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Seedling establishment in a patchy environment'
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Abstract: Models of gene flow in plants have often assumed a homogeneous landscape in which seed survivorship is
independent of dispersal distance. However, most landscapes are patchy, which may have important implications for gene
flow. We consider the situation where plants have already dispersed into an area, and consider the effects of the (/) proportion
of uninhabitable patches; (ii) proportion of habitable patches that are empty: (iii) survivorship of plants; and (iv) proportion
of seed dispersed out of the patch of origin. We looked at the effects of these on the ratio of mean seedling establishment
distance to mean seed dispersal distance. For most combinations of these parameters, mean seed dispersal distance is an
underestimation of gene flow. This effect can be large when most seeds remain in the parent patch, a situation common in
nature. The model predicts that dispersal increases as the number of local patches becoming lemporanly extinct increases,
while dispersal decreases, as the number of permanently empty patches increases.
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Résumé: La plupart des modeles traitant de la transmission des génes chez les plantu assument que ces derniéres se trouvent
dans un paysage homogene dans lequel la survie des graines est indépendante de la distance de dissémination. Toutefois. la
plupart des paysages sont fragmentés, ce qui peut avoir des conséquences xmponamcs pour la transmission des génes. Dans
ce travail, nous avons élaboré un modele ot les plantes sont déja disséminées au sein d’une aire donnée et qui tient compte
des paramétres suivants : (i) la proportion de parcelles impropres i I'établissement des plantes, (if) la proportion de parcelles
propres 2 I'établissement des plantes, mais ol ces dernieres sont néanmoins absentes, (iif) le taux de survie des plantes et (iv)
la proportion de graines disséminées hors de leur parcelle d"origine. Nous avons observé les effets de ces parametres sur le
rapport entre la distance moyenne d'établissement des graines et la distance moyenne de dissémination des graines. Pour la
plupart des combinaisons de ces parametres, la distance moyenne de dissémination des graines est une mesure qui sous-
estime I'importance de la transmission des genes. Cet effet peut étre important lorsque la plupart des graines demeurent au
sein de leur parcelle d’origine, une situation commune en nature. Le modele prédit une augmentation de la dispersion a la
suite d"une augmentation du nombre de parcelles locales disparues temporairement, alors que la dispersion diminue avec une
augmentation du nombre de parcelles vides permanentes.

Mots-clés: parcellaire, flux génique. hétérogénéité, établissement des plantules. pluis de graines.

Introduction

Gene flow is an important determinant of the genetic
structure of species, and accurate estimates of gene flow are

fiindameaental ¢
fundamental to understanding patterns of genetic variation

(Endler, 1977; Slatkin, 1985). Gene flow has two aspects:
gene flow amount (generally measured as numbers of
immigrants into recipient populations) and gene flow
distance (mean distance moved by successfully establishing
progeny). In this paper we consider factors affecting gene
flow distance. In plants, gene movement occurs via both
seed and pollen (Levin, 1981), and many estimates of gene
flow include both of these (e.g., Levin & Kerster, 1968;
Beattie & Culver, 1979; Waser & Price, 1983; Lack & Kay,
1987; Fenster, 1991a; Rasmussen & Brodsgaard, 1992;
Eguiarte er al., 1993; Weiblen & Thomson, 1995). Gene
flow via pollen and geneflow via seed are in many respects
qualitatively different; for example, pollen can only
disperse successfully into existing populations, whereas
seeds can found new populations.

Gene flow distances are difficult to measure accurately.
Tracking seeds and pollen grains often presents problems,
especially at the tails of the distribution, which tend to be
undersampled (Schaal, 1980; Levin, 1981; Ennos & Clegg,
1982; Fenster, 1991b). Spatial variation in survivorship of
propagules can also have an important effect on gene flow.
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In plants, only a small fraction of seeds or pollen grains in
each ﬂeneration survi\‘c (Hurper 1977), and survivorship is
Smallwood, 1982, Augspurgu, 1984, Wa,ser & Pnce, 1989,
Schmitt & Gamble, 1990; Molofsky & Augspurger, 1992).
The success of pollen has been shown to be related to
distance of movement (Price & Waser, 1979; Fenster,
1991b; Waser & Price. 1991), but relatively little attention
has been given to the effects of temporal and spatial hetero-
geneity of the habitat on gene flow through seed dispersal.
The estimation of gene flow from seed dispersal
distances rests on the implicit assumption that seedling
establishment sites are randomly distributed. This is most
likely to be true for species occupying a stable, homoge-
neous landscape, a situation not very common in nature.

‘Most habitats are patchy, and the patches vary both in space

and time. Many landscapes are subjected to frequent distur-
bances that yield a spatial mosaic of plant communities and
habitats (White, 1979). Because the elements of this mosaic
change through time, availability of habitats is predictable
over large areas but unpredictable on a smaller scale. For
example, frequent fires in boreal forests may give rise to
patches of various ages resulting from past disturbances
(Heinselman, 1973; Rowe & Scotter, 1973; Baker, 1992). In
such a system, some plant species survive disturbances in
place, and others track ephemeral habitat patches.



for many species (Hastings & Harrison, 1¥Y4; vverton,
1994). In this paper, we examine the effects of patch
dynamics on gene flow in plants, using a model that
addresses differences between the mean seedling establish-
ment distance (gene flow via seed) and mean seed dispersal
distance.

The model

OVERVIEW

Consider a plant species in a landscape consisting of
randomly distributed habitat patches of equal size. A
proportion (P,) of the patches is uninhabitable by the
species. (All proportions are designated as P,, where x
indicates the type of proportion, and Q, = 1 - P_; Table I) In
each generation, disturbance or environmental change elimi-
nates all individuals in a proportion (P,) of the habitable
patches, creating empty patches that are available for recol-
onization. Thus three types of patches are considered in the
model: uninhabitable (P,), habitable and occupied (0,09,
and habitable but empty (Q,P,). When all patches are
habitable (P, = 0) and occupied (P, = 0), the species occurs
everywhere in the landscape.

The life cycle of the modeled plant is as follows: each
generation of plants disperses seeds, then a certain propor-
tion of individual plants die within occupied patches, and a
certain proportion of patches are completely emptied. Seeds
disperse freely among patches, filling up all available space
in both occupied and empty patches. By the start of the next
generation, all available space is full of N individuals again.
Therefore, within in each patch, plant populations show
extreme density-dependence.

We model the state of the system at equilibrium. Our

goal is to determine the ratio of the mean seedling establish-

ment distance to the mean seed dispersal distance, and to
examine the effects of patch properties and life history
characteristics on this ratio.

TaBLE I. Model parameters

P./Q, proportion of uninhabitable/inhabitable patches
P,IQ, proportion of empty/full patches
PIQ, proportion of seeds surviving/dying in a patch
P,IQ, proportion of seeds falling inside/outside the parent patch
N carrying capacity of a patch
d distance, in units of patches (i.e., d =1 means

one patch away).
S(d) # of seeds from each plant falling at distance d
S total # of seeds produced by each plant
Est(d) # of seeds from each plant establishing at distance d
Exp(d) expected mean seedling establishment distance
FallFull # of seeds that fall into an occupied patch
P(fullld) the probability of a seed falling into a full patch, given

that the seed falls a distance d away

P(establishifull) the probability of a seed establishing, given that it falls
into a full patch

EstFull # of seeds that establish in an occupied patch
FallEmpty # of seeds that fall into an empty patch
EstEmpty # of seeds that establish in an empty patch

Let 5(d) and Est(d), respectively, represent the number
of seeds from each plant falling and establishing at distance
d. Because patches are distributed randomly, any seed
falling outside the parent patch has a probability of landing
in a given patch type that is independent of distance. Thus,

Est(d) =
S(d)P(fullld)P(establfull) + S(d)P(emptyld)P(establerhpty) [1]

Where P(fullld) = the probability of a seed falling into a full
patch, given that the seed falls a distance
d away,

P(establishlfull) = the probability of a seed establishing,
given that it falls into a full patch, with
similar definitions for P(emptyld) and
P(establishlempty).

At d = 0, seeds fall into the same patch as the parent plant,
which is, by definition, an occupied patch.
Thus,
P(fulll0)= 1 (2]
and
P(emptyl0) = 0. [3]

Atd > 0, the probability of landing in a certain type of patch
is equal to the proportion of that type of patch.

Thus,

P(fullld > 0) = 0,0, 4]
and

P(emptyl >0) = Q P,. (5]

To find the establishment probabilities, note that given
that a seeds falls into a certain type of patch, the probability
that it establishes is equal to the amount of available space
in that patch, divided by the number of seeds falling into
that space. If FallFull and EstFull equal, respectively, the
number of seeds that fall and establish in an occupied patch,
then

. EstFull
P(establishlfull) = EallFall 6]
similary, for empty patches,
. EstEmpty
P(establishlempty) = FallEmpty [7]

The number of seeds that establishes in an occupied
patch each generation is equal to the number of plants that
die in tha; patch, and the number that establishes in an
empty patch is equal to the total carrying capacity of that
patch.

Thus,
EstFull = N O, (8]
EstEmpty = N. 9]

To estimate how many seeds fall into different types of
patches overall, let

S = total # seeds produced by a plant (= X S[d]).

Then P = S©)

P TS s@) [l
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