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Dynamics of a Stochastic Beddington-DeAngelis

Predator-Prey Model with Stage Structure for Predator

CHEN Chao, LI Zhiyong
(School of Science, Jimei University, Xiamen 361021, China)

Abstract: This paper concentrates on dynamics of a stochastic Beddington-DeAngelis predator-prey model
with stage structure for predator. By constructing Lyapunov functions, we establish sufficient conditions for the
existence of a unique global positive solution. Then we extend the existence of stationary distribution under cer-
tain parametric restrictions and obtain the sufficient conditions for extinction of the predators. Finally, the fea-
sibility and validity of the conlusion were verified through numerical simulations.
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B, HE R PP &, Jaok, Beddington' Fl DeAngelis 2561 7 H Tl i AU
{dx/dl =x(t)ia —bx(t) —my(t)/[m, +mux(t) + myy(t) ]},
dy/dt = y(1) { = d + ex(2)/[m; +myx(t) +myy(2) ]}
HAr my(t)/[m, + myx(t) + myy(t) ] $EFRHN Beddington-DeAngelis DIREVE N pRi %L, MEBIAUANALEA
Holling [1 ZBYINREME SN AYHRF i, I 5E i 1 LU AR AR IR B2 T i8R BE A & WT9E 1 H4 )R g 2
10, 153 TARGFREE R
AR, AR Z A R AR 23 28 7 4 AF FUSAE PR AN B B, AN B B T AE 7R W 8 1B S AT
NS, TERMEMEED, REHFRAMERE, MAFEMEERAMEte ), HIpBRamd
MR ERERNR, asCEk [7] 6858 1R
do/dt = x(t) {r —ax(t) —ay,(t)/[x(t) + my,(t) ]},
dy,/dt = Bu(t)y,(1)/[x(2) +my,(1)] = ey, (1) —dyy, (1),
dy,/dt = d,y, (t) —c,v,(t),
SIS A B St B R A R 1, DR A S R G R AR AR P I R — MR R Ty
i, E2E#EsIAREE T, 0 TIRZ RS R AWM ATErE . Rl e Bl Ta it
() G B2 e v B A4 o SRR B9 A 0 i ) A AP ) R AR WA 20, b SRR 8 — 9 JAFSE T R
A - R SCERL 10 — 11 JAF5E 1 R 045 s AR S B 2 1y 2y s Sk [12] BP9
T —ZEHA Beddington-DeAngelis MR SO 125 15 Y JRIH 8l 7 A A58 ) 1E Sl S0 A e A ek
TERRF T, F 2SR BRI SR I, Sl i A 2 R ehoe, RS A
RO PR IR, TR E R R G ARG HEMIEN ., T4k, R M BAER % & T 2 iH ik
MEAURESL D1 S, AR, AERRGEA R EREE . BRI AT,
I AR EE A& 5, X T REX AR S R G E R, LR FERS G, fl, WE., @
B RIS EMERT RGN May! 7 H BRI M 2 AN [ R R e AP REAOBE KE RBR A A
To A R B SR R A 2R, G, A SR R ST IR R B AL Y RSO IR T
s HA B B4 # ) BEAL Beddington-DeAngelis 4 £ 71
doe(2) = [rae(e) (1 =x(1)/K) =, (1 =B)x(t)y,()/(m; +my(1 =B,)x(t) +myy(1)) Jde +
ox(1)dB, (1),
dy, (1) = Loy, (1 =B)x(1)y, (1)/(my +my(1 =B)x(1) +myy(1)) = ey, (1) =dyy, (1) Jde + (1)
oLy, (1)dB, (1),
dy, (1) = [dyy, (1) =, (1) Jdt + o3y, (1) dB; (1)
He w(e) ooy, (o) Fly, (0) 53038 « WEZIVE . h 4R &8 AR & & R IEECR:; r R B
AINEHE R A, K RmINE RN o FmMAFHE E IR, o R a3, g NE
MESHL; o) Ml oy P BIFTRAEREE AR B H AL TR, d, RN ) AR B & 5
%, B S EIRTZ, WA, B, (1) (i = 1,2,3) FoRE LFEE/MRESE (Q,F, | F | ,.,,P) L
(A E S A B3, UEF (F, | o WRBEF R, ol (i = 1,2,3) FORAMRSRE, iIL R =
[ (0) 7, () ,7,(8)) € R wx(t) >0,y,(1) >0,y,(t) >0

1 E£REFRMNFEEME—

1 W TAEESERWIASM (£(0),y,(0),y,(0)) e ., & (1) FEAEME—RIIEME (x(1)
v, (1) ,5,(1)) € R ,0 =0, FHFHPHER1FET R .,

IERR AR (1) MRECH LR ER Lipschitz 26048, Bk (1) FA7EME—JRERIE (2 (1) ,y, (1),
y,(t)) e Ryt e [0,7,), Hrr SZEEOEETEL, £k > 0 BIEKR, #15 (x(0),y,(0),y,(0)) €
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[1/ky ko] x [1/kg ko] % [1/kq ko] o

MNTAEE k= ky , & XAFRFIIHN 7, = infle e [0,7,) :min{ (x(2),y,(¢),y,(t)) | < 1/k B
max{ (x(t),y, () ,y, (1))} =k} . % info = o, WHERE X1, = %LIET,C , R HESE] 7, =
0,a.8. o

Bk r, # o, WAGFHEERT >0M0 <e <1HEPir, <T| =e,k=k,,

FE X CP-PRELVR,— RANE : V(x(0) ,y,(0) ,y,(8)) = x(t) = b, = bIn[x(2)/b,] +y,(¢) =1 -
Iny, (1) +5,(1) = by = byIn[y,(0)/b,] o Hi 1t6's AR LV(x(1) v, (1) ,7,(1)) < (rmyK + rmyb, +
a,a,K)>/4rmiK + ba,/m;, + ¢, +d, + bye, + (b,o; + 0, + b,03)/2:= A, \IA

dV(x () ,y, (1) ,y,(1)) < Adt + o, (x(2) = b)dB, (1) +0,(y, (1) -1)dB,(1) +
a3 (y, (1) = b,)dB;(1) (2)
X (2) WitE (0,7, A T],7,A T = min{7,, T} EFrAl{5
V(x(T, AT) 21 (T NT) 2 (7, AT)) < V(x(0) 21(0),,(0)) +A(T, AT) -b,0,B, (7, NT) -
a,B,(1, N T) - byor,By(7, A T) +f;"”alx(s)d31<s) +f;k/\Ta'2yl(s)de(s) +f;"”a3y2(s>d33(s>o(3>
X (3) PIIHUN EE R AR
EV(x(m, NT),y, (7, NT),y, (7, NT)) < V(x(0),5,(0),y,(0)) + AT, (4)

50 =lweir(0) <T| k=k , WHEPD,) =¢, MTEENw e 2, ,x(1,,0),y,(7,,0)
My, (r,,0) PELEHE—-NET L 17k, BIA Vix(r,,0),y,(1,,0),y,(1,,@)) = (k - b, -
bn(k/b,)) N (k—=1-1Ink) A (k=b, —bIn(k/b,)) A (1/k =b, +bIn(kb,)) A (1/k =1 +1Ink) A
(1/k = by + byIn(kby) ) o

izl (4) A1 45 V(x(0),y,(0),%,(0)) + AT = E[1,,,V(x(7,,0),y,(7,,®) ,7,(7,,0))] =
e[ (k=b, =bn(k/b)) N (k=1=1Ink) A (k=b, —bIn(k/b,)) A (1/k = b, +b,In(kb,)) A (1/k -
L+lnk) A (1/k=by +byIn(kb,)) ] o XH 1, 202 (o) BRHEEE, 2 koo, WA 0> V(x(0),
¥,(0),7,(0)) +AT = o, A 7, = o0, BIF (1) FEAEME—ILRIEM

2 RO

B X(¢) J& R" i — A Markov F IR A2, W RIS NBEALG IR dX(0) = f(X(1)) +
k k
28 (X(1))dB (1) o HAHIEHER AX(1) = (ay(x)),a;(x) = 2 g\ (2)gl(x)

51317 Markov 172 X (1) AFEME—RU3 DT TR M, ANSAEAERA IEMR T i RIXR U C
R, HAWTFWEM: 1) M TEExeU, ¥EUEM AX) 2/MRIEEM; 2) fA7EIER C-RE Y,
EFHE R\ U I LV B,

FE2 Waad/[m(c, +03/2)] >¢, +d, +03/2,r > 0, +a,/my , AKX TALELERIW)
B2 (2(0),5,(0),5,(0)) e R, RGN (1) AFAEME— A i PRI

o 0 0
R R (1) WPEGERERA = | 0 o2 0 |, BARMESIEE L AAMEL,
0 0 o3y

7 SLERE Cz‘@iﬁ V(x’yl Jz) :Ri—’R+ mr. v= I_/(x,% »9’2) - ‘_/(xo,ym’%o) =V + MV, +V;
Hor. M >0, V, =1/x=Iny,,V, ==Iny, =mlny,, § =d,aja,/[my(c, +0:/2)]" >0; V, =[x +
yi/e+ (e +d))y,/2d0, 7/ (y +1) - I_/<xo Yi0sYa0) s (Xo2Y102Y20) H I_/(x’ylay2> s/ IME, Y >
0 HA y37 < min{ (¢, +d,)/d0,, ,c,/20,,.} , XH o, = maxio], 0,0 .
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M Tto's AR LY, = =1/ {re(1 =2/K) =, (1 =B))xy,/[my +my(1 =B)x +myy, || +01/x -
faya, (1 =B)xy,/[my +my (1 =B)x +myy, | —c,y, —d,y, | /y, +0/2<-(r -0, —a,/my)/x +r/K +
¢, +dy +03/2 —ayay (1 =B ay,/ Ly [my +my (1 =B)x+myy, ] o KB, W5 LV, <2./6a,ayd,
(my +myy,)/[m, +my(1 =B)x +myy,| +¢, +d, +03/2 + myd(c, +03/2) =2 Jda,o,d, , &8 =
a,od,/ [my(c, +0:/2) 17, WAE LV, <-a,ad,/ [my(c, +03/2) ] +¢, +d, +03/2 +2a,a,d, (m, +
myy, )/ [my(ey + 03/2) 1P[my +my(1 =B +myy, ||, LV, < -m"2/2K = (¢, +d,)y]" /4ol -
¢y (¢ +d)"y /220 dY + B KB B = sup {-m?/2K +9370, 8712 = (e +d))y]T/

3 max
(x,71,52) € RS

8™ + (rx + ayn/my) [x +y,/a, + (¢, +d,)y,/20,d, ] = ¢, (¢, +d,)""y1" /277 d]™}, BT
LV<-(r-o -a/my)/x —oa,e,(1 =B)xy,/{y,[m +m(1 =B)x +my,]} +2Ma,a,d,(m, +
myy,) /i Imy(ey, +d3/2)  [my +my(1 =B,)x +myy, |} =" 2K = (¢, +d,)y]""/(4al*") -
¢y (ey +d )" /(2720 d) ) —MA + ¢, +d, +1/K + 03/2 + B,

EXITHIFEU = {(x,y,,y,) € R € <x <1/E,& <y, <1/, <y, <1/}, XHO <
E <1 =R BEBGL: - (r-0 —a,/my)/E+C, <-1, - (¢, +d,)/ (47 ") +C, <
-1, —¢, (¢, +d)"" /27 dTNE?) + C, < -1, 2Ma,a,d, (m, + my€)/[my (e, + 03/2) (1
BE] —MA +C, <-1, —r&7/4K —c, (¢, +d,)""'E/(2P A1) —aye, (1 =B,)/{E[my +m,(1

BE+ mE ]l +C, <-1, - 1/(4KE?) +C, =s-1, H. ¢ = sup 3{ - 2K +
(x,y1,52) € R
2Ma,a,d,/[my(c, +03/2)] = MX +¢, +d, +1/K +03/2 + B}, C, = sup 3%—rx7+2/2K+cl +d, +
(%,1,2) RS
/K +03/2 +B}, C, = sup |- /4K +2Ma,c,d,/[m,(c, + 03/2) ] = MA +¢, +d, + /K +

(2,51.72) e R}

o3/2 + B},

RTHE, B RANUSRITT AN U = {(x,y,,y,) e R:0 <x<£&}; U = {(x,y,,y,) €
Ri:x >€,0 <y, SEL; Uy = {(x,y,,0,) e Riix >€,0 <y, <&, =81 U = {(x,5,,5) ¢
Rox=1/65 US = {(x,y,,y,) € Ry, = 1/E; U = [(x,y,,y,) € Ry, = 1/E) TR, ¥
WEHER \U FFLV<-1,

BR1 SHMERER (x,y,,y,) € Ul , A

LV<-(r-o —a/my)/E-r""?/(2K) +2Ma,,d,/[ m,(c, + 03/2)] =
~-(r-o —a,/my)/E+C, <-1, (5)
B2 SHMEEH (x,y,,y,) € Us , A
LV < 2Ma,c,d, (m, + myy3)/[mi(c, + 03/2) (1 =B x] ="/ (2K) = MA + ¢, +d, +
/K + 03/2 + B <2Ma,o,d, (m, + my&)/[mi(c, +02/2) (1 =B,)éE] —MA +C, <-1,  (6)
TR 3 XMEEN (x,y,,0,) e US, A
LV<-r-8&7/4K — ¢, (¢, +d )" E /(272 d") -

o, (1 _,81)/{5[7”1 +m,(1 -B,)§ +m3§2:|} +0; -1, (7)

B4 SHMEE (x,y,,7,) € U, H
LV<-1/(4KE?) +C, <-1, (8)

BHS5 SHMEE (x,y,,y,) € US|, H
LV <- (¢, +d)/(4a7EY™) +C, < -1, (9)

BH6 SHMEE (x,y,,y,) € US, H
LV<-c¢, (¢, +d)"" /(277 d]" ") +C, <-1, (10)
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ME— ) 3kt D17 P AR 0 A

3 R

FEE3 WHRmin{c, +d,,c,} (VR = 1)1, 2, +maxic, +d,,c,} (VR =1)1 ., —0303/[2(0; +
o)) +c,00 VR/(2r) <0, R = ayay/[mye, (e, +d,)] Hr > o172, WLAEREE FAEH &5 Fh
LT IR K 4

R Al (1) Al da(e) < m(t)[1 = x(2)/K] +x(t)o,dB, (1),

ZIEM N TR dX (1) < PX(0)[1 - X(1)/K] + X(2)o,dB, (1) ,X(0) =x(0) >0, ML
JEH 15 x(t) < X(t),t =0,a.s. .

£ JE(‘”U‘”Z) = (0,,0,)D, X8 (0,0, = (m,alaz/[mz(ﬁ +d)]), D =
[ 0 a0,/ m, (¢, +d1)}]
d,/c, 0 ’

SESCIEE CP-BREUV:RE > ROMR . V(y, (1) ,3,(0)) = py, (1) +qy,(1) o Hfip =0,/ (¢, +d,),
g =w/c,, HTto's SR LV(e) = p/V(e) » {aya,(1 = B)x(t)y,(1)/[my + my(1 = B,)x(t) +
myy, (1) ] = ey, (1) -dy, (1) | +q/f/(t)[_02y2(t> +d,y, (1) ] - [pzoéyf(t) +q20'§y§(z)]/[2f/2(t)],
HA Voi(0),n0) < [Poyi(t) + doy()](1/o; + 1/o3) o X [p/V() e (1 -
B x(1)y, (1) /[my +my(1 = B)x(1) + myy, (1) ] = ¢y, () = dyy, (1)} < pajo, | X - K|/ (gm,K) +
min{c, +d,,¢,} (VR = 1)1, o, +maxic, +d,,c,} (VR =11 go) , FILLLV(1) <paje, | X - K|/ (gm,K) +
minfc, +d,,c,} (VR - 1)1, z<,, + maxic, +d1,cz}(m—l)1;m>” 20505/ (05 +03) , MIiA

dinV(t) < {paye, |X - K|/(gm,K) + minfe, +d,,c,;} (VR = 1)1, g, + maxie, +d,,c,}

(VR = V)1, oy, = 20505/ (05 + 03) tde = [poyy, (0)/V(t) 1dB, (1) + [qosy, (1) /V(t) JdB, (1), (11)

X (11) PIATE [0,0] FRSY, WTG

[InV(t) = 1InV(0) )/t < [pa,a,/(qm,K) ] j;‘X(S) - K|ds + min{e, +d,,c,} (VR = 1)

Ii/l?slj +max{cl +d1’cz}(“/]?_ l)l;ﬁn‘, _20-20'.2/(0'2 +0—§) +M(t>/l +N(l)/to (12)
Sl 0 = [ (o (9)/7(5) JdBL(5) W(0) = [ Laorna(5)/7(5) JdBy(s) , BLLim[ 01(1) /2] =0,
lLrg[N(t)/t] =0,a.s.

HBo(12) ﬂﬁ%lin}iup[lnf/(t)/t] < min| ¢, +dl,cz}(ﬁ—l)lwﬁgl§ +max{c, +d,,c,} (VR = 1)

L g, - 20503/(0; + 03) + o, YR/(2r) < 0, M A limsup[ln y,(¢)/t] < O,
lim sup[In y,(t)/t] <0, Bl limy,(t) =0, limy,(¢t) =0,a.s. ,

4 HiEEM

J T RAE FRFIEAE R R Milstein 2 BT EA R (1) BOBERIILE

WS r =0.9, o, =0.3, a, =0.5, ¢, =0.04, ¢, =0.02, d, =0.8, m, =0.5, m, =0.8,
o =0.03, 05 =0.05, o5 =0.04 , HHRATHNEEEM2 WA, FTURERX (1) FEE—-TR
3 (WLED)
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I SH r=0.4, a, =0.9, a, =0.01, ¢, =0.4, ¢, =0.01, d, =0.6, m, =10, o> =0.04,
o; =20, o5 =20, JEATEEEEH 3 &M, FIL S AR aE AL sk K4 (L
Piz] 2) o
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Fig.1 The solution of model(1) and its corresponding deterministic model
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Fig.2 Predator population extinction of model(1)
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