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Abstract.  Nest site selection significantly affects fitness, so adaptations for assessment of
the qualities of available sites are expected. The assessment may be based on personal or social
information, the latter referring to the observed location and performance of both conspecific
and heterospecific individuals. Contrary to large-scale breeding habitat selection, small-scale
nest site selection within habitat patches is insufficiently understood. We analyzed nest site
selection in the migratory Collared Flycatcher Ficedula albicollis in relation to present and past
cues provided by conspecifics and by resident tits within habitat patches by using long-term
data. Collared Flycatchers preferred nest boxes that were occupied by conspecifics in the
previous year. This preference was strongest in breeding pairs where both individuals bred in
the same forest patch in the previous year. The results also suggest preference for nest boxes
close to boxes where conspecifics had a high breeding success in the previous year, and for nest
boxes which are presently surrounded by a high number of breeding Great Tits Parus major.
The results indicate social information use in nest site selection at a small spatial scale, where
Collared Flycatchers use conspecific cues with a time lag of one year and heterospecific cues

instantly.
Key words:

Bayesian statistics; Collared Flycatcher, competition, conspecific attraction; Ficedula
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INTRODUCTION

In spatio-temporally varying environments, selecting
a breeding habitat or site is a decision that can entail
strong fitness consequences. The quality of the breeding
habitat or site often directly affects offspring survival
and performance (Ens et al. 1992, Part 2001), and it may
also affect the parent’s future reproduction (Creighton
et al. 2009). Hence, the decision of where to breed is
likely to be one of the major determinants of lifetime
reproductive success (Stokes and Boersma 1998),
particularly in species with a low number of lifetime
reproductive events.

Because of the importance of breeding habitat or site
choices, animals are expected to assess the quality of the
available habitats and sites before making their
settlement decisions. Recent research indicates that
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animals commonly use social information, that is, the
decisions (e.g., location cues) and performance of other
individuals (e.g., Danchin et al. 2004, Seppénen et al.
2007) to make informed breeding site choices. An
accumulating number of empirical studies demonstrate
that not only conspecifics but also heterospecifics are
frequently used as cues in breeding site choices (e.g.,
Muller et al. 1997, Danchin et al. 2001, 2004, Doligez et
al. 2002, 20045h, Valone and Templeton 2002, Parejo et
al. 2005, 2007, 2008, Fletcher 2007, Seppdnen and
Forsman 2007, Seppédnen et al. 2007, 2011, Sebastian-
Gonzales et al. 2010, Forsman and Seppénen 2011,
Battesti et al. 2012, Farrell et al. 2012). Theoretical
studies predict that using social information may pay if
the environment is too variable for ontogenetic induc-
tion of behavior to be adaptive, but sufficiently
predictable in time or space for observations to hold
value later or at other locations, and if the costs of
social information acquisition and competition are not
too high (Boulinier and Danchin 1997, Monkkdnen et
al. 1999, Doligez et al. 2003, Fletcher 2006, Seppénen et
al. 2007).

Social information use within and among species has
implications on the spatial distribution of animals that
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contrast with the predictions of classical ecological
theories. First, attraction to conspecifics (Stamps 1988,
Wagner and Danchin 2003) and heterospecifics (Mo6nk-
konen et al. 1990, Parejo et al. 2005) usually results in
aggregations of individuals and may leave suitable
habitats empty (Doligez et al. 2003), which violates the
predictions of the ideal free distribution model (Fretwell
and Lucas 1969). Secondly, attraction to potentially
competing heterospecifics violates the competition tenet
that predicts spatial segregation among species to avoid
direct and indirect negative effects of overlapping
resource use (e.g., MacArthur 1972, Martin 1996,
Martin and Martin 2001). Rather than being inherently
negative, the net fitness effect of interactions between
competing species may vary from positive to negative,
depending on the resolution of the trade-off between the
benefits of information use and the costs of competition
(Seppénen et al. 2007).

Studies of social information use in bird breeding site
selection have mainly focused on the selection of a
habitat patch at a large spatial scale. These studies
indicate variation in timescales where information is
used; breeding habitat selection may be guided by the
location and performance of conspecifics in the previous
year (e.g., Doligez. et al. 1999, 2002, 20045, Nocera et al.
2006, Betts et al. 2008, Péirt et al. 2011, Farrell et al.
2012), while heterospecific cues may reflect the present
habitat quality (Monkkdnen et al. 1990, Forsman et al.
2002, 2008, 2009, Thomson et al. 2003, Seppdnen and
Forsman 2007, Seppénen et al. 2011). In some cases,
heterospecific locations in the previous year may guide
breeding habitat selection as well (see Sebastian-Gon-
zales et al. 2010). Social information use would be
expected also in nest site choices at a small spatial scale,
because nest site choice has strong fitness consequences
(Martin 1996, Martin and Martin 2001). The use of
social information in within-patch nest site selection has
been demonstrated only recently, indicating that prefer-
ence for certain nest site characteristics or locations is
affected by the current preference and success of
heterospecifics (Seppdnen and Forsman 2007, Forsman
and Seppénen 2011, Seppdnen et al. 2011, Loukola et al.
2013), as well as by the past success of conspecifics (Pért
et al. 2011, Hoi et al. 2012) and possibly heterospecifics
(Parejo et al. 2005).

The use of different cues potentially varies among
individuals. Yearlings and dispersing individuals may
have limited access to previous year’s conspecific
information (Doligez et al. 2002, 2004h, Parejo et al.
2007), so they probably rely more on currently available
information than old and/or philopatric individuals.
The propensity to use social information in decision-
making should increase with decreasing time available
(see Stohr 1998 for mate choice context). Social
information use is, thus, expected in migratory birds,
as they generally are time limited in breeding decisions.
The most valuable sources of current information may
be heterospecifics, especially when there is breeding
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asynchrony between information sources and users,
which is typically the case between resident and
migratory species. Because residents are present
throughout the year, they also probably have better
knowledge about the environment than migrants,
making ecologically close residents potentially impor-
tant information sources for migrants.

In this study, we analyzed small-scale nest site choices
of migratory Collared Flycatchers (Ficedula albicollis
Temminck) within habitat patches by taking advantage
of extensive long-term data on the Collared Flycatcher
and the resident Great and Blue Tits (Parus major L.
and Cyanistes caeruleus (L.), respectively). Collared
Flycatchers are known to be attracted to habitat patches
with high conspecific density and breeding success in the
previous year (Doligez et al. 2002, 2004b), and to
patches with relatively high current tit density (Forsman
et al. 2008), and they also copy the perceived nest site
preferences of tits (Seppdnen and Forsman 2007).
Moreover, Collared Flycatchers inspect the nests of
conspecifics (Pdrt and Doligez 2003, Doligez et al.
2004a) and heterospecifics (Forsman and Thomson
2008) during the breeding season. Evidence from the
congeneric Pied Flycatcher (Ficedula hypoleuca Pallas)
indicates that current tit clutch size affects flycatcher
nest site selection (Forsman and Seppdnen 2011,
Seppédnen et al. 2011, Loukola et al. 2013). Based on
these findings, we hypothesize that Collared Flycatchers
use information on past locations of conspecific nests
and current locations of tit nests in their small-scale nest
site selection. Existing data also suggest that Collared
Flycatcher nest site selection may be guided by
information on conspecific and tit past breeding success
as well as current tit breeding performance. On the
grounds of theoretical predictions (Seppdnen et al.
2007), and the breeding asynchrony between flycatchers
and tits, we expect flycatchers to use past conspecific
cues and current heterospecific cues, including current tit
performance information (e.g., clutch size) because the
relatively early start of breeding in tits makes such
information available.

We used long-term correlative data to analyze
whether Collared Flycatchers are attracted to nest sites
close to current and/or past conspecific and tit nests, or
to nest sites at places where fledging success was high in
the previous year, or to nest sites close to places with
large (tit) clutch sizes, indicating high current success.
We expect variation in timescales at which the different
cues are used, but we do not have any a priori
expectations on the spatial scales of assessing and using
these cues. Thus, we explore the spatial extent of
potential information use separately for each analyzed
cue. We also investigate status dependency in decision-
making, as we expect yearlings and dispersing older
individuals to use only current heterospecific informa-
tion, while philopatric individuals should use also past
information.
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MATERIALS AND METHODS
Study system

The Collared Flycatcher is a hole-nesting species, and
it shares breeding habitat and nest site requirements
particularly with resident Great and Blue Tits. Most tit
pairs initiate breeding about two weeks before Collared
Flycatchers arrive on the breeding grounds in spring.
The three species have overlapping resource needs (nest
holes and food), and there is density-dependent inter-
specific competition among them (Gustafsson 1987,
Sasvari et al. 1987, Forsman et al. 2008).

The study area is located in the southern part of the
island of Gotland in Sweden (57.00°-57.09° N, 18.29°—
18.35° E; Appendix A: Fig. Al). Discrete forest patches
are provided with an abundance of nest boxes, the
number of boxes having increased over the years. Data
were collected during 2005-2010 from 10 forest patches,
including 1202 nest boxes in total. The data set contains
spatially explicit breeding data for Great Tits, Blue Tits,
and Collared Flycatchers for every year, excluding the
absence of flycatcher data for one patch in the first year.
Nest boxes were intensively monitored during the
breeding season. Each nest box was visited with an
interval of at most four days, and the species occupying
the nest box, the stage of nest building, as well as the
number of eggs was recorded upon each visit. Birds were
captured and aged on the grounds of plumage charac-
teristics and identified in case they were already ringed.
The coordinates of nest boxes were measured with GPS
receivers, except for a few boxes whose coordinates had
to be estimated from a map (see Appendix B).

Data preparation

Only those Collared Flycatcher breeding attempts
that resulted in egg laying were included. The date of
nest site selection (i.e., initiation of nest-building) could
not be unambiguously deduced from the data in each
case, but the date of initiation of egg laying could be
determined for 1920 out of the 1979 (97%) Collared
Flycatcher breeding attempts included in the data.
Therefore, a parameter t describing the time (days)
from nest site selection to egg laying was defined. In
other words, nest site selection was assumed to take
place t days before the first egg was laid. We set t=5 in
the analysis, but the sensitivity of the results was
assessed in relation to t by repeating the analysis (see
Statistical analyses) with T =2 and ©=38.

Our first objective was to analyze whether Collared
Flycatchers choose nest sites randomly, or are attracted
to or avoid conspecifics or tits. For this purpose, the
effective numbers of conspecific and tit neighbors were
first calculated for each available (empty) nest box on
each day during the breeding season. O(x,o.,i,k,t,T — A)
denotes the effective number of neighbors (number of
neighbors weighted by inverse distance) of species x (x =
Collared Flycatcher [CF], Great Tit [GT], Blue Tit [BT])
for nest box 7 in the forest patch k on day ¢ in year T —
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A(T =2005, ..., 2010). A =0 refers to the situation on
the day of nest site choice (day 7 in year 7'), and A =1
refers to the situation at the end of the previous breeding
season (year 7' — 1). Note that T — A indicates which
breeding season’s nests are included in the neighbor-
hood, whereas the day ¢ always refers to the date of nest
site choice in year 7 when the choice takes place.
O(x,0,0.k,t, T — A) was calculated as (see Appendix A:
Fig. A2 for illustration)

Np(T-A)
O(x, 0, ik, t,T — A) =

J=1

dj;
@770()(7‘]'7](72‘,T—A) (1)

where dj; is the distance between the focal nest box i and
a nest box j (j=1,..., mgr—a), Where ng(r_ay is the
number of nest boxes in the forest patch k in year T— A)
of forest patch k, and parameter o determines the spatial
scale over which number of neighbors is evaluated. The
weighting coefficients (¢~ %) for each nest box located in
the forest patch k decrease exponentially with increasing
distance, and the rate of decrease is affected by the
parameter o (Appendix A: Fig. A3). Small values of a,
thus, mean that only nest boxes close to the focal box are
included in the effective neighborhood, as the weights
rapidly approach zero with increasing distance. As the
value of o increases, increasingly distant nest boxes get a
non-negligible weight, increasing the effective area over
which number of neighbors is calculated. As we had no a
priori information about the value of o, we determined it
during the statistical analysis (see Statistical analyses).
The parameter O(x,/,k,t,T — A) =1 if the nest box j was
occupied by species x (on day ¢, if A=0) in the breeding
season 7' — A, and otherwise O(x,j,k,t,T — A) = 0. The
effective numbers of neighbors (Eq. 1) were calculated
for the situation at the assumed time of nest site selection
(t days before the first egg was laid for A =0), and for
the situation at the end of the previous breeding season
(A=1).

The effective numbers of neighbors of those nest
boxes that Collared Flycatchers selected were compared
to the average effective numbers of neighbors of the
boxes that were available for them (including the
selected one) in the same forest patch on the day when
they were assumed to make the choice (t days before the
first egg was laid). This was done by calculating the
difference variable

Do(x,0,i,k,t,T — A) = O(x,o,i,k, 1, T — A)
—E[O(x,0,k,1,T — A)] (2)

where E[O(x,0.,k,t,T — A)] is the expected (i.e., average)
effective number of species x (x = CF, GT, BT)
neighbors in year T — A (cf. Delgado et al. 2014). The
expected value was calculated by averaging the effective
numbers of neighbors of all available (empty) nest boxes
in the forest patch k on day ¢ in year 7.

To control for potential Collared Flycatchers’ intrin-
sic preference for certain locations and microhabitats,
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E[O(x,0,k,t,T — A)] was calculated as a weighted
average, the nest boxes being weighted with their
probabilities of being occupied by Collared Flycatchers
during the years 1990-2000. These years were selected to
avoid the same individuals from occurring in both data
sets, and because older data may not reliably reflect
habitat quality in the study period due to succession and
forestry. Nest boxes for which data were missing for
1990-2000 were assumed to have been occupied with
average probability over those nest boxes with data for
forest patch k.

Our second objective was to analyze the influence of
conspecific and heterospecific breeding performance on
Collared Flycatcher nest site selection. Thus, the
effective average number of fledglings F(x,o,ik,t,T —
1) in the neighborhood of the focal nest box produced
by species x (x = CF, GT; there is no proper data on
Blue Tits) in the previous breeding season (year 7 — 1)
was calculated, as well as the effective average clutch size
C(x,0,1,k,t,T) of species x (x = GT, BT) on day ¢ in the
current breeding season (year 7). These were calculated
as

N(r—1)
eivjf(xx/.yl@ lvT - 1)
Flx, ok t,T — 1) = (3)

(1)

d;
> e # 0kt T 1)
j=1

and
N d”
> e () k6 T)
. j=1
C(.X, a7l7k7 [> T) = T d,,- . (4)
> e 0(x,j, k,1,T)

=

Here, f(x,j,k,t,T— 1) and ¢(x,j,k,t,T) are the numbers
of fledglings and eggs produced by species x in the nest
box j of the forest patch k. Note that the performance
measures given by Eqs. 3 and 4 are averages (average
numbers of fledglings or eggs per nest in the effective
neighborhood) contrary to the number of neighbors
(Eq. 1) and, therefore, the weighted sums of fledglings
and eggs in the neighborhoods are divided by the
effective numbers of neighbors. As for the number of
neighbors, difference variables were calculated as

Dr(x, 0,0 k,t,T — 1) = F(x,01,i,k, 1, T — 1)
— E[F(x,0,k,t,T —1)] (5)
and
De(x,oi k,1,T) = C(x, 0,0, k, 1,T) — E[C(x, o, k,1,T)]
(6)

where E[F(x,o.k,t,T — 1)] and E[C(x,0,k,t,T)] are the
expected numbers of fledglings in the previous year and
eggs in the current season produced by species x in the
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neighborhoods of the available nest boxes in the forest
patch k& on day ¢ in year 7. The calculation of
E[F(x,0,k,t, T — 1)] and E[C(x,0,k,t,T)] was weighted
with Collared Flycatcher occupancy probabilities in the
same way as for E[O(x,o,k,t,T — A)]. Tit clutch size
information was included in C(x,0,i,k,t,T) only when tit
eggs were recorded to be uncovered, because tits often
cover their eggs with nest material during the laying
period, but not during incubation. Thus clutch size
information becomes available to Collared Flycatchers
at the start of incubation.

As individual-level variation in access to different cues
and their use is expected (Doligez et al. 2002, 2004b,
Parejo et al. 2007), the information on Collared
Flycatcher age (yearling/old) and dispersal status
(immigrant/philopatric) was combined as a single
“status” variable that contained three classes: young,
immigrant, and philopatric. These classes well capture
individual access to different cues. All yearlings were
assigned the status “young.” Old individuals were
assigned the status “philopatric” in year 7 if they were
observed breeding in the same forest patch in years T’
and 7 — 1, and “immigrant” otherwise. A status was
defined only for those individuals that could be
unambiguously assigned to one of the three classes.

To take repeated measures on the same individuals
into account and to test for the influence of status on
nest site selection, analyses were restricted to observa-
tions for which both female and male identities (ring
numbers) and statuses (young, immigrant, or philopat-
ric) were known. There were 1144 such observations, but
the response variables contained missing values, reduc-
ing the variable-specific data available for analysis (see
Table 1). For treatment of missing data and special
cases, see Appendix B.

Statistical analyses

The differences between realized and expected neigh-
bor number (Do(x,0,i.k,t,T — A)) and breeding perfor-
mance (Dg(x,0,ik,t,T — 1) and Dc(x,0,0,k,t,T))
variables were treated as response variables in the
analyses (10 variables in total; Table 1). As the response
variables were constructed as the difference between the
realized number of neighbors (or performance in the
neighborhood) and its expectation (Egs. 2, 5, and 6),
values greater or smaller than 0 indicate selection of nest
boxes with larger or smaller numbers of neighbors (or
neighborhoods with higher or lower performances) than
expected at random (cf. Delgado et al. 2014), respec-
tively. Hence, we analyzed whether the data on each
response variable were consistent or inconsistent with
the null hypothesis of random nest site choices. In cases
of nonrandom nest site choices, the directions of
deviations from the null hypothesis were also of interest
to us, as well as the spatial scales where different cues
were used.

To facilitate comparisons among the 10 analyzed
response variables, these variables, denoted by Y; below,



3432

SAMI M. KIVELA ET AL.

Ecology, Vol. 95, No. 12

TaBLE 1. The optimal values of the spatial scale parameter o (Eqs. 1, 3, and 4), the proportions of total variance explained (R),
the spatial accuracy of the parameter o, and the mean value of the variable and its (frequentistt) confidence interval for the 10
analyzed variables explaining Collared Flycatcher (CF) nest site choice.

Interval of o where R>

is close to maximum (m)i

99.5% confidence interval

Normalized difference in N o (m) R? Min Max Mean Lower bound  Upper bound

CF neighbors T 1101 7 0.129 5 17 —0.222 —0.305 —0.140
Do(CF,7,ik,1,T)

CF neighbors 7 — 1 1093 1 0.0925 1 19 0.263 0.181 0.345
Do(CF,1,ik,t,T — 1)

CF success T — 1 1058 83 0.0636 1 101 0.205 0.120 0.289
D{(CF,83,ik,t,T — 1)

GT neighbors T 1097 11 0.0855 1 21 0.227 0.145 0.310
Do(GT,11,i,k,t,T)

GT neighbors 7 — 1 1109 75 0.107 23 101 —0.290 —0.371 —0.209
Do(GT,75,i,k,t, T — 1)

GT success 7' — 1 1109 101 0.0320 1 101 0.0779 —0.0063 0.162
DH{GT,101,ik,t, T — 1)

GT clutch T 1096 1 0.0448 1 101 —0.0473 —0.132 0.0376
D(GT,1,ik,t,T)

BT neighbors T 1063 1 0.126 1 1 —0.244 —0.328 —0.161
Do(BT,1,i,k,t,T)

BT neighbors 7' — 1 882 101  0.0522 59 101 —0.155 —0.249 —0.0618
Do(BT,101,ik,t, T — 1)

BT clutch T 1063 101 0.0434 1 101 0.00683 —0.0795 0.0931

D(BT,101.ik,t,T)

Notes: Great and Blue Tits are denoted by GT and BT, respectively, number of neighbors by “neighbors,” breeding success by
“success,” clutch size by “clutch,” current year by 7" and the previous year by 7'— 1. N is number of observations.

+ The confidence interval of the mean was calculated for the raw data; it is not based on the Bayesian analysis. The confidence
intervals were adjusted for multiple (10 variables) testing by assuming a risk level of 0.05 (i.e., 95% confidence intervals), and
calculating 100 X (1 — 0.05/10)% = 99.5% confidence intervals instead of the 95% ones.

1 The endpoints of the range of o where R > 3/4 max(R>).

were normalized into the variables y; so that, for the
latter ones, the average square sum was unity, i.e.,

where the index 7/ runs over all the n observed Collared
Flycatcher nest site choices.

All analyses were performed within the Bayesian
framework. First, the spatial scale (the value of the
parameter o) of the analysis was determined separately
for each response variable. To do so, the data were
calculated with values of o ranging from 1 m (only the
selected box is included in the neighborhood) to 101 m
(practically all boxes in a forest patch are included in the
neighborhood) with an increment of 2 m. Then, an
identical statistical model (Appendix B) was fitted to
each data set with the R function “MCMCglmm”
(Hadfield 2010) that utilizes Markov chain Monte Carlo
(MCMC) methods in R version 2.13.1 (R Development
Core Team 2011). Each of these univariate models
contained the date of nest site choice (April day,
continuous variable; 1 April is day 1) and the statuses
(young, immigrant, or philopatric) of the female and the
male of the breeding pair and all possible interactions
among them as fixed effects. The date of nest site choice
was included as a covariate because it negatively
correlates with time available for nest site selection,

and is thus expected to affect the use of social cues (cf.
Stohr 1998). Female and male identities (ring numbers)
as well as box identity were set as random factors to
control for repeated measures. To take into account
possible individual-level variation in behavior in relation
to status, status-specific random effects were defined for
both female and male identities. Consequently, individ-
ual-level variance was split among the three statuses in
both females and males, and all covariances were
ignored (Appendix B). Inverse Wishart priors were
defined for the variance components in all analyses, and
the convergence of the MCMC chains was assessed by
visual evaluation, and by calculating autocorrelations
for the stored parameter estimates (see Appendix B for
details). The MCMC chains were run for 150000
iterations. The burn-in period consisted of 30000
iterations, and the remaining 120000 iterations were
thinned with an interval of 120, resulting in 1000
samples from the posterior distribution.

The above procedure produced 51 models for each of
the 10 analyzed variables, each model being associated
with a different value of o. The performances of those
models were investigated in terms of the explanatory
power R’, defined as the proportion of total variance
explained by the model (averaged over the posterior
distribution). Thus, we define R>= ESS/TSS, where TSS
=3>"",y? is the total sum of squares, and ESS=3"7_, 37
is the explained sum of squares, with y; denoting the
fitted values. The reason why we measure R> by the
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squared sum instead of the variance is that the intercept
is an important part of the model and inference, as it
measures whether the individuals selected, on average,
low or high numbers of neighbors, or neighborhoods
with low or high performance (see also Delgado et al.
2014). For each of the 10 analyzed variables, the value
of o that resulted in the best model fit in the sense of
highest R? was selected (cf. Delgado et al. 2014). From
these models fitted to the “best” data, posterior
distributions for regression lines in relation to the day
of nest site choice fitted to each of the nine combinations
of female and male statuses were derived. Then, the 95%
highest posterior density credibility intervals [function
“HPDinterval” (Plummer et al. 2006)] of the regression
lines were derived and inferences were based on them by
comparing the credibility intervals to the expectation
under the null hypothesis (i.e., 0).

RESULTS

The variable-specific spatial scales tended to be close
to the extreme ends of the analyzed range of the
parameter o (Table 1), suggesting that different cues
potentially guiding nest site choices are used at either a
very small or large spatial scale. The overall mean values
of 7 out of the 10 analyzed variables (i.e., the difference
between the selected and the expected numbers of
neighbors, or neighborhood performance) were different
from zero (Table 1), indicating nonrandom nest site
choices in relation to these variables. The strongest
positive effects (indicating attraction) were observed for
the previous year’s number of conspecific neighbors and
conspecific breeding success as well as the present year’s
number of Great Tit neighbors. The strongest negative
effects (indicating avoidance) were observed for the
numbers of previous year’s Great Tit neighbors, the
present year’s Blue Tit and conspecific neighbors, as well
as the previous year’s Blue Tit neighbors.

The fitted regression lines and their 95% credibility
intervals (Figs. 1, 2, and Appendix A: Figs. A4—-A13; see
Appendix A: Table Al for parameter estimates of the
regression models and their credibility intervals) indi-
cated nonrandom nest site choices that were biologically
meaningful (effect size > 0.1) in all of the seven above-
mentioned variables (Appendix A: Figs. A4-A13).
However, the strong effect size of present year’s number
of Blue Tit neighbors is likely to be an artifactual
consequence of outliers in the data (Appendix A: Fig.
A11l). The three remaining variables (previous year’s
Great Tit breeding success in the neighborhood, and
Great and Blue Tit clutch sizes in the neighborhood)
that had small overall effect sizes seemed biologically
unimportant. The few female and male status combina-
tions where the regression lines indicated nonrandom
nest site choices in these three variables (Fig. 1;
Appendix A: Figs. A9, A10, and A13) were generated
by a few deviant observations very early or late in the
spring, questioning the generality of these results. Thus,
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we concentrate on the six variables deemed biologically
meaningful in the following sections.
Conspecific cues

For nest site choices in relation to the number of
neighboring previous year’s conspecific nests, the
optimal spatial scale (¢ = 1 m) was so small that
essentially only the chosen nest box itself was included in
the neighborhood. In particular, breeding pairs includ-
ing at least one philopatric individual selected nest boxes
occupied by a conspecific pair in the previous year more
often than at random (Figs. 1 and 2; Appendix A: Fig.
A5). This result is not a trivial consequence of
individuals returning to their previous year’s nest site,
as only 18.8% and 25.3% of those philopatric females
and males, respectively, that chose a nest box occupied
by conspecifics in the previous year did so. Attraction to
previous year’s conspecific nests was the strongest in
breeding pairs where both the female and the male were
philopatric, and the attraction remained until very late
in the spring (Figs. 1 and 2; Appendix A: Fig. AS5).
Attraction to previous year’s conspecific nests was quite
clear also in those breeding pairs where both individuals
were older than yearlings (Fig. 1; Appendix A: Fig. AS).
Weak attraction to previous year’s conspecific nests was
also observed in the middle of the season among
immigrant males breeding with young females, but not
in other status combinations (Fig. 1).

The data on nest site choices in relation to the number
of previous year’s conspecific neighbors becomes prac-
tically binary when oo =1 m (i.e., neighborhood includes
only the selected box), with selected nest boxes either
having been occupied or not been occupied by
conspecifics in the previous year (Fig. 2). Such
bimodality may be problematic in a linear regression
analysis, but we emphasize that the result is not an
artifact. This is because the 95% credibility intervals of
the fitted regression line for pairs where both individuals
are philopatric indicate nonrandom attraction to boxes
with a high number of conspecifics in the neighborhood
in the previous year in early season up to the o value of
69 m, the data being strictly unimodal with this large
value of o (data not shown).

At a large spatial scale (o =83 m), a weak attraction
was observed to nest boxes with high conspecific
breeding success in the previous year in the neighbor-
hood. This was particularly observed in the middle of
the season and for all female and male status combina-
tions, except for breeding pairs with a young male and
for pairs where both were immigrants (Fig. 1: Appendix
A: Fig. A6). These results are not consequences of
attraction to previous year’s conspecific nests, because
these two response variables are not correlated (Appen-
dix A: Table A2).

A weak avoidance was observed at a small spatial
scale (o = 7 m) in relation to current conspecific
neighbors (Fig. 1 and Appendix A: Fig. A4), most
likely indicating small-scale territoriality.
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FiG. 1.

A summary of nonrandom nest site choices in Collared Flycatchers. Open symbols denote negative values (i.e.,

avoidance) and closed symbols positive values (i.e., attraction). Increasing relative symbol size indicates increasing deviation
(absolute value) of the fitted regression lines from zero. Day 1 is 1 April. Cases where the 95% credibility intervals of the fitted
values include zero are not illustrated. The gray dashed lines depict the variable-specific rows in each panel. The results are shown
for the 10 variables listed in Table 1 and for the nine female and male status combinations. Collared Flycatchers, Great, and Blue
Tits are denoted by CF, GT, and BT, respectively, number of neighbors by “neighbors,” breeding success by “success,” clutch size
by “clutch,” current year by “7” and the previous year by “7 — 1.”

Heterospecific cues

At a spatial scale approximately including the closest
neighboring nest boxes (o = 11 m), there was attraction
to nest boxes with a high number of current Great Tit
neighbors. This was the case especially in early and/or
middle season for all status combinations, except when
young females were breeding with philopatric males
(Fig. 1; Appendix A: Fig. A7).

Avoidance of boxes with relatively many Great and
Blue Tit neighbors in the previous year was also
observed, but at a large spatial scale (o was 75 and

101 m, respectively). Avoidance occurred in early and/or
middle season in most of the female and male status
combinations, particularly when both individuals of the
breeding pair were old (Fig. 1; Appendix A: Figs. A8
and A12). The variables measuring nest site selection in
relation to the numbers of previous year’s Great and
Blue Tit neighbors, indicating avoidance, are negatively
correlated with the variables that indicate conspecific
attraction (neighbors and breeding success in the
previous year) (Appendix A: Table A2), suggesting a
correlated response to the observed attraction rather
than avoidance per se.
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Fic. 2. The normalized difference between selected nest boxes and available nest boxes in the numbers of previous year’s
conspecific Collared Flycatcher neighbors (CF neighbors 7'— 1; top row), in the previous year’s conspecific breeding success in the
neighborhood (CF success 7'— 1; middle row), and in the number of Great Tit neighbors (GT neighbors 7’; bottom row) shown in
relation to the date of nest site choice for those breeding pairs where both the female and the male were immigrants (left column),
philopatric (the middle column), or young (right column). Data points indicate observations; Day 1 is 1 April. Thick solid lines are
the fitted regression lines, thick dashed lines delimit the 95% credibility intervals of the regression lines, and gray lines indicate the
posterior distributions of the regression lines. The horizontal dashed line indicates a difference of zero, which means random nest
site choice. Positive and negative values indicate attraction and avoidance, respectively.

(In)sensitivity of the results

The conclusions were not sensitive to the prior
distribution as indicated by the very high correlations
between fixed effects (posterior means of fixed-effect
parameters) of models differing with respect to the prior
distribution (all correlation coefficients >0.92; Appen-
dix A: Table A3; see Appendix B for prior definition).
The value of the parameter t (2, 5, or 8 days) had a
negligible effect on 8 out of the 10 variables analyzed, as

the fixed effects were very strongly correlated when
estimated with the alternative values of t (all correlation
coefficients in these eight variables >0.93; Appendix A:
Table A4). The two response variables for which the
value of t significantly affected the estimated fixed
effects were Great and Blue Tit clutch sizes in the
neighborhood, as indicated by weak or absent correla-
tions between fixed effects of equal models fitted to the
data that were calculated with the alternative values of t
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(Appendix A: Table A4). Despite this, the conclusion
that Great and Blue Tit clutch sizes in the neighborhood
do not affect Collared Flycatcher nest site selection was
insensitive to the value of 1 (the 95% credibility intervals
of the fitted regression lines invariably encompassed 0).

There was only weak evidence of spatial autocorrela-
tion of the observations in some response variables
(Appendix A: Fig. A14), indicating that the results are
not confounded by spatial autocorrelations. Because the
comparisons among female and male statuses as well as
among different nest site selection dates were not
adjusted for multiple comparisons, these results should,
however, be interpreted with caution.

DiscussioN

Our analyses suggest that both conspecific and
heterospecific cues affect small-scale (within-patch) nest
site selection in the Collared Flycatcher. These cues
include previous year’s conspecific nest locations and
breeding success, and the number of Great Tit neighbors
in the current year. Philopatric Collared Flycatchers
(i.e., individuals that bred in the same habitat patch in
the previous year) clearly preferred those nest boxes
where conspecifics were breeding in the previous year.
Conspecific breeding success in the previous year
affected nest site choice at a larger spatial scale (close
to the habitat patch scale), so that nest boxes in areas
with relatively high conspecific breeding success in the
previous year were preferred. This is consistent with
earlier findings on habitat patch selection in this species
(Doligez et al. 1999, 2002, 20044, b). Moreover, Collared
Flycatchers seemed to be attracted to already settled
Great Tits but avoided currently breeding conspecifics at
a comparable spatial scale. This suggests that for
Collared Flycatchers, the benefits of settling close to
Great Tits (Forsman et al. 2008; see also Forsman et al.
2002) outweigh the costs of interspecific competition as
long as tit density is not too high (Gustafsson 1987,
Sasvari et al. 1987, Forsman et al. 2007, 2008), but
intraspecific competition is always avoided. In a
nutshell, our results highlight the complexity of the
information-gathering and decision-making process of
Collared Flycatchers; they seem to use past and present
conspecific and heterospecific cues at different spatial
scales.

There was strong attraction to nest boxes occupied by
conspecifics in the previous year by Collared Flycatcher
pairs where both the male and the female were
philopatric (Fig. 2). A similar, though weaker, effect
was invariably observed in breeding pairs where only
one individual was philopatric. These results make
sense, as philopatric individuals should have the best
knowledge of conspecific nest locations in the patch
where they breed. The results likely indicate social
information use rather than breeding site fidelity, as only
2% and 9% of all nesting observations were such that the
female or the male, respectively, returned to the same
box where it bred in the previous year (see also Pirt and
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Gustafsson 1989). Individuals could also be faithful to
the immediate neighborhood of the previous nest site.
However, the spatial scale practically including only the
selected nest box is expected if there is social information
use at the nest site scale, but not if there is only fidelity to
the neighborhood of the previous nest site.

Determining nest locations (location cues) may be
easy compared to assessing the success of individual
nests (performance cues). Thus, birds may need to use
the number of fledglings in the neighborhood or in a
habitat patch as performance information instead of
nest-specific performance information. This may explain
the larger spatial scale at which attraction to neighbor-
hoods with high conspecific breeding success in the
previous year took place compared to that in the
previous year’s conspecific neighborhood. The large
spatial scale in using conspecific performance cues is also
in line with earlier studies (Doligez et al. 2002, 20045; see
also Parejo et al. 2007 for a similar trend in the Blue Tit).

At a small spatial scale, there was territorial exclusion
and/or avoidance of conspecifics, as well as attraction to
a competing species, the Great Tit. It is likely that this
result does not stem from similar microhabitat prefer-
ences in flycatchers and Great Tits, because experimen-
tal studies have demonstrated that migratory passerines,
including the Collared Flycatcher, are attracted to
manipulated presence and high density of tits (Monk-
konen et al. 1990, Forsman et al. 2002, 2008, 2009,
Thomson et al. 2003), and both Collared and Pied
Flycatchers copy the nest site choices of tits (Seppidnen
and Forsman 2007, Forsman and Seppdnen 2011,
Loukola et al. 2013), strongly suggesting that hetero-
specific attraction underlies the observed results.

Despite attraction to Great Tits, Great Tit clutch size
did not affect Collared Flycatchers’ nest site selection,
although flycatchers inspect tit nests at the time of laying
and incubation (Merild and Wiggins 1995; J. T. Fors-
man, personal observation), and tit clutch size has been
shown to affect the choice of nest site characteristics in
the Pied Flycatcher (Forsman and Seppdnen 2011,
Seppdnen et al. 2011, Loukola et al. 2013). Either
Collared Flycatchers do not use tit clutch size informa-
tion in their nest site choices, or other cues guiding nest
site choices outweigh tit clutch size information when
such cues are available. The mortal risk of inspecting tit
nests (Merild and Wiggins 1995) may also decrease the
profitability of clutch size information.

Collared Flycatchers appeared to prefer nest boxes
surrounded by smaller than average numbers of Great
and Blue Tit nests in the previous year, which seems
contradictory given the observed attraction to currently
breeding Great Tits. However, the correlations among
the analyzed variables (Appendix A: Table A2) suggest
that Collared Flycatchers do not use past locations of tit
nests as cues in their nest site choices, but the result only
represents a correlated response to the observed patterns
of attraction.
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Integration and use of different cues for nest site selection

The results suggest individual-level variation in the
access to different sources of social information, and
consequently, in social information use for nest site
selection at a small spatial scale. Philopatric individuals
with the best knowledge about their breeding habitat
patch, including the locations of conspecific and
heterospecific nests from the previous year, were
strongly attracted to previous year’s conspecific nests.
In contrast, fledglings probably have more limited time
and experience in prospecting cues for choosing a nest
site in the next year than adults (Doligez et al. 20045,
Parejo et al. 2007). Moreover, yearling Collared
Flycatchers arrive to the breeding grounds later than
older individuals, as suggested by their later nest site
choices (mean dates [April day] of nest site choice [t =
5] in females; young, 47.5 [95% CI, 46.9, 48.1]; old, 44.9
[44.5, 45.3]; and males; young, 48.2 [47.3, 49.0]; old,
44.5[44.0, 45.0]). Later arrival of yearlings may further
limit their possibilities to settle on preferred sites,
because tits and earlier-arriving old flycatchers already
have occupied part of the nest sites. Yearlings and old
dispersing individuals may not have access to conspe-
cific cues (presence and success) available in the
previous year in the patch they select (see also Doligez
et al. 2002, 2004b), so they may rely on currently
available heterospecific cues. Yet our results suggest
that the use of current heterospecific location cues is
not restricted to yearlings and dispersing old individ-
uals, but also philopatric individuals may use those
cues, probably as a secondary option if the nest sites
preferred on the grounds of past conspecific cues have
already been occupied. However, even if previous
year’s conspecific cues cannot be used for nest site
selection by all individuals, the current presence and/or
density of conspecifics may be used as cues for large-
scale patch selection. Such conspecific attraction at the
habitat patch scale has been found in the Collared
Flycatcher (Doligez et al. 2002, 20045) and other birds
(Muller et al. 1997, Fletcher 2007, Farrell et al. 2012).
Thus, it may be a general phenomenon.

Attraction to heterospecifics sharing the same
resources is evolutionarily stable if the benefits of
settling close to heterospecific competitors, on average,
exceed the costs of interspecific competition (Seppédnen
et al. 2007). For migratory birds, the time saving
resulting from using residents as cues may have a large
fitness benefit, as delayed breeding is costly (Wiggins et
al. 1994, Siikaméki 1998). This may lead to strongly
asymmetric consequences of co-occurrence, which
appears to be the case between the Pied Flycatcher
and the Great Tit: tits suffer from proximity to
flycatchers even at low densities (Forsman et al.
2007), while the interaction turns negative for flycatch-
ers only at high tit densities (Gustafsson 1987).
Intraspecific competition is expected to be stronger
and more symmetric than interspecific competition, so
settling close to conspecifics is probably more costly
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than settling close to heterospecifics. Attraction to
heterospecifics has also been observed in breeding and
foraging patch selection in many other vertebrate and
invertebrate systems (e.g., Hodge and Storfer-Isser
1997, Coolen et al. 2003, Parejo et al. 2005, 2008,
Fletcher 2007, Sebastian-Gonzales et al. 2010), imply-
ing that location of heterospecifics commonly impact
the spatial distribution of animals resulting in multi-
species aggregations.

The results of this and other studies suggest integrated
use of different cues in nest site selection at a small
spatial scale. Time limitation and a high degree of
synchrony in migratory birds’ nest site choices preclude
the utilization of current conspecific performance
information in nest site choices (Doligez et al. 2004,
Nocera et al. 2006). Therefore, information on conspe-
cific performance and on the location of successful nests
may generally be collected in the previous year (see
Nocera et al. 2006, Betts et al. 2008, Pért et al. 2011,
Farrell et al. 2012, Hoi et al. 2012). Such information
can be successfully used in the next year, if there is
sufficient temporal autocorrelation in breeding condi-
tions within habitat patches (Boulinier and Danchin
1997, Doligez et al. 1999, 2003). If temporal autocorre-
lation in breeding conditions is low, current hetero-
specific information may be more valuable than
degraded past conspecific information.

Conclusions

Our results indicate that social information is used by
a migratory bird in nest site choices at a small spatial
scale within habitat patches. The results indicate
conspecific attraction (Stamps 1988), but there is a time
lag of one year between information acquisition and
utilization. A source of instant social information seems
to be a resident competing species, resulting in hetero-
specific attraction (Monkkonen et al. 1990, Parejo et al.
2005) at the nest site scale. These results fit well with the
theoretical prediction that the net fitness benefit of social
information use peaks at some temporal or ecological
distance from the source of the information (Seppédnen
et al. 2007). The spatial accuracy of information
depends strongly on whether the information comes
from presence (location cues) or performance of other
individuals; it is high for past and current nest locations,
but low for performance information (breeding success)
in the studied non-colonial and territorial species.
Finally, our study emphasizes that both the present
and the past information, as well as avoidance and
attraction to conspecifics and heterospecific competitors,
affect the spatial distribution of animals, which has
implications for the development of ecological theory
and basic and applied empirical research.
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