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Abstract

The costs and benefits of dispersal that select for sex-biased
dispersal are still poorly understood. Many studies examine
fitness consequences of dispersal after first breeding, while
dispersal costs are most likely paid before first breeding dur-
ing the movement, settlement, and post-settlement stages. We
studied survival correlates of dispersal between flock settle-
ment and first breeding during the first winter of juvenile
willow tits (Poecile montanus), a small passerine that has
female-biased natal dispersal, but shows no dispersal-
associated survival differences after first breeding. This resi-
dent food-hoarding species winters in small stable non-kin
territorial flocks. We collected capture-recapture data by fol-
lowing flocks from autumn to the following spring. We com-
pared monthly survival and return rates of juveniles that were
born and recruited within the study area (philopatric juveniles)
and juveniles that originated from outside the study area (im-
migrant juveniles). Among males, survival was highest for
philopatric juveniles whereas survival of females was higher
among immigrant juveniles, providing one explanation for the
female-biased natal dispersal observed in the species.
Philopatric males may benefit from prior residency either
through increased site familiarity and knowledge of winter
food resources and/or by gaining higher social ranks during

Communicated by D. Rubenstein

Electronic supplementary material The online version of this article
(doi:10.1007/s00265-016-2178-z) contains supplementary material,
which is available to authorized users.

>4 Veli-Matti Pakanen
veli-matti.pakanen@oulu.fi

Department of Ecology, University of Oulu, POB 3000, Oulu 90014,
Finland

flock establishment. However, rank data provided little sup-
port for the latter hypothesis. Other mechanisms such as in-
creased ability to find high-quality flocks and mates may be
important for female survival. Our results provide further ev-
idence that dispersal costs are paid mainly before first breed-
ing and that sex-specific costs of dispersal play a role in the
evolution of sex-biased dispersal.

Significance statement

This paper shows that female-biased dispersal can be a con-
sequence of sex-specific costs and benefits of dispersal during
the post-settlement stage of the dispersal process which is a
very poorly understood stage in dispersal theory. By examin-
ing correlates of dispersal before rather than after first breed-
ing as it is usually done, our study aids in understanding the
selection pressures modifying dispersal strategies. Our results
have wide applicability because there are many resident taxa
similar to the willow tit (our study species) that have a settle-
ment stage and a prolonged non-reproductive phase before
their first reproduction.

Keywords Costs and benefits of dispersal - Group living -
Poecile montanus - Prior residency - Social dominance -
Willow tit

Introduction

Dispersal is a fundamental part of life history among all taxa
(Clobert et al. 2012). Dispersal and site fidelity form compet-
ing strategies that are often affected by environment-, condi-
tion-, and phenotype-related costs and benefits that may be
sex-specific (Greenwood 1980; Gros et al. 2008; Tarwater
and Beissinger 2012; Nevoux et al. 2013; Bonte et al. 2014).
In addition, competition or cooperation between kin and
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inbreeding avoidance may create sex-specific selection pres-
sures on dispersal (Bowler and Benton 2005; Lawson
Handley and Perrin 2007; Gros et al. 2008). Therefore, sex-
biased dispersal is a common pattern (Greenwood 1980).
Different environmental factors define whether dispersal leads
to increased reproductive success (Ekman et al. 2001;
Gienapp and Merild 2011; Tarwater and Beissinger 2012;
Terraube et al. 2014; Ekman and Griesser 2016), whereas
the cost is often realized as increased mortality during the
different stages of dispersal (Pam et al. 2009; Pakanen et al.
2010; Bonte et al. 2012). Most studies have focused on fitness
consequences after first reproduction when mortality costs are
actually rare (Doligez and Part 2008; Waser et al. 2013).
Crucially, there are only few studies on the costs associated
with the transfer, settlement, and post-settlement stages of
dispersal before first breeding (Devillard and Bray 2009;
Bonte et al. 2012).

In many species, dispersers spend their first non-breeding
season in groups. Group living often involves a hierarchy and
in many cases even specific kin structures that may influence
resource access and ultimately survival (Lambrechts and
Dhondt 1986; Koivula et al. 1996; Baker et al. 1998;
Griesser et al. 2006). This means that philopatric and dispers-
ing individuals may be in different hierarchical positions es-
pecially when kin forms the basis of groups (Ekman et al.
2000, 2001, 2002; Ekman and Griesser 2016). However, little
is still known about different sex-specific costs and benefits in
species with non-kin wintering groups during these important
stages that eventually determine success of natal dispersal (but
see Eden 1987a, b).

The willow tit (Poecile montanus) is a small resident pas-
serine that winters in small and stable (usually four to six
individuals) territorial non-kin flocks that have social hierar-
chies determined by sex and age but also size and prior resi-
dency (Ekman 1979, 1990; Hogstad 1987; Koivula et al.
1996; Lahti et al. 1996). Based on female-biased dispersal in
this species (Orell et al. 1999), we hypothesize that males
benefit from moving short distances. Previous studies have
shown that there are no apparent fitness differences between
immigrant and philopatric individuals after first breeding
(Orell et al. 1999). This indicates that sex-specific costs or
benefits of dispersal may occur before first breeding, i.e., dur-
ing their first autumn and winter.

The transfer stage of natal dispersal for willow tits occurs
after gaining independence when juveniles leave their natal
territories in search of vacancies in wintering flocks that are
usually formed around territorial pairs (Ekman 1979, 1990;
Hogstad 1987; Lahti et al. 1996). Juveniles from a brood dis-
perse one by one about 14-16 days after fledging (Hogstad
1990). Juveniles disperse from their natal territories establish-
ing themselves as flock members in the autumn. Some indi-
viduals disperse only locally while others disperse further.
During the post-settlement stage, groups stay together through
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the wintering period before their first breeding. Membership
in a group is important because it increases chances of surviv-
ing the non-breeding season, and the wintering territory may
provide a future breeding territory (Ekman et al. 1981; Ekman
1990; Koivula et al. 1996). Different social or phenotypic
factors within these wintering groups may create different
sex-specific selective pressures for dispersed and philopatric
individuals. Thus, the post-settlement stage may be a crucial
determinant of dispersal success. We tested for sex-specific
costs of natal dispersal during the first winter by examining
correlates of dispersal. We used capture-recapture data collect-
ed by following willow tit flocks during four winters to com-
pare sex-specific over-wintering survival of juvenile
philopatric individuals that remained in the study area during
the winter with that of immigrants which had originated from
outside the study area.

Methods
Data collection

This study forms part of an individual-based population study
in Oulu, Finland (N 65° 08', E 25° 53"; Orell et al. 1999). The
study area was 22 km® during data collection. All chicks were
ringed at the age of 13 days, which enabled classifying dis-
persal status (philopatric vs. immigrant) for all individuals.
Philopatric juveniles were individuals that were born in the
study area, while immigrants were unringed juveniles born
outside the study area. Survival data were collected during
four winters (1991-1992, 1992-1993, 1995-1996, 1997—
1998). Wintering birds were caught and ringed with different
color ring combinations in their territories from August to
October. Birds were measured, sexed, and aged as yearlings
and adults. We determined the dominance rank in 26 flocks
(including N =63 juveniles) based on social interactions (see
Lahti et al. 1996 for methods on ranking individuals). Ranks
varied from 1 to 7.

During the first three winters, data collection involved an
intense capture-recapture scheme throughout winter (Lahti
et al. 1998). The capture-recapture data spanned from
September to May, thus including nine encounter occasions.
Birds were habituated with food (pork fat) and conditioned to
approach the observer in response to playback of willow tit
song. The training lasted usually less than 1 week, and fat was
no longer continuously provided after habituation. The
capture-recapture data were collected by visiting flock terri-
tories 20—30 ha in size and their neighboring areas (at least the
bordering flock territories) two to four times each month
(Lahti et al. 1998). When flocks were attracted with playback,
food was provided only for the time that enabled reading of
color rings. See Lahti et al. (1998) for detailed descriptions of
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field methods. It was not possible to record data blind because
our study involved focal animals in the field.

Data analysis

Capture-recapture data included yearling willow tits from 40
flocks that were either ringed as chicks in the study area (33
philopatric males [PM] and 16 philopatric females [PF]) or
individuals which immigrated into the study population as
unringed juveniles (16 immigrant males [IM] and 21 immi-
grant females [IF]). The capture-recapture data were analyzed
in MARK (version 8.0) with variations of the CJS model that
is developed for open population live-encounter data
(Lebreton et al. 1992; White and Burnham 1999). The global
model included effects of year (3 years; 1991-1992, 1992~
1993, 1995-1996), sex and dispersal status (DS) on survival
®(YEAR+SEX*DS), and recapture probabilities, p(YEAR+
SEX*DS). Data did not allow including within-winter tempo-
ral variation. The global model fitted the data well
(GOFgootstrAP; P =0.53; ¢=1.06). We used distance to
the study area center as an individual covariate (see below
for more information).

In 1992, an additional feeding experiment was carried out
to examine the effects of food on survival. This experiment
involved 21 flocks that were not followed throughout winter
(Lahti et al. 1998). Flocks were either fed throughout the win-
ter (n =27 individuals, 10 groups) or control groups that were
fed only when ringing them (z = 18 individuals, 9 groups). In
addition, 29 flocks were identified in 1997 including 91 indi-
viduals. We analyzed survival of these birds together with
those collected in the main capture-recapture study (90 flocks,
n: PM=64; PF=34; IM=67; IF=61) using return rates to
the following breeding season, i.e., whether or not an individ-
ual was known to be alive during the breeding season (May to
July). We acknowledge that this analysis neglects recapture
probabilities. However, Lahti et al. (1998) found that CJS
models and return rates gave qualitatively similar results be-
cause the recapture probabilities were high (monthly averages
varied between 0.76 and 0.94). Furthermore, differences in
recapture probabilities between philopatric and immigrant in-
dividuals were tested in the capture-recapture modeling. A
priori models included sex, dispersal status, feeding status,
and distance to study area center (see below for more infor-
mation) as fixed effects. Flock ID and year were included as
random effects. We included all relevant interactions but re-
stricted them to two per model due to limited sample size.

For the birds included in this study, mean natal dispersal
distance of the recruiting philopatric males was 1576 m (SE
111, n=64) similar to that of recruiting females 1659 m (SE
201, n=34; t=0.053, df=64.89, p=0.958) suggesting that
the dispersal distances of the sexes do not differ so much
within the study area. However, Orell et al. (1999) found longer
dispersal distances for females when using more data. Females

tended to comprise a smaller portion of the philopatric individ-
uals compared to the immigrant individuals (x> =3.314, df=1,
p=0.069), where females were more abundant than males.
This may suggest that females more likely disperse away from
the study area before flock settlement and do indeed have lon-
ger dispersal distances.

Because rank may affect winter survival (Ekman 1990;
Koivula et al. 1996), we reanalyzed the effect of dispersal
status with a subset of data that included the 63 individuals
from 26 flocks that had been determined for dominance ranks.
In this analysis, our a priori models included sex, dispersal
status, dominance rank, and flock size as fixed effects, and
year and flock ID as random effects. Dominance rank was
only included with flock size. We considered dominance rank
as a continuous variable because ranking indicates linear rela-
tionships such that a given rank always has the same number
of individual that dominates it and its consequences may also
be considered linear (Lahti et al. 1994). We considered only
the interaction between sex and dispersal status.
Supplementary food throughout winter was not given in
1991 and 1995 when dominance rank was determined for
flocks.

We used generalized linear mixed effect models (GLMMs,
binomial errors and logit link) with function “glmer” in R
3.1.3 (R Development Core Team 2015) to analyze return
rates from autumn to the next breeding season. A priori
models were fitted to the data and compared with the
(Quasi-) Akaike information criterion with a small sample
correction ((Q)AICc; Burnham and Anderson 2002). A differ-
ence of A(Q)AICc >2 was considered to infer a relevant dif-
ference in model support (Burnham and Anderson 2002), and
conclusions were based on models within A(Q)AICc <2.
Variables that resulted in A(Q)AICc <2 from the best model
were considered to be uninformative (Arnold 2010).

Examining the likelihood of permanent emigration
of immigrants

Correlates of dispersal can be biased by within-individual
consistent behavior, such that immigrants are more prone to
permanently emigrate from the study area (Doligez and Pért
2008; Pakanen et al. 2011). We controlled for this in three
ways. First, we used distance from the flock territory to the
center of the study area as a proxy for permanent emigration in
our models explaining survival/return rates. Permanent emi-
gration should be more likely at the edge of the study area. If
permanent emigration affects our results, birds located near
the center of the study area should have a higher probability
of apparent survival than those located near the edge of the
study area. A negative association of distance to center of the
study area with survival would thus indicate permanent emi-
gration, and an interaction with dispersal status would indicate
a stronger tendency of permanent emigration for either
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dispersal group. This variable only works if (1) the study area
is uniform and round-shaped such as in our study and (2) if the
dispersal distances are relatively short in relation to the study
area. Movement from the site of capture and resighting to the
breeding sites was only about 400 m (Lahti et al. 1998) sug-
gesting that the distance from the center of the study area
(22 km?) will show a difference in apparent survival if emi-
gration exists. Second, we used a linear model to compare
post-winter dispersal distances to their first breeding sites in
order to assess possible differences in permanent emigration
for individuals that were known to have bred after their first
winter. Third, individuals may start to move to their breeding
territories in the spring time and are not seen anymore. We
therefore used the monthly capture-recapture data to calculate
the average times (months) of disappearance to see when in-
dividuals disappeared. We used a non-parametric test to ex-
amine the effect of dispersal status within sexes.

Individual quality

We used linear models to examine for differences in body size
measurements between philopatric and immigrant individuals
within each sex. Body size measurements (wing length [max-
imal chord length], tarsus length, and mass) were used as
proxies for individual quality. Larger birds (using tarsus
length) have better fighting ability as shown earlier by
Koivula et al. (1993). In addition, we used ordinal regression
models to assess the effects of sex, dispersal status, and flock
size on dominance ranks. We also calculated the probability of
breeding for individuals known to be alive during the period
from May to June and examined the effects of sex and dis-
persal status using generalized linear models (binomial distri-
bution, logit link).

Results
Apparent monthly survival

The best model for apparent monthly winter survival included
an interaction with dispersal status and sex (Online Resource
1, Tables S1 and S2). Philopatric males had higher survival
than immigrant males while the immigrant females had higher
survival than philopatric females (Fig. 1; see Online Resource
1, Table S2, for parameter coefficients from the best model).
Distance to the center of the study area did not affect survival
estimates alone or in interaction with dispersal status
(Table S1). The recapture probabilities varied between years
(1991, 0.80+0.034; 1992, 0.87 £0.073; 1995, 0.91 +£0.025)
and tended to be higher for philopatrics, but the coefficient
overlapped zero (Bstatus 0.36, CI —0.321-1.037; Table S1).
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Fig 1 Sex-specific monthly apparent survival (£SE) of philopatric
(filled) and immigrant (open) willow tit juveniles during their first winter

Return rates

The interaction between sex and dispersal status was con-
firmed when analyzing return rates using a larger dataset
(226 individuals; Online Resource 1, Table S3, Fig. 2).
Supplemental food increased return rates (Online Resource
1, Tables S3 and S4; see also Lahti et al. 1998), and there
was no evidence for an influence of interactions between food
and dispersal status or between food and sex (Online Resource
1, Table S3; see Table S4 for parameter coefficients from the
best model).

The interaction between sex and dispersal status remained
strong also when considering dominance rank and flock size
in the model (Online Resource 1, Tables S5 and S6). Flock
size and dominance rank did not affect return rates (Online
Resource 1, Table S5; see Table S6 for parameter coefficients
from the best model). These models did not include distance
to the study area center because it was previously found
unimportant.

Body size and dominance ranks

Wing length, body mass, and tarsus lengths did not differ
between philopatric and immigrant individuals in males or
females (Online Resource 2, Tables S7 and S11). When con-
trolled for flock size; dominance ranks were lower for females
than males but roughly similar between immigrants and
philopatrics in both males (mean PM 2.48, SE 0.148; IM
2.58, SE 0.313) and females (mean PF 4.3, SE 0.225; IF 4.3,
SE 0.280, Online Resource 2, Tables S7 and S11).

Probability of breeding, post-winter dispersal, and time
of disappearance

In both sexes, the probability of breeding did not differ be-
tween philopatrics and immigrants (males: PM 0.59, IM 0.73;
females: PF 0.78, IF 0.91; Online Resource 2, Tables S7 and
S12). Dispersal distances from winter flocks to summer breed-
ing sites were short and did not differ between immigrants and
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Fig 2 a Return rates (black columns = data, white columns =model
predictions + SE) of juvenile willow tits from autumn to summer
separately for philopatric males (PM), immigrant males (/M),
philopatric females (PF), and immigrant females (/F). b The dispersal
distances of surviving individuals from their wintering territory to first
breeding site in the following breeding season

philopatrics in either sex (Fig. 2, Online Resource 2, Tables S7
and S13). Dispersal distances from the original wintering
flock territories of the juvenile year to the breeding sites in
the second summer as adults (i.e., after their second winter)
remained short also for those individuals that were not ob-
served breeding in their first summer as adults (males
651 m, SE 163.0, n=14; females 408 m, SE 43.4, n=06).
The average times of disappearance (month) were in mid-
winter (November—December) and did not differ between
philopatric and immigrant individuals in males (W =65,
p=0.72) or females (W =87, p=0.63; Online Resource 2).

Discussion

Our results show that the survival of juvenile willow tits dur-
ing their first winter was dependent on an interaction between
dispersal status and sex. Immigrant males had lower survival
than philopatric males, while immigrant females had higher
survival than philopatric females. This pattern of costs and
benefits offers an explanation for the female-biased dispersal
in willow tit (Orell et al. 1999). Given that individuals com-
pete for vacancies in flocks of restricted size, it seems possible
that prior residence, which determines settlement success, also
plays an important role in determining the costs and benefits
of dispersal in wintering male willow tits.

In Parids, particularly the social rank of young males af-
fects their survival (Ekman et al. 1981; Ekman 1990; Koivula
et al. 1996). The dominant willow tit pair forage higher up in
the canopy safer from predation, while the subordinate juve-
niles forage further down and are more vulnerable to Pygmy
owls (Claucidium passerinum; Kullberg 1998; Kullberg and
Ekman 2000). Social rank of an individual may depend on
their fighting ability or resource value they have acquired.
These may be correlated with body size, sex, or prior residen-
cy, so that the earlier established males will have higher ranks
(Nilsson and Smith 1988; Sandell and Smith 1991; Koivula
et al. 1993). Assuming that movement from natal sites and
locating and settling into a suitable flock consumes time, it
can be hypothesized that philopatric males that disperse short
distances from their natal sites should on average have a prior
residency advantage over those dispersing longer distances
(Eden 1987a; Massot et al. 1994). Thus, the costs of dispersal
for males may be reinforced by social factors that interact with
the dispersal process so that philopatric individuals hold an
advantage caused by a better social position in the group
(Eden 1987a). If dispersing males end up with lower social
ranks, they may enjoy differential benefits from living in a
group, with poorer foraging conditions causing increased
stress and predation and consequently reduced survival
(Eden 1987b; Nilsson and Smith 1988; Kullberg 1998;
Kullberg and Ekman 2000).

However, dominance ranks (sample sizes: PM =21,
IM=12) did not consistently differ between immigrant and
philopatric individuals and dominance rank did not affect sur-
vival. Strong rank differences cannot be expected when the
most common flock size is four individuals and when sex and
age are strong predictors of dominance rank. However, in two
cases where a flock included immigrant and philopatric males,
the philopatric male was dominant. While tests showed no
effect of rank on survival, immigrant males did experience
significantly lower survival, suggesting that alternative mech-
anisms must be at work.

Philopatric individuals may have better knowledge about
predators and resources (food and roosting sites; Part 1995)
and their distribution during the winter. This information starts
to accumulate after settlement and may increase survival.
Intensive food hoarding in the fall amplifies this difference
and the benefits of prior knowledge. Indeed, the feeding ex-
periment showed that food may have been the main factor that
drives the lower survival of subdominants (see also Lahti et al.
1998). Secondly, immigrants may also suffer from sustained
higher stress levels due to possibly longer periods of floating
during the movement stage of dispersal, which may have
physiological or behavioral repercussions that reduce survival
(Silverin 1997; Young and Monfort 2009; Clinchy et al.
2013). Why did the philopatric willow tit females not benefit
from philopatry? While the same logic of prior residency ba-
sically applies to both sexes, the survival pattern of females
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suggests that mechanisms other than prior residency are more
important for survival during the post-settlement stage of dis-
persal. Females are nearly always at the bottom of the hierar-
chy, and their survival may be more dependent on their ability
to find a good mate and flock (Hogstad 1987; Ekman 1990;
Nilsson 1990; Lahti et al. 1996). Indeed, for females a mate is
a critical resource. Juveniles form pair bonds already in the
autumn, and pairs are observed to form alliances within the
flocks so that mates of dominant males benefit from access to
safer micro-habitat (Ekman 1990).

Given prior residency effects, establishment becomes more
difficult with time (Nilsson 1989). Hatching date may there-
fore affect the relative timing of an individual in terms of
establishment and the need to disperse further. Thus,
philopatry (short natal dispersal) may be an option for early
hatching males, while late hatching birds are forced to dis-
perse further. On the other hand, because timing of hatching
may also correlate with fledgling body condition (Verhulst
and Nilsson 2008), quality differences provide an alternative
explanation for our results, i.e., males fledging from early
nests in good condition disperse shortest distances.
However, our proxies for quality did not differ between im-
migrants and philopatrics. Furthermore, studies on species that
have territorial wintering groups such as willow tits (Koivula
et al. 1993) and marsh tits (Poecile palustris; Nilsson and
Smith 1988; Nilsson 1989, 1990) show that establishment
success and social ranks are dictated by prior residency over
individual body size.

Our survival and return rate estimates were not biased by a
higher probability of permanent emigration of immigrants
(Doligez and Part 2008; Pakanen et al. 2011). Survival was
not higher close to the center of the study area compared to the
edge of the study area indicating that permanent emigration
was relatively rare. Long distance dispersal behavior is unlike-
ly during or after the winter because gaining a position in a
wintering flock functions not only to increase survival through
the winter but also to secure breeding in the next season within
this territory (Orell et al. 1994). Such advantages of the win-
tering territory should not be different for philopatric and im-
migrant individuals. In line with this, post-winter dispersal
distances and the times of disappearance during the winter
did not differ between dispersal classes. As in any study that
investigates correlates of dispersal in open populations, some
immigrant individuals originate from near the edge of our
study area and are therefore actually philopatric individuals.
However, it makes our comparison conservative, because the
“immigrant” group includes philopatric individuals of higher
survival, but not the other way around. In fact, the strongest
differences in survival between philopatrics and immigrants
are usually seen in closed “island” populations whereas those
study populations that are open (such as our study population)
rarely show differences in survival (Appendix 3 in Pakanen
et al. 2010).
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To conclude, we found strong mortality costs of dispersal
during the post-settlement stage for willow tit males only,
supporting the view that female-biased dispersal in this and
many other species is partially maintained by sex-specific costs
to males (e.g., Parn et al. 2009; Gienapp and Merild 2011).
Because we did not follow individuals during dispersal, we
were unable to quantify establishment success in a wintering
flock. The presence of floaters suggests that not all individuals
gain positions in flocks (Hogstad 2014), and this may be one
potential cost of dispersal. Costs of dispersal in the willow tit
and other resident species thus probably accrue mostly before
first breeding (Orell et al. 1999; Devillard and Bray 2009;
Bonte et al. 2012). In the willow tit, these mortality costs of
dispersal are sex-specific. They are probably linked to the win-
tering strategy of willow tits, which involves territorial non-kin
flocks with social hierarchies. Whatever the mechanism, it may
be a general phenomenon affecting sex-specific costs of dis-
persal in species that live in stable or ephemeral groups and
may therefore be a driving force of male philopatry. Given that
many resident species spend the non-breeding season in
groups, over-wintering post-dispersal survival should be a
promising avenue for future research, especially in relation to
social status and consequent costs of dispersal.
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