513 45 4 112015 4E 8 A
1672-6553/2015/13(4)/314-7

B EEE R

JOURNAL OF DYNAMICS AND CONTROL

Vol. 13No. 4
Aug. 2015

REMBEGENHRESERREERNI N

£ N

T

CBRPIE A% B S5 5 R0, P9 710062)

W' VRE TGN T, AR RBCR A P AR T RO Bl A A R G AR E TR AL (RSS9
i T I Stratonovich-Khasminskii B8 5L 51753 2] 1 WSRO RR SR8 JROESE 1 i P
JE B, GRS E K, 15 58 AR R DG IS ()05 P44 b 14 A5 MR 5 4 T2 1) 32 k). Monte-Carlo 52 0156 U B 18
SRARH G BEE. DFFE R 1) BEAE 55 Sl B4R, BEATL PR 300 A 25 A GE AR 0052 M i 55 5 2 ) MR 7 o B2 R
AR R GUBATEAE 53 ) BENLIA 157 BT , A= 25 R G MR AE 54 ) BE HILIORN O A O Ik ) s 2R 25 2 8 IR

pan

e
X MR, RWHCREEE,  BEPLTR,
DOI: 10. 6052/1672-6553-2014-033

51

T

2 L) Lotka-Volterra 575 24 5 T 1] Fil ¥ gt
PR AT RN E 2 I B SRR S T
RERIHEAT T W03 T F 2o, o, %
V& T RIEER] Y F 54, WA R Holling T-111
DIREIE R bl AR T RE SR JEE 4 BT
o7 L AR T LA A AR 2K A
B SRR, — i, T e
AN BIATA 2 PR 26, RIS 5 L 4 750 o
W32k B 25 R HARAS. 1T LA ML 75 2R i o
SV AR N7 A BT T S i ke
W AR R AR AE 26 BR i (ot B BE Logistic £
7 ) U0 BRARFR AR 4. 2004 4F, Cai F1 Lin F1] B
DS T 1F M A 03T B & A A
3T R R WA R SRR . 2013 4R,
Qi S5 HE— 5 57 T 52 (M 7 4 B B 5 £ 3 TR A
R H ARG — LB L S R G RAL, I A
AR08 3 T %5 — B s i R i R s
e

DA BFFE AR o 2 W TN B % B
SN S b B AE Sh A S R R E TR
S BLA T 10 A 25 N2 B (. 2006 45, Kar fF

2013-12-06 Y245 1 i ,2014-01-07 Y ) & i
* [ HARLE R YR BT H (11202120 F161273311)
T RA/EH E-mail: ninglijuan@ snnu. edu. cn

SR L

FE T EA Y B O ) B I — i R, &
B39 S A OURT RIROR R GE 0 R AT 0, ik ml L
P R G B R4S 2010 4F Lv S5 Sy T 1E
SNSRI 7K A= T2 AR 400 R T S0 000 ) i ) BT
AR, A HASE P R Al 2R s 47
THEE, RIS TR T DL BOM e K 4, 5 LY
AT LSRR (R L SR, 78 A
PRGN N A S R GBI R A B 5T B

L5 ERTIR AR SO E EF U T , HA kS
RO AE R 57 P8O0 1 BEHLAE 25 R SR R 47
THESE. D9 T A B R Rl 5590 s X AR S R G
Wi, W T Bl R Il R E, AR B
RIPESAEA. B, 0F5E T E TR AE S R L MR
EVERS, A2 TP E, (0<E, <2/q,) 1)
PN e, F1 e, FUR, R BEALBERUFL AL 1o B
UM e, FETE e, <E, <e, X [H] PR FH B AL
Pik, WHE EAES T REHLRSE A PR A2 A58
L. ARG, AR I8 2o 2o PR AU A B v 1
MRS, X ELSEPRBE F 0y MRS T 4 AT A0 T B
Ji 3 B RLALL, BARIM AT T Al 55 R LR
Bt A RS SR B AU SE I, I A Monte-
Carlo BEADR L5 UEH 16 53 BT ) HERT .



5543

DR [ 45 - WP M 70 2 2 25 R SR TR S 315

1 WEMHEITR

1.1 £284 Lotka-Volterra 28
5 38 ) Fh ) A B AE F 19 Lotka-Volterra 452

FIUER
% =ax — bxy,
d (1)
dy _ )
Yo eyt fi,

Hor oo,y 23 R A 1 5 A B R
Bt sa,b,c MfONIER B o RV EE AR
KARECGAER) R & AR b Ff 7
B R E TR EY AR (1) X2 —
Ry RG A — DA E -5 (0,0), —PMEE
A AR A 5 (e/f,a/b) . HAA IR BB ik
Bla

v(x,y) :fx—c—cln%+by—a—aln%/ (2)

Horbry (o, y) =0 XFR E P45 (e/f,a/b) , H.
XtF y(x,y) =R(R=0) ,1IF£ x>0,y >0, B y(x,
y) =R R T 3 ) R G m A JR B E . A R
BB R E R

T(R) = jgdt - 3£

dy _ ﬁg dx
y(fx —c) x(a - by)
(3)
FEERREAR I3 R SCAE H (2) 308 E 19 JA 0 B
I
1.2 BEERIEHEHHNESREER
A NN A 3 AT B i A7 5 RO Al
5, Wl & & BA P il 2 A S R G E v
B ] AR A -

dw _ _xy_ p(I-Bay _
a =2 =) 1+m(1-)x 0k,

dy _ _ g1 =Bxy
R A e sl LR

o oo,y WA B R R A RO 2
Bz >0 fURPH B AR KA K >0 USRS
BH BT T IR Bl & H 1 KA

ﬁLﬁa@ Holling-11 B 3G 52 )% 5p >0,d >0,¢
mx

>0 2 BT T PR, e TR,
3% 58(0 < B < 1) £ 3 HE A JIE 3BT 14 1 3l £ 35 Fh
BES AR LE 5 ¢, >0,q, >0 23 3IFm A

(4)

FEXN A B A B E 1 E% B, >0,E, >0 4L
PR WA £ 5 A B AR R TR L E
HE, BRSNS B Al il 574k
. O TG 3 W SEBR, 255 SRR 16 ]
rh RS HUE IR IR R S I A R A SR
H.2=2.65,K=898,p=0.045,¢ =0.0097,

d=1.06,m=0.002,q, =0.2,q9, =0.02,

E,=1,8=0.1.

(4) XEA 158 Py (0,0),P (K(1 -q,E,/
2),0),P,(x,y) , Hrp

d+q,E,

(1-B)(q-md-mg,E,)’

X =

SR S 23
y_p(d+q2E2)(z_q1El_K)' (5)
30 1 R G0 JR AR e M E S5 A5 30T XF

WA B E, AR, iIdHh e e, H

HH

md E
elzi(l— g+ ma T mds", ):0.224,
q mK(l—ﬂ)(q—md—quEz)
z d+q,FE, )
e,=—|1- =10.91.
: ‘11( K(I—B)(q—md—quEz)

IR AR 40,25 0 < B, <e B,
R (4) FEE— RN Y e, <E, <e, B, P, &
WL E 1 2 e, <E, <z/q, i, P, S M E
A

RIGHHT He <E, <e, B, EVH#A P,
(x,y) B E, BACHIERSME. IR P a] LIAR 3], i
PR E R BIRIE E, K 76 RGP AR,
P B H AR T AR UE (E 143, 3 il & A i

x1 EFEHRP,(x,y) HEHE(e, <E, <e,)

Table 1  The partially value of P,(x,y) (e, <E, <e,)

E, 2 4 6 8

P, (143.3,57.80) (143.3,45.15) (143.3,32.50) (143.3,19.84)

KL 45 T HiE75RIE £y 30 L4 R 6 I, )\
HIHR{EL(30,10) i, RGE(4) Bz sk, dl&l
AR RGP Py (x, y) 8 BB, i
Ja BRSBTS By R, 2R Gl SO S
USRS N W e G e o ok g e Ak ]
oI B, X R GUR SIFERE .




316 3 5 B oHl ¥ i 2015 455 13 4
S ARSIk 18], 6 F— e BEHL

80 //_ . - 1 d(X)

of [N\ w0 +g (X0,
YY) \ . i=1,2,3,n;j=1,2,3,m. (11)
D) ] P FErf (X, 0) Fl g, (X, 0) 26T X RIBR] ¢
00 100 200 300 400 500 00 100 200 300 400 500

Pﬂl Z:IE] El ﬁﬁ?%%(“)ﬁ/ﬂ&ﬂlﬁ(d) El :4;(}3) El =6.
Fig. 1 Trajectories of the system (4) with two different
E, values: (a) E, =4 and (b) E, =6.

2 BHAEDS REBEHR

B BERM BHREGHRENESRRRE
IR AF R A A E PR R, 20 B
A AR R U TR AR R S SCHE S M P 3
Ji T A BRI A 25 R GER L

2.1

dx _ X, _p(A-BXY

d =zX(1 - K) 1 +m(l _ﬁ>X_‘11E1X+X§|(t>a

dy _ q(1 -p)XY

dt——dY+1+m<1_B)X_q2E2Y+Y§2(t)’
(6)

o, XL Y IR £ MM 2 & BBl
Wi ¢(0) (0=1,2) BANE S A2 @IS, 2
SR P B £ 7 AR R 2 (% (I 7 X
HEF RS R ) MR & AR TR 4 H
PIE N, SR eRECN -

E(C&)EQ+r) ) =€, (1),

E (&H()&E(+T1) ) =Cy(7).

XA (6) HEAT 4 A «

A=m(1-B),s=".c=d+qL f=(1-B)

b=2
q

(7)

SC

I (8)

223 (8) AR e, IEF7 5 Py (x,y) AT AL
H(e/f,arb), (6) AL F I

% “X[a—bX =S5 —c+fX) +G,(X,Y)] +X£,(1),

(q—md—quEz),a=z—q1El -

S
‘% Y[ —e+fX +G(X,Y) ] +YE, (1),
(9)
Horr
b -
G LY) =" Y e
(10)

_ gy A -c
Go(X,¥) = —Ax E=C

BRI E (1) I I BEBLILRY. 45 & (1) AT
B 326/ L 2o X, O G (R
K Ar, 4 BB ER B Ar, BEHLIE R X, BEAS L)
A Tt BEHLIA iR, LR R 0, (X,0)
T ECRH b, (X,0) W

a,(X,0) =f,(X,0) +gk<x,t>a%g,-,<x,z>1<ﬁ,

by (X,1) :gij(X9t)gks(X9t> (st +Ksj)-
(12)
Lrp

c= K= [T B (g () Jay =

\

=~

jo C,.(1)dr. (13)

Ci (1) 09 & (0) A€, () BRI BREL. X FAH L
TSZ ARSI, BIA C (1) =C(7) =0,(j#s).

B (11) ~ (13) AR AN (9) 3, mT LA
1to FEALT T3 7 -

dx =X[a—bY—%( —c+fX) +G,(X,Y) +

K, ]dt +,/2K,, XdB, (1) ,
dY=Y[ —c+fX +G,(X,Y) +K,, ]dt +
V2K, YdB, (1), (14)
Horp K an (13) 25 S, RV AR Ay M 75 5
B, (t) # B, (1) R PAIh 57 HA Wiener (4EZN ) 12
.
2.2 BREMEZERR
N ARG B A S R G R AR S
AR, 455 256 A Bl 2 (8), (10) =X, Xt
(14) XAEQF U] 1) B B E AN RS H K
R THAHEE AR KBS 2,5 s R/ s2)
Me, <E, <e, I, F A PUK Runge-Kutta 2k 5&
(14)X1BH] 6, (X,Y) , G, (X, Y) XS a,b,c
M f iR/ 3) B ERIE R 2 B BEHLIL 3 &
(1) (i =1,2) PN iR B /i
S SCRARE T (2) A FEPLE R R(1)

R(t) =fX—c—clan+bY—a—alnb;Y. (15)

C



5543

DR [ 45 - WP M 70 2 2 25 R SR TR S 317

A o 2300 (14) AR R SE T R(0) /Y 1o
WEHLI I 7 7 -

dR(1) = | =) (X =) G (L) +
(bY —a) G, (X,Y) +/K, X +bK22Y] di +

V2K, (fX —¢)dB, +,/2K,,(bY —a)dB,
(16)

AT LA BB Al (16) sS4 /i B R (1)
Je— MR, MRS (14) 7T LME RIS R
(1) ZHshJa = EnH RS

HHE Stratonovich-Khasminskii [ifi #1515 J5 34,
AR BEPLE R R (0) 19125 Tto FEAIL G 7 72
N

dR=m(R)dt +o(R)dB(¢), (17)

Hor,m(R) # o (R) 73 51y EE 7% 2 HORH™ 1K
FH AT LA T S

rdm=—§%UX%Y%+«ﬂFOGL&D+

(bY_a>GZ(X’Y>>t +fK11<X>, +szz<Y>t ,

(18)
O'Z(R) =2K11<(fX_C)2>1 +2K22<(bY—a)2>t,
(19)
Hrp
1 1 dy
(o) = T(R)?gd‘ TTRYIY(X —e) T

1 dx
T(R)ng(a by
(o), FR—A TN ISR, T(R) 40
(3) e S g4 (1), (3) AT LIS 3

<X>,=7, V=7 (20)
)y e oy (k)

(K= =e (Y =a)"), =570, (21)
(X =) G, (X,Y) + (BY ~a) G, (X, 1)), =
e
g(R) = af LU )

_ A (X =) dY

Y

B(20) ~ (22) fRA (18) A (19) 75 3]
e e Jm RIS R AN R KL

s&(R)  G(R)
ofT(R) " T(R)"

o’ (R) :i(d{” +aK22)§,%.

16 AL 5 R (17 ) 20T B P A AR e 8
W 1 FPK 7R
L m(p() ] =35 (p(r) ] =0 (23)

Hop,r JEREHLLRE R(2) BPRAS A, m (r) A
o’ ()RR m(R) Fl o (R) , K43 (23) xR i £
SR
Sc

p(r) = CT(newp( =Br) B=y e k5

Horp, € O H—AEH R BB R = r IFBEYLIE
T X AR N p(wlr) , JUA

p(xlr)dx = e dx dx

T(r) ~ |9.c|T(r) - lx(a—-by) I T(r)

o1 EATAE R F0X B AR N

_ p(r)
p(r.x) = lx(a—-by) I T(r)

B YAER R FX B eREL, R R A R Ja-
cobi A5 2] R Fl X ROBRAMEREE p(r,x) M
a(r,x) _ p(r)
a(x,y) xyT(r)

“Son] - 530

Hodr, € O I3 — 405 %, DT AT RLAS 2] 9 4 il

p(x) =13 p(x,y)dy, p(y) =/ p(x,y)dx.

p(x),p(y) MAALE B BEHL 5 GE A A 3
FEAFRE B R AR B B

3 HERHY

AR SR H FH A AR T i ek e R 7 A Y (2 M
BEAL &, (¢) SR A BEAL IR A yg o 1 72 b R %)
— IR TR

d¢; (1)

dt

SC W, (1), W, () J S 76 7 17T, 3
SREESPH D, (1), D, (1), AT LA €

(1) FIARDCIS ). & (0) TS L @, (w) FIAH G R R
Cz,'(T) ﬂfl:

m(R) =cK,, +aK,, -

p(x,y) =p(r,x)

+o (1) =W, (1) a,>00=1,2, (24)



318 B %5

2015 4F45 13 %

ey - D
1 (e

2D.
Cii(T) =—te ",

x 10
4 oni=l
a=2
1
3 °“i=3
2

P2 o B [ (IR 08 2o o R i 3 T 26
Figure. 2 Power spectral densities of the low-pass fltered processes

(24)for different values of band width parameter o;

P2 25 T S A O 0. 005, o BUAS [l
VR 38 208 i ok R 1 3 8 B T k. W] LAAR B BEOE o
PSR, 5l AE AT 2.

K3 41 TSE2D, =2D, =0.01,a, =a, =2,
HARSHIUE (5) & 3L E, BORFME S, P
FE 1) B A5 ABE 22 %8 B2 104 7 T A ( Analytical ) AR 4
(Simulation) Hi£k. MBI AT AR 580
BRGHIEFR 1 XN, BEYLFR G081 0 Fa e i, g
EHEMRECR S B, 3 RAE 143. 3 TR 3
(El3(a)) EaFez s (B 3(b)) ; i
T x, y DAL 2 WERAE 2R Ge 00 715 s B PR 3, 24
E, =2 0 JRSEER K B A E, 192K, k3
B, RGAR SO G FRUE. B, 7R R
BN BB AR 2200, BEE 57 5 B A oK
BEBLIR XS R GE R RE M8/ fApT i 2k 5 Monte-
Carlo 4D Ah A 25 E JE AR — B0, U] T BEALF- 34
D7 R IE A

HEHRSHIEA AT T , & 4 (a) fl(b)
BT E, =6, =a, =2, FEVLEGISR 2D, 43
B 0.005,0.01,0. 05 B P FfHE AR A 28 %5 B (L
fibz%cn 1) . WEH el L35, 242D, =2D, =0.
005 B}, RGe AR SN IE E /N, BEE 2D, (13K, F Al
E x,y PRSI0 B 450, R BH A0 SREAS 1 o

0.06 0
Analytical E =E = Analytical E =E =2
: 0.175 . B
—E = ’ —E =
0.05 o SmulationE=E =2 | o SmulationE=E =
— — —- Aualytical E =E =4 s — — —- AualyticalE <E =4 |
am o SmulationE=E =+ | o o SmulationE=E =4
- Analyhcal.El=Ez=8 0.125 [nf - Analyhcal.El=Ez=8 1
y Simulation.E =E_=§ i I Simulation.E =E_=§
P(x}) o3 =) T2 0 | POY) g i 2] r ]
g
d[ﬁ 0075 it
i
0.0 e o!
R 0.051
Vo it /<4°\
0.01 & i ¢
0.025 ! %
/ [n)
% o) o
Si‘j 2 SO
100 00 300 400 50 100 150
@ «x (b) ¥

B3 A E, BUE T PR RSB R .
Fig.3 The stationary probability density of two species

with two different £, values. .

0.06 - -
- -~ Analytical 2D =2D =0.005 02 ~ -~ Analytical 2D =2D =0.005
O Simulation,2D =2D =0.005 O Simulation2D =2D =0.005
0.05 T 1 o1s L
— — — - Analytial 2D, =D, =001 : — — — - Analytical, 2D, 2D =001
o Simulation2D =2D =001 0.16 o Simulation,2D =2D =001
U Analytical, 2D, =2D, =005 | 0.14 Analytical,2D, =2D, =0.05
o Simulation2D =2D =0.05 o  Simulation2D =2D =0.05
1 2 0.12 1 2
P(x} o3 1 py)
., 0.1
a
hul
i 0.08
0.02
% 0.06
g 0.04
0.01 g b oy
g 0.02} ¢
A .
0 it
100 200 300 400 500

(@) x

P4 ARE2D; BUE T PR FR S MR % R
Fig.4 The stationary probability density of two species

with two different 2D, values.

0.07 018
.- .—..Analytical,g =g, =1 _._._.. Analytical,g =g, =1
1 2 0.16 1 2
0.06 o Simulation.q=g,=1 A 0 Simulation,q,=g,=1
— — — - Analytical.¢, =¢,,=2 0.14 — — —- Analytical.g, =02
5 o
Gk o Smultion.q =2 ol o Smultion.q =a,~2
Analytical, =g =3 Analytical, =g =3
0.04 1 4
p(x) o Simulation,,=o,=3 p(y)‘” o Smulation,, =3 |
0.08
[
0.06
0.04
;
002}
;
Pl o
400 500 50 100 150 200

(b) ¥

5 AR o BUE T PR RS SRR B
Fig.5 The stationary probability density of two species

with two different a;values

Bl5(a)fi(b) Zi TEHRSHIEAL,
2D, =2D, =0. 01, E, =6, BHLIE % %% o, 57
BIHCL,2,3 B PR RS ME R BB, A& ]
PATRE] B o, HY3E K, R G sl FE b, B AT



5543

DR [ 45 - WP M 70 2 2 25 R SR TR S 319

LIS P IARTE , 25 R SRR E s 1A,
FRFS R T, A R BB
4% ®

ARSCHIFTE T A B3 A0 B 3 FLA 57 7 %
A7 , Yl B E W RGBS B B R A 2
RO, ERT T Bl B E W ERIE B fEX
] (e, ,ey) ARG BN T3 2447 O s #5717 5N 4%
AT S PRER S A I P U T B BE LA S R
BE AL 5 o 30 o) T Be e A 0 o BEAILAR I 5 7,
TEA BB , FF BEALF- 24 S BEA 2 PP Rl A
MR L1 BE % 5 12 ] Monte-Carlo A5 40 561
TREASBIE R IERRPE. X5 PP AR AR A R R A F
FERBL: PGSBS , PRGN Z X R G4
K. BEFAREHE SN, BEALIN 2R 2 # ik >
G 30 2 R G R FAAS. W otk B O, B
AL R R GER WA, W 7 A S I [/, AL
X RGN 53 51, AR SCHY BT BIE S 4l 2
FAGIRE £y, AR Bl A BRI X R
FHIEEI X T RIS B, AL, Ey XRG4 J7
EUSEERIA. RSO A SRS AR —2,
AU RO R A = Sk

ARSCHIWTTE I S AE B AT R 57 R K ke
A 2 RSP BT A s PR AR F) Sl 5
HIREITE T Cey ey ) ZI0], X0 A 2 Y fy 460 455 05
2y, SIS BT RO AR Y, DA K AE BEHL IR T (0, e, ),
(ey,2/q,) JEEN ARGz shPE S Tk, 0 A
FFITAE.

& % X M

1 Lotka A J. Element of Physical Biology. Baltimore: Wil-
liams and Wilkins Press, 1925

2 Volterra V. Varizaioni e fluttuazioni del numero d’ indi-
vidui in specie d’ animani conviventi. Mem Acad Lincei,
1926, 2. 31 ~113

3 EULAL, VR, R AR WS AR A B ) AR
PERFSE. 2l J12f 545 241, 2005,3 (2) :40 ~ 43 (Wang
H L, XuJ, Guo L,et al. Research of red tide in ocean on
dynamical stability. Journal of Dynamics and Conirol,
2005, 3(2): 40 ~43(in Chinese) )

4 Saha T, Bandyopadhyay M. Dynamical analysis of toxin

10

11

12

13

14

15

16

producing Phytoplankton-Zooplankton interactions. Nonlin-
ear Analysis: Real World Applications, 2009, 10; 314 ~
332
Holling C S. Some characteristics of simple types of preda-
tion and parasitism. The Canadian Entomologist, 1959, 91
(7). 385~398
Akcakaya H R, Arditi R, Ginzburg L R. Ratio-dependent
predation: an abstraction that works. FEcology, 1995, 76
(3): 995 ~ 1004
Kar T K. Stability analysis of a prey-predator model incor-
porating a prey refuge. Communications in Nonlinear Sci-
ence and Numerical Simulation, 2005, 10(6) : 681 ~691
WCHE 250 IR e AR, PIRRTERERLS) 1 B GE R 15 B A
B SIERESE. W B 24 ,2012,61 : 170509 ( Xie W X, Cai
L, Yue X L, et al. Information entropies and dynamics in
the stochastic ecosystem of two competing species. Acta
Physica Sinica , 2012, 61:170509 (in Chinese) )
Wu Y, Zhu W Q. Stochastic analysis of a pulse-type prey-
predator mode. Physical Review E, 2008, 77(4) . 041911
Wees, TR AFRIEIEERERY Fokker-Planck J7 FE
LR S A5 WP 2547 ,2013,62(18) : 180501 ( Yang
H H , Ning L J. Approximate time-dependent solution of
Fokker-Planck equation with non-linear drift force. Acta
Physica Sinica, 2013, 62(18) : 180501 (in Chinese))
Cai G Q, Lin Y K. Stochastic analysis of the Lotka-Volt-
erra model for ecosystems. Physical Review E., 2004, 70
041910
Qi LY, Xu W, Gao W T. Stationary response of Lotka-
Volterra system with real noises. Communications in Theo-
retical Physics, 2013, 4.:503 ~509
Kumar Kar T. Modelling and analysis of a harvested prey-
predator system incorporating a prey refuge. Journal of
Computational and Applied Mathematics, 2006, 185(1)
19 ~33
Lv Y, Pei Y, Gao S, et al. Harvesting of a phytoplank-
ton-zooplankton model. Nonlinear Analysis: Real World
Applications, 2010, 11(5) : 3608 ~3619
TR R AR S 2 B R SIS B R
F AL, 1996,43 (Ma Z N. Methods of mathematics
and research in population ecology. Hefei: Anhui Educa-
tion Publishing House, 1996,43 (in Chinese) ).
Bairagi N, Jana D. On the stability and Hopf bifurcation
of a delay-induced predator-prey system with habitat com-
plexity. Applied Mathematical Modelling, 2011, 35(7)
3255 ~3267



320 B oo 5o #H o W 2015 455 13 45

17 Kuang Y, Freedman H I. Uniqueness of limit cycles in 18 Lin Y K. Some observations on the stochastic averaging
Gause-type models of predator-prey systems. Mathemaii- method. Probabilistic Engineering Mechanics, 1986, 1
cal Biosciences, 1988, 88(1) . 67 ~84 (1):23~27

EFFECTS OF NOISES AND HARVESTING ON THE STABILITY
IN THE PREY-PREDATOR ECOSYSTEM*

Dong Qingguo Ning Lijuan’
(College of Mathematics and Information Science, Shaanxi Normal University, Xi’ an 710062, China)

Abstract This paper discusses stability problem of a new stochastic predation type ecosystem with corporating a
prey-refuge and independent harvesting in either species. To explore the prey-harvesting and colored noises
effects on the stability of the ecosystem, with the assumption of weak disturbances, the stationary probability den-
sity functions for both species were obtained by applying the Stratonovich - Khasminskii averaging principle. The
accuracy of the results obtained from theoretical method was demonstrated by those obtained from Monte Carlo
simulation. Results obtained show that:1) the ecosystem with smaller harvesting is less stable when the system is
disturbed by noises; 2) the stronger the noise intensities are, the less stable the ecosystem will be; 3) the narro-
wer the band width is, the less stable the ecosystem will be; a narrower band width leads to a less stable system;

4) a smaller correlation time leads to a more stable system.

Key words colored noise, harvesting, stochastic averaging, the stationary probability density
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