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A mathematical model of population dynamics

with a predator’s behavioral change by the Batesian mimic prey
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In this work, we analyze a mathematical model of the population dynamics among a model, a mimic, and
their predator populations. The predator changes its predation probability by memorizing and forgetting its
search image. We analyze a mathematical model consisting of the per day population dynamics with ordinary
differential equations, the per season population dynamics with difference equations, and the per year population
dynamics with difference equations. The reproduction is given by what is called Beverton—Holt model. Each
predation season is composed with the per day dynamics repeated day by day  in 7" days. The predator cannot
distinguish the mimic from the model, so that each predator searches and attacks them with common probability.
Once a predator predates a model individual, it comes to omit both the model and the mimic species from its
diet menu, and then not to search nor attack them in the same day. If a predator predates a mimic individual,
it comes to increase the search and attack probability for the model and the mimic. The predator population
size is assumed to be kept constant, independently of the model and the mimic population sizes. The model
and the mimic population sizes, mj, and z,, at the end of the k th day in the predation season give their initial
values at the beginning of the k + 1 th day. The frequency of predators with higher predation probability, pz'*,
and that with zero predation probability, p; *, at the end of the k th day decreases by a rate until the next day,
because of the predator’s forgetting the searching image. Hence, there is a positive frequency of predators with
an intermediate (native) predation probability at the beginning of each day in the predation season. We derive a
difference equation system to give the relation between (my,xy) and (myy,,2541). With the derived differential
equations, we can get the relation between (m1(0),z1(0)) and (m7,z7). The reproduction of the model and the
mimic populations is given by Beverton-Holt model, which subsequently gives the relation between (m7,z7) at
the end of the predation season and (m1(0),z1(0)) at the beginning of the next predation season. With these
relations, we can derive and analyze the relation between (M, 0,Xn,0) at the beginning of the n th predation
season and (My+1,0,Xn+1,0) at the beginning of the n+ 1 th. Then, we can find the condition for the persistence
of model and mimic populations. At last, we can get the result such that the condition for the persistence of
model does not depend on the mimic population size, while the condition for the persistence of mimic population
does depend on the model population size and the degree of the predator’s memory of the search image.



