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Stochastic Holling-Tanner Model with Levy Noise

ZHOU Yanli',  PU Guiping®
(1. College of Arts and Science , Shanghai University of Medicine and Health Sciences , Shanghai 200093 , China ;
2. Faculty of Information Technology and Mangement , Shanghai University of
Medicine and Health Sciences , Shanghai 200093 , China,)

Abstract: The dynamics of stochastic Holling-Tanner model with noises were discussed. The
noises can be considered as the flood, tsunami, earthquake, drought, large-scale infectious disease,
volcanic eruptions and climate warming etc, and they can produce sudden, discrete and large
stochastic perturbations. It is shown that the stochastic Holling-Tanner model with noises admits a
unique positive global solution starting from the positive initial value. Then, sufficient conditions of
the persistence in the meaning of time average and the extinction of the model were obtained by
making use of the stochastic comparison theorem and martingale theory etc. The above conclusions
show that Levy noises have significant effects on the persistence and extinction of the population,
which can even make the long-time dynamic behavior of the population model change
fundamentally. Numerical simulations were carried out to illustrate the influence of Levy noises on
the population.

Keywords: Holling-Tanner model ; Levy noise; persistence; extinction

M T AR R e X T SE PR R 2 S O X 7 T A WSSOk B 2 B L. A5

YRS EHE: 2015-12-07
E—1EE . M (1976 —) . 2, BT WF9E 7 10 A% . E-mail : zhouyanli_math@163. com



246 TR

2016 4F 5f 38 %

SRIAEE AP K A 2 I FEPL IR 2, X SR
1 PR 3O0) AR W) R AR R A 2 T I X)) DL
% [EREHLA Py RO B8 B K0 L B A T kb T AR A
INRA W R SRR RN TEAS oL I Se4FR 1P 22
FOPE A I B A PP AR R AE ) B BEAIL A A P Rl R
PR b RS T E AR iR MR S TG ie
2220/ NHR AT AT ] it AL B S TR 1 R 1, 455 281 e 11
ISR SRS E S /N C N | oS /N NS N O > 8 o 1]
%[1—12] .

SCHRLT — 12 ]38 21 i Bl LA 9 B T A2 1) B 5
Mg 7 A v 0T T MR P TP AR 5 R s ST 1 R S 2 T
KRR LB R ) E S BEL T 0. 358 |,
TEAEDEMR G B T UKz M TRl KRR
PIAL e  HLRR L KT IO & AR AR B 7R
YR R R A TELL Y BENLPEAR 9 1 T
P —BRAE AEYAERK NI & & AR KRRk
AR B F ] DU SR I K A R AU R — )
5 T 1T MR P SR R 3 o % e B4R AR M T 5 M iz Bk
FRER AT 00 TEA= P8 I Fp e O T SR A Al
IR A A LIS, W] LS A Levy BEAY
BE R IR X A R A I

Pt WF5EH Levy BkpyBEPLA Y R 2R R
WAELR G LA . ©A A8 T IR TR X TR 1 3l
BEHLAEY R G M52 -2 2 DL B SOk e K AR
SCHESCRRL18 ] B A4 ) ™ 24 Levy Bk Y Bl HL
Holling-Tanner i & 5 S A& R .

1 REIREIL

7ESCHR[ 18 ] . Khellaf % 32 B 4-HE 0 5
Jd“’(“ = w1 -— D)

dt ax(+By () +y

dy(t) b
1 b= (1505 )

WIER ¢ (0) = 2o =>0, y(0) = y,>0. H, x(t),
YO MNFRPAEH I EHTE ¢ 2%,
ZH asb,a, B,y ¥INIEHE. Khellaf %545 H 1517
(DAFAE 3 A PLIG - 5

E, = (0,00, Eyy, = (0,k), Ey = (1,0)

IR 2 ak<<kB+ y Bb s 1716 ME— ) P98
ME =ty Hrp ot 2T R IER

(a+Pa*+Pk+y+a—a-Pu+

(ak =Bk —7v) =0

Hy =« +k.

Mandal £ %R (1) #6477 1M T48 . 15
S| 5T (1) AE TR 1 BE AL TR

da(t) = x(t)(l ~ () -

ay(t) N
aoc(t)+ﬁy(t)+y>dt+61ub(t)dBl(t) 2

o2y (1)dB, (1)
Z—EEEP:G1 202 %é/j—'\‘ﬂgpléﬁﬂi}g;Bl(t) aBz(t)IEIL:%XE
FER LR A (Q. (F1 ) im0 P) B BAE ST
PRUEAZ 3l {F o2 Q B —> o AR
A AT (AT LE . Fo 405 I 4 .
SCHRC2 JHE B 7B (2) 1Y 4 JR) TF Sl A7 7 M —
P I RPSEAT AR AT AR R0 A1 1 2 125
P
TEREIY (2) B LR b 3 — 25 I8 A Levy I
PR BERLELEL  HAAREERL Dy

d;)c(t)Zoc(t)Ul—oc(t)—

ay(t) )
ac(D+Py(t+y

dt + GldBl(t) + jy}/l(u)ﬁ(dt,du)}
(&))

dy(t) = by(t{(l %M)dt +

Sk + ()

o0dBy (1) + Jyyz(u)ﬁ(dt,du)}

A et )y OARE e () y () I ZERBR

N(dt.dz) = N(dt,du) — A (du)dt EFMEERIH
FAREHLINEE ; N ZFE0, +oo) AR 748 Y | A
ARFAEDEE A A RS THECI B, B A (YD) <<oo
viCe): Y X Q>R JERTFAEN LA A A& S0
H F, 20y s By (t), By (1) F1 N 20 B 7 7).

GEA SRR X AR A -

1+ y,(u)>00i=1,2),u€ Y W4 m>
0 #bA L, >0 Hilk 454 AL Fnscft A2.

Al Jy\HL-(oc,u) ~ Hi (g |22 (du) <
L, |e-yl?i=1,2;

A2 |In 1+ y;(w|<K;(K;>0),i=1,2.
H Hy Cesu) =y Cu) e (t7 ), Hy Cys ) =

Y2Cu)y(Ct™).
TR

Jy[ln(l + oy A < ¢ i = 1.2 ()
ia RZJr = {<x7y)eRz‘x>Oyy>0}aR+ = {QCE



%3

JEIHET L 45 . B Levy M ¢ il Holling- Tanner A5 %1 247

R|x=0}.

2 REQ)EREMNFEE—E

HI T a (), y (OB R a & A a s
TE t B 20 19 % B2 B A B 0 K/ AR A 2R ) S B
S AR SUESGHR ) S T A . H ATIEBOR B TR bE
PUBRL(3) BIFFELE R A SO EE A ST BEMLAE Y (3)
PR Bl 7 22 PR BT AN 1 4 ) T M I A e ME—
A S BEALAE A SR K 4855

G A AR S AL o0 T 7 P
TP 28 AR TE R BE AR Y (3) A9 4 Ja) I Fiff B4 A7 78 M
vy

1 REAME AL A A2 BT T EYIE
xo=>0, Yo >0, B (D) AFAEME— R JRi P E AR Cae (L)
y(t)HERL,tE[0,7,).

IEBR FHIEE

du(t) = (1_‘31_61«1)_

aev(f)
aeu(t} _,’_ﬁez'(t) + ),).

dt+aldBl(t)+JY1n(1+yl(u))N(dt,du)

(5)
v(t)
dv<t>:<b—ﬁ’z—kbe

T )t +oudBy () +

Jyln(1+yz(u))ﬁ(dt,du)

Hrp
2
B = % +Jy[)’z‘,(u) —In(1+ y;(u)] -
Aduw), ¢+ = 1,2

BIE R (. (0), v(0)) = (In 0. 1n yo) € R% . HT
(5) W R SR # Lipschitz 3% S2 1 W A7 78 ME— (1)
JHERIEAR (), v () (LE[0, 7)) Hidr, 7, S5
T e R T ) BB S 2L AT AR (e () =
e“ P, y(t) =e V) BB (3) BAAWIE x>0, y, >
O 1y — Jay 0 1 fie

FEHL 1 UERA TR (3) A7 AE ME— [ JRh B IE A . R
A TSk L7 T 5 3 it — D uE B UL 2 2 R
A, BIERH 7, = 0,a. s.

iR (3) B A IE . A 15

de(t) < w(tH] A - x()Hdt +

5By () + | 7 GoN(dtdu)]

4

eI t+oy By (D+ky (D)

t
xal +J e(l*ﬁ])s+alBl(s)+k1(s)dS
0

o) = (6)

W @Ct)
do(t) = @(tH] (1 - @()dt + 61dB, (1) +

| rooNa@tdn], e =@ @
t ~
e fi. Forb, ke, (£) = Hymu 7 G N(dts
duw).
i BEDL G 5 A e A HE 0 45
x(t) < @(t)at 6 [07'[@)9 a. sS.
AR (3) A2 — 2 15
T by
dy(t) = y(t {(b o )dt +
o»dB, (1) +Jyyz(u)ﬁ(dt,du)} -

T by L by
yt {(b ko kCk + a(h)

>dt +
o2dB, (1) +Jyyz(u)ﬁ(dt,du)} =

y(t)[(b - M)dt + 0ydBy (1) +

k
Jyn(u)N(dt ,du)}
Gt = e b1 By (D ky (D ©

t
(b=PBy)s+ay By (8)+k,y ()
a1 2 272 2
Yo +J e ds
0

do(t) = sl)(t)[(b—£¢(t))dt+azd32(t)+

Jy}/z(u)ﬁ(dt,du)] PO = yo €

HME—f#, H o y(H=¢(t),t€[0,7,.), a.s.
N

dy(t)é’!/(t{(b *fbf%)dt !

o2dBy (1) +Jyyz(u)N(dt,du)}

R

(b=By)t+5y By (1) +ky (1)

(i) = —° (10)
. +J b e(b—ﬁzmszz(swkzmds
Yo T kv (s)

VYR
- . _bw(t)

dw(t) = w(t )[(b k+®(t)>dt+

Jgde(t)+Jyyz(u)N(dtad’M/>} ’ 7)) = Yo (11)



248 TR

2016 4F 5f 38 %

i . Hop
ko (1) = J;Jyln(l Ty, () N(dt . duw)
i BEAL G20 5 i Lo A e HE 0 45
YD < W), £ € [0.7)s as.
T3 b

dae(t) = x(t)[(l - x(t) - ay(t)

)dt +

c1dB; (1) + Jy}’l(u)ﬁ(dt,du)} =

x(t)[(l—

GldBl(t) + Jy}’l(u)N(dt,du)}

2(t) - m)dt +
Y

(=B t+o By (D+k (z>—7J0 Ww(s)ds

() =—F, a2
9061+J eU1=B) s o By (9+ky (92 S wwdu g
0
JeJT e
de(t) = Wt{(l —e(t) - &Y(twdt +

aldBl(t)+J Y}/l(u)N(dt,du)} » (0 =wn, (13)

) A ELIE 2
x(t) =e(t),t € [0,7.), a.s.
LA D bghie, g
Pt < () < P, ¢t < y(t) <
t€[0,z.), a.s.

T o), o), ¢COF Tt (1=0)FR &4
JRAEAERY BT 15 E B 2.

EE 2 EEAEWIE ©0=>0, >0, KA (3)
JUF R TFAEME—TEfR (x (8, y (1)) € R (t=
0), HFETE (6), (8), (10), (12) i 5 S 1 bh %k
O, ¢ T, (DL
Pt < a(t) < O P < y(t) < W),

t=0, a.s. 14

w(t),

3 HEIQ)BIKHTA

PFE FE LAY (3) 5 A M. R 22 PR 45 25
TR E I AR G A B R B S RS AE A
. Mandal %5172 25 (0l #t 45 tH T BEAL R ST B9 R

RE XN FRAN A @ (4 7RI (0] 2 {5 3 ST

EREAN AT
t
lim mf—f x(s)dt >0, a.s.

t—>o0

T TR A IER] i eI AT LA B
5IF 17 a(HeC@x[0,+0),R.).
a. AATFEIEHE T, 0,00, 15

Ina(t) < of — o Jtm(s)ds LD, as.

XBEAH =T Flim TP = 0,as
"t
lim sup lJ x(s)dséﬁ, a.s.
t—>0 t 0 (00
b. %ﬁﬁﬁﬁﬁ T?(Ovp(ndi(i:l’Z)?ﬁi?ﬂE“

t
na(t) = ot — o J0x<s>ds P, as.

F()

X} 7 A i 1= t

T%I]hm =0,a.s.,

t
lim inf lj m(s)ds}ﬁ, a.s
t Jo Po

t—w
P M) (1=0) 2R3k, 52

5|3 2
d{M)(s)
ou(t) _JU a1+ )Z , 1 >0

Hr, (M) () = <M,M>(t).z§£gn ou(t)<+ oo,
] lim M(tt)

t—>o0

5112 3

=0, a.s.

% 1>181 1) b>ﬁz &jsm”
fim I 4D

t—o0 t

EB AR AHY T BT 1) 1>
T et W 1 AL T 4 1T i

=0, a.s.

=P 4oy B (D+ky (1)

t
xal +J‘ e(l—ﬂl)s+alBl(s>+kl(s>dS
0

<

=P 4oy B (D+ky (D)

t =
J e1-Bpsto Bk (9 qg
0

=B 1+ B (D+ky (D

t
e[ozrl:mntBl(sH mm kl(s)]J e(lfﬂl)sds
0

:(1—[7)1)'

=Bty B (D+ky (D

<2(1-By))

e[al[gggtBl<s>+“£@gkl<s>] (eTPt — 1)

=P 4oy B (D+ky (D)

=21 - B

L min B; (s)+ min k,(s)] (1—13 )t
€ g Temt 17 gt 1
{oy[By (O~ min By (s)]+k (1)~ mm k (s)}
0<s<1

<21 -B)

r - 1 3 \
et la B D Ofirr:.l:r‘l:rBl(w—Hk (= min ki (e)3 (15)

Hﬂfﬁ(lS)ﬂUﬁ%i’JﬁnT$%iﬁﬁki:

e



55 3 I 55 A Levy M5 BEHL Holling- Tanner 574 249
b-B,)5+0, By ()+k, (s
J" b <b—,@2>s+6232<s>+k2<s>d >j"' pe! TR0 ds =
T, <€ S Sy y— S
rk+@Cs) Tk #2001 Bpel T IR mn Breo Tk F, mn oo TR =
(b=By)s+ay By () +ky(s)
jt lf\ \215 Z~>i 'ZB')+k(~)— m oy 4s = b ¢
v Tk + 2(1 = B)Je ot DA™ o CoTh (- o k+2(1-BD
t
in By (w)- B, (W) ik (u)- ey (uyy (P Po) st By () ky () b
J etlnlhmp o me Bok mp atom e e S=rza-o°
t
) ) . } (b=By)s
e( [ oy | [0«:}?:2\:331(“)70:?32531(u)]Jro;‘Bg\:skl(u)iog?i(;:skl(u)>e()'\;‘:ny:‘gi‘:zBﬂu”()\/\?::]{l\;skz(u) J”e By)s ds =
b e< lop | [0 min_ By (u)-  max 131(14)]+ ‘min k (= max ky(w}
< uU=s O==u=s U= < US
Lk +20-PD]b -6
. . (b=Py)t (b=B)T
e“(\{rllllg\:saz Bz(u,)Jr mm/ ko Cud (e 2 —e 2 ) (16)

ﬂ%ﬁ<16)5ﬁ(10>é§%,TTﬁﬁ

1 = @l (=B (1= T)=0y (By (D= By (TH =y (D= Iy (T,
w(t) —

=BT

1 b(e )
y(D) Tk +20 =801 - B

b-Pyt

e{ | o1 | r . mm Bl(w)* m:)f By (u)]+ mm k u)— Oﬁr\nz??(/skl(z,(,)} .
e nﬁn/sasz(u)Jr mm kz(u)] K(t)G(t)
Horp
K() = het O-FTHaBy(D+ky (D} (1 _ o f~B-fp=D ) y
Lk +20 =B =B
G(t) =e < op \[ min(Bl(u) max Bl(w)]*-o n?m key (w)— Om\)/(/vkl('z,t)} o
e, mm ‘QB <1¢)+ mm k <u)e az()(tpazc: B (u)— “([mf/ lkz(u)
JH’J,T 3
() _ KW G g
t t t
A2 () R
k(D) = 1] T (s 7G0T

A(du)<Ctv l - 192
Hi 512 2 15
ki(t)

}EEO el 0,i =1,2, a.s. (18)
X
1@3@@ =0,i = 1,2, a.s.
54 DL S5 T
lim KD g, i GO — g5 5 9)
B ADWARKXAD 1
lirrtlﬂsoupw < limﬁiupw <0, a.s. (20)

SEW i inf LD =0, 2.5 31 9) B

e A
din ¢(t) = [(b - B, —£¢(t)]dt +

c2dB, (1) +Jyln(1 + yz(u))N(dt,du)}

PRI 0~ ¢ B 3 Hism (R BR A ¢ 4%

t'n (1) =t 'n ¢ +(b-PBy) -t kﬁ )

j;sb(s)ds e By(h) + t (8 (2D)

X (A8 AT X FAL R e >0, 8B7FAE T, {75
- /2 <t n¢(0) < e/2,
— /2t k() <Le/2, t =T 22)
¥ CORAKCD , 11
t i n () < b - By + e~

b
1
o

tn $(t) =

J G(s)ds+t ouBy (D) t =T (23)
b -~
g b J G(s)ds+t 0By (D) t =T  (24)

A e O/ HS b — By — e >0, 15| 3 1153

M < lim 1nffJ P(s) <
b 1=
lim sup = 1 J‘tsb(S) <k(b_—ﬁz+€), a.s.
t—>w0 t b
BT e MAEEM:, i[5
1 k(b - Bz
%g}g tJ P(s) = 5 a.s. (25)

HEEEF lim ¢ ¢(0) =0, lim t7'B, (1) =
0, lim "1k, (1) =0. F&hir A 2D, 115
flier t'ln ¢(t) =0, a.s.
H P 1 E B e A T
lim t'ln y(t) > hm t7n ¢(t) =0, a.s.

t—>+o00
B =(20) .15
1imw - 0. a.s. (26)



250 b TR A A AR 2016 4 23 38 &

5 e S /\ (=] ™. —~ /\ 4
S 4 #1>8 +%5j‘j,mq +o0) MR (3D 2 AN TTREP AN O~ ¢ FRS) . 15

J“ yCs) ¢ —_mal - _
pmln ai(t) ~ 0. a.s 0y + ax(s) + By(s) a
e ' N 1_51 G1B1(t) kl(t)
WERE A Ju&(S)dS A— b a M
de(t) < a(tH][ A - a(t)dt + J, Y g~ Iy Iy
o k + x(s) b
5rdBy (D) + |y (N (dtodu)] b By, 0Bl , D)
b b b
dac(t)}ac(t‘)[(l— w(t) —%)dt+ H
_ lJ" y(s) ds __Inwlt) —Inwx _
o1dB; (1) + jy}/l(u)N(dt,du)} tJoy+ax(s)+ By(s) ta
1 (! 1-8 1B (t) k()
PR A 58 15 1 aoas « 155 e B0 Bl
Inw(t) <Ilnwy + (1 - Pt - ljt ys) 4¢ = Iy —In y© ,
t "
f 2($)ds + o By (t) + (1) tlok+a(s) ot
0 b_ﬁz+dsz(t)+k2(t)
1nx<t>>1nxu+<1—ﬁl—%)t— b bt bt
ol EE 3 f1g| 5 4 Lﬁflim t !B, (t) =0,
t t—+ oo
j0x<s>ds + o By + k(D) lim ¢k, (£)=0,i=1,2, 72
t—>+o0
BT L[ y(s) _1-8
1 1 12{,} tJo y+aac(s)+ﬁy(s)ds a A
?ln x(t)<71n9m+(1—;31)— 1imijt e oo b - B,
1 t Bl(t) kl(t) t—>o0 t 0k+'x(8> b
7J0x(s)ds To T EHE 3 EE IS L R (3) 1Y Leslie-Gower it
(R S R .
%ln e () >%ln o + (1 _ B - %>_ TERF R U 2R e
- - A e o
L' acords + o BLD 4 BalD) R4 HR Pz a R =P+ g B, B
tJo ¢ t Car (1), y (1)) M (3) BATHIMIE (o » yo) € R 1
gEAEHE 1,58 L SR 7 R 458, v 5 i
W23 24 1By L A . L
, 1-8 -2 <liminf+ | x(s)ds <
lirr} s,upiln xt”)go B e 1 Jo
_ L 1imijtx<s>ds<nm suplj'xmdsg
hn} sup7j x(s)ds<<1- 0, a.s. t-o t Jo o 1 Jo
o 0 n %() 1-5, a.s.
TSN a . . nx
AR 12> By + g W lim inf 77 =0, ER SEX V() =1In w (), i AL
.15

*t

lim_inf %J()x(s)ds}l—ﬁl—%,a.S.}J\ﬁ‘ﬁﬁ )
” () = Inag + (1 - Pt —J 2(s)ds —

i In () 0

1133 t

Y () A (3) HATWIME (w0 » yo) € R% WiERE ) H

=0, a.s.

B ay(s)
Jo ax(s) + By(s) + },ds + o1 Bi(t) + k(D)

im L [’ y(s) _1-4 Tinec = Ly +a-80 - L[ ecords -

gg.}tjo y+aoc(8)+ﬁy(s)ds_ a > a.8. t e tnxo B tjooC 5705
1T y(s) b= B 1 [t ay(s) Bi(t) | k()
1E27J0 k + ,')c(s)dS - b a.s (21 t Jo ax(s) + ﬁy(s) + 7d8+61 t * t

W 42 V(xe(t) =Iln x(t),x(t) € 0, HE—n 15



JEIHET L 45 . B Levy M ¢ il Holling- Tanner A5 %1 251

55 3
1 1.,
TIHZK(t)g?lH’JCU‘F(l*[%)*
1 B.(H) k(D)
tJOx(s)derm e

%ln x(t) =

=

In xo + (1—;31 —%>—
B t)

4 , 1(t> kl(
: Jox(s)d8+m ; + ;

E R N RN B B U\&tgrp t 1k (t) =
0,n] 1%
1-8 -2 < fim inflJ'[x(mds <
B 0

t—o0 t

1 (!

t "t
%J x(S)dS<lirrtl sup%J x(s)ds <<
0 —>0 0

1- ﬁ1 , a.S.
EIES5 % fa. W 16, + %,b>ﬂz i3

S Cae (1), y () JRBERL(3) HATWIE Coeo s Yo) €
R BT, I ASEHY (3) 75 I [8) 4 25 SO BAT
ATE.

IERR AR, HHE R 4 AR

tim inf 4 [ wc)ds =1 4, - G0

t—>o0 t
"t
AGEYlim inf + [ y(s)ds>0 BT
ESL Vy () =1n yCt) PSR 15

(g by be(Dyh)
diny(t=(0=B =S )

dt+adez(t)+Jyln (147, (w)Nt,du) (29
Xt 2 (29) Wi N O~ t F43, Al 75

y(t) _ b [t
y(0)>(b Bt kLy(s)ds+

In

Gsz(t) + kg(t)
At K IR A FGIH 1§ b, vl 3

lim inflfyms)ds = k=8O — ) (30
t—>w t 0 b

Hy X (28) F =L (30) AT I 25 8 1T
HF ©—1-1n ©=0, >0, 7] DIHES

o
p =9 +Jy[7i(u) —In(1 + 7 (w)Jaldu) =

, .

% +Jy[1 +yi(u) —1-

2

In(1 + 7; Cuw)Jadu) >%

4 7 =0, = 1.2 0" IFS 2 k[ 12] iy
5.1 19456,

P25 5 DA g5 1A S g ah . i 3 E e

i =1,2

AR AP RE A FE AP BUZE B i K A T o 2 1) 251
FIE6 (), y(t) EBim (3) A wMH
(@ ?/0)6R2+ E@E%aﬂ”ﬁ?ﬁ”%"ﬁ%ﬁij
a &1 - %<ﬁ1, b << By W lim w () =

O,%im y(t) =0, a.s.
b #1 = g <Bisb>pB Wlima (1) =0,

k(b= B
s d.S

.1 (! _
lim TJ() y(s)ds = b

t—>w0

C. %‘ 1- %>ﬁ1 ’ b<182 ’I)_llJ

t
lim infljox<s>ds>o,ym y(t) = 0, a.s

t—o0 t

IERR  a. XrA =0, R R A 15

, g by(h
din y(t)-(b B, —‘#+x(t)>dt+

adeg(t)+Jyln(1+yz(u))N(dt,du) (31)

X2 (B1) W o [F] B A O~ ¢ R 43, AT 4%
Iny(t) —Iny, = (b— Bt -

J't DU oy B + k(D)

o k + x(s)
e AT 1
%lnyéf)g(b—ﬁg)+ang(t)+k2(t) (32)
PERE Wi wN T}
im ©2(0 = g, i B0 — g, s,
fm = Jim =

WY b<<B, B, H1x0(32) 1%
lim y(t) = 0, a.s.

U FHIRIRE G Iy 2 AT E £

lim«(t) =0, a.s.

t—>o0

b. Ha E‘J%i@%%ﬂ%i}l () =0.HI.24 t &
S RE AT LIBUT /M) e >0, (#15
In y(t) —1In yy < (b = Py)t —

b
k+g

In y(t) —Inyy = (b =Bt -

t
Joy(s)ds + 6By () + ko (1)

"t
ICLJ y(s)d3+o‘2B2(t)+k2(t)
—E€JoO

AYRYVARICIE: S REIEC:
(k —e)(b - B

1
< lim infij y(s)ds <
b t-o b Jo

(k+€)ébfﬁl)’a S

t
lim sup%JU;L/(s)ds <
HT e WALEM:. T1E



252 o TR

2016 4F 5f 38 %

limljity(s)ds = %_31), a.s.

1> © Jo

c. hEMH 4 aty

t
lim inflf e(s)ds=1-8, - L ~0,
t—>o0 t 0 ﬁ

lim y(t) = 0, a.s.

t—>o0

ML B S518 1T 50 1 2 PEA YA A Brown H
MR e BE AU TR R R RS A Y (H L HE
Levy M 30T o] LS 2R K 4.

4 F{EELFOG] T

FIF Euler J5 21 % 3CH Y 224518 HEA T4
BT . FEE] 1~4 SR R B E PER R (DAY
il W2k FoR KA Brown [ M 1 FEALELAY (2) 1
fift  LLE K R A Levy MRS By B AILSE Y (3) 1Y fig .
Bt S HE Il

a=3,a=4,8=4,y =2,b=0.3,k = 1;
o1 =0.1,60 = 0.2
WIMEHR ©0=0.4,y,=0.2.
W itETE Er = (e, y) = (0.553 1,

151

1.0 -

x(1)

0 50 100
t

1.553 1. B id i 1] 7 K 38 Levy M 75 X Fl R 1)
AT

Bl1 Wy =0.4,7,=0.3, HHZEIRE T4

2
B = % +Jy[71(u) —In 1+ y;(u)]Je

A(du) = 0.068 5, % =0.75
2
B, = % +J [y2(w) —In (1 + yy(u)] -
Y
A(du) = 0.057 6

1—61—/03‘ =1-0.8185=0.1815>0

b-8,=0.3-0.0576=0.2424>0
AR
L1 B _a
hrrtlﬂinfTJOx(S)ds =1-B - §>0.as.
.1 t, k(b - B
il 1 Fras, BeBst e Ct) , y COFERT R {E L
TIERFEATAER . 1X 5 7E Brown [ 7S (1) 52 1 45 2R
AAE . HJEHF Levy M i AEAE AR AY (3) BY i
FEIZENE- TS B = (e ) IIRIEAS K.

a.s.

7 -

y(@®)

0 50 100

B1 a=3,0=4,=4,y=2,0=0.3,k=1;61=0.1,6.=0.2,7,=0.4,7,=0.3
Fig.1 a=3,0a=4,p=4,y=2,0=0.3,k=1;6:1=0.1,62=0.2,7,=0.4,7.=0.3

51 2 m71:1~2a72:1-09ﬁ$i+%:ﬂﬁ%
B, +% =1.1665>1,8, = 0.3269

0.02+0.3069>0b = 0.3
56 1 S5 AR Hoh 22 3 6 1Y a iy 451F,
I x (), y (O BT K4, K 2 Bk T H45ie.
WEl 2 frs . RAETLE Brown FIIERS TR « (1),
Y (O RFFLATAE R B FHR (3) S i . ks T 0.
B3 W y1=1.2,7,=0.3, 15 EEH6 1Y
b 254 1 3 B0AIE T BE 6 19 b AY4EIE, B2 404

1<+ g b>B Wb, Alima (1) =0,

tim 5 | yCsds :w, a.s. R N 3
t—o 0

PR s EDWHLR R T o (O BAIEREANE M y (DT
I B AR SO HA R A

B4 By =0.1,7,= 1.0, EEFE 6 1 ¢
(R 25 W 2598 2

lim inf L | w(s)ds =1 B - & >0,

lim y(t) = 0, a.s.

t—>c0



%3

JEHET . 55 . B Levy 75 (19K Holling-Tanner 57

253

Wt U. o (O BAFFAME M y (O BAAEREA PR Ay CORZOREKL . ANIE 4 PR,

S 3k

[1] MAO X R, MARION G, RENSHAW E. Environmental
Brownian noise suppresses explosions in population
dynamics[ J |. Stochastic Processes and Their Applications,

0.9 30r
0.8
2.5
0.7
0.6 2.0
05 15
& 04 s,
0.3 L
02 0.5
0.1
0 W 0
-0.1 : ! ~05 : |
0 50 100 0 50 100
t t

x(t)

x(t)

B2 a=3,a=4,0=4,vy=2,b=0.3,k=1;61=0.1,6-=0.2,7,=1.2,y,=1.0.
Fig.2 a=3,0=4,=4,y=2,0=0.3,k=1;61=0.1,6-=0.2,7,=1.2,7,=1.0.

0.9 3.0
0.8
o7 25
0.6 20
05
04} g 15
0.3
0.2 10
0.1 05
0 e
0.1 - - 0 - -
0 50 100 50 100
t t

3 a=3,0a=4,p=4,y=2,b=0.3,k=1;6,=0.1,6.=0.2,y,=1.2,7.=0.3
Fig.3 a=3,0a=4,p=4,y=2,0=0.3,k=1;6:=0.1,62=0.2,y,=1.2,7.=0.3

16 30+
14+ 2.5
L2r 2.0
10 F o

T 15
0.8 =
06 1.0
0.4 0.5
0.2 ! ! 0

0 50 100

B4 a=3,0=4,p=4,y=2,0=0.3,k=1;61=0.1,6-=0.2,7,=0.1,7,=1.0.
Fig.4 a=3,0=4,=4,y=2,0=0.3,k=1;61=0.1,6-=0.2,7,=0.1,y.=1.0.

behaviour of the stochastic Lotka-Volterra model[ J ].

Journal of Mathematical Analysis and Applications,

2003,287(1) ;141 - 156.

2002,97(1) :95 - 110. Applications, 2004 ,292(2) : 364 — 380.

[ 2] MAO X R, SABANIS S. RENSHAW E. Asymptotic

[ 3] BAHAR A,MAO X R. Stochastic delay Lotka-Volterra
model [ J]. Journal of Mathematical Analysis and

[ 4] MAO XR. Delay population dynamics and environmental



254

b B TR e iR

2016 4F 5f 38 %

[5]

[6]

[7]

L8]

[9]

[10]

[11]

[12]

noise [ J ]. Stochastics and Dynamics, 2005, 5 (2):
149 - 162.

MAO X R,YUAN C G,ZOU ] Z. Stochastic differential
delay equations of population dynamics[]J]. Journal of
Mathematical Analysis and Applications,2005,304(1) .
296 — 320.

DU N H,SAM V H. Dynamics of a Stochastic Lotka-
Volterra model perturbed by white noise[ J |. Journal of
Mathematical Analysis and Applications,2006,324(1) .
82-97.

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

JICY,JIANG D Q, LI X Y. Qualitative analysis of a
stochastic ratio-dependent predator-prey system/[ ] ].
Journal of Computational and Applied Mathematics,
2011.235(5) ;1326 — 1341.

JI CY,JIANG D Q. Dynamics of a stochastic density
dependent predator-prey system with Beddington-
DeAngelis
Mathematical Analysis and Applications,2011,381(1) .
441 — 453.

JICY,JIANG D Q,SHI N Z. A note on a predator-prey
model with modified Leslie-Gower and Holling-type [l

functional response [ J ]. Journal of

schemes with stochastic perturbation[J]. Journal of
Mathematical Analysis and Applications,2011,377(1) :
435 — 440.

MAO X R. Stationary distribution of stochastic population
systems[ J |. Systems & Control Letters, 2011,60(6) ;
398 — 405.

MANDAL P S, BANERJEE M. Stochastic persistence
and stationary distribution in a Holling-Tanner type

prey-predator model [ J ]. Physica A. Statistical

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Mechanics and
1216 — 1233.
YUAN C G, MAO X R. Stability of stochastic delay
hybrid systems with jumps[J]. European Journal of
Control, 2010,16(6) : 595 — 608.

BAO J H,MAO X R, YIN G, et al. Competitive Lotka-

Volterra population dynamics with jumps [ J ].

its Applications, 2012, 391 (4).

Nonlinear Analysis: Theory, Methods & Applications,
2011,74(17) :6601 — 6616.

BAO J H, YUAN C G. Stochastic population dynamics
driven by Lévy noise [ J ]. Journal of Mathematical
Analysis and Applications,2012,391(2) :363 — 375.
LIU M, WANG K. Dynamics of a Leslie-Gower Holling-
type Il predator-prey system with Lévy jumps[]].
Nonlinear Analysis: Theory, Methods & Applications,
2013,85.:204 — 213.

LIU M, WANG K. Stochastic Lotka-Volterra systems
with Lévy noise[ J |. Journal of Mathematical Analysis
and Applications,2014,410(2) ;750 — 763.

KHELLAF W, HAMRI N. Boundedness and global
stability for
Beddington-DeAngelis
Differential Equations and Nonlinear Mechanics, 2010,
2010.1 - 24.

PENG S G, ZHU X H. Necessary and sufficient

condition for comparison theorem of 1-dimensional

a predator-prey system with the

functional response [ J J.

equations [ J . Stochastic
Processes and their Applications, 2006, 116 (3).
370 — 380.

WR=22, Brfa. SRk B3l 1) RS LM dLae: B2
Hh it 1993.

PROTTER P, TALAY D. The Euler scheme for Lévy
driven stochastic differential equations J]. The Annals
of Probabhility,1997,25(1) :393 — 423.

(%A 8O

stochastic differential



