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The Stability of Eco-epidemiological Model with

Infected Prey and Optimal Harvesting
JI Xue-sheng, MAO Xing-yu
(School of Science, Jimei University, Xiamen 361021, China)

Abstract; An epidemic model of a predator-prey system with infectious disease in the prey population
was discussed. The conditions and threshold to the existence of various equilibriums were established. By
using the characteristic root method, Hurwitz criterion and Lyapunov-LaSalle invariant set theorem, the stable
results of various equilibriums and optimal harvesting based on the global stability of the positive equilibriums
were obtained.
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dS/dt = rS(1 - (S +1)/K) - BSI,
dI/de = BSI — oI - myl, (1)
dy/dt = y(—d + knl).
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dS/dt = rS(1 = (S +I)/K) - BSI - ¢S,

di/dt = BSI —r,1 - ey, (2)

dy/dt = y(-d + LI).
Hr: r,K,B,&,r, e, d L, FRIEIE W R r R EHFIRERY AR KRR A Y5 B A L, Fn
EFAA 5 & FoR N Gy BB AOWSORFREE 5 vy B d 23 R Y 3 A B8 R T o) RORTHE
HHYAHERES.

HT IR W, XA (2) ETENRHE, S N = S()/K,P() = 1(1)/K,Q(1) =

y() /Ko = M4, & (2) nlfbh:
N'(t) = N(t)[1 - (N(t) + P(t) +aP(t) +b)],
P'(t) = P(t)(aN(t) - mQ(t) -¢), (3)
Q'(t) = Q(t)(—n+IP(1)).

Hr.a =pK/r;b =¢&rsc=r/r;m=eKryn=d/r;l=0LKr.
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1 R% (3) BHYEERMERY
FEL A X(t) = (N1),P(1),Q()" BRG (3) WATLEM, WHERNO) >0, P0) >0
Q0) >0, WMINGE) >0, P(t) >0,0(t) >0XFF ¢ =0 HWL.

RS (3) W5 AR, BE) N = NO)exp([ (1= (V(T) + P(T) +aP(T) +

b))dT) . BT N(O) >0,eXp(j;<1 —(N(T) +P(T) +aP(T) +b))dT) >0, FFLAN(¢) >0 XT
t =0 AT
FIFE, RS (3) 09352 1558, 88 P(1) = P(O)exn( [ ((aN(T) = mQ(T) = e)dT) .

T PO) >0, exp(f;((aN(T) -mQ(T) —¢)dT) >0, FFLLP(t) > 0XFT ¢ = 0 HRWLAT.
HES (3) 1553 DFL, BH: 00 = 00)exp([ (= +IP(T)AT) . HTF 0(0) >0,

exp<j;(-n+1P(T>)dT) >0, B Q() > 0Tt =0 #r, i

EFE2 R (3) A BEEEA R

R W (N(0),P(1),Q(1)) 2R% (3) MEEM, =0, HA N >0, P) >0,
Q1) >0, HREZL (3) ME-NTEXELHMED limN(1) <1, V(1) =al/(1 +a)N(1) +1P(1) +
mQ(t) , M. V(1) =al/(1 +a)N(t)(1 =N(t) - P(t) —aP(t) —=b) +IP(t)(aN(t) = mQ(t) —¢) +
mQ(t)(—n +1P(t)) =al/(1 +a)(N(t) =bN(t) =N (1)) —clP(t) —nmQ(t) < alN(t)/(1 +a) -
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cdP(t) —nmQ(t) =2al/(1 +a)N(t) — (al/(1 + a)N(t) + clP(t) + nmQ(t)) < 2al/((1 +a)d)
V(1) . Hs = min(l,c,n) , FRMEBEHA. V(1) <2a/((1 +a)8) +V(0)e™ —2al/((1 +
a)8) (t— o) , HILIEE.
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B, R (3) WLUAWMFIEGOFHEE: £ = (0,0,0) ,E, = (1 -6,0,0), E, = (¢/a,(1 -
C/d-b)/(l +(l),0> é (N’ﬁ’é> ’E'3 = (N*,P*,Q*) . ;H\:EP:NA =1 —<(1 +a)n/l+b) ,P‘
n/l, Q" =a(l -((1+a)n/l+b+c/a))/m. WHEc/a+b AR, <1, & (3) BEHASE,E,,
Eys Wb AR, >1, RG (3) HVMEE, ; WROLR, <1,c/a+bLRy>1, 75 (3) A
‘TIZ@T?&EO’El 5 ﬂn%c’/a+b+(l +a)n/l <1 . /%éb (3) ﬁilz?%/jl;Eo,El’Ez’ES' %El ﬂ\jﬁﬁ”l—?ﬁ
G KA T2, By, I KM, By TR FEA.

K, BTN RREE, BRK (3) WOTMAN (N,P,Q) , H Jacobi Ml N

1-2N-P-aP-b -N-aN 0
J = aP aN =mQ —¢  —mP
0 10 —n 4P
HARFE Z 3R
A-(1-2N-P-aP -b) N + aN 0
IAE - J| = —aP A = (aN - mQ - ¢) mP
0 - 10 A= (=n+lIP)

EHE3 i) %/IROI < 11, E, TR %/IROI = 1K}, E, BRENSS; 1) %/[ROI <1 HRy, >
1B, E, BRGEML S, MRy > 1, E B8N 1) Mc/a+b+ (1 +a)n/l <1 RIEPH SRR,
E, B, MRy, = 18], E, BREMSS SN

o A-(1-b) 0 0
iEBA 4 (N,P,Q) = (0,0,0) , [AE-J]| = 0 A+c 0 |, MR, < 1M,
0 0 A+n
Ay =(1=b) >0, HVPMERE, R¥ni; MR, =10, PHEE, RRENS A 4 (N,P,Q) =
A-(b-1) (1 +a)(1-h) 0
(1-56,0,0), [AE-J|= 0 A-—a(l=(b+c/a) O |, MRy <1HR,>1, %
0 0 A+n
VA E, SRR, M Ry > 1PHIE E BB M N,P,Q) = (/a,(a —c—ab)/a(l +a),
A +c/a c(l +a)/a 0
0), [NE-J|= |-(a-c—-ab)/(1 +a) A m(l =c¢/a-5b)/(1 +a) =
0 0 A=-(-n+Il(1 -c/a-b)/(1+a))

A=(-n+U1 =c/a-b)/(1+a)))(A” +c/ar +c(1 —c/a-b)) =0, ZEFFE (A + c/ar +
c(l1 =c/a-=b)) =0F, A, +A, ==-c/a <0,A A, =c(l —=c/a—-b) >0, WA A, ¥R Hit, 4
c/a+b+ (1 +a)n/l <1, BIEPHSFER, E, B85, MR, = 1 B, E, JERE B4 5 80 5.

TE4 R c/a+b+ (1 +a)n/l <1 He+b+ (1 +a)n/l <1, 25 (3) MRS
Ey =(N",P",Q") ZJRaR s E 1.
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JERA EP@T?\SE3 FIFRETTRE R : (A _pl)(/\2 = paps) +p(=Ap;) =0, /ﬁ\:q:':l’l =-(l-(1+
a)n=b1)/l ,p, == (1 +a)(l=(1 +a)n-0bl)/l ,p; =an/l ,p, =-mn/l ,ps = (a(l - (1 +a)n -

bl) —cl)/m. é\al == P1,0 =~ (PzPs +p4P5) » 3 = P1PaDs » mqu "“11/\\2 taA +ay =0. H =
a
ap =1 -((1 +a)n +0bl)/l >0, H, = 11 | = Pi(paps + pabs) = pipaps = pipaps = (1 +
a,
a, a;
a)((l—(l+a)n—bl)/l)2(an/l) >0, H = I a, 0= aaae = PTP2P3P4P5 = (1 -

0 a a,
((L+a)n +b1) /D) (= (1 +a)(1 = ((1 +a)n +bl) /1) (an/l) (- mn/1)(a(l - (1 +a)n —bl) —cl)/m
0. JH Hurwitz FRER, FAOEAR B SEEEE R 0, BT LA P A2 E Rt e .

\Y%

3 2RREN

A5, ARG IE ) Lyapunov pREL, HFIERATE —& /AT, HOPEPAES (N°,P7,07) 1Y
4 Ry T RS E k.

S WK c/a+b+ (1 +a)n/l <1, WHTHGFEE Ey &4 R ie e 1.

W Ha=1,8=(1+a)/a,y =m(1l +a)/(al) , EHIHALE R, I X Lyapunov PR

V(t) = a(N(t) =N*" =N"In(N(t)/N")) +B(P(t) =P" =P "In(P(t)/P")) +y(Q(t) - Q" -
Q' In(Q(t)/Q"),

V(1) = a(N=N"IN/N+B(P =P )P/P+y(Q -0")0/0 = a(N=N")/N(N(1 =N - P -
aP)) +B(P = P )/P(P(aN = mQ = ¢)) +5(Q - Q)/Q(QUIP = n)) = a(N - N*)(N* - N +
(1+a)(P" =P) +B(P=P")(a(N-N") +m(Q" = Q) +y(Q -Q )I(P-P") =-a(N-N")" +
(a1 +a) ~Ba) (N =N )(P* = P) + (Bm —y) (Q" Q) (P~ P") .

HEESla=1,8=+a)/a,y =m(1l +a)/(al) , FHAF: V' () =-(N-N")"<0. H4H
Y N(Y) = N° V(1) =0, iy Lasalle AR IRRR) Ey RS0, AT Ey o242 )my i e e iy

4 B fIUCIR ia)

AR RSGRIE, REE (3) NGRS E MR WERARS (3) WSS MK
T, fElREE (3) IRy (N°,P7,07) , Ko N =1 - ((1 +a)n +bl)/1, P" =n/l,
Q" =a(l- (1 +a)n-bl) —cl/(ml) . Y, = bN" FHAEWGRILE b Hineki%k, mARL%E (3) HH—
NERXE, Y, =bN° =N (1 =N =P —aP") HP" =n/l. Y, =bN" =N (1 -N" -n/l -
an/l) , NTHFBRG (3) BRAFFE &, FEWPE T Y, /dN" =1 -2N" - (1 +a)n/l =
0; AR EMAEFAEAN N = (I - (1 +a)n)2l, HEERWOFETEN Y =
(L= (1 +a)n)/(40) .
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AT T B AR A AL QR A I A B - AL, PR T RGRA R TR Rk, 5
A A M I S b T A S e Rk . 18 8] TEORIRAT S AP B A Ry FI R, , HY
Ry = 1}, & SEHAMFEEKL; MR, <1 HRy, > VI, JWPH R 2REITE; Ry, =
LB, b5 VA s A R i feoe , AT AT, RIS T IE AT AT i e REFEL ™™/, B
N = (1= (1 +a)n)/2l, RSB RIY, = (- (1 +a)n)’/(41) .
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