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Dynamic Behavior of a Stochastic Predator Prey Model
With the Gilpin-Ayala Growth

CHEN Qianjun, JIANG Yuan, LIU Zijian, TAN Yuanshun
( College of Mathematics and Statistics, Chongqing Jiaotong University, Chongging 400074, P.R.China )

Abstract: The dynamic behavior of a stochastic predator-prey model with the Gilpin-Ayala growth was studied. The
existence and uniqueness of the global positive solution to the system were proved, and sufficient conditions for system
extinction and persistence were obtained. On this basis, the thresholds for controlling the stochastic persistence and
extinction of the predator-prey system were given, and some asymptotic behaviors of the solution were discussed. Finally,

the effectiveness of the results was verified through numerical simulation.
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Fig. 1 The trajectories of the solutions to the 2 subsystems of example 1 without switching: (a) subsystem 1, £&(#)=1; (b) subsystem 2, &(£)=2
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Fig. 2 The trajectories of solutions in stationary distribution of system the Markov chain for example 1 with switching: (a) z=(0.7, 0.3); (b) #7=(1/3, 2/3)

WK, B 1 EEPLYI0 RS0 (3) Al (4) HP B AR RNl R0y Y AR 1 K46, {H 2 Markov ARAS VI
AT LASE KRR 2 e i st ) 0 SR D03 2R 0 TP A R K46 740 1 R O Ak ) B K, DU DR R B R Ry e
23 RLAAF T, B Markov RS YIFRELE — & B a] A R ) K 4.

il 2 XFRSE (1) ATLAERATT S48k

r(i) = 0.36, m(i) = 0.31, k(i) = c(i) = n@i) = f(i) =0.11,
{91(1) 0,(i) = 1, ge(i) = hp(i) = e %1 = 1, 1, = 100k,

IO 25 5 B ik G AR, I BB S5 (x(0),(0)) = (0.2,0.2).

D M FRLE (1) MF R 0)=1 RS E o (1) = V012, oo(1) = V0.82, i i B ARG HE AT 1, TR 5%
1 PR 4, Ry BENLREA, WL 3(a).

@ X AL (1) T RS &0)=2 RS0 1(2) = V0.82, 05(2) = VO.12, il 1 i By AR5 ol 1, T R 45
2 HEHAEEXBEALRE A, Ry K48, ULIAL 3(b).

(a)‘ | h - | | (b)'

x(1), y(1)
x(t), y(1)
oS

y(1)

]

W'V
H

| ol
M:\ kﬂ\ '
M% MW\.NW "”v m \Wﬁ (B jﬂ\ \
, 0 wﬁk‘M}” mﬂp

0 1 A ! L L L
0 2000 4000 6000 8000 10000 0 2000 4000, 6000 8000 10000
time ¢ time ¢

3 AFIEVIR, B 2 ZHCF, AT REMHIPUL: () TRLE 1, £0)=1, (0(1), 7(2))=( V0.12, V0.82);

(b) T&RE: 2, &(t)=2, (0(1), 0(2))=( V0.82, V0.12)
Fig. 3 The trajectories of solutions to the 2 subsystems of example 2 without switching: (a) subsystem 1, &#)=1, (o(1), o(2))=( V0.12, V0.82);

(b) subsystem 2, £(1)=2, (o(1), o(2))=( V0.82, V0.12)
HH S b, 1 MRS R AR A7 AT R S M. A 2 PR IR £ 2 AR 1 PR 1 o3 Rl AR, [R]Hsk /)
WP 58 B oy Loy, S EORMIRE H K678 M BENLERA, WAL 1(a) AL 1(b). 24058 5 o ASAR B, Y/ NI s 5 i oy

\S]




%4 WRECH, 55: BAT Gilpin-Ayala 3 KA BEH LI - AR R 3 J1 21T 467

WU HR £ 25 APy K 4678 M BEHLER K, DLIE 1(a) FIIE] 3(a). [F) 38, 24058 75 58 BF oy AR, Y/ INWE 7 5 B oy, DU £
PRAPHE xR R AR ULIET 1(b) AT 3(b). T BHE R B FH W 5 B mT LS BOFP R K 4, I B AR T e
B AAT.

6 %% 1

ARICHESE T BA Gilpin-Ayala 8§ KB BEHLIH £ - £ AR A9 3h 12217 0. 6 SGIEN] T 4R e i Ae A
ME— P, 153 2 7RG MERIE AME BT o3 2645 AR LR b, 25 0 T Pl B - B U AR SRR AR TR I 1,
FHHIHE R GG IERS, fa UERNERIIE T HISCEE A .

ARSCEEETE A WL AR 3 S FRATT AR K 4 PN 7 R A SRS A BT 03 26 138 31 1 Kk b2
IR K Markov AR YA & - IH RGN A LEAT YA R,

2%k ( References ) :

[1] BERRYMAN A A. The orgins and evolution of predator-prey theory[J]. Ecology, 1992, 73(5): 1530-1535.

[2] APPLETON D. Modelling biological populations in space and time[J]. Journal of the Royal Statistical Society
(Series C): Applied Statistics, 1993, 42(2): 411-412.

(3] MRAR%, BR275, JB4E J J, 5. BSOS B 5 DK b A7 il £ 18 64 B B4l M 4l £ - AR R ) 4 Ry IR 5 | T — 308
AT, N FHEEFI F12#, 2008, 29(5): 589-600. (JIAO Jianjun, CHEN Lansun, NIETO J J, et al. Permanence and
global attractivity of a stage-structured predator-prey model with continuous harvesting on predator and impuls-
ive stocking on prey[J]. Applied Mathematics and Mechanics, 2008, 29(5): 589-600.(in Chinese))

(41 WIS, BRUE0E. B 5 B I YR A AR RN U & R g h T SarE R L], & # R, 2019, 40(3): 321-
331. (LIU Wenqging, CHEN Qingwan. Influence of diffusion on an invasion diffusion prey-predator model with
disease infection in both populations[J]. Applied Mathematics and Mechanics, 2019, 40(3): 321-331.(in Chinese))

[5] X0z, XUH:z. FIRs i &8 A RIES N =AM eE-SERa s mBGR 1I]. B ABCEAR %, 2021,
42(5): 510-521. (LIU Rong, LIU Guirong. Optimal harvesting in a periodic 3-species predator-prey model with
size structure in predators[J]. Applied Mathematics and Mechanics, 2021, 42(5): 510-521.(in Chinese) )

[6] WEI L, CHAO F, BOSHAN C. Hopf bifurcation for a predator-prey biological economic system with Holling type
II functional response[J]. Journal of the Franklin Institute, 2011, 348(6): 1114-1127.

[7] PERC M, SZOLNOKI A, SZABO G. Cyclical interactions with alliance-specific heterogeneous invasion rates[J].
Physical Review E, 2007, 75(5): 052102.

[8] PERC M, GRIGOLINI P. Collective behavior and evolutionary games: an introduction[J]. Chaos, Solitons &
Fractals, 2013, 56: 1-5.

[9] HOLLING C S. The functional response of predators to prey density and its role in mimicry and population regu-
lation[J]. Memoirs of the Entomological Society of Canada, 1965, 97(45): 1-60.

(101 BR=225, BReE. SRZett sl i R ge (M. deat: B2 L, 1993, (CHEN Lansun, CHEN Jian. Nonlinear Biolo-
gical Dynamic System[M]. Beijing: Science Press, 1993. (in Chinese))

L] BR2295, KRBT, REAE—. Bev A S R S 50 05 1 M. R P01 BRA 50K ik, 2003. (CHEN Lansun,
SONG Xinyu, LU Zhengyi. Mathematical Models and Methods in Ecology[M]. Chengdu: Sichuan Science and
Technology Press, 2004. (in Chinese))

[12]  APIEDS, 2ot — SR IRAS Bz il A4l £ - B TR i 3 00 209 [T, 10 R R 224 (B 48R # ), 2019,
37(1): 45-49. (FU Shengnan, LI Zuxiong. Dynamical analysis of a predator-prey model with state impulsive con-
trolling[J]. Journal of Hubei Minzu University (Natural Science Edition), 2019, 37(1): 45-49.(in Chinese))

[13] LIU Q, SHAO Y F, ZHOU S, et al. Dynamical behaviors of a three species predator-prey system with predator
stage-structure and impulsive effects[J]. Chinese Journal of Engineering Mathematics, 2019, 36(2): 219-242.

[14] T, BEMLAE Y H AR (M. b 50 Bl R4k, 2010. (WANG Ke. Stochastic Biological Mathematical
Model[M]. Beijing: Science Press, 2010. (in Chinese))

[15] KUMAR C P, REDDY K S, SRINIAVAS M. Dynamics of prey predator with Holling interactions and stochast-


https://doi.org/10.2307/1940005
https://doi.org/10.3879/j.issn.1000-0887.2008.05.009
https://doi.org/10.3879/j.issn.1000-0887.2008.05.009
https://doi.org/10.1007/s10483-019-2443-9
https://doi.org/10.1007/s10483-019-2443-9
https://doi.org/10.1016/j.jfranklin.2011.04.019
https://doi.org/10.1103/PhysRevE.75.052102
https://doi.org/10.2307/1940005
https://doi.org/10.3879/j.issn.1000-0887.2008.05.009
https://doi.org/10.3879/j.issn.1000-0887.2008.05.009
https://doi.org/10.1007/s10483-019-2443-9
https://doi.org/10.1007/s10483-019-2443-9
https://doi.org/10.1016/j.jfranklin.2011.04.019
https://doi.org/10.1103/PhysRevE.75.052102

468 [ E I Q= - N = 2022 4F 45 43 3
ic influences[J]. Alexzandria Engineering Journal, 2017, 57(2): 1079-1086.

[16] ZHANG X H, LI W X, LIU M, et al. Dynamics of a stochastic Holling Il one-predator two-prey system with
jumps[J]. Physica A: Statical Mechanics and Its Applications, 2015, 421: 571-582.

[17] JICY, JIANG D Q, SHI N Z. Analysis of a predator-prey model with modified Leslie-Gower and Holling-type Il
schemes with stochastic perturbation[J]. Journal of Mathematical Analysis and Applications, 2009, 359(2): 482-
498.

(18] KWL A Markovie e Ffk L s i il - 0 RGN Jy2 L], e Bz 4lE, 2016, 36(3): 569-583. (ZHANG
Shuwen. Dynamics behaviors of a predator-prey system with Markov switching and impulsive disturbance[J].
Acta Mathematica Scientia, 2016, 36(3): 569-583.(in Chinese))

[19] JIANG X B, ZU L, JIANG D Q, et al. Analysis of a stochastic holling type Il predator-prey model under regime
switching[J]. Bulletin of the Malaysian Mathematical Sciences Society, 2020, 43: 2171-2197.

[20] AYALA F J, GILPIN M E, EHRENFELD J G. Competition between species: theoretical models and experiment-
al tests[J]. Theoretical Population Biology, 1973, 4(3): 331-356.

[21] GOPALSAMY K. Stability and Oscillations in Delay Differential Equations of Population Dynamics[M]. Math-
ematics and Its Applications, Vol 74. Berlin: Springer, 1992.

[22] VASILOVA M. Asymptotic behavior of a stochastic Gilpin-Ayala predator-prey system with time-dependent
delay[J]. Mathematical and Computer Modelling, 2013, 57(3/4): 764-781.

[23] VASILOVA M, JOVANOVIC M. Stochastic Gilpin-Ayala competition model with infinite delay[J]. Applied
Mathematics and Computation, 2011, 217(10): 4944-4959.

[24] JIANG Y, LIU Z J, YANG J, et al. Dynamics of a stochastic Gilpin-Ayala population model with Markovian
switching and impulsive perturbations[J]. Advances in Difference Equations, 2020, 2020: 530.

[25] ANDERSON W J. Continuous-time Markov chains[J]. SIAM Review, 1994, 36(2): 316-317.

[26] LIU M, WANG K. Asymptotic properties and simulations of a stochastic logistic model under regime
switching[J]. Mathematical and Computer Modelling, 2011, 54(9/10): 2139-2154.

[27] LIU M, WANG K, WU Q. Survival analysis of stochastic competitive models in a polluted environment and
stochastic competitive exclusion principle[J]. Bulletin of Mathematical Biology, 2011, 73(9): 1969-2012.

[28] LIU M, WANG K. On a stochastic logistic equation with impulsive perturbations[J]. Computers and Mathemat-
ics With Applications: an International Journal, 2012, 63(5): 871-886.

[291 MAO X R. Stochastic Differential Equations and Applications[M]. 2nd ed. Horwood Publishing Limited, 2007.

[30] MAO X R, MARION G, RENSLAW E. Environmental Brownian noise suppresses explosions in population dy-
namics[J]. Stochastic Processes and Their Applications, 2002, 97(1): 95-110.

[31] PANG S L, DENG F Q, MAO X R. Asymptotic properties of stochastic population dynamics[J]. Dynamics of
Continuous, Discrete and Impulsive Systems (Series A): Mathematical Analysis, 2008, 15(5): 6386-6394.

[32] ZHANG S Q, MENG X Z, TAO F, et al. Dynamics analysis and numerical simulations of a stochastic non-

autonomous predator-prey system with impulsive effects[J]. Nonlinear Analysis: Hybrid Systems, 2017, 26: 19-37.


https://doi.org/10.1016/j.jmaa.2009.05.039
https://doi.org/10.3969/j.issn.1003-3998.2016.03.018
https://doi.org/10.3969/j.issn.1003-3998.2016.03.018
https://doi.org/10.1007/s40840-019-00798-6
https://doi.org/10.1016/0040-5809(73)90014-2
https://doi.org/10.1016/j.amc.2010.11.043
https://doi.org/10.1016/j.amc.2010.11.043
https://doi.org/10.1186/s13662-020-02900-w
https://doi.org/10.1137/1036084
https://doi.org/10.1007/s11538-010-9569-5
https://doi.org/10.1016/S0304-4149(01)00126-0
https://doi.org/10.1016/j.jmaa.2009.05.039
https://doi.org/10.3969/j.issn.1003-3998.2016.03.018
https://doi.org/10.3969/j.issn.1003-3998.2016.03.018
https://doi.org/10.1007/s40840-019-00798-6
https://doi.org/10.1016/0040-5809(73)90014-2
https://doi.org/10.1016/j.amc.2010.11.043
https://doi.org/10.1016/j.amc.2010.11.043
https://doi.org/10.1186/s13662-020-02900-w
https://doi.org/10.1137/1036084
https://doi.org/10.1007/s11538-010-9569-5
https://doi.org/10.1016/S0304-4149(01)00126-0

	引　　言
	1 预 备 知 识
	2 解的全局正性
	3 灭绝性和持久性
	4 解的渐近性态
	5 数 值 模 拟
	6 结　　论

