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Abstract

To investigate the impact of environmental randomness on population dynamics, this study consid-
ers a hybrid stochastic predator-prey model that incorporates a Holling Type II functional response
term and a Leslie-Gower growth term, with random noise acting exclusively on the predation pro-
cess. For the constructed model, research is conducted on its boundedness, stochastic persistence,
and extinction. The uniqueness of the global positive solution is discussed by leveraging local
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Lipschitz continuity; the boundedness of the model is proven through the construction of an appro-
priate Lyapunov function; and the stochastic persistence and extinction of the model are analyzed
in focus by combining It6’s formula, the properties of Brownian motion, and other relevant methods.
The results demonstrate that the predator population is stochastically ultimately bounded, while
the prey population exhibits stochastic persistence. Furthermore, under specific conditions, the
prey population will go extinct with probability one.
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Table 1. Parameter description
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Figure 4. The influence of noise intensity

[ 4. BEAEEERFMm

5. &t

RICWHFE T —2KBA Holling 1T BDRES M ELREALE A AR ]Il frd A2 AOBE AL € - et frist
B, H RURY ISR M S A R R . Gl A G 24 1) Lyapunov BREUFZ A 1t6 A, BEALLE
WIFB SR AT TR, Rt TR R IEWAAErE— Ve A FE. VLS AR S K4 ME. WHT
ZERARW], FEE M RAENURAA FE, TR & B AR L — AR HA BN AR, 2
FESREBUORIS , B B H R IR 18T K4 BUER R — P IeE 7 B 4 RN IR, R T
WP O FLAE R BN T AR T AEAE IR M A R, R T RE N R 2N ANE, =T izl
A RYUERIK L, AR T PREERENLIEXT AR AEAF IR o AT FUA ORI T X BRI - R 55
BAT AN, WOAES KRG PYRMRY 5 )RS BAR O T B RYE 5 50, Rk — 2% EL
Al AL EVE T L R RN AR R, DL AT R s R B AE S RS Zh AL .

SE

[1] Borysenko, O. and Borysenko, O. (2024) Stochastic Lotka-Volterra Mutualism Model with Jumps. Modern Stochastics:
Theory and Applications, 11, 289-301. https://doi.org/10.15559/23-vmsta242

[2] Haque, M. (2011) A Detailed Study of the Beddington-Deangelis Predator-Prey Model. Mathematical Biosciences, 234,
1-16. https://doi.org/10.1016/j.mbs.2011.07.003

[3] Rozenfeld, A.F., Tessone, C.J., Albano, E. and Wio, H.S. (2001) On the Influence of Noise on the Critical and Oscillatory
Behavior of a Predator-Prey Model: Coherent Stochastic Resonance at the Proper Frequency of the System. Physics
Letters A, 280, 45-52. https://doi.org/10.1016/s0375-9601(01)00033-0

[4] Leahu, H. (2011) On the Bernstein-Von Mises Phenomenon in the Gaussian White Noise Model. Electronic Journal of
Statistics, 5, 373-404. https://doi.org/10.1214/11-ejs611

[S] Zhang, Y. and Zhang, Q. (2013) Dynamical Analysis of a Delayed Singular Prey-Predator Economic Model with Sto-
chastic Fluctuations. Complexity, 19, 23-29. https://doi.org/10.1002/cplx.21486

[6] Arancibia-Ibarra, C. and Flores, J. (2021) Dynamics of a Leslie-Gower Predator-Prey Model with Holling Type II Func-
tional Response, Allee Effect and a Generalist Predator. Mathematics and Computers in Simulation, 188, 1-22.
https://doi.org/10.1016/j.matcom.2021.03.035

[71 Garofalo, N. and Nhieu, D. (1998) Lipschitz Continuity, Global Smooth Approximations and Extension Theorems for
Sobolev Functions in Carnot-Carathéodory Spaces. Journal d’ Analyse Mathématique, 74, 67-97.
https://doi.org/10.1007/bf02819446

DOI: 10.12677/pm.2025.1512296 90 FHIBH 2


https://doi.org/10.12677/pm.2025.1512296
https://doi.org/10.15559/23-vmsta242
https://doi.org/10.1016/j.mbs.2011.07.003
https://doi.org/10.1016/s0375-9601(01)00033-0
https://doi.org/10.1214/11-ejs611
https://doi.org/10.1002/cplx.21486
https://doi.org/10.1016/j.matcom.2021.03.035
https://doi.org/10.1007/bf02819446

IMERR, FIME T

[8] Mao, X.R. (2007) Stochastic Differential Equations and Applications. Elsevier.
[91 Cao, W., Liu, M. and Fan, Z. (2004) MS-Stability of the Euler-Maruyama Method for Stochastic Differential Delay
Equations. Applied Mathematics and Computation, 159, 127-135. https://doi.org/10.1016/j.amc.2003.10.015
[10] Kitano, H. (2004) Biological Robustness. Nature Reviews Genetics, 5, 826-837. https://doi.org/10.1038/nrg1471

DOI: 10.12677/pm.2025.1512296 91 FHIBH 2


https://doi.org/10.12677/pm.2025.1512296
https://doi.org/10.1016/j.amc.2003.10.015
https://doi.org/10.1038/nrg1471

	一类随机捕食–被捕食模型的持久性与灭绝性研究
	摘  要
	关键词
	Research on Persistence and Extinction of a Class of Stochastic Predator-Prey Models
	Abstract
	Keywords
	1. 引言
	2. 模型建立
	3. 主要结果及证明
	3.1. 全局正解的存在唯一性
	3.2. 种群的随机最终有界性
	3.3. 随机持久性
	3.4. 系统灭绝性
	3.5. 捕食者种群的渐近行为分析
	3.6. 进一步刻画灭绝速率

	4. 数值模拟
	4.1. 数值方法与参数设置
	4.2. 持久性验证
	4.3. 灭绝性验证
	4.4. 灭绝速率分析
	4.5. 参数敏感性分析

	5. 结论
	参考文献

