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Keywords: This paper presents a nonautonomous impulsive stochastic differential model of
Nonautonomous competitive system competition between species which contains the classic two-species competitive
Stochastic effects Lotka-Volterra model as a special case. With the theory of impulsive stochastic differential
lmpulseg equations, a good understanding of stochastic permanence and extinction of system is
:;‘1?::32; permanence obtained. Two specific numerical examples are presented to support the analytical results.

Conclusions are also given.
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1. Introduction

It is well known that Lotka [1] and Volterra [2] proposed independently a widely used model of interspecies competition
{x’] (&) = x1()[r1 — X1 (t) — ar2x2 (1)),

X/z(t) = Xz(t) [T'z — anXq (f) - (122X2(f)}7

(1.1)

where x; is the number of individuals of species i at time t; r; is the intrinsic growth rate of species i;a; and a; are,
respectively, the coefficient of intra-specific competition and inter-specific competition. The above Lotka-Volterra model
is subject to some criticisms since it assumes that competitive interactions, both intra-specific and inter-specific, are linear.
Later, Ayala et al. [3] proposed a possible theoretical model of competition between species by adding a nonlinear term of
self-interaction (—b;x?) and obtained

Xy (£) = X1 (8)[r1 — a1x1 (£) — araXa(t) — bix3(t)],

(12)
Xy (t) = X3 (£) [y — X (t) — AxaXa(t) — byx3(t)].

They pointed out that model (1.2) is very good by experimental tests. For the relevant ecology of model (1.2) we refer the
readers to Ref. [3]. To consider the influences of impulsive and stochastic factors on model (1.2) in a fluctuating environment,
it is reasonable to study a corresponding ISDEs (impulsive stochastic differential equations) which may make for a suitable
model as follows
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+01(t)x1(t)dwi (t)

dx:(£) = x1(8)[r1(€) — an1 ()1 (€) — ar2(E)X2(€) — b1 (£)x3(t)]dt
(
t # Ty,
t

dx (t) = X5 (£) [r2(£) — @21 (£)x1 (t) — Az (£)X2(t) — b (£)x5(t)]dt
+02(t)X2(£)dw, (1)
X1 (T;) = (1 -+ ;L]k)x‘] (‘Ck) }

X (T}) = (14 Zai)X2(Ti)

(1.3)

Here the coefficients ri(t), a;(t), bi(t) and oi(t) are positive continuous bounded functions on R, = [0,+o0). N is the set of
positive integers. The impulsive perturbations satisfy A3 > —1, in particular, 4; > 0 stand for stocking while /; < 0 mean
harvesting (see Refs. [4-8]). Also, we assume that the environmental noise mainly affects the intrinsic growth rate of species
i with

ri(t) — ri(t) + o(Owi(t), =12, (1.4)
where w;(t) are white noises and ¢?(t) represent the intensities of the noises. w;(t) are the independent standard Brownian
motions defined on a complete probability space (Q, F,{F},.,, P) with a filtration {F},_, satisfying the usual conditions.

Throughout this paper, it is assumed that

(S1) The impulsive points T satisfy 0 < 71 < Ty < -+, limMy_, ;o Ty = +oo,k € N.
(S2) There exist positive constants m; and M; such that

m; < H (M4 7a) <M, i=1,2 (1.5)

O<ty<t

and a product equals unity if the number of factors is zero.

This is a continuation of the work of Tan et al. [9]. In [9], we have established an almost periodic version of model (1.3)
without stochastic perturbations and discussed the uniformly asymptotic stability of almost periodic solutions. In this
contribution, we further consider the factor of stochastic perturbations and focus on the asymptotic behaviors of system
(1.3). Our motivation comes from the work of Liu and Wang [10]. The rest structure of this paper is as follows. In Section 2,
some preliminaries are introduced. In Section 3, we first investigate the existence and uniqueness of positive solution of
system (1.3) and later derive sufficient conditions for stochastic permanence and extinction. In Section 4, we present two spe-
cific numerical examples to verify the feasibility of our analytical results. Conclusions are given in the final section.

2. Preliminaries

Denote R> by

R ={xecR:x >0, x>0}
If x € R?, its norm is |x| = |/x2 + xZ. For a continuous and bounded function on f(t), we use the notations

f'=inff(o), f'= sup/(t)

teRy

Also, for any constant sequences {A;} and {B;j},1 < i,j < 2, we define

A= minA;, A= maxA;, B=minB; B=maxB;.
1<ij<2 1<ij<2 1<i<2 1<i<2

Definition 2.1 [11]. Consider the following ISDEs

{ dX(t) = F(t,X(t))dt + G(t, X(£))dW(t), t# Ty,

X(tf) = X(te) =BX(wk), t=7t, keN, 2.1

with initial condition X(0). If a stochastic process X(t) = (X;(t),...,Xa(t)),t € R, satisfies the following

(1) X(t) is F.-adapted and is continuous on (0,7;) and each interval (Ty,Ti.1),k e N; F(t,X(t)) € L'(R.;R"Y),
G(t,X(t)) € I*(R,;R"), where L¥(R,;R") is all R® valued measurable F,-adapted processes ¢(t) satisfying
3 16(t)[dt < 400 as. for every T > 0.
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