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Abstract

The presence of parents in the natal territory may play an important, but often overlooked, role
in natal dispersal and the consequent acquisition of a territory. Living with parents in a territory
may confer a fitness advantage to subordinates through, for example, the nepotistic behavior of
the parents or indirect benefits gained by helping to raise non-descendent kin. When a parent is
replaced by a stepparent such advantages are reduced or disappear and, as a result, subordi-
nates may disperse. Subordinates that disperse after parent replacement may be constrained in
their timing of dispersal, which could have negative fitness consequences. In the cooperatively
breeding Seychelles warbler, we show that when a parent was naturally replaced or experimen-
tally removed and subsequently replaced by a stepparent from outside the territory, subordinates
were more likely to disperse than when both parents remained in the natal territory.
Furthermore, subordinates dispersing from territories in which one or both parents had been re-
placed were less likely to acquire a breeder position than subordinates dispersing when both
parents were still on the natal territory. Our findings suggest that the presence of parents in the
natal territory may promote delayed dispersal and facilitate the eventual acquisition of a breeder
position outside the natal territory. Our results support the idea that the prolonged parental care,
which long-lived species are able to provide, may have selected for family living.  



Introduction

Family living occurs in a wide range of vertebrate taxa and usually result from the de-
layed dispersal of independent offspring (Emlen 1995; Russell 2004). For example, in
18.5% of all oscine passerines individuals live in family groups (Cockburn 2003).
That individuals within populations differ in how long they delay dispersal has been
the focus of considerable research attention. Most studies have dealt with this ques-
tion from the offspring point of view and have concluded that offspring should dis-
perse when the benefits of breeding elsewhere outweigh the benefits of remaining in
the natal territory (e.g. Stacey and Ligon 1987, 1991; Dobson et al. 1998). However,
some authors have argued that although subordinates may prefer to remain philo-
patric, dominants may force them to disperse because subordinates may compete with
dominants over resources or matings (Gayou 1986; Cockburn 1996; Russell 2004).
Similarly, sibling rivalry could lead to dispersal of weaker siblings when staying is the
preferred option (Ekman et al. 2002).

From either point of view, the identity of the dominants on the natal territory could
play an important role in dispersal decisions. When a parent dies or disappears, an off-
spring may inherit the breeder position (e.g. Brown and Brown 1984) or an immigrant
could fill the vacancy (e.g. Koenig et al. 1998). Inheritance of a breeder position elimi-
nates natal dispersal, whereas the replacement of a parent with a stepparent could re-
sult in increased natal dispersal for the following reasons. First, the benefits of remain-
ing in the natal territory will be reduced if parents give preferential treatment to their
offspring, benefits which would not be provided by stepparents (Ekman et al. 1994;
Ekman and Griesser 2002). Furthermore, in cooperative-breeding species future indirect
kin benefits, which could be gained by helping to increase the parents’ reproductive suc-
cess, will be smaller (or non existent) after a parent is replaced by a stepparent. Also, al-
though individuals living in larger groups may have increased survival (group augmen-
tation, e.g. Woolfenden 1975), stepparents may force unrelated subordinates to disperse
because they may perceive them as competitors for mates or food (Hannon et al. 1985;
Goldstein et al. 1998). Parent replacement may therefore lead to natal dispersal, which
could negatively affect the subordinates’ fitness, because individuals that are forced to
disperse may have lower survival (Green and Cockburn 2001; Griesser et al. 2006) and
lower reproductive success (Ekman et al. 1999) than individuals that can delay dispersal.

The aim of the current study is two-fold. First, we examine how the replacement
of a parent with a stepparent affects the natal dispersal decisions of yearling subordi-
nate Seychelles warblers, Acrocephalus sechellensis. Previous studies indicate that there
are costs of group living for dominants in the Seychelles warblers (Komdeur 1994;
Ridley et al. 2003; Brouwer et al. 2006) and that inheritance of breeder positions is
rare (Komdeur 1992; Chapter 4). We therefore expect that yearling subordinates dis-
perse more often from territories in which a parent is replaced than from territories in
which the parents remain. Second, we assess how parent replacement and consequent
dispersal affects territory acquisition. The timing of natal dispersal may be viewed as
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a decision making problem. After parent replacement, subordinates may be more con-
strained in their choice of when to disperse than subordinates living in territories in
which both parents were present. Unconstrained offspring may be able to wait on the
natal territory for an opportunity to disperse directly into a breeder vacancy, whereas
constrained individuals probably have to search for vacancies while floating through
the population. Therefore, we expect yearling subordinates dispersing from the natal
territory after the replacement of one or both parents to be less successful in acquiring
a breeder position elsewhere than subordinates dispersing when both parents are still
on the natal territory. We use both natural and experimental situations to test our pre-
dictions.

Methods

Study species and population
The Seychelles warbler is a small passerine endemic to four small islands in the
Seychelles. This study was carried out on Cousin Island (29 ha.) in the Seychelles.
The population of Seychelles warblers on Cousin has been relatively stable since 1982
with 105-120 territories and, except for a barren rocky outcrop in the centre of the is-
land, all habitat is occupied. Seychelles warblers defend all-purpose territories year-
round (Komdeur 1992) and off-island dispersal is virtually absent (Komdeur et al.
2004a). The Seychelles warbler is a facultative cooperative-breeding species that lives
either in pairs or groups - which normally consist of a primary pair and one or more
offspring that have delayed dispersal and remained in the natal territory as subordi-
nates (Komdeur 1992; 1994). Annual survival of adults is high (84%) and equal for
the sexes (Brouwer et al. 2006). Natal dispersal distance is female-biased (Eikenaar et
al. 2008), but during the period 1995-2006 there was no sex-bias in dispersal rate
(Eikenaar et al. in prep; this study). Some subordinates become helpers and assist
their parents in raising non-descendent kin, whereas other subordinates stay on the
natal territory without engaging in helping behavior (Komdeur 1992, Richardson et
al. 2002, Richardson et al. 2003b). Breeding vacancies, which usually result from the
death of a breeder, are typically taken by subordinates from outside the territory
(Komdeur 1992; Eikenaar et al. Chapter 4). Subordinates prospect for breeder vacan-
cies by making forays from the natal territory (Eikenaar et al. 2008).

Offspring were either ringed in the nest or were caught as dependent fledglings on
the natal territory within six months of fledging. On Cousin island young never dis-
persed before six months of age (Komdeur 1996) and parentage analysis has shown
that offspring caught within six months after fledging were always still in their natal
territory (Eikenaar et al., unpubl. results). Blood samples (ca 15 µl) were collected by
brachial venipuncture and stored in 100% ethanol at room temperature. Molecular
sexing using the polymerase chain reaction (PCR) method devised by Griffiths et al.
(1998) was used to confirm the sex of each ringed individual. 
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In most years all territories were mapped in detail. For all color-ringed individuals
the status (primary or subordinate) and territory of residence were determined in
each year during the peak breeding season (June-September) and in some years also
during the minor breeding peak (January-March). The primary male and female were
defined as the dominant, pair-bonded male and female in the territory. All other birds,
old enough to disperse (> six months old), resident in the territory were defined as
subordinate. During fieldwork periods, all territories were checked at least once every
two weeks. As inter-island dispersal is extremely rare (0.1 %, n = 1924, Komdeur et
al. 2004a), warblers that were missing from their territory and not found on other
territories were assumed to have died. 

Dispersal after parent replacements
The first year natal dispersal patterns of all subordinates between 6-12 months old,
ringed between 1995-2002 and in 2004, were determined. When both of their parents
were color-ringed, we also know whether the parents survived and stayed on the ter-
ritory, or if they died and were replaced by a stepparent during this year. The subordi-
nate’s parents were defined as the primary male and primary female present in the
territory when the subordinate was born (Komdeur 1991; Richardson et al. 2002).
Although this definition does not always match the genetic relatedness (Seychelles
warblers have 40% EPP and joint-nesting occurs, Richardson et al. 2001), it probably
does represent the offsprings’ perception of who their parents are. The effect of natu-
ral parent replacements on dispersal decisions was assessed by comparing the disper-
sal behavior of subordinates from territories in which one (n = 23) or both (n = 3)
parents were replaced, with the dispersal behavior of subordinates from territories in
which both parents remained (n = 128). Only the dispersal pattern of yearlings was
used, as the inclusion of older subordinates would lead to pseudoreplication; older
subordinates still living on the natal territory would already have been included in the
analysis as yearlings.

The effect of experimental removal and subsequent replacement was investigated
as a side effect of the translocation of birds from their territories as part of the long-
term Seychelles warbler conservation plan. About a month prior to the start of the
breeding season of 2004 (on the 29th and 30th of May and 12nd of June) a total of 58
Seychelles warblers were captured and translocated from Cousin Island to Denis
Island (144 ha). Among the birds translocated were 17 primary females and 20 pri-
mary male breeders (in 10 territories the primary breeding female was removed, in
13 the primary breeding male and in seven both primary breeders). The translocation
provided a situation in which we could experimentally test the idea that parent re-
placement triggers natal dispersal and that these dispersers make non-optimal disper-
sal decisions. In territories in which one or both primary breeders were removed,
daily visits, lasting 15 minutes, were made for three weeks to check for new breeders.
We compared the dispersal decisions of subordinates from the territories in which a
parent was replaced (removal group) with subordinates from territories in which no

Parent presence and delayed dispersal 

73



attempt was made to remove parents (control group). The presence of subordinates
within specific territories was assessed by checking all territories just prior to the ex-
periment. If a subordinate permanently left the natal territory and was seen elsewhere
in the population within a month of the experiment, it was defined as having dis-
persed. All subordinates located just prior to the experiment were re-sighted within a
month of the experiment.

For logistical reasons related to the conservation objectives of the translocation, in
some of the territories in which a breeder was removed the subordinates were also
translocated. Furthermore, four subordinates filled the newly created breeder position
in their own natal territory and so could not be used. Additionally, in some of the re-
moval territories no subordinates were present. This left seven experimental territo-
ries, in which a parent was eventually replaced by a new primary bird, that also con-
tained a color-ringed subordinate native to the territory. In three of these territories
the breeding male was removed, in two the breeding female and in another two both
breeders. In 37 control territories a color-ringed subordinate was present. The average
distance, in territory widths, to same-sex vacancies created in the experiment did not
differ between subordinates from the removal and subordinates from the control
group (5.4 and 5.7 territory widths respectively, Z = –0.47, p = 0.64; Mann-Whitney
U-test). 

Settlement after dispersal
After dispersing subordinates could; i) gain a primary breeder position by occupying
the position of a breeder that died or was removed in the experiment, ii) gain a pri-
mary breeding position by setting up a completely new territory (males only:
Komdeur and Edelaar 2001; Chapter 4), iii) become a floater; birds that float around
the island is search of a territory (Komdeur and Edelaar 2001) and iv) become a sub-
ordinate in a territory other than where it was born. 

For the non-experimental situation, the status, in relation to dispersal, of offspring
was determined a year after fledging. We compared dispersal from territories in which
at least one breeder was replaced with dispersal from territories in which both origi-
nal breeders remained. In the experiment, we compared the dispersal status of indi-
viduals in the removal and control groups both a month and a year after the experi-
ment.

Data analyses
Previous work on the Seychelles warbler, using data gathered from 1985-1990, has
shown that subordinate sex and quality of the natal territory affect dispersal; males
dispersed earlier than females and dispersal was delayed longer with increasing terri-
tory quality (Komdeur 1992; 1996). Also, offspring born in very low density popula-
tions, created by the transfer of warblers from Cousin to unoccupied islands, dis-
persed earlier than offspring born on Cousin (Komdeur 1992). Therefore, the effect of
these three factors (offspring sex, territory quality and density) on dispersal decisions
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was taken into consideration (along with the effect of parent replacement) in the
analysis of the present long-term dataset (1995 - 2004). Furthermore, we assessed the
effect of group size on dispersal as this has been shown to effect reproductive success
(Komdeur 1994) and survival (Brouwer et al. 2006). Territory quality (TQ), in terms
of insect prey availability, was measured as described by Komdeur (1991; 1992;
1994). The components of TQ values are insect density per dm2 leaf area, vegetation
abundance scores and territory size. TQ was measured in the peak breeding season of
1999 and in 2003 and 2004. For subordinates born between 1995 and 2000, TQ val-
ues of the 1999 measurement were used. For subordinates born after 2000, TQ was
the average of the 2003 and 2004 measurements. For each subordinate, population
density was expressed as the number of territories on Cousin island in the year of
fledging. Group size was expressed as the maximum number of independent individu-
als in the group during the subordinates’ first year of life. Using the multi-level mixed
modelling procedure in MlwiN (Rasbash et al. 2004) dispersal was fitted as the binary
response variable using the logit link function. As some birds that fledged in different
years came from the same territory, territory was included as the level two unit of vari-
ation and subordinate as the level one unit of variation. Model selection was based on
backward elimination of non-significant terms, assessed by the Wald statistic. 

Because samples were small, we used Fisher’s exact test to; i) assess whether, in
the non-experimental situation, dispersal decisions after maternal replacements differ
from dispersal decisions after paternal replacements, ii) examine the effect of experi-
mental parent replacement on dispersal decisions. We used Chi-square test to assess
whether the chances of acquiring a breeder position were different between dispersers
from territories with parent replacement and dispersers from territories in which both
parents remained. Subordinates with unknown status after dispersal were excluded.
Probabilities are two-tailed in all tests.

Results

Dispersal after natural parent replacements
Subordinates were significantly more likely to disperse within their first year of life
when either one or both parents were replaced by a new dominant from another terri-
tory, compared to when both parents survived and stayed on the natal territory (Table
5.1 and Fig. 5.1). The near-significant interaction between subordinate sex and parent
replacement suggested that the likelihood of dispersal was higher for male than fe-
male subordinates (Table 5.1 and Fig. 5.2). In the three territories in which both
breeders were replaced, all subordinates dispersed (Fig. 5.1). Excluding these three
territories from the analyses did not change the results (not shown). The proportion
of subordinates that dispersed when a father was replaced seemed higher than when
a mother was replaced (Fig. 5.1). This difference was, however, not significant (p =
0.414, Fisher’s exact test). The quality of the natal territory and group size did not af-
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fect the dispersal likelihood of yearling subordinate warblers. Expressing TQ per indi-
vidual (TQ divided by group size) did not change the results. The likelihood of disper-
sal as a yearling tended to decrease with increasing population density (Table 5.1). 

Dispersal after experimental parent removals 
The parent removal experiment confirmed the role of parent presence on dispersal de-
cisions; subordinates were more likely to disperse from the natal territory when a par-
ent was experimentally removed and subsequently replaced by a stepparent, than
when both parents stayed (P = 0.007, Fisher’s exact test; Fig. 5.3). After experimental
removal of one or both parents, five of the seven subordinates (71.4%) dispersed
within a month of the experiment. All five subordinates that dispersed from an experi-
mental territory were observed within their natal territory directly (1–2 days) after a
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Figure 5.2. The percentage of male and fe-
male subordinates that dispersed within a
year when both parents survived and stayed
in the territory, compared to when at least
one parent was replaced by a stepparent.

Explanatory variables β ± SE F d.f. P

Constant 6.32 ± 4.25 2.22 1 0.14

Parent replacement 2.66 ± 0.64 17.50 1 <0.001

Quality natal territory 0.10 ± 0.07 1.87 1 0.17

Group size -0.29 ± 0.20 1.96 1 0.16

Subordinate sex (male) 0.78 ± 0.45 3.0 1 0.08

Sex (male) x parent replacement 1.88 ± 0.98 3.65 1 0.06

Population density -0.07 ± 0.04 3.53 1 0.06

Table 5.1. Model summaries examining dispersal decisions of subordinate Seychelles warblers
(n = 154) in relation to natural parent replacement, quality of the natal territory, group size, sub-
ordinate sex and population density. 



parent was removed, so dispersal did not appear to be due to the immediate distur-
bance associated with us catching and removing the parent. In the control group six
of the 37 subordinates (16.2%) dispersed within a month of the experiment. 

Settlement after dispersal
The status of all non-experimentally induced dispersers a year after fledging is pre-
sented in Table 5.2. Subordinates dispersing from territories containing both parents
often occupied a breeder position outside their natal territory. However, the majority
of subordinates that dispersed from territories in which one or both parents were re-
placed did not gain a breeder position. Instead most of these became floaters or sub-
ordinates in a territory other than the one in which they were born. As a result, subor-
dinates dispersing from territories containing both parents more often occupied a
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Status dispersers one year after fledging Parent(s) replaced Parents stayed

Occupy breeder vacancy 4 (25) 18 (66.6)

Create new territory 2 (12.5) 1 (3.7)

Float 4 (25) 3 (11.1)

Subordinate in other territory 6 (37.5) 4 (14.8)

Unknown 0 (0) 1 (3.7)

Total 16 27

Table 5.2. The number and percentage (in brackets) of dispersers with their status one year after
fledging. Dispersal was either from territories in which one or both parents were replaced or from
territories in which both parents stayed.



breeder position a year after fledging than subordinates dispersing from territories in
which one or both breeders were replaced (X2 = 5.20, df = 1, P = 0.023). The pro-
portion of dispersers that survived until two years after fledging was not different be-
tween the two groups (X2 = 1.88, df = 1, P = 0.17).

The parent removal experiment produced similar results to the natural replace-
ments; subordinates dispersing from territories containing both parents occupied a
breeder position a month after the experiment more often than subordinates dispers-
ing from territories in which one or both breeders were replaced (P = 0.015, Fisher’s
exact test). One month after the experiment, of the six subordinates that dispersed
from the control group, four had filled experimental vacancies, one had filled a non-
experimental vacancy that coincidentally opened during the experiment and one had
become a joint nester in another territory. Their status was the same a year after the
experiment. Of the five subordinates that dispersed after experimental removal of one
or both parents, four had become floaters while one had filled an experimental breed-
er vacancy. A year after the experiment, two of the four floaters had occupied a breed-
er position, one was still floating and one had died. 

Discussion

Seychelles warbler subordinates were more likely to disperse from the natal territory
when a parent died and was replaced by a stepparent than when both parents re-
mained in the natal territory. Enhanced dispersal after parent replacement may be the
consequence of a decrease in the kin benefits that result from group-living, such as
decreased future indirect fitness benefits derived from helping to raise non-descen-
dent kin (e.g. Richardson 2003a,b) or the loss of nepotistic behaviour towards off-
spring (e.g. Ekman and Griesser 2002). Our results indicate that the enhanced disper-
sal after parent replacement was not the result of a decrease in indirect fitness bene-
fits derived from helping. Instead our results suggest that Seychelles warbler parents
are nepotistic in that they tolerate their mature offspring remaining on the territory,
which allows natal dispersal to be delayed. 

Since the Seychelles warbler is a cooperative breeder, decreased future indirect fit-
ness benefits could trigger dispersal after a parent is replaced by an unrelated steppar-
ent. Because of the high incidence of extra-group paternity (ca. 40%, Richardson et al.
2001), subordinates will, on average, be less related to the primary male than to the
primary female. The replacement of a primary female will, therefore, result in a larger
decrease of future indirect fitness gains for subordinates than the replacement of a
primary male. Seychelles warbler subordinates have been shown to be able to dis-
criminate between maternal and paternal replacement in relation to the degree of
help they provide at the nest (Richardson et al. 2003a,b). Because we found no differ-
ence in the likelihood of dispersal after maternal compared to paternal replacement,
decreased future indirect fitness benefits of helping seem less likely to have caused
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the observed dispersal. Furthermore, the replacement of a parent with a stepparent
tended to be more likely to cause dispersal for male than for female subordinates.
This does not support dispersal as a result of decreased indirect benefits, because the
decrease is probably more important for females than males, as females are more like-
ly to help (Komdeur 1996). Instead, we suggest that the stepparent has more reason
to force male, rather than female, subordinates from its territory. The logic behind this
is that the stepparent could gain fitness benefits if a female subordinate engages in
joint nesting (laying in the same nest as the dominant female- which frequently hap-
pens in the Seychelles warbler; Richardson et al. 2002). Furthermore, a dominant
male could gain additional paternity with the subordinate female (Richardson et al.
2001, 2004) and a dominant female could benefit from sharing incubation with the
subordinate female, which may decrease both energetic costs and egg predation risk.
That stepparents have reasons to evict unrelated subordinates follows from previous
studies on the Seychelles warbler that indicate that costs of group living do exist.
Removal experiments in medium-quality territories showed that the presence of two
or more subordinates reduces the reproductive success of the breeding pair (Komdeur
1994). Furthermore, irrespective of territory quality, birds living in larger groups have
lower survival probabilities than birds living in small groups (Brouwer et al. 2006),
contrary to the concept of group augmentation. Finally, a theoretical study on popula-
tion regulation suggested that helpers usually produce insufficient benefits to un-
related dominants and should, therefore, usually be evicted (Ridley et al. 2003). The
idea that stepparents evicted unrelated subordinates from the territory is supported by
the observation that the five subordinates that dispersed from an experimental territo-
ry were all still seen in their natal territory after the parent(s) were removed but be-
fore a new breeder arrived. The absence of a parent in itself did not, therefore, seem
to be reason enough to disperse. This pattern was also reflected in the observation
that four subordinates ‘inherited’ an experimental breeder vacancy. Contrary to the
idea of parental tolerance is the observation that subordinates are sometimes tolerat-
ed by dominants who are not their parents (Table 5.2). This in itself does not, howev-
er, exclude the possibility that, beside tolerating non-breeders on the territory,
Seychelles warblers provide other benefits to their offspring that unrelated immi-
grants do not receive. 

When group living is costly, why do parents not always evict independent offspring
from the territory? We suggest that Seychelles warblers tolerate their offspring on the
territory because the costs of group living are counter-balanced by an increased
chance that offspring will eventually successfully acquire a territory when they are al-
lowed to wait on the natal territory. The enhanced dispersal observed after parent re-
placement suggests that when a stepparent takes the position of a parent, subordi-
nates are unable to wait for the most opportune moment to disperse, but may be
forced out earlier than they wish. If subordinates are constrained in the timing of their
dispersal this could influence their fitness, through reduced survival prospects
(Mulder 1995; Griesser et al. 2006) or lower reproductive success (Ekman et al.
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1999). In the Seychelles warbler, primary breeders produce more offspring than sub-
ordinates (Richardson et al. 2001). Therefore, dispersing to fill a breeder vacancy
should be preferred over dispersing to become a subordinate in another territory or to
become a floater. In the natural situation, yearling subordinates dispersing from terri-
tories in which both parents remained were more likely to occupy a breeder position a
year after fledging than subordinates dispersing from territories in which one or both
parents were replaced. Furthermore, in the experimental situation, subordinates from
control territories only dispersed to occupy a breeder position, whereas four of the
five subordinates that dispersed after parent replacement became floaters. These re-
sults suggest that when both parents remain in the natal territory, it may function as a
safe haven (Kokko and Ekman 2002) from where young can foray in search of a
breeder vacancy and return to if the foray is unsuccessful. Prolonged parental care
therefore seems to enhance group benefits through increasing an offspring’s opportu-
nity to occupy a breeder position. Komdeur (1992) argued that delayed dispersal in
the Seychelles warbler resulted from both habitat saturation and from offspring wait-
ing for opportunities to breed in high quality habitat. Individuals that delay dispersal
in high quality territories, but which eventually breed there, have greater lifetime fit-
ness than those that disperse at one year of age and breed immediately in lower qual-
ity territories (Komdeur 1992). Our results also indicate that delayed dispersal might
be an adaptive life-history decision rather than ‘the best of a bad job’ (Covas and
Griesser 2007). Our study supports the idea that the prolonged parental care, which
only long-lived species such as the Seychelles warblers (Komdeur 1991; Brouwer et
al. 2006) are able to provide, may have selected for family living (Ekman 2006; Covas
and Griesser 2007). 
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