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Abstract In this paper we first investigate the system with the influence of delay
and migration and give a theoretical analysis of the alternative change of the stability
discovered by Stepdn with computer program, then we reduce the system with the center
manifold theorem and present an approximation form of Hopf bifurcation solutions.
Finally we give the numerical analysis of stability for a concrete periodic solution.
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1. Introduction

The Prey-Predator systems have been interesting many ecologists and mathemati-
cians ([1-5]). Moreover the periodic phenomena of the systems are the focus of study.
In this paper we first investigate the systems with the influence of delay and migration,
and give a theoretical analysis of the alternative change of the stability discovered by
Stepdan with computer program; then we reduce the systems with the cenfer manifold
theorem, and present an approximation form of Hopf bifurcation solutions. Finally
we give the numerical analysis of stability for a concrete periodic solution. The Prey-
Predator model assumes the form :
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N(0,t) = N(m,t) = ~

P(0,t) = P(m,t) = (1 = %)
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where N and P are the population densities of the prey and the predator respectively;
the parameters d, K, o, 8, v and = are positive constants, d the migration rate, K
the carrying capacity of the prev, a the rate of predation per predator, 3 the rate of
conversion of prey into predator, ~ the specific mortality of predator in absence of prey,
¢ the specific growth rate of prey at zero density in absence of predators. With the
help of the smlz;g weight function w(r), the model takes the density of the prey in

the past with w(r)dT =1 into account. Since this paper discusses the stability of

equilibrium an{? Hopf bifurcation, the influence of the initial value is not important,
and it will not mentioned afterwards. Let us take the transformation
u=N- %, v=P— i(l - —L)
For determination, let the weight function be w(r) = 1 [2[6(0) + é(r)], where r indicate
the delay amount. Similar to that in (1], let the parameters be ¢ = § = ~ = ¢ = 1,
K = 2,then the equations assume the form
1 1

1 1 1
U = dvgy + Eu + -iu{:x:,f - ) +@(§u + ulx, - r}) . (2]

u(0,t) = w(w,t) = v(0,t) = v(m,£) =0

In the discussion below, r is considered as a parameter. For the sake of covenience,
after the usual time transformatin ¢ = rf, (2) has the form '

T T
Uy = Tillpy — qu—TY = FU° — Ty

v = rdige + E[u +ufz,t—1)] + u;h*u[w, + u{z,t —1)] (3)

w(0,t) = u(m, t) = v(0,t) = v(a,t) =0

In these equations, we always agree on that the function valuation will be taken at (z,1)
when we do not indicate the variable, We will analyse the law of the stability change
of the trivial solution of (3), and discuss the existence, approximation expression and
the stability of Hopf bifurcation solutions. Similar to the method used in [1, 5, 6, 7,
8], we transform the problem (3) into the problem of the abstract operator differential
equation first,

2. Abstract Operator Differential Equation

4
Let X denote {( A ) Ifi € LF{0 7}, i = 1,2}, the || - ||lx = E||f1-||;, O S0me
f?[ﬂ*} g1

equivalence norm are equipped with X . let B denote

{( fi(z,0) ) V8 € [-1, 0], ( S, 6) ) € X and || - || x is continuity for E}

fa(z, 0) fa(z, 8)




