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A mathematical model for the metapopulation dynamics about the competition for space
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We consider a metapopulation dynamics model with N species competing for space in a patchy environment.
In our model, each patch is alternatively occupied by a species or vacant. The species are ranked and
labeled in the order of the competitive dominance. Each species could take away a patch occupied by
the subordinant species, though can never do any patch occupied by the dominant species. With these
assumptions, we consider the model (1). The species 7 is competitively dominant over the species j for ¢ > j.
pi(t) is the frequency of patches occupied by the i th species at time t. f; is the dispersion coefficient of the
i th species, §; the extinction rate for the i th species at the its occupied patch, s;; the coefficient of the
i th species’ successfully taking away a patch occupied by the j th , a; the coefficient of the i th species’
successful settlement at a vacant patch. f;p;(t) is the effective size of dispersing subpopulation of the i th
species at time ¢. F; is the frequency of species i in the dispersers from the 1st to the k th species. The
probability to successfully take away a patch occupied by the subordinant species is proportional to the
size of the dispersing subpopulation. In this work, as the first step, we analyzed the two-species version of
(1). We found that the competitively dominant species goes extinct while the subordinant species persists,
if the dispersivity of the subordinant species is sufficiently stronger than that of the dominant when it is
hard for the dominant disperser to take away the subordinant patch, or if the natural extinction rate of
the subordinant species’ patch is sufficiently large when it is easy for the dominant disperse to take away
the subordinant patch. Our result implies that the dispersivity significantly contributes to the coexistence
of different species in a patchy environment, and that the interspecific competition for space would make a
different competitive conclusion, depending on the patchiness of habitat environment.



