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Abstract: An autonomous stochastic predator-prey 

system with time-dependent delays are proposed and 

studied. Sufficient conditions for global stability of the 

Positive equilibrium state are established, the obtained 

result shows that time-dependent delays have effects 

on the global stability of the positive equilibrium state. 
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1. INTRODUCTION 

In population dynamics, the relationship between 

predator and prey plays an important role due to its 

universal existence. The increasing influence of 

mathematical modeling in theoretical ecology, for the 

last decades, the predator-prey system has been 

studied extensively, many important and influential 

results have been established in many articles and 

books, see [1-5]. 

A classical two-species predator-prey system can be 

expressed as follows: 
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Where   )(tx   and   )(ty  stand   for   the   population 

  sizes of   the   prey   and   the   predator ,   respectively, 

)2,1,(,, jiadr ij
are positive constants. For biological 

interpretation of each coefficient in system (1), we 

refer the reader to [3]. 

On the other hand, more realistic and interesting 

models of population interactions should take the 

effects of time delay into account [3, 4, 5]. In general, 

delay differential equations can exhibit more 

complicated dynamics than differential equations 

without delay because a time delay could cause a stable 

equilibrium to become unstable (see [3]). 

Since all species exhibit time delays, such as their 

maturation time. In view of the fact that time delays are 

not resistant to time fluctuations, then system (1) will 

become 
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where ,0,0 2313  aa )(ti ）（ 4,3,2,1i is a nonnegative, 

bounded, continuously differentiable function on
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and )(ti  ）（ 4,3,2,1i is continuous bounded functions 

on  ，0 ,where 
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It is easy to compute that if 0)( 121121  aadra  

System(2) has a positive equilibrium ，),(   yxX  

Where 
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However, in the real world, population systems are 

inevitably subjected to the environmental noises (see 

e.g.[6-8]). May [9] pointed out that due to 

environmental fluctuation, the birth rate, carrying 

capacity, competition coefficients and other parameters 

involved with the system exhibit random fluctuation to 

a greater or lesser extent (see e.g.[9, 10]). 

Taking into account the effect of environmental noise, 

we suppose that the white noise affects r,d mainly. 

Thus each growth rate could be written as an average 

rate plus an error term, by the central limit theorem, 
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the error term follows a normal distribution, the error 

term sometimes dependent on how much the current 

population sizes differ from the equilibrium state. I can 

replace each growth rate by an average rate plus an 

error term, ),()(1 tBxxrr   ),()(2 tByydd    

where 2

i  denotes the intensity of the noise and )(tBi
 is 

a standard white noise, namely )(tBi
is  a  standard 

Brownian motion defined on a complete probability 

space ），（ PFF tt ,}{, 0 with a filtration
0}{ ttF  satisfying 

the usual conditions. 

Then corresponding to system (2), we obtain the 

following stochastic autonomous predator-prey system 

with time-dependent delays: 
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(3) 

with initial conditions 
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is a continuous function on  0, . 

For simplicity, Here we introduce the following 

notations: 
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Throughout this paper, the delay functions satisfy the 

following condition ,1)(   u
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2. GLOBAL STABILITY OF SYSTEM  (3) 

Since )(tx and )(ty in system (3) represent population 

sizes at time t, it should be nonnegative. Then, for 

further study, the first thing considered is whether the 

solution of system (3) has a unique global positive 

solution.  

Lemma 2.1 For any given initial value 
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global positive solution ))(),(( tytx ，on t and 

the solution will remain in 2

R with probability 1. 

Proof. Since the coefficients of system (3) are locally 

Lipschitz continuous, for any given initial value 
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the explosion time. To verify that this solution is global, 

i only need to prove e a.s. The proof is similar to 

[12] by defining 
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where K is a positive constant. By the similar proof of 

[12], we can obtain the desired assertion, it is omitted 

in here. 
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Clearly, if 0A and 0B hold then the above inequality 

implies 0),( yxLV  along all trajectories in the first 

quadrant except ),(  yx . Then we can easy obtain the 

positive equilibrium state ),(  yx of system (3) is 

globally asymptotically stable a.s. 
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3. CONCLUSIONS 

The predator-prey system with delays has received 

great attention and has been studied extensively, but 

for    stochastic    predator-prey    system   with   time 

dependent delays case, there is very little, this paper, 

we studied a autonomous   stochastic predator-prey 

system    with    time-dependent    delays.    Sufficient 

conditions   for    global     stability    of   the    positive 

equilibrium state are established, the obtained result 

shows that time-dependent delays have effects on the 

global stability of the positive equilibrium state. 
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