International Journal of Innovative
Computing, Information and Control
Volume 11, Number 1, February 2015

ICIC International (©2015 ISSN 1349-4198

pp. 43—-56

STABILITY ANALYSIS AND BIFURCATION
OF A PREDATOR-PREY MODEL WITH TIME
DELAY IN PREY AND DISEASES IN PREDATOR

QIUBAO WANG

Department of Mathematics and Physics
Shijiazhuang Tiedao University
No. 17, East Bei’erhuan Road, Qiaodong District, Shijiazhuang 050043, P. R. China

wangqiubaol2@sina.com

Received February 2014; revised June 2014

ABSTRACT. In this paper, we present a predator-prey model with time delay, in which
predator can be infected. The epidemics cannot be transmitted between prey and predator
by predation. The predation ability of susceptible predators is stronger than infected
ones. Based on the assumptions above, we study the stability and bifurcation of some
equilibrium points, where the time delay is regarded as a parameter. It is found that
there are stability switches, and Hopf bifurcation occurs when the delay passes through
a sequence of critical values. We provide numerical results to illustrate our conclusion
about stability and obtain the properties of Hopf bifurcation. In addition, we also discuss
some interesting biological cases that our model exhibits.
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1. Introduction. The dynamical behavior of a class of the predator-prey models with
disease has been considered in recent years, such as [1, 2, 3]. While the models of more
species, or the models with spatial structure, delay effect, non local effect are mathemati-
cally much more challenging. Considering the biological maturation cycle, the model with
time delays deserves more attention, such as [4, 5, 6, 7, 8, 9, 10, 11, 12]. For example,
P. J. Pal and P. K. Mandal studied a modified Leslie-Gower predator-prey model with
Beddington-DeAngelis functional response in [13].
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X. Meng and J. Wei studied the following model in [4]
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where r;, k;, a, b (i = 1,2) are positive.
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It is well known that the delayed logistic differential equation

dx
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is used to model the evolution of a single species x(t) (see [14]).
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In this paper, we established a predator-prey model with time delay in which the
predator could be infected.

( dx x(t —7)
& 1)
o ax( . ) px(y + hz),
d
d—i = —my — qyz +rz(y + hz), (4)
-
(e~ TR

In our model:

e z(t) is the population size of prey at time ¢
e y(t) is the population size of susceptible predator at time ¢
e z(t) is the population size of infected predator at time ¢

where a, k, p, h, m, n, q, r are positive. a is the intrinsic growth rate of the prey, and k
is the carrying capacity of the prey in the absence of predator in the environment. The
prey will be preyed on with rate p. The infectious rates in predator is denoted as ¢.
The parameters m and n (m < n) are the death rate of susceptible predator and infected
predator, respectively. r is the conversion factor for the predator due to consumption prey.
The parameter h stands for the impact of disease on predation rate, where 0 < h < 1.
The time delay 7 > 0 is considered as parameter to investigate the local stability and
Hopf bifurcation of model (4).

In this paper, we discuss a predator-prey model in which not only predator could be
infected, but it also exists delay for prey. We find that lots of diseases are not transmitted
vertically, so it is also assumed that the disease in predator is not genetic.

The paper is organized as follows. In Section 2, the existence of the positive equilibrium
is given. The stability of some of equilibriums and the existence of local Hopf bifurcation
is also considered. In Section 3, we provide some numerical examples to illustrate our
results and give its biological interpretation. Finally, the conclusion is shown in the last
section.

2. Stability of the Equilibrium and Existence of the Hopf Bifurcation. Obvi-
ously system (4) has five equilibrium points as below,

k — _
El(0,0,0), EQ(ka())O)a E3 (Ta M70> ) E4 (0727—7”) ; E5(:L‘*ay*72*)
r rkp q q

Considering the biological meaning of the system, we do not discuss the negative equi-
librium point Ej. It is obvious that E;, Fs are always non-negative, and FEj3 is also
non-negative when rk > m. For the last one Fs5, we have the following conclusion.
Theorem 2.1. For system (4) under the assumptions in Section 1, we have

1. If aq + phm < np, then Es is not non-negative.

2. If aq(rk —m) — rknp > 0, then Ej is positive.

Proof: Since n — hm > 0, we may define

Yyt = ﬁ, A = \/(karh —an)? + darhkpy*(n — hm) > 0 (5)
q
which leads to
1 o * *
xl (karh +an £ A), 2} = (m = re3)y” (6)

" 2arh reih — qu*



A PREDATOR-PREY MODEL WITH TIME DELAY 45

Then E5 = (z*,y*, 2*) or E5 = (2%, y*, 2%). If ag + phm < np, then 2* < 0 and 2% < 0.
If ag(rk —m) —rknp > 0, then krh+n > 2hm and aq+ phm > np, which leads to z* > 0
and z* > 0. The proof is complete.

From the above discussion, we note that if and only if ag(rkh — m) — rknp > 0, then
system (4) has unique positive equilibrium Fs(x*, y*, z*), where

v* = 2 (karh 4+ an — \/(karh — an)? + 4arhkpy*(n — hm)
=1
o = (:;*}:ac )y* or 2* = _ ak—az 7pky

We will dlscuss the stablhty and bifurcation of the non-negative equilibrium points of
(4) in the following.

2.1. Stability analysis of the equilibrium FE;. The linearization of (4) at Ej is

( dx x(t—7)
g I S
at ( K ) ’
W _ 7)
dt - m:‘/?
S
Car — Y
Thus, the characteristic equation of (7) is
DN = (A +m)(\ +n) <)\ —a+ %e‘”) (8)

we can obtain the following results about the stability of equilibrium FEj.
Theorem 2.2. If k > 1, then the equilibrium E, is unstable for all T > 0.

Proof: By hypothesis, the distribution of the roots of D(A) = 0 is depended on the
equation A—a— %e*’\T = (0. Note that, £ is the carrying capacity of the prey in the absence
of predator in the environment. Therefore, k > 1 conforms to the actual situation. Denote

g(\) = A —a— %" =0, we find that g(()) =¢—a<0and /\lim g(\) = +o0. Hence,
— 400

there exists a A* > 0 such that g(A\*) = 0. Therefore, the equilibrium F; is unstable for
all 7 > 0. This completes the proof.

2.2. Stability analysis of the equilibrium FE,. By the translation u(t) = x(t) — k,
us(t) = y(t), ug(t) = z(t), system (4) is equivalent to

( duy ui(t — 1)

U —afun(®) + 02T 1) 4 ) alt) + s (1),
M mua(t) — qua(t)us(8) -+ (8) + ) a(8) + (1), 9)
\ % = “nug(t) + qua(t)us(t)
The linearization of (9) at (u1, uz, us) = (0,0,0) is
( % — _pkus(t) — pkhusg(t) — aus(t — 1),
% — (rk — m)us(t) + rkhus(t), (10)
|~ )
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Thus, the characteristic equation of (10) is
D)= A +n)A+m—rk)A+ae ) =0 (11)

The E, is asymptotically stable if all roots of (11) have negative real parts and are
unstable and if (11) has at least one root with positive real part. In order to discuss the
distribution of the roots of (11), we state a result due to Ruan and Wei [15].

Lemma 2.1. For the transcendental equation
N PINT e A+ [T A e
e PPN P A e =0

as (P, -+ P2, - p™ T, -+, Ti) varies, the sum of the order of the zeros of above equa-
tion in the open right half-plane can change only if a zero appears on or crosses the
imaginary azis. Here 7; >0 (j =1,--- ,m) and pj; € C (0 <i<m,1<j <n).

Let us consider the distribution of the roots of (11). It is clearly that if kr —m > 0,
then (11) has a positive root A = kr —m for all 7 > 0.

In the following, we suppose that kr —m < 0. We can find that all roots of (11) are
negative when 7 = 0. If iw (w > 0) is a root of (11) for some 7 > 0, then

D(iw) = (iw + n)(iw + m — rk)(iw + ae"™7) = 0 (12)
which is equivalent to
iw +ae” T =0 (13)

Separating the real and imaginary parts, we have

W = asinwTt
{ acoswt =0 (14)
From (14), we find
w=a, Tj:% 2‘%,;‘:0,1,--- (15)
Denote that
A7) = a(r) +iw(T) (16)
is the root of
Aae™ =0 (17)

such that a(7;) = 0, w(7j) = a. Substituting A(7) into (17) and taking the derivative with
respect to 7, we have

DN I
i - _ _ 18
|:d7':| Aa A (18)
which, together with (15), leads to
d\]! sin wr; 1
Re [E] - = Taw ? >0 (19)

By Lemma 2.1 and the above computation, we can obtain the following results about the
distribution of the characteristic roots of (11).

Lemma 2.2. Let 7; (j =0,1,---) be defined by (15).
1. If kr —m >0, (11) has at least one positive root for all T > 0.
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2. If kr — m < 0, all roots of (11) have strictly negative real parts when T € [0,7),
and (11) has a pair of imaginary roots tia and all other roots have strictly negative
real parts when T = Ty, as well as when T > 1y, (11) has at least a pair of roots with
positive real part.

Applying above Lemma 2.2 and Theorem 1.1 in Chapter 10 of Hale and Lunel [16], we
have

Theorem 2.3. Consider system (4),

1. If kr —m > 0, then the equilibrium Es is unstable for all 7 > 0.
2. If kr —m < 0, then the equilibrium Ey is asymptotically stable for 7 € [0,79), and
unstable for T > 15, and (11) undergoes a Hopf bifurcation at Ey when T = T

Proof: The theorem is a direct application of Theorem 1.1 in Chapter 10 of Hale and
Lunel [16]. The proof is easy, we omit it.

The formulae for determining the direction of Hopf bifurcation and the stability of
bifurcating periodic solution of system (11) at 79 can be presented by employing the
normal form method and center manifold theorem introduced by Hassard et al. [17]. This
method is widely used by many authors, such as [4, 6]. Moreover, we have proved that the
direction of numerical Hopf bifurcation and stability of bifurcating invariant curve are the
same as that of original system for lots of numerical methods in [18, 19, 20]. Therefore, in
this paper, we do not repeat the complex calculation. Instead, in Section 3, we apply some
numerical methods to (11) and show the direction of Hopf bifurcation and the stability
of bifurcating periodic solution of system (11).

2.3. Stability analysis of the equilibrium FEj3. Assume that vk > m in this sub-
section. In this case Fj (m a(rk_m),0> is non-negative. Let uy(t) = x(t) — 2, ua(t) =

F rkp
y(t) — a(%;m), us(t) = z(t). Then system (4) is equivalent to
( duy m u(t—7)+ 2 m a(rk —m)
E —&(Ul(t)—l-?) (1— #) —p<u1+?> (u2+W+hu3),
duy a(rk —m) a(rk —m)
% = —m (Uz(t) + W) —q (Ug(t) + W Ug(t)
m a(rk —m)
+r <U1(t) + 7) (UQ(t) + T + hU3(t)) s
dus a(rk —m)
— = — t t —_— t
G = a0+ 0 () + L) )
(20)
The linearization of (20) at (uy,us, us3) = (0,0,0) is
(du; m a
= <—pu2(t) — phus(t) — Eul(t - 7')) ,
duy  a(rk —m) rk —m
I Tul(t) + (mh —qa kp ) us(t), (21)
du rk —m
\ d—; - (qa rkp n) us(t)
Denote
g am(rk:—m).

rk’ rk
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Thus, the characteristic equation of (21) is

E—
D(\) = ()\ _galrk—m) , n> (A+Ae ™ +B)=0 (22)
rkp
Obviously, if qa(%;m) —n > 0, then the (22) has at least one root with positive real part.
If qa(%;m) —n < 0, then the root A = qa(%;m) —n < 0, the stability of the system is
determined by the roots of
A Ae™ + B =0 (23)
Then, let us consider the distribution of the roots of (23).
Lemma 2.3. Equation (23) has a pair of imaginary roots tiwy when T = 7']-i (j =
0,1,---), where
27 3 27 A2+ 4B+ A
T Am o 3m o yr o VATE (24)
i T 9 j
Wy Wy 2w_ w_ 2

Proof: It is obvious that kr — m > 0 provides that A > 0, B > 0. Let iw(w > 0) be a
root of (23), then

w? — B = Awsinwr,
(25)
Awcoswt =0
From some simple calculation, we can obtain the conclusion. The proof is complete.
Denote that
A7) = a(71) +iw(T) (26)

is the root of (23) satisfying oz(leL) =0, w(Tji) = wy.

Substituting A(7) into (23) and taking the derivative with respect to 7, it follows that

A1 20+ Ae N — Adre ™ 2 T
- = =+ A2 - 27
[dT] AN2e RN X (27)
which, together with (24), leads to
d\17* 2w sinw, i — A 2w, — A
Re | 22 — J — 0 28
S Az .
and
d\171 2w_sinw_T;, —A 2w —A
- — = 2
he [dT:| - Aw? A © ! (29)

J

Then, we can obtain the following lemma.

Lemma 2.4. | qa(%;m) —n < 0 and rk —m > 0, then all roots of (22) have strictly

negative real parts when T € [0,7), and it has a pair of imaginary roots *iw, and all
other roots have strictly negative real parts when T = 1y, as well as when T > 71y, it has at
least a pair of roots with positive real part, where 1o = 7 .

™

Proof: Note that 7,7 = oy < T = 2. Under the assumption q“(%;m) -—n<0

and rk —m > 0, all roots of (22) with 7 = 0 has strictly negative real parts. By above
computation, the conclusion of this Lemma follows.
Therefore, we have the following results about stability of the equilibrium FEj.

Theorem 2.4. Consider system (4) under the assumption rk —m > 0.



A PREDATOR-PREY MODEL WITH TIME DELAY 49

1. If qa(%;m) —n >0, then the equilibrium E3 is unstable for all T > 0.

2. 1 qa(%;m) —n < 0, then the equilibrium Es is asymptotically stable for T € [0,7),
and unstable for T > 15, and (11) undergoes a Hopf bifurcation at E5 when T = 7']-+
(j:(]’l’...).

Proof: The proof is similar to Theorem 2.3, we omit it.

2.4. Stability analysis of the equilibrium FEs. In this subsection, we make the fol-
lowing hypotheses
(Hy): aq(rk —m) — rknp > 0,
(HQ)I Ag + B3 > 0,
(H3): (A1 + By)(A2 + By) — (A3 + Bs) > 0,
(H,): A2 — B2 <0,
(H5): Sy > 07 ¢(8+) < 07
where A;, B;, i =1,2,3; sy, ¢(sy) will be defined in the following parts.
Let uy(t) = z(t) — x*, us(t) = y(t) — y*, us(t) = z(t) — z*, then system (4) is equivalent
to

' % = — paunlt) = phatus(t) = Fea(t = 7) = Tt =7 (1)
— pua (t)ua(t) — phuy (D)us(?),
% . (g + hz*> wi(t) — hrqf"’* ws(t) + (rhz* — n)us(?) (30)
v (s (t) + rhus (E)us () — qua(t)us(t),
\ % — g2 us(t) + qua(t)us (t).

The characteristic equation of the linear part of (30) is given by
D(\) = A3+ A N2 + A\ + As + (ByAN> 4+ By + By)e ™™ =0 (31)
where
A = W, Ay = rp(x*)? + qnz* — qrha*z* + rpha*z*, Az = rpgha*z* (x* + hz*);
By = %, By = %, B3 = (ra*h — n)%
In the absence of delay, (31) reduces to

Note that m < rz* < %, (Hs), (Hs3), which provided that
Al—f‘Bl >0, A2+Bg >O, Ag—f‘Bg >0, (Al‘f‘Bl)(Ag—f-Bg)—(A;),—f‘Bg) > 0.

Using the well-known Routh-Hurwitz criterion, we conclude that (32) is stable if and only
if all of the above inequalities are satisfied. Thus, we have the following proposition.

Proposition 2.1. If H— Hj are satisfied, then the equilibrium Es of (4) is asymptotically
stable.

Let A = iw (w > 0) be a root of (31) and separate it into real and imaginary parts to
obtain

(33)

—w® 4+ Ayw = (B3 — Bjw?) sinwt — Byw cos wr,
Aw® — Ay = (B3 — Biw?) coswt + Bywsinwr,

which leads to
o(w) = w® + (A — B? — 245)w* + (A2 4 2B, Bs — BY — 24, A3)w? + (A3 — B2) =0 (34)
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Proposition 2.2. If Hy holds, then (34) has at least one positive root.

Proof: By hypothesis (Hy): A2 — B2 < 0, we have ¢(0) = (42 — B?) < 0, and
lim ¢(w) = +oo. Hence, there exists an w > 0 such that ¢(w) = 0. This completes the

w——+00
proof.

If we cannot be sure that the sign of A2 — B3, for this situation, we make the change
of variable s := w? in (34). This gives the polynomial

$(s) =8>+ Hs*+Ms+N =0 (35)

where H = A% — B% — 2A2, M = A% + QBlBg - 322 - 2A1A3, N = A% — Bg
Then

¢'(s) = 35>+ 2Hs + M.

The equation 3s> + 2Hs + M = 0 has roots s, = —HAEVIZ=3M V3HQ_3M

Proposition 2.3. If Hy holds, then (34) has at least one positive root.

Proof: By Hjs: s; > 0, ¢(s1) < 0 and ¢(+00) > 0, the (35) has at least on positive
root so > sy. Therefore, the (34) has at least one positive root. This completes the
proof.

Let wp > 0 be largest real root of (34) in Proposition 2.2 or 2.3, then solving sin(woT)
and cos(wpT) in (33) yields

(Bg — Blwg)(Alwg — Ag) + BQWQ(AQWQ — wg)
B%wg + (Bg — Ble)Q

(Alwg — Ag)Bsz + (Bg — Blng)(AQwO — wg)
B%W(Q) + (Bg — Blwg)Q

cos(woT) =

sin(weT) =

We determine

1 1 |:(Bg — Blwg)(Ale — Ag) + BQWO(AQWO — wg) 1 2]71'

T; = — COS
J 2,2 2
wWo 82w0 + (Bg — Blw0)2 Wo

) j = 07 17 T
Now let A = A(7) in (31), and differentiate it with respect to 7. For the simple root case,
we have that D(iwg) = 0. This leads to

Lemma 2.5.

Re |2 >0, j=0,1 (36)
edT . 7.]_a7 9

J

where 7;, j =0,1,---, are defined above.

Proof: Differentiating both sides of (31) with respect to 7 gives

[d)\} BN 240+ Ay + (2B + Bo)e N — 1(BiA2 + Bod + By)e N

dr A(B1A2 + Bo) + By)e
3N+ 24,02 4+ Ao\ (2B1A\? + By )e T T
TN F AN+ AN+ A) | NA(BIN+ Bod+ By)e ™ A
A3 — Ao\ — 244 By + 2B; T

NP L AN F AN Ay) | (BN L Bt Bye ™ A
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FIGURE 1. The equilibrium £(0,0,0) is unstable when 7 = 0.1.

Hence,

e ld/\] T W84 (241A3 — A2 — 2B, By + B3)w? + 2B2 — 242
wi[(Bs — Biwg)? + Biwg]
s3— Ms — 2N
S[(Bg — BlS) + B%S]
By Proposition 2.3 and (35), we can obtain the conclusion. This completes the proof.
Therefore, from Proposition 2.1 and Lemma 2.5, we have the following theorem.

Theorem 2.5. Consider system (4) under the assumption Hy.

1. If Hy or Hs does not hold, then the equilibrium Ejs is unstable for all T € [0,7x%),
where 7" is some small positive value.

2. If Hy — Hy or Hy, Hs, Hs hold, then the equilibrium Es5 is asymptotically stable for
7 € [0,7), and unstable for T > 1y, and (4) undergoes a Hopf bifurcation at Es when
T=1(j=0,1,---).

3. Numerical Simulation Examples and Biological Interpretation. From [7, 18,
19], we know that the properties of Hopf bifurcation of discrete schemes are the same
as that of the corresponding delay differential equations, such as Runge-kutta or strictly
stable linear multistep method. In this section, we use some numerical simulations to
illustrate the analytical results we obtained in previous sections and to show the prop-
erties of Hopf bifurcation, such as the direction of bifurcation and stability of periodic
solutions. Some numerical results of simulating system (4) are presented at different data
of coefficients.

From the analysis in Section 2, if £ > 1, then the E} is unstable for 7 > 0. We consider

the system
(dx x(t —0.1)
— =0. l———= ] —-0.1 1
- O5x( 100 > 0.1z(y + 0.12),
dy 37
0 =—0.2y — 0.4y + 0.62(y + 0.12), (37)
d
d—: — 0.5z + 0.4yz
Figure 1 shows that the situation matches with our conclusion. We can see that the
solution in Figure 1 has a limit. Note that the tlim y(t) =~ 1.25 = 32 = o> then we have

reasons to believe that the limit of this solution is the equilibrium FE5. In other words,
susceptible populations and infected predator and prey can coexist in this situation.

For equilibrium FEj, let a = 0.5, k =10, p=0.1, h =0.1, m = 0.2, ¢ = 0.2, r = 0.01,
n = 0.3, then 79 &~ 3.1. Here, rk is the natality of susceptible predator at the equilibrium
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FIGURE 2. The equilibrium FE5(10,0,0) is asymptotically stable when kr —
m>0and 7 =25 < 7.

0.09 12
0.07 o
20 0.06
%15 %004 :g 04
10 003 OQK
° 0.01 o
0 100 200 ; 300 400 500 0 100 200 . 300 400 500 7020 100 200 . 300 400 500
FIGURE 3. The equilibrium F(10,0,0) is unstable when kr —m < 0 and
T=35>T1p.
9 9 8
7 7 6
% 5 ; 5 ;A
zﬁ T
FIGURE 4. The equilibrium F»(10,0,0) is unstable when kr —m > 0 and
T =0.5.
44 1.04 .
1.02
%“2 %oss %
’ w094 ’ 2
0.92
3 o 100 200 300 400 500 o 880 100 200 300 400 500 720 100 200 300 400 500

time t

FIGURE 5. The equilibrium FEj5(4,1,0) is asymptotically stable when 7 =
1.3 <.

point FE5, and m is the death rate of the susceptible predator at FE,. Therefore, %
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FIGURE 6. The equilibrium FEj5(4,1,0) is unstable when 7 = 1.7 > 7.

is interpreted as ecological basic reproduction number. When %

predator will become extinct, and so will the infected predator.

Figure 2 illustrates this point. In this case, the conversion factor  and delay 7 are both
too small, which implies that the predation ability of predator is too low and the mature
period of prey is too short. So only preys exist at last, then we can call the system a
stable SIS model.

For Figure 3, the delay increases to 3.5 > 7,. Since the mature period of prey is long
enough, the death rate am(tT_T) +p(y+ hz) has a large volatility around a, and the natality
is fixed at a. This leads to the prey fluctuate around k.

In Figure 4, we change the values of » and m into » = 0.4, m = 0.1. The higher
predation ability leads to the prey and predator coexisting.

In Figure 5, we choose a = 0.5, k =10, p=0.3, h=0.1, m = 0.4, ¢ = 0.1, r = 0.1,
n = 0.5, then 79 &~ 1.3. By Theorem 2.4, system (4) undergoes a Hopf bifurcation at
FE5(4,1,0) when 7 = 79. We obtain the ecological basic reproduction number of infect
predator %};f“) < 1 at the equilibrium point E5. The lower infectious rates ¢ in predator
such that the infect predator will become extinct. That is, the infectious disease in the
predator will be cure. Therefore, we can call the system as a Lotka-Volterra model.

When the delay increases to 1.7 > 7, in Figure 6, the infect predator will also become
extinct. The longer mature period leads the prey and susceptible predator both have
fluctuations around (4, 1).

For Figure 7, let a = 0.5, k = 10, p = 0.3, h = 0.1, m = 04, ¢ = 0.7, r = 0.1,
n = 0.5, such that qa(%;m) > n. The higher infectious rates ¢ in predator such that the
infect predator will always cannot be cured. However, the appropriate mature period is

< 1, the susceptible
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FIGURE 8. The equilibrium FE5(0.1111,1.1069, 17.6628) is asymptotically
stable when 7 =4 < 7.

to ensure that predator has enough food. It is shown that all species coexist and have
fluctuations.

At last, we discuss F5. In Figure 8 and Figure 9, we consider the large infectious
rate on the system, the values of parameters as a = 0.9, £k = 10, p = 0.05, h = 0.9,
m = 0.05, ¢ =0.9,r=0.1,n = 0.1, then 75 &~ 4.65. These numbers satisfy H; — Hy4, thus
from Theorem 2.5 system (4) undergoes a Hopf bifurcation at F3(0.1111, 1.1069, 17.6628)
when 7 = 75. The ecological basic reproduction number of infect predator #* = 1 at
the equilibrium point E5. Thus, the infect predator will exist forever. If 7 =4 < 7, all
species will tend to E5 as be showed in Figure 8, and when the delay increases to 5 > 7,
in Figure 9. They will fluctuate.
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FIGURE 9. The equilibrium Fs5(0.1111,1.1069, 17.6628) is unstable when
T=5>1.

4. Conclusions. In this paper, we established a new predator-prey model with infectious
disease which can transmit in predator and a time delay in prey. We focused our attention
on the effects of time delay 7 and the infectious disease on the model. By the analysis
in Section 2 and numerical simulations in Section 3, we give some propositions about the
properties of Hopf bifurcations at last.

Proposition 4.1.

1. If kr—m < 0, then the Hopf bifurcation at Ey is supercritical and bifurcating periodic
solution s orbitally asymptotically stable.

2. If rk—m >0 and qa(%;m) —n > 0, then the Hopf bifurcation at E3 is supercritical
and bifurcating periodic solution is orbitally asymptotically stable.

3. If Hy — Hy or Hy, H3, Hy hold, then the Hopf bifurcation at Es is supercritical and
bifurcating periodic solution is orbitally asymptotically stable.
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