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Extremely reduced dispersal and gene flow in an island bird
JAM Bertrand1, YXC Bourgeois1, B Delahaie1, T Duval2, R Garcı́a-Jiménez3, J Cornuault1, P Heeb1, B Milá3,
B Pujol1 and C Thébaud1
The Réunion grey white-eye, Zosterops borbonicus, a passerine bird endemic to Réunion Island in the Mascarene archipelago,
represents an extreme case of microgeographical plumage colour variation in birds, with four distinct colour forms occupying
different parts of this small island (2512 km2). To understand whether such population differentiation may reflect low levels of
dispersal and gene flow at a very small spatial scale, we examined population structure and gene flow by analysing variation at
11 microsatellite loci among four geographically close localities (o26 km apart) sampled within the distribution range of one
of the colour forms, the brown-headed brown form. Our results revealed levels of genetic differentiation that are exceptionally
high for birds at such a small spatial scale. This strong population structure appears to reflect low levels of historical and
contemporary gene flow among populations, unless very close geographically (o10 km). Thus, we suggest that the Réunion
grey white-eye shows an extremely reduced propensity to disperse, which is likely to be related to behavioural processes.
Heredity advance online publication, 2 October 2013; doi:10.1038/hdy.2013.91
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INTRODUCTION
The spatial scale of population differentiation varies widely among
organisms, mostly as a result of lineage-specific variation in the
potential for dispersal and gene flow (Slatkin, 1987). Thus, organisms
with shorter dispersal distances are able to differentiate at smaller
spatial scales than those with longer dispersal distances, leading to
increased opportunities for allopatric or parapatric divergence within
a given area (Kisel and Barraclough, 2010). The exact impact of gene
flow on population divergence depends upon several factors, including the spatial context of selection and also the balance between the
strength of divergent selection pressures and the between-population
migration rates (Endler, 1973; Lenormand, 2002). However, reductions in gene flow between adjacent populations that are sufficient to
enable divergence seem more likely at larger than at smaller spatial
scales for organisms with a given dispersal ability.
In relatively mobile organisms like birds, the strength of gene flow
is thought to retard or prevent differentiation between neighbouring
populations to such an extent that geographic barriers to dispersal
and long isolation times are often considered necessary for genetic
differentiation to take place (Mayr and Diamond, 2001; Price, 2010).
Although many empirical studies provide support to this idea, with
low or non-significant differentiation found even in bird species
distributed over a broad geographic scale (Kekkonen et al., 2011;
Procházka et al., 2011, for some recent examples), there are also a few
striking cases of phenotypic and genetic differentiation among
passerine and some other bird populations at relatively small spatial
scales (for example, De Léon et al., 2010; Milá et al., 2010).
While it is tempting to invoke a role for strong divergent selection
in the face of gene flow to explain such cases of population divergence

at small spatial scales, it is often difficult to rule out the possibility
that dispersal is reduced or absent without gene flow data because the
ability to disperse at given distances does not easily predict the
efficiency of dispersal movements, that is, the realized gene flow
(Slatkin, 1987; Mallet, 2001), even in birds. For instance, the
Seychelles Warbler (Acrocephalus sechellensis) shows locomotory
structures similar to those found in closely related species that can
sustain flight over long distances, but does not manage to disperse
successfully to islands with suitable habitats just outside its distribution range (Komdeur et al., 2004). Thus, to investigate the causes of
population divergence at a small spatial scale, it is important to be
able to tease apart the effects of gene flow from those due to selection
and drift at the relevant spatial scale.
One approach that could be potentially useful relies upon
comparing populations of a species in which phenotypic and genetic
differentiation occur at a small spatial scale relative to dispersal ability
over a range of geographical distances, while minimising the strength
of divergent selection pressures by sampling populations experiencing
a similar and continuously distributed environment. This should
enable, in principle, estimations of dispersal and gene flow independently of the effects of geographic barriers and ecological differences
on the patterns of genetic structure.
In this study, we use this approach in combination with genetic
indirect approaches to investigate the patterns of population genetic
structure at a small spatial scale in the Réunion grey white-eye
(Zosterops borbonicus). This species complex, endemic to the small
island of Réunion (2512 km2), represents an extreme case of microgeographical variation in birds, with parapatrically distributed
plumage colour forms restricted to different parts of the island
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Museum of Natural Sciences, Spanish Research Council (CSIC), Madrid, Spain
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(Gill, 1973; Figure 1). A previous study has shown substantial genetic
differentiation among localities distributed across the island, including pairs of localities sampled within the range of the different forms
(overall FST analogue for dominant AFLP markers: FPT ¼ 0.148)
(Milá et al., 2010). However, little is known about the evolutionary
mechanisms underlying phenotypic and genetic divergence, and no
direct or indirect measures of dispersal movements are available for
this species. Here we aim to test if restriction of gene flow could have
played a role in generating the patterns of genetic differentiation,
which have been observed at a very small spatial scale in the Réunion
grey white-eye. In order to control for the effects of geographic
barriers and ecological differences on population differentiation, we
obtained estimates of gene flow from measures of genetic differentiation among localities sampled within the distribution range of one of
the colour form, the brown-headed brown form (see description in
the studies by Gill (1973) and Milá et al. (2010)), which is entirely
restricted to the lower western slopes of Réunion.
MATERIALS AND METHODS
Bird samples
We sampled a total of 67 individuals at four sites (Figure 1), where the brownheaded brown form of the Réunion grey white-eye is abundant and broadly
distributed across the entire area from low to intermediate elevations. All four
sites were located in the central part of the form’s distribution range in a
habitat type classified as semi-dry sclerophyllous forest (Thébaud et al., 2009).
They were fairly close to one another (mean ¼ 16.3 km, ranging from 8.8 to
25.2 km), with no obvious physical barriers to gene flow between them. Field
procedures and authorizations have been described elsewhere (Milá et al.,
2010).

Molecular procedures
We extracted genomic DNA from blood samples using the DNeasy Blood &
Tissue Kit (Qiagen, Venlo, Netherlands). All 67 individuals were genotyped at
12 polymorphic microsatellite loci previously isolated in the study species
(Bertrand et al., 2012). PCR amplifications were performed in three 10-ml
multiplexes (see Supplementary Table S1), each containing B5–30 ng of DNA,
0.2 mM dNTPs, 0.5 mM of each primer and 0.25 U Taq polymerase in 1 

manufacturer’s buffer (2 mM MgCl2). PCR thermal profiles were as follows:
initial denaturation at 94 1C for 3 min, followed by 35 cycles at 94 1C for 30 s,
locus-specific annealing temperature (see Supplementary Appendix 1) for 30 s,
72 1C for 30 s and a final elongation step at 72 1C for 10 min. Fluorescently
labelled PCR products were mixed with formamide. Fragment analysis was
carried out on an ABI PRISM 3730 DNA analyser (Applied Biosystems, Foster
City, CA, USA) with GeneScan-500(LIZ) size standard. Genotyping profiles
were scored using GENEMAPPER v.4.0 software (Applied Biosystems).

Basic genetic analyses and within-population diversity
The presence of null alleles was tested with MICRO-CHECKER v.2.2.3 (van
Oosterhout et al., 2004) by running 10 000 Monte Carlo simulations and
calculating 95% confidence intervals. The probability of null alleles was
negligible for all loci except one (Z16), so we excluded this locus from all
analyses. We used GENEPOP v4.0 (Rousset, 2008) to test whether each locus
significantly deviated from Hardy–Weinberg equilibrium or showed linkage
disequilibrium. Genetic diversity was characterised by calculating the mean
number of alleles per locus (A), expected and observed heterozygosity (HE and
HO) and FIS values in GENODIVE v2.0 (Meirmans and Van Tienderen, 2004).
The allelic richness (AR) corrected for sample size was estimated in FSTAT
v2.9.3.2 (Goudet, 2001). To account for potential bias due to family sampling,
we examined each population sample for the presence of full-sibs with the
COLONY v2.0.4.4 programme (Jones and Wang, 2010). The procedure
consisted in four ‘long runs’ with mating system models allowing for polygamy
(for both males and females) and inbreeding. We made no further assumption
about sibship prior.

Testing for departures from mutation/drift and migration drift
equilibriums
Departures from mutation/drift and migration/drift equilibriums might
indicate the action of a particular phenomenon (for example, population size
variations or restriction in gene flow) so we used two different methods to
investigate the likelihood of such departures in our data set. In order to
evaluate the possibility for ‘recent’ bottleneck events, departure from mutation/
drift equilibrium was tested by comparing levels of observed and expected
heterozygosities with the programme BOTTLENECK v1.2.02 (Cornuet and
Luikart, 1996; Piry et al., 1999). As the mutation model underlying our
microsatellite markers was uncertain, we considered two alternative mutational
models: the Stepwise Mutational Model and the Two-phase Model. As

Figure 1 Map of Réunion, with sample localities (black dots) and the geographical distribution of the four Réunion grey white-eye plumage colour forms. The
geographical coordinates of sample localities are given in Supplementary Table S5. A full color version of this figure is available at the Heredity journal online.
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RESULTS
Within-population genetic diversity and equilibriums
All microsatellite loci were in Hardy–Weinberg equilibrium. No
significant linkage disequilibrium was found across all pairs of
loci after correcting for multiple comparisons with the sequential Bonferonni procedure (Rice, 1989). All populations pre-

A

Bayesian clustering analyses were performed with STRUCTURE 2.3
(Pritchard et al., 2000; Falush et al., 2003) to infer the likelihood of
K ¼ 1–5 populations. MCMC iterations were set to 500 000 (burn-in
period was set to 100 000) with 20 replicates per K. The optimal value
of K was evaluated by considering the highest mean likelihood value of
K, that is, L(K), as well as the DK method (Evanno et al., 2005). The
optimal alignment of the 20 replicates was determined with the Greedy
algorithm implemented in CLUMPP (Jakobsson and Rosenberg, 2007).
All analyses were run using the admixture model (and correlated allele
frequencies), which provides us with estimates of admixture proportions for each individual among clusters. We also used the LOCPRIOR
model implemented in STRUCTURE 2.3, as it is more efficient at
detecting genetic structure at lower levels of divergence than previous
STRUCTURE models. This model makes use of information about
sampling locations, but it does not tend to detect any sub-structure
when none is present and will ignore sample group information when
the ancestry of individuals does not correlate with sampling locations
(Hubisz et al., 2009).

Locus

Clustering analyses

St–Leu (n ¼ 21)

Data from 11 microsatellite loci were used to estimate levels of genetic
differentiation between pairs of populations and among all populations.
To obtain indirect estimates of gene flow and compare these estimates
with those obtained in other species, we calculated Wright’s fixation
indices (FST) using Weir and Cockerham’s estimators yST (1984) as well
as a nearly bias-corrected estimator: yRH0 (Raufaste and Bonhomme,
2000), which is particularly suited to weakly differentiated populations.
Computations were performed in GENETIX v.4.03 (Belkhir et al.,
2004). To enable comparisons with the literature, we also computed GST
(Nei, 1987) as well as G00 ST (Meirmans and Hedrick, 2011) as
implemented in GENODIVE v2.0 (Meirmans and Van Tienderen,
2004). The alternative Dest (Jost, 2008) (also implemented in GENODIVE v2.0) was also computed because its assumptions differ from FST
estimators that are under debate in the literature.
We also used the Bayesian multilocus genotyping method implemented in the software BAYESASS 1.3 (Wilson and Rannala, 2003) to
detect recent gene flow (over the last several generations) among
populations. Three runs of 10 000 000 generations (with a burn-in
period of 2 500 000 states) were conducted with all other parameters set
to default. This method has been shown to perform well for low
migration rate (o33% of migrant individuals per generation) and
under moderate genetic differentiation (FSTX0.05) (Faubet et al.,
2007).

Ermitage (n ¼ 16)

Population genetic differentiation and gene flow

Locality

recommended by the authors we assumed 95% of single-step mutation
for the latter model (Piry et al., 1999). Calculation was run for 10 000
iterations. Wilcoxon tests were then used to estimate whether potential
heterozygote excess or deficit were significantly associated with a recent
reduction in effective population size. To appreciate the contribution of
neutral genetic drift (associated with a low level of migration) in this
system, deviation from migration/drift equilibrium was tested by
comparing the relative probabilities of a ‘gene flow/drift’ and a ‘drift
only’ model with the programme 2MOD (Ciofi et al., 1999). We ran
four independent runs setting the MCMC to 1 000 000 iterations
(100 000 states burned-in). This method assumes that no allele
appeared by mutation since the current population was founded and
compares the relative probabilities of the two alternative models.

Table 1 Microsatellite diversity for the four populations across the 11 loci with sample size (n), average number of alleles per locus (A), Allelic richness (AR) Observed and expected
heterozygosity (HO and HE), and inbreeding coefficient (FIS)
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Table 2 Population-level excess of heterozygote genotypes in the four
populations sampled. Wilcoxon-based levels of significance are
shown for two mutations model: Stepwise (SMM) and Two-Phase
(TPM)

Table 4 Pairwise geographic distances and estimates of genetic
differentiation based on 11 microsatellite markers surveyed in four
sample localities
St–Leu

Sample locality

TPM

SMM

Ermitage
St–Leu

0.61768
0.41553

0.81738
0.61768

Ermitage
St–Leu

Étang Salé
Canot

0.20654
0.18262

0.55078
0.36523

Étang Salé

Étang Salé

Canot

Overall

Geographic distances (km)
9.6
—

23.1
14.3

25.2
15.7

—
—

—

—

8.8

—

yST
Ermitage
St–Leu

Table 3 Species-level likelihood of ‘migration/drift equilibrium’ and
‘drift only’ models for the four runs
Run

Migration-drift

Drift model

Bayes factor

equilibrium model

Étang Salé

20010

159990

7.996

2
3

20342
20123

159658
159877

7.849
7.945

4

20923

159077

7.603

—

0.030
0.025
—

0.042
0.028

0.030
—

0.026

—

0.293
0.222

0.219
—

0.130

—

yRH0
Ermitage
St–Leu
Étang Salé

1

0.024
—

GST
Ermitage
St–Leu
Étang Salé

0.193
—
—

0.151
0.190
—

0.024

0.030

0.042

0.030

—
—

0.025
—

0.028
0.026

—
—

0.143

Bayes factors are calculated as ratios of most to least likely models.

G 00 ST
Ermitage

sented similar levels of intra-population polymorphism (with A
ranging from 6.27–8.09 and AR ranging from 6.09–6.39) (Table 1).
Within-population tests of mutation/drift equilibrium provided no
evidence of heterozygote excess (P40.18) for both the Two-Phase
model and the Stepwise Mutational model (Table 2). Bayes factors
comparing the models of ‘pure drift’ versus ‘gene flow-drift’ models
were close to 8, strongly supporting the ‘pure drift’ over the ‘gene
flow/drift’ model (Table 3). This result alone suggests that gene flow is
significantly restricted between populations.
Among-population genetic differentiation and clustering
The programme COLONY 2.0.4.4 identified two fullsib pairs in one
locality (St–Leu) and a group of four individuals in a second locality
(Canot). We ran the analyses twice with either the full data set or with
a reduced data set from which one randomly chosen individual from
each fullsib pair and three randomly chosen individuals within the
group of four were excluded. The results we obtained in the two sets
of analyses are qualitatively and quantitatively similar (see Table 4
and Supplementary Table S3 and S4), and so we present only the
results using the full data set. Overall estimates of among-population
genetic differentiation were low but significant for all indices
(ySTEGST ¼ 0.03, yRH0 ¼ 0.22, G00 ST ¼ 0.14, Dest ¼ 0.12, Po0.05)
(see Supplementary Table S1). All pairwise comparisons were also
significant (Table 4), independent of the geographic distance between
sample localities. Although there were differences in the magnitude of
genetic differentiation between indices, the global pattern of pairwise
differentiation was consistent across indices (Table 4). We also found
that the most likely number of genetic clusters is three (K ¼ 3,
L(K) ¼ 2902.635, DK ¼ 9.640), with all individuals unambiguously
assigned to the different clusters (Figure 2, see also Supplementary
Table S2). The first two clusters matched exactly two sample localities,
whereas the third one consisted of individuals from the two sample
localities in close geographic proximity to one another. Thus, sample
localities are broadly differentiated from one another at a very small
spatial scale (o100 km2), likely as a result of limited gene exchange
among them. However, even at that scale, reductions in gene flow
Heredity

St–Leu
Étang Salé

0.124

0.144

0.208

—
—

0.124
—

0.139
0.121

—
Jost’s Dest
Ermitage
St–Leu
Étang Salé

—

—

0.103

0.118

0.172

0.117

—
—

0.101
—

0.114
0.097

—
—

Various indices are yST (Weir and Cockerham, 1984), yRH0 (Raufaste and Bonhomme, 2000),
GST (Nei, 1987), G 00 ST (Meirmans and Hedrick, 2011) and Jost’s D (Jost, 2008). Figures in
bold face indicate significance at Po0.05.

between adjacent sample localities appear more likely at larger than at
smaller spatial scales.
Contemporary gene flow
Most sample localities have low proportion of migrant (o9%) and
high proportions of non-migrant (488%) individuals per generation,
with the exception of the sites situated at close geographic proximity
to its nearest neighbour (8.8 km), which seems to have a large
expected proportion of migrants (22%). We found no evidence of
asymmetry in migration between adjacent localities and among all
localities (Table 5). Thus, these results are consistent with the idea
that gene flow and dispersal are extremely reduced between adjacent
localities, unless very close (o10 km).
DISCUSSION
Levels of population genetic differentiation implies reduced
dispersal and gene flow
We found a significant signal of population differentiation across four
sample localities situated within the distribution range of the brownheaded brown form of the Réunion grey white-eye. Accordingly, we
demonstrated the presence of population structure by differentiating
three clusters of individuals within the data set, with the two sample
localities situated within 10 km of each other forming one of the
clusters. This shows that population structuring in the Réunion grey
white-eye can occur at a scale of 10–20 km even in a broadly
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Figure 2 Admixture proportions as inferred from genetic clustering. Each bar represents an individual. Each colour reflects the likelihood of belonging to
one of the inferred genetic clusters. Dashed lines delimit sample localities.

Table 5 Mean estimates of the distribution of recent migration rates
(m) calculated using BAYESASS and given as the proportion of
migrant individuals per population per generation
Ermitage

St–Leu

Étang Salé

Canot

0.881

0.018

0.008

0.045

0.017
0.089

0.952
0.024

0.008
0.974

0.028
0.224

0.012

0.008

0.011

0.701

Columns represent the incoming migration rates and rows represent outgoing migration rates.
Bold values represent the proportion of non-migrant individuals in a population.

continuous habitat. The levels of genetic differentiation observed in
this study are unexpectedly high, given the spatial scale considered.
While comparing the magnitude of genetic differentiation found in
different studies is not devoid of problems (for example, Meirmans
and Hedrick, 2011; Whitlock, 2011), our estimates (ySTEGST ¼
0.03 ¼ , yRH0 ¼ 0.22, G00 ST ¼ 0.14, Dest ¼ 0.12) are close to average
FST values reported in previous studies (0.049 in the study by
Barrowclough (1983) and 0.048 in the study by Evans (1987)). It is
also striking that these estimates are comparable to those found at the
scale of much larger regions in other passerines such as the House
Sparrow (Passer domesticus) (FST ¼ 0.004 across Finland; Kekkonen
et al., 2011) or the Eurasian Reed Warblers (Acrocephalus scirpaceus)
(FST ¼ 0.013, G0 ST ¼ 0.078, Dest ¼ 0.063 across Europe; Procházka
et al., 2011). Thus, we suggest that the levels of genetic differentiation
found in our study are not just unexpected, they are exceptionally
high for birds at such a small spatial scale.
Both significant levels of genetic differentiation and population
structure are therefore consistent with extremely reduced gene flow
between populations. It is noteworthy that our comparison of ‘pure
drift’ and the ‘gene flow/drift’ models also supports the idea that drift
is prevalent relative to migration in explaining differentiation. Our
analysis of contemporary gene flow also suggests that current levels of
gene flow among populations are very low, in agreement with our
suggestion that historical gene flow must have been extremely reduced
to explain present-day patterns of genetic differentiation.

Genetic differentiation with no geographic and ecological
transitions
We compared sample localities that are very close to one another,
occupy a similar habitat type and are not separated by any obvious
physical or ecological discontinuities. Thus, our results likely reflect
reduced dispersal and gene flow at a very small spatial scale,
independently of the effects of divergent selection pressures and
geographic barriers to gene flow.
There are several explanations for such an unusual pattern of
genetic differentiation at a small scale. First, we assumed that the
populations were experiencing similar environments, using habitat
type as a proxy. Environmental factors, including for example,
altitude, temperature or rainfall, often vary within a habitat type,
especially on islands with a very rugged topography (Whittaker and
Fernandez-Palacios, 2007). In addition, biotic factors such as parasites
and pathogens may also vary between localities within a same habitat
type. Populations could then diverge in response to heterogeneous
natural selection, and this may keep gene flow at low levels if
immigrants have reduced fitness relative to residents. This was found
in wild populations of great tits (Parus major) separated by distances
of o3 km (Garant et al., 2005; Shapiro et al., 2006; Björklund et al.,
2010), and also in song sparrows (Melospiza melodia) with five
subspecies coexisting in a restricted area made of various microhabitats (Chan and Arcese, 2003). However, the latter results were not
associated with significant neutral genetic differentiation, which
suggests that genetic drift was not strong enough to generate neutral
genetic differentiation (but also refer to the studies by Senar et al.
(2006), Lee et al. (2010) and Rutz et al. (2012)). There is no evidence
from previous studies that populations belonging to one particular
colour form of the Réunion grey white-eye and being as geographically close as those used in this study show any sign of niche
differentiation (Gill, 1971, 1973), suggesting that this explanation is
unlikely.
Subtle, undetected geographic barriers could also account for
reduced gene flow between populations. However, this seems also
unlikely as effective geographic barriers for the Réunion grey whiteeye are conspicuous physiographic features such as major river beds
and extensive lava flows (Gill, 1973; Milá et al., 2010), none of which
Heredity
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occur in our study area. A more plausible explanation is that the
Réunion grey white-eye, like some other island birds including several
species of white-eyes, could show a reduced propensity to disperse,
perhaps as a result of selection against long-distance dispersal
(Komdeur et al., 2004; Moyle et al., 2009). As the species is clearly
capable of sustained flight over hundreds of metres of land, it may
express the phenomenon of ‘behavioural flightlessness’, that is, a
behavioural reluctance to move away from its source locality
(Diamond, 1981). Very high recapture rates on long-term study sites
could be consistent with this idea (Milá and Thébaud, unpublished
data).
The extent to which social behaviour could also influence the
spatial genetic structure of populations is largely unknown (Painter
et al., 2000), but substantial levels of genetic differentiation was found
at relatively small spatial scales in lekking (Höglund and Shorey, 2003;
Bouzat and Johnson, 2004) or cooperative breeding bird species
(Painter et al., 2000; Double et al., 2005; Temple et al., 2006; Woxvold
et al., 2006). Strong social behaviours such as allopreening, huddling
and cooperative breeding are common in the Réunion grey white-eye,
with no apparent territorial behaviour throughout the breeding
season (Gill, 1971; Gill, 1973), and may further contribute to reducing
gene exchange among populations located at very short distances (for
example, through social structuring and/or strong philopatry).
Clearly, more work needs to be done to understand if such
behavioural processes can be associated with reductions in gene flow
among populations.
Another possible explanation relies on the idea that vocal microgeographic variation in the form of song ‘dialects’ may easily arise in
birds that learn their songs (Catchpole and Slater 2008), such as
white-eyes (Baker 2012). This could potentially contribute to reductions in gene flow among geographically close populations. If
neighbouring populations differ in their song types, with young
males and females preferentially learning local song types and then,
later in life, preferring these songs while discriminating against nonlocal variants, then interpopulation matings could be reduced relative
to intrapopulation matings, causing a restriction in gene flow
(MacDougall-Shackleton and MacDougall-Shackleton, 2001). This
seems especially likely in resident species, but it will ultimately
depend upon natal dispersal distances. In the case of the Réunion
grey white-eye, whether vocal dialects may contribute to population
differentiation has yet to be tested.
We have shown that populations of the Réunion grey white-eye can
exhibit spatial genetic structure and differentiation at a very small
scale (o100 km2), even in the absence of any obvious geographic
barrier and/or change in habitat attributes. This strong population
structure appears to reflect low levels of historical and contemporary
gene flow among populations, unless very close geographically
(o10 km). Thus, the Réunion grey white-eye seems to show an
extremely reduced propensity to disperse, which is likely to be related
to behavioural processes, because the birds show no sign of
wing reduction or of a reduced power of flight. Besides the fact that
the pattern seen here reveals levels of genetic differentiation at a small
spatial scale, which are exceptionally high for birds that are
good flyers, our findings also have implications for how the different
colour forms found in the Réunion grey white-eye have likely been
shaped by the interplay of natural selection, genetic drift and reduced
gene flow.
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Thébaud C, Strasberg D, Warren BH, Cheke A (2009). Mascarene islands, biology. In:
Gillespie RG, Clague DA (eds) Encyclopedia of Islands. University of California Press:
Berkeley, CA, USA pp 612–619.
Temple HJ, Hoffman JI, Amos W (2006). Dispersal, philopatry and intergroup relatedness:
fine-scale genetic structure in the white-breasted thrasher, Ramphocinclus brachyurus.
Mol Ecol 15: 3449–3458.
Van Oosterhout C, Hutchinson WF, Wills DPM, Shipley P (2004). Micro-Checker: software
for identifying and correcting genotyping errors in microsatellite data. Mol Ecol Notes 4:
535–538.
Weir B, Cockerham CC (1984). Estimating F-statistics for the analysis of population
structure. Evolution 38: 1358–1370.
Whitlock MC (2011). G’ST and D do not replace FST. Mol Ecol 20: 1083–1091.
Wilson GA, Rannala B (2003). Bayesian inference of recent migration rates using
multilocus genotypes. Genetics 163: 1177–1191.
Whittaker RJ, Fernandez-Palacios JM (2007). Island biogeography: ecology, evolution and
conservation. Oxford University Press: Oxford, UK.
Woxvold IA, Adcock GJ, Mulder RA (2006). Fine-scale genetic structure and dispersal in
cooperatively breeding apostlebirds. Mol Ecol 15: 3139–3146.

Supplementary Information accompanies this paper on Heredity website (http://www.nature.com/hdy)

Heredity

