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Spotless starlings rely on public information while visiting

conspecific nests: an experiment
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Animals may acquire information on potential breeding sites by prospecting, which allows future optimal
selection of breeding territories. The reproductive success of conspecifics, as public information (PI), has
been proposed as one of the cues that prospectors could gather and then use for future reproductive de-
cisions. We experimentally decreased brood size in spotless starling nests to investigate whether this
species gathers PI while visiting conspecific nests. We expected visiting frequency to decline with the ex-
perimental decrease in brood size because visitors are expected to prefer sites with high reproductive suc-
cess and to spend more time at those sites to gain familiarity. Furthermore, the effect of the experimental
manipulation was recorded at three different stages of the nestling period to establish the importance of
the reliability of PI. Brood size decreased in direct relation to the manipulation and, consequently, parental
feeding rates decreased too. Visiting frequency of starlings to conspecific nests was affected by the interac-
tion between the experimental manipulation and the stage in the nestling period: visiting frequency in-
creased from decreased to control nests at the end of the nestling period, not so strongly in the middle
of that period and it was not affected by the manipulation at the beginning of it. This variation in visiting
frequency seemed to be better explained by brood size than by parental provisioning rate. These results
may be interpreted as spotless starlings visiting conspecific nests to gather PI, which seems to increase
its informative value when its reliability does.
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Information derived from the performance of conspe- Danchin et al. 2004) inspection of habitat characteristics

cifics, which is known as public information (PI hereafter;
Valone & Templeton 2002), has recently received in-
creased interest because gathering information from
others to assess resource (e.g. mates, habitat) quality may
have important implications in ecological and evolution-
ary theories (see review in Danchin et al. 2004). In a con-
text of breeding-habitat selection, variables related to
fitness should, at least partially, reflect habitat quality.
These variables offer reliable information because individ-
uals are selected to maximize reproductive success and
then they cannot be falsified by breeders but can be ob-
served by other individuals. Moreover, personal (sensu
ndence: D. Parejo, Department of Functional and Evolutionary
Estación Experimental de Zonas �Aridas, C.S.I.C. C/ General
1, 04001 Almerı́a, Spain (email: parejo@eeza.csic.es). J. M.
now at the Departmento de Biologı́a Animal, Facultad de

, Universidad de Granada, 18071 Granada, Spain.
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that potentially affect breeding success would, in general,
be more costly than gathering information related to fit-
ness from PI. Therefore, the use of traits related to perfor-
mance of conspecifics for reproductive decisions should
be widespread in nature.

The process by which animals acquire information on
potential breeding patches or sites is called prospecting
(Reed et al. 1999). This behaviour could affect not only se-
lection of potential patches for future reproduction (Pärt &
Doligez 2003), but also future reproductive success (e.g.
Schjorring et al. 1999; Cam et al. 2002) and population dy-
namics of the prospector species (Reed & Dobson 1993).
Prospecting, although most frequently described in birds,
is widespread among different animal taxa, such as marine
invertebrates, fish, birds, and mammals (Reed et al. 1999).
This behaviour may be linked to the gathering of PI when
prospectors get information on the reproductive success
of conspecifics, not only in terms of number of nestlings
or fledglings, but also in terms of variables related to
dy of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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offspring performance, which provides reliable estimates of
environment suitability and quality for breeding (Danchin
et al. 1998). Complementary or alternatively to PI, any in-
formation reliably predicting future local reproductive suc-
cess is likely to be attractive to prospectors. Informative cues
may include physical characteristics of the breeding-habitat
(Orians & Wittenberger 1991), food availability (Brown &
Brown 1996), presence of parasites (Boulinier et al. 2001)
and predators (Pöysä 1999; Pöysä 2003) or, simply, presence
of conspecifics (Stamps 1988; Müller et al. 1997) or hetero-
specifics (Monkkönen et al. 1990). Therefore, although
evidence of individuals visiting nests of others is abundant
in the literature, visiting could have motives other than
gathering PI.

Whenever visitors gather public information to assess
patch or site quality for future breeding-habitat choice,
they should be attracted to, and spend more time at,
successful patches or sites (Doligez et al. 2004). This could
not be the result of bird curiosity, for instance, because in
this case visitors should be attracted to all patches or sites
equally. Thus, empirical studies that have found a positive
relationship between visiting frequency and local repro-
ductive success in several bird species provide evidence
of prospecting to gather PI (e.g. Schjorring et al. 1999; Ot-
tosson et al. 2001; Doligez et al. 2004; Ward 2005; Piper
et al. 2006; Pöysä 2006). However, correlations cannot
support the use of PI because cues providing PI such as
brood size, feeding rates, etc. are likely to be correlated
with other different cues indicating habitat quality (Doli-
gez et al. 2002; Valone & Templeton 2002). Thus, for a
distinction between the effects of conspecific PI and
some other correlated habitat characteristic, experimental
manipulation of traits related to reproductive performance
(as PI) is necessary. Up until now, only one study in the
collared flycatcher Ficedula albicollis has experimentally
shown a link between prospecting and a variable that
belongs to PI (Pärt & Doligez 2003). Briefly, Pärt & Doligez
(2003) showed that prospectors were more common at
nests with experimentally increased brood size, probably
because brood size and adult feeding visits were positively
related and parental feeding rate predicted subsequent
fledgling production. More importantly, the year follow-
ing the experimental manipulation of PI, prospectors
bred close to the most frequently prospected site the
year before. Hence, a link between probability of prospec-
ting and selection of breeding site for the next breeding
season can be established. Consequently, the detection
of a relation between experimentally manipulated vari-
ables related to breeding success and frequency of visitors
at the nest might be considered evidence of the interest of
the manipulated variable as a cue to be gathered by ani-
mals during prospecting.

The spotless starling Sturnus unicolor is a resident
medium-sized, long-lived colonial passerine (Moreno
et al. 1999; Veiga et al. 2002). Inspections of nest contents
of conspecifics have not yet been described in this species.
However, for the closely related European starling Sturnus
vulgaris there is profuse evidence of visiting active nests by
conspecifics (Sandell & Diemer 1999; Tobler & Smith
2004). These visits were more common during the nes-
tling than during the incubation period and visitors
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seemed to use the gathered information for selection of
breeding sites during the following breeding season
(Tobler & Smith 2004). We detected a high frequency of
visits in nests of spotless starlings and thus we decided
to investigate whether the function of this behaviour
was to gather PI. To test this hypothesis, we manipulated
PI, by decreasing brood size in nests, which removes the
natural correlation between reproductive success and hab-
itat characteristics reflecting quality. We chose this manip-
ulation, instead of increasing brood sizes, because during
the nestling period, enlarged broods may be constrained
by resource availability. Indeed, increased nests with
many added chicks would more probably suffer chick
mortality under poor environmental conditions than
nests with reduced brood sizes, which would render public
information less stable throughout the nestling period in
increased nests. Furthermore, we measured visiting during
three different stages of the nestling period to explore ma-
nipulation-effect variation in relation to nestling age.
Briefly, we first tested the effectiveness of our manipula-
tions on brood size and parental provisioning rate, vari-
ables that provide PI. Afterwards, we tested the following
general predictions from the hypothesis of gathering of
PI as a function of visiting behaviour: (1) frequency of
nest visiting should decrease with the experimental de-
crease in brood size because familiarity with the area
before settlement may affect breeding success (Cadiou
et al. 1994; Pärt 1994) and thus visitors are expected to
spend more time at the chosen sites; and (2) because reli-
ability of the information provided by brood size or paren-
tal feeding rates at a nest increases with nestling age, the
expected effect of our experiment should increase over
the nestling period.
METHODS
Study System
The study was carried out in Guadix (37�180N, 3�110W),
south-eastern Spain, during the breeding season of 2006,
in nestboxes installed either at the beginning of 2005 or
2006 years close or within colonies of spotless starlings
already established in old buildings in the area.

The spotless starling is a medium-sized, hole-nesting
and facultative polygynous passerine (Veiga et al. 2001).
Males choose nest sites and try to attract females to
them (Cramp 1998), being thus the females who choose
the males. Incubation, which takes around 14 days, is
done mainly by the females, whereas parental care is
provided by both members of the pair (Cramp 1998;
Veiga et al. 2002). The nestling period lasts approximately
21e22 days (Cramp 1998).

Adults were captured before or during nest building in
traps placed in nestboxes. Then, they were ringed with an
aluminium ring and a unique combination of three colour
rings. Sexes were distinguished by morphological traits.
Nestboxes were visited regularly from nest building to
fledging to determine reproductive parameters. Mean
clutch size � SE in the study area was 4.82 � 0.10 eggs
(N ¼ 68 nests). Brood-size manipulation was carried out
ublic information while visiting conspecific nests: an experiment, Anim. Behav.
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by removing from 1 to 4 nestlings from experimental
nests when chicks were 1e2 days old. Thus, we created
brood sizes deviating from their original sizes by �4
(N ¼ 6 nests), �3 (N ¼ 17 nests), �2 (N ¼ 18 nests), �1
(N ¼ 10 nests) and 0 (N ¼ 17 nests) nestlings. Experimen-
tal and control nests were disturbed equally as control
nests were also visited at the beginning of the nestling
period to monitor chick hatching. Nests were randomly
assigned to treatments (decreased or control) throughout
the breeding season. Therefore, laying dates did not differ
among manipulation categories (one-way ANOVA: F4,63 ¼
1.61, P ¼ 0.18). Removed nestlings were added to a set of
nests allocated to another experiment in which all eggs
had been removed and replaced with artificial model
eggs to avoid abandonment.

Provisioning behaviour of parents was monitored three
times in each nest over the nestling period. This corre-
sponded to nestling ages of approximately 4 (mean � SD:
4.1 � 1.3 days, N ¼ 66 nests), 9 (8.9 � 1.8 days, N ¼ 58
nests), and 15 (15.1 � 1.4 days, N ¼ 50 nests) days old. Dif-
ferences in the number of observations carried out at dif-
ferent nests were due to predation. All observations were
carried out during the morning (i.e. 0800e1200 hours).
Parental visits were recorded for periods of approximately
1 h (59.8 � 3.4 min, N ¼ 174) either by direct observation
of nests with telescopes (from hideouts or cars), or by
video cameras placed several metres away from the tar-
geted nestbox. For each observation, we calculated the pa-
rental provisioning rate as the number of parental feeding
visits/h. Also, for each observation, we identified conspe-
cifics’ visits and the sex of visitors. We considered a bird
to be a visitor of a nest when it was an extrapair individual
that looked inside or entered the nestbox within the 1-h
period of observation. Extrapair individuals were identi-
fied either by colour rings, by the simultaneous presence
of more than two individuals at the nestbox, or by the de-
tection of nonringed individuals at a nest that do not
provide parental care (i.e. feeding or removing faecal sacs).

Experimental procedures were licenced by the ‘Conse-
jerı́a de Medio Ambiente, Dirección General de Gestión
del Medio Natural de la Junta de Andalucı́a’. Traps
consisted of a net around a flexible wire circumference
that we fitted inside the nest hole to retain the bird when
it entered the nestbox. Only a maximum of five traps were
put simultaneously in neighbouring nestboxes to allow us
to record all movements around them and then to remove
birds from traps immediately. In no case were birds
damaged by the capture. During days with good weather,
traps were installed from the sunrise to 3 h before sunset
to avoid manipulating birds during the night. We did
not capture them on days with bad weather such as rainy
or very cold days. Our experiment, as well as the visitation
rate of nests, did not cause nest desertion, that is, no single
nest either from the manipulated or control group was de-
serted. For the experiment, nestlings were transported in
small boxes having the inside covered with cotton. The
transport of nestlings between nests took no more than
half an hour and this manipulation seemed not to cause
any adverse effect on nestlings because the mortality
rate of manipulated and control nests throughout the nes-
tling period did not differ (total nestlings died throughout
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the nestling period ¼ 17 (experimental: 10 out of 117 nes-
tlings, control: seven out of 87 nestlings), chi-square with
Yates correction ¼ 0.02, df ¼ 1, P ¼ 0.9061). Moreover, no
chick died during transportation. Therefore, our study did
not affect starling welfare.
Statistical Analyses
Analyses were carried out using SAS statistical software
(SAS 2001 Institute Inc., Cary, NC, U.S.A.). We first tested
the effect of the brood-size manipulation on brood size and
parental provisioning rates at different observation times
(see above). A one-way ANOVA model (GLM SAS pro-
cedure) was performed to test the effect of the brood-size
manipulation on brood size at nests. The effect of the
manipulation on parental provisioning rate was analysed
by using a linear mixed model (LMM, MIXED SAS pro-
cedure) in which we introduced the nest as a random factor
to account for the fact that different behavioural observa-
tions focused on the same nest are not independent.

As response variables of our experimental manipulation,
we used the probability of each nest to be visited
by visitors as a binary variable (visited ¼ 1 versus non-
visited ¼ 0) and the visiting frequency as the number of
visits/h.

The effects of the nesting stage and the brood-size
manipulation on probability of visiting were studied by
performing a generalized linear mixed model with logistic
link function and binomial distribution (GLMM, SAS
Macro program GLIMMIX). Moreover, we used a linear
mixed model (LMM, MIXED SAS procedure) to test the
effect of experimental manipulation on frequency of
visiting. In the two analyses, the nest was introduced as
a random factor to account for the fact that behavioural
observations focused on the same nest are not indepen-
dent. Even when we have ordered expectations for both
the nesting stage and the brood-size manipulation, we
used nondirectional tests and thus fitted these two vari-
ables as categorical because this structure provided us with
lower AIC than the alternative (with these two variables as
continuous effects).

We also used a LMM (MIXED SAS procedure) to test the
effects of the nesting stage and the brood size, on the one
hand, and of the nesting stage and the parental pro-
visioning rate, on the other hand, on visiting frequency
after statistically controlling for the random effect of the
nest. Possible models with these three independent vari-
ables explaining visiting frequency were compared by
using their Akaike information criteria (AIC) values.

We tested if the probability of a nestbox to be occupied
in year t was affected by the year in which the nestbox was
installed (year t versus year t � 1) by means of a logistic
regression model (GENMOD SAS procedure). This aimed
to assess whether starlings inspect and/or locate nest sites
during a season to use them the next one.

Model selection was carried out by removing, one by
one, the effects that were furthest from statistical signif-
icance, starting with the highest-order interactions down
to the main effects.
ublic information while visiting conspecific nests: an experiment, Anim. Behav.
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RESULTS
Effectiveness of NesteBrood-Size
Manipulations
Brood-size manipulation significantly affected the
brood size of nests at the time of observations (ANOVA:
F4,63 ¼ 32.56, P < 0.0001): brood size decreased gradually
from the 0 control to the �4 category (Fig. 1). Conse-
quently, the frequency of parental feeding visits signifi-
cantly decreased with the manipulation (LMM:
F4,106 ¼ 2.43, P ¼ 0.05; Fig. 1) once we controlled for the
random effect of the nest (Z ¼ 3.91, P < 0.0001). Thus,
our experiment was effective in reducing not only brood
size, but also the parental provisioning rate to nests.
Effect of the Manipulation on Visiting
We detected 96 visits during observations at 68 nests;
79.2% of visitors were males. Most individuals providing
parental care at the nests (70.43% of 115 breeders: 53
males and 62 females) and juveniles born in the area
during the 2005 breeding season were colour-ringed,
however, most visitors were unmarked, suggesting that
they may be nonbreeding individuals or birds breeding
in places other than nestboxes in the study area. We
identified two visitors that were known (ringed) as
breeders. Both were females and, while one was detected
after failing its own reproduction, the other visited
a conspecifc nest during the raising of her own chicks.

The probability of each nestbox to be visited was
independent of the experimental manipulation (LMM:
F4,104 ¼ 0.63, P ¼ 0.64) once controlled for the random
effect of the nest (Z ¼ 1.61, P ¼ 0.05). This probability
was affected only by the nesting stage (F2,104 ¼ 16.20,
P < 0.0001), in such a way that the probability of observ-
ing a visitor in a nest increased with the age of the chicks
being raised in the nest. Finally, the interaction between
the nesting stage and the manipulation did not affect the
probability of visiting either (F8,96 ¼ 0.64, P ¼ 0.74). This
lack of effect of the brood-size manipulation could indicate
that visitors may first visit conspecific nests at random and,
afterwards, they may repeat the visit at the most successful
nests. Therefore, we tested this by analysing whether the
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Figure 1. Brood size and parental provisioning rate (mean � SE) of

the experimentally reduced and control spotless starling nests. Ex-
perimental manipulation consisted on the removal of 0, 1, 2, 3 or

4 hatchlings.
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probability of visited nests at the two earlier nesting stages
to be visited at a later stage was related to their success. We
confirm this suggestion because the brood-size manipula-
tion affected the probability of previously visited nest-
boxes to be revisited (c2

3 ¼ 9:13, P ¼ 0.028, N ¼ 18 nests).
The visiting frequency, however, was affected by the

interaction between the experimental manipulation and
the nesting stage (LMM: F8,96 ¼ 2.21, P ¼ 0.03; Fig. 2) after
accounting for the random effect of the nest (Z ¼ 1.61,
P ¼ 0.05). The visiting frequency decreased with the ma-
nipulation mainly at the end of the nestling period but
this relation was not so strong in the middle of that period
and even not true at the beginning of it (Fig. 2). A model in-
cluding brood size was better (AIC ¼ 482.8) at predicting
the visiting frequency than was the model including the
parental feeding rate (AIC ¼ 502.5). Hence, the negative ef-
fect of the brood size manipulation on visiting frequency
seemed to be caused more by differences in brood size
than by differences in parental feeding rate among the dif-
ferent manipulation categories. This first model showed
that the visiting frequency was related to the interactive ef-
fect of the brood size at the nest with the nesting stage
(GLMM: F1,103 ¼ 24.93, P < 0.0001) after accounting for
the random effect of the nest (Z ¼ 1.39, P ¼ 0.08). The
model that included parental feeding rate also showed an
interactive effect of parental feeding rate at the nest with
the nesting stage (F1,103 ¼ 21.46, P < 0.0001) after account-
ing for the random effect of the nest (Z ¼ 1.37, P ¼ 0.08).
Moreover, a model testing simultaneously the effects of
brood size and parental provisioning rate on visiting fre-
quency only during the last nestling period revealed that
the brood size had a stronger effect (multiple regression:
partial correlation coefficient � SE ¼ 0.39 � 0.15, t ¼ 2.63,
P ¼ 0.01) than did the parental provisioning rate (multiple
regression: partial correlation coefficient � SE ¼ 0.28 �
0.15, t ¼ 1.88, P ¼ 0.07) on visiting frequency. Neverthe-
less, it should be noted that measurement error of parental
feeding rate is likely to be markedly higher than that of
brood size and consequently that this could affect the fit
of the statistical models presented here.
Nestbox Occupation
The probability of a nestbox to be used by a starling
to breed during 2006 was explained by the year of
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installation (logistic regression model: effect of the age of
the nestbox as old or new: c2 ¼ 26:22, P < 0.0001,
N ¼ 122). Actually, nestboxes installed during 2005 had
a higher probability of being occupied in 2006 (mean �
SE, N: 0.74 � 0.063, 50) than nestboxes installed before
the 2006 breeding season (mean � SE, N: 0.28 � 0.05, 72).
DISCUSSION

Our experiment shows a relation between the experimen-
tal manipulation on brood size and rate of visits by
conspecific spotless starlings. These visits could be inter-
preted as prospecting to gather conspecific PI for future
reproductive decisions. In addition, we detected that
nestling age (i.e. nesting stage) was one important pre-
dictor of both probability and frequency of visiting, in
accordance with the hypothesis that the reliability of the
information influences the interest of gathering PI. This is
because our experiment of decreasing brood size of nests
led to a decline in the visiting frequency whenever chicks
were more than 8 days old, when the reliability of PI
increases.

The experimental manipulation did not affect the
visiting probability and, regardless of the manipulation,
each nest underwent the same chance of being visited.
However, nests visited at an early stage had more proba-
bility to be revisited later if they were successful than
unsuccessful. This result agrees with prospecting rate
being similar among experimental treatments at the
beginning, but not at the end of the nestling period.
This possibility is feasible because spotless starlings are
colonial species with nests very close to each other where
frequency of nest visiting is quite high (54% in our
population).

The effects of our experimental manipulation on visiting
frequency could be explained by either brood size or
parental provisioning rates detected during observations.
Both variables were affected by the experimental manipu-
lation performed, which resulted in brood size and parental
provisioning rate decreasing from control nests to those
with the stronger manipulation (four hatchlings removed).
However, brood size seems to be the important cue
gathered during visiting: first, the statistical model that
considered brood size explained the variation in visiting
frequency better than did the model that included the
parental provisioning rate. Second, in a statistical model
that included both variables, the visiting frequency at the
end of the nestling period was explained mainly by brood
size. Finally, all visitors entered nestboxes during inspec-
tion. This risky behaviour would not be needed if parental
feeding rate was the cue gathered because this activity can
be observed from a distance. There are at least two possible
mechanisms by which visitors may detect larger broods: (1)
by visiting the maximum possible number of nests at the
beginning of the nestling period and then remembering
nests with large broods to be revisited; and (2) by cueing on
begging because in parental absence, spotless starling
chicks indulge in begging and this behaviour increases
with increasing brood size (E. Bulmer, P. Celis & D. Gil,
personal comment). Alternatively, however, spotless
Please cite this article in press as: Deseada Parejo et al., Spotless starlings rely on p
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starlings could be interested in these two cues, brood size
and parental provisioning rate, and gather this information
in a hierarchical way. Therefore, we could imagine a scenario
in which visitors first cued on parental provisioning rate to
detect more successful nests and then visited nests to
confirm the previously acquired information. In any case,
it is likely that brood size predicts better reproductive
success of birds at each nest location than parental pro-
visioning rate because the latter may be highly variable
through time, depending on fluctuations in food availabil-
ity or in response to predation risk (Martin et al. 2000).

Our experimental manipulation was performed ran-
domly after hatching and, thus, variation in visits cannot
be explained by either extrapair males or parasitic females
with offspring within the experimental brood. Therefore,
the most likely explanation to our experimental results is
that visitors try to gather information on potential sites
(nests or colonies) for the next breeding event. This
possibility is in line with results from other studies
showing that prospectors bred close to areas where they
prospected during the previous season (e.g. Schjorring
et al. 1999; Pärt & Doligez 2003; Dittmann et al. 2005;
Pöysä 2006). We base this assertion on three different
facts: (1) in our population, most prospectors were males
and they choose nest sites; (2) nest visits occurred mainly
at the end of the nestling period; (3) finally, but not less
importantly, nestboxes installed during 2005 had a higher
probability of being occupied in 2006 than nestboxes
installed before the 2006 breeding season. It is clear that
the longer a nestbox is exposed the higher the chance of
being visited and then occupied. However, nestboxes
installed and used during 2005, but not empty boxes in
2005 and boxes installed in 2006, could also provide
with information on conspecific breeding performance.
Nevertheless, visitors could alternatively or additionally
be gathering information on potential mates for the
next breeding season. It is possible that visitors evaluated
potential mates for next breeding opportunities by using
the reproductive success of their nests. However, this alter-
native is highly unlikely in this species because most visi-
tors are males and in this polygynous species, the females
choose the mates.

In summary, we found experimental evidence that
brood size affects the rate of nest visiting by spotless
starlings, which could be interpreted as evidence for the
importance of prospecting to gather PI in this species.
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