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METAPOPULATION MODELS: THE RESCUE EFFECT, THE
PROPAGULE RAIN, AND THE CORE-SATELLITE HYPOTHESIS

Metapopulation models are important tools for understanding distribution and
abundance of organisms on large spatial scales (Levins 1969a; Hanski 1989).
These models integrate local population dynamics with immigration and extinc-
tion events occurring between population sites (Levins 1969a, 1970; den Boer
1981; Hanski 1982, 1989). In this sense, they form a bridge between the tradition-
ally separate domains of population ecology (local abundance) and biogeography
(regional occurrence) (Andrewartha and Birch 1954; Hanski 1982).

Metapopulation models provide a useful framework for understanding both
correlative (Gill 1978; Hanski and Ranta 1983; Harrison et al. 1988) and experi-
mental (Bengtsson 1989) data on distribution and abundance of natural popula-
tions. Extensions to the optimal design of subdivided nature reserves are also
promising (Quinn and Hastings 1987).

Levins (19694, 1970) introduced an important class of metapopulation models
of the following form:

dp/dt = immigration rate — extinction rate, (D

in which p is the fraction of occupied population sites in a homogeneous habitat.
Thus, 0 = p = 1. If p = 1, all population sites are occupied and if p = 0, regional
extinction has occurred. The immigration rate is the number of successfully colo-
nized empty sites/time and the extinction rate is the number of extinctions in
occupied sites/time. This type of mode! is analogous to population models in
which the rate of change of abundance is expressed as the difference between
birth and death rates (Hutchinson 1978). In Levins’s initial model:

dp/dt = ip(1 — p) — ep, )

in which i and e are the probabilities of local immigration and extinction, respec-
tively. At equilibrium:

p=1-celi. 3)

Thus, if i exceeds e, there is a single, internal equilibrium for p. Levins (1970)
also considered a stochastic version of equation (3) in which e is not a constant
but a random variable. If i > ¢ + o2, the model predicts a unimodal distribution
with a peak atp = 1 — (¢ + o?)/i.

Hanski (1982) objected to Levins’s model on the grounds that the probability
of local extinction (¢) was independent of regional occurrence (p). Hanski formu-
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