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SHORT REVIEW

Inferring sex-biased dispersal from population genetic
tools: a review

F Prugnolle and T de Meeus
Centre d’Etude du Polymorphisme des Micro-organismes, UMR 9926 CNRS-IRD, Institut de Recherche et Développement, 911 av.
Agropolis BP 5045, 34032 Montpellier cedex 1, France

Sex-biased dispersal, where individuals of one sex stay or
return to their natal site (or group) to breed while individuals
of the other sex are prone to disperse, is a wide-spread pat-
tern in vertebrate organisms. In general, mammals exhibit
male-biased dispersal whereas birds exhibit female-bias.
Dispersal estimates are often difficult to obtain from direct
field observations. Here we describe different methods for
inferring sex-specific dispersal using population genetic tools
and discuss the problems they can raise. We distinguish two
types of methods: those based on bi-parental markers (eg
comparison of male/female relatedness, Fst and assignment
probabilities) and those relying on the comparison between
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Introduction
Dispersal is a life history trait that has relevant effects
on both the dynamics and the genetics of species. In this
respect, the study of dispersal has been a major topic in
evolutionary biology (Clobert et al, 2001). One specific
pattern of dispersal, commonly called ‘sex-biased disper-
sal’, has received particular attention in field and theor-
etical studies during the past two decades (Pusey, 1987).
Under this dispersal pattern, one sex is philopatric (ie
individuals of this sex stay or return to their natal site or
group to breed) while the other is more prone to disperse.
For example, in mammals, dispersal is often male-biased
(males have higher dispersal rates than females) (Dobson,
1982), whereas in birds the reverse pattern is generally
found (Greenwood, 1980; Clarke et al, 1997).

Several hypotheses have been proposed to explain dif-
ferential migration between sexes and can be broadly
classified into three categories: (1) the ‘resource-competition
hypothesis’ (Greenwood, 1980), (2) the ‘local mate compe-
tition hypothesis’ (Dobson, 1982; Perrin and Mazalov,
2000) and (3) the ‘inbreeding avoidance hypothesis’ (Pusey,
1987; Perrin and Mazalov, 2000). Predictions based on
these different hypotheses depend on the mating system
of the species considered. All three hypotheses predict
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markers with different modes of inheritance (eg mtDNA mar-
kers and microsatellites). Finally, we discuss statistical prob-
lems that are encountered with these different methods (eg
pseudoreplication, problems due to the comparison of dis-
tinct markers). While the genetic methods to detect sex-
biased dispersal are now relatively well developed, their
interpretation can prove problematic due to the confounding
effects of factors such as the mating system of the species.
Moreover, the relative power of these methods is not well
known and requires further investigation.
Heredity (2002) 88, 161–165. DOI: 10.1038/sj/hdy/6800060

male-biased dispersal in polygynous systems (the pre-
dominant mating system in mammals), whereas in mon-
ogamous systems (characteristic of birds), only the
resource-competition model predicts a female-bias (Favre
et al, 1997).

Understanding the evolutionary pressures leading to
asymmetric dispersal of sexes and its ecological and gen-
etic consequences will depend on our ability to determine
its prevalence and magnitude in natural populations
(Clarke et al, 1997; Aars and Ims, 2000). This is only poss-
ible if we have, at our disposal, effective, rapid and easy
to use methods to detect sex-specific patterns of dispersal.

Slatkin (1985) distinguished two classes of methods for
estimating levels of dispersal in natural populations. The
first category, he called ‘direct methods’, comprises all
approaches that rely on field observations measuring the
extent of dispersal. While these methods can produce
reliable results in certain circumstances, direct studies
investigating dispersal (that use, for example, capture-
release-recapture or radio-tracking methods) can be dif-
ficult to apply to certain types of organisms. Inferences
of dispersal by direct methods may be misleading due to
an inability to mark small organisms or to recapture a
reasonable proportion of highly vagile organisms. In
addition, death and emigration cannot be disentangled in
such studies. Finally, direct estimates of migration can
only measure mobility, that is the ability of an organism
to move in space, and not the effective dispersal that
reflects immigration followed by successful reproduction.
Indeed, it is not always easy to verify subsequent repro-
duction of migrating individuals. This point is important
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because, in certain cases, effective dispersal can be low
despite very high mobility (Gandon et al, 1997). The
inverse is also possible, notably for sessile organisms
whose gametes are mobile (Koenig et al, 1996).

Recent advances in genetic techniques (Slatkin’s
second class of methods), coupled with their increasing
accessibility provide promising new opportunities to
obtain ‘indirect estimates’ of dispersal. In addition, these
methods can be applied without requiring intensive field
observations (Neigel, 1997).

Recently, different authors have used population gen-
etic tools for inferring sex-biased dispersal. However, the
methodologies that have been proposed differ noticeably.
In this paper, we describe these different methods and
discuss the problems they can raise. We distinguish
between two types of methods: methodologies based on
bi-parentally inherited markers (eg allozymes,
microsatellites) and those built from the comparisons
between markers with different mode of inheritance (eg
mtDNA, Y-linked markers, bi-parentally inherited
markers). Finally, we discuss statistical problems that one
can generally meets while undertaking such methods.

Before describing specifically the two types of
methods, it seems important to note that there is a large
difference between inferences based on bi-parentally
inherited markers and those based on markers with dif-
ferent modes of inheritance. For the former, methods are
generally based on the comparison between males and
females after dispersal and before reproduction. In the
offspring of these individuals, the sex-specific dispersal
genetic signature does not exist any more since, for auto-
somal loci, all offspring inherit a randomly chosen allele
from their father and mother. Therefore, if dispersal is no
more sex-biased, in one generation the signal is lost.
These methods are therefore only adequate to detect
instantaneous (one generation) differences in dispersal.
However, methods based on the comparison between dif-
ferent types of markers without reference to the sex will
detect historical differences in gene-flow, even if it has
disappeared today.

Inference from bi-parentally inherited
markers
Different parameters were measured to infer sex differ-
ences in migration rates from bi-parentally inherited gen-
etic markers. These methods generally rely on a parti-
cular sampling scheme of individuals in the sub-
populations. As allele frequencies are equally ran-
domized between males and females in the offspring, it
is possible to detect contrasted population differentiation
among sexes if individuals are sampled after dispersal.
Therefore, for species in which dispersal occurs during
the juvenile stage, it is optimal to sample adults and if
possible not their progeny. Indeed, sampling the progeny
will reduce the ability of the tests used to detect sex-
biased dispersal.

Relatedness between individuals
Several authors have used the relatedness between indi-
viduals to infer dispersal differences between sexes
(Ishibashi et al, 1997; Piertney et al, 1998; Knight et al,
1999; Surridge et al, 1999). Their logic can be summarised
as follows: if individuals do not disperse far from the
natal site (or group), one would expect individuals living

in close proximity to be more related, on average, than
individuals taken at random from the whole population.
Therefore, in a situation where one sex is philopatric and
the other sex is dispersing, individuals of the philopatric
sex will have higher relatedness than those of the disper-
sing sex. In subdivided populations, it is possible to
assess the relatedness between all pairs of individuals of
each sex in each sub-population and test whether
relatedness is higher for one sex than for the other. In
instances where sub-populations are not well delimited,
it is possible to test whether there is a relationship
between relatedness and geographic distance for each sex
and whether this relationship is the same for both
(Knight et al, 1999). In all cases, the comparison between
sexes potentially raises the statistical problem of pseudo-
replication (ie the number of degrees of freedom is arti-
ficially increased) that we must take into account. We will
return to this point below.

Fst

Another way to infer a bias in migration rates between
males and females comes from the comparison of
Wright’s Fst estimators computed both for males and
females among sub-populations (Rassman et al, 1997; Bal-
loux et al, 1998; Mossman and Waser, 1999). Indeed, Fst

is a parameter measuring the genetic differentiation (ie
differences in allelic frequencies) between populations
(Hartl and Clark, 1997). Thus, following the same logic
as when using relatedness, one can expect that the sex
with higher dispersal will have a lower between-sub-
populations Fst value compared with the sex that is dis-
persing less (eg Mossman and Waser, 1999).

Values of Fst for males and females can be compared
three ways. First, one can compute the global Fst over
all loci and sub-populations for each sex separately and
generate confidence intervals by randomisation pro-
cedures (eg bootstrapping over loci, Goudet, 1995). If
confidence intervals do not overlap for the two sexes, one
can conclude that a significant difference exists (eg Moss-
man and Waser, 1999). The second way corresponds to
the comparison of pairwise Fst values (between each sub-
population pair) obtained for each sex (Rassman et al,
1997). However, this latter method again potentially
raises the problem of pseudoreplication (see below).
Finally, Goudet et al (in press) have recently proposed a
new method based on a randomisation procedure. The
principle of this method is to generate independent ran-
dom samples under the null hypothesis of no difference
between males and females by randomly assigning a sex
to individuals in each sub-population, but still respecting
the observed sex ratio. A statistic (for example the differ-
ence between estimates of male and female Fst) is calcu-
lated from each randomly created data set and is com-
pared with the statistic obtained from the observed data
set. The P-value of the test is then computed as the pro-
portion of randomly obtained statistics with equal or
more extreme values than the observed one (Goudet et
al, in press). This method presents the advantage to elim-
inate pseudoreplication problems.

Vitalis (in press) has proposed another method to infer
(and to quantify) sex-specific dispersal rates from Fst esti-
mates. The author has shown, in particular, that the ratios
of sex-specific Fst parameters evaluated after dispersal
over Fst evaluated before dispersal are simple functions
of sex-specific dispersal rates. Thus, the sex-specific
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all X � ( , }) where �̂xx is the multilocus estimator of
Fxx

st among individuals of sex X sampled after dispersal
and �̂* is the multilocus estimator of F*st among individ-
uals sampled before dispersal.

Assignment probabilities
The last method found in the literature was first applied
by Favre et al (1997) to detect a bias in dispersal in the
rodent species Crocidura russula. The authors used an
‘assignment index’ to determine the probability of a
genotype originating from the population in which the
individual was collected, as a way to distinguish poten-
tial immigrants from residents (Waser and Strobeck,
1998). An individual assignment index corresponds to the
expected frequency of its genotype across all loci in the
population in which it was collected (Paetkau et al, 1995;
Waser and Strobeck, 1998). Because authors employing
this method were not interested in population effects
(which may arise from different levels of genetic
diversity), assignment indices were corrected by sub-
tracting assignment population means after log-trans-
formation. Individuals with a strongly negative corrected
assignment index have rare genotypes and thus are
potentially immigrants or of recent immigrant ancestry.
In terms of detecting sex-biased dispersal, Favre et al
(1997) predicted that the more dispersing sex should
have, on average, lower expected frequencies than the
philopatric sex. Mossman and Waser (1999) used this
method to detect a sex-biased dispersal in the white-
footed mouse, Peromyscus leucopus along with the more
traditional method based on comparisons of Fst.

From assignment indices, another method was
developed to detect an asymmetric dispersal between
sexes (Favre et al, 1997; Mossman and Waser, 1999). This
method is based on the variance of corrected assignment
indices. Variance is expected to be larger for the sex dis-
persing most (providing that not all individuals of one
sex disperse).

With these methods, male and female parameters
(mean or variance of corrected assignment indices) can
also be compared using the randomization procedure
proposed by Goudet et al (in press).

Power of the methods
The power of some of the genetic methods used to detect
a sex-biased dispersal (Fst, mean or variance of corrected
assignment indices) has been recently tested by Goudet et
al (in press) by computer simulations. From their results,
many factors may influence the power of these tests,
including dispersal rate, bias intensity and sampling
scheme. It seems however that the two best methods
(depending on population structure) are those based on
Fst (for high dispersal rates) and on the variance of cor-
rected assignment indices (for low dispersal rates)
(Goudet et al, in press).

Inference from the comparison between
markers with different modes of inheritance
The comparison of genetic markers with different modes
of inheritance, in particular sex-specific vs autosomal
nuclear markers (eg allozymes, microsatellites), has con-
stituted the principle method used to infer patterns of
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differential migration of sexes. This general approach has
been applied to different vertebrate organisms including
mammals (Melnick and Hoelzer, 1992; Baker et al, 1998;
Seielstad et al, 1998; Pérez-Lezaun et al, 1999; Mesa et al,
2000; Escorza-Trevino and Dizon, 2000), birds (Guttierez,
1994; Gibbs et al, 2000; Piertney et al, 2000), reptiles (Karl
et al, 1992; FitzSimmons et al, 1997; Rassmann et al, 1997)
and fishes (Ferguson et al, 1993; Taylor et al, 1997; Patton
et al, 1997). These different studies have employed several
kinds of uni-parentally inherited markers (eg mtDNA, Y-
linked markers). Although several Y- or W-linked genes
have been identified in various mammalian and avian
species respectively, few have proven to be sufficiently
variable to be of particular utility in population genetics
and thus were rarely employed for this type of problem
(however, see studies on human dispersal and the use of
short tandem repeats on the Y-chromosome, Seielstad et
al, 1998; Pérez-Lezaun et al, 1999). In general, most mol-
ecular studies of sex-biased dispersal have relied on data
from mtDNA in conjunction with those from nuclear
markers.

The justification for the use of this comparative marker
approach is that, for uni-parentally inherited markers,
one sex does not contribute to a part of the genome of its
offspring. In contrast, for bi-parental markers, both sexes
contribute to the genetic diversity of the progeny. In this
respect, differences in the level of genetic structure
between the two kinds of markers are expected when sex-
biased dispersal occurs. For species in which females are
philopatric and males disperse, genetic differentiation
between populations is expected to be higher when esti-
mated using mtDNA (or another maternal marker) than
using a bi-parental marker. This prediction is consistent
with many genetic analyses of dispersal patterns in spec-
ies known to have male-biased dispersal (eg Melnick and
Hoelzer, 1992; FitzSimmons et al, 1997; Rassmann et al,
1997; Baker et al, 1998).

In the same way, differences in migration behaviour
between sexes can also influence the level of genetic vari-
ation of paternally inherited DNA markers. Studies of
human dispersal have shown a higher degree of genetic
differentiation among populations using Y-chromosome
genetic markers compared to mtDNA markers. These
results have suggested a higher migration rate for
females in human populations (Seielstad et al, 1998;
Pérez-Lezaun et al, 1999).

Statistical analyses and problems raised
Although comparative marker approaches have been
used in several studies, some authors have stressed the
fact that results have to be interpreted carefully (eg Seiel-
stad et al, 1998). Indeed, a difference in the level of genetic
structure between different markers may be the outcome
of their divergent mutation rates and/or effective popu-
lation sizes (Chesser and Baker, 1996).

Mutation rate, in particular, can intervene in the degree
of differentiation found between populations. Assuming
an infinite island model, at equilibrium Fst is equal to
1/[1 + 4N(m + �)] in diploid systems (bi-parental
markers) and 1/[1 + N(m + �)] in haploid ones (uni-par-
entally inherited markers), where N is the effective popu-
lation size, m the between-population migration rate and
� the mutation rate of the genetic marker. Mutation rates
may be very different between different types of markers
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(eg Balloux et al, 2000) and may thus influence the level
of observed genetic differentiation. To help avoid such
problems, markers with similar mutation rates should
ideally be used (eg Balloux et al, 2000).

The effective population size of haploid and diploid
systems can also greatly influence the level of genetic
structure observed for uni-parentally and bi-parentally
inherited markers. It is generally assumed that the effec-
tive population size of haploid systems is four times less
than in diploid systems in gonochoric species (see above)
(Seielstad et al, 1998). However, Chesser and Baker (1996)
have pointed out that this assumption is generally
erroneous in natural populations due to a violation of the
random mating assumption. Thus the effective popu-
lation size of uni-parentally inherited genes will not
always be smaller than diploid equivalents. The effective
population size depends ultimately on the distribution of
genetic diversity across sub-populations, which itself is a
function of breeding characteristics (polygamy vs mon-
ogamy, size of the breeding group), of number of surviv-
ing progeny and of relative sex-specific dispersal levels.
For example, under strong polygamy and low variance
in reproductive success of females, the effective popu-
lation size of bi-parentally inherited genes is smaller than
that of maternally inherited genes (Chesser and Baker,
1996). Therefore, for the sake of accuracy, the estimate of
male and female dispersal rates from estimates of differ-
entiation provided by uni-parentally and bi-parentally
inherited markers, requires the use of population genetic
models that include the maximum information on the
demographic parameters of the studied species (eg Petit
et al, 2001).

For bi-parentally inherited markers, the comparison
between male and female parameters (such as pairwise
Fst or between-individual relatedness, R) potentially
raises a statistical problem of pseudoreplication. Indeed,
the sample size nx (ie the total number of sub-populations
or individuals analysed for each sex) is lower than the
number of pairwise measures generated out of these data
sets (there is nx(nx − 1)/2 parameter values for nx

observations). This means that the number of degrees of
freedom is artificially increased and therefore, in turn, the
power of the test is similarly artificially increased.

This problem has rarely been taken into account. To
our knowledge, only Knight et al (1999) have proposed
statistical methods to avoid this caveat. Their analysis of
dispersal patterns in Cichlid fishes was based on the use
of a relatedness coefficient computed for each individual
pair of each sex. They proposed two methods to account
for pseudoreplication. For the first, a separate regression
of relatedness coefficient (R) on geographic distance (D)
was calculated for each individual. This resulted in nx

individual regressions for each sex (where nx is the total
number of individuals sampled for each sex and
x � { , }). The slopes of all these individual regressions
were then compared between sexes. The second
approach was based on a comparison of means of ranked
R-values. For each individual, the R-values (and corre-
sponding D-values) were ranked in descending order
and the means of ranked values were computed for both
relatedness and distance. The slopes of the regression of
the Rmean on Dmean obtained for males and females were
then compared. This gave nx − 1 data points because an
individual could not have an R-value with itself. Note
that, for these two methods to be applied, the existence

of isolation by distance is required. If this does not apply,
other techniques must be employed.

Designing the comparison between sexes using data
from any population no more than once or comparing
the difference observed between sexes in our sample with
the distribution generated by randomly assigning a sex
to individuals in each sub-population respecting the
observed sex ratio (Goudet et al, in press), are other poss-
ible way to eliminate pseudoreplication.

Conclusion
The degree of faithfulness to the natal site or social group
is often sex-dependent. This specific dispersal pattern has
received the name of sex-biased dispersal. In general,
most mammalian species with asymmetric philopatry
exhibit a male-biased dispersal, whereas most avian spec-
ies exhibit a female biased dispersal. One likely conse-
quence of such asymmetric dispersal rates is that a spec-
ies will show different patterns of population structure
for males and females. Sex-biased dispersal can therefore
be detected by using the information contained in bi-par-
entally and/or uni-parentally inherited genetic markers.

While genetic methods to detect a bias in dispersal
between sexes are now relatively well developed, their
interpretation can prove problematic because of the
influence of different factors such as the breeding struc-
ture of the studied species (notably for methods based on
the comparison between markers with different modes
of inheritance). Therefore, we recommend considerable
caution in the interpretation of observed genetic patterns.

Finally, the genetic consequences of sex-biased disper-
sal at the within sub-population and metapopulation lev-
els are still poorly documented. Theoretical predictions
are now relatively well established, but we lack empirical
data. Prout (1981) showed through an infinite island
model that sex-biased dispersal results in a differen-
tiation between males and females within each sub-popu-
lation and thus leads to a heterozygous excess in the pro-
geny. In this sense, sex-biased dispersal may act as a
deterministic force counteracting the effects of inbreed-
ing. Such predictions underline the importance of this life
history trait in the ecological genetics of species. We hope
that with the proper use of genetic inference methods, it
will be possible to establish the general influence of sex-
biased dispersal in the functioning of natural popu-
lations.
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