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Nest-site fidelity is a life-history trait of birds that may produce benefits in terms of fitness.
We studied the relationship between breeding success and nest fidelity in the White Stork

 

Ciconia ciconia

 

. We also studied how other factors such as age, sex, habitat, colony size
and productivity in previous breeding attempts might interfere with this relationship.
Our results showed that pairs with higher fidelity rates also have lower failure rates, and that
breeding failure and productivity in the previous season influenced the frequency of nest
change in the following season. In addition, a curvilinear relationship was found between age
and nest fidelity. These results suggest that age is a major factor related to nest fidelity and
therefore individual experience could explain this behaviour in the White Stork. Changing
the nest involves a reproductive cost for which nest fidelity can be considered as an adaptive
strategy to increase fitness.

Nest-site fidelity is considered to be an adaptive strategy
in numerous groups of birds such as Procellariiformes
(Bried 

 

et al

 

. 2003), Anseriformes (Blums 

 

et al

 

. 2002)
and Ciconiiformes (Cezilly 

 

et al

 

. 2000). One of the
functions proposed to explain this behaviour is
the strengthening of pair bonds and therefore mate
retention (Cezilly 

 

et al

 

. 2000), which could result in
higher survival rates for adults (Ens 

 

et al

 

. 1993, Bried

 

et al

 

. 2003) and/or a contribution to the maintenance
of the social status (Heg 

 

et al

 

. 2003). Furthermore, the
maintenance of nest-sites over successive breeding
seasons is related to low rates of ectoparasitism (Barclay
1988, Rendel & Verbeek 1996) and/or predation
risks, as nest predators have a long-term memory for
rewarding nest-sites (Sonerud & Fjeld 1987).

One factor that might affect nest-site fidelity is
breeding success in the previous season. Pairs failing
to produce, or producing fewer, offspring in a given
season tend to be more likely to change nest-sites
before the next breeding season (Blums 

 

et al

 

. 2002,
Johannesen 

 

et al

 

. 2002, Beheler 

 

et al

 

. 2003, Hoover
2003). Therefore, nest-site fidelity could also be deter-
mined by age, as younger individuals tend to have

more breeding attempt failures than adults (Rowley
1983, Pyle 

 

et al

 

. 2001). By contrast, older individuals
produce fewer offspring due to the effect of senescence
(Forslund & Pärt 1995, Reid 

 

et al

 

. 2003). Productivity,
as a component of breeding success, could also modu-
late nest-site fidelity behaviour. Similarly, colony size
has been proposed as a determinant of breeding
performance in birds (Wittenberg & Hunt 1985).
Although there are costs associated with the increased
size of the colony, such as high rates of parasite transmis-
sion, and competition for food or for nest material
(Burger 1981, Carrascal 

 

et al

 

. 1995, Brown & Brown
1996), breeding success is, in general, higher in larger
subcolonies, probably because colony size reduces
predation risk (Barbosa 

 

et al

 

. 1997, and references
therein). Hence, colony size could mediate nest-
site fidelity via breeding success. Other factors such
as sex, breeding density, habitat or nest characteristics
have also been found to be related to nest-site fidelity
(Switzer 1993, Dubois 

 

et al

 

. 1998, Jouventin & Bried
2001, Pyle 

 

et al

 

. 2001, Johannesen 

 

et al

 

. 2002, Beheler

 

et al

 

. 2003).
In the White Stork 

 

Ciconia ciconia

 

, nest-site fidelity
has been reported in over 80% of individuals (Barbraud

 

et al

 

. 1999). In this species, changes of nest are more
frequent in young individuals and are usually followed
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by mate changes, although changes in nest-site have also
been observed among different breeding attempts but
with no particular reasons identified for that behaviour
(Schulz 1998). To date, there have been no studies
focused specifically on the factors affecting nest-site
fidelity in White Storks. The aim of this study was to
explore the applicability, for a long-term monitored
population of White Storks, of some of the factors
thought to affect nest-site fidelity in birds.

First, we tested whether breeding failure or produc-
tivity in the previous breeding season affected nest-site
fidelity. If breeding failure does affect nest-site fidelity,
we predict higher nest-site fidelity rates in adult than
in young individuals. If productivity affects nest-site
fidelity, we predict a curvilinear relationship between
nest-site fidelity and age. If changes in nest-site are
performed to increase breeding success, we also
predict higher breeding failure and/or lower produc-
tivity in pairs that subsequently change nest than
in pairs that do not. In addition, if colony size affects
breeding success, nest-site fidelity should be correlated
with this variable. Finally, we analysed the relation-
ships between nest-site fidelity and other variables,
such as sex and habitat type.

 

METHODS

 

The study was carried out in the province of Madrid
(7740 km

 

2

 

), central Spain. In this area the number
of White Storks increased from 215 breeding pairs in
1984 (Lázaro 

 

et al

 

. 1986) to 979–1013 pairs in 2001
(Aguirre & Atienza 2002) and 1220 pairs in 2004
(J.I. Aguirre unpubl. data). White Stork breeding has
been monitored in our study area since 1989. Chick
ringing with metal and PVC rings has been carried
out since 1980. Nests in the study area (solitary or
colonial) were checked from 1989 to 2004 in order to
record ringed individuals and the number of nestlings
produced. For this purpose we used binoculars (8 

 

×

 

30) and telescopes (20 

 

×

 

 30–60). In total, 170 ringed
individuals were identified as breeders.

Nest-site fidelity was defined as the permanence
of an individual in the same nest in two consecutive
breeding seasons. Breeding outcome was considered
as a binary variable, where ‘0’ was assigned to failed
nests and ‘1’ to successful nests. Nests in which none
of the eggs hatched were considered as failed nests.
Productivity was defined as the number of nestlings
40 days after hatching in successful nests (range =
1–4). Only four pairs produced more than four
nestlings. These cases were included in the highest
productivity category (4). The size of the colony was

defined as the number of nests. We considered ‘urban’
and ‘countryside’ as two different breeding habitats.
The sex of ringed breeding individuals was determined
by observation of copulatory behaviour at egg-laying
(Cramp & Simmons 1977, Schulz 1998). Nestlings
were sexed by molecular techniques (Fridolfsson &
Ellegren 1999) using DNA extracted from blood
obtained by brachial venipuncture during banding
at the age of 40 days. Molecular sexing of nestlings
also allowed us to know the sex of some breeding
individuals in subsequent years. Age was determined
by identification of band codes of individuals marked
as nestlings.

In order to analyse nest-site fidelity we formulated
generalized linear mixed models (GLIMMIX) with
binomial error distributions (Littell 

 

et al

 

. 1996) using
SAS statistical software (SAS 1989–96 Institute
Inc., Cary, NC, USA), in which nest-site fidelity was
included as the response variable. As potential explan-
atory variables we considered sex, habitat type, breeding
outcome of the previous year (fixed factors), and colony
size and age (covariates). A second model was similarly
performed by using the productivity of the previous
year as a covariate, instead of breeding outcome of the
previous year.

To improve the function explaining the relationship
between age and nest-site fidelity, we estimated the
proportion of individuals that did not change nest in
each age class. Age classes showed different sample
sizes, for which the contribution of each age class to
the models was unequal. The analysis was adjusted
by weighting the values by the number of individuals
in each age class.

In order to determine whether breeding outcome
was associated with nest-site fidelity, we constructed
generalized linear mixed models (GLIMMIX) with
a binomial error distribution with breeding outcome
as the response variable. As potential explanatory
variables we used nest-site fidelity, sex, habitat type
(fixed factors) and colony size (covariate). The bird’s
age and the squared term of age were included in
the model to test for the effect of senescence. We con-
structed general mixed models (GLMM) with
productivity as the response variable. Nest-site
fidelity, sex, habitat type (fixed factors) and colony
size (covariate) were again included in the model.
Age and its squared term were again included in
the model. As productivity did not present a normal
distribution (K-S, 

 

d

 

 = 0.21, 

 

P

 

 < 0.01), residuals
from all GLMM were checked. All the residuals
were distributed normally (K-S, all 

 

d

 

 < 0.08, all

 

P

 

 > 0.05).
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In many cases the same individual was recorded in
two or more years, for which we included individual
(ring number) as a random factor in all models to
avoid pseudoreplication. As breeding performance is
expected to vary among years, we also considered
breeding year as a random factor. As some of the
explanatory variables could co-vary, we fitted their
effects to the observed data following backward and
forward stepwise procedures, testing the significance
of each variable one by one, and removing or adding,
respectively, the variables that resulted in the largest
increase of model fit. The result is the minimum
adequate model (MAM) for explaining the variance
of the response variable, where only significant explan-
atory variables and two-term interactions were retained.
We used the Akaike’s information criterion (AIC;
Akaike 1973) to determine which model best fitted
the data. All analyses were two tailed. Two-year-old
individuals were excluded from the analyses due to
the low sample size (

 

n

 

 = 2). In order to balance the data
we regarded the last age class as 14 years or older.

 

RESULTS

 

Nest-site fidelity was observed in 344 cases (79.6%)
of 432 records (Table 1). Nest-site fidelity was explained
significantly by the breeding outcome of previous years
and age (GLIMMIX, Breeding outcome: 

 

F

 

1,132

 

 = 18.51,

 

P

 

 < 0.0001, 

 

estimate

 

 = 

 

−

 

1.5275; age: 

 

F

 

1,132

 

 = 14.80,

 

P

 

 = 0.0002, 

 

estimate

 

 = 0.2843; model: 

 

scale deviance

 

 =
216.93, 

 

n

 

 = 245). Older individuals producing one
nestling at least during the previous year tended to
change the nest less often. Sex showed a marginally
significant effect on nest fidelity (GLIMMIX, 

 

F

 

1,132

 

 =
3.02, 

 

P

 

 = 0.086, 

 

estimate

 

 = 

 

−

 

0.6127) with females
tending to change more than males. Akaike’s informa-
tion criterion showed that the model excluding sex
as an explanatory variable fitted the data better (AIC =
1219.4) than the model including it (AIC = 1231.4).
The remaining variables were not significantly corre-
lated with nest-site fidelity (all 

 

P

 

 > 0.1). Age and

breeding outcome of the previous year were inter-
correlated (GLIMMIX, 

 

F

 

1,152

 

 = 15.96, 

 

P

 

 = 0.0001,

 

estimate

 

 = 0.2874). In order to disentangle the effect
of both variables we analysed the variation in nest-site
fidelity within each age class. Breeding outcome of
the previous year had a significant effect at 4 years of
age (GLIMMIX, 

 

F

 

1,44

 

 = 8.43, 

 

P =

 

 0.0057, 

 

estimate

 

 =

 

−

 

1.8746), 7 years of age (GLIMMIX, 

 

F

 

1,16

 

 = 6.06,

 

P

 

 = 0.02, 

 

estimate

 

 = 

 

−

 

4.0833) and 9 years of age
(GLIMMIX, 

 

F

 

1,9

 

 = 4.81, 

 

P

 

 = 0.05, 

 

estimate

 

 = 

 

−

 

4.3413),
but not in the remaining age classes (all 

 

P

 

 > 0.1).
When we replaced breeding outcome by produc-

tivity of the previous year in the model, the latter
had a significant effect on nest-site fidelity only through
the interaction with sex (GLIMMIX, productivity 

 

×

 

 sex

 

F

 

2,84

 

 = 3.50, 

 

P

 

 = 0.03, 

 

estimate

 

 = 

 

−

 

0.8452). More pro-
ductive, and male, individuals tended to change the
nest less frequently. Sex showed a marginally significant
effect on nest fidelity (

 

P =

 

 0.16), females tending to
change more than males. According to Akaike’s criterion
the model including sex fitted the data better (AIC =
1310) than that excluding sex (AIC = 1335.5). Thus,
we accepted the model including sex as the final model
(GLIMMIX, productivity 

 

×

 

 sex 

 

F

 

2,84

 

 = 3.69, 

 

P

 

 = 0.029,

 

estimate

 

 = 

 

−

 

0.8452; age 

 

F

 

1,84

 

 = 19.75, 

 

P

 

 < 0.0001,

 

estimate

 

 = 0.8670; sex 

 

F

 

1,84

 

 = 2.01, 

 

P

 

 = 0.16, 

 

estimate

 

 =
3.0018; model: 

 

scale deviance

 

 = 151.97, 

 

n

 

 = 181).
Age and productivity of the previous year were

intercorrelated (GLMM, 

 

F

 

1,98

 

 = 6.31, 

 

P

 

 = 0.01, 

 

estimate

 

= 0.2915). In order to disentangle the independent
effects of these variables we analysed the variation in
nest-site fidelity due to productivity of the previous
year within each age class (similarly to the analysis
with breeding outcome of the previous year). Produc-
tivity of the previous year was not significant in any
age class (all 

 

P

 

 > 0.2).
The proportion of individuals not changing the nest

was positively correlated with age (

 

F

 

1,398

 

 = 235.28,

 

P

 

 < 0.0001). This relationship was explained better by
a hyperbolic function (

 

R

 

2

 

 = 0.81, Fig. 1) than by a
linear (

 

R2 = 0.60) or quadratic (R2 = 0.73) function.
Controlling for age and the squared term of age,

breeding outcome was significantly affected by
nest-site fidelity (GLIMMIX, F1,144 = 8.55, P = 0.004,
estimate = 1.067; model: scale deviance = 237.9, n =
283). Breeding outcome was significantly lower in
individuals that changed their nest-sites (mean ± se,
0.68 ± 0.04) than in those that retained the nest
(0.86 ± 0.02). The remaining variables were not
significantly correlated with breeding outcome (all
P > 0.5). Productivity (controlling for age and the
squared term of age) was not affected by nest-site

Table 1. Summary of the number of observations. The number
of different individuals for each class is given in parentheses.

Sex
No. observed 

fidelity
No. observed 

switching Total

Males 117 (49) 33 (25) 150 (56)
Females 104 (39) 37 (31) 141 (51)
Undetermined 123 (57) 18 (15) 141 (63)
Total 344 (145) 88 (71) 432 (170)
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fidelity (P = 0.3), but was correlated with the inter-
action between sex and age (GLMM, F1,155 = 4.02,
P = 0.046, estimate = 0.038; n = 271). Females and
older individuals were more productive. No other
variable correlated significantly with productivity
(all P > 0.1).

To detect whether birds that changed the nest
following breeding failure performed better the next
year than birds that had also failed, but re-used the
same nest-site, we repeated the last two models, but
used only cases in which birds failed to produce
nestlings during the previous year. Considering only
the individuals that failed in the breeding attempt
of the previous year, we found that productivity was
not affected by nest-site fidelity (GLMM, P = 0.9).
However, individuals that changed nest showed a
significantly poorer breeding outcome than individuals
that retained the nest in the next breeding season
(0.64 ± 0.06 and 0.96 ± 0.06, respectively; GLIMMIX,
F1,56 = 6.75, P = 0.011, estimate = −2.8214; model:
scale deviance = 58.04, n = 70).

DISCUSSION

Success or failure, number of nestlings produced during
the previous breeding season and age of breeders were
found to be correlated with nest-site fidelity in our
study population of White Storks, as in other bird
species (Rowley 1983, Johannesen et al. 2002, Hoover
2003). Younger breeders showed lower nest-site fidelity

than adults, statistically corroborating the suggestions
made by Schulz (1998).

Variation in nest-site fidelity was explained by
age and breeding outcome (success vs. failure) during
the previous year. Breeding outcome during the
previous year affected nest-site fidelity in some age
classes but not in others, for which age seems to
be the main influence on an individual’s decision to
change nest-site. In general, Storks tended to change
the nest less often as their age increased. This indi-
cates that experience plays an important role in this
behaviour. It is known that young individuals occupy
poorer nest-sites in marginal areas and are more prone
to fail in breeding. This may account for the lower rates
of nest-site fidelity observed in younger individuals.
As with other aspects of Stork biology, such as food
provisioning (Medina et al. 1998), an individual’s age
determines its experience and therefore its use of
resources. Nest-site fidelity can be influenced by an
individual’s experience, which allows birds better
to defend their nests from other less experienced
individuals (Prieto 2002). Middle-aged individuals
are able to raise their brood successfully, and have the
experience necessary to maintain their nest through
successive breeding seasons. Nest-site fidelity was also
correlated with the productivity of the previous year,
although its significance and fitness to models was
lower than that observed in models with the breeding
outcome of the previous year fitted as a fixed factor.
However, the expected decrease in nest-site fidelity
in older age classes was not observed. Older individuals
have very low rates of breeding failure despite their
lower overall productivity (J.I. Aguirre pers. obs.). The
significant interaction between sex and productivity
of the previous year in relation to nest-site fidelity
needs to be analysed in future studies, because too
few data have been gathered from our study to draw
any conclusions. The significant interaction observed
between age and sex in relation to productivity could
indicate that the sexes enter the reproductive popula-
tion at different ages (Prieto 2002), and this behaviour
affects nest-site fidelity. This significant interaction
might explain the weak differences in nest-site fidelity
between sexes and the real effect of the previous year’s
productivity on nest changes. Younger individuals tend
to arrive later in the season (Barbraud & Barbraud
1999) and have to choose among the available nests,
finding in many cases that the nest they occupied during
the previous breeding season is being defended by
another individual. Males tend to arrive before females
on the breeding grounds (Barbraud & Barbraud 1999),
a fact which could explain the weak sex differences

Figure 1. Correlation between age of breeders in years and the
percentage of cases with nest-site fidelity, weighted by the number
of observations for each age class and adjusted according to the
hyperbolic function y = (109.31) + (−155.74)/x. Number of cases
is represented by different sized symbols (10–15, 16–20, 21–30,
31–40, 41–50 and > 51).
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in nest-site fidelity. However, this requires further
research.

Nest predation could influence breeding success,
as it is the main reason for nestling mortality (Martín
1993, 1995). However, the rarity of predation observed
(less than 4% of the nests during the study period,
J.I. Aguirre pers. obs.) indicates that this has little effect
on breeding success in our population, and therefore
on nest-site fidelity. The presence of ectoparasites
is known to be another factor that can promote nest
changes between breeding seasons (Barclay 1988,
Rendel & Verbeek 1996). Nest parasites were not
recorded in our study, but ectoparasites at the nest-
site have only been observed sporadically in our popu-
lation (J.I. Aguirre pers. obs.). Changing nest could
affect ectoparasite load when the old nest is not
occupied for a breeding season, as this may break
the parasite cycle. However, few nests in our colonies
(less than 5%) are unoccupied in any breeding season,
and so the abundance of ectoparasites is not expected
to explain significant variation in nest-site fidelity in
our population.

In relation to habitat, most of the White Stork’s
colonies in the province of Madrid are near rubbish
dumps, where the birds can find enough food for the
entire breeding season (Aguirre & Atienza 2002). As
access to resources is similar for all individuals in the
colony, we do not expect differences in breeding
success to arise from a lack of food. According to our
results, coloniality and the size of colony influence
neither nest switching rate nor breeding success. For
this reason, although the probability of pair switching
might increase with colony size (Prieto 2002), this
factor has not influenced the aspects studied here.
The low predation risk for this population (as above)
makes breeding success immune to the effects of
colony size, which therefore has no effect on nest
fidelity. We found no relationship between habitat
and nest-site fidelity because even though the situa-
tion of the nests might be different, feeding habitats
are similar for both.

Finally, our results show that individuals changing
their nest through consecutive breeding seasons have
higher breeding failure, even though there were no
differences in the number of nestlings produced
between pairs remaining at the same nests and
pairs changing their nests. These results also occur
in Storks that failed in breeding during the previous
year. This illustrates the high cost associated with nest
changes. In the White Stork, nest changes are usually
associated with divorces (Schulz 1998). Mate changes
in long-lived iteroparous birds convey costs that have

probably arisen from an initial inefficiency of repro-
ducing with a new mate, a reduced reproductive success
due to waiting for a new mate, and/or higher rates
of mortality or loss of social status (Ens et al. 1996,
Heg et al. 2003). Our findings support these ideas.
Individuals suffer from loss of fitness caused by pair
change, which can be reflected in a lower breeding
success. In the same way, previous experience with
the same partner raises breeding success (Pyle et al.
2001). Even though these aspects have not been tested
in this study (although we identified 19 pairs in which
both individuals are of known age, this is insufficient
to draw any firm conclusions), they should be addressed
in future studies to determine (1) degrees of nest-site
and pair fidelity for this species, (2) the fitness costs
in cases of divorce and mate fidelity, and (3) whether
these costs are equal for both sexes, given that many
studies have been able to disentangle the effects of
males and females on productivity (Goodburn 1991,
Espie et al. 2004). We need also to determine the
real function of nest changes, rather than just the causes
(breeding failure etc.). Monitoring and determining
other causes for nest switching such us inter-pair
interactions or nest improvement (Prieto 2002) is a
challenging task.

We conclude that variation in nest-site fidelity in
the White Stork represents an adaptive strategy to
increase fitness and therefore can be considered as
a defining life-history trait in this species.
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