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h i g h l i g h t s

• Stochastic predator–prey models with impulsive effects are investigated.
• Generalized nonlinear harvesting is also considered in the model.
• Sufficient conditions for extinction and persistence in the mean are achieved.
• Global attractiveness and stochastic persistence in probability are discussed.
• The existence of periodic solutions of the two systems is obtained.
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a b s t r a c t

In this paper, stochastic non-autonomous predator–prey models with and without im-
pulses are investigated. The effects of generalized nonlinear harvesting for prey and
predator populations are considered. For the stochastic system without impulses, the
existence and uniqueness of the positive solution is proven and sufficient conditions that
guarantee the extinction and persistence of the population in the mean are achieved. We
show the existence of a nontrivial positive periodic solution by constructing appropriate
Lyapunov functions and using Khasminskii’s theory. Moreover, the global attractiveness
and stochastic persistence in probability of the stochastic model are discussed. Results
show that the stronger noises and nonlinear harvesting component can significantly
influence the dynamics of the system and lead to the extinction of the predator population.
Additionally, for the stochastic predator–prey system with impulsive effect, we prove that
there exists a positive periodic solution. Numerical simulations are conducted to show the
effectiveness and feasibility of the obtained results.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Population dynamics has attracted considerable interest from many scientific communities, including those of biology,
ecology, and economics [1]. Given the importance of renewable resource management, a harvesting component is increas-
ingly being incorporated intomathematical models to reveal its effects on one ormultiple species [2–5]. The commonly used
harvesting functions are constant harvesting, proportional harvesting, and nonlinear harvesting.
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Xiao et al. [6] considered the effects of constant harvesting on predator species and discussed the dynamical properties
of the following model:⎧⎪⎪⎨⎪⎪⎩

dx
dt

= x(1 − x) +
axy
y + x

,

dy
dt

= y
(

−d +
bx

y + x

)
− h,

(1.1)

where x(t) and y(t) are the prey and predator population densities, respectively. They also showed that the system presents
two equilibria atmost in the first quadrant. Saddle–node andHopf bifurcationswere detected aswell. Lenzini and Rebaza [1]
extended the constant predator harvesting to nonconstant functions on a ratio-dependent model. Moreover, they discussed
the stability properties, boundedness of solutions, and bifurcations. Gupta et al. [7] introduced a predator–prey model with
nonlinear predator harvesting, which was closer to reality than other harvesting types:⎧⎪⎪⎨⎪⎪⎩

dx
dt

= x(a1 − b1x) + axy,

dy
dt

= −dy + ηaxy −
hy

1 + by
.

(1.2)

The existence and global stability of the equilibria were investigated and the effects of the harvesting function on the rich
dynamics of their model were analyzed. Considering the influence of environmental noise, Zuo and Jiang [8] proposed a
stochastic predator–prey model with nonlinear harvesting⎧⎪⎨⎪⎩

dx(t) =

(
x(a1 − b1x) − axy

)
dt + αxdB1(t),

dy(t) =

(
−dy + ηaxy −

hy
1 + by

)
dt − βydB2(t),

(1.3)

and discussed the stationary distribution of the model. In recent studies, several authors (see e.g. [9–12]) concentrated on
the effects of stochastic perturbations and harvesting. However, in their models, the harvesting function was considered
only for the predator, and not for the prey.

On the other hand, impulsive differential equations are highly effective methods for describing species and ecological
systems, realistically. A number of peculiar results have been obtained regarding dynamic behavior of stochastic systems,
including the permanence, extinction and dynamic complexity, see [13,14]. However, only a few studies have addressed and
investigated the existence of positive periodic solutions of the stochastic predator–preymodel, with impulsive perturbation
and generalized nonlinear harvesting.

Stimulated by the above review of literature, we consider the effects of impulses and the generalized nonlinear harvesting
rates on the prey and predator populations, and propose the following two interesting stochastic non-autonomous systems:⎧⎪⎪⎨⎪⎪⎩

dx(t) = x
(
r(t) − k(t)x − b(t)y −

e(t)
f (x(t))

)
dt + σ1(t)xdB1(t),

dy(t) = y
(
−d(t) − a(t)y + η(t)b(t)x −

h(t)
g(y(t))

)
dt − σ2(t)ydB2(t) −

σ3(t)h(t)y
g(y(t))

dB3(t),
(1.4)

and ⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

dx(t) = x
(
r(t) − k(t)x − b(t)y −

e(t)
f (x(t))

)
dt + σ1(t)xdB1(t)

dy(t) = y
(
−d(t) − a(t)y + η(t)b(t)x −

h(t)
g(y(t))

)
dt − σ2(t)ydB2(t) −

σ3(t)h(t)y
g(y(t))

dB3(t)

⎫⎪⎪⎬⎪⎪⎭ t ̸= ti,

x(t+i ) = (1 + αi)x(ti)

y(t+i ) = (1 + βi)y(ti)

}
t = ti, i = 1, 2, 3, . . .

(1.5)

where r(t) and d(t) are the respective intrinsic growth rates for the prey and predator species, b(t) is the capture rate of the
predator,η(t) represents the conversion rate of the nutrients into a newpredator, and k(t) and a(t) are the density-dependent
coefficients of the prey and predator species, respectively. In addition, f (x) and g(y) are continuously differentiable functions
that are strictly monotone on [0, +∞) with f (0) = g(0) = 1 and f (x) ≤ x, g(y) ≤ y for all x > 0 and y > 0. We suppose that
(Ω,F, {Ft}t≥0,P) is a complete probability space with a filtration {Ft}t≥0 satisfying the usual conditions, that is, it is right
continuous and increasing, while F0 contains all P-null sets.

In this study, all the coefficients are assumed to be positive θ-periodic continuous functions and bounded on R+ =

[0, +∞). The impulsive points satisfy 0 < t1 < t2 < · · · < ti < · · · and limi→+∞ti = +∞. According to biological
meanings, αi > −1, βi > −1. Moreover, we assume that a integer p > 0 exists satisfying ti+p = ti + θ , αi+p = αi + θ ,
βi+p = βi + θ , i ∈ Z and [0, θ )∩ {ti, i ∈ Z} = {t1, t2, . . . , tp}. The aim of this paper is to prove the existence of the stochastic



Download	English	Version:

https://daneshyari.com/en/article/5102597

Download	Persian	Version:

https://daneshyari.com/article/5102597

Daneshyari.com

https://daneshyari.com/en/article/5102597
https://daneshyari.com/article/5102597
https://daneshyari.com/

