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P
lants stand still, but their genes
don’t. This simple assertion, which
provided the title for a special

symposium of the British Ecological
Society in 2000, captures the essential
idea of how plants ‘move’. We have
seen a tremendous recent advance in
our understanding of dispersal pro-
cesses in plant populations (Levin
et al., 2003; Cousens et al., 2008), in
parallel with the recent progress on the
ecology of the movement of living
organisms in general (Nathan et al.,
2008). The dispersal of plant propa-
gules, either pollen grains or seeds,
pervasively affects genetic patterns be-
cause it underpins the demographic
regeneration process that depends on
successful establishment of new indivi-
duals. Harper’s (1977, p 29) statement
that ‘a plant is only the means by which
a seed produces more seeds’ empha-
sizes the pivotal role that the seed
cohort, produced at the end of each
reproductive episode, has in plant de-
mography.

Recent attempts to understand this
key role of dispersal processes in plants
stem from pioneering work in the late
eighties and nineties of the past century,
notably Ennos (1994). This highly cited
Heredity paper was the first to model the
relative contributions of seed and pollen
movement to the total gene flow in
plant populations. Ennos developed his
model based on the fact that, for
biparentally or paternally inherited
DNA, gene flow results from both
pollen and seed dispersal events; in
contrast, for maternally inherited DNA,
only seeds disperse the genes. As a
result, levels of population differentia-
tion should vary for markers with
distinct types of inheritance. Therefore,
if estimates of population differentiation
(that is, FST values) are available for
both types of markers, the relative
contributions of pollen and seed dis-
persal to the total gene flow can be
derived. Previous attempts in this direc-
tion had either failed to distinguish
between the two components of disper-
sal (pollen and seed) or had addressed
only one of them (pollen). When mar-

kers obtained from the organelle gen-
omes became widely available for
scrutiny, approaches based on Ennos’
suggestions were readily applied.
Chloroplast genomes, maternally inher-
ited in most angiosperms and pater-
nally derived in gymnosperms, and/or
mitochondrial genomes, maternally in-
herited in most plants, provided a
useful instrument to measure the popu-
lation differentiation and to compare
with measures derived from nuclear
markers.

The central contribution of Ennos
(1994) was therefore to provide a testa-
ble model relating the estimated levels
of gene flow for the different types of
markers to the levels of interpopulation
pollen and seed dispersal. This opened
new avenues to understand the distinct
signals that seed and pollen dispersal
events have in plant populations
(Petit et al., 2005). For example, the
available data for the Quercus oak
complex evidenced an extreme ratio of
B200 between differentiation values
for nuclear (biparentally inherited),
Fst(b)¼ 0.037, vs maternally inherited
markers, Fst(m)¼ 0.884 (Ennos, 1994).
Whereas the pollen flow in outbreeding,
wind-pollinated Quercus can be exten-
sive, acorn dispersal is likely much
more local, either in disturbed stands,
wherein the major acorn dispersers are
absent or have low abundances, or in
closed stands, wherein opportunities for
seed establishment are very rare. Most
data available until recently were for
wind-pollinated and abiotically dis-
persed seed species, and consequently
most evidence indicated that gene flow
among established populations tends
to occur primarily through the pollen
(Petit et al., 2005). However, an increas-
ing number of species with animal-
dispersed seeds for which regular
long-distance dispersal has been de-
monstrated (for example, Hardesty
et al., 2006; Jordano et al., 2007), or the
robust characterization of long-distance
wind dispersal of seeds (Bacles et al.,
2006), caution against generalization.
Most likely, pollen and seed dispersal
interact with each other and can poten-

tially determine a variety of situations
according to the life-history traits of
species and the specific population and
landscape settings. In any case, teasing
apart their relative contributions is a
first step to understanding the factors
that determine the effective neighbour-
hood size (Nb) in plant populations
(Wright, 1943) as a function of the
variance of parent–offspring dispersal
distance (s2) and the effective popula-
tion density (d): Nb¼ 4ps2d. Given that
s2 is a function of the dispersal of both
haploid (pollen) and diploid (seed)
propagules, each dispersal stage will
have an influence on neighbourhood
size in proportion to their respective
variances (Grivet et al., 2009).

Dispersal limitation—that is, the de-
mographic process by which seeds fail
to reach and recruit in portions of the
forest (Harms et al., 2000; Muller-Land-
au et al., 2002)—can have far-reaching
consequences not only for the demogra-
phy of plants but also for the fine-scale
patterns of genetic structure and the
local species composition of forest
stands (Vekemans and Hardy, 2004).
In particular, dispersal of seeds not only
entails the movement of new genotypes,
but also determines how these are
distributed among different microsites
and therefore might have a larger
influence on the neighbourhood size
and local genetic structure (that is, on
the spatial patterns of relatedness
among dispersed progeny). For in-
stance, imagine a progeny of 100 seeds,
fathered by, say, Nep¼ 8 pollen donors.
These seeds can be scattered by animal
frugivores among 10 distinct microsites,
or be deposited in a clump of all the 100
seeds in a single site. The more clumped
dispersal of the latter case could create a
genetic bottleneck despite a large effec-
tive number of sires in this progeny,
given that all new genotypes are dis-
persed to the same microsite. Thus, the
local genetic structure of new recruits
can be extremely marked, owing to
restricted, clumped dispersal, even
when pollen flow has been extensive
(Torimaru et al., 2007; Grivet et al., 2009).
The approach outlined by Grivet et al.
(2009) attempts to dissect Ne, the effec-
tive number of parents for a given patch
of new recruits, into the numbers of
pollen (Nep) and seed parents (Nem)
computed from kinship coefficients.
Their analysis of the fine-scale genetic
structure of Quercus lobata patches
indicates that, despite a relatively
large contribution of pollen dispersal
to gene flow, highly restricted acorn
dispersal reduced significantly the
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effective number of trees contributing
propagules, either by pollen or by seed,
to a given patch of seedlings. Given the
omnipresence of the seed dispersal
limitation in many natural settings
(Harms et al., 2000; Muller-Landau
et al., 2002), even efficient dispersal of
pollen could hardly compensate the
short-term effects of highly aggregated
seed dispersal. Seed dispersal limitation
can therefore pervasively constrain the
extent to which male gametic gene flow
contributes to local genetic structure.

All the above conceptual and metho-
dological approaches to assess the
contributions of pollen and seed move-
ments to the overall gene flow levels in
natural plant populations hold great
promise for the preservation of natural
levels of genetic diversity and for
the cohesiveness of plant metapopula-
tions at the landscape level. Contem-
porary dispersal events underpin the
connectedness among isolated patches,
fragments or demes occurring in com-
plex landscapes. We are still far from
understanding the proximate factors
that contribute to such connectedness
(Urban and Keitt, 2001; Levey et al.,
2008). For example, when animals med-
iate pollen or seed dispersal, a particu-
lar species might be responsible for
maintaining this connectedness among
certain patches by contributing long-
distance dispersal events; other species
might be responsible for maintaining
the effective in situ regeneration needed
for a particular patch to persist in time.
Thus, extinction of mutualists that sig-
nificantly and distinctly contribute to
these components of pollen and/or seed
flow can ultimately collapse the con-
nectedness of the metapopulation.

The contribution of Ennos (1994)
pioneered the spatially explicit analysis
of movement patterns in plants, as the
ability to dissect the pollen and seed
contributions to gene dispersal repre-
sents a key advance in landscape
genetics. Understanding the fundamen-
tals of dispersal and its genetic bases
in natural populations represents a

challenge from both theoretical and
methodological perspectives. Ennos en-
visioned these challenges by advocating
a more integrative and quantitative
analysis of organelle genomic variabil-
ity, taking advantage of the established
fact that different marker types can be
used in combination to address the
fundamental biological questions about
dispersal.
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