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A non-standard mean-field approximation model involving the characteristics of spatial distribution

in the lattice space dynamics
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Interaction such as predation and competition often occurs in a spatial scale much smaller than
the scale of spatial population distribution. For some species which mobility is restricted in a
specific spatial scale, the characteristics of the spatial population distribution significantly affect
the dynamics of the average density over the whole habitat space. The lattice model or the cellular
automaton model is useful for modeling such a spatially structured population dynamics. The lattice
model is generally analyzed by using the computer simulation. The mean-field approximation model
is used in order to analyze the dynamics of the average density over the whole space in the lattice
model. However, it does not always give an appropriate approximation. Considering a specific
predator-prey system on a two dimensional square lattice space, we develop and propose a non-
standard mean-field approximation model involving the characteristics of spatial distribution. Our
model gives a more appropriate approximation of the averaged prey density than the standard mean-
field approximation model does. In some cases, the proposed non-standard approximation model is
more appropriate than the pair approximation model, while our model has a simple structure as the
mean-field approximation model.
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dp,
P Bpa(l = po — py) — apy {1 = (1= p,)"}
T = bap, {1 = (1= )"} = bp, (1= p)"
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