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Dynamics Behavior of the Plankton Model in Foraging Arena

ZHAO Yu, WEI Chunjin
(School of Science, Jimei University, Xiamen 361021, China)

Abstract: In this paper, the dynamics behavior of a plankton model in foraging arena were investigated.
Firstly, it was proved that there was a unique global positive solution starting from the positive initial value.
Then, sufficient conditions for extinction and persistence in mean were obtained by comparison theorem for sto-
chastic differential equation. In addition, it was proved that there existed a unique ergodic stationary distribu-
tion. Finally, the theoretical results were verified by numerical simulation.
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de(t) = x2(t)[a - bx(t) —sy(t)/(B +x(t)) ]dt, ()
dy(0) = y(2) [esx(1)/B +x(1) —e = fy(0)/(y(1)* +hy) Jdu,
Hrr, x(e) | y(¢) A0S PRWAE Y FIE S ITE ¢« 20 o SEPRIAAE I I N BEI KA, b AR IR
PRI NTER 35 o SEIFIFIINY FARFET 3, R liEsifidisd Holling 1T FYLRESN A, = s/ (x +B) 2K
THETRIFEY); B PIRMEEL s BEER,; o BIFIFBI B INEIREE,; H7/ (Y + hy) FoRTRIEE
YIiERE 1 N f 2R T e R A i . 2RI B DI RER B B AN 2L h, (1) Holling

[WKFEHA] 2021 —10 -07
[(BE€ME] EEARFIERESIH il R R RBCECEA" (22072057)
[EE®N] WEES . 54 (1973—), #3%, FHt, DNFAEWEATT RS, E-mail ; chunjinwei92@ 163. com

http : /xuebaobangong. jmu. edu. ecn/zkb



* 254 - Rz (ARBIERD) 5529 %

111 BUTh BRI
FERAEAEYRG T, REAYBSAREHEMTAY, RIEREwHHE, faaig
FELE By 233 [ R s ) PR ) S 80 A 1 VARl R 0 F G 559 R0 S BV 58 8 40, L v B 55 S 4 12 T 25 5 kil
1, AW A A PR AE M LA A 5, AT BRI I A FRECE I B B g, LA
HEWZRMEEEH, Hit, Merie T S A s mzmage, SCEk (6] Ha, =
sx/ (B +y) KB XF R TeH I FRTIRER Y . 3Tk, ACHIEFEREEHY T A, A
B (1) Ry A, MR
{dx(t) = x(t)[a = ba(t) —sy(t)/(B +y(1)) ]dt,
dy(1) = y(0) [ha() /(B +y(1)) —c = fy(1)/(y(2)* + h3)) ]di,
Ho h=es, WA, FEBSAETE T, LT HEAAFAER), R RS Z RIS A s 7,
JITLABEHLASE R 25 LB 2 PR R S A AR 1 . &2 3Gk [10 - 11] MR &, ARSCK IR AR
TRUF SR EARIET -S43 BN LRI, 75 3 f
{dx(t) =ax(t) [ a-bx(t) —sy(t)/(B+vy(t))]dt + o,x(t)dB, (1),
dy(1) = y(0)[hx(8) /(B +y(1)) = ¢ = fy(0)/(y(1)* + h3) Jdi + o,y (1) dB, (1) o
Hrpr, o7 (i = 1,2) FoRABFRE; B, (1) . B, () A BT bR s 8,

(2)

(3)

1 F&ER
S (Q,F,F,}, =0,P) AT F, | I LI R 0 (BN F, |, oA 1 S o o 36 16
HF, & A ENE) e aiiResn, I EEr, AU TFid%: R, .= 0

;(x19x25'”axn):xi, > Osl = 1,2,"',”%; l X<t> l = llez o
i=1

BEHL I 4> 77 72 da() = f(x(e),0)de + g(x(e),0)dB(t) WIMRICHE x(1) = (x,(1) ,x,(t) -,
x, (1)) (t=0), Hrf, fel'(R" xR, R") ;g € ’(R" xR, ,R""); B(1) /& m 4 Wizsh,
EX A R (x(0),y(1)) ARG (3) WAEEM, 2. i)x() EHHERLR, nHE

lim sup t_ljlx(s)ds < 0 m# Limx(t) =0; i) x(¢) EWEIEFFAR, WE lirﬂ sup t_lflx(s)ds =0;

I+

f; R,: =

{x:x

i) x(e) 2 89055 H A0, W0 Limsup o' x()ds > 05 iv) (o) U A B, IR

lim inftilJ’ x(s)ds >0,
0

>+

EX 2 RGE (3) MR ERENLERZA F, WRHEREN & e (0,1) , #BAFAE—IEH
¥H = H(e), AXAEZEMPIGE (x(0),7(0)) e R, RE (3) WIfE (x,y) #A WH B PE.

limsup P(1 X(¢) | = H(e)) <e, HF I X(t) | = V/&" +y° .

SIZE 114 XF Markov 32 X(¢) , BAEAEEA EMRAA R XI Ue R AW R, 1 ) XF
BN xeU, ¥ AX) MER/NMEEZIEEN; 2) fFEIER C-mE YV, S LVAER U I
B, W) Markov 3472 X (1) FEAEME— R DR 00 w(+)

5132 A x(1) e C[2xR, R, ], 1) BHEMEEFE R oy, TH =0, 155 :>TH, Inx(1) <

at —aofx(s)ds+ i,BiBi(t) , B (1 <i<n) 2—MEE, B.(1 <i<n) MMSIhRERDLZESE, N

lim supt'lf x(s)ds < /oy 53 2) HGHELEFE M . THl a=0, EYS:>TH, In x(t) = at -
0

aojlx(s)ds + iBiBi(t) , Hhg.(1 <i<n) 2—DEE, B(1 <i<n) JMSbRMERMEE, N
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lim inft_lf x(s)ds = /oy o
0

>+

513 BERG
dx, = [ax, (1) = bxi(2) ]de + o2, () dB, (1), (4)
#a—-0./2>0, M lim sup(In x,(2)/t) =0,

BIE47- & (1) = VP BW /(1/%(0)) +bfle(“"’%/z)“'“"’?‘(“)du,DllJ (1) BHEAD(1) =
D(t)(a-bD(t))dt + o, P(t)dB,(t) (P(0) =x(0)) E"Juﬁﬁﬁ?,ﬂﬁm sup E[®@(t) ] < a/b,

2 2REFNFEERE—

EIE 1 SMEEAENVIE (x(0),y(0)) e R, &G (3) 7t € [0,0) FFHEME—IEME (x(1),
y(¢)), IFHLUMER | fFAET R,

IERR AR (3) RYREOH LR Lipschitz 250, I HXMEES VA (x(0),y(0)) e R, , &
Gt (3) HESAAE—NIRFH (v(1) ,y(1)) e RAAEe e [0,7,) b, Hobr SRR, B4 THEB XA
R, RN 7, = o JLTAME ST, B, &k, > 1 AR REE, 15 (1) ,9(1)) €
[1/ky ko], X TARRERIER k=ky, ESL—METFI) 7, = inf {t € [0,7,) :x(t) € (1/k,k) Biy(2) €
(I/k,k) o

EX inf ®=+o00 (®RE—NTEHE), BRY koo, 7, BRI, Hr, <7, TREAT, =
kLiEank, Hpr <7, HiIt, RFFIEA 7, >,

8% 7, A0, WHHEFHET, =20, € (0,1) HI—NIERE R =k, B PI7, <T |=e, V,=
ko

FENL— C-FV(x,y) :R—>R, V(x,y) =x—Inx+y—Iny , o AR, dV = LVdr +8, (x(1)
—1)dB, (1) +8,(y(t) =1)dB,(t) , HH, LV = ax — bx’ —sxy/(B+y) —a +bx +sy/(B +y) + hxy/ (B
+y) —ey =/ (Y +hY) —hx/(B+y) +e+fy/ (Wi +y) +0 /2 +03/2<-bx" +x(a+b+h) -a
tst+c+[—cy - +fy—chiy/(h +y )] +0/2+0,2<-blx—(a+b+h)/b]> +[-cy —fy
+fy —chly/(hi +y)] +(a+b+h)/(4b) —a+s+c+0/2+03/2 <K, +K, <K, HPK, K.
K #RIE AL

BR (=’ =" + fy = chyy)/(hy + ") TR IUNT 0, BILAS y=0 B, (=o' - f" +fy -
chiy)/(h +y") —FA—NERKMEK,K, =[(a+b+h)/(4b)] —a+s+c+0./2 +0./2, K =
K, + K, o JEHIERIS3CER [19] #HA], X B,

3 MEHEASRE

EIE2 SHMEEWIHE x(0)> 0, y(0) >0, RE (3) BIFFAEFEHLERZA FL1

iERR i (3) AT, da(r) < «x(1)(a —bx(2))dt + o, x(t)dB(t) , HYE51FH 4 FIBEHLIL T FERY
HEGER, (1) < o(t) XAt e [0,0) AbAST, BTl limfollpEx(t) < 1if2+s;1p ED(t) <a/b,

A G(t) = (h/s)x(t) +y(t), m = min{a,c}, FIL, dG(t) = [ (ah/s)x(t) = (hb/s)x* (1) -
ey(t) — (A () /Yy (1) + h)1dt + (h/sx(2))o,dB, (1) + y(1)o?dB.(t) < [x(t)((ah/s) -
(hb/s)x (1)) —cy(t) Jde + (h/s)x(t)o,dB, (1) + y(1)o dB:.(t) < [(2ah/s)x(t) - (ah/s)x(t) -
(hb/s)x* (1) —cy(t) 1dt + (h/s)x(t)o,dB, (1) +y(t)o,dB, (1) < [ (2ah/s)x(t) — (hb/s)x*(t) ]dt -
m( (h/s)x(t) +y(t))dt + (h/s)x(t)o,dB, (1) + y(t)o,dB,(t) , X HEHMAFRFE,
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G(t) < G(0) +f;[(2ah/s)x(u) - (hb/s)x* (u) = mG(w) Jdu +

(h/s)alj;x(umBl(u) +azf;y<u)d32(u>o
X P 31 () B U 2R A
EG(t) < G(0) +f;E[(2ah/s)x(u) - (hb/s)x* (u) — mG(w) Jdu,
dEG(t)/dt < (2ah/s)Ex(t) — (hb/s)Ex*(t) — mEG(t)
N K E(x*) = (E(x))?, FitLL, (2ah/s)Ex(t) — (hb/s)Ex*(t) < (2ah/s)Ex(t) - (h/s) (Ex(1))* <
(a’h/(sb)), BRAEG(t)/dt < (a*h/(sb)) — mEG(t),
WL AR BROT 8 AT 0 < lim sup E(G(1)) < (a’h/(sbm) ), B lim supE( (h/s)x(1) +
y(1)) < (a*h/(sbm)) o
i Markov ANSE AN, SHMEREM k>0, #0A P(x(t) = k) < Ex(t)/k, H] ]if1l+s;1pP(x(t) =k) <
a/(bk) . % & =a/(bk) , WXHEER &, BFE—k(e) = be/a , ﬁﬁ%liggpﬂx(m =k(e)) <
e, P x(e) EMPUERZLA RN, JEEAE >0, XA =0, lim sup(¢) <«x, [AFA[1E, 77
Ay >0, HAFXITA R =0, lifiliupy(t) <y,
EBE3 W (x(1) . y(1)) ZRG (3) WREMIMFF(0) >0, y(0) >0 KAEEM, W, i) R
a<a/2, WA x(t) BEKLg; i) WRa>s+07/2, A x(t) BEEBERFA
HERH % In x M o AZ, 153
din x(t) = [a = bx (1) —a1/2 —=sy(1) /(B +y(1)) ]dt + o, dB, (1), (5)
din x(1) < (a -07/2)dt + o, dB, (1), 3 (5) PHFEIBFIEEREL 45, (Inx (1) —=Inx(0))/t < (a -
0'%/2) +o,B,(1)/t , WFRIBARRE, mosREGEFEL M) 4, lilrgiupln x(t)/t<a —0'?/2 <
0., FTLIY t— + o B}, x(t) KFLAFEEGEM T 0, Bl x (1) K4,
BAEIE i), X (1) A, dlnx = [a —bx —sy/(B+y) —o;/2]dt + o,dB, (1) = (a - bx -

s = ol/2)dt + 0, dB, (1), B Inx(1) =1n2(0) = (a —s - 03/2)t b x(u)du + 0B, (1), K, *a-

s —oy/2 >00F, HEH21, lim inf(flx(u)du)/t = (a-s-0/2)/b >0, Bl x(r) TESAM G TEY
—+® 0

HRHF A

EE4 W (x(0),y(1)) BRGE (3) WHEMIHFAM (0)> 0, y(0) > 0 AL, W. i) 4
0 < h/Bla-0:/2)< b(c+0o3/2) B, Wy(e) Ky i) B h/y +B(a-01/2) >b(c+o3/2) i, N
y(t) FERIFA

ERA ) B (5) WA IEBR LA ¢ oA, (In x(¢) - In 2(0))/t < a - 01/2 -

wnﬁkwmu+m&u)omm@2ﬁ,

lim sup((’-’x(u)du)/t$ (a -0:/2)/b, (6)
—>+x 0

Xt In y H Ito A28 15
diny(1) = (=c =032 + ha(1) /(B +y(1)) = fy(1)/(y* (1) +h3))dt + 0,dB, (1), (7)

X (7) PRI AR IERRLL ¢ 1T4S, (Iny(1) = Iny(0))/t < (-¢ - 03/2) + (h/t,B)flx(u)du -

FGP + hi))f;yw)du v oyBy (1) /1,

http : /xuebaobangong. jmu. edu. ecn/zkb



553 3 BT, AF WETER R IR IR B 12 AT A - 257 -

(Iny(1) =In y(0))/t < (= ¢ = 02/2) + (h/iB) [ x(u)du + 0,B,(1) /1, (8)
X (8) Wik EIET U BRI =L (6) LA (8) W1
hmiup(ln y(1))/t < (h(a - 01/2))/(bB) = (¢ +03/2), (9)

BI24 h(a - 02/2) < bB(c + 0a/2) I, lim sup(In y(1)/1) <0, By (o) BrLAFEEGEA T 0,
i) = (5). X (7) "7,

In (+(1)/x(0)) = (a = 03/2)t = b x(w)du = [ [sy(u)/(y(w) +B) Jdu + B, (1),
In ((1)/(0) = (= =ay/2) 4 hf [x()/(B +y() du = [ [/ () +13)du + 0B (1),
WA,
h/(y +B)In (x(1)/x(0)) + bln (y(t)/y(0)) = [h/(y +B)(a —0:/2) =b(c +03/2) ]t -
[0/ (B2) 45t/ (B 4B ][ y(uydu + b [x(u)/(B 4 y(w) = x(w)/(y + ) di +
h/(B +y)o,B,(t) +bo,B,(1) = [h/(B+y)(a-0./2) —blc+0:/2) ]t = [bf/(h)) +

h/C(B +)B) 1] y(w)du 4 W/ (B + )0, By (1) + beraBa (1) .
H5 I3 MIBGHLE T T R L EE AT, >0 B, 2(0) <, (), BB Lim ((In x(0))/1) <
Tim ((In %, (1))/1) =0, Xﬂﬂtlizri((—ln x(0))/t) =0, F)fu[m In (x(t)/%(0))/t <0, HIfELE
—AT>0, B >TH, In (x(0)/x(0))/t <O, FAYS e >THE, In (y(2)/y(0)) = (1/b)[h/(B + y)

(a -01/2) = b(e +02/2) 1t = (/B3 +sh/((B+y)B) ][ y(w)du +h/(B+1)0\B, (1) +bo,By(1) o T

MR 13 2, 1ig+inf(1/t)f'y<u)du =h/(B+y)(a-0/2) =b(c+0a/2)b[bf/h3 +sh/((B+y)B]) >0,

FPIS /(B +y)(a —a1/2) > b(c +03/2) B, y(¢) BIMEBRFFA

FE B3 MEH 4 RY, Ka<ol2 B, Flfa(r) Kde; Ka>s+oy/2 8, x(1) HEBE
PEIFA . Ma < bB(c+03/2)/h+ o /20, R () Ky, Ma > (b(B+y)(c+03/2))/h+0./2
B, FEE v () BERREA . BT, FIMESSRE o . o, XTIV« (1) Fly(¢) BIAEAFABRIISE
HRE, Bo/2<a<s+a/2F(bB(c+03/2))/h+03/2 <a < (b(B+y)(c+03/2))/h+0./2 0,
FIEE o (e) Fy () BIREA S K AAG O TCIEFI8T

4 BHFRISHHNEFEEME
FES5 HA=a-072-((a+bB)c)/h - ((a+b8)o3)/(2h) = (Be(a + bB)*)/(4h°h;(a +
B +s)) >0, MRS (3) FAAEME—nyE PR e,
MR N TAEMIEE S, FEEEIES I 1 P AAE 1) 2). RYE (3) MYTHEKN A =
w0
[UO , ZJ’ WARWERZEME ) o FHEIEERIE2) o X C-REV(x,y) :Ro>R, V=MV, +V, +
g,y
e, Ho, Vi =In(B+x) =In (x) + (I/h)y = (a +b8)/(h)In (y), V, =x + (s/h)y, M. I, e )&
W, e = —min{ MV, + V,} KodE VISAEGME, [ = (h(a + b8 +5))/(¢B), M AE)G M HIIER] b 44
I':HO
LV, =(&/(B+x) =1)(a-bx —sy/(B+y)) + (1/72)((1/x°) = (1/(B+x)*))ox +
((ly/h) = (a +6B)/h) (ha/ (B +y) —c =fy/(y" + 1)) + (a+0bB)/(2ha;) <
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ax/(B+x) =bx’/(B+x) +bx — (a+b8)/((B+y)x) —a+0,/2 + (a+bB)/(he) +

(Ca +bB)/(2h)) 05 + (s/B = (cl/h))y = fly*/(h(y* + 1)) + ((a +bB)fy)/(h(y* +h3)) +

Iey/(B+y) <ax/(B+x) + (bBx)/(B+x) — (a+b8)/((B+y)x) —a+0/2 +

(Ca+bB)/h)e+ ((a+0B)/(2h)) o5 + (/B = (cl/h))y = fly’/(h(y* + h3)) +

(Ca+0B)fy)/(h(y* + 1)) +lxy/(B+y) < ((a+bB)(xy —2*))/((B+x)(B+y)) +

(s/B = (cl/h))y —a +a;/2 + (a +bB/h)c + (a + bB/(2h))o; + Ixy/(B +y) +

(=flly = (a+b8)/(21))* + (fla +bB)*/(4D) ) h(y* + h3) <

((a+bB8)xy)/(Bx) + (s/B = (cl/h))y —a +0./2 + ((a +bB)/h)c +

((a +bB)/(2h)) 0 +lxy/ (B +y) + (fla +bB)*)/(4lhh}) =

(s/B+ (a+bB)/(B) = (cl/h)y = A +lxy/(B+y) == A +lxy/(B+y),
A=a-0,/2-((a+b8)/h)c - ((a+b8)/(2h))o; — (Bc(a +bB)*)/(4h*hi(a +bB +5)) > 0,

LV, = ax — bx* = (se/h)y = sfy*/(h(y* + h3)) < ax — bx> — (sc/h)y,

FrLL, LV S M(= A +xy/(B+y)) +ax —bx” = (se/h)y , Hi MR MA=d’/(4b) +2,

EXFFED, = {(x,y) e Riie, <x <1/g,,82 <y <1/e,} , HH0<e <1, 0<e, <1 H—H>
FA/NREHIGE . e, < 1/(MD) , &, <b/(2(N, +1)) , &, < (Be,)/ (M) , e, <sc/(2h(N, +1)),
Hp NN, # R E, SRR P4

D, =R\ D, RHIF 44X DL = {(v,y) e Rix <, },D2 = {(x,y) e RRix < 1/g,,
y <&l;Dl = {(x,y) e Ri:x > 1/g,} D} = {(x,y) € Ry > 1/g,},

B 1 EXI D, B, ALV <- MA + Mix + ax — bx* — (sc/h)y < Mlg, -2 <-1,

B2 XD L, 7LV <- M\ + Mixy/B + ax — bx> — (sc/h)y < (Mle,)/(Be,) -2 <-1,

EH3 XD F, ALV<-MA+ (Ml +a)x - (b/2)x> = (b/2)x> = (sc¢/h)y

EER - MA + (ML + a)x - (b/2)2* = (se/h)y A BEF, ABHCH N, WA LV < N, -
(b/(263)) <-1,

B4 XD b, HLV<-MA+ (Ml +a)x —bx* - (sc/(2h))y — (s¢/(2h))y , [FFE - MA +
(Ml + a)x - bx’ = (s¢/(2h))y A L5, AGHICHN,, HIAE LV <N, - (s¢/(2he,)) <-1,

gE LAk, XFEEN (v,y) e ROND, , ALV -1, BIG[HE 1 fh&MA2) dior, RLRS
(3) FAAEME— D PR3 AT (- o

5 H{EER

N T BAE_ERFEE ) KA Milstein R B 70 XA @ VIHIREM SR RS (3) SHATEUE R,

SFRG (3), HhRBWIME, =1.2, v,=0.8, HEBEELESHa=0.2, b=0.1, s=0.1, B=
0.1, h=0.02, ¢=0.05, h, =0.1, f=0.1, ¥ o, =0.01 if, WILIEAE, a-5s=0.1>0,/2=
0.000 1, Ve 3ii MM, Bk x(e) HEREFEA, W 1a; HASEAZE, o, =0.01 HKH
o,=0.70, Mt a=0.2<02/2=0.245, WEER31) MM, (1) K4, WH 1b; 2 o, o, N
o,=0.01, o, =2.00, HASEAZ, HWHHEEE4)0 <(h/B)(a —0/2) =0.039 99 < b(c +
03/2) =0.040 5 BI5MF, BeEFy (1) K4, WK 2a; o, =0.01, o, =0.01 B, h/(B+y)(a-0,/2) >
0.0114 > b(c +05/2) =0.0050 BO7, WEER 4ii) BISRME, BEit y(0) BFRFAR, WK 2b,

B 1 AE 2 KRBT, MRS X TIRiE s A —E 052, MRS RN, RS (3) s
TEE PERE AR T I 3l MM BRI, TRIRAEY i T K4, MEUS K 1a M A 92800,
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Fig.1 The solution x(t) of stochastic system and its corresponding deterministic system
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Fig.2 The solution y(t) of stochastic system and its corresponding deterministic system
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