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Abstract

Conditions during the rearing period can have far reaching consequences for the sur-
vival and reproduction of offspring later in life. Such conditions can vary due to
parental or environmental effects. In this study, we used multi-state capture-recap-
ture models to investigate the effect of conditions during the rearing period on the
survival and recruitment probabilities in a closed population of the cooperatively
breeding Seychelles warbler (Acrocephalus sechellensis). We investigated whether ter-
ritory quality, group size, the number of helpers, non-helpers and nest mates in the
rearing territory were associated with offspring survival and recruitment. To distin-
guish rearing conditions from non-causal effects resulting from quality of the parents
or territory, we used a nestling cross-foster experiment to investigate the effect of
natal versus rearing territory conditions. We found that the number of helpers in the
rearing territory, but not in the natal territory, was positively associated with sur-
vival of offspring in their first year, and also later in life. This was not caused by the
number of subordinates in the territory, as the number of non-helping birds was not
associated with survival. Neither the quality, group size, nor the number of nest
mates in the rearing territory affected juvenile or adult survival. Furthermore, rear-
ing conditions were not associated with an individuals’ subsequent probability of
acquiring a breeding position. Our results show that helpers not only increase off-
spring survival in the short-term, but also increase subsequent adult survival and,
therefore, have important fitness consequences later in life. 



Introduction

Variation in fitness is already shaped by the conditions an individual experiences
during the rearing period. Conditions during the rearing period can vary due to dif-
ferences in the quality of the environment and/or of the parents. It is obvious that
variation in rearing conditions will immediately affect offspring fitness. Originally,
however, it was thought that this variation would not affect long-term fitness as the
environmental stochasticity that individuals experience would accumulate during
their lifetime and because selection gradients on fitness become weaker over the
course of life (Charlesworth 1980; Caswell 2001). However the importance of the
long-term consequences of rearing conditions has recently been emphasized
(Lindström 1999) and several studies have now shown that such conditions can
have important fitness consequences later in life (Magrath 1991; Sedinger et al.
1995; Green & Cockburn 2001; Cam et al. 2003; van de Pol et al. 2006). 

Variation in rearing conditions due to environmental effects can differ between
individuals (e.g. due to variation in territory quality) or can affect entire cohorts
(e.g. due to bad weather in a specific year: (van der Jeugd & Larsson 1998; Reid et
al. 2003). Parental effects can affect the offspring directly via their genes, but
parental quality can also affect offspring as a result of the parents’ reproductive deci-
sions, e.g. the trade-off between quantity and quality of offspring (McNamara &
Houston 1992; McNamara & Houston 1996; Morris 1998) or because of the quality
of their parental care, e.g. feeding effort (Hakkarainen & Korpimäki 1994). Parental
quality can also contribute to how the environment affects early development
(Lindström 1999). Furthermore, environmental conditions can be manipulated by
parents, for example by adjusting parental care or by laying eggs of different quality.
Egg quality can differ because of differences in size or composition and this can
affect offspring growth, survival or immune function (Hipfner 2000; Eising et al.
2001; Saino et al. 2003). 

The long-term effects of rearing conditions have rarely been investigated in coop-
eratively breeding species. In such species some individuals delay dispersal and
often help to rear kin (e.g. Brown 1987). The presence of helpers adds an important
component to the rearing conditions as the presence of helpers has been shown to
positively affect offspring survival and weight (Brown 1987; Emlen 1991). However,
whether the presence of these helpers can have long-term fitness consequences for
offspring has received little attention (but see: Hatchwell et al. 2004). Furthermore,
experiments are needed to test this as the decision to help might depend on the
quality of the territory or parents, resulting in non-causal correlations between the
presence of helpers and offspring fitness. 

The main difficulty in interpreting how variation in rearing conditions affects
long-term fitness is the inability to distinguish rearing effects from the parental/terri-
tory quality effects. Cross-foster experiments, in which nestlings are swapped
between nests, are able to resolve this problem by separating the rearing from the
parental/territory effects. Although many studies have shown effects of rearing
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conditions on survival and recruitment, effects of rearing conditions are also typical-
ly related to dispersal (Verhulst et al. 1997). Therefore results might be confounded
by the unobserved effects of dispersal outside the study population (Ims &
Hjermann 2001; Bennets et al. 2001). Ideally, the effects of rearing conditions on
survival and recruitment should be studied in a closed population with no immigra-
tion and emigration. 

Here we present data from a closed population of the Seychelles warbler
(Acrocephalus sechellensis), a species endemic to a few small islands in the Indian
Ocean. Nestlings are fed in the nest for 18–20 days prior to fledging, and then up to
three months before reaching independence (Komdeur 1991a) Although warblers
can breed independently in their first year, a lack of suitable habitat drives them to
become subordinate within their natal territory (Komdeur 1992). Using multistate
mark-recapture analyses on 20 years of data, we investigate the long-term effect of
conditions during the rearing period upon future juvenile and adult survival and the
probability of being recruited into a breeding position. Conditions during the rearing
period are defined by territory quality, group size, the number of helpers and non-
helpers and the number of nest mates in the rearing territory. Previous analyses have
shown that natal territory quality and group size do not affect survival, but whether
they could be associated with recruitment probabilities is unknown (Brouwer et al.
2006). Here we use data from a cross-fostering experiment of nestlings, performed
as part of an earlier study (Richardson et al. 2004) to distinguish rearing from
parental/territory effects, by investigating the effects of the conditions of the origi-
nal territories of the cross-fostered offspring as well. When effects of rearing condi-
tions on survival or recruitment are the result of non-causal relationships caused by
higher quality parents or territories, the conditions of the original territories of the
cross-fostered offspring should show this effect as well. 

Methods

Study area and data collection
Data were collected from 1986 to 2006 as part of the long term study of the
Seychelles warbler population on Cousin Island (04°20' S, 55°40' E). During the
main breeding season (July to September), and in some years during the minor
breeding peak (January to March), each territory was checked for the presence of
birds and breeding activity (Komdeur 1992; Brouwer et al. 2007a). Most Seychelles
warblers produce one clutch per season (Komdeur 1996b) and this normally consists
of just one egg, but about 20% of nests contain two or three eggs (Richardson et al.
2001). Parentage analyses have shown that egg dumping does not occur, but joint
nesting occurs frequently with 44% of subordinate females producing offspring and
40% of offspring resulting from extra-group paternity (Richardson et al. 2001). As
Seychelles warblers stay in their natal territory until they are at least six months of
age (Komdeur 1996a), rearing conditions were defined as the conditions during the
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breeding season the bird hatched. Nestlings were individually colour-ringed and
blood-sampled at approximately 12 days old. If a nest could not be reached, the
nestling was caught within the natal territory after fledging but while still depend-
ent upon its parents using mist nets. Molecular sexing using the PCR method
(Griffiths et al. 1998) was used to determine the sex of each individual sampled
since 1993. Before that birds were sexed based on observations and biometry
(Komdeur 1991a). Seychelles warblers are insectivorous, taking 98% of their insect
food from leaves. Therefore, the number of insect prey available, the territory size
and foliage cover were used to calculate an index of territory quality following
Komdeur (1992). Territory quality was calculated for each territory in 1987, 1990,
1996-1999 and 2003-2006. For the remaining years, territory quality for each terri-
tory was calculated as the average from the preceding and following period
(Brouwer et al. 2006).

During each season we assigned the status of all birds in the population. The ‘pri-
mary’ male and female was defined as the dominant, pair-bonded male and female
in the territory. All other birds, older than eight months, resident in the territory
were defined as ‘subordinate’ (Richardson et al. 2002) which could either be a
‘helper’ or a ‘non-helper’. Nests were observed throughout the breeding cycle and,
when subordinates were present in the territory, ninety minute focal watches during
the incubation and the nestling feeding stage were performed to asses whether a
subordinate was helping or not. A subordinate was defined as helper when it con-
tributed to the rearing of the offspring, through incubation (females only) and/or
the feeding of young (both sexes). When a juvenile was found in the fledgling stage
and no observations had been conducted on the nest to determine the status of sub-
ordinate birds in the territory, the subordinate(s) was assumed to have been helping
at the nest if it had been observed helping in the previous and/or subsequent breed-
ing events. Co-breeders might have wrongly been assigned as helper, however, our
main interest lies in how additional birds affect the rearing of young. 

Survival and recruitment
To investigate the effect of rearing conditions on survival and recruitment, we
analysed survival, resighting and transition probabilities between the states of, ‘juve-
nile’, ’subordinate’ and ‘primary’ in one combined model, using multistate mark-
recapture models based on resightings (e.g. Nichols & Kendal 1995). The survival
and transition probabilities for all states were estimated according to Fig. 4.1. We
constructed the capture-resighting histories of 1018 marked birds that were moni-
tored between 1986 and 2006. Of these, 499 were ringed as nestling or fledgling
(known age and territory). Offspring are considered as juveniles until they are at
least 8 months old, and, therefore, can be considered as juveniles in two consecutive
periods in years where both breeding peaks are monitored. To include this in the
multistate model the juvenile state was divided into two states: ‘fledgling’ and ‘juve-
nile’. Juvenile birds could subsequently become ‘subordinates’ recruit to a ‘primary’
(breeding) position or die (Fig. 4.1). We tested whether survival in the different

Long-term effects of rearing conditions

65



states, and recruitment to a breeding position, were affected by the conditions expe-
rienced during the rearing period; i.e. territory quality and group size. Furthermore,
for the cohorts 1997–1999 and 2002–2005, additional data on rearing conditions
were available; i.e. the number of nest mates, helpers and non-helpers in the rearing
territory. Birds ringed as adult (unknown age and origin) entered the data set as
either ‘subordinate’ or ‘primary’ birds and were included to improve the estimation
of the survival, resighting and recruitment probabilities. The transition probabilities
from fledgling to juvenile, and from juvenile to subordinate, were fixed to one as all
fledglings and juveniles either survive and move to the next state, or die (Fig. 4.1).
Twenty-nine out of 1047 birds in our dataset lost their ‘primary’ status and became
‘subordinate’ again. Although this is an interesting phenomenon (see: Richardson et
al. 2007), we did not include these birds in our sample as we are primarily interest-
ed in recruitment here. Consequently, the transition from ‘primary’ to ‘subordinate’
was constrained to zero (Fig. 4.1). In a few cases (100 out of 5567 resightings) the
status of a bird was unknown; these cases were treated as not being resighted. 

To disentangle the effects of rearing conditions and parental/territory quality
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Figure 4.1 Schematic overview of the life cycle of the Seychelles warbler, with the four main life
stages: fledgling (F), juvenile (J), subordinate (S) and primary (P) and the survival (Φ) and
transition (ψ) parameters as estimated in the multistate capture-recapture model as a function
of covariates of the rearing (rear) and original (origin) territory. (c) = cross-fostered, (nc) =
non-cross-fostered. 



effects on long-term fitness, 74 same age (± 2-day difference) nestlings were cross-
fostered between 0 and 6 days of age in the years 1997–1999. Nests with two or
three nestlings (N = 11) were reduced to one by increasing the brood size of another
nest. The cross-fostered offspring were included as a group in the analyses, thereby
allowing us to test whether rearing conditions, and/or the conditions of the original
territory, affect survival or recruitment. 

Data analyses
Two resighting periods were defined; the first from 1 July to 1 September during the
main breeding season, the second from 1 January to 1 March. Individuals were
recorded as present if observed at least once within a period. Although the resighting
periods were not instant, most birds were re-sighted within the first two weeks of
each study period. No capture-resighting data were available for 1992, and data for
January-March was only available in 1998, 1999, 2004 and 2005. If not available,
dummy variables were created by including zeros in the encounter histories, with
the survival parameter (Φ) set to 1 and the resighting parameter (recapture, p) and
transition parameter (ψ) set to 0. The encounter histories were used as input files in
the program MARK (White & Burnham 1999). 

Construction of our global model was based on the findings of a previous study
(Brouwer et al. 2006). Consequently, our global model (Table 4.1, model 6) allowed
survival to vary between years and states, with different survival probabilities for
individuals in their first year of life (fledgling and juvenile state) than for older birds
(subordinate and primary state). To simplify and avoid the overparameterisation of
our model we assumed time independent resighting rates but allowed resighting
rates to vary between states. Our global model allowed transition (recruitment)
probabilities to vary over time and between the sexes. In addition, three groups were

Long-term effects of rearing conditions

67

Table 4.1 Summary of model selection statistics examining survival, resighting and transition
probabilities for fledgling (F), juvenile (J), subordinate (S) and primary (P) Seychelles warblers
from 1986 to 2006 (N = 1018). (t) = time, (s) = sex, (.) = constant. 

No Model No.Par. QDeviance ∆QAICc QAICc
weights

1 ΦFJ(t) ≠ ΦS = ΦP(t) pFJ(.) = pS(.) ≠ pP(.)ψSP(t) 67 10879.8 0.0 0.72
2 ΦFJ(t) ≠ ΦS = ΦP(t) pFJ(.) = pS(.) ≠ pP(.) ψSP(t+s) 68 10879.8 2.1 0.26
3 ΦFJ(t) ≠ ΦS = ΦP(t) pFJ(.) = pS(.) ≠ pP(.) ψSP(.) 48 10926.1 7.3 0.02
4 ΦFJ(t) ≠ ΦS = ΦP(t) pFJ(.) = pS(.) ≠ pP(.)ψSP(txs) 84 10861.6 17.0 0.00
5 ΦFJ(t) ≠ ΦS(t) ≠ ΦP(t) pFJ(.) = pS(.) ≠ pP(.)ψSP(txs) 106 10844.9 46.3 0.00
6 ΦFJ(t) ≠ ΦS(t) ≠ ΦP(t) pFJ(.) ≠ pS(.) ≠ pP(.)ψSP(txs) 107 10844.5 47.9 0.00

Models were ranked according to their QAICc value, with the best supported model on top. ∆QAICc being
the difference between the minimum QAICc of the best supported model and the model considered.



created in the analyses, one group for birds of known age and origin, one group for
(known age and origin) cross-fostered offspring, and one group for the birds of
unknown age and origin. Conditions of the rearing territory were included for both
the cross-fostered birds and for birds of known age and origin, whereas the pre-fos-
ter conditions (of the original territory) were included for the cross-fostered birds
only. Akaike’s information criterion corrected for the sample size (AICc) was used to
select the most parsimonious model with better fitting models resulting in lower
AICc values (Akaike 1973; Burnham & Anderson 2002). We calculated the normal-
ized Akaike weights to assess the relative likelihood of competing models. We
checked the goodness-of-fit of our global model by using the median ĉ procedure,
which showed some evidence for overdispersion (median ĉ = 1.51 ± 0.02).
Consequently, AICc values were adjusted to allow for the extent of overdispersion
measured by ĉ, through quasi likelihood (QAICc).

We employed an a priori approach in which a small set of candidate models was
created based on previous knowledge and hypotheses of interest. We first investigat-
ed whether the probability of resighting or survival depended on state, we expected
resighting probability to be highest for primary birds, as they stay in the same terri-
tory after settling, in contrast to subordinates which make forays around the island
in search of a vacancy (Eikenaar et al. 2007). We investigated whether the recruit-
ment rate varied over time and whether it differed between the sexes. We then
investigated whether survival and recruitment were associated with conditions dur-
ing the rearing period for both the cross-fostered birds and the birds of known age
and origin. To do this we first investigated the effect of each covariate on juvenile
survival. Where we found evidence for an association with juvenile survival, we
investigated whether there was an association with adult survival as well. Finally, we
investigated whether we can distinguish rearing conditions from parental/territory
quality effects by including conditions of the original territory for cross-fostered off-
spring only. 

The individual covariates were analysed by using the logit link function with val-
ues of the individual covariates standardized to Z-scores (by subtracting the mean
and dividing by the standard deviation). Model notation was followed according to
Lebreton et al. (1992).

Results

Natural variation in rearing conditions
During the whole study period on average 39% of the territories had one or more
subordinates living in it and the focal nest watches showed that on average 49% of
subordinates helped with incubation or feeding of the nestling in the territory.
Although group size varied from 2 to 7 birds, the maximum number of helpers
observed per territory was two. High quality territories did not have more helping
subordinates than low quality territories (χ1

2 = 0.87, P = 0.35).
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Effect of rearing conditions on survival and recruitment
We investigated whether survival, recruitment and resighting probabilities differed
between individuals in the different states. Annual resighting probabilities were simi-
larly high for first year birds as subordinates (0.83 ± 0.02) (Table 4.1, model 5 vs.
6), but even higher for primary birds (0.97 ± 0.01). Survival probabilities were simi-
lar for subordinates and primaries (Table 4.1, model 4 vs. model 5). There was no
evidence for differential recruitment between the sexes (Table 4.1, model 1 vs.
model 2), and this did not change between years (Table 4.1, model 2 vs. model 4). A
model with equal recruitment probabilities for both sexes was 2.8 times better sup-
ported by the data than a model which included sex (Table 4.1, model 1 vs. model
2). However, overall recruitment rate did vary between years (average ± S.E.: 0.60
± 0.04; Table 4.1, model 1 vs. model 3). Consequently model 1 (Table 4.1) was
used as a starting model to investigate the effects of conditions during the rearing
period on survival and recruitment.

Although there was just little evidence that the number of helpers in the rearing
territory was associated with juvenile survival (Table 4.2, model 2), it was positively
associated with survival later in the subordinate and primary state (Table 4.2, model
1; Fig. 4.2). Including the number of helpers in the rearing territory as a covariate
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Table 4.2 Summary of model selection statistics examining conditions during the rearing period
on survival and recruitment probabilities of fledgling (F), juvenile (J), subordinate (S) and pri-
mary (P) Seychelles warblers. Covariates of the rearing territory: (h) = number of helpers, (nh)
= number of non-helpers, (tq) = territory quality, (n) = number of nest mates, (gs) = group
size, (t) = time. Resighting probabilities were similar for all models: pFJ(.) = pS(.) ≠ pP(.)

No Model No.Par. QDeviance ∆QAICc QAICc
weights

1 ΦFJ(t+h) ≠ ΦS= ΦP(t+h) ψSP(t) 68 10875.5 0.0 0.32
2 ΦFJ(t+h) ≠ ΦS = ΦP(t) ψSP(t) 68 10877.4 2.0 0.12
3 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t) 67 10879.8 2.3 0.10
4 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+bs) 68 10878.2 2.8 0.08
5 ΦFJ(t+nh) ≠ ΦS = ΦP(t+nh) ψSP(t) 68 10878,9 3.4 0.06
6 ΦFJ(t+nh) ≠ ΦS = ΦP(t) ψSP(t) 68 10879.0 3.5 0.05
7 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+gs) 68 10879.5 4.1 0.04
8 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+h) 68 10879.6 4.2 0.04
9 ΦFJ(t+gs) ≠ ΦS = ΦP(t) ψSP(t) 68 10879.6 4.2 0.04

10 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+tq) 68 10879.7 4.2 0.04
11 ΦFJ(t+n) ≠ ΦS = ΦP(t) ψSP(t) 68 10879.8 4.3 0.04
12 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+nh) 68 10879.8 4.3 0.04
13 ΦFJ(t+tq) ≠ ΦS = ΦP(t) ψSP(t) 68 10879.8 4.4 0.04
14 ΦFJ(txh) ≠ ΦS = ΦP(t) ψSP(t) 72 10874.2 7.0 0.01

Models were ranked according to their QAICc value, with the best supported model on top. ∆QAICc being
the difference between the minimum QAICc of the best supported model and the model considered.



on survival was 3 times better supported by the data than a model without this
effect (Table 4.2, model 1 vs. model 3). The higher survival for birds from territories
with helpers was caused by the number of helpers per se as the number of non-help-
ing subordinates was not associated with survival (Table 4.2, models 5 and 6 vs.
model 3). Birds from territories with helpers did not, however, have a higher proba-
bility of recruiting to the primary state (Table 4.2, model 7 vs. model 3). There was
no evidence that any of the other factors experienced in the rearing period were
associated with survival (Table 4.2, models 9, 11, 13, and 14).

The chance of recruitment to the primary state was not associated with either the
quality of the territory on which offspring were reared (Table 4.2, model 10 vs.
model 3), nor on the size of the group or brood in which they were reared (Table
4.2, model 4, 7 and 12 vs. model 3).

Rearing vs. quality effects
The association between the number of helpers in the rearing territory and offspring
survival was not a result from a non-causal relationship caused by higher quality
parents/territories; for the cross-fostered offspring there was no evidence that num-
ber of helpers of the original territory was associated with either survival or recruit-
ment probabilities (Table 4.3 model 2, 3 and 6 vs. model 4). Furthermore, none of
the other factors, i.e. group size, brood size, territory quality or the number of non-
helpers were associated with survival or recruitment (Table 4.3, model 5, 7-13). This
was not caused by a lack of power as there was a positive association between the
number of helpers in the rearing territory and both juvenile and adult survival for
the cross-fostered offspring (Table 4.3, model 1). Although QAICc increased by only
1.6, this model was 2.3 times better supported by the data than a model without this
effect (Table 4.3, model 1 vs. model 4).
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Figure 4.2 Annual adult and juvenile survival probabilities (with 95% CI) of Seychelles warblers
for an average year, in relation to the number of helpers in the rearing territory.



Discussion

Our study shows that helpers have long-term effects on offspring fitness; the number
of helpers in the rearing territory affected not only the juvenile survival, but also the
later adult survival of the offspring helped. This was entirely due to the number of
helpers, and not to the overall number of birds, in the territory as the number of
non-helping subordinates was not associated with offspring survival. Evidence that
helpers can increase reproductive success by increasing juvenile survival has previ-
ously been shown by removal experiments (Brown et al. 1982; Mumme 1992;
Shreeves & Field 2002; Brouwer et al. 2005). However, that helpers can affect off-
spring fitness even in the long-term has rarely been shown. As far as we know only
one study, on the cooperatively breeding long-tailed tit (Aegithalos caudatus), has
shown that the number helpers has a positive effect on the recruitment of helped
offspring (Hatchwell et al. 2004). It is possible that the decision to help depends on,
and/or is positively associated with the quality of the parents or territory a subordi-
nate lives in, and therefore that offspring of these high quality parents/territories
have high survival independent of the actual helping. However, we showed that it
was not the number of helpers in the original territory, but the number of helpers in
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Table 4.3 Summary of model selection statistics examining the pre-foster conditions on survival
and recruitment probabilities of cross-fostered Seychelles warblers (N = 74). Covariates from
original territories: (h) = number of helpers, (nh) = number of non-helpers, (tq) = territory
quality, (n) = number of nest mates, (gs) = group size, (t) = time and (fosh) = number of
helpers on rearing territory. Resighting probabilities were kept constant: pFJ(.) = pS(.) ≠ pP(.)

No Model No.Par. QDeviance ∆QAICc QAICc
weights

1 ΦFJ(t+fosh) ≠ ΦS = ΦP(t+fosh) ψSP(t) 68 10876.2 0.0 0.21
2 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+h) 68 10877.3 1.1 0.12
3 ΦFJ(t+h) ≠ ΦS = ΦP(t) ψSP(t) 68 10877.7 1.5 0.10
4 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t) 67 10879.8 1.6 0.09
5 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+n) 68 10877.9 1.7 0.09
6 ΦFJ(t+h) ≠ ΦS = ΦP(t+h) ψSP(t) 68 10878.3 2.2 0.07
7 ΦFJ(t+n) ≠ ΦS = ΦP(t) ψSP(t) 68 10878.3 2.2 0.07
8 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+gs) 68 10878.6 2.5 0.06
9 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+tq) 68 10879.2 3.1 0.05

10 ΦFJ(t+nh) ≠ ΦS = ΦP(t) ψSP(t) 68 10879.5 3.4 0.04
11 ΦFJ(t+tq) ≠ ΦS = ΦP(t) ψSP(t) 68 10879.6 3.4 0.04
12 ΦFJ(t+gs) ≠ ΦS = ΦP(t) ψSP(t) 68 10879.7 3.5 0.04
13 ΦFJ(t) ≠ ΦS = ΦP(t) ψSP(t+nh) 68 10879.8 3.6 0.03

Models were ranked according to their QAICc value, with the best supported model on top. ∆QAICc being
the difference between the minimum QAICc of the best supported model and the model considered.



the rearing territory that was associated with the survival of cross-fostered offspring.
Consequently, increased survival is not a consequence of higher quality but due to
helping per se. This is confirmed by a helper removal experiment which showed that
helping increased reproductive success by increasing nestling survival (Komdeur
1994b). 

Neither the number of nest mates or the territory quality experienced during the
rearing period were associated with survival at any stage of an individuals’ life, nor
with the probability of recruitment. A previous study on the Seychelles warbler has
already shown that although there was variation in juvenile survival between sea-
sons, this did not affect a cohorts’ adult survival probability (Brouwer et al. 2006).
The long period in which the Seychelles warbler offspring are dependent on their
parents might counterbalance any negative effects experienced during early life.
Alternatively, selective disappearance (mortality) of the low quality individuals may
results in similar adult survival probabilities for cohorts which experienced adverse
conditions as for other cohorts. 

Many studies have found that parental quality affects offspring fitness (e.g.
Amundsen & Stokland 1990; Bolton 1991; Meathrel et al. 1993; Risch & Rohwer
2000). Parents can affect their offspring directly via genetic (Merilä 1996; Sheldon
et al. 1997) or maternal effects (Eising et al. 2001), but also by feeding or care
(Clutton-Brock 1991). Our results, which show that the number of helpers affects
offspring survival, suggest that there is a direct effect of the additional care, probably
as a result of the extra provisioning gained by nestlings. Furthermore, a previous
analysis found evidence for maternal effects, as maternal heterozygosity at
microsatellite loci was positively associated with offspring survival (Brouwer et al.
2007a). It is possible that parental effects are, therefore, a more important source of
variation in quality than the effects of the environment and territory. The Seychelles
warbler lives in a relatively stable tropical environment and birds time their repro-
duction to periods with high food availability and choose whether to lay one or two
eggs (Komdeur 1996b). With such a strategy, adverse conditions might be avoided. 

None of the rearing conditions was associated with recruitment to a primary
position. This is not surprising as a previous study showed that proximity to a vacan-
cy is the most important factor determining whether a subordinate will acquire a ter-
ritory and not an individuals size or mass (Eikenaar et al. unpublished data). This
might indicate that recruitment to a breeding position is, unless an individual does
not survive, mainly a chance process. 

Primary birds did not have lower survival probabilities than subordinates, which
could suggest there is little cost associated with reproduction. However, the assess-
ment of status was based on observations only. A previous study showed that 44% of
subordinate females are co-breeders each year (Richardson et al. 2001); therefore
they may also suffer any cost of reproduction. Furthermore, subordinates may have
been investing considerable effort in helping. Unfortunately, we could not differenti-
ate helper and non-helper survival as the minor breeding peak was not monitored in
all years. In general, many studies fail to show any cost of reproduction (Reznick
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et al. 2000) this may be caused by problems with the analytical methods used, or in
how accurate the assessment was of whether individuals where reproducing or not.
Finally, it might be that heterogeneity in quality between individuals allows high
quality individuals to reproduce without bearing the cost of reduced survival (Cam &
Monnat 2000). 

Our results show that helpers not only increase offspring survival in the short-
term, but also increase their subsequent adult survival and, therefore, have impor-
tant fitness consequences later in life. On the other hand, the other investigated con-
ditions during the rearing period appear to have little long term fitness conse-
quences. Although studies on temperate species might show greater effects of early
conditions, in tropical species with less variation in the environmental conditions,
parental effects and decisions might be more important. 
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Top: research house on Cousin Island.
Bottom left: Lyanne Brouwer clearing a path through dense vegetation.
Bottom right: Cas Eikelaar puts a warbler into a box for translocation to Denis Island.


