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Understanding why individuals delay dispersal and become subordinates

within a group is central to studying the evolution of sociality. Hypotheses

predict that dispersal decisions are influenced by costs of extra-territorial pro-

specting that are often required to find a breeding vacancy. Little is known

about such costs, partly because it is complicated to demonstrate them empiri-

cally. For example, prospecting individuals may be of inferior quality already

before prospecting and/or have been evicted. Moreover, costs of prospecting

are mainly studied in species where prospectors suffer from predation risk, so

how costly prospecting is when predators are absent remains unclear. Here,

we determine a cost of prospecting for subordinate Seychelles warblers, Acro-
cephalus sechellensis, in a population where predators are absent and

individuals return to their resident territory after prospecting. Prospecting

individuals had 5.2% lower body mass than non-prospecting individuals.

Our evidence suggests this may be owing to frequent attacks by resident con-

specifics, likely leading to reduced food intake by prospectors. These results

support the hypothesis that energetic costs associated with dispersal opportu-

nities are one factor influencing dispersal decisions and shaping the evolution

of delayed dispersal in social animals.
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1. Introduction
Across a range of vertebrates, sexually mature individuals forego independent

breeding while remaining in a group [1–7]. Understanding why such ‘subordi-

nates’ delay dispersal to an independent breeding position is crucial for

understanding the evolution of sociality and cooperative breeding [1,2]. Two

hypotheses aim to explain delayed dispersal. The ‘ecological-constraints’ hypoth-

esis predicts that delayed dispersal is driven by limited availability of suitable

breeding vacancies and the costs associated with finding those [1]. The ‘benefits-

of-philopatry’ hypothesis predicts that subordinates remain in a group when the

benefits gained in their home territory (e.g. access to resources, protection against

predators) exceed those of dispersal [2]. Although both hypotheses highlight the

importance of the relative costs of dispersal, empirical tests of such costs are

surprisingly rare [3–8].

In many species, individuals aiming to disperse perform extra-territorial pro-

specting (using their home territory as base) to obtain information about breeding

opportunities [5–9]. The associated costs (e.g. physiological costs linked to

reduced food intake resulting from vigilance against predators or intra-specific

chases) may be important to whether individuals decide to prospect and, conse-

quently, ultimately disperse. However, knowledge about prospecting costs is
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limited, as assessing condition of prospectors is challenging

and may be confounded if prospectors were evicted from

their resident territory and/or are of inferior quality in the

first place [5]. Similarly, if non-prospecting subordinates

engage in energetically costly helping behaviour, direct

comparison of their and prospectors’ body condition is mis-

leading. Moreover, studies that described costs of prospecting

were all conducted in species where adults can be preyed

upon. In such species, prospecting may, in addition to being

energetically costly, lead to enhanced predation risk and

associated stress [3–7]. Thus, it is currently unclear how

costly prospecting is when predation is absent. Additionally,

individuals may accept to pay higher costs if prospecting

yields additional benefits like access to food, refuge from

predators or extra-group copulations [7,9]. Thus, because mul-

tiple benefits may drive prospecting, not considering these

benefits simultaneously may lead to underestimation of the

importance of the costs of prospecting in explaining delayed

dispersal. These complications require consideration when

determining the costs of prospecting.

We assess the energetic costs of prospecting in facultative

cooperatively breeding Seychelles warblers, where subordi-

nates of both sexes postpone independent breeding and may

engage in prospecting trips from their resident, often natal, ter-

ritory [10,11]. Prospecting does not yield access to food, refuge

or extra-group mating, but improves an individual’s chances

of breeding independently (73% of prospectors obtained a

breeding position before the next season versus 50% of non-

prospecting individuals [12]). Nonetheless, prospecting is rare

(approx. 14% of subordinate individuals each season; JK,

DSR, SAK 1985–2016, personal observations) and, given the

expected increased fitness for subordinates of finding a breeder

vacancy, vacancies remain unoccupied surprisingly long in this

saturated population (up to 20 days; median 3.5 days [13]). This

may suggest that costs inhibit prospecting. Here, we estimate a

cost of prospecting by comparing the condition of subordinates

caught within their resident territory and during temporary

prospecting trips. This can be investigated while ruling out

the aforementioned confounding variables (predation, eviction,

helping): adult predation is absent at all times (JK, DSR 1985–

2016, personal observations), prospectors normally return

home and not all subordinates help [9–11]. We also make infer-

ences about the mechanism behind potential costs by assessing

whether territory-owners attack intruding prospectors.
2. Material and methods
We studied the population of approximately 320 Seychelles

warblers living in 110–120 territories on Cousin Island,

Seychelles (29 ha; 048200S, 558400E) from June–September 2003

to 2014. Approximately 50% of pairs live with one to four subor-

dinates that may help incubating and feeding nestlings [11].

Territories are defended against intruding conspecifics year-

round, and boundaries are determined based on the birds’

activity and border disputes. Breeder vacancies are limited

because Seychelles warblers are long-lived (84% annual survival)

and the island has been at carrying capacity since 1982 [10,11].

During each season each territory was checked weekly. We deter-

mined each bird’s status (dominant individuals—based on

behavioural interactions including mate-guarding, courtship feed-

ing and other affiliative behaviours [13]—or subordinate), territory,

sex (using molecular techniques) and helping behaviour (using 1 h

nest-watches during nestling feeding) [10,11,13]. Birds were
captured using mistnets (placed in dense vegetation) during regular

catching sessions throughout the season (electronic supplementary

material), ringed with a unique set of a metal and three-colour

rings, and body mass (+0.1 g) and tarsus length (+0.1 mm) were

measured [10,11,13]. During these sessions, we opportunistically

caught 27 prospecting individuals. We defined prospectors as indi-

viduals captured three or more territories from their resident

territory; this avoided including individuals from adjacent territories

attracted to nearby song playback sometimes used to capture birds

(electronic supplementary material).

We determined whether body mass was predicted by

whether the individual was caught while prospecting or in

their resident territory using a linear mixed model with ‘year’,

‘resident-territory’ and ‘individual’ identity as random variables

(to account for consistent temporal, spatial or individual effects)

using lme4 (v. 1.1-8) in R (v. 3.2.0) [14,15]. Tarsus length, sex, age

(below 1 year, 1–2 years), time (morning (06.34–10.00), midday

(10.00–14.00), afternoon (14.00–19.10)) and month (June/July/

August/September) were included as additional explanatory vari-

ables. We only included 5–24 months old individuals because

younger ( just independent; 3–5 months) and older birds rarely

prospected (1 of 209 and 0 of 49 catches, respectively). Additionally,

we only included non-helpers and helpers caught before the nest-

ling period, because nestling provisioning may be energetically

costly and reduce body condition. Of 214 individuals, multiple

catches were included for 35 individuals, but results were similar

when including only first catches (electronic supplementary

material, table S1). Food (arthropods) abundance varies within sea-

sons, but prospectors and resident birds were caught in similar

proportions across months (x2
3 ¼ 1:333, p ¼ 0.721).

Territory owners physically attack intruding individuals, and

birds caught together with another bird were often involved

in intra-specific chases (JK, DSR, SAK 1985–2016, personal obser-

vations). We assessed whether the likelihood that individuals were

caught with a resident individual was different between prospec-

tors and resident individuals using a generalized linear mixed

model. Only ‘individual identity’ was included as random vari-

able, as the model including ‘year’ did not converge. Repeating

the analysis with each individual’s first catch and ‘year’ as

random variable yielded a similar non-significant effect (b ¼

1.232+0.745, p ¼ 0.098; see electronic supplementary material).
3. Results
We caught 214 different individuals (35 more than once), of

which 23 (11%) were caught while prospecting. Prospectors

always returned to their resident territory, apart from one

individual who was never seen again (see the electronic sup-

plementary material for details). Individuals caught during

prospecting had significantly lower body mass than individuals

caught in their resident territory, while statistically controlling

forother predictors of body mass (table 1 and figure 1a). Prospec-

tors were more often caught with a resident individual than

non-prospecting subordinates (b ¼ 1.460+0.539, z ¼ 2.709,

p ¼ 0.007; figure 1b).
4. Discussion
Subordinate Seychelles warblers are constrained in indepen-

dent breeding owing to habitat saturation, and therefore,

often remain within another pair’s territory. Subordinates can

inherit a territory or fill a neighbouring vacancy [10,11], but

can improve the likelihood of finding a breeding opportunity

by prospecting further afield to obtain information about

availability of vacancies (see §1). Our results suggest that

http://rsbl.royalsocietypublishing.org/


Table 1. The effect of prospecting on 214 subordinate Seychelles warblers’
body mass (including 252 catches).

b s.e. t p-value

intercept 6.012 1.725 3.484 ,0.001

prospecting at

time of catcha

20.472 0.140 23.377 ,0.001

sexb 0.799 0.143 5.569 ,0.001

tarsus length 0.322 0.071 4.532 ,0.001

timec

midday 0.258 0.108 2.386 0.018

afternoon 0.540 0.112 4.820 ,0.001

monthd

July 0.573 0.124 4.620 ,0.001

August 0.999 0.134 7.461 ,0.001

September 0.907 0.143 6.337 ,0.001

Effects relative to aresident, bfemale, cmorning and dJune.
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Figure 1. (a) Average (+s.e.) body mass of Seychelles warblers caught in
their resident territory and while prospecting. Residuals were obtained from a
model including tarsus length, sex, and time and month of catching. (b) The
percentage of catches in which resident and prospecting subordinates
were caught with a resident bird. Numbers denote number of catches and
individuals, respectively.
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prospecting is costly, as it leads to a significantly lowered body

condition (figure 1a). This result was not the effect of temporal

variation in food availability, or prospecting individuals being

evicted (prospectors returned home) or being in poorer con-

dition prior to prospecting (within-individual analyses

revealed a similar body-mass reduction to the cross-sectional

analysis; electronic supplementary material, figure S1). Instead,

as in other species [5], the effect likely results from the prospec-

tors having reduced foraging time owing to increased

antagonistic interactions with conspecifics (figure 1b), while

resident subordinates have undisturbed access to resources

because of acceptance by breeders (e.g. nepotism [4]). Although

the exact duration and frequency of prospecting are unknown

and the short-term body-mass reduction does not affect survival

[12], it may cause somatic damage or a trade-off with other

important life-history decisions like helping behaviour [9].

Regardless of long-term physiological and survival costs, how-

ever, individuals require sufficient condition to prospect if

prospecting is condition dependent [16]. This may partly

explain why prospecting is generally rare [10], and why in

some species individuals reduce other costly behaviour (e.g.

helping) or gain weight prior to dispersal [17].

Given the absence of evidence for long-term costs of

prospecting, it is possible that short-term mass loss is an

adaptation to improve manoeuvrability to avoid conspecifics

while prospecting. Although we cannot exclude this possibility

in our study, in other species where a reduction would be even

more beneficial (owing to the presence of predators) body mass

loss positively correlates with prospecting duration [5],

suggesting a cost rather than an adaptation. Moreover, in sev-

eral species higher body mass predicts whether individuals

prospect [17]. Therefore, although a body-mass reduction

associated with prospecting suggests that the behaviour is

costly, future studies are needed to explore the possibility of

strategic body-mass reduction.

Determining the relative costs of dispersal and benefits

of philopatry is crucial to understanding the evolution of soci-

ality [1,2,8]. In Seychelles warblers, reproductive benefits of

philopatry are often limited and probably insufficient to
induce philopatry (at least in isolation): a substantial number

of non-helping philopatric individuals gain no indirect

benefits, territory inheritance is rare, and young subordinates

rarely obtain parentage [10,11,13]. Moreover, adult predation

is absent, so predation risk during prospecting cannot explain

delayed dispersal. Finally, prospectors do not gain access to

extra-group parentage [13], refuge or food (prospectors are

attacked by conspecifics), so the detrimental effect of prospect-

ing can probably be solely attributed to attempted dispersal.

Our results suggest that the costs of extra-territory movement

are one reason for subordinate Seychelles warblers to delay

dispersal beyond sexual maturity, in order to wait until their

condition is sufficient to perform prospecting trips or until

reproductive opportunities arise. Thus, supporting the ecologi-

cal-constraints and benefits-of-philopatry hypotheses [1,2], our

results suggest that prospecting for dispersal opportunities is

energetically costly, which may affect delayed dispersal in

this and other species.

Ethics. All protocols conformed to legal requirements for use of
animals in research and UEA’s ethical committee. Seychelles Depart-
ment of Environment and Seychelles Bureau of Standards approved
the research (permit no. A0157).

Data accessibility. Data are deposited in Dryad: http://dx.doi.org/10.
5061/dryad.15rg7.

Authors’ contributions. S.A.K. conceived the study, analysed the data,
drafted the manuscript. All authors contributed to data collection,
critical assessment of the results, manuscript revisions and gave
approval, and are accountable for the publication.

Competing interests. We have no competing interests.

Funding. S.A.K.: Netherlands Organisation for Scientific Research;
NWO (Rubicon- (825.11.011) and VENI-fellowships (863.13.017)),
Royal Netherlands Academy of Arts and Sciences; KNAW (Dr J. L.
Dobberke and Schure-Beijerinck Popping funds). J.K.: NWO

http://dx.doi.org/10.5061/dryad.15rg7
http://dx.doi.org/10.5061/dryad.15rg7
http://dx.doi.org/10.5061/dryad.15rg7
http://rsbl.royalsocietypublishing.org/


rsb

4

 on July 1, 2016http://rsbl.royalsocietypublishing.org/Downloaded from 
Top-grant (854.11.003) and ALW grant (823.01.014). D.S.R.: Natural
Environment Research Council (UK) grants (NE/H006818/1, NE/
F02083X/1).
Acknowledgements. We thank Nature Seychelles for providing facilities
and allowing the work on Cousin, Kat Bebbington for comments
on the manuscript, and our team of fieldworkers.
 l.royalsociety
References
publishing.org
Biol.Lett.12:20160316
1. Emlen ST. 1982 The evolution of helping. I. An
ecological constraints model. Am. Nat. 119, 29 – 39.
(doi:10.1086/283888)

2. Stacey PB, Ligon JD. 1987 Territory quality and
dispersal options in the acorn woodpecker, and a
challenge to the habitat-saturation model of
cooperative breeding. Am. Nat. 130, 654 – 676.
(doi:10.1086/284737)

3. Heg D, Bachar Z, Brouwer L, Taborsky M.
2004 Predation risk is an ecological
constraint for helper dispersal in a
cooperatively breeding cichlid. Proc. R. Soc.
Lond. B 271, 2367 – 2374. (doi:10.1098/rspb.
2004.2855)

4. Griesser M, Nystrand M, Ekman J. 2006 Reduced
mortality selects for family cohesion in a social
species. Proc. R. Soc. B 273, 1881 – 1886. (doi:10.
1098/rspb.2006.3527)

5. Ridley AR, Raihani NJ, Nelson-Flower MJ.
2008 The cost of being alone: the fate of
floaters in a population of cooperatively
breeding pied babblers Turdoides bicolor.
J. Avian Biol. 39, 389 – 392. (doi:10.1111/j.0908-
8857.2008.04479.x)
6. Young AJ, Monfort SL. 2009 Stress and the
costs of extra-territorial movements in a social
carnivore. Biol. Lett. 5, 439 – 441. (doi:10.1098/rsbl.
2009.0032)

7. Young AJ, Carlson AA, Clutton-Brock T. 2005 Trade-
offs between extraterritorial prospecting and
helping in a cooperative mammal. Anim. Behav. 70,
829 – 837. (doi:10.1016/j.anbehav.2005.01.019)

8. Bonte D et al. 2012 Costs of dispersal. Biol. Rev. 87,
143 – 152. (doi:10.1111/j.1469-185X.2011.00201.x)

9. Jungwirth A, Walker J, Taborsky M. 2015 Prospecting
precedes dispersal and increases survival chances in
cooperatively breeding cichlids. Anim. Behav. 106,
107 – 114. (doi:10.1016/j.anbehav.2015.05.005)

10. Eikenaar C, Richardson DS, Brouwer L, Bristol R,
Komdeur J. 2009 Experimental evaluation of sex
differences in territory acquisition in a cooperatively
breeding bird. Behav. Ecol. 20, 207 – 214. (doi:10.
1093/beheco/arn136)

11. Eikenaar C, Richardson DS, Brouwer L, Komdeur J.
2008 Sex biased natal dispersal in a closed,
saturated population of Seychelles warblers
Acrocephalus sechellensis. J. Avian Biol. 39, 73 – 80.
(doi:10.1111/j.2088.0908-8857.04124.x)
12. Kingma SA, Bebbington K, Hammers M, Richardson
DS, Komdeur J. Submitted. Assessing different
routes to independent breeding to understand
delayed dispersal in a cooperatively breeding bird.

13. Richardson DS, Komdeur J, Burke T. 2002 Direct
benefits and the evolution of female-biased
cooperative breeding in Seychelles warblers. Evolution
56, 2313 – 2321. (doi:10.1554/0014-3820)

14. Bates D, Maechler M, Bolker B, Walker S. 2014
Lme4: linear mixed-effects models using Eigen and
S4. R package version 1.1-8. See http://CRAN.R-
project.org/package=lme4.

15. R core-team. 2015 R: a language and environment
for statistical computing. Vienna, Austria: R
foundation for Statistical Computing.

16. Mares R, Bateman AW, English S, Clutton-Brock TH,
Young AJ. 2014 Timing of predispersal prospecting
is influenced by environmental, social and state-
dependent factors in meerkats. Anim. Behav. 88,
185 – 193. (doi:10.1016/j.anbehav.2013.11.025)
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