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Natal dispersal is assumed to be costly. Such costs can be difficult to detect,

and fitness consequences of dispersal are therefore poorly known. Because

of lower phenotypic quality and/or familiarity with the environment,

natal dispersers may be less buffered against a sudden increase in reproduc-

tive effort. Consequently, reproductive costs associated with natal dispersal

may mostly be detected in harsh breeding conditions. We tested this predic-

tion by comparing lifetime reproductive success between natal dispersers

and non-dispersers in a patchy population of collared flycatchers (Ficedula
albicollis) when they reared either a non-manipulated brood or an experimen-

tally increased or decreased brood. Natal dispersers achieved lower lifetime

reproductive success than non-dispersers only under more stressful breeding

conditions (i.e. when brood size was experimentally increased). This was

mostly due to a lower number of recruits produced in the year of the

increase. Our results suggest a cost associated with natal dispersal paid

immediately after an increase in reproductive effort and not subsequently

compensated for through increased survival or future offspring recruitment.

Natal dispersers adjusted their breeding investment when reproductive

effort is as predicted but seemed unable to efficiently face a sudden increase

in effort, which could affect the influence of environmental predictability on

dispersal evolution.
1. Introduction
Natal dispersal is defined as the movement of individuals between the natal site

and the site of first breeding [1], and is considered as a crucial life-history trait

in many taxa [2,3]. Most often, the life histories of dispersers and non-dispersers

are thought to differ because dispersal is assumed to be costly and can carry

both direct and deferred costs at each step of the dispersal process (i.e. depar-

ture, movement and settlement) [4–6]. Costs and benefits of natal dispersal may

lead to opposite selective pressures and dispersal can also be affected by the

individual’s phenotype (e.g. morphology, behaviour and physiology) in inter-

action with external conditions (e.g. population density and habitat quality)

[7,8]. As a result, the fitness consequences of adopting different natal dispersal

strategies are not easy to predict and, not surprisingly, no clear pattern emerges

from empirical studies investigating fitness correlates of natal dispersal [9,10]. It

is noteworthy, however, that most of these studies focused only on short-term

fitness measures (i.e. breeding date and number of young produced) and/or on

single fitness components [9,10]. Yet recent studies suggest that natal dispersal

costs can also be long-term and affect the individual’s life-history or fitness

traits long after the dispersal event itself (e.g. [11,12]), and fitness differences

may therefore only be detectable at a lifetime scale.
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In birds, lifetime fitness measures have been compared

between dispersers and non-dispersers in 11 species so far

to our knowledge (electronic supplementary material,

appendix S1). Overall, these studies do not provide a clearer

pattern of the cost–benefit balance of natal dispersal com-

pared with studies based on short-term and/or single

fitness measures. Because compensations may occur between

different fitness components within breeding events (e.g.

between young quantity and quality [13]) or between breed-

ing events across an individual’s lifetime [9,14], lifetime

differences between natal dispersers and non-dispersers

may still be difficult to detect. Nevertheless, the absence of

clear evidence for natal dispersal costs suggests that although

dispersal is classically assumed to be costly, dispersers may

on average perform as well as non-dispersers after settlement

in many situations. Importantly, this may reflect that correla-

tive studies addressed mostly situations when dispersers can

predict local conditions and adjust their investment in breed-

ing and maintenance accordingly, so that the benefits of natal

dispersal may balance costs. However, natal dispersers may

not be able to buffer the effects of an unpredictable increase

in effort or stress if they are lower-phenotypic-quality indi-

viduals compared with non-dispersers before the dispersal

event [15], have lower familiarity with the local environment

after settlement, preventing them to optimize habitat use (e.g.

[16,17]), and/or pay a cost after settlement in terms of time,

energy or maladaptation to the local conditions (e.g. [18]).

Thus, natal dispersal costs after settlement may only be

detected when sudden changes in the environment impose

increased effort or stress, while predictable environmental

conditions may mask possible costs. This may explain why

many correlative studies conducted in predictable environ-

ments failed to detect natal dispersal costs and why

evidences about dispersal costs can be conflicting in the

literature.

Therefore, detecting natal dispersal costs could require an

experimental manipulation of the environmental conditions

after settlement (i.e. after dispersal decisions are made) to

impose an unpredictable increase in effort or stress to individ-

uals. Costs revealed only under experimentally deteriorated

and/or stressful situations have been described in different

contexts [19,20]. Whether natal dispersers can adjust their

investment and life-history strategy as efficiently as non-

dispersers in situations of experimentally increased effort or

stress, and whether individual quality may influence this

ability so that only high-quality natal dispersers may be

able to buffer such unpredictable increase, remain open

questions. If natal dispersers are unable to buffer the negative

impact of an increased effort or stress, exploring whether the

fitness differences between dispersers and non-dispersers are

only transitory or last long after the natal dispersal event may

help identifying the process underlying the apparent cost

of dispersal (e.g. a temporary lack of familiarity upon

arrival in the new environment versus lifelong differences

in phenotypic quality or physiological costs of movement

and settlement).

Here, we investigated whether lifetime fitness differences

according to natal dispersal behaviour could be detected only

in situations of experimentally increased effort or stress in a

patchy population of collared flycatchers (Ficedula albicollis).

We compared the lifetime reproductive success (LRS; i.e. life-

time number of recruits produced) between natal dispersers

and non-dispersers first when breeding effort was not
manipulated, and then in response to an increased, decreased

and unchanged breeding effort as the result of experimental

brood size manipulations. We expected that differences in

LRS revealing potential natal dispersal costs may be detected

only when individuals experience an unexpected increased

breeding effort. To explore the origin of potential differences

in LRS in such a stressful situation and possible compen-

sations between fitness components, we further compared

the annual number of recruits produced and return rate (as

a proxy of local survival) between natal dispersers and

non-dispersers when breeding effort was both non-

manipulated and manipulated. Finally, we tested whether

the potential effect of the brood size manipulation on LRS

components in natal dispersers and non-dispersers was

observed only when the manipulation occurred in the year

of natal dispersal or also later. If differences in LRS com-

ponents between natal dispersers and non-dispersers are

mainly due to a temporary lack of familiarity with the new

environment, we expect that they disappear 1 year after the

natal dispersal event.
2. Material and methods
(a) Study species and study population
The collared flycatcher is a small, short-lived hole-nesting

migratory passerine bird. The data used here have been collected

between 1980 and 2005 in a patchy population breeding on the

island of Gotland, Southern Baltic, Sweden (578100N, 188200E),

where artificial nest-boxes have been provided in discrete wood-

land plots. Collared flycatchers typically recruit into the breeding

population when either 1 or 2 years old [21], and once they have

started breeding, most individuals are thought to attempt to

reproduce every year until they die. Old birds (2 years old or

more) arrive before yearlings at the breeding grounds; they lay

earlier and larger clutches, and produce more surviving offspring

than yearlings [22].

Each year, nest-boxes have been monitored throughout the

season, allowing detailed breeding data to be recorded and nest-

lings to be ringed. Breeding adults were trapped inside their nest-

box, identified and aged (yearling versus older individuals [23]).

Most females were caught during incubation and both parents

were subsequently caught while feeding young when the

brood survived at least until 5–6 days. Therefore, capture is

tightly linked to reproductive activity and success, with a sex

bias (capture rate being higher in females than in males because

of early breeding failure [24]). For more details on the study

species and site, see [25,26].

(b) Natal dispersal status
We defined natal dispersal as a change of plot between the year

of birth and the year of first breeding (see [25] for more details).

This binary definition (dispersal versus philopatry) has been

found to be biologically relevant in previous studies on this

population [27], as it depended on both individual (e.g. sex,

age) and environmental (e.g. local density and reproductive suc-

cess) factors. Only adults whose natal site was known (i.e.

individuals ringed as nestlings) were included in the analyses:

previously unringed adult individuals were discarded because

(i) they consisted of a mix of local birds previously missed and

true immigrants and could therefore not be assigned a dispersal

status with certainty, and (ii) except for yearlings, we lack infor-

mation about their exact age at first breeding. Indeed, because of

frequent breeding dispersal [28], unringed individuals cannot be

assumed to be 2-year-old first breeders.
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(c) Lifetime reproductive success, annual number of
recruits and annual return rate

We computed LRS as the total number of recruits produced by

an individual during its life [29]. We restricted analyses to indi-

viduals caught as breeders at least once (i.e. for which a natal

dispersal status could be determined) and with complete life

records (i.e. dead at the end of the study period). An individual

was assumed to be dead if it had not been seen for at least three

consecutive years (i.e. last breeding record in 2002). For the

period 1980–2005, we obtained LRS data for 2301 individuals

(1143 females and 1158 males). When an individual was not

caught, either at age 1 (n ¼ 833) or later (i.e. with a gap in the

breeding history; n ¼ 18), it was assumed to be a non- or failed

breeder (i.e. no fledged young, thus no recruit).

We also considered separately the annual number of recruits

produced and annual return rate to investigate possible compen-

sations between the two main components of LRS (i.e.

reproductive success and survival). We used as a proxy of

local survival the annual return rate (i.e. whether the individual

was caught as a breeder in the study population in subsequent

years). Because a fraction of individuals dispersed beyond the

limits of the study area [24] and non- or failed breeders are

rarely caught, this measure of survival is underestimated, in par-

ticular for dispersal-prone individuals [10]. In this population,

local survival rate was estimated (using capture–mark–recap-

ture models accounting for imperfect detection probability) to

55–60% [24,27], while return rate was usually around 40%.

This clearly calls for caution when interpreting results based on

return rates.

Because mating status strongly impacts reproductive success

[30] and thus LRS [31] in this species, we discarded from all ana-

lyses all individuals involved in polygynous matings from all

analyses as estimated based on males’ capture in two different

nest-boxes (n ¼ 309 individuals, i.e. 13%; see electronic sup-

plementary material, appendix S2). Because males remained

unidentified in 30% of nests on average each year, we may

have kept some polygynous males and secondary females in

our sample. Because (i) natal dispersers and non-dispersers did

not differ in the probability to be a polygynous male (n ¼ 1830,

x2
1 ¼ 0:81, p ¼ 0.368) or a secondary female (n ¼ 1424,

x2
1 ¼ 0:82, p ¼ 0.366), and (ii) among experimental individuals

the brood size manipulation treatment was usually assigned to

a nest before the brood status could be known, this was however

unlikely to affect our results.
(d) Brood size manipulation
Brood size manipulations have been performed in different years

across the long-term study to address in particular the costs of

reproduction [21,32]. In all these experiments, pairs or triplets

of broods sharing the same hatching date (and in some cases

clutches sharing the same laying date) were randomly assigned

to one of the three following experimental treatments early

during the nestling (resp. incubation) period: (i) they received

extra young (resp. eggs), in most cases one or two (increased

broods); (ii) they had some young (resp. eggs) removed and

placed in another nest, in most cases one or two (decreased

broods); or (iii) they had some young (resp. eggs) exchanged

with another brood without changing brood (clutch) size (control

group).

To standardize the strength of the treatment experienced

among individuals, we discarded all individuals that experi-

enced more than one brood size manipulation over their

lifetime (n ¼ 95, i.e. 4.1%; see electronic supplementary material,

appendix S2, for further details on data selection). According to

the treatment an individual experienced during its life, we

defined a lifetime brood size manipulation status with
individuals having experienced once in their lifetime an

increased brood size, a decreased brood size or a control treat-

ment (i.e. three modalities). We used the lifetime brood size

manipulation status when comparing LRS between natal disper-

sers and non-dispersers, and we used the annual brood size

manipulation status (i.e. the brood size manipulation treatment

at a given breeding attempt) when comparing annual number

of recruits and return rate.
(e) Statistical analyses
We first investigated whether LRS, annual number of recruits

produced and annual return rate differed between natal disper-

sers and non-dispersers among individuals whose brood size

was not manipulated (n ¼ 1458 remaining individuals). In a

second step, we investigated whether natal dispersers and

non-dispersers differed in the same fitness measures when

reproductive effort was changed as a result of an experimental

brood size manipulation, retaining only experimental individuals

(n ¼ 683 individuals).

To test whether LRS, annual number of recruits produced

and annual return rate differed between natal dispersers and

non-dispersers, we used generalized linear mixed models.

Because LRS and annual number of recruits show a high

number of zero values (i.e. a high number of individuals pro-

duced no recruits; electronic supplementary material, appendix

S3), we fitted a negative binomial model for these response vari-

ables [33], which showed no overdispersion (all ratios of squared

Pearson residuals on residual degrees of freedom ranged

between 0.92 and 1.10). We used generalized linear mixed

models with a binomial error distribution for the analysis of

the annual return rate.

For the analyses of LRS, we included in the models as fixed

effects the individual’s natal dispersal status, as well as sex and

age at first breeding (yearling versus older), known to affect

LRS in this population [31], and all pairwise interactions with

natal dispersal status. To control for possible spatio-temporal

effects, we added the plot and year of birth as random factors.

In the models analysing the effect of the manipulation of breed-

ing effort, we added the lifetime brood size manipulation status

as a fixed effect and the corresponding pairwise interaction with

natal dispersal status.

For the analyses of annual number of recruits and annual

return rate, we included in the model as fixed effects the individ-

ual’s natal dispersal status, sex and current age (binary variable),

and we added the location of the breeding plot within the study

area (plot located on the edge versus in the centre of the study

area) to account for a potential edge effect with possible non-

random dispersal outside the study area [24,25]. We also

included all pairwise interactions with natal dispersal status.

To control for spatio-temporal environmental variation in factors

affecting reproductive success and/or survival, we included the

breeding plot and year as random factors. We also added indi-

vidual ring number as a random factor to account for multiple

observations for a given individual over years (35% of individ-

uals were indeed present at least twice in the dataset). In the

models analysing the effect of the manipulation of breeding

effort, we added the annual brood size manipulation status as

a fixed effect.

To test the influence of the timing of the brood size manipu-

lation (i.e. just after the natal dispersal event or later in life) on the

above fitness measures, we focused on the subsample of individ-

uals that bred at least twice (n ¼ 301). We first tested whether any

difference in LRS between natal dispersers and non-dispersers in

response to brood size manipulation depended on the timing of

manipulation by including the three-way interaction between

brood size manipulation, natal dispersal status and timing of

manipulation ( just after the natal dispersal event versus later in



Table 1. Effect of natal dispersal status on LRS, annual number of recruits produced and return rate for (a) individuals whose brood size was not manipulated
and (b) experimental individuals (i.e. individuals with increased or decreased brood size and control individuals). For (b), the interaction between natal dispersal
status and lifetime brood size manipulation status is shown. x2 and p-values refer to the LR test. Significant effects are shown in italics.

fitness measure variable x2 d.f. p-values

(a) individuals whose brood size was not manipulated

LRS natal dispersal status 0.95 1 0.329

annual number of recruits natal dispersal status 0.15 1 0.694

annual return rate natal dispersal status 2.01 1 0.156

(b) experimental individuals

LRS natal dispersal status 9.97 1 0.002

brood size manipulation status 2.45 2 0.294

natal dispersal status � brood size manipulation status 8.67 2 0.013

annual number of recruits natal dispersal status 15.17 1 ,0.001

brood size manipulation status 22.38 2 ,0.001

natal dispersal status � brood size manipulation status 12.79 2 0.002

annual return rate natal dispersal status 8.16 1 0.004

brood size manipulation status 16.57 2 ,0.001

natal dispersal status � brood size manipulation status 9.30 2 0.009

rspb.royalsocietypublishing.org
Proc.R.Soc.B

284:20162445

4

life). Second, we compared the annual number of recruits pro-

duced during, and return rate following, the first breeding

event (i.e. just after the natal dispersal event) and subsequent

breeding events between natal dispersers and non-dispersers,

for individuals manipulated just after the natal dispersal event,

on the one hand, and those manipulated later in life, on the

other hand.

When added as a cofactor to the models, the natal dispersal

status of the partner was never significant, either alone or in

interaction with the dispersal status of the focal individual

(results not detailed). This effect is therefore not further con-

sidered. We backward-removed non-significant fixed effects

starting with interactions. All random factors were kept in all

models (see electronic supplementary material, appendix S4 for

associated variances). Models were implemented in R v. 3.0.3

[34]. Parameter estimates are presented+1 s.e.
3. Results
(a) Lifetime reproductive success, annual number of

recruits and return rate according to natal dispersal
status

LRS, annual number of recruits produced and return rate did

not differ between natal dispersers and non-dispersers when

brood size was unmanipulated (table 1a; electronic sup-

plementary material, appendix S4). However, among

manipulated birds, the interaction between natal dispersal

status and brood size manipulation was significant for all

three fitness measures (table 1b; electronic supplementary

material, appendix S4). Among birds that experienced a

brood size increase, LRS, annual number of recruits and

return rate were all lower for natal dispersers when compared

with non-dispersers (post hoc tests: LRS: n¼ 256, x2
1 ¼ 8:87,

p ¼ 0.003; annual number of recruits: n ¼ 213, x2
1 ¼ 10:32,

p ¼ 0.001; return rate: n ¼ 213, x2
1 ¼ 9:17, p ¼ 0.002; figure 1).

Conversely, no difference was observed among control indi-

viduals (post hoc tests: LRS: n ¼ 210, x2
1 ¼ 0:79, p ¼ 0.376;
annual number of recruits: n ¼ 119, x2
1 ¼ 2:11, p ¼ 0.146;

return rate: n ¼ 119, x2
1 ¼ 1:64, p ¼ 0.201; figure 1), and

among individuals with reduced brood size, only annual

return rate was lower for natal dispersers compared to non-

dispersers (post hoc tests: LRS: n ¼ 217, x2
1 ¼ 1:16, p ¼ 0.280;

annual number of recruits: n ¼ 194, x2
1 ¼ 0:05, p ¼ 0.830;

return rate: n ¼ 194, x2
1 ¼ 5:59, p ¼ 0.018; figure 1).

(b) Influence of the timing of the brood size
manipulation

The difference in LRS between natal dispersers and non-dis-

persers that experienced a brood size increase was not

influenced by when the individuals experienced the brood

size manipulation (i.e. whether the manipulation occurred

just after the natal dispersal event or later in life; three-way

interaction between natal dispersal status, brood size

manipulation status and timing of manipulation: n ¼ 683,

x2
1 ¼ 1:02, p ¼ 0.600). Thus natal dispersers achieved lower

LRS compared with non-dispersers even if the brood size

increase occurred with some delay after the natal dispersal

event. More specifically, among individuals that experienced

a brood size increase 1 year or more after the natal dispersal

event, the annual number of recruits produced by natal dis-

persers did not differ from non-dispersers in the year of the

natal dispersal event but it was lower in subsequent years

(table 2a and figure 2a; electronic supplementary material,

appendix S4). In addition, among individuals that experi-

enced a brood size increase just after the natal dispersal

event (i.e. during the first breeding event) and bred again

later on, natal dispersers produced less recruits compared

with non-dispersers only in the year of the increase, but

not in subsequent years (table 2b and figure 2b; electronic

supplementary material, appendix S4).

We found no difference in annual return rate between

natal dispersers and non-dispersers following brood size

manipulation among individuals manipulated in the year of

the dispersal event (interaction between natal dispersal and
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Figure 1. (a) LRS, (b) annual number of recruits produced and (c) annual return
rate according to natal dispersal status and brood size manipulation. The figure
shows mean values (+1 s.e.) adjusted for other significant effects in the model
(i.e. residuals from the model without the interaction between natal dispersal
status and brood size manipulation). Numbers are sample sizes. Black dots
indicate individuals that experienced a brood size decrease; grey dots indicate
control individuals (no change in brood size but nestlings/eggs exchanged);
white dots indicate individuals that experienced a brood size increase.
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Figure 2. Annual number of recruits produced by natal dispersers (black dots)
and non-dispersers (grey dots) during their first breeding event (i.e. the natal
dispersal event) and subsequent breeding events, depending on when the
brood size increase occurred: (a) at least 1 year after the first breeding event
(the natal dispersal event) or (b) in the year of the first breeding event (the
natal dispersal event). The figure shows mean values (+1 s.e.) adjusted for
other significant effects in the model (figure 1). Numbers are sample sizes.

Table 2. Differences between natal dispersers and non-dispersers in the
annual number of recruits produced depending on when the brood size
manipulation occurred: (a) at least 1 year after the first breeding event
(corresponding to the natal dispersal event) or (b) in the year of the first
breeding event. The table shows the test of the interaction between natal
dispersal status and lifetime brood size manipulation status. In (a), individuals
did not differ in the natal dispersal year; in (b) they did not differ in years
following the manipulation. Significant effects are shown in italics.

period x2 d.f. p-values
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brood size manipulation: n ¼ 496, x2
2 ¼ 1:24, p ¼ 0.537) or

later (n ¼ 114, x2
2 ¼ 0:16, p ¼ 0.920).
(a) individuals manipulated at least 1 year after the natal dispersal

event

first breeding event 0.75 2 0.687

subsequent breeding events 7.96 2 0.019

(b) individuals manipulated in the year of the first breeding event

first breeding event 6.97 2 0.030

subsequent breeding events 3.13 2 0.209
4. Discussion
We investigated whether LRS and its annual components

were linked to natal dispersal behaviour in our patchy popu-

lation of collared flycatchers. Our results show that, after

settlement, natal dispersers and non-dispersers reached the

same LRS when breeding effort was not unexpectedly

increased. However, when individuals experienced an

increased reproductive effort as the result of an experimental

brood size increase, natal dispersers reached lower annual

number of recruits and annual return rate, and thus
ultimately LRS, than non-dispersers. Our results therefore

suggest that natal dispersers most often perform as well as

non-dispersers after settlement, but natal dispersal can be
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associated with a reproductive cost under stressful breeding

circumstances such as when brood size is increased. Such a

cost is expressed when the negative impact of a sudden

increase in reproductive effort cannot be buffered against,

which may result from a lower phenotypic quality of dispersers

and/or reflect a cost of dispersal per se.
ypublishing.org
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(a) Is natal dispersal costly?
Our measures of fitness components are based on the

number of recruits locally captured and return rate as a bree-

der to the study area. Thus, they are at risk of being

underestimated in particular for natal dispersers due to

non-random dispersal out of the study area by natal disper-

sers and/or their offspring [35]; yet our results are unlikely to

reflect such biases in fitness estimates of natal dispersers,

because (i) fitness estimates were similar between brood

size manipulation treatments among non-dispersing individ-

uals, (ii) the effect of plot location within the study area on

annual recruitment rate did not depend on natal dispersal

status, (iii) no difference in return rate was observed depend-

ing on plot location (electronic supplementary material,

appendix S4), and (iv) results remained unchanged when

excluding individuals that were missed for one or more

years after the first breeding season and could have tempor-

arily emigrated (see electronic supplementary material,

appendix S5). Nevertheless, we cannot exclude here the

possibility that natal dispersers experiencing a brood size

increase had directly manipulated the dispersal behaviour

of their offspring, thereby biasing fitness estimates, in

response to the mismatch between expected and realized

reproductive success. Further work involving the monitoring

of offspring post-fledging movements would be needed to

test this hypothesis.

In our study population, as in many others, the capture

and identification of parents are biased towards more

successful individuals (see [24]), and thus probably higher-

quality individuals, which may be more efficient at adjusting

breeding decisions when reproductive effort can be pre-

dicted. This could reduce our ability to detect fitness

differences between natal dispersers and non-dispersers.

However, it is likely that, in most situations, natal dispersers

are able to reach the same fitness outcome than non-

dispersers after settlement, both annually and over a lifetime.

Here, natal dispersers achieved lower LRS, annual number of

recruits and annual return rate compared with non-

dispersers only when facing a considerable and unpredicted

increase in reproductive effort, except for the lower annual

return rate after a brood size decrease. Because smaller

brood sizes were associated with higher dispersal distance

[36] and natal dispersers were more likely to disperse again

[10,24], the lower return rate of natal dispersers experiencing

a brood size decrease compared with non-dispersers may be

explained by their higher probability to disperse out of the

study area, but this did not translate into lower LRS. Conver-

sely, brood size increase has been shown to strongly increase

breeding effort (e.g. [37]). As a consequence, it can result in

reduced subsequent parental and offspring fitness [38], as

was shown in our study population [21]. Our results thus

open the possibility that the costs of reproduction previously

reported may be paid only by a fraction of the population,

here natal dispersers.
The reduced ability of natal dispersers to cope with an

unexpected increase in reproductive effort could result

from phenotypic differences between dispersers and non-

dispersers that pre-exist in the natal dispersal event. Such

phenotypic differences have frequently been reported [7] and

are known to affect the balance between the costs and benefits

of dispersal [39]. Recent studies have shown that natural

selection may favour the associations between dispersal and

other phenotypic traits allowing individuals to reduce

dispersal costs and thus lead to the evolution of dispersal

syndromes (e.g. [2,7]). However, traits favouring settlement

success of dispersers may also be traded against future fitness

prospects and associated with reduced competitiveness after

settlement (e.g. [40]). Moreover, local competition has long

been recognized as a main force driving poor-quality, less

competitive individuals to disperse [1–3] (e.g. [41,42]). Natal

dispersers may then be expected to acquire lower-quality

nest sites and/or mates and reach lower mating success and

reproductive output compared with non-dispersers, which

was indeed previously reported in the collared flycatcher [6].

In our population, natal dispersers may be lower-phenotypic-

quality individuals compared with non-dispersers that may

be unable to efficiently face the negative effects of increased

effort on reproductive output. The observed differences in

LRS and its components between natal dispersers and non-

dispersers after an increase in breeding effort may therefore

reflect phenotype-dependent dispersal rather than a direct dis-

persal cost. Here, natal dispersers and non-dispersers did not

differ in body condition (measured as body mass relative to

size, often considered to reflect individual quality [43]), and

among experimental individuals, body condition was not

related to annual recruitment or return rate, alone or in inter-

action with natal dispersal status (electronic supplementary

material, appendix S6). This suggests that the observed lower

LRS of natal dispersers with increased broods compared

with non-dispersers did not result from a lower body condition

or from a differential cost of natal dispersal depending on the

individual’s body condition. Nevertheless, the measure of

body condition used here may not have captured the relevant

phenotypic differences between natal dispersers and non-

dispersers. Before we can conclude whether such phenotypic

differences can explain the observed differences here, relevant

proxies of individual quality may need to be identified.

Alternatively (but non-exclusively), the lower fitness of

natal dispersers in situations of an unexpected increase in

breeding effort may also result from a cost of the dispersal

event per se. In particular, dispersers may suffer from lower

familiarity with the breeding environment [16] (thus more

limited knowledge about site quality, food resources, preda-

tion risk, etc.) compared with non-dispersers [17,44]. In

migratory species, young can acquire knowledge about the

natal area by remaining near their birth site before the

onset of migration [45,46]. Natal dispersers may therefore

lack such knowledge about their settlement area. Recently,

personality traits such as exploration and boldness have

been shown to relate to natal dispersal behaviour [47,48],

and they could alleviate dispersal cost by helping individuals

to familiarize more quickly with their new breeding environ-

ment. Further work would be needed here to assess how and

when dispersing young familiarize with their new environ-

ment, how individuals’ phenotype may modulate this

process and how this may affect lifetime fitness by buffering

negative impacts of sudden environmental changes.
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(b) Is the difference between natal dispersers and non-
dispersers long-lasting?

Importantly, the implications of a reduction in fitness for natal

dispersers when faced with an increased reproductive effort

may strongly differ depending on when the increase occurs:

just after the natal dispersal event (short-term) or along

the entire lifetime (long-term). Among studies reporting fit-

ness costs of dispersal, these costs are most often the result

of reduced fecundity in the breeding season immediately fol-

lowing dispersal (i.e. short-term costs), which can lead to

reduced LRS (e.g. [15,49]). Recent studies nevertheless report

long-term costs of dispersal (i.e. affecting life stages after the

season immediately following dispersal), in particular

increased senescence rate (e.g. [11,12]). Here, even if these ana-

lyses should be interpreted with caution due to low sample

sizes, we found that among the subsample of individuals

breeding at least twice and experiencing a brood size manipu-

lation during their first breeding event, natal dispersers

produced fewer recruits only in the year of reproductive

effort increase and not later in life. This suggests only a

short-term cost of an increased reproductive effort in natal dis-

persers. Nevertheless, this cost was not compensated for at the

lifetime scale, either between breeding events or between fit-

ness components, because natal dispersers achieved lower

LRS than non-dispersers even when their reproductive effort

was increased early only. Furthermore, the lower number of

recruits following an increase in reproductive effort was not

compensated by a higher quality of recruits, because natal dis-

persers also achieved a lower number of grand-offspring after

an increase in reproductive effort (post hoc test among

individuals with increased brood size: natal dispersal effect:

n ¼ 256, x2
2 ¼ 7:54, p ¼ 0.023). This suggests that, after the

increase in reproductive effort, natal dispersers produced

not only fewer recruits but also lower-quality recruits that

themselves had lower reproductive success, compared with

non-dispersers. Dispersal decisions early in life thus translated

into a fitness cost at a lifetime scale that could expand to the

next generation when reproductive effort was increased.

If the reduction in fitness associated with natal dispersal here

was due to a lack of familiarity with the new breeding environ-

ment, it could be expected to disappear later in life, once natal

dispersers have acquired knowledge about their local environ-

ment, unless costs of a higher effort only become apparent

later in life (e.g. [50]). Here, among individuals experiencing a

brood size increase at least 1 year after the natal dispersal

event, natal dispersers produced fewer recruits compared with

non-dispersers in the year of the increase, even though most of
them (i.e. 107 of 137 natal dispersers; 78%) had not dispersed

again as breeders in the year of the increase and therefore had

at least one breeding season to get familiar with their new

environment. Overall, we showed that the LRS of natal disper-

sers was lower than non-dispersers following an increase in

reproductive effort, had it occurred just after the natal dispersal

event or later in life. This lower LRS of natal dispersers is there-

fore most likely to be explained by phenotypic differences

between natal dispersers and non-dispersers rather than by a

lack of familiarity with the breeding site.

Identifying the mechanisms underlying the lower LRS

observed for natal dispersers following an unexpected increase

in reproductive effort deserves deeper investigation. Our results

suggest that the lifetime fitness correlates of natal dispersal, poss-

ibly linked to differences in individual phenotype in relation to

dispersal status, are likely to depend on the spatio-temporal

variability of habitat quality, both between and within seasons.

This variability may indeed condition the ability of natal dis-

persers to predict the expected reproductive effort and adjust

decisions accordingly after settlement, because of higher sensi-

tivity to stressful situations. If natal dispersers cannot make

such adjustments because of unpredictable environmental

changes, they are at risk of paying a lifetime fitness cost.
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51. Germain M, Pärt T, Gustafsson L, Doligez B. 2017
Data from: Natal dispersers pay a lifetime cost to
increased reproductive effort in a wild bird
population. Dryad Digital Repository. (doi:10.5061/
dryad.k514v)

http://dx.doi.org/10.1111/j.1365-2656.2008.01446.x
http://dx.doi.org/10.1111/j.1365-2656.2010.01730.x
http://dx.doi.org/10.1111/ele.12060
http://dx.doi.org/10.1007/s10682-997-1516-z
http://dx.doi.org/10.1111/j.0014-3820.2004.tb00883.x
http://dx.doi.org/10.1111/j.0014-3820.2004.tb00883.x
http://dx.doi.org/10.1006/anbe.1995.0132
http://dx.doi.org/10.1006/anbe.1995.0132
http://dx.doi.org/10.1093/beheco/arh037
http://dx.doi.org/10.1111/j.0014-3820.2002.tb00855.x
http://dx.doi.org/10.1098/rspb.2011.1546
http://dx.doi.org/10.1098/rsbl.2008.0704
http://dx.doi.org/10.1038/335813a0
http://dx.doi.org/10.1038/335813a0
http://dx.doi.org/10.1098/rspb.1995.0067
http://dx.doi.org/10.1007/s10336-010-0643-4
http://dx.doi.org/10.1007/s10336-010-0643-4
http://dx.doi.org/10.1098/rspb.2009.0454
http://dx.doi.org/10.1098/rspb.2009.0454
http://dx.doi.org/10.2307/3676802
http://dx.doi.org/10.1086/286074
http://dx.doi.org/10.1046/j.1365-2656.1999.00362.x
http://dx.doi.org/10.1046/j.1365-2656.1999.00362.x
http://dx.doi.org/10.1093/beheco/14.1.68
http://dx.doi.org/10.1093/beheco/14.1.68
http://dx.doi.org/10.1080/02664760120108845
http://dx.doi.org/10.1080/02664760120108845
http://dx.doi.org/10.1016/j.tree.2008.10.008
http://www.r-project.org/
http://www.r-project.org/
http://www.r-project.org/
http://dx.doi.org/10.2307/5002
http://dx.doi.org/10.2307/5172
http://dx.doi.org/10.1007/s00265-003-0608-1
http://dx.doi.org/10.1890/13-2269.1
http://dx.doi.org/10.1073/pnas.0706174104
http://dx.doi.org/10.1073/pnas.0706174104
http://dx.doi.org/10.1046/j.1365-2656.2000.00431.x
http://dx.doi.org/10.1046/j.1365-2656.2000.00431.x
http://dx.doi.org/10.2307/3545445
http://dx.doi.org/10.2307/3545445
http://dx.doi.org/10.1111/eth.12272
http://dx.doi.org/10.1111/eth.12272
http://dx.doi.org/10.2307/2426834
http://dx.doi.org/10.2307/1369898
http://dx.doi.org/10.1098/rspb.2002.2300
http://dx.doi.org/10.1098/rspb.2002.2300
http://dx.doi.org/10.1038/ncomms3362
http://dx.doi.org/10.1007/s00265-010-1017-x
http://dx.doi.org/10.1007/s00265-010-1017-x
http://dx.doi.org/10.1111/ele.12263
http://dx.doi.org/10.1111/ele.12263
http://dx.doi.org/10.5061/dryad.k514v
http://dx.doi.org/10.5061/dryad.k514v

	Natal dispersers pay a lifetime cost to increased reproductive effort in a wild bird population
	Introduction
	Material and methods
	Study species and study population
	Natal dispersal status
	Lifetime reproductive success, annual number of recruits and annual return rate
	Brood size manipulation
	Statistical analyses

	Results
	Lifetime reproductive success, annual number of recruits and return rate according to natal dispersal status
	Influence of the timing of the brood size manipulation

	Discussion
	Is natal dispersal costly?
	Is the difference between natal dispersers and non-dispersers long-lasting?
	Ethics
	Data accessibility
	Authors’ contributions
	Competing interests
	Funding

	Acknowledgements
	References


