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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 inteerate local population dvnamics with immigration and extinc-
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1981; Hanski 1982, 1989). In this sense, they form a bridge between the tradition-
o'lu grapzo'n dampies of poredation oeclagr {lnge' a'wirdosgeyagd hincagegnahi :

(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
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Fic. 1.—A, Extinction rates in Levins’s (ep) and Hanski’s [ep(1 — p)] models; p is the
fraction of sites occupied. The difference between these two curves (shaded region) consti-
tutes the rescue effect. B, Immigration rates in Levins’s and Hanski’s models [ip(1 — p)]
and in eqq. (5) and (7) [i(1 — p)]. The difference between these two curves constitutes the
propagule rain.

lated an alternative model:

dp/dt = ip(1 — p) — ep(1 — p). (@)
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Fic. 3.—Values of p, the fraction of sites occupied for three metapopulation models at
re the probabilities of local immigration and extinction, respectively.
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DISCUSSION

Equations (5) and (7) extend the domain of the metapopulation dynamics mod-
els and illustrate their relatlonshlp to island blogeography models Equatlon (5)
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immigration nor extinction probabilities are affected by regional occurrence. At
the community level, these assumptions form the basis for MacArthur and Wil-
son’s (1967) equilibrium model of island biogeography.

The equilibrium for equation (5) has been derived in several island models (e.g.,
Simberloff 1983). For example, Gilpin and Diamond (1981) followed the approach
taken here and determmed the equ111b1 ium when 1mm1grat10n and extinction rates
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kov model of species occurrence based on constant probabilities of colonization
and extinction (see also Bossert 1968 and Holland 1968 cited in Simberloff 1969).

Roratice the aanilibhriiim ic nat affected Bhyu lacal nontilatinn vroceceeae aaliation
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Unfortunately, the data presented by Gaston and Lawton (1989, fig. 6) are a
weak test of core-satellite switching. Gaston and Lawton plotted abundance of
each species (number of individuals per frond) through time, whereas core-
satellite switching should be tested directly with a histogram for each species of
the frequency of occurrence (fraction of population sites occupied) at different
times. It would be very 1nterest1ng to construct such hlstograms for the insects
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reahzed However, any empirical test of metapopulation models will be problem-
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scales, and the relevant time scale for metapopulation dynamics may be on the
order of decades (Harrison et al. 1988).

Finally, models that incorporate a propagule rain provide insight into the origin
of bimodality in Hanski’s model Blmodallty 1s not 51mply aresult of incorporating
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