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a b s t r a c t

In this paper, we study a predator–prey model which has one prey and two predators
with Beddington–DeAngelis functional responses. Firstly, we establish a set of sufficient
conditions for the permanence and extinction of species. Secondly, the periodicity of
positive solutions is studied. Thirdly, by using Liapunov functions and the continuation
theorem in coincidence degree theory, we show the global asymptotic stability of such
solutions. Finally, we give some numerical examples to illustrate the behavior of the
model.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The dynamical relationship between predators and prey has been studied by several authors for a long time. In those
researches, to represent the average number of prey killed per individual predator per unit of time, a functional, called
the functional response, was introduced. The functional response can depend on only the prey’s density or both the prey’s
and the predator’s densities. However, some biologists have argued that in many situations, especially when predators
have to search for food, the functional response should depend on both the prey’s and the predator’s densities [1–6]. One
of the most popular functional responses is the fractional one as in the following prey–predator model. It is called the
Beddington–DeAngelis functional response:

x′

1 = x1(a1 − b1x1) −
c1x1x2

α + βx1 + γ x2
,

x′

2 = −a2x2 +
c2x1x2

α + βx1 + γ x2
.

In this model, xi(t) represents the population density of species Xi at time t (i ≥ 1); X1 is the prey and X2 is the predator.
At time t, a1(t) is the intrinsic growth rate of X1 and ai(t) is the death rate of X2; b1(t) measures the inhibiting effect of
the environment on X1. This model was originally proposed by Beddington [7] and DeAngelis et al. [8] independently. Since
the appearance of these two investigations, there have been many other ones for analogous systems with diffusion in a
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