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1. Introduction

The traditional predator-prey model has received great attention from both theoretical and
mathematical biologists and has been studied extensively (e.g., see [1-4] and references
therein). Based on growing biological and physiological evidences, some biologists have
argued that in many situations, especially when predators have to search for food (and
therefore, have to share or compete for food), the functional response in a prey-predator
model should be ratio-dependent, which can be roughly stated as that the per capita predator
growth rate should be a function of the ratio of prey to predator abundance. Starting from
this argument and the traditional prey-dependent-only mode, Arditi and Ginzburg [5] first
proposed the following ratio-dependent predator-prey model:
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which incorporates mutual interference by predators, where g(x) = cx/(my + x) is a
Michaelis-Menten type functional response function. Equation (1.1) has been studied by
many authors and seen great progress (e.g., see [6-11]).

Xu and Chen [11] studied a delayed two-predator-one-prey model in two patches
which is described by the following differential equations:

Ve ai3xs(t) ai4xy(t)
70 =x() <a1 ~anxn(f) - migxs(t) +x1(t)  musxa(t) + xl(t))
+ D1 () (x2(t) — x1()),

x5 (£) = x2(H) (a2 = anxa () + Da(b) (x1(£) = x2(H)), (12)
x3(t) = X3(t)< —-asz+ azxi(t— 1) )l

mupx3(t — 1) + x1(t - 71)

agxi(t— 1) )

migxy(t —12) + x1(t - 72)

xy(t) = x4(t)< —ay+

In view of periodicity of the actual environment, Huo and Li [12] investigated a more general
delayed ratio-dependent predator-prey model with periodic coefficients of the form

x1(t) = xl(t)<a1(t) —an(t)x(t-m) - %)r
. B an (H)x1(t—121) ans (t)x3(t)
fa() =)~ an(t) + 2T o (y(r-ma) - O, (13)

fa) =) (- as(t) + 2T ot o))

In order to consider periodic variations of the environment and the density regulation
of the predators though taking into account delay effect and diffusion between patches,
more realistic and interesting models of population interactions should take into account
comprehensively other than one or two aspects. On the other hand, in order to unify the
study of differential and difference equations, people have done a lot of research about
dynamic equations on time scales. The principle aim of this paper is to systematically unify
the existence of periodic solutions for a delayed ratio-dependent predator-prey system with
functional response and diffusion modeled by ordinary differential equations and their
discrete analogues in form of difference equations and to extend these results to more
general time scales. The approach is based on Gaines and Mawhin’s continuation theorem
of coincidence degree theory, which has been widely applied to deal with the existence of
periodic solutions of differential equations and difference equations.

Therefore, it is interesting and important to study the following model on time
scales T

- ci(t) exp{zs(t)}
zp (1) = bi(t) - ar (H) explzi ()} — () exp 2] + exp 21 ()]

+ Dy (t) (exp{z2(t) - z1(1)} - 1),
zZA(t) =by(t) — ax(t) exp{z2(t) } + Da(t) (explzi(t) — z2(t)} - 1),
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di(t) exp{zi(t - 712) }
my (t) exp{zs(t — T12)} + exp{zi(t — Ti2)}

z5 (t) = —r1(t) — as(t) exp{za(t — 1)} +

 o®eplz)
ma(t) explza()] + explz3(D)]”

dy(t) exp{zs(t — T22)}
my () exp{za(t — ™2)} + exp{zs(t — ™2)}
(1.4)

zp () = —ra(t) — as(t) explza(t — 1)} +

with the initial conditions

Zi(S) = (Pi(s) > 0/ s€ [_TIO] m'ﬂ‘/ (Pl(o) > 0/ ‘Pi(s) € Crd([_T/O] N T/R+)/ i= 1/2/3/4/
(1.5)

where 7 = max{7;j, i,j = 1,2}. In (1.4), z;(t) represents the prey population in the ith patch
(i =1,2),and z;(t) (i = 3,4) represents the predator population. z;(t) is the prey for z3(t), and
z3(t) is the prey for z4(t) so that they form a food chain. D;(t) denotes the dispersal rate of the
prey in the ith patch (i = 1,2). For the sake of generality and convenience, we always make
the following fundamental assumptions for system (1.4):

(H) ai(t) € Cyq (T/ R+) (l =123, 4)/ bi(t)/ Ci(t)/ di(t)/ ri(t)r mi(t)r Di(t) € Cy (Tr R+) (l =
1,2) are all rd-continuous positive periodic functions with period w > 0; 7;;(i,j = 1,2) are
nonnegative constants.

In (1.4), set x;(t) = exp{zi(t)}, y;(t) = exp{zj2(t)}, i = 1,2, j =12 If T = R, then
(1.4) reduces to the ratio-dependent predator-prey diffusive system of three species with time
delays governed by the ordinary differential equations

c1(H)ya(t)
my (B)y1(t) + x1(8)
x5 (£) = x2(t) (ba(t) — az(t)x2(t)) + Da(t) (x1(t) = x2(t)),
dy ()1 (t - T12)  a®y(d) )
my(Dyr(t=T12) + x1(t—T12)  ma(H)yo(t) + 1 (1) /)7

dr(H)y1(t — 122) )
my () Yo (t = To2) + Y1 (t = To2) /)

*,(t) = x1(t) (b1<t> ~a()x(f) - ) + Dy (at) - 3 (1),

yi() = yl(t)< () — as Byl — ) +

Yo (t) = yz<t>( ~ra(t) - as(Byat - T1) +
(1.6)

If T = Z, then (1.4) is reformulated as

B c1(k)ya (k) x2(k)
il 1) = (k) exp { b1 ()~ an (i () - - TR Dy (25 1)},

xa(k 4 1) = xa(K) exp { b2(k) - ax(Rxa() + Dot (24 - 1)},
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di(k)x1 (k — 712)
my (k)y1(k — T12) + x1(k — T12)

~ c2(k)ya(k) }
my(k)y,(k —T12) + y1(k — 12) J”

yi(k+1) = yi(k) exp { —ri(k) = as(k)y1(k = 1) +

yz(k + 1) = yz(k) exp { _ Tz(k) _ a4(k)y2(k _ TZl) + dZ(k)yl(k - 7'22) }

My (k)y2(k — 22) + y1(k — 2)
(1.7)

which is the discrete time ratio-dependent predator-prey diffusive system of three species
with time delays and is also a discrete analogue of (1.6).

2. Preliminaries

A time scale T is an arbitrary nonempty closed subset of the real numbers R. Throughout
the paper, we assume the time scale T is unbounded above and below, such as R,Z and
kUZ[Zk, 2k + 1]. The following definitions and lemmas can be found in [13].

(S

Definition 2.1. The forward jump operator ¢ : T — T, the backward jump operator p : T —
T, and the graininess y : T — R* = [0, +o0) are defined, respectively, by

o(t)=inf{seT|s>t}, p(t)=sup{seT|s<t}, wu(t)=0c()-t forteT. (2.1)

If o(t) = t, then t is called right-dense (otherwise: right-scattered), and if p(t) = ¢, then t is
called left-dense (otherwise: left-scattered).

If T has a left-scattered maximum m, then TX = T'\ {m}; otherwise T¥ = T.If T has a
right-scattered minimum m, then Ty = T \ {m}; otherwise Ty = T.

Definition 2.2. Assume f : T — Ris a function and let t € TX. Then one defines f(t) to be the
number (provided it exists) with the property that given any ¢ > 0, there is a neighborhood
U of t such that

|f(o@) - f(s) - A (o(t) - s)| <elo(t)-s| Vsel. (2.2)

In this case, f2(t) is called the delta (or Hilger) derivative of f at t. Moreover, f is said to be
delta or Hilger differentiable on T if f2(t) exists for all t € TX. A function F : T — Ris called
an antiderivative of f : T — R provided F2(t) = f(t) for all t € TX. Then one defines

jsf(t)At =F(s)-F(r) forr,seT. (2.3)

Definition 2.3. A function f : T — R is said to be rd-continuous if it is continuous at right-
dense points in T and its left-sided limits exists (finite) at left-dense points in T. The set of
rd-continuous functions f : T — R will be denoted by C.4(T, R).
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Definition 2.4. If a € T, inf T = —oo, and f is rd-continuous on (-oo, a], then one defines the
improper integral by
j f(H)At = Tlim f f(t)At (2.4)
-0 — -0 T

provided this limit exists, and one says that the improper integral converges in this case.

Definition 2.5 (see [14]). One says that a time scale T is periodic if there exists p > 0 such that
ift e T, thent+p € T. For T#R, the smallest positive p is called the period of the time scale.

Definition 2.6 (see [14]). Let T#R be a periodic time scale with period p. One says that the
function f : T — R is periodic with period w if there exists a natural number n such that
w=np, f(t+w) = f(t) for all t € T and w is the smallest number such that f(t + w) = f(t).

If T = R, one says that f is periodic with period w > 0 if w is the smallest positive
number such that f(t +w) = f(t) forall t € T.

Lemma 2.7. Every rd-continuous function has an antiderivative.
Lemma 2.8. Every continuous function is rd-continuous.
Lemma29. Ifa,beT, a,feRand f, g € Cq(T,R), then

@) [Plaf(t) + Bgt)] At = af F(t) At + B[ g (D) AL;

(b) if f(t) 20 forall a <t <b, then jZf(t)At >0;

(© if If ()| < g(t) on [a,b) == {t€ T | a<t<b), then |[*f(t)At] < ["g(HAL.
Lemma 2.10. If f2(t) > 0, then f is nondecreasing.

Notation 1. To facilitate the discussion below, we now introduce some notation to be used
throughout this paper. Let T be w-periodic, thatis, t € T impliest +w € T,

x =min {[0, +c0) N T}, I, =[x,k +w]NT,

B o (2.5)
Foif soms= L[ sons  ptespio, s,

teT

where f € C4(T, R) is an w-periodic function, thatis, f(t + w) = f(t) forallt € T, t + w € T.

Notation 2. Let X, Z be two Banach spaces, let L : DomL C X — Z be a linear mapping,
and let N : X — Z be a continuous mapping. If L is a Fredholm mapping of index zero
and there exist continuous projectors P : X — X and Q : Z — Z such that InP = KerL,
KerQ = ImL = Im(I — Q), then the restriction L|pomnkerr : (I — P)X — ImL is invertible.
Denote the inverse of that map by Kp. If Q is an open bounded subset of X, the mapping N
will be called L-compact on Qif QN(Q) is bounded and Kp(I - Q)N : Q — X is compact.
Since Im Q is isomorphic to Ker L, there exists an isomorphism J : InQ — Ker L.

Lemma 2.11 (Continuation theorem [15]). Let X, Z be two Banach spaces, and let L be a Fredholm

mapping of index zero. Assume that N : Q — Z is L-compact on Q with Q is open bounded in X .
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Furthermore assume the following:

(a) foreach A € (0,1), x e 0QNDom L, Lx#ANx;
(b) for each x € 0Q NKer L, QNx #0;
(c) deg{JQON, QnKerL, 0} #0.

Then the operator equation Lx = Nx has at least one solution in Dom L N Q.

Lemma 2.12 (see [16]). Lett;,t, € I, . If g: T — R is w-periodic, then

K+w K+w

52(6)As,  g(t) > g(b) - f 154 (5)]As. (2.6)

K

gt < g(t) + f

K

3. Existence of Periodic Solutions

The fundamental theorem in this paper is stated as follows about the existence of an w-
periodic solution.

Theorem 3.1. Suppose that (H) holds. Furthermore assume the following:

(1) bl(t) > Dl(t)r teT,i=1,2,

then the system (1.4) has at least one w-periodic solution.

Proof. Consider vector equation

ZA(t) = Y(t), where z = (le Zp, 23, Z4)T/ ZA = (ZlA/ ZzA/ Z3A/ sz)T/ Y = (Y1/Y2/ YS/ Y4)T/

c1(t) exp{z3(t)}

Y1 =00 =Dih) =) explzi(D) = s S T + exp (0]

+ Dy (H) exp{za(t) - z1 (1)},
Y, = by(t) — Da(t) — ax(t) exp{za(t)} + Da(t) exp{zi(t) — z2(f)},

di(t) exp{zi(t - T12)}
my(t) explzs(t — Ti2)} +exp{zi(t — T12)}

Y3 =-ri(t) —as(t) exp{zs(t — 711)} +

_ aMexplu)
ma(t) explzs(t)] + explz3(D)]”

dy(t) exp{za(t — m22)}
my(t) exp{za(t — m22) } + exp{zs(t —T2)} "

Yy = -n(t) —asexp{za(t — 1)} +

(3.1)
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Define

X=Z={z€Cu(T,RY|zi(t+w) = z(t), i=1,2,3,4, Vte T},

- (3.2)
Izl = [[(z1, 22,23, 24) || = > rtlé?x|zi(t)|/ z € X (or Z),
i=1 ©w

where | - | is the Euclidean norm. Then X and Z are both Banach spaces with the above norm
|| -]]. Let Nz(t) = Y, Lz(t) = z*(t), Pz(t) = Qz(t) =z, z € X. Then

Ker L = R?, ImL = {ze Z

K+w
f zi(H)At=0,i=1,2,3,4, fort € T}, (3.3)

K

and dimKerL = codimIm L = 4. Since Im L is closed in X, then L is a Fredholm mapping
of index zero. It is easy to show that P,Q are continuous projectors such that ImP =
KerL, KerQ = ImL = Im(I — Q). Furthermore, the generalized inverse (to L) Kp : ImL —
Ker P N Dom L exists and is given by Kpz = fiz(s)As - (1/w)fz+wfiz(s)As At, thus

QONz = %fWY(t)At,
Kt+w ' K+w (34)
Kp(I-Q)Nz = ftY(s)As— éf ftY(s)As At — <t—x— éj (t—K)At>Y.

Obviously, QN : X — Z, Kp(I - Q)N : X — X are continuous. Since X is a Banach space,
using the Arzela-Ascoli theorem, it is easy to show that Kp(I — Q)N (L) is compact for any
open bounded set Q ¢ X. Moreover, QN (Q) is bounded, thus, N is L-compact on Q for any
open bounded set Q C X. Corresponding to the operator equation Lz = ANz, A € (0,1), we
have

zZ2(t) = \Yi(t), i=1,2,3,4. (3.5)

Suppose that z € X is a solution of (3.5) for certain A € (0, 1). Integrating on both sides
of (3.5) from « to x + w with respect to t, we have

fK " (b1t - Dy At + f "Dyt explza(t) - z1(5) At

K

(3.6)
‘L ““”exP{Zl(t)}A”L (D explza(D)] +explz D]
fK " (ba(t) - Dot At + f "Dt explz1(t) - z2(6) | At
" " (3.7)

= J‘K waz(t) exp{za(t)}At,

K
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J‘K”“’ di(t) exp{zi(t — T12)}
« M) exp{z3(t —T12)} +exp{zi(t — T12)}

=rw+ IK+wa3(t) exp{zs(t — T11) } At (3.8)

At,

N f"*‘” c2(t) exp{za(t)}
o ma(t)exp{za(t)} +exp{za(t)}

Tow +f as(t) exp{za(t — 1)} At

(3.9)
_ J-wrw dy(t) exp{z3(t —Tn)} At
o ma(t)exp{zs(t— o)} +expl{za(t—m2)}
It follows from (3.5) to (3.9) that
K+w A K+w K+w 1l (t) exp{Zs (t) }
L ERGIINES ZL ay(t) exp{zi(t) } At + ZL my(t) exp{z3(t)} + exp{z1(t)) At
(3.10)
K+w C1
< 2a{VIJ‘K exp{zi(t)} At + 2<m—1>w,
JW|ZZA(”|M < 2a§4rw explz2(f) | At, (3.11)
mw K+ di(t)exp{zi(t —T12)}
L |25 (£)| At < ZL mi () exp(z3(t — T12) ) + exp(z1(t — T12) ) Al (3.12)
< 231(4) =: 13,
o KW da(t) explzs(t — T2)}
IK |25 ()] At < ZJK my(t) exp{zs(t — m2)} +exp{z3(t — 122)} A (3.13)
< 2dyw =: Iy

Multiplying (3.6) by exp{zi(t)} and integrating over [k, k + w] gives

K+w

IK wal(t) exp{2zi(t) } At < f (b1(t) — D1(t)) exp{z1(t) } At + IK le(t) exp{za(t)} At,

(3.14)

K

which yields

aquHw exp{2z1(t)} At < (b1 — Dl)MIK+w exp{zi(t) } At + D{VIJ‘HW exp{za(t)}At.  (3.15)
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By using the inequality (=™ exp{z1(f)} Ai‘)2 < w[F" exp{2z(t) } At, we have

%O . exp{21(t)w>2 <= D)"[ " expln®)are DY eplz )
(3.16)
Then
e :W exp{zi(t)} At
< (b -D)M+ {[(b1 _ DM+ MIZW eXp{zz(t)}At}m, (3.17)

By using the inequality (a + b)'/? < a'/2+ b2, a >0, b > 0, we derive from (3.17) that

L ax+w LpM K+w 1/2
%IK exp{z1(t)} At < (by - D)M + alTl<J‘ exp{zz(t)}At> . (3.18)

K

Similarly, multiplying (3.7) by exp{z(t)} and integrating over [x, k + w], then synthesize the
above, we obtain

L pcx+w LpM K+w 1/2
%IK exp{za(t)} At < (b — D))M + aZTz<J‘ exp{zl(t)}At> _ (3.19)

K

It follows from (3.18) and (3.19) that

af\/a?‘[ exp{zi(t)} At

< w\/ak(by - D)™ (3.20)

K+w 1/4
+1/wakDM [\/w(b2 -D)M + <wa§D§4f exp{zl(t)}At> ],

so, there exists a positive constant p; such that

ch ! exp{zi(t)} At < pq, (3.21)

K

which together with (3.19), there also exists a positive constant p, such that

ch ’ exp{zx(t)} At < py. (3.22)

K
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This, together with (3.11), (3.12), and (3.21), leads to

K+w TN
j |z8 (h)| At < 2aYpy +2<:1—1>w:: I,

- ! (3.23)
f |25 ()| At < 2a) py =: 1.

K

Since (Zl(t),Zz(f),Z3(t),Z4(t))T € X, there exist some points ¢;, #; € I, i = 1,2,3,4,
such that

zi(&) = rtrel}n{zi(t)}, zi(n;) = T{;?X{Zi(t)}/ i=1,2,34. (3.24)

It follows from (3.21) and (3.22) that

Pi 1, i=1,2 (3.25)

zi(§i) <In o

From (3.8) and (3.9), we obtain that

dy -7 dr -
z3(&) <In L =15, zy(&) <In 22 =1, (3.26)
as ay

This, together with (3.12), (3.13), and (3.26), deduces

zi(t) < zi(&) + f:+w|zf(t)|At <Li+l, i=1,234. (3.27)
From (3.6) and (3.24), we have
z1(m) 2 In % =: 0. (3.28)
From (3.7) and (3.24), it yields that
by - D

zo(12) > In—— =: 6. (3.29)
az
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Noticing that [ exp{z(t - 1) } At = [ exp{z(t — 72) } At, from (3.8) and (3.9), deduces

K

fK+w di(t)exp{zi(t - 112)} At
« mi(t)exp{zs(t —Ti2)} +exp{zi(t - T12)}
<Tw+ aé\’IJ‘ exp{zs(t — T12) } At + <%>w,
K 2
(3.30)
JK+M dy(t) exp{zs(t — 722)} At
« Mo(t)expl{zi(t — )} +exp{zs(t —2)}
<Tw + ai"IJ‘ exp{za(t — 1)} At.
There exist two points t; € [k, k + w] (i = 1,2) such that
di(t + T12) expizi(t)} - < o)) >
<7+ )1+ (=),
i+ ) exp ()] + exp (] 1 P+ (o .

dy(tr + T22) exp{za(ta)}
my(ty + ) exp{za(ta) } + exp{zs(t2)}

< Tw + agexp{zs(t)}.

Hence,

2 —_—

1 c —= c
>l it e () ra) st (- (30)
Z3( 1)> n253mi\4{d<rlm1 +my = + azAq +4aazm;” A 1—T1 p—
- <F11’l’l{vI + m%(%) +E3A1>} =: 63,

\/(7211’lé\/I + E4A2)2 + 454111?4142 (Ez - 72) - (7217194 + E4A2) .

— - O4,
26141”11?/I

Z4(t2) >1n

(3.32)

where A; = exp{z1(é1)}, A2 = exp{z3(&)}. Then, this, together with (3.12), (3.13), (3.23),
(3.28), (3.29), and (3.32), deduces

K+w

zi(t) > zi(m;) - I |z (t)|At>6;—1;, i=1,2,3,4, for any t € [k, x + w]. (3.33)

It follows from (3.27) to (3.33) that

r{1?x|zi(t)| <max{|L; +1li|,16; - Li|} = B;, i=1,2,3,4. (3.34)
€l
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From (3.34), we clearly know that B; (i = 1,2,3,4) are independent of A, and from the
representation of QNz, it is easy to know that there exist points ¢; € [k, x + w] (i = 1,2,3,4)
such that QN z = Y*(z1, z3, 23, z4), Where

crexp{zs}

(@) explza) +explz] | Drexplz -l \

/ El—ﬁl—ﬁlexp{zl}—

z1 Ez—ﬁz—ﬁzexp{zz}+52exp{zl—zz}
vl 2. - _
z3 - Byexplz) + diexp{z1} - crexpf{zs}
24 LRSI @) explzs) texplz] | ma(ls) explzs) +explza)
_ _ Ezexp{23}
\ ey explzi] + explza] /

(3.35)

Take B = ZiOBi, where By is taken sufficiently large such that By > Z?=1|Li| + Z?=1|6i|, and
such that each solution u* = (uj, u;,u3, uZ)T of the system Y* (ul,uz,u3,u4)T = 0 satisfies
[lu*|| = Zf:1|u;“| < By if the system (3.35) has solutions. Now take Q = {(z1, z2, z3, 24)T €
X|||(z1, 22, 23, 2z4) || < B}. Then it is clear that Q verifies the requirement (a) of Lemma 2.11.

When (z1, 2, z3, 24)T € 0QNnKerL =0QNRY, (21,22, 23, 24)T is a constant vector in R*
with ||(z1, 22, 23, z4)" || = B, from the definition of B, we can naturally derive QN z # 0 whether
the system (3.35) has solutions or not. This shows that the condition (b) of Lemma 2.11 is
satisfied.

Finally, we will prove that the condition (c) of Lemma 2.11 is valid. Define the
homotopy H,(z1,22,23,24) : Dom L x [0,1] — R* by

H,(z1,22,23,24) = pQON (21,22, 23, 24) + (1 - 0)G(21, 22, 23,24), for pe[0,1],  (3.36)

where

/ 51—51—519XP{21} \
z Ez—ﬁz—ﬁzexp{ZQ}
Z2 | _ _ dy ex {z1}
G =| = _ 1 €Xp121 , (3.37)

2 TPl explzs) + expla]
Z4 _

dr exp{zs}

}

\-?2 —asexp{zs} + 5 (Ca) expizs) + exp{Z3}/

where (z1, 22, z3, 24)T e R4, u € [0,1] is a parameter. From (3.37), it is easy to show that
0¢ H,(0Q2 Nker L). Moreover, one can easily show that the algebraic equation
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El —51 —51111 = 0,

52 —52 —Ezuz = 0,

— — d1u1
-r—-asuyz+ —— =0,
my(G2)uz + uy
— qus
Ty —agug + ———— =0

ma(8a)uy + u3
(3.38)

has a unique positive solution (u1,u2,u3,u4)T in RY. Note that J = I (identical mapping),
since ImQ = KerL, according to the invariance property of homotopy, direct calculation
produces

deg{]QN(zl/Z2r Z3, Z4)T/ QN Ker LI (0/ 0/ O/ O)T}

= deg{G(z1, 22, z3, z1)T, QnKer L, (0,0, O,O)T}

—Elu*{ 0 0 0
0 ~au} 0 0
Elml (Qz)ug = Hlml (§2)u’{ 0
— —_— L B —— =
SIBN | (g (L) ul + %) (1 (81t + 1) L
0 0 32m2(§4)uj; - Ezmz(@)u;
_damaCuy o damalCa)uy
(ma(Ga) el + us)? (mo(Ga)uly + us)?
(3.39)

where deg{-,-,:} is the Brouwer degree. By now we have proved that Q verifies all
requirements of Lemma 2.11. Therefore, (1.4) has at least one w-periodic solution in Dom L N

Q. The proof is complete. O

Corollary 3.2. If the conditions in Theorem 3.1 hold, then both the corresponding continuous model
(1.6) and the discrete model (1.7) have at least one w-periodic solution.

Remark 3.3. If T = Rand 711 = 71 = 0in (1.6), then the system (1.6) reduces to the continuous
ratio-dependence predator-prey diffusive system proposed in [17].

Remark 3.4. If we only consider the prey population in one-patch environment and ignore
the dispersal process in the system (1.4), then the classical ratio-dependence two species
predator-prey model in particular of (1.4) with Michaelis-Menten functional response and
time delay on time scales

c(t) exp{za(t) }
m(t) exp{za(t)} +exp{zi(t)}’
d(t) exp{zi(t - 1)}
m(t)exp{za(t—7)} +expl{zi(t - 1)}’

zP(t) = ri(t) — a(t) exp{zi(t)} -
(3.40)

zy () = —na(b) +
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where a(t), c(t),d(t),ri(t), m(t) € Cia(T,R*) (i = 1,2) are positive w-periodic functions, 7 is
nonnegative constant. It is easy to obtain the corresponding conclusions on time scales for
the system (3.40).

Corollary 3.5. Suppose that (i) r1 > (%), (i) d(t) > ro(t), t € T hold, then (3.40) has at least one
w-periodic solution.

Remark 3.6. The result in Corollary 3.5 is same as those for the corresponding continuous and
discrete systems.
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