0 02 04 06 0:8 10 . .
Shrublands PC1 with the second PCA (Table 2). As in forests, the PC1

Fig. 3. Plot of loadings in the two components extracted by
PCA with the capture index of each blackcap population
group (open dots: migrants, filled dots: residents) and the
variables measured to describe habitat characteristics (cover
of Mirbeck’s oaks Quercus canariensis and brambles Rubus
spp., and number of fruit-holding shrubs; stars). Labels iden-
tify age classes (A: adults, J: juveniles) and sexes (M: males,
F: females). Above, residents and migrants in forests; below,
migrants in shrublands. Mirbeck’s oaks never occurred in
shrublands and hence were excluded from the second PCA.
Further details on the correlations of each variable with each
component are given in Table 2.

showed that migrants tended to be better related to
fruit abundance than to any of the other variables
considered. However, fruit abundance was a poorer
predictor of the abundance of migrant blackcaps in
shrublands compared to forests (Fig. 3), suggesting
that the distribution of birds in this habitat is affected
by other factors. Indeed, all population groups were
weighted similarly to vegetation cover in the PC2
(Fig. 3, Table 2), indicating that, controlling for fruit
availability, shelter is important in determining the
distribution of blackcaps in this habitat type.
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Table 3. Results of analyses of structural size (scores of the PC1 from body dimensions), subcutaneous fat (controlling for time
of day) and body condition (residuals of body mass on structural size and fat content) in migratory and sedentary blackcaps
wintering in forests. Non-significant interactions have been omitted (all with P > 0-10). Sample sizes are the same as in Fig. 2,

with some missing values as summarized at the foot of the table

Structural size* Subcutaneous fat Body conditionf

Fiom P Fion P Fio P
Sex 7-95 0-0052 0-27 0-602 361 0-059
Age 1-85 0-175 0-50 0-480 0-04 0-847
Population 15-69 0-0001 1-63 0-203 1-02 0-312
Winter 0-49 0-486 347 0-064 12-73 0-0004
Time of day§ - - 108-35 < 0-0001 - -

*A juvenile resident male without wing length data was excluded.
tAnother juvenile resident male (without body mass data) was excluded.
§The interactions between factors and the covariate were not significant.

CHANGES IN BODY SIZE AND BODY
CONDITION

The absence of residents from shrublands made it dif-
ficult to test for between-habitat variation in body size
and body condition. To avoid the confounding effect of
an extreme imbalance when conducting ANOvVA, we
divided our analysis of body size and body condition
into two parts. First, we tested for differences between
migrants and residents in forests, and then we studied
changes between forests and shrublands in migrants.
In forests, body size varied in relation to migratory
behaviour and sex (Table 3). Residents were larger than
migrants, and females were larger than males (Fig. 4).
When studying the variation between habitats in body
size of migrants, we also found females to be larger
than males, although in this case the pattern was not
significant (Table 4). Migrant blackcaps were larger in
forests compared to shrublands and, on average, adults
were larger than juveniles. Interestingly, however, we
found significant interactions between age, sex and
habitat. Thus, the juvenile migrant males captured in
forests were larger than those captured in shrublands.
By contrast, no such trend could be detected in migrant
females, whose body size was larger in forests regard-
less of the age of individuals (Table 4, Fig. 5).
Controlling for daily fat storage, we did not find dif-
ferences in fat content between residents and migrants
in forests, nor did we find any significant trend with
respect to sex or age (Table 3, Fig. 4). Muscular develop-
ment, however, significantly increased in the second
winter in all population groups. No differences were
found between population groups, sexes or age classes,
although there was a non-significant trend towards
females to be heavier than males in both years (Table 3,
Fig. 4). When studying the body condition of migrant
blackcaps, we observed differences between habitats
and years. Controlling for time of day, migrant black-
caps stored more fat in shrublands than in forests,
and decreased fat reserves from the first to the second
winter in both habitats (Table 4, Fig. 6). However,
muscular development did not vary in the same way.
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Fig. 4. Variations in structural size (scores of the PC1 from
body dimensions), fat content (measured as the logarithm of
the squared fat scores) and muscular development (residual
body mass controlling for size and fat content) among black-
caps wintering in forests (means + SE, adjusted by time of
day in the case of fat). The relevant comparisons of means
according to our results (Table 3) are shown.

Remarkably, differences between habitats were not sig-
nificant. There was a trend to increase protein reserves
in the second winter when studying migrants in both
habitats, but this change was not significant. In fact,
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Table 4. Results of analyses of structural size (scores of the PC1 from body dimensions), subcutaneous fat (controlling for time
of day) and body condition (residuals of body mass on structural size) of migratory blackcaps wintering in forests and shrublands.
Non-significant interactions have been omitted (all with P > 0-14). Sample sizes are the same as in Fig. 2, with some missing

values as summarized at the foot of the table

Structural size*

Subcutaneous fat

Body conditiont

Fiss P P Fiss P
(1) Sex 298 0-085 191 0-168 7-29 0-007
(2) Age 8-37 0-004 <0-001 0-962 0-001 0-977
(3) Habitat 5-98 0-015 40-34 < 0-0001 2:37 0-125
(4) Winter 0-27 0-605 797 0-0050 3-44 0-064
2x3 7-50 0-0065
1x2x3 4-37 0-037
Time of day§ - - 134-53 < 0-0001 - -
*One juvenile female (without bill height data) was excluded.
TAnother juvenile female (without body mass data) was excluded.
§The interactions between factors and the covariate were not significant.
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Fig. 5. Changes in structural size (scores of the PC1 from
body dimensions) between habitat types in migrant blackcaps,
according to sex and age (means * SE).

only sexual differences, which were already intimated
in the comparison between migrants and residents in
forests, were significant in this analysis, with females
being heavier than males in both habitat types and in
both winters (Table 4, Fig. 6).

Discussion

DISTRIBUTION OF BLACKCAPS BETWEEN
HABITATS: A ROLE FOR DOMINANCE

According to our evaluation of habitat character-
istics, forests are better environments than shrublands
for blackcaps wintering in our study area. In forests,
blackcaps can move into sheltered sites and hence

Fig. 6. Changes in fat content (measured as the logarithm of
the squared fat scores) and muscular development (residual body
mass controlling for size and fat content) in migrant blackcaps
wintering in forests and shrublands. The relevant comparisons
of means according to our results (Table 4) are shown.

escape predators. In addition, fruits are more diverse in
forests, where blackcaps can therefore maintain better
nutrient balance. Apparently, the only advantage of
shrublands is that they sustain larger fruit crops than
forests. Due to the abundance of wild olives and lentisc
berries, blackcaps might find more food in this habitat.
Nevertheless, this difference may be unimportant in so
far as these fruits are not exhausted in winter in either
of the habitats (pers. obs.). If these fruits are supplied
ad libitum in forests and shrublands, the higher variety
of other fruiting shrubs in forests could make them
more appealing for blackcaps (Herrera 1982, 1985).
In this heterogeneous landscape residents are
almost restricted to forests, while migrants also occupy
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shrublands. However, this does not necessarily mean
that one population fraction, for instance migrants or
residents, is displacing the other to worse habitats.
Residents could be enduring in their breeding territ-
ories, while migrants could be tracking winter resources
that are more uniformly distributed between habitats.
Considerable insight on this respect was gained by
studying the distribution of blackcaps according to sex,
age and body size. Adults were more frequent in forests
than juveniles, but no sexual habitat segregation was
found. In the majority of species studied, males are
dominant over females and hence predominate in the
preferred habitat types (e.g. Sherry & Holmes 1996).
This trend also holds in partial and differential migrants,
in which males make up the bulk of the sedentary
fraction or migrate shorter distances than females
on average (Ketterson & Nolan 1983; Adriaensen &
Dhont 1990). The few studies that have failed to detect
dominance of males have dealt with non-territorial
birds (Myers 1981) or with species in which females are
larger than males (Arnold 1991 and references therein).
Remarkably, blackcaps rarely defend winter territories
(Cramp 1992), and reversed sexual size dimorphism
was revealed by our analysis of body size. Although the
non-territorial character of blackcaps could somewhat
lessen interactions, these clearly occur between adults
and juveniles (see below), and we have no reason to
believe that social contests are feebler between sexes than
between age classes (Marra 2000; but see Greenberg
1986). In our view, it is the reversed sexual size dimorph-
ism that most probably accounts for the lack of sexual
segregation in blackcaps. In fact, although males could
be behaviourally dominant, for example due to the
correlation between testosterone levels and aggressive
behaviour (Ketterson & Nolan 1992), the larger size of
females could mitigate this effect leading to a similar
distribution of the two sexes.

While the sexes did not segregate between the two
habitats, the ages did. A number of studies have found
the same association between age and habitat quality in
other species (for a review see Sherry & Holmes 1996),
and experiments involving removal of territory owners
have supported dominance as the mechanism (Marra
et al. 1993; Marra 2000). In our study, the variation in
body size is consistent with dominance as the cause of
spatial segregation. Thus, juvenile migrants were larger
in the dominant-biased habitat (forests). Moreover,
this trend held in males, the smallest-sized sex, but not
in females. Similarly, in wintering American redstarts
(Setophaga ruticilla) sexual habitat segregation is rein-
forced by social dominance in which males are larger
and dominant over females, and females have a larger
body size in the male-biased habitat type (Marra 2000).
In addition, if smaller individuals are subordinates
and hence suffer higher mortality rates, selection for a
larger body size could explain why adults are larger
than juveniles in male migrant blackcaps (Fig. 5).

Based on these results, our study provides a possible
explanation for the ability of residents to remain in

their breeding range when migrants arrive seasonally.
Residents are larger than migrants and, interestingly,
migrants are on average larger in forests than in shrub-
lands. If larger birds are dominant, as our results sug-
gest, residents could prevent migrants from occupying
their range. Once saturation is reached in these hab-
itats, subordinate migrants (juveniles and, among these,
small birds) would make up the bulk of the fraction
excluded to shrublands, leading to the differences in
body size between habitats that we observed. Among
the morphological correlates of migration, the reduc-
tion in body size has been interpreted as a way to
decrease wing load (Winkler & Leisler 1992). Indeed,
migrant blackcaps wintering in our study area are
smaller but show longer and more pointed wings than
residents, consistent with selective pressures related to
migration (Pérez-Tris & Telleria 2001). According to
our results, morphological adaptations of migratory
blackcaps could improve migration performance at the
expense of reduced competitive ability in the wintering
grounds.

WITHIN-HABITAT DISTRIBUTION OF
MIGRANTS AND RESIDENTS

Within forests, the distribution of blackcaps was
associated with the distribution of fruits, independently
of migratory behaviour, sex or age. The movements
of blackcaps tracking fruit crops are well known,
especially in migratory populations wintering in the
Mediterranean (Herrera 1985; Rey 1995). Our results
support this finding even in residents, which at a reduced
scale compared to migrants also track the availability
of fruits. Since migrant and resident blackcaps use the
same resources within forests, their habitat segregation
is unlikely to be caused by different habitat preferences.
Instead, the use of common resources within forests
could propitiate the social dominance interactions
that force subordinate migrants to occupy shrublands.
Consistent with this interpretation, a year-round mon-
itoring of blackcap abundance has found that forests
are saturated habitats (where blackcaps hardly increase
in abundance from spring to winter), whose fruits are
more intensely depleted in winter compared to shrub-
lands (Telleria & Pérez-Tris, in preparation). In addi-
tion, singing blackcaps are more frequent in forests
than in shrublands, suggesting some defence of territ-
ories in the former habitats (Telleria & Pérez-Tris, in
preparation).

Although migrants and residents do not appear to
partition resources within forests, their distribution was
slightly different in this habitat. Resident adult males
showed a weaker relationship with fruit abundance
than the other population components. In addition,
controlling for the effect of fruit abundance on the
distribution of blackcaps, residents tended to be more
abundant in areas with abundant shelter, and particu-
larly in sites covered by brambles in the case of males.
This association between the abundance of breeding
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resources — such as brambles — and the abundance of
resident males supports the hypothesis that residents
may benefit from site tenacity by increasing the prob-
ability of getting a suitable breeding site. The higher
recapture rates of residents in this habitat supports this,
which agrees with the view that forests make the best
alternative to resident blackcaps, both from the breed-
ing and the non-breeding perspective.

Based on the pattern of habitat segregation in rela-
tion to age and body size, migrants also prefer forests
instead of shrublands. However, food abundance can-
not account for the higher abundance of adults and
larger birds in forests. According to differences in shel-
ter and food diversity between habitats, the preference
for forests could be related to diet quality or antipred-
ator defence. In shrublands, migrant blackcaps were
less clearly associated with fruit abundance but better
associated with shelter than in forests. Shelter may
be found everywhere in forests, where antipredator
vigilance during foraging would lose importance and
hence blackcaps may track fruit abundance more
closely (McNamara & Houston 1994). In turn, this
could counterbalance the lower abundance of fruits in
forests emphasizing their higher quality compared to
shrublands.

DOES HABITAT SEGREGATION AFFECT BODY
CONDITION OF BLACKCAPS?

In forests, migrants and residents had similar body con-
dition, based on similar amounts of fat and muscular
development. However, migrant blackcaps stored more
fat in shrublands than in forests. This hardly involves a
higher nutritional quality of shrublands, as this would
imply that adults and large birds are subordinates
displaced to the worst habitats or, alternatively, that
dominants prefer the worst habitats. Fat dynamics are
thus probably related to factors other than nutritional
restrictions. Although putting on fat will reduce the
risk of starvation (Blem 1990; McNamara & Houston
1990), heavier birds incur predation-related mortality
costs due to impaired flight performance (Kullberg,
Fransson & Jakobsson 1996). As a consequence, birds
appear to regulate their fat reserves at a level that is
neither at the physiological nor at the environmental
optimum (Rogers & Smith 1993; Witter & Cuthill 1993).
Usually, birds store more fat when they perceive a
reduced predation risk or a lower probability to secure
their food (McNamara & Houston 1990; Witter &
Cuthill 1993; Strong & Sherry 2000). Given that black-
caps accumulated more fat in shrublands (the less
sheltered environments), predator avoidance seems
not involved in this case. However, food predictability
could be higher in forests than in shrublands. Because
fruit production of a single plant species varies in time
and space (Levey & Stiles 1992; Herrera 1998), a higher
variety of fruiting species might secure a more predict-
able crop by overlapping fruiting periods. None the
less, this could be counterbalanced by a higher fruit

abundance in shrublands than in forests, which should
increase food predictability in the former.

Apart from the trade-off between predation and
starvation, other factors could explain why black-
caps store more fat in shrublands than in forests. For
example, dominant birds usually store less fat than
subordinates because they have priority of access to
food (Matthysen 1990), so that blackcaps displaced to
shrublands could put on more fat because they perceive
a lower probability to secure their food. On the other
hand, differences between habitats in diet composition
could also affect fat dynamics. Lentiscs and wild olives,
the unique fruits available in shrublands, are also the
fat-richest in the area (Herrera 1982), so fat accumula-
tion could be a by-product of basing the diet on these
fruits. This would mean that in forests, where birds
may choose among many more fruits, blackcaps might
maintain better nutrient balance than in shrublands
(Herrera 1982, 1985). In turn, fat accumulation prob-
ably depends on the combination of all these factors,
and partialling out their contribution to the variation
observed will require experimentation.

Notwithstanding these caveats, we can conclude that
habitat segregation has no effect on mortality of sub-
ordinate blackcaps due to starvation, as long as fat is
the first energy source to be depleted under nutritional
stress (Blem 1990). Consistent with this idea, we found
no change between habitats in muscular development,
which better measures long-term nutritional reserves.
Differences between habitats in the risk of predation
might provide a mechanism for competition to depress
fitness of individuals displaced out of forests without
effects on body condition, since the lower availability of
shelter in shrublands could increase exposure to pred-
ators. We acknowledge, however, that the reasons why
blackcaps prefer forests over shrublands remains an
open question, and other methods have to be applied to
conclusively elucidate the consequences to individuals
of habitat segregation (e.g. Marra & Holberton 1998).

NON-BREEDING COMPETITION AND
EVOLUTION OF MIGRATION

This paper presents evidence to rule out the hypothesis
that migrant blackcaps avoid competition with resid-
ents by selecting different resources or environments.
Several studies of non-breeding bird communities have
suggested resource partitioning between migrant and
resident species as a way to avoid competition (e.g.
Hutto 1980), and even that using resources that are
underexploited by residents would make up a ‘just
better than nothing’ alternative for migrants (Poulin
& Lefebvre 1996; Strong 2000). Particularly in winter
frugivores, migratory species usually occupy secondary-
growth, fruit-rich habitats outside the range of resid-
ents, which remain in their breeding sites over the
winter (Leck 1987; Levey & Stiles 1992). In blackcaps,
both the concentration of residents in forests and their
distribution within this habitat support this preference
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for breeding territories. However, habitat preferences
alone cannot explain the distribution of migrant black-
caps in our study area. Secondary-growth habitats
sustain a large part of the migratory population, yet
migrants are also abundant in forests. Although mig-
rant and resident blackcaps differ in morphology and
behaviour (Telleria & Carbonell 1999), this variation
has much less ecological significance than interspecific
differences and is less likely to cause their segregation.
Instead of this, direct competition in forests may cause
the exclusion of subordinate migrants to shrublands.

Usually, the role of non-breeding competition in the
evolution of migration has been inferred from the dis-
tribution of migrants and residents in the whole species
range. For example, Bell (2000) proposed that the lack
of sedentary populations in adequate areas within the
wintering range of migratory species supports their
extinction as a result of flooding by migrants. Thus,
resident populations would remain only when their
breeding success could counterbalance the negative
impact of non-breeding competition. In blackcaps,
however, fecundity of sedentary populations can hardly
compensate winter mortality due to competition with
migrants. In the Iberian Peninsula, sedentary black-
caps have a smaller clutch size than their migratory
counterparts (Pérez-Tris & Telleria 2002). In addi-
tion, the lower quality for breeding of the residents’
range is accentuated by the summer drought in southern
Mediterranean environments, which may reduce fledg-
ling survival, as shown in robins (Erithacus rubecula)
breeding in the same area (Pérez-Tris, Carbonell &
Telleria 2000b). However, despite sedentary popula-
tions facing these handicaps, their competitive advant-
ages in winter could well increase their recruitment so
as to allow their persistence in Mediterranean environ-
ments. Our results support the idea that residents are
better competitors than migrants and hence maintain
populations in their breeding habitats, which seem also
to be the best wintering sites. Body size, prior occu-
pancy or the advantages of familiarity with the area
could all determine these dynamics of habitat occu-
pation. In robins, indeed, it has been shown that the
arrival of migrants is connected to a density-dependent,
sequential occupation of habitats of decreasing qual-
ity in which residents are better competitors (Telleria
et al. 2001). Therefore, despite their large population
size and reproductive advantages over residents, direct
behavioural interactions between migrant and residents
also play an important role in maintaining sympatric
populations.

Acknowledgements

This study would not have been possible without the
excellent field assistance by Alvaro Ramirez. Debora
Arlt, Roberto Carbonell, José A. Diaz, Ken Norris, and
two anonymous referees made very helpful suggestions
on an earlier version of the paper. The Consejeria de
Medio Ambiente (Junta de Andalucia) kindly authorized

us to capture and measure blackcaps. Financial support
was provided by the Ministerio Espaiol de Educacion
y Cultura (Project PB97-0325) and a FPI Grant from
the Universidad Complutense de Madrid (to JP-T).

References

Adriaensen, F. & Dhont, A.A. (1990) Population dynamics
and partial migration of the European robin (Erithacus
rubecula) in different habitats. Journal of Animal Ecology,
59, 1077-1090.

Alerstam, T. (1991) Bird Migration. Cambridge University
Press, Cambridge.

Alerstam, T. & Enckell, P.H. (1979) Unpredictable habitats
and evolution of bird migration. Oikos, 33, 228—-232.

Arnold, TW. (1991) Geographic variation in sex ratios of
wintering American Kestrels Falco sparverius. Ornis Scan-
dinavica, 22, 20-26.

Bell, C.P. (2000) Process in the evolution of bird migration and
pattern in avian ecogeography. Journal of Avian Biology, 31,
258-265.

Berthold, P. (1993) Bird Migration. A general survey. Oxford
University Press, Oxford.

Berthold, P. (1999) A comprehensive theory for the evolution,
control and adaptability of avian migration. Ostrich, 70,
1-11.

Blem, C.R. (1990) Avian energy storage. Current Ornithology,
7,59-113.

Brown, M.E. (1996) Assessing body condition in birds. Current
Ornithology, 13, 67-135.

Carbonell, R. & Telleria, J.L. (1998) Seleccion y uso del hab-
itat por cinco poblaciones ibéricas de Curruca Capirotada
(Sylvia atricapilla). Ardeola, 45, 1-10.

Chesser, R.T. & Levey, D.J. (1998) Austral migrants and the
evolution of migration in New World birds: diet, habitat, and
migration revisited. American Naturalist, 152, 311-319.

Cox, G.W. (1968) The role of competition in the evolution of
migration. Evolution, 22, 180-192.

Cox, G.W. (1985) The evolution of avian migration systems
between temperate and tropical regions of the new world.
American Naturalist, 126, 451-474.

Cramp, S., ed. (1992) The Birds of the Western Palearctic,
vol. VI. Oxford University Press, Oxford.

Fretwell, S.D. (1980) Evolution of migration in relation
to factors regulating bird numbers. Migrant Birds in the
Neotropics: ecology, behavior, distribution, and conservation
(eds A. Keast & E.S. Morton), pp. 517-527. Smithsonian
Institution Press, Washington, DC.

Gauthreaux, S.A. Jr (1982) The ecology and evolution of
avian migration systems. Avian Biology, 6, 93-168.

Greenberg, R. (1980) Demographic aspects of long-distance
migration. Migrant Birds in the Neotropics: Ecology,
behavior, distribution, and conservation (eds A. Keast &
E.S. Morton), pp. 493—-504. Smithsonian Institution Press,
Washington, DC.

Greenberg, R. (1986) Competition in migrant birds in the
non-breeding season. Current Ornithology, 3, 281-307.
Herrera, C.M. (1982) Seasonal variation in the quality of fruits
and diffuse coevolution between plants and avian dispersers.

Ecology, 63, 773-785.

Herrera, C.M. (1985) Habitat-consumer interactions in fru-
givorous birds. Habitat Selection in Birds (ed. M.L. Cody),
pp. 341-365. Academic Press, Orlando.

Herrera, C.M. (1998) Long-term dynamics of Mediterranean
frugivorous birds and fleshy fruits: a 12-year study. Ecolo-
gical Monographs, 68, 511-538.

Hutto, R.L. (1980) Winter habitat distribution of migratory
land birds in western Mexico, with special reference to
small foliage gleaning insectivores. Migrant Birds in the



224
J. Pérez-Tris &
J.L. Telleria

© 2002 British
Ecological Society,
Journal of Animal
Ecology, 71,
211-224

Neotropics: ecology, behavior, distribution, and conservation
(eds A. Keast & E.S. Morton), pp. 181-203. Smithsonian
Institution Press, Washington, DC.

Jordano, P. & Herrera, C.M. (1981) The frugivorous diet of
blackcap populations Sylvia atricapilla wintering in Southern
Spain. Ibis, 123, 502-507.

Kaiser, A. (1993) A new multicategory classification of
subcutaneous fat deposits of songbirds. Journal of Field
Ornithology, 64, 246-255.

Ketterson, E.D. (1979) Aggressive behavior in wintering dark-
eyed juncos: determinants of dominance and their possible
relation to geographic variation in sex ratio. Wilson Bulletin,
91, 371-383.

Ketterson, E.D. & Nolan, V. Jr (1983) The evolution of
differential bird migration. Current Ornithology, 1, 357-402.

Ketterson, E.D. & Nolan, V. Jr (1992) Hormones and life
histories: an integrative approach. American Naturalist,
140, S33-S62.

Kullberg, C., Fransson, T. & Jakobsson, S. (1996) Impaired
predator evasion in fat blackcaps. Proceedings of the Royal
Society of London B, 263, 1671-1675.

Leck, C.F. (1987) Habitat selection in migrant birds: seductive
fruits. Trends in Ecology and Evolution, 2, 33.

Levey, D.J. & Stiles, F.G. (1992) Evolutionary precursors of
long-distance migration: resource availability and movement
patterns in Neotropical landbirds. American Naturalist,
140, 447-476.

Marra, P.P. (2000) The role of behavioural dominance in
structuring patterns of habitat occupancy in a migrant bird
during the non-breeding season. Behavioral Ecology, 11,
299-308.

Marra, P.P. & Holberton, R.L. (1998) Corticosterone levels as
indicators of habitat quality: effects of habitat segregation
in a migratory bird during the non-breeding season. Oeco-
logia, 116, 284-292.

Marra, PP, Sherry, TW. & Holmes, R.T. (1993) Territorial
exclusion by a long-distance migrant warbler in Jamaica: a
removal experiment with American redstarts (Setophaga
ruticilla). Auk, 110, 565-572.

Matthysen, E. (1990) Non-breeding social organization in
Parus. Current Ornithology, 7, 209-249.

McNamara, JM. & Houston, J.A. (1990) The value of fat
reserves and the trade-off between starvation and predation.
Acta Biotheoretica, 38, 37-61.

McNamara, JM. & Houston, JA. (1994) The effect of a
change in foraging options on intake rate and predation
rate. American Naturalist, 144, 978—-1000.

Myers, J.P. (1981) A test of three hypotheses for latitudinal
segregation of sexes in wintering birds. Canadian Journal of
Zoology, 59, 1527-1534.

Newton, I. & Dale, L. (1996) Relationship between migration
and latitude among west European birds. Journal of Animal
Ecology, 65, 137-146.

Pérez-Tris, J., Carbonell, R. & Telleria, J.L. (1999) A method
for differentiating between sedentary and migratory black-
caps Sylvia atricapilla in wintering areas of Southern Iberia.
Bird Study, 46, 299-304.

Pérez-Tris, J., Carbonell, R. & Telleria, J.L. (2000a) Identifica-
cién e importancia poblacional de los Petirrojos Erithacus
rubecula locales durante la invernada en el sur de Espana.
Ardeola, 47, 9-18.

Pérez-Tris, J., Carbonell, R. & Telleria, J.L. (2000b) Abund-
ance distribution, morphological variation, and juvenile
condition of robins Erithacus rubecula (L.) in their Medi-
terranean range boundary. Journal of Biogeography, 27,
879-888.

Pérez-Tris, J. & Telleria, J.L. (2001) Age-related variation in
wing shape of migratory and sedentary Blackcaps Sylvia
atricapilla. Journal of Avian Biology, 32, 207-213.

Pérez-Tris, J. & Telleria, J.L. (2002) Regional variation in
seasonality affects migratory behaviour and life-history
traits of two Mediterranean passerines. Acta Oecologica,
in press.

Poulin, B. & Lefebvre, G. (1996) Dietary relationships of
migrant and resident birds from a humid forest in central
Panama. Auk, 113, 277-287.

Rappole, JH. (1995) The Ecology of Migrant Birds: aneotropical
perspective. Smithsonian Institution Press, Washington,
DC.

Rey, PJ. (1995) Spatio-temporal variation in fruit and frugiv-
orous bird abundance in olive orchards. Ecology, 76, 1625—
1635.

Ricklefs, R.E. (1992) The mega-population: a model of
demographic coupling between migrant and resident
landbird populations. Ecology and Conservation of
Neotropical Migrant Landbirds (eds JM. Hagan &
D.W. Johnston), pp. 537-548. Smithsonian Institution
Press, Washington, DC.

Rising, J.D. & Somers, K.M. (1989) The measurement of
overall body size in birds. Auk, 106, 666—674.

Rogers, C.M. (1991) An evaluation of the method of estimating
body fat in birds by quantifying visible subcutaneous fat.
Journal of Field Ornithology, 62, 349—-356.

Rogers, C.M. & Smith, JN.M. (1993) Life-history theory in
the non-breeding period: trade-offs in avian fat reserves?
Ecology, 74, 419-426.

Safriel, U.N. (1995) The evolution of Palearctic migration —
the case for southern ancestry. Israel Journal of Zoology,
41, 417-431.

Sherry, T.W. & Holmes, R.T. (1996) Winter habitat quality,
population limitation, and conservation of Neotropical-
Nearctic migrant birds. Ecology, 77, 36—48.

StatSoft, Inc. (1999) STATISTICA for Windows ( Computer
program manual). StatSoft, Inc., Tulsa.

Strong, A.M. (2000) Divergent winter foraging strategies of
two ground-foraging Neotropical migrant warblers: implica-
tions for habitat use patterns. Auk, 117, 381-392.

Strong, A.M. & Sherry, T.W. (2000) Habitat-specific effects of
food abundance on the condition of ovenbirds wintering in
Jamaica. Journal of Animal Ecology, 69, 883—895.

Svensson, L. (1992) Identification Guide to European Passerines.
L. Svensson, Stockholm.

Telleria, J.L. & Carbonell, R. (1999) Morphometric variation
of five Iberian Blackcap Sylvia atricapilla populations. Journal
of Avian Biology, 30, 63-71.

Telleria, J.L., Pérez-Tris, J., Ramirez, A., Fernandez-Juricic, E.
& Carbonell, R. (2001) Distribution of Robins (Erithacus
rubecula) in wintering grounds: effects of conspecific density,
migratory status and age. Ardea, 89, 363—373.

Verboven, N. & Visser, M.E. (1998) Seasonal variation in
local recruitment of great tits: the importance of being
early. Oikos, 81, 511-524.

Watts, B.D. (1991) Effects of predation risk on distribution
within and between habitats in savannah sparrows. Ecology,
72, 1515-15109.

Winkler, H. & Leisler, B. (1992) On the ecomorphology of
migrants. Ibis, 134, S21-S28.

Witter, M.S. & Cuthill, I.C. (1993) The ecological cost of
avian fat storage. Philosophical Transactions of the Royal
Society of London B, 340, 73-92.

Received 24 April 2001; revision received 25 October 2001



