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General discussion

CHAPTER8



Understanding the causes and consequences of natal dispersal - the movement of an
individual from its site of birth to its site of first (attempted) reproduction (Green-
wood 1980) - is important for biologists because it influences the dynamics, distribu-
tion and genetics of natural populations (Stenseth and Lidecker 1992). Although it
has received considerable research attention it remains one of the least understood
life-history traits (Clobert et al. 2001; Handley and Perrin 2007). For example, there
is no theoretical framework to explain the enormous inter-specific variation in intensi-
ty and direction of sex-biased natal dispersal (Handley and Perrin 2007). In an at-
tempt to contribute to our understanding of natal dispersal we studied patterns of dis-
persal in the Cousin Island (29 ha) Seychelles warbler population. We aimed to deter-
mine when young warblers disperse, where they disperse to and why individual varia-
tion in both the timing and extent of natal dispersal distances occurs. Furthermore we
studied sex-based differences in these natal dispersal parameters. As natal dispersal is
tightly linked to territory acquisition we also attempted to resolve which factors deter-
mine success in gaining a dominant breeder position in a territory. By studying a
species that lives in virtually closed populations (Komdeur et al. 2004a), we were able
to collect unbiased data on natal dispersal. Data were unbiased because, as a result of
the absence of between-island dispersal, the exact origin of dispersers was known and
long-distance dispersers could not be erroneously assumed dead.

Below, we first briefly discuss the contribution of this study to our understanding
of natal dispersal. Second, we address two issues that deserve attention, but that are,
at present, not sufficiently well studied. 

Contribution of this thesis

Natal dispersal distance
Several previous studies have presented data on natal dispersal distances that may,
because study sites were extraordinarily large, also have come close to being based on
unbiased dispersal distributions (red-cockaded woodpeckers, Picoides borealis, Walters
1990; Florida scrub-jays, Aphelocoma coerulescens, Stith et al. 1996). In agreement
with the sex-bias in natal dispersal distance in these and most other avian dispersal
studies (Greenwood 1980; Clarke et al. 1997), female Seychelles warblers dispersed
farther from their natal territories to their breeding territories than males (Chapter 2).
What is remarkable about our finding is that even in our tiny enclosed study popula-
tion, where the maximum dispersal distances are extremely limited (the maximum
distance being 13 territory widths), it was possible to detect evidence of sex-biased
natal dispersal patterns. 

The natal dispersal distance of male Seychelles warblers depended on local male
breeding density; with decreasing male density the natal dispersal distances of males
increased. At low local breeder densities fewer breeder vacancies arise near the natal
territory each year which may have forced males to disperse farther. On the other

Chapter 8

114



hand, lower local breeder densities also means that fewer competitors for these va-
cancies were present in adjacent territories. Therefore the strength of competition
over breeding vacancies may not actually change with local breeding density.
However, even though competition may not change with density, there is still a very
limited availability of vacancies in adjacent territories (in many years not a single va-
cancy opened) for subordinate males in low density areas (chapter 2). Consequently,
such males may indeed be forced to expand their search area and, as a result, disperse
further than at high local densities. For females, local female breeder density did not
appear to affect natal dispersal distances (Chapter 2). This pattern may occur if fe-
males disperse farther than males in order to avoid inbreeding, a strategy that would
be favoured for the following reasons. First, extra-group paternity is high (40%) in the
Cousin population and extra-group males are normally from nearby territories
(Richardson et al. 2001). Therefore, the genetic father of any given female disperser is
likely to be resident in a territory near the female’s natal territory. In order to avoid
incestuous pairings females should, therefore, disperse far from the natal territory, ir-
respective of local breeding density. As egg dumping is non existent in this population
(Richardson et al. 2001) and territory switching rare (Komdeur 1996, this study), the
genetic mother of any male is from his natal territory. Consequently, dispersing males
do not have to avoid nearby territories to avoid mating with their mothers. Despite
this logic, a more detailed investigation (chapter 3) revealed that the female-bias in
natal dispersal distance does not contribute to inbreeding avoidance; for females
there was no difference in the proportion of closely related (pairwise relatedness >
0.35) opposite sex breeders at the median male and female natal dispersal distance.
Interestingly, subordinate Seychelles warblers also did not reduce the likelihood of in-
breeding by avoiding related individuals as mates, either on the natal territory or
when dispersing (Chapter 3). This suggests that in this species, in its current environ-
ment, natal dispersal does not facilitate inbreeding avoidance. Our findings therefore
are incompatible with the widespread hypothesis that inbreeding avoidance has con-
tributed to the evolution of (sex-biased) natal dispersal (e.g. Packer 1979; Greenwood
1980; Pusey 1987; Biek et al. 2006; Vignieri 2007).

The other main evolutionary models for sex-biased dispersal (local resource and
mate competition (e.g. Greenwood 1980; Dobson 1982) and local resource enhance-
ment (e.g. Perrin and Lehmann 2001; Le Galliard et al. 2006)) also seem inappropri-
ate explanations for the female-bias in natal dispersal distance in the Seychelles war-
bler. First, Dobson (1982) argued that the sex in which competition for mates is most
intense should disperse. In polygynous and promiscuous species such competition is
probably most intense in males because in these species variation in reproductive out-
put is greatest in males (Dobson 1982). Seychelles warblers have a monogamous
breeding system, but are genetically promiscuous (40% of young are extra pair,
Richardson et al. 2001) and, although they normally are not polygynous, males some-
times reproduce with both the primary as well as the subordinate female in their terri-
tory (Richardson et al. 2001; 2002; 2004). Therefore, variation in reproductive output
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and, consequently, competition for mates is greatest in males. Despite this males settle
closer to their natal territories than females, a pattern which does not support theo-
ries based on local mate competition. Second, in many bird species there is a sexual
asymmetry in local resource competition because individuals of one sex, usually male,
acquire and defend a territory in order to attract a mate (Greenwood 1980).
Familiarity with the natal region increases the chance of settling in that region.
Therefore the sex that acquires and defends a territory will gain greater benefits, com-
pared to the other sex, if it disperses shorter distances, which should then lead to the
evolution of sex-biased dispersal. In Seychelles warblers this sexual asymmetry is
probably weak because both sexes usually acquire a territory by dispersing to join a
widowed breeder on an existing territory (Komdeur and Edelaar 2001; chapter 4).
Third, when kin cooperation, such as cooperative breeding or collective resource de-
fence, benefits one sex more than the other, then local resource enhancement may in-
duce philopatry in the sex that benefits most (Perrin and Lehmann 2001; Le Galliard
et al. 2006). In Seychelles warblers, the benefits gained through kin cooperation (in-
direct gains through helping parents to raise non-descendent kin and direct parentage
by female subordinates) are significantly higher for females than males (Richardson et
al. 2002). However, this does not support the local resource enhancement theory as
rather than being the more philopatric sex females disperse further than males in the
Seychelles warbler.

As the patterns of sex-biased dispersal in the Seychelles warbler do not appear to
concur or support any of the above theories, we propose a different possibility. We
suggest that the female-bias in natal dispersal distance may actually just be a phyloge-
netic relic (in passerines females generally disperse farther than males, Greenwood
1980; Clarke et al. 1997), which is at present of no adaptive significance. We did not
identify benefits of farther dispersal of females, whereas farther dispersal may be cost-
ly; for subordinates of both sexes occupation of vacant primary breeder positions ap-
pears to be easiest when these are near the natal territory (chapter 4). We are un-
aware of previous studies suggesting that sex-biased natal dispersal may be non-adap-
tive under the prevailing circumstances.

Timing of natal dispersal
When young warblers disperse both sexes usually occupy a breeder vacancy arising
from the death of a breeder (Chapter 4). To locate such vacancies, young birds engage
in short (temporally speaking) extra-territory forays and in both sexes success in terri-
tory acquisition increases with decreasing distance between the natal territory and the
vacancy. However, the age of the individuals competing over breeder vacancies influ-
enced the probability of successful territory acquisition in males only. For males there
was a positive relation between age and the likelihood of territory acquisition, while
in females age did not affect the chances of territory acquisition. We hypothesize that
this pattern resulted from stronger intra-specific competition for mates in males than
in females. Every year that a male remains a subordinate is a year without reproduc-
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tion because for males, territory ownership is a prerequisite for reproduction
(Richardson et al. 2001; 2002). Females, however, have the opportunity to reproduce
as a subordinate by joint nesting with the primary female (Richardson et al. 2001;
2002). Competition over breeder vacancies may therefore be more intense in males
than in females. Alternatively, the positive relation between male age and likelihood
of territory acquisition may be a result of the resident females being choosier than
males when selecting a replacement mate and preferring older males. Females are
generally choosier about their breeding partners than males (Bateman 1948; Trivers
1972; Cockburn 2004) and there is evidence from other studies that female prefer-
ence for older males occurs (e.g. Richardson and Burke 1999; Bouwman and
Komdeur 2005). Although we have never directly investigated this question in the
Seychelles warbler, females should be choosier than males, because it is more difficult
for females to increase their fecundity through promiscuity than it is for males (40%
of extra-pair offspring, but no egg dumping, Richardson et al. 2001). 

Our results show that, even in a species in which the route to breeding is similar
for both the sexes, there can be sex differences in factors that influence success in ter-
ritory acquisition, such as the age of the competitors. One remarkable sex difference
in territory acquisition was the observation that female subordinates never occupied
experimentally created breeder vacancies when these were in territories adjacent to
their natal territory (see box B). The most obvious explanation would be that females
refused to mate with a male in an adjacent territory because these were closely relat-
ed to them. High relatedness between a subordinate female and the males in adjacent
territories could result if many males from the same territory, i.e. older brothers, had
previously dispersed to adjacent territories (chapter 2). Also, as extra-pair sires usual-
ly live in adjacent territories, there is also a relatively high probability (40%) that the
genetic father may be in an adjacent territory (Richardson et al. 2001). However,
clustering of related males in territories adjacent to the natal territory of female dis-
persers does not seem to occur (chapter 3). Hence the inbreeding avoidance benefits
gained by females that avoid neighbouring males appear to be low and unlikely to
counter-balance the high cost of ignoring an opportunity to become a breeder. Finally
clustering of closely related opposite-sex breeders is not more pronounced for females
than for males (chapter 3). It therefore seems improbable that inbreeding avoidance
caused this remarkable sex-difference in dispersal behaviour. 

Irrespective of age, individuals of both sexes were more likely to disperse from the
natal territory when a parent died and was replaced by a stepparent than when both
parents remained in the natal territory (Chapter 5). This implies that parents are
nepotistic and tolerate their mature offspring remaining on the territory (e.g. Ekman
and Griesser 2002), thus allowing natal dispersal to be delayed. Such parental toler-
ance appeared to benefit the offspring by increasing the probability that it would oc-
cupy a breeder position later in life (chapter 5). When a parent was replaced with a
stepparent, offspring were more likely to disperse. In these cases they did not usually
acquire a breeder position directly but rather became floaters with no resident territo-
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ry or subordinates in another territory. These findings indicate that delayed dispersal
might be an adaptive life-history decision rather than ‘the-best-of-a-bad-job’ strategy
(Covas and Griesser 2007). Our study supports the idea that the prolonged parental
care, which only long-lived species such as the Seychelles warblers are able to pro-
vide, may have selected for family living (Ekman 2006; Covas and Griesser 2007).

The female bias in delayed dispersal in the Cousin island Seychelles warbler popu-
lation observed between 1985-1994 (Komdeur 1996) was absent in later years (1995-
2005, Chapter 6). This absence seemed to be the result of females having advanced
their dispersal, and not of males having delayed dispersal more often. At least two
other behaviours directly linked to natal dispersal were also affected by this change.
First, because the degree of competition for breeder vacancies did not change, more
females left their natal territory without being able to immediately occupy a breeder
vacancy in later years of the study. From 1982–1990 none of the dispersing female
subordinates were observed as floaters (Komdeur 1991), whereas in the 1995–2005
period 16% of female subordinates were seen floating at some stage before they set-
tled as a primary breeder (Chapter 4). Secondly, because delayed dispersal allows off-
spring to help their parents the earlier dispersal of female offspring in later years
meant that fewer were available to help their parents. The female bias in subordinate
helpers that was observed from 1986–1990 (88%, Komdeur 1996) was much weaker
in later years (68%, Richardson et al. 2002) or even absent (Eikenaar, unpublished
data). 

Although we cannot rule out other factors, the best explanation we have for the
changes observed in the Seychelles warbler dispersal pattern is based on the corre-
sponding change in the distribution of habitat quality (food availability) that occurred
on Cousin over the same period. Between 1985–1994 the gradient in territory quality
on Cousin was relatively steep with many low quality territories and few high quality
territories (Komdeur 1992). However, by the period 1995–2005, habitat quality varia-
tion had been greatly reduced and most territories were of similar quality. Whatever
the causes, our results clearly show that the direction of sex-biased dispersal is not
necessarily a fixed trait of a species or population. These findings further support the
view that natal dispersal is a highly plastic response to local ecological and social fac-
tors (Baglione et al. 2002). Because in many other species local environmental cir-
cumstances, such as food availability, play an important role in natal dispersal deci-
sions (e.g. Stacey and Ligon 1991; Baglione et al. 2006), we suggest that it is impor-
tant that future studies on sex-biased dispersal take changes in the local environment
into account. 

Fitness consequences of natal dispersal 

Natal dispersal distance
Several studies on other bird species present empirical results on the relation between
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natal dispersal and (lifetime) reproductive success. The relation between natal disper-
sal distance and reproductive success has usually been shown to be negative (e.g.
Wheelright and Mauck 1998; Forero et al. 2002; Hansson et al. 2004), but may also
be positive (e.g. Spear et al. 1998; Steiner and Gaston 2005), or absent (e.g. Arcese
1989b; Townsens et al. 2003). An increase in breeding success with distance dispersed
has been proposed to result from an increased choice of potential breeding sites and
mates (Steiner and Gaston 2005). However, it has also been suggested to be the re-
sult of mal-adaptive philopatry when, related to an extended period of poor food sup-
ply in the area of natal territory (Spear et al. 1998). A negative relation between natal
dispersal distance and reproductive success may be attributed to the reduced repro-
ductive success of long-distance dispersers, either because they are less familiar with
the area (Forero et al. 2002), of poor phenotypic quality (Verhulst et al. 1997), or
have reduced mating success (Bensch et al.1998; Hansson et al. 2004). Interestingly,
the negative relation between natal dispersal distance and reproductive success is
often only apparent in one sex, usually the male (Wheelright and Mauck 1998;
Bensch et al.1998; Forero et al. 2002, but see Nilsson 1989). This has been proposed
to result from inter-sexual differences in reproductive behaviour with males investing
more in mate attraction, for example through establishing and defending a territory
(Forero et al. 2002). 

For the Seychelles warbler, we may, at the moment, only speculate on the relation
between dispersal distance and reproductive success. For both sexes, we observed a
negative trend between the age when dispersing from the natal territory and the dis-
tance dispersed (Chapter 2). Therefore, all else being equal, birds dispersing short dis-
tances may have fewer years to breed and hence lower lifetime reproductive success.
However, females that disperse late in life will have had more opportunities to repro-
duce on the natal territory as a subordinate by joint-nesting with the primary female.
Because male subordinates do not reproduce on the natal territory (Richardson et al.
2001; 2002), the negative relation between age at dispersal and lifetime reproductive
success may exist only for males.

Timing of natal dispersal
Using data from Cousin gathered from 1986–1990, Komdeur (1992) estimated that a
one-year old warbler born on a high-quality territory could produce more offspring
over its lifetime by remaining in its territory for several years as a helper and then
breeding, than it could by dispersing and breeding immediately on a lower-quality ter-
ritory. This estimation was based on the large differences in reproductive success of
groups that bred on territories of different quality classes (low-, medium-, and high-
quality), and on the indirect fitness gains of helping at the nest. These indirect fitness
gains were based on putative pedigrees. However, Richardson et al. (2001; 2002) re-
vealed that the reproductive system of the Seychelles warbler is more complicated
than previously thought with high levels of  extra-group paternity (40%) and subordi-
nate maternity (44% of subordinate females successfully produce offspring by laying
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eggs in the same nest as the primary female (joint-nesting)). Consequently related-
ness between subordinate helpers and non-descendent kin is lower, and indirect help-
ing benefits are smaller (Richardson et al. 2002), than assumed by Komdeur 1992.
Furthermore, Richardson et al. (2002) revealed that the number of fledglings pro-
duced by unaided pairs in each breeding season from 1997-1999 was not different be-
tween territories of the three quality classes. Richardson’s studies therefore call for re-
newed fitness calculations of dispersers versus delayers, that take into account the oc-
currence of extra-group paternity and joint-nesting. These studies, however, also
make it clear that such calculations can not be made until the sample of individuals
for which parentage and relatedness data are available, is large and complete enough
to construct a reliable pedigree. Because the large majority of warblers on Cousin
have been blood-sampled since 1997, there is now scope to build such a pedigree for
the Seychelles warblers of Cousin Island. Actually, a project with this exact goal has
recently commenced, which will eventually reveal new, interesting results. However,
investigations of the lifetime fitness consequences of natal dispersal require patience.
Even with a pedigree, the number of individuals for which lifetime fitness can be cal-
culated is, a present, limited because the species is long-lived (average life-span after
surviving the first year is four years, Brouwer et al. 2006).

Although we have not yet been able to relate timing of dispersal to lifetime repro-
ductive success, we have indications that when the timing of dispersal is out of the
control of the young individual, such individuals have difficulties recruiting into the
breeder population. Young that dispersed when the natal territory still held both par-
ents were more likely to be occupying a breeder vacancy the next year than young
that dispersed after a parent was replaced by an intolerant stepparent (chapter 5).
The same result was found when parent replacement was experimentally induced by
permanent removal of breeders that were translocated to Denis Island. Variation in
success in territory acquisition will very likely result in variation in lifetime reproduc-
tive success because the earlier an individual occupies its own territory the earlier it
can start reproducing. This is especially true for subordinate males because these
never gain paternity (either in the own or other groups), whereas subordinate females
can gain maternity by joint-nesting with the primary female (Richardson et al. 2001;
2002). Indeed Komdeur (1995) has already shown that, on a given quality territory,
Seychelles warblers that start breeding at a young age produce more fledglings in
their lifetime than birds that delay breeding. 

Males refusing neighbouring female subordinates as mates?

Above I have already discussed why inbreeding avoidance by subordinates seems an
unlikely candidate to explain why female subordinates did not occupy experimental
breeder vacancies arising adjacent to their natal territory (also see Box B). Although
we found no indication that dispersing subordinate Seychelles warblers avoid in-
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breeding through active mate choice (chapter 3), established breeders may still do so
and choosiness of ‘widowed’ breeders may provide a better explanation for this re-
markable female dispersal behaviour. ‘Widowed’ breeder males may be reluctant to
accept female subordinates from adjacent territories as partners because they perceive
themselves as the sire of these females for a number of reasons. First, in the Seychel-
les warblers many extra-group young are actually sired by males from adjacent terri-
tories (Richardson et al. 2001) and so such behaviour is evolutionarily justified.
Second, even if they are not actually the sire males may think they are, because fe-
males often engage in extra-pair copulations with multiple males (e.g. Bouwman et
al. 2006), and more females engage in extra-pair copulations than there are females
that eventually produce extra-pair young (Michl et al. 2002; Fossoy et al. 2006). On
the other hand, ‘widowed’ breeder females will not have a problem with accepting
local subordinate males as a partner because, as intra-group egg-dumping does not
occur in the Seychelles warbler (Richardson et al. 2001), they will never be the moth-
ers of these males. 

This alternative explanation only makes sense if breeding males also refuse to
mate with females born on adjacent territories in natural situations. Although this is
generally the case it is not always so; of all 87 subordinate females with known dis-
persal histories, 15 (17%) dispersed into a breeding position on an adjacent territory.
These cases appear to contradict the earlier avoidance argument. However, when one
focuses on the breeding males that accepted these neighbouring females, one can
argue that in nearly all cases the male could be sure that they had not sired these fe-
males because they were the same age or younger than the females. This contrasts
markedly with the general pattern in which males are older than females when mat-
ing for the first time (Chapter 4). Further experimental work is needed to assess if
males are able to distinguish the age of females and if they use this when choosing a
mate.

For male breeders, the cost of refusing to mate with a young female from an adja-
cent territory is probably negligible because there are many potential mates available
from territories further away. For the Seychelles warblers on Cousin, it is not the num-
ber of available potential mates, but limited territorial space that restricts independ-
ent breeding. Therefore, even if the benefits of inbreeding avoidance may be relatively
low (Richardson et al. 2004; Brouwer et al. 2007) such refusal behaviour with little
costs could have evolved. Detailed observations on interactions between widowed
breeder males and female subordinates from adjacent territories and from territories
further away are now required to further investigate this hypothesis. 

Conclusions

In this study we have shown that even in a tiny population it is possible to find evi-
dence for a sex bias in natal dispersal distance; on the 29 ha island of Cousin female

General discussion

121



Seychelles warblers settled farther from their natal territories than did males.
Contrary to what would be expected under the commonly accepted hypothesis that
sex-biased dispersal helps to avoid inbreeding, the female-bias in dispersal distance in
the Seychelles warbler did not contribute to inbreeding avoidance. Moreover, the dis-
persal distance pattern observed in the Seychelles warbler did not appear consistent
with the other main hypotheses put forward for the evolution of sex-biased dispersal.
Furthermore, these hypotheses assume that the direction of the sex-bias in timing of
dispersal is fixed which, as we have shown, is not necessarily so. We also found that
the duration of delayed natal dispersal depends, at least in part, on the identity of the
dominant individuals in the territory and that the decision to delay natal dispersal
may be a positive adaptive strategy rather than just making the best of a bad job.
These results provide further support for the idea that the evolution of family living
may be linked to the parental tolerance of mature offspring on their territories.

Even after studying a closed population in which the large majority of individuals was
individually colour-ringed, some of the questions we aimed to answer remained unre-
solved. For example, we still do not understand which factors determine female natal
dispersal distance. Is it possible that chance plays a large role, i.e. should a female just
be in the right place at the right time to occupy a breeder vacancy? Also, why did fe-
male subordinates not occupy experimental breeder vacancies when these were in ad-
jacent territories, whereas males did? And is the female-bias in natal dispersal dis-
tance that we observed really at present a non-adaptive relic of past evolution? Both
these unanswered questions, as well as the incompatibility of our findings with some
central evolutionary hypotheses (i.e. sex-biased dispersal is to avoid inbreeding) re-
volve around differences between the sexes in relation to natal dispersal behaviour.
We therefore believe that an important future avenue for research on natal dispersal is
the construction and testing of a novel theoretical framework to explain these sex dif-
ferences.
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Box B 

Just prior to the 2004 breeding season we translocated Seychelles warblers from
Cousin to Denis Island. On Cousin this resulted in several breeder vacancies that
could potentially be occupied by subordinates from other territories. While moni-
toring the occupancy of these vacancies, we noticed that subordinate females
never occupied a breeder vacancy in a territory adjacent to their natal one,
whereas male subordinates did. Nine female subordinates from non-experimental
territories had the opportunity to disperse and mate with a ‘widowed’ breeder
male in an adjacent territory. None did so even though these vacancies remained
unoccupied for at least two days. All nine female subordinates were old enough
to disperse and three of them actually did disperse to occupy an experimental
breeder position further from their natal territories (two, three and seven territo-
ries away). They did so 11, 5 and 20 days after the vacancies in adjacent territo-
ries were created, thus suggesting that they were ready and waiting to seize such
breeding opportunities. In contrast, three of the six male subordinates from non-
experimental territories that had the opportunity to disperse and mate with a
‘widowed’ breeder female in an adjacent territory did so. 




