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Abstract: In this paper, a predator-prey model with mutual interference and delays is studied by utilizing the
comparison theorem and Lyapunov second method. Some sufficient conditions for uniform persistence and global
attractivity of positive periodic solution of the model are obtained. It is very interesting that the results obtained are
related to delays, especially based on the mutual interference constant. Furthermore, it is the first time that such a
model is considered. An example is illustrated to verify the feasibility of the results in the last part.
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1 Introduction

Recently, the following predator-prey(PP for short)
model with mutual interference,

{ i =z(ar1(t) — bi(t)z) — p1(t,2)y™,
¥ =y (—az(t) — ba2(t)y) + w2(t, z)y™

where m € (0, 1] is the mutual interference constant,
which was introduced by Hassell in 1971 (see [1-3]
for more details), has been studied by some authors,
such as Wang (2008-2010), Lin (2009), Wang (2010),
Chen (2009) and Wu (2010), see [4—10] for more de-
tails. They investigated the existence and stability of
periodic or almost periodic solutions of some special
cases of the above model, and the models they con-
sidered are all ordinary differential systems or differ-
ence systems. It was pointed by Kuang (1993) [11]
that any model of species dynamics without delays is
an approximation at best, more detailed arguments on
the importance and usefulness of time-delays in real-
istic models may also be found in the classical book-
s of Macdonald (1989) [12] and Gopalsamy (1992)
[13]. There are many papers on study of dynamics of
delayed population models, see[18,19,22-26] and the
references cited therein for more details. But there are
few literatures considering time-delays in PP model
with mutual interference.

Motivated by the above reasons, in this paper we
investigate a PP model with mutual interference and
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delays in the form:

£(t) = x(t)(ar(t) — br(t)z(t — 71 (1))
—a@)y™(t — (1)), 0
y(t) =y(t)(—az(t) — ba(t)y(t — 73(t))

+ea(t)z(t)y™ T (2),

where x(t), y(t) denote the size of prey and predator
at time ¢, respectively; m € (0, 1] is mutual inter-
ference constant; a;(t), b;(t) and ¢;(¢)(i = 1,2) are
continuous and bounded above and below by positive
constants on [0, +00), 7;(t)(: = 1,2,3) are nonneg-
ative, bounded and continuous functions on [0, +00).
If set 7 = sup{r;(t) : t € [0,4+00),i = 1,2, 3}, then
we get 7 € [0, 4+00).

Considering the application of model (1) to popu-
lation dynamics, we assume that all positive solutions
of model (1) satisfy the following initial conditions,

{ 13(9) 90(0)7 AS [_7—7 0]7 30(0) = o >0,

y<0> = w(g)v (LR [_Ta 0]7 1/)(0) =1 > 0,

2
where ¢ and ¢ are given nonnegative and bounded
continuous functions on [—7, 0].

Remark 1 If m = 1, i.e., there is no mutual inter-
ference between preys and predators, then model (1)
transforms to the classical PP model:

i(t) =z(t)(a1(t) — ba(t)z(t — m1(t))
—c1()y(t — (1)),
y(t)(—az(t) — ba(t)y(t — 13(t))
+ c2(t)z(1)),

y(t)
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which has been extensively studied with or without de-
lays, such as existence of periodic solutions, perma-
nence, stability of equilibria and so on, see [14-24]
and the references cited therein.

Remark 2 If we neglect the influence of delays in
model (1), i.e., 7;(t) = 0,7 = 1,2, 3, then model (1)
reduces to the following ordinary differential popula-
tion system:

{ &(t) = x(t)(a1(t) — bi(t)z(t) — cr(t)y™ (1)),
3)

In paper [5], we studied the existence and global
asymptotic stability of positive periodic solution of
model (3) with co(t) = keq(t), and in paper [6], we
investigated the permanence, and global asymptotic
stability of the positive solutions of model (3).

The aim of this paper is to establish sufficient con-
ditions for the uniform persistence of model (1) with
m € (0,1), and present sufficient conditions for the
global attractivity of model (1) with m € (0, 1).

The structure of the paper is: In section 2, some
useful lemmas and definitions are given. In section
3, some main results on the uniform persistence and
the existence of positive periodic solutions for model
(1) are established. In section 4, an example is giv-
en to verify the feasibility of our results by simula-
tion. The significance is that we verify that the mutual
interference constant m has intrinsic effect on the u-
niform persistence, the existence of positive periodic
solutions and the global attractivity of model (1).

2 Lemmas and definitions

In this section, we give some important lemmas and
definitions which will be used in next sections.

For the sake of convenience, we let f~
inficp f(t), fU = infiep f(t), where f is a contin-
uously bounded function defined on interval F, and
denote by ;' (t) the inverse function of ¢;(t) =
t—m7i(t),i =1,2,3, respectively.

Lemma 3 ( See [23] ) Ifa > 0,b > 0 and 2(t) >
() z(t)(b —az(t)) fort > 0, 2(0) > 0, then the
following inequality hold:

() > ()2 [1+( b —1>exp{—bt}}1.

az(0)

a
Lemmad Ifa > 0, b > 0, 2(t) > 2"(t)(b —
az!=™(t)) with 0 < m < 1 and z(0) > 0, then for

any small constant € > 0 we have

2(t) = (b/a) "™ —¢ for t > T,
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where T' is a large enough positive constant.
Proof: It follows from
5(t) 2 2 ()b — az' (1))
that
d(z1"™) () /dt = (1 —m)(b— az'"™(t)).
From Lemma 3 we get
A7) 2 0/a+ (217™(0) — b/a) e

fort > 01i.e.,
1-m —a(l—m)t 1/(1=m)
(1) = [b/a + (217™(0) — b/a) e }

for ¢ > 0. Then for any small positive constant ¢ there
exists a positive constant 7" such that

2(t) = (b/a)Y"™) — ¢ fort > T.
O

Definition 5 Model (1) is said to be uniformly persis-
tent if there exists a compact region D C Int R? such
that every solution (z(t),y(t)) " of model (1) with ini-
tial condition (2) eventually enters and remains in re-
gion D.

Definition 6 Model (1) is called global attractivity if
for any positive solutions (x(t),y(t)), (xo(t),yo(t)),
Jim ([z(t) = 2o(t)] + [y(t) = yo(1)]) = 0.

—+00

3 Main results

In this section, we will present some sufficient con-
ditions on uniform persistence, existence of positive
periodic solutions and global attractivity of model (1),
respectively.

3.1 Uniform persistence and positive period-
ic solutions

Theorem 7 If the following conditions hold:
(1) K1 :== (a1 — et M5")L > 0,
(2) Ky i= (ca Mz MJ"™ — a3)" > 0 or
Ks = (CQ M3 — by M22_m)L > 0.
Then model (1) is uniformly persistent.

Proof: It follows from model (1)-(2) that

r

8

(0
y(t)

0)

— e Ji (@)=t ()s(s=ra(s) ~ei()y™ (s 2(s))ds

<le 8
N~
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which together with the positivity of (z(0),y(0))
yields the existence of positive solution (z(t),y(t))
of model (1)-(2).

Now we estimate the eventually upper bounds of
all positive solution (z(t),y(t)) of model (1). From
the first equation of model (1), we get

i(t) < a(t) (af — bk a(t - (1)),
it follows from [26, Lemma 2.3] that there exists con-
stant 77 > 0 such that

U
2(t) < Z% exp{bF U i= My for t>Ti. (@)
1
Similarly, from the second equation of model (1)
we get

d(y' (1))

T < (L=m) (3 My —ayy' (1))

This inequality and Lemma 3 yields

& My & My
y(t) < { 2 [1 + (2 - 1)
af ag y1=m(0)

1

x exp {(m — 1) ¥ My t}] 1}.“”

Note that exp {(m — 1) c§ My t} — 0 for t — 400,
which yields that, for any small constant g > 0 there
exists a constant 75 > 0 such that, for ¢t > T5

Cng

v < (%5

as

1-m
+ 60> = Mp. &)

We now estimate the eventually lower bounds of
all positive solution (z(t), y(t)) of system (1). From
(5) and the first equation of model (1) we get

@(t) = x(t) [(a1 — el MEE =Y 2 (t — (1)) -

Condition (1) and [26, Lemma 2.4] imply that, for any
small constant £; > 0 there is a 75 > 0 such that

x(t) = Ms for t > Ts, (6)
where M3 = min {% e(Kl_byMl)TlU, % — 61} .
1

The second equation of rilodel (1) implies

y(t) > y(t) [(02 M Myt — GQ)L — b5 y(t — 7'3(15))] :

So from [26, Lemma 2.4] and condition (2) we know
that for any small constant €2 > 0 there must exist
constant T > 0 such that

y(t) > M4 for t > T4, (7)
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s Ko (Ko=bY Mo)TY K
where My = mm{b—g2 e(K2—bg Ma)s ,b—g} — 52} .
On the other hand, from the second equation of
system (1) one can obtain

§(0) 2 y(0) |(c2 My — b M3 ™™) " = af (1)

Thus Lemma 4 and assumption (3) yield that, for any
small constant €3 > 0 there is a T5 > 0 such that

1

K3\ 1—m

y(t) > <(LU) —e3:=Ms for t >1T5. (8)
2

Set T' = maxlgigg){ﬂ}, Mg = maX{M4,M5}
and D = {(u,v)| M3 < u < My, Mg < v < My},

then (4)-(8) yields (x(t),y(¢t)) € D fort > T. Thus
(z(t), y(t)) is uniformly persistent. O

Remark 8 If all coefficients in model (1) are contin-
uously periodic functions, i.e., it is a periodic sys-
tem, then Theorem 7 and Brouwer fixed point theorem
vields the following result.

Theorem 9 If model (1) is a w—periodic system and
condition (1)-(2) in Theorem 7 holds, and all devi-
ating arguments 7;(t)(i = 1,2,3) are continuous
w—periodic functions, then model (1) has at least one
positive w—periodic solution.

3.2 Global attractivity

In this section we will present some sufficient condi-
tions for the global asymptotic stability of model (1).

Theorem 10 Assume that all conditions in Theorem 7
hold, and further assume that the following conditions

hold:

[A1] 7,1 = 1,2,3 are continuously differen-
tiable on [0, 400) and inf;>o(1 — 7;(t)) > 0;

[As] There exist positive constants c and 3 such
that ltlgigf{cz(t), i=1,2,3} >0, where

Cl(t) :Odbl(t) — ,BCQ(t) M2m_1 — a(al(t) —‘r Mlbl(t)
+ Mey(t SDfl(t)b 1)dl
e (1)) / ()
5 ()
— BMo M ea(t) /W t bo(1)dl
t

_ —1,, —1
bi(py (1) / e a
[72)

— aM; —
L—72(py (1) Joz' )
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Cg(t) :bg(t) - MgMéanCg(t) - (ag(t) + Mgbg(f)

_1(

1 ey (1)
MM e (1)) / bo (1) dl
t

bl e
M Ly O

BMzea(t)  aci(py (1) "

“O="0 1o he o)

PR 0)
<1 + Mib (95 (1)) / b1(1)d1> .

@3t (t)

Then system (1)-(2) is globally attractive.

Proof: Suppose (z¢(t), yo(t)) and (x(t), y(t)) are any
two positive solutions of model (1)-(2), by Theorem 7
one know that there exists 7" > 0 such that, for¢t > T,

Ms < zo(t), z(t) < My; Mg < yo(t), y(t) < Moa.
Define

Vi(t) = aflnz(t) —Inwo(t)[+5 [Iny(t) — Inyo(t)],

where «, [ are positive constants. Along system (1)
we get its Dini derivative as follows,

D*Vi(t)| 1y
— o sgn(a(t) - xo<t>>{b1<t>[x<t> — 2o (t)]
— O™ (2(0)) — g (a(0)] + bi(0)

t
<[t - a‘:o<s>>ds} T 8 sgn(y(t) — yo(0))
p1(t)
x {—w) W(t) = yo(8)] + ex(®)(Oy™ (1)

— (O 0]+ ) | KCE yo<s>>ds}
3

— aby(8)[x(t) — o ()] — Bba(H)[y(t) — yo(t)]
+aci(®)]y™ (w2(t) = yg (w2(t))| + Bea(t)
x sgn(y(t) — yo(t)) [z ( )y™

+ aby (t) sgn(x(t) — xo(t))/

1(t)
T Bba(t) sgn(y(t) — vo(t)) / (5(s) -

©3(t)

©))
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Meanwhile, we have

sgn(y(t) — yo(t)[x(t)y™ () — zo(t)yg' " (¢)]
=sgn(y(t) — yo(t)) [ (t) (" (¢)

— g () +yg T (O (t) — 20(t))]
= —a(t)ly™ (1) — g ()]

)
+y ()sgn(y(t) — yo(t) (z(t) — zo(t))
1
)

<—a@ly™ M) —yg T O]+ yg T ()] (t) — zo(t)],
(10)

/ (i(s) — do(s))ds
w1(t)

:/ {z(s)[a1(s) — bi(s)z(p1(s))
e1(t)

—c1(8)y" (p2(s))] — zo(s)[ar(s) — br(s)zo(p1(s))
—c1(8)yo" (w2(s)))] s

=/ (t)(w(S) — o(s))[a1(s) = br(s)zo(p1(s))

~ea () (pa(s)))ds + / £(5) (b (3) [0 (01 (5))
p1(t)
(pa(s)

—x(p1(s))] + c1(s)[yg" ) =y (pa(s))|}ds
(11)
and

/ (9(5) — gio(s))ds
3(t)

_/f( ){y(s)[—ag(s) — ba(s)y(p3(s))

+ ca(s)z(s)y™ " (5)] — wo(s)[—az(s)
— ba(s)yo(p3(s)) + ca(s)mo(s)yy " (s)]}ds

= [ 0 = vlaDa(e) bt

T ea(s)zo(s)y 1 (s)]ds + / y(5){~bs(s)
p3(t)

x [y(p3(s)) — yo(ps(s))]
+ ca(s)[(s)y™ (s) — wo(s)yg' ' (s)]}ds

- / o 005) = (-2 a4
+ ea(s)zo(t)y 1 (s))ds — / b (5)(5) [y(3(5))
3(t)
— yolps(s))]ds + / e3(5)y(5) [2(5) (™1 (5)
w3(t)

— () + i (s) (x(s) — wo(s))]ds.
(12)
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Substitution of (10)-(12) into (9) yields

DAy
< — abi(B)lalt) — zolt)] — Bba(t)ly(t) — yo(1)
+ acy(t) [y (2(t)) — yo' (@2(1))]
+w&aax—w@nym—%w )
£ ()l() — 20(H)]) + abi()
X{Lwﬂﬂﬁ—wdﬂ[()—h(ndw(n

t

- Cl(S)ygL(wz(S))}d8+/ ()w(S)[bl(S)lﬂco(w(S))
p1(t

= z(p1(s))| +e1(s)lyg' (92(s)) — ym(soz(S))l]dS}

+B®@{/(ﬂ%@—m@m—@@)
p3(t
~ ba()uo(ia(s)) + eals)ao(s)y ()]ds

+/ ba(5)(5)|y(3(5)) — vo(ws(s))|ds
p3(t)

co(8)y(s)[—z(s)|y™ L m=l(g
+Aw)xnmn ()™ L(s) — 501 (s)]

e <wm>—m@mw}
< [Bealt) MP=" — aby(8)] [2(t) — wo(0)
- Pl )] = Mo”0
1

)] +aci(t) [y (p2(t)) — yo' (@2(1))]

+ abl(t){/ o |z(s) — zo(s)|[a1(s) + Mybi(s)
p1(t

+m%@m+m/ b1(5) |20 (1())
p1(t)
—ﬂw@DHWM$%Hm@D—MWm@MM%

+5m@{/(ﬂ%ﬁ—yd$q@@%+M%ﬂ$
p3(t

M t
+ 1f2—(ri):| dS + M2 /
Mg w3(t)

ba(s)|y(3(s))

—m%mm—mm/owwwﬂ@
®3

My /t }
— ds b.
BT g 2ts) — wols)lds
(13)

—y' " (s)lds +
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Let

Va(t)

. P aler'(s) (s
/<>1—Tzs02( )‘ (#) -

+ BMy M 1/%’ h L
_x0(3)|dsdl+oz/% /M by (1) a1 (s)

—I-Mlbl +M2 Cl( )]|x( )—1‘0( )‘del

n t)
+Mﬁ/ /‘ 9)l2(ea(s))
w1l

—zo(spa( ))\+01( )y™ ( 2()) = yo' (pa(s))l|dsdl

+5/% ”Lg 9las(s)

+M2b2(s)+M1Mm Leo(s)]dsdl + BMs;
t
AR

then its derivative is as follows,

Yo' (s)lds

V3 (t)
_aci(py (1))
Loy (1)
X [y™ (p2(t)) —

vfl(t)
+M?qu»[ by (1)l [z(t) — o)

[y™(s) = yo' (t)] — aca (1)

Yo' (p2(t)) + alar(t) + Mibi(t)

~ abi(t) / " an(s) + Myby(s) + Mey(5)]
w1(t)
et ()
« |2(s) — zo(s)|ds + aMyby () /t bi ()dl
X [|€E(802(t)) — xo(p2(t))| + c1(t)[y™ (p2(s))
—Z/gb(sﬂz(t))!] —OéMlbl(t)/ [b1(s)|z(p2(s))
©1(t)

— x0(pa(s))| + c1(s)[y™ (p2(s)) — yo' (p2(s))[]ds
+ B las(t) + Mabo(t) + My MZ" tea(t)]

(t)
x[ ba(1)dl (1) — yo(t)] — Bba (1)

Volume 15, 2016
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<[ ls) = (s)llaa(s) + Maba(s)
3(t)
e3 ')
+ MM ea(s)]ds + BMaba(t) /t bo(1)dl
< Iyla®) = wo(eat)| — BMaba(t) [ bafs)
3(t)
< |y(e3(s)) — yo(ws(s))|ds + BMa M ea(t)
e3 (1)
x/t bo(1)dl |2(t) — 2o(0)]
— BMo M by (t) / t

w3(t)

Define

Va(t)

t et er M) -1
:aMl/ / C T il ()
oa(t) o3 (s) 1 —72(ps (8))

% [2(s) — zo(s)| + e (63 ()™ (s) — ()] dids
Pz (903 (s)) b2((p3—1(8))

o MQ/ / O hteris)

SRRy

By simply calculating we get its derivative in the fol-
lowing form,

V3(t)
PRCRG) 1
—alM, / C T ma - ee D)
) L — 7oy~ (1))

x [la(t) = zo(t)] + e1loy  (O)y™ () — y5" (®)]]

e1 (1)
—aMb, (t)/t bi(dl[|z(p2(t)) — xo(2(t))]

+er()|y™ (p2(t) — vo' (p2(t)[] + BM2|y(t) — yo(t)]
(93" ®) -1
x /W a2 1)
) 1 —73(p3 (1))
©3(t)
= BMaba(t) [ b ly(ea(t) = moa(t)].
t (15)
Define the Lyapunov functional by
V(t) = Vi(t) + Va(t) + V5(t),
then
DTV(t) = DTVi(t) + V5(t) + V5(t).  (16)
E-ISSN: 2224-2880 256
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DYV ()
< [Beat) M1 — aby(t)] a(t) — o(t)] — Bba(t)
< ly(t) = yo(t)| — BMsca(t)|y™ ' () — v (¢)]

t
— Mg M3ba(t) ca(s)|y™ M (s) —ygt !

»3(t)
aci(py (1) |
T he )
et
+Miby (1) + Mper(2)] /t br(1)dl | (t) — z0(2)|

+ B [ag(t) + Mgbz(t) + MlMén_lcQ(t)]

(s)lds

yo' (B)] + alar(t)

@3 (1)
< / ba(1)dl |y (t) — yo(t)] + BMaMI™ Lo (t)
t

—1

aMiby (03 (1))

Pz (1)
T e o)+ T
(ala(t) — wo(0)] + e1(75 (1)

R0
X / bl
@3 (1)
PP O)

¥3
<1y (0) — 0]+ B2 [ o
¥3

52(903_1(t))
1 — #3(¢3 (1))

< = |:Oéb1(t) — BCQ(t) Mgnil — a(al(t) + Mlbl(t)

by(1)dl

ly(t) = yo(?)]

et ()
+M5”c1(t)> / U by (D)dl — BMa M ea(t)
t

x /@51(0 bo(1)dl — ale

1 — (05 (1))
RCRO))
x /(le(t:) bl(l)dl] |z(t) — zo(t)] — B [52@)
— <a2(t) + Mabs(t)

Mlcg(t)>/“’51(t)

bo(1)dl
+ M), 2(0)
 Maby(5' (1))

Pl ba(D)dl | |y(t t
il AN OB 0]
act(py (1))

—BMsey(t)|y™ 1 (t) — yi l(t)Hm
2

e (e (1)
by ()l

% |14 Mby (05 (8)) /

ey (1)
x [y™(t)

— o' (t)]-
A7)
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In view of

alad™ ™t — b7 > |a™ = b — ™7 b — q

for a > 0,b > 0, which yields

— BMzea(t)ly™ 1 (8) — vy ()]

<BMs M2 (t)|y(t) — yo(t)] (18)
/BM?)CQ(t) m m
- T2|Z/ (t) —y5" ()]

Thus, combination of (18) and (17) yields
DTV(t) < = Ci(t)]x(t) — mo(t)| — BCa(t)
x|y(t)—yo ()] — C3()]y™ () — yo' ()],

which together with [A1] and [A2] yield there must
exist three positive constants A, Ao and A3 such that

DTV (t) < = Aula(t) — @o(t)] — Az [y(t) — yo(t)|
= A3y () — o' (t)]

for t > T. Thus, V(t) is non-increasing on [0, +00).
Integrating the above inequality from 7" to ¢ we obtain

Al/ ‘HJ —.%'() ‘dt—F/\Q/ \y

+A3/ |y (t) — y& (t)| dt < +oo for t > T.
T

(t)| dt

By Barbalat’s Lemma [27], we get the result. O

Theorem 11 Assume that all conditions in Theorem 7
and [ A1 ] hold, and further assume that there exist mu-
tual prime positive integers p, q with p > q such that
[As3]: m = % and [ Ay]: There exist positive constants
a and ( such that liminf, , {Ci(t),B(t)} > 0,
where

=8B (t

Zupvp — Bo(t

with M6 < Mo,
Bi(t) =bo(t) + M3M§L72C2(t) —(a

—1

)
+ MM e ())/w bo(1)dl

P3 (‘P3 (®)
My 23 ) / 2(1)dl,

Msc ac 1 3
B =* Azz( . l_aif;ﬁ%
‘P1
")
902
257

-
:N.

2(t) + Maba(t)

<1 + M1b1 (p2
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where C1(t) is defined in Theorem 10, Ma, Mg is de-
fined in the proof of Theorem 7 Then model (1) is glob-
ally attractive.

Proof: One see

ala™ L — 51 > 5L h — af — |a™ — b7
fora > 0, b > 0, thus
— BMzca(t)|y™ 1 (t) — yg' (1)l
S TRURHO) (19)

— BMzea(t) M52 (1) |y (1)
Substituting (19) into (17), one has
DTV (t) < =Ci(t)]a(t) — o(t)| — BB1(t)
x[y(t) — yo(t)| + B2(t)|y™ (t) — y5" (1)].

Assumption [A3] yields

—yo(t)].

(20)

y(t) — yolt) = [yp<t> i

y™(t)

N—
—
<
Sl
—~
o~
S~—
<
O3 =
—~
~
~—
<
-
[
—~
~+~
~
<
o
|
—~
~
S~—

-y (t) =

which together with (20) give

DTV (t)
<~ CD)|() — 2o — w(®) |y (1) — v (1)
where
=[B(t Z P—l
=1
— Byt Z . W )s

lim
t—4o00

lim [ z(t) —zo(t)] =

t——+o00

Remark 12 Compare Theorem 10 with Theorem 11,
we find that the assumptions in the former is more
simple than those in the later. But we will show
that the assumptions in Theorem 11 is more weak
than Theorem 10 In fact if ¢ = 1, then B(t) =

BBi(t) > 1“ T _B2( ) 2 p/BMﬁp By(t) -
Bs(t), which is more simpler than that of ¢ # 1, and
thus can be checked easily.
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If 7;(t) = 7, > 0, i = 1,2,3, that is, system (1)
reduces to the following system:

@(t) =z(t)(a1(t) — bri(t)z(t — 71)
| —at)y"(t — 1)), 1)
y(t) = y(t)(—az(t) — b2(t)y(t — 73)

+ co(t)z(t)y™ (1),

then corresponding to Theorems 10-11 we get the fol-
lowing results.

Theorem 13 Assume all conditions in Theorem 7
hold, and there exist positive constants o, [ such that
limt irif {Ci(t), i =4,5,6} > 0, where

— 400

— Bea(t) Mgn_l —afai(t) + M1by(t)

t+11
M () /t by ()l — BMoMI™ex(t)

Cult) = abi(t)

t+73 t+711+T72
« / bo(1)dl — My (1 + 72) / b (1),
t

t+1o
C5(t) :bg(t) — M3M6m_202(t)

— M2b2 (t + 7'3)

t+273

X / bo (1)l — (as
t+73

() + Mabo(t)

t+73
—i—MlMé”_lcQ(t))/ ba(1)dl,
t

Msca(t
Cs(t) :75 ]?\)422( ) —aci(t+ 1)
t+711+T2
X (1 + Mlbl(t+72)/ bl(l)dl) .
t+7o

Then model (21) is globally attractive.

Theorem 14 Assume that all conditions in Theorem
7 and [A1] hold, and there exist mutual prime pos-
itive integers p,q with p > q such that [As] hold,
and there exist positive constants « and [ such that
liminfy, o {C4(t), Bo(t)} > 0, where

t+273
« / bo (1)l —
t

t+713
+M1Ménlcg(t))/ bo(1)dl,
t

BMsca(t)
Mg

X <1 + Miby(t + 72) /

t+T12

(Q(t) + MQbQ(t)

By(t) = + aci(t + 1)

t+711+72

bl(l)dl> .
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Then model (21) is globally attractive.

Corollary 15 Assume that all conditions in Theorem
7 and [A1] hold, and further assume that there exists
a positive integer p with p > 1 such that m = %, and
there exist positive constants o« and (3 such that

lim ti&fm{c4(t)’ By(t)} > 0,

p—1
where By(t) := pfMg" Bs(t)
(21) is globally attractive.

— By(t). Then model

4 Application and simulation

Example: Let

ay(t) =12+ 0.01sint, as(t) =5 — 0.01sint,
bi(t) =6, ba(t) = 3.4, c1(t) = 0.3+ 0.29sint,
es(t) = 1.2+ 0.1sint, 71 = 0.005, 7 = 0.03,
=0, m=1/3.

Choose g = €7 = 1 X 10710, g9 = g3 = 2 x
10719, a = 1.2, 8 =0.005.
By calculating we obtain

M; = 2.062627, M> = 0.3939083, K1 = 11.5775,
M = 1.921898, Ky = —1.07577, K3 = 1.394411,

My = —0.316404, M5 = 0.146835, Mg = 0.146835,
lim inf Oy (t) = 5.84892, liminf C5(t) = —58.1291,
t——+o00 t——+o0

lim inf Cg(t) = 0.939147, lim inf By(t) = 0.082385.
t—+00 t—-+o00

According to Theorems 7,10, this system is uni-
formly persistent and has 27-periodic positive solu-
tion. Meanwhile, according to Corollary 15 we assert
that the system is globally attractive, see Figs.1-2 for
more details.

Remark 16 Example shows that ltim Jri]nf By(t) > 0is
—+00
weak than lim inf{Cj5(t), Cs(t)} > 0, which verifies
t——+o00
Remark 12.

Remark 17 Obviously, if m = 1, then there is no mu-
tual inference between preys and predators, then from
Figs.3-4. one can easily see that the prey is uniform-
ly persistent but the predator is extinct eventually. So
the mutual interference can effect the population of
the prey and predator. In the real world we must con-
sider some PP models under the influence of mutual
interference.
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w

T
x1(t)=2, tin [-0.03,0]
x2(t)=1.6, tin [-0,03,0]

2.8f x3(t)=3, tin [-0.03,0] |1

26

(]

%

g

X 24

g

x

1%2)

§ 22

8

>

5

o 2

1.8
1.6 L
0 5 10 15
Time t

Fig.1. The integral curves of example with m = 1/3.

y1(1)=0.05, tin [-0.03,0]
0.9 ——— y2(t)=1, tin [-0.03,0]
—— y3(t)=0.5, tin [-0.03,0]

0.8

0.7

0.6

Populations y1(t),y2(t),y3(t)

Time t

Fig.2. The integral curves of example with m = 1/3.

x1(t)=2, tin [-0.03,0]
X2(t)=1.6, tin [-0.03,0]
2.8 x3(t)=3, tin [-0.03,0] |1
£26
X
g
x 24
g
x
[%]
g 22
s
3
5
o 2
1.8
1.6 >
0 5 10 15

Time t

Fig.3. The integral curves of example with m = 1.
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y1(t)=0.05, t in [-0.03,0]
ool ——— y2(t)=1, tin [-0.03,0]
—— y3(1)=0.5, tin [-0.03,0]

0.5

Population y1(t),y2(t),y3(t)

Time t

Fig.4. The integral curves of example with m = 1.
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