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Translocation
of Seychelles warblers to Denis Island:

another conservation success story?

Lyanne Brouwer, Jeroen J. Reimerink, Cas Eikenaar, Rachel Bristol, Jan
Komdeur and David S. Richardson
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Introduction

The establishment of new populations through the translocation of individuals to
new suitable habitat is an important tool for conservation management. For several
species, e.g. the Seychelles magpie robin (Copsychus sechellarum) and the Mauritius
kestrel (Falco punctatus), the establishment or reintroduction of new populations has
been crucial to the species continued existence (Bell & Merton 2002). The
Seychelles warbler (Acrocephalus sechellensis) is one of eight endangered bird species
endemic to Seychelles. Until 1988 the Seychelles warbler population was confined
to Cousin Island (29 ha). Because of the vulnerability of a single population, and the
fact that there is no dispersal between islands (Komdeur et al. 2004), birds were
translocated to the islands of Aride (1988, 68 ha) and Cousine (1990, 26 ha)
(Komdeur 1994a). In 2004 the warbler was listed as ‘vulnerable’ on the IUCN red
list (BirdLife International 2004), on the basis of its tiny range: a total of only 120-
ha over three islands containing an estimated population of approximately 2000
birds. As these island populations were at carrying capacity, a new translocation was
planned to improve the conservation status of the Seychelles warbler. After exten-
sive survey and habitat restoration work by Nature Seychelles, Denis Island (144 ha
at 03°48' S, 55°40' E) was chosen as the island on which to try to establish a fourth
population. Although Denis Island lies outside of the known historical range of the
Seychelles warbler, it was considered to be suitable for a viable population for three
reasons. First, the eradication of rats and cats provided a predator-free island.
Second, partial removal of dense coconut-strands and planting of native trees had
extended the remnant native forests. Consequently, Denis Island holds 30 ha of for-
est dominated by native broad-leaved species such as Terminalia and Pisonia, which
provide good feeding opportunities for Seychelles warblers (Komdeur 1991a). Third,
Denis Island is relatively distant from the three already existing populations, thus
making the species less vulnerable to local catastrophic events, such as hurricanes
and diseases. In this Box, we examine demographic rates in the first two years after
translocation to investigate whether the translocation of Seychelles warblers to
Denis Island has, so far, been successful. 

Methods

Translocation
The translocation was undertaken in conjunction with Nature Seychelles. Birds were
caught on Cousin Island and transported to Denis Island by helicopter approximately
one month before the anticipated start of the breeding season on Cousin. The timing
was chosen to coincide with the optimal condition of the birds on Cousin and to
avoid disturbance of breeding birds. 58 birds were translocated of which 25 were
females and 33 males. To be able to investigate MHC dependent mate choice
translocation of complete groups and pairs was avoided and a surplus of males after
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the first release was aimed for allowing ample female mate choice (Richardson et al.
unpublished data). On the mornings of 29th and 30th May 2004 a total of 21 males
and 14 females were moved. After two weeks of monitoring on Denis Island we
were confident the translocated birds were doing well and another 12 males and 11
females were translocated. In total 50 birds were captured from 07:30h to 11:00h
and translocated the same morning. The other 8 individuals were captured on the
evening prior to translocation and kept overnight. Birds were kept individually in
small cardboard boxes which contained food (termite eggs), water and a perch. On
Denis the birds were released in the centre of the island, where the vegetation is
richest. The vegetation at the release site was sprayed with water to provide the
birds with drinking opportunities. During the third translocation birds were weighed
before release. The population was subsequently studied for two months immediate-
ly after the translocation, and additionally in January 2005 and in July – August
2005 and 2006.

Data collection
During each fieldwork period the whole of Denis was intensively searched. Birds
were located by listening for their song, sometimes stimulated by playback song and
whistling, or the distinctive 'snapping' of the bill during foraging. Individual birds,
identified by their colour rings, were followed for a minimum of 30 minutes in order
to determine breeding status, territory boundaries (recorded using GPS) and the
composition of their breeding group. Thereafter each territory was checked for
breeding activity at least once every two weeks by following the resident female for
30 minutes (Komdeur 1992). If accessible, nestlings were ringed in the nest, other-
wise young birds were caught after fledging using mist nets. Birds were ringed with
a unique combination of three UV-resistant colour rings and a metal British Trust for
Ornithology ring. Blood samples (ca. 15 µl) were collected by brachial venipuncture
and then diluted in 800 µl of 100% ethanol in a 2.0 ml screw-cap microfuge tube
and stored at room temperature. Molecular sexing using the PCR method was used
to determine the sex of each individual (Griffiths et al. 1998). Sex-ratio was
expressed as the proportion of males in the sampled population. Reproductive suc-
cess was defined as the average number of fledglings produced per year per bird.
Each monitoring period monthly insect counts were performed to estimate food
abundance (Komdeur 1992).

Data analyses
To estimate the yearly survival probabilities of Seychelles warblers on Denis island,
we analyzed the encounter histories of 93 marked individuals using program MARK
(White & Burnham 1999). Of these marked birds, 25 individuals were ringed as juve-
niles on Denis Island. The resighting period was defined as each fieldwork period.
Our global model (Table A.1, model 5) allowed adult survival and resighting to vary
between periods. As survival and resighting probabilities for the last period are
confounded, we subsequently simplified the model by including similar resighting
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probabilities for July 2005 and July 2006. Although there is no possibility to test
whether this assumption was correct, resighting was close to 1 in July 2005 and
resighting effort was similar during both periods. Birds ringed as juvenile were
included as a group in the analysis to estimate juvenile (first year) survival, however
as only five fledglings were ringed in 2004 and none in January 2005, juvenile sur-
vival probabilities were not allowed to vary over time and juvenile resighting proba-
bilities were kept similar to those of adults. Akaike’s information criterion corrected
for small sample size (AICc) was used to select the most parsimonious model
(Akaike 1973). Additionally, we calculated the normalized Akaike weights to assess
the relative likelihood of competing models. We checked the goodness-of-fit for the
global model by using median ĉ procedure, which showed no evidence for overdis-
persion (ĉ = 1.04 ± 0.05). To account for model selection uncertainty, we used
model averaging techniques which weigh the impact of all models for a given
parameter according to its AICc weight (Burnham & Anderson 2002). 

Results

Population establishment
The first pairing of warblers was observed just five hours after release on Denis
Island and two of the newly formed pairs started nest building three days after the
translocation. In 2004, a total of 23 territories were located, of which 15 pairs
attempted breeding in the first two months after translocation. All but one bird was
re-sighted during this period and birds that did not settle as a breeder during this
initial two month period were seen as floaters on the island or established a territory
on their own. Population size, number of territories and number of pairs all

Box A

56

Table A.1 Summary of model selection statistics of year, age and sex effects on survival and
resighting probabilities of juvenile (j) and adult (a) Seychelles warblers on Denis island (N =
93). (a1,a2+) = two age classes, first year and older, (s) = sex, (t) = time, (p) = period.

No Model No.Par. Deviance ∆QAICc QAICc
weights

1 Φj(a1,a2+(s))Φa(s) p(p) 5 28.77 0.0 0.41
2 Φj=Φa(s) p(p) 4 30.95 0.1 0.40
3 Φj(a1(s),a2+(s))Φa(s) p(p) 6 28.77 2.2 0.14
4 Φj(a1,a2+(s))Φa(txs) p(p) 9 25.22 5.2 0.03
5 Φj(a1,a2+(s))Φa(txs) p(t) 10 25.22 7.4 0.01
6 Φj(a1(s),a2+(s))Φa(txs) p(p) 10 25.22 7.4 0.01
7 Φj(a1,a2+(s))Φa(txs) p(.) 8 33.13 10.9 0.00
8 Φj(a1,a2+(s))Φa(txs) p(txs) 13 24.46 13.6 0.00



increased after establishment of the population, reaching a total of 99 birds in 2006
(Figure A.1A). However, the number of females did not increase as fast as the number
of males and, consequently, the number of pairs did not increase as fast as the number
of territories, with 14 territories occupied by single males in 2006 (Figure A.1A). 
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Figure A.1 Details of population dynamics of Seychelles warblers after introduction on Denis
Island (June 2004–August 2006) with A). total population size, number of males, females, pairs
and territories, B). annual adult survival (± S.E.), C). annual juvenile survival (± S.E.), and D).
population sex-ratio. Survival probabilities were based on model averaging. * indicate significance
at α = 0.05.



Reproduction
In January 2005 no birds were caught, however at the end of August 2005 and 2006
all but 4 and 6 respectively recently fledged young were ringed and sampled. In July
2005 a total of 33 unringed birds were recorded on Denis, while in July 2006, 40
new birds were recorded. These figures lead to an estimated average annual repro-
duction rate of 0.58 and 0.63 fledglings per adult bird in 2005 and 2006 respective-
ly. In contrast to the saturated Cousin population, no cooperative breeding was
observed on Denis.

Survival
The most parsimonious models show that adult survival differed between the sexes
and that this did not vary between years, with females having lower survival proba-
bilities than males (Table A.1, model 1 and 2; Figure A.1B). Although female juve-
nile survival was slightly lower than male juvenile survival, including different juve-
nile survival probabilities for both sexes was not supported by the data (Table A.1,
model 3 vs. model 1; Figure A.1C). Juvenile survival was high and a model includ-
ing different survival probabilities for juveniles and adults was not supported by the
data (Table A.1, model 1 vs. model 2). Resighting probabilities did not vary between
the sexes (Table A.1, model 8 vs. model 5), but the variation between years could be
reduced to two periods with lower resighting in January 2005 (0.72 ± 0.06) than in
July 2005 and 2006 (0.95 ± 0.03) (Table A.1, model 4 vs. model 5), and this
dichotomy was better supported by the data than constant resighting probabilities
(Table A.1, model 4 vs. model 7).

Although the population was slightly male biased at establishment, this was not
statistically significantly different from unity (binomial test, N = 58, P = 0.35).
However, as a result of higher female mortality, the population sex ratio tended to
be male biased in 2005 (binomial test, N = 74, P = 0.08) and was significantly male
biased in 2006 (binomial test, N = 93, P = 0.02; Figure A.1d). Breeding birds did
not respond to the biased population sex-ratio by producing more female offspring;
the sex-ratio of the newly produced birds was not significantly different from unity
(sex-ratio = 0.54; binomial test, N = 70, P = 0.55). However, biased mortality
could already have taken place in this sample before the surviving fledglings were
caught. However, the direction of the trend remained opposite to expectation even
when we confined the analysis to birds sampled as nestling or fledgling (sex-ratio =
0.61, N = 18).

Food availability
Comparing insect densities on tree species which occurred on both islands revealed
that insect densities were similar between the islands (paired t-test, t = 0.34, d.f. =
14, P = 0.74). However, the most common tree species on Denis (Terminalia
catappa) does not occur on Cousin and insect densities on this tree species are signif-
icantly higher than the insect densities on one of the most common tree species on
Cousin (U = 1194, n1 = 42, n2 = 98, P <0.001).
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Discussion

The strong growth of the Denis Island population over the two years since establish-
ment means that this translocation can be considered a success so far. Nonetheless,
the relatively high mortality of females compared to males and to the average annu-
al survival on Cousin (84%) does give reason for some caution. On Denis birds were
breeding year-round and the rate of reproduction was much higher than in the origi-
nal population on Cousin (0.60 vs. on average 0.30 fledglings/bird). The higher
mortality in females may therefore be a cost of reproduction. However, transloca-
tions to Aride and Cousine also resulted in increased reproduction but higher mortal-
ity was not observed (Brouwer et al. 2007b). Nevertheless, the estimates of repro-
duction on Denis are underestimated as only the surviving birds are counted.
Furthermore, when assuming that only paired birds produced offspring the estimates
get much higher (≈ 0.8 fledgling/bird). Future studies that include parentage analy-
ses are needed to determine whether female mortality is linked to the production of
more offspring. Male Seychelles warblers also put a lot of effort in reproduction by
guarding of the nest and feeding of young, yet they do not suffer from high mortali-
ty. However, food availability does not seem a limiting factor as insect densities were
similar to those on Cousin, and birds on Denis were even significantly heavier than
on Cousin (Brouwer et al. 2007b). Furthermore, both the densities of conspecifics
and predators (some main predator species even absent) are much lower than on
Cousin. This might indicate that the costs for males are not as high as for females
which lay and incubate the eggs, even several times a year. Alternatively, the higher
mortality for females might be associated with their incubation behaviour itself, par-
asites associated with the nest could in this way be able to infest the females.
Preliminary results of gastro-intestine parasite research however, shows that no para-
sites are present in faecal samples collected from birds on Denis (K. Hutchings, pers.
comm.).

Although the total population size increased quickly, the effective population size
is increasing at much lower rate as the number of females is a limiting factor.
Further research is needed to asses whether the reduced female survival occurs in
the coming years and whether females hatched on Denis will also suffer from low
adult survival. Although the results from the first two years of monitoring of this
fourth population of Seychelles warblers look promising, some worries persist
regarding the biased population sex-ratio. Consequently we cannot yet state that this
translocation has been another conservation success story.
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Species interacting with Seychelles warblers. Top: the Seychelles magpie robin and Seychelles
fody predate on warbler-eggs; the hermit crab and Wright’s skink scavenge dead warblers and
hamper ring-recoveries of dead warblers. Bottom: the introduced ship rat –probably the greatest
threat to warblers– is present in most of the Seychelles but absent from all warbler islands.


