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Dispersal is an essential process for most animal populations to persist in changing environments. Dispersers are often a nonrandom
sample of the population, and differ consistently from nondispersers in a suite of correlated phenotypic traits (“dispersal syndromes”).
This phenotypic integration is thought to be adaptive. Here, we investigate whether dispersal tendency of individual pied flycatchers (Ficedula hypoleuca) covaries with a set of repeatable behaviors that should confer advantages for surviving and reproducing in
novel environments. We specifically focus on the link between dispersal, foraging behavior, and aggressiveness because selection
on foraging tactics or social behaviors likely differs between individuals staying in familiar or dispersing to novel environments. Using
repeated measures of nestling provisioning data of pied flycatcher parents in 1 year, we tested if immigrants and philopatric individuals
(local recruits and experienced breeders) differed in diet specialization, provisioning rates, levels of aggression, and reproductive success. Results show that individuals differed consistently in their foraging behavior, with immigrants having a more generalist diet and
higher feeding rates than philopatric birds, but not in aggressiveness. More generalist males fledged more young. Our findings suggest
that prior local knowledge facilitates diet specialization, and that more generalist diets could be adaptive for immigrants breeding in
unknown environments. Aggressiveness was not part of the dispersal syndrome in our population, perhaps because high aggression
levels are too costly to maintain in high density populations. Understanding the proximate causes and ultimate consequences of variation in dispersal syndromes requires now experimental manipulations of individual dispersal decisions.
Key words: animal personality, dispersal syndrome, diet specialization, foraging behavior, niche partitioning, provisioning rates.

INTRODUCTION
Individual animals commonly leave their natal or current breeding
patch to settle in a new breeding area (“dispersal”). These movements are essential for most species to track spatially and temporally variable resources and to persist in changing environments
(e.g., Levin et al. 1984; Ronce 2007). Strikingly, one recurrent finding in dispersal studies is that dispersers and nondispersers of the
same species or population differ consistently in a suite of morphological, behavioral, and/or life-history traits (“dispersal syndromes”) (Clobert et al. 2009). Such covariation may emerge as a
result of divergent selection on dispersers and nondispersers, where
selection favors the functional integration of traits that mitigate the
costs of dispersal and/or increase settlement success and leads to
the maximization of fitness of individuals with different life-history
tactics (Ronce and Clobert 2012). Alternatively but nonexclusively,
syndromes may arise due to plasticity, with dispersers adaptively
adjusting their behavioral or life-history traits to their new settlement environment (discussed in Cote et al. 2010). For example,

across species, dispersal tendency generally covaries positively with
fecundity or survival as it provides the demographic potential to
rapidly establish in new areas (Stevens et al. 2014), whereas within
species, dispersers commonly express behaviors that increase settlement success, such as higher levels of aggressiveness (reviewed in
Cote et al. 2010; Wey et al. 2015).
The aim of this study is to document whether dispersers and
philopatric individuals differ predictably in a specific set of repeatable behavioral traits (“animal personality”) that are expected to
confer advantages for surviving and reproducing in novel environments. We particularly focus on the link between dispersal, diet
specialization (i.e., consistent individual differences in food resource
use; Bolnick et al. 2003), and aggressiveness because theoretically it is expected that the degree of specialization and dispersal
should coevolve (e.g., specialization should promote local adaption
and low dispersal; Kisdi 2002). Furthermore, it has been proposed
that animal personality and individual diet specialization are causally linked: individual personality (e.g., activity, exploration, boldness, aggressiveness, or sociability) can affect various aspects of
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same nesting cavities (Slagsvold 1978). That is why we expect new
settlers to express higher levels of aggressiveness than established
individuals (Duckworth and Badyaev 2007; Duckworth and Kruuk
2009).

MATERIAL AND METHODS
Study species
The pied flycatcher is a long-distance migratory, insectivorous passerine, wintering in Sub-Saharan Western Africa and breeding in
temperate and boreal forests across Europe. Flycatchers readily
accept nest-boxes for breeding and are found in habitat types ranging from deciduous forests to coniferous habitats. Flycatchers are
usually single-brooded, monogamous and provide bi-parental care
although polygyny occurs (Lundberg and Alatalo 1992). In 2016,
flycatchers in our population produced on average 6.1 eggs (± 0.7
SD; n = 304 nests) and fledged 5.2 young (± 1.5 SD; n = 236 nests
with at least 1 young fledged). Young fledge after about 15 days. In
our population and in previous years, nestling diet was mainly composed of caterpillars, flying insects, spiders, and beetles of which
proportions change with nestling age (Samplonius et al. 2016) and
varied seasonally in a habitat-specific manner (Burger et al. 2012).
In 2016, caterpillars on oaks Quercus robur (as tree species with normally highest caterpillar density) had relatively low densities, and
the caterpillar peak occurred around 20 May (based on frass samples from 9 oaks, that were collected once every 3–5 days, cleaned
and dried, before weighing the caterpillar droppings). Laying dates
were very synchronous with 90% of females starting between 5 and
12 May, and 90% nests hatching between 23 and 30 May (interval
that includes all the nests presently studied).

Study sites and general field procedure
Our study was carried out in the 2016 breeding season in the
pied flycatcher population of the National Park Dwingelderveld
(52°49′5′′N, 6°25′41′′E) in the Netherlands (see Both et al. 2017, for
general description of study area and population). This population
consists of 12 spatially distinct study plots in 3 larger forested areas,
carrying 50 or 100 nest-boxes each (1050 boxes in total). In 2016,
we recorded 337 first breeding attempts by tit species (Parus major in
majority) and 304 by pied flycatchers. Plots in our area are heterogeneous regarding vegetation and vary locally from totally deciduous to totally coniferous (see habitat structure). From the beginning
of April onwards, arrival of males and females was monitored daily
(Both et al. 2016). After observed pair formation, targeted pairs
were visited daily to determine the onset of nest building and egg
laying. In a subset of 7 plots, pairs were screened repeatedly for
their aggressive behavior during the nest building and egg laying
phase (see aggression tests). At day 7 (hatch date = day 0), parents
were caught using a spring trap, measured, and ringed (if unringed)
and the nestlings weighted and ringed. At day 8, we placed camera
traps in a subset of nests and recorded provisioning behavior at day
9 and 10 (see provisioning data). At day 12, nestlings were measured again and later checks informed us on their fledging success.
Because virtually all local breeding birds are caught and formally
identified with their ring number, we were able to determine the
exact composition of the population (in terms of immigrant birds,
experienced breeders or local recruits [i.e., born and ringed in the
study population, but without earlier breeding experience]) (Both
et al. 2017).

Downloaded from https://academic.oup.com/beheco/article/30/1/114/5209931 by University of Groningen user on 09 August 2022

foraging behavior (e.g., social and spatial aspects of foraging or riskdependent foraging) thereby leading to divergence in the type and/
or quantity of food resources consumed within the same population (Toscano et al. 2016). Personality variation could thus explain
why generalist populations are often composed of many specialist
individuals that use a smaller subset of the population diet breath
(Bolnick et al. 2003; Toscano et al. 2016).
To establish whether diet specialization is part of a dispersal syndrome, we analyzed the diet of provisioning pied flycatcher parents in a Dutch population for which we know individual dispersal
status and measured aggressiveness. Pied flycatchers are known to
be relatively generalist in their diet with Aranea, Lepidoptera (adults
and larvae), Diptera, Hymenoptera, and Coleoptera being commonly fed
to the nestlings (Lundberg and Alatalo 1992). Interestingly, nestling diet exhibits large variation within and between habitat types
(Sanz 1998; Burger et al. 2012), suggesting that parents may differ
in diet specialization. However, it remains unknown whether these
differences are consistent over time and are linked with individual
behavioral profiles. That is why, in 2016, we collected provisioning data by camera trapping over 2 consecutive days to document
if individual (or pair) diet specialization occurs relative to the
mean diet of the population and if individual diet specialization
is repeatable between days. We also examined whether individual
variation in diet is linked to specific prey types, variation in feeding
rates, and habitat structure. We then tested whether provisioning
behavior (diet specialization and feeding rate) is part of a dispersal syndrome, i.e., whether it differs between immigrant and philopatric birds and covaries with the level of aggressiveness. At last,
we investigated whether variation in annual reproductive success is
explained by individual provisioning behavior (diet specialization
and feeding rate).
We hypothesize that our “generalist” population harbors a mix
of more generalist and more specialist individuals. Generalist individuals are expected to provision their nestlings with a larger spectrum of prey types and more frequently (as a consequence of low
prey selectivity; Wright et al. 1998) than more specialist individuals. Furthermore, we hypothesize diet specialization to be part of
a dispersal syndrome. However, predicting the exact structure of
the syndrome is complex because selective pressures on syndromes
may differ at each phase of dispersal (Kisdi et al. 2012), depend on
the ultimate drivers of dispersal (Bowler and Benton 2005) or may
even vary across age classes (Cotto et al. 2014) or within-individuals across contexts (e.g., depending on familiarity with the habitat,
Cote et al. 2010). Here, we compare the behaviors of birds in a late
stage of dispersal, i.e., those that have successfully settled but differ
in dispersal status and local knowledge: new immigrants (without
local knowledge), local recruits (with limited local knowledge), and
experienced breeders (with local knowledge). We chose these categories because, for migratory birds, information about the breeding environment can only be acquired during the breeding season
and this knowledge can influence settlement and breeding decisions
(e.g., Forsman et al. 2008). Because in our particular system a generalist diet may reduce costs of dispersal for immigrants (e.g., a generalist diet could facilitate exploitation of unfamiliar habitats), we
expect birds with no or limited local knowledge to be more generalist in their diet. In contrast, experienced breeders with better local
knowledge may on average be more specialists in their diet (either
due to adaptive changes across years and/or due to a change in
selective pressures on experienced and naive breeders). In addition, for successful settlement, dispersing flycatchers often need to
displace hetero- (tit species) and/or conspecifics competing for the
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Aggression tests
Individual level of aggression was measured by simulating territory intrusions by a heterospecific dominant competitor (the great
tit, P. major). Great tits are resident birds that initiate breeding on
average 2 weeks before the flycatchers (Samplonius et al. 2018) and
use similar nesting cavities. Hence, upon arrival, flycatchers have to
compete fiercely for limited boxes with established tits and in our
population this leads to regular fatal interactions, in which the flycatchers are killed by the tits. We thus chose a great tit model to
elicit the aggressive response from the focal settling pair. For that,
we placed a taxidermic mount of a great tit male protected by
mesh wire on the top of the focal nest-box together with a playback
song. Each pied flycatcher pair was subjected to 4 aggression tests; 2
during nest building and 2 during egg laying (1 and 3 days after the
first egg was laid). Tests were conducted between 07:00 and 12:00.
We used 10 different mounts and 12 playback songs (recorded from
Dutch and German populations). Mounts, songs, and observers
were all randomly assigned among nests. Songs were broadcasted
with an Intenso MP3 player connected to a X-mini Uno speaker.
After the start of a test and once one of the pair members of
the focal box entered a 15 m radius around the box, an observer
located at 15 m distance recorded the behaviors of the focal bird(s)
for 3 min. As in other passerines, territorial individuals typically
respond to an intrusion by calling (rarely singing), approaching,
and/or attacking the intruder (e.g., Araya-Ajoy and Dingemanse
2014). Therefore, the observers counted the number of aggression calls, the number of swoops, and attacks to the mount (i.e.,
actual landing) and estimated the minimum distance to the mount.
If during that period, the partner of the focal bird showed up, the
same behaviors were scored simultaneously for the partner for the

Provisioning data
To measure nestling diet composition, we installed camera nestboxes on the original nest-box at day 8 and transferred the nestlings to this camera box (as described in Samplonius et al. 2016).
These camera boxes had the same dimensions as a regular nestbox, except with a space behind them to hold a DSLR camera with
the lens pointing toward the nest entrance. Infrared triggers at the
nest entrance, and LEDs were installed the same day but were first
left switched off. We observed acceptance from a distance >50 m
leaving the birds up to 2 h to acclimatize. If birds accepted, the
next morning (day 9), we placed a Nikon D3100 cameras with a
Nikon 40mm f/2.8 G DX Micro-NIKKOR lens inside the box. We
again observed acceptance from a distance. If birds resumed feeding, all components were switched on and the recording was left
for 3 h. After the session, the camera was removed but all the other
components were left in the box switched off. At day 10, we placed
the camera back and directly started with the 3 h recording session.
After the final session, all the devices were removed and the nestlings returned to their original nest-box. If birds did not accept the
setup at any point, it was removed (1 out 35 boxes). Provisioning
data were collected in a subset of 3 out of 12 plots.
The camera trap device took a frontal picture every time one of
the parents passed the infrared trigger on entering the nest-box to
provision offspring. Camera sessions were recorded between 07:30
and 17:30 over a period of 9 days (from day 61 to day 70; April
date). In total, we collected 68 sessions on 34 nest-boxes (2 days
measurements per box). However, due to some failures (e.g., camera was out of focus), the final sample size included 30-day 9 sessions and 28-day 10 sessions. Twenty-six nests had repeated data
both at day 9 and 10. To account for individual differences in
habituation to the camera trap devices at their box, 2 h of recording were analyzed for each session, starting from the first provisioning visit of the first parent. Because the duration of recording may
differ for the male and the female (if the second partner enters
the box later, its behavior will be scored for 2 h minus its arrival
time), we included “duration” of recording in all analyses. In total,
4265 pictures were analyzed. In 2 nests, one of the parents did not
show up during the observation periods. These nests were kept in
the analysis as they helped in the estimation of the among-individual variance in provisioning behavior. For each photo, the same
observer (S.C.Y.B.) scored the order, family (if possible), and the
genus of the prey. If preys’ order was not identifiable, they were
scored as unknown prey. We scored larvae and adults of Lepidoptera
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Because habitat type varies both within and between plots, we
measured the vegetation structure around all the boxes present in
our study sites. In our study plots, the average distance that we can
track between nest-box and foraging site is 13 m (Oosting, unpublished, note that this is underestimating real distance, as longer
flights are difficult to track) and that is why we scored the habitat
in a 15 m radius around the focal nest-box tree. Within this radius,
we documented and counted all tree species present (dominant species were Oak (Quercus robur), Birch (Betula spp), Larch (Larix spp),
and Scots Pine (Pinus sylvetris); see Supplementary Appendix 1) and
grouped them in 4 categories based on their trunk circumference
(30–50; 50–100; 100–200, and ≥200 cm). We also estimated the
ground coverage in percentage of small trees, grass, shrubs, and
sand. Habitat data were collected in 2016 by 7 different observers. To check for observer effects, subset of 10 boxes were scored
by all observers. These data show high interobserver correlation
coefficients, implying that our measures are not biased (see details
in Supplementary Appendix 1). To reduce the number of habitat
variables, we performed a principal component analysis (PCA).
The PCA revealed that the first 2 components explained about
70% of the variance in the data and were thus used in further analysis. PC1 (explaining 48% of the variance) captured the variation
in the proportion of deciduous trees versus evergreen coniferous
trees around the box (high values mean higher proportion of oaks
or other deciduous trees) while PC2 (explaining 22% of the variance) captured local variation in the proportion of Larch trees and
tree density (high values mean higher proportion of Larch trees and
lower density of trees). For details, see Supplementary Appendix 1.

remaining time. Subjects that did not arrive within 15 min after
the onset of a test were scored as nonresponsive. Preliminary
analysis showed that the number of aggression calls (expressed per
minute as the duration of observation can differ among birds, see
above) was the best proxy of aggressiveness as it correlated with
all other scored behaviors (i.e., individuals that called more also
attacked more and came closer to the intruder), while exhibiting
the highest repeatability (males: adjusted R [95% Credible Interval
(CrI)] = 0.25 [0.21, 0.30], n = 367 observations from 134 males;
females: adjusted R [95%CrI] = 0.27 [0.24, 0.31], n = 354 observations from 148 females), and this for both sexes (Nicolaus et al. in
preparation). The presence/absence of the partner during the test
did not affect the mean number of aggression calls of the focal bird
(effect of presence [1]/absence [0] of partner [95% CrI]: males:
−6.54 [−16.05, 3.51]; females: −4.08 [−13.41; 7.91]). We therefore
used number of aggression calls per minute in further analysis.

Nicolaus et al. • Dispersal syndromes and diet specialization

separately as they require different foraging strategies and thus
their proportion in the diet may differ between more generalist and more specialist individuals. For later analysis, we grouped
the prey based on their order in 22 different classes (see details in
Supplementary Appendix 2). Unknown prey items (partly because
of their small size, or the picture was not in focus) were excluded
from the diet analysis but not from the provisioning rate analysis
(N = 3035 out of 7401 preys, 41%). Importantly, the percentage
of unknown prey in the diet did not differ among disperser types
(Anova: F2,66 = 0.576, P = 0.565).

We derived 2 measures of individual provisioning behavior from
scoring of the photos: provisioning rate and an index of diet specialization. Provisioning rates were calculated as the number of
visits of the focal parents over the “duration” of recording (see provisioning data). Between-individual diet specialization in relation
to population diet breath was estimated by the means of the proportional similarity index (PS i ) following the description by Bolnick
et al. (2002):
PS i = 1 - 0.5å pij - q j = åmin( pij , q j )
j

j

where PSi represents the proportional similarity index of individual
i, pij is the proportion of the jth resource category in individual i’s
diet, and q j is the proportion of the jth resource category in the population’s diet. In essence, PSi measures thus the overlap between the
diet of an individual and the population. This index ranges from
0 to 1, with low values indicating a high degree of specialization
and high values a low degree of specialization (i.e., individuals have
similar diet as the mean diet of the population). We used 22 classes
of prey types to calculate PSi , mostly on the level of order (see provisioning data). Note that PSi of day 9 was calculated over the mean
population diet at day 9 and PSi of day 10 over the mean population diet at day 10. Because our diet data were collected over more
than a week and prey availability changes over the season (Burger
et al. 2012), in preliminary analysis, we also calculated PSi relative
to the mean diet of the “early” (61–63 or 62–64 April date), “intermediate” (64–66 or 65–67 April date), or “late” (67–69 or 68–71
April date) measurements. However, because these calculations
yielded similar results (likely because of the highly synchronized
season), for simplicity, we will not distinguish between these different time windows.

Statistical analysis
Our first aim was to estimate variation in foraging behavior (PSi
and provisioning rate), calculate their within-year repeatability
and correlation between these 2 traits. Using bivariate General
Linear Mixed Model (GLMM) with normal distributions, we first
partitioned variation in PSi and provisioning rate within-individual
(i.e., residual variance), among-individuals and among-pairs (by
fitting individual and pair identity respectively as random effects).
We also fitted covariates that may explain variation in these
traits: date (in April date), duration of recording (in minutes), sex
(female or male; female being the reference category), and nestling age (day 9 or day 10, day 9 being the reference category).
We calculated adjusted repeatability in foraging behavior at the
individual and pair level, as following: R = σα2 / ( σp2) where σα2 is
the phenotypic variance attributable to differences between individuals and σp2 is the total phenotypic variance (Nakagawa and

Schielzeth 2010). We then decomposed the phenotypic correlations into the between-and within-individual correlations and into
between-pair correlations as following: rPy , Pz = COVPy , Pz / √ (VPyVPz )
where COVPy , Pz is the covariance between trait y and trait and VPy
and VPz are the corresponding phenotypic variances (Dingemanse
and Dochtermann 2013). In this bivariate GLMM, y-variables
were arcsine square-root transformed to meet normality and then
standardized (by subtracting the population mean to each individual’s arcsine square-rooted observation and dividing it by the
population standard deviation). In a subsequent model, we also
added habitat structure (PC1 and PC2) as fixed effects to test
whether variation in foraging behavior is explained by local variation in habitat structure and if it decreases pair repeatability (as
expected if it underlies consistency). To help with the biological
interpretation of variation in foraging behavior, we also explored
how PSi and provisioning rate covaried with the proportions of
specific prey types in the diet. We considered here only the most
dominant prey types found in our population: proportion of spiders, beetles, flies, and caterpillars. For details about the analysis,
see Supplementary Appendix 3.
Our next aim was to establish if provisioning behavior was
part of a dispersal syndrome. Therefore, we tested here whether
“philopatric” birds (a combination of “local recruits” (born in one
of our 12 study plots and breeding for the first time) and “experienced breeders” (those that bred in the population in previous
years, including former local recruits and immigrants that bred
previously) and “immigrants” (birds originating from other populations that bred in our study sites for the first time) differed in
provisioning behavior (i.e., PSi and provisioning rate) and aggressiveness and tested whether these traits were significantly correlated. In these analyses, we used the means of each individual
trait. To control for effects of nestling age on provisioning behavior, we mean-centered PSi and provisioning rate within day 9
and day 10 before calculating the average score per individual.
Similarly, aggressiveness was first mean-centered within nest stage
(nest building or egg laying) before being averaged. Variation in
mean PSi , provisioning rate, and aggressiveness was then analyzed in a GLMM where individual status (experienced breeder
[N = 17 females + 9 males = 26] or local recruit [N = 3 females
+ 6 males = 9] or immigrant [N = 12 females + 17 males = 29],
with experienced breeder being used as reference category) was
fitted as a factor and pair identity as a random effect. Correlations
among these traits were then calculated using Pearson’s correlation coefficients. As mentioned above, PSi and provisioning rate
were arcsine square-root transformed to meet normality and all
dependent variables standardized.
Last, we tested whether variation in components of annual fitness (number of fledglings and mean fledgling mass) covaried with
parents’ diet specialization and provisioning rate and whether this
differed between experienced breeders, local recruits, and immigrant birds (with experienced breeder being used as reference
category). We used a General Linear Model with normal distribution to analyze the variation in fitness components (standardized)
in relation to female and male PSi , female and male provisioning
rate, parent status (experienced breeder, local recruit or immigrant,
with experienced breeder being used as reference category), and
their interactions. Final models were selected based on their AIC
value (i.e., models exhibiting the lowest AIC value) (Burnham and
Anderson 2002). Estimates are presented with their 95% confidence interval (CI).
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RESULTS
Diet specialization and provisioning rate
Caterpillars (Lepidoptera) (28%), beetles (Coleoptera) (24%), flies
(Diptera) (19%), and spiders (Aranea) (11%) were the main prey
types consumed (Figure 1A). Proportional similarity index (PSi )
ranged from 0.37 to 0.85 with a mean of 0.64, indicating that
our population is composed predominantly of relatively generalist individuals, i.e., that have a large overlap with the population
mean diet (Figure 1B). The analysis of PSi variation shows that

Diet specialization, provisioning rate, and
proportion of prey types
Analysis of covariation between provisioning behavior and prey
types revealed that more specialist parents (i.e., with a PSi < 0.5)
brought proportionally more caterpillars to their nestlings than
more generalist parents (Figure 2A; Supplementary Appendix 3).
It also showed that parents that provisioned their nestlings more
tended to bring relatively more beetles (Figure 2B; Supplementary
Appendix 3).

Dispersal syndrome
Consistent with the expectation for dispersal syndromes, we found
that immigrant birds provisioned their nestlings more often and

(a)

(b)
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Figure 1
(A) Proportion of major prey types found in the diet of 9–10-day-old pied flycatcher nestlings in the Drenthe population (The Netherlands). (B) Frequency
distribution of “specialist” and “generalist” individuals in our study population (n = 115 observations).
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All analyses were performed in R version 3.2.4. (R development
Core Team 2016). Univariate GLMM were constructed using the
“glmer” function of the “lme4” package (Bates et al. 2015). We used
the “sim” function of the “arm” package to simulate values of the
posterior distribution of the model parameters (fixed effects (β) and
variance components (σ2)) (Gelman et al. 2012). 95% CrI around
the mode were extracted based on 1000 simulations (Hadfield
2010). In the bivariate GLMMs, (co)variance components, R and r
were calculated using Monte Carlo Markov chains in the package
“MCMCglmm” (Hadfield 2010) which retrieves posterior distributions of estimated parameters. We specified the prior by splitting
the observed phenotypic variance evenly between the random and
residual effects (Wilson et al. 2010). Use of different priors produced
very similar estimates (results not shown). Models ran for 130,000
iterations, with a burn-in period of 30,000 and a thinning interval
of 100. From the estimates obtained, we then calculated the mode
and the 95% CrI of each parameter. Further, GLMs were constructed with the “glm” function of the “lme4” package (Bates et al.
2015). Estimates are presented with their 95% CI. The statistical
significance of fixed effects and interactions were assessed based on
the 95% CrI around the mode or the 95%CI around the estimate.
We considered an effect to be “significant” in the frequentist sense
when the 95% CrI and 95% CI did not overlap with 0.

diet specialization did not vary with date, nestling age, and did not
differ between the sexes (Table 1). There was a tendency for individuals scored for a longer time period to exhibit a more generalist
diet (Table 1). Of importance for this study, we found that PSi was
moderately but significantly repeatable both at the individual (R
[95%CrI] = 0.14 [0.06, 0.34]) and pair (R [95%CrI] = 0.19 [0.05,
0.36]) level (Table 1).
Provisioning rate increased with nestling age and with the duration of scoring but was not related to date or the sex of the parent
(Table 1). Provisioning rate was repeatable at the individual level
(R [95%CrI] = 0.42 [0.26, 0.65]) as well as at the pair level (R
[95%CrI] = 0.16 [0.05, 0.36]). Against our expectation, PSi and
provisioning rate were not significantly correlated at either the
individual or pair level (Table 1). To check if pair repeatability in
both traits was reflecting differences in local habitat structure, we
then added local habitat measurements into the model. However,
variation in PSi and provisioning rate were not related to habitat
structure (PSi : β [95%CrI]: PC1 = 0.10 [−0.11, 0.30]; PC2: 0.04
[−0.32, 0.36]; prov. rate: β [95%CrI]: PC1 = 0.14 [−0.10, 0.364];
PC2: −0.17 [−0.54, 0.17]) and habitat structure did not affect pair
repeatability estimates substantially (PSi : R [95%CrI] = 0.16 [0.07,
0.39]; prov. rate: R [95%CrI] = 0.17 [0.06, 0.35]).
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were more generalist in their diet than philopatric birds (local
recruits and experienced breeders), but were not more aggressive
(Table 2, Figure 3). Moreover, the level of aggression was positively
correlated with provisioning rate (raggr., prov. rate [95% CI]) = 0.29
(0.05, 0.50) but not with mean PSi (raggr., psi [95% CI]) = 0.11
(−0.14, 0.35) (Figure 3). Aggressiveness did not covary with dispersal status.

Individual ID

PSi

Provisioning rate
Repeatability
Pair ID

PSi

Provisioning rate
Repeatability
Residuals

PSi

Provisioning rate
Fixed effects
Intercept
Age
Sex
Date
Duration

PSi

Provisioning rate

σ2 or r (95% CrI)
0.19 (0.06, 0.438)
0.02 (−0.16, 0.21)
0.14 (0.06, 0.34)
σ2 or r (95% CrI)
0.22 (0.04, 0.43)
0.07 (−0.07, 0.24)
0.19 (0.05, 0.36)
σ2 (95% CrI)
0.66 (0.46, 0.89)
0.09 (−0.05, 0.24)
β (95% CrI)
−4.09 (−12.969, 2.84)
−0.29 (−0.63, 0.02)
0.10 (−0.28, 0.44)
0.04 (−0.07, 0.17)
0.01 (0.00, 0.01)

σ2 or r (95% CrI)
−0.01 (−0.48, 0.64)
0.51 (0.23, 0.81)
0.42 (0.26, 0.65)
σ2 or r (95% CrI)
0.44 (−0.29, 0.78)
0.22 (0.05, 0.45)
0.16 (0.05, 0.36)
σ2 (95% CrI)
0.18 (−0.07, 0.45)
0.37 (0.424, 0.53)
β (95% CrI)
2.50 (−5.57, 10.80)
0.41 (0.01, 0.64)
0.01 (−0.34, 0.54)
−0.01 (−0.19, 0.06)
0.01 (0.00, 0.01)

On the diagonal are the estimated variances (σ2). Variation in PSi and
provisioning rate was analyzed as a function of date (April date), age of the
nestlings (day 9/day 10; the former being used as reference category), sex of
the parent (female being the reference category), and duration of recording.
All estimates, including repeatabilities and effect sizes (β) are given with their
95% CrI (n = 115 observations of 64 individuals and 33 pairs).

Provisioning behavior an individual trait?
Our results revealed that both diet specialization and provisioning rates were repeatable at the individual and pair level and that
immigrants differed in those traits compared to the rest of the
population. These results imply that these traits are an individual
or pair property or that they are an artifact of (common) environmental effects (i.e., it is a consequence of settlement in a specific
environment). If the latter was true, this would imply that 1) differences in provisioning behavior reflect plastic adjustments to
local environmental variation and 2) immigrants breeding for the
first time are non-randomly distributed within the population.
To tease apart these different possibilities, we first compared the
means of PSi and provisioning rate of mixed pairs consisting of
an immigrant and a philopatric bird (n = 14 pairs) using Wilcoxon
matched-pairs signed-rank test. Since pair members are exposed to
the same local environment, they should differ in mean behavior if
provisioning behavior is linked to individual dispersal status. Results
show no statistical differences between pair members (mean PSi
immigrant vs. philopatric birds = 0.63 vs. 0.59; V = 30.5, df = 13,

(b)
100

Proportion of preys in diet (%)

The analysis of components of annual reproductive success show
that both the mean number of fledglings and the mean fledgling
mass covaried with the male, but not the female, provisioning
behavior (Table 3). Males with a more generalist diet and a higher
feeding rate fledged more young (Table 3, Figure 4). Males with
higher provisioning rates fledged also heavier young while their diet
specialization had no effect on fledgling mass (Table 3, Figure 4).
Variation in these measures of reproductive success was not
explained by the interacting effects of female and male behaviors
(data not shown). Variation in annual reproductive success did not
differ among experienced breeders, local recruits and immigrants
(Table 3) also not in interaction with PSi or provisioning rate (data
not shown).
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Figure 2
In our flycatcher population, more specialist parents brought proportionally more caterpillars than more generalist parents to their day 9 and day 10 nestlings
(means are shown with their standard error for individuals categorized in PSi classes) (A) and parents that provisioned their nestlings more tended to bring
relatively more beetles (B) (raw data; dashed lines indicate nonsignificant trends; n = 115 observations of 64 individuals).
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Table 1
Matrices of covariances (below diagonal) and correlations
(r, above the diagonal) between diet specialization (PSi ) and
provisioning rate (standardized) at the individual and pair level
in a pied flycatcher population
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P = 0.177; mean provisioning rate immigrant vs. philopatric
bird = 0.32 vs. 0.25; V = 40, df = 13, P = 0.463; Supplementary
Appendix S4). Ideally, repeatability of diet specialization and provisioning rates across years (when individuals breed in other nestboxes or with a different partner) could infer how rigid or flexible
Table 2
Results of the univariate mixed models of diet specialization
(PSi ), provisioning rate, and aggressiveness in a pied flycatcher
population
Provisioning rate Aggressiveness

β (95% CrI)
2.61 (2.28, 3.12)

β (95% CrI)
2.13 (1.67, 2.49)

β (95% CrI)
−0.08 (−0.47, 0.34)

This study aimed at documenting whether consistent individual differences in diet specialization occurred within 1 year of the same
population of pied flycatchers, whether it covaried predictably with
dispersal-related behaviors and whether different dispersal tactics
yield similar breeding output. We found that within the year parent flycatchers consistently differed in diet specialization and provisioning rate and that provisioning behavior was related to dispersal
status. Furthermore, our data support the idea that diet specialization and provisioning rates are individual traits rather than an artifact of the environment, because habitat structure did not explain

0.37 (−0.77, 0.89) 0.66 (−0.30, 1.33) 0.40 (−0.52, 1.13)
0.55 (0.03, 1.08)
σ2 (95% CrI)
0.43 (0.30, 0.64)
0.73 (0.52, 1.08)

0.83 (0.18, 1.30)
σ2 (95% CrI)
0.00 (0.00, 0.00)
1.14 (0.75, 1.53)

0.13 (−0.40, 0.62)
σ2 (95% CrI)
0.01 (0.00, 0.01)
1.12 (0.65, 1.40)

Variation in PSi , provisioning rate, and aggressiveness (standardized) is
analyzed as a function of parental dispersal status. Estimated effect sizes
(β) and variance components (σ2) are given with their 95% CrI (n = 115
observations of 64 individuals and 33 pairs).
a“Experienced breeder” is used as reference category.

(b)

Provisioning rate
(nr. visits/min)

0.70

PSi

0.65

0.60

0.55

PB

LR

0.3

0.2

IM

(c)

0.4

PB

Status

0.6
0.4
0.2

0.4

0.6
PSi

0
–25
–50

IM

PB

0.8

(f )

0.8

IM

1.0
0.8

0.6
0.4

0.6
0.4

0.2
0.0

LR
Status

PSi

(e)

0.8

0.0

LR

25

Status

Provisioning rate
(nr. visits/min)

Provisioning rate
(nr. visits/min)

(d)

50

Aggressiveness
(nr. aggression calls/min)

(a)

DISCUSSION

–100

0
100
200
Aggressiveness
(nr. aggression calls/min)

0.2

–100

0
100
200
Aggressiveness
(nr. aggression calls/min)

Figure 3
“Dispersal syndrome”: relationship between-individual dispersal status (PB: Philopatric Breeder, LR: Local Recruit, IM: Immigrant) and mean diet
specialization (PSi ) (A), mean provisioning rate (B) and mean level of aggressiveness (centered on nest stage) (C). “Diet syndrome”: relationship betweenindividual mean PSi and mean provisioning rate (D), mean provisioning rate and mean aggressiveness (centered on nest stage) (E) and mean PSi and mean
aggressiveness (centered on nest stage) (F) (raw data; means are shown with their standard error (A–C); lines represent regression lines through the raw data;
solid and dashed lines indicate significant and nonsignificant trends, respectively; n = 64 individuals).
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Fixed effects
Intercept
Dispersal statusa
“Local
recruit”
“Immigrant”
Random effects
Pair
Residuals

PSi

these traits are, and whether it changes with local experience. This
was impossible in our population because too few birds have been
repeatedly scored for their diet across years. As alternative, we calculated whether nest-boxes were repeatable in the probability of
being occupied by a first time breeding immigrant for 2007–2017.
If first time breeders would consistently occupy the same (suboptimal?) habitat in each year, this would cause immigrants to exhibit
a different behavioral profile. Such repeatability was very low (R
[95% CrI]) = 0.03 [0.00, 0.06], N = 291 nest-boxes, N = 809
breeding attempts). Furthermore, in our data, immigrants often
bred with experienced breeders (45% of the pairs studied) and with
local recruits (9.7%), indicating that immigrants were not spatially
clustered.
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Table 3
Best general linear models explaining variation in components
of annual fitness (mean number of fledglings and mean
fledgling mass) in a pied flycatcher population
Fledging mass

β (95% CI)

β (95% CI)

−3.35 (−5.73, −0.96)
3.87 (0.08, 7.65)
2.80 (0.22, 5.38)

−1.03 (−3.46, 1.40)
3.77 (−0.08, 7.63)
−4.40 (−7.03, −1.77)

−2.02 (−4.74, 0.68)
0.98 (−2.31, 4.27)

−0.68 (−3.51, 2.15)
1.67 (−1.77, 5.11)

−0.62 (−1.71, 0.48)
−0.27 (−1.08, 0.54)

0.24 (−0.86, 1.33)
−0.02 (−0.83, 0.78)

−0.22 (−1.32, 0.89)
0.25 (−0.52, 1.02)

−0.46 (−1.56, 0.64)
−0.41 (−1.17, 0.36)

Variation in these components (standardized) is explained by male diet
specialization (PSi ) and male provisioning rate but not by female traits or
parental dispersal status. Estimated effect sizes (β) are given with their 95%
CI (n = 33 nests).
a“Experienced breeder” is used as reference category.

variation in provisioning behavior, and immigrants did not appear
spatially clustered across years. Variation in annual reproductive
output correlated with male, but not with female, provisioning
behavior. We discuss below the ecological and evolutionary implications of our findings.

synchrony among flycatchers and the mismatch with the caterpillar
peak were high, such conditions may have exerted a strong selective
pressure to exploit different foraging niches at a fine spatial scale
(i.e., behaving differently than its partner or neighboring pairs). Yet,
reproductive output was not equal among behavioral types (more
generalist diet and high parental care yield higher fitness in males),
suggesting either that this adaptive explanation is not supported,
that additional mechanisms (e.g., negative frequency dependent
selection) are in play or that reproductive output does not reflect
individual annual fitness (e.g., there may exist personality-related
differences in reproductive costs).
The analysis showed that parents were also consistent in their
provisioning rates and that provisioning rates tended to increase
with a higher proportion of beetles (here predominantly Garden
Chafer, Phyllopertha horticola) (but nonsignificantly which may explain
why diet specialization and provisioning rates were not significantly
correlated). This trend suggests that to meet the energetic requirements of the nestlings, parents foraging more on beetles may need
to compensate for their lower energetic value (Arnold et al. 2010)
or their lower biomass (Garden Chafer are on average 10 mm long
as opposed to e.g., 40 mm for the most common caterpillars species) by increasing feeding frequencies.
Surprisingly (but in support with another study, Pagani-Núñez
et al. 2015), we found no temporal change in diet specialization or
provisioning rates, while in most years availability of at least caterpillars drops strongly with date (Both et al. 2010; Burger et al.
2012). In 2016, the onset of breeding was delayed for early pied
flycatchers due to low temperatures in April which increased the
breeding synchrony of the population. As a consequence, all camera data has been collected over 9 days which may have been not
long enough to detect seasonal changes in provisioning behavior.

Specialist/generalist individuals in a generalist
population

Dispersal and diet syndromes

Our study showed that pied flycatchers consumed a relatively high
diversity of prey types, corroborating the description made of this
species as generalist (Lundberg and Alatalo 1992). Interestingly,
in our study year, flycatcher diet contained relatively few caterpillars, but a higher proportion of beetles compared to previous years
(half and double, respectively as compared to 2012 and 2013, see
Samplonius et al. 2016). In 2016, caterpillar peak abundance was
only 30% of that in 2012, and 67% of that in 2013. Additionally,
in 2013, flycatcher nestling time matched much better with the caterpillar peak than in 2016 (Both, unpublished data). Hence, the low
density and/or poor synchrony with the caterpillar peak may have
forced birds to exploit alternative prey.
Of importance here, we found that our population harbors
individual and pair variation in diet specialization, and that such
variation was consistent between measuring days, with more specialist individuals using relatively more caterpillars than more generalist individuals. This finding supports the general pattern that
many generalist species or populations are in fact composed of
individuals that use different smaller subsets of the population’s
niche (Bolnick et al. 2002). Such individual or pair specialization
has been already reported for long across different taxa (reviewed
in Bolnick et al. 2003) but our study formally shows that specialization is repeatable within-year both at the individual and pair
level (but perhaps not between-years, see below). One predominant
adaptive explanation for the existence of diet specialization is that
it allows resource partitioning within the same population, thereby
increasing individual fitness through a reduction of intraspecific
competition (Wolf and Weissing 2012). Because in 2016, breeding

One of our main motivations at the start of this study was to establish whether dispersers exhibited behavioral characteristics (i.e.,
generalist diet and high aggression level) that enhance colonization and settlement success in unfamiliar habitats (Sol et al. 2002;
Duckworth and Badyaev 2007; Sih et al. 2012). Dispersers were
also expected to feed their offspring more often because one possible consequence of a decrease in prey selectivity is a reduction
in intervisit intervals (Tinbergen 1981; Wright et al. 1998; Mathot
et al. 2017). In support to our expectations, we found that immigrants breeding for the first time in this area were more generalist
in their diet and fed their chicks more often whereas experienced
breeders and new local recruits had similar diet profiles (i.e., they
used a smaller subset of the population diet). These results suggest
that experience and/or learning is likely to influence individual
foraging behavior: birds with local knowledge, i.e., born in the
area or with prior breeding experience, may know where to find
specific prey types which enables specialization (likely high densities of caterpillars). Alternatively, birds with local knowledge may
outcompete “naive” birds from the best food sources (e.g., caterpillars), explaining the patterns found. Regardless the exact mechanism involved, the more generalist profile of immigrants may thus
reflect a “best-of-a-bad-job” strategy (where birds compensate their
lack of information on food locations by decreasing prey selectivity
and increasing feeding frequencies) or an adaptive shift of foraging
niche that reduced any potentially costs of intraspecific competition
(as discussed above).
The finding that diet and dispersal status are correlated is
interesting because it also suggests that diet specialization is
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Figure 4
Relationship between components of individual annual reproductive success (A–B: number of fledglings; C–D: mean nestling mass) and mean diet
specialization (PSi ) or mean provisioning rate. Females are denoted in gray and males in black. Lines represent regression lines through the raw data; solid
and dashed lines indicate significant and nonsignificant trends, respectively; n = 64 individuals.

consistent within but not between-years. Diet specialization may
differ between naive immigrants and experienced breeders either
as a result of plastic adjustment to increased local knowledge or as
result of selective disappearance of individuals with the most generalist diet. We would need longitudinal data to formally identify
the underlying mechanism of the dispersal-diet syndrome.
Interestingly, we also found that high feeding frequencies were
positively correlated with levels of aggression which suggests that
behavioral types differ in reproductive strategies with most aggressive individuals investing more into current reproduction than
less aggressive individuals (which is consistent with Nicolaus et al.
2015). Generally, given the mixed results regarding the existence of
personality-related differences in parental care (Duckworth 2006;
Patrick and Browning 2011; Mutzel et al. 2013; Serrano-Davies
et al. 2017; Wetzel 2017), experimental manipulations are now

needed to establish whether individual behavioral profile and level
of parental care are causally linked (Toscano et al. 2016).
Last, in contrast to our prediction, we did not find evidence for
an aggressiveness-dispersal syndrome. Aggression as measured in
our study may thus not be part of a dispersal syndrome in this species or we lacked statistical power to detect significant differences
among dispersal types. Alternatively, such a syndrome may only be
selected in individuals colonizing new areas, as found in Western
Bluebirds (Sialia mexicana) (Duckworth and Badyaev 2007), which
was not the case here as our study sites were already well established and local densities of flycatchers high.

Provisioning behavior and fitness correlates
We found that variation in the number of fledglings and the
mean fledgling mass correlated with the male but not the female
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CONCLUSIONS
Our study showed that in our study year, diet specialization and feeding rates, but not aggressiveness, were part of a dispersal syndrome.
We are well aware that the descriptive nature of this study does not
allow formal conclusions regarding the adaptive nature of the behavioral correlations found or their underlying mechanisms. Yet, this
study points at exciting directions such as how prior local knowledge
may facilitate diet specialization but constrain flexibility, or how dispersers versus philopatric birds may adopt different life-history strategies, or how plasticity (specialization increases with local breeding
experience) and natural selection (generalist diet yields higher reproductive success in specific ecological conditions) may shape dispersal
phenotypes. The next logical steps should now involve experimental
manipulations of dispersal decisions such as removal or translocation experiments in combination with the monitoring of the behaviors and the fitness of the manipulated individuals. We are currently
doing such manipulations and hope to soon shed light on the proximate and ultimate causes of dispersal syndromes.

SUPPLEMENTARY MATERIAL
Supplementary data are available at Behavioral Ecology online.
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provisioning behavior: more generalist males fledged more young,
without a clear penalty on fledgling mass, while feeding rates
revealed the classical trade-off between the quantity and the quality
of offspring produced (Lack 1947, 1966). Altogether, these results
suggest that in 2016 a more generalist diet was favored by selection
as it yielded the highest reproductive output. Because the mismatch
between the caterpillar and flycatcher phenology was high that year
as well as the breeding synchrony of flycatchers, exploiting a larger
range of prey types may have been more profitable in this specific
ecological setting. An interesting extension would be to analyze
data from different years or habitats and test if smaller caterpillarflycatcher mismatch favors diet specialization and the reverse for
larger mismatches, i.e., whether temporal or spatial fluctuations
exist in selection that maintains (genetic) variation in parental care
within the population. Another nonexclusive interpretation of our
results is that once specialized, individuals “stick” to this strategy
and such lack of plasticity may not be adaptive in all circumstances.
Although we could not show directly that variation in reproductive success differed among philopatric and immigrant birds (perhaps due to low statistical power), our results nevertheless suggest
that in 2016 immigrant birds outperformed philopatric birds (they
provisioned more and had a more generalist diet which should
translate into more and heavier fledglings). This is interesting
because it may suggest that to keep a stable polymorphism in similar
ecological conditions within the population (in terms of philopatric
and dispersive phenotypes), immigrants must pay a higher survival
cost of reproduction. Longitudinal data could reveal whether this is
true and whether dispersive and nondispersive phenotypes differ in
life-history strategies as predicted by theory (Cotto et al. 2014).
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