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2. Department of Mathematics, Lyuliang University, Liiliang 033000, China)

Abstract: Evolutionary games provide a new perspective to examine and understand interactive behaviors
in complex systems, and provide powerful tools and methods for research in several fields. Much of the
existing literature focuses on the study of the dynamical behavior of deterministic ecological game models,
and doesn’t explore the influence of population and environmental stochasticity on the dynamics of ecologi-
cal evolutionary games. Thus, this paper considered environmental random noise, and constructed a sto-
chastic evolutionary game dynamics model with density dependence considering individual birth and death

rates. Dynamics of the constructed model was analyzed to confirm the effect of random noise on the
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trends of ecological evolution. Firstly, the effect of noise on ecological evolutionary game models with
density dependence is shown by analyzing the equilibrium points and their stability of the dynamical mod-
els of ecological evolutionary games with density dependence indeed, and by proving the stability of the
corresponding stochastic evolutionary game models using stochastic Lyapunov theory. Secondly, the
threshold value of environmental noise was obtained from the study. When the environmental noise value
is greater than the threshold, population extinction and phenotype disappearance are almost surely exponen-
tially stable. Conversely, when the environmental noise value is less than a certain threshold, the fre-
quency of phenotypes with higher birth rates is persistent in mean. Finally, the theoretical verification and
numerical simulation were carried out with the deer hunting game model as an example to confirm the
validity and feasibility of the theory. This result also provides a new idea for understanding how environ-
mental fluctuations contribute to the evolution of phenotypic diversity.

Key words: evolutionary game; density dependence; almost sure exponential stability; stochastic Lyapu-

nov theory; stability
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Fig. 1 Time series plot of the frequency choosing a cooperative

strategy in the absence of noise

FE N R, T R 1 SR A R A M P
WA BUNRRESE 1R, 2r=
0.7, k=14, d=0. 2, 255K 2 /R

0.7

0.6

05

0.4
1

0.3

0.2

O‘IbL

0 20 40 , 60 80 100

(a) 6=12

0.7

0.6

0.5

0.4

x(t)

0.3

0.2

0.1

n

0 20 40 , 60 80 100

(b) 6=20
2 KT BE A M T SRR VR SR W A A (4 s [ 7 371 1)

Fig.2 Time series plot of the frequency choosing a cooperative

strategy in the noise exceeding the threshold



CEVEE 219 1)

HAT 3 BEARA AL I AR B B LES 2 PR BT () 75 73

M & 2 ATRLE Y, 2 MRS o B KT A — B {E
BF, U = 02 L R T8 BR e 1 . AR
Wi B RS RE, BERTRATAMEAEEE &
WA B EEESERNE . & 2 T Ko
SRR PN [A] B K T (B Y MR P S B T, e
B VTR W 10 451 5 B i ] Y A ) R

XIS, TERMEERI LA RS R 100 ITH LT,
% 0= 0, BITCMES L% R GebEE B Rl AL
TEBL, B R, N R Y A8 A i A
FMEAEREA . Yor=0r= 11, AOMEEL
BALIFRE B — Ve (E, X IE -S54 R e v i
AT AR R CRF A AR R SR 5D o

MBS YRR IS A>T — et , A
FUBHE 2 AR E] A 3G i3, 1 48R A 1R AR
A NELR T3 — BT, AR 2 Bl 1] £ 18
TN, BRI KL, XA T e A W
FHAGRES T, 38 Y0 SRR A TR
(R, TR — & DR S i, 24
AN TR AT, St S BURE R B SR BRI
BEE KA, Wi EcE h FRA R E R LT,
M R G0 2R A, &l 3 IR .

180

—x=0

| |[——=x=0.1
160 x=0.2
—x=0.3
140r | =04

—_—=1

120}
100

N

80
60
40
200\ S

0 20 40 60 80 100

P13 oM TR A RS I ] 5 ]

Fig. 3 Time series plot of population size in the absence of noise
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