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Abstract

In this paper we propose a discrete logistic system with pure delays. By
giving the detail analysis of the right-hand side functional of the system, we
consider its permanence property which is one of the most important topic in
the study of population dynamics. The results obtained in this paper are good
extensions of the existing results to the discrete case. Also we give an example
to show the feasibility of our main results.
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1 Introduction

Recently, lots of scholars have investigated the logistic equation. For example,

in [1], a sufficient condition was obtained for the existence and the attractivity of a

unique almost periodic solution by constructing suitable Lyapunov functional and

almost periodic functional hull theory. The authors [2] discussed the permanence

and the global attractivity of the model, based on the boundedness of solutions of

the corresponding autonomous logistic model. As we know, the traditional single
species logistic equation takes the form:

dN(t)

dt
Many scholars argued that a more suitable model should include some past state of

= N(t)(a —bN(2)). (1.1)

the system, thus, a more suitable single species model should take the form:

*This work was supported by the National Natural Science Foundation of China un-
der Grant (11601085), the Natural Science Foundation of Fujian Province (2017J01400,
2018J01664)) and the Scientific Research Foundation of Fuzhou University (GXRC-17026).

TManuscript received April 16, 2018; Revised October 9, 2018

fCorresponding author. E-mail: chenlijuan@fzu.edu.cn

63



64 ANN. OF APPL. MATH. Vol.35

AN(¢)
dt

:N(t)(a—bN()—cN (t—7) / K(s t—s)ds). (1.2)

Here, a is a positive constant; b, ¢, d are all nonnegative constants and at least one
of them is a positive constant. We divide system (1.2) into the following two cases:
(1) b= 0, in this case, we call the system pure time delay system;
(2) b # 0, in this case, we call the system non-pure time delay system.
For the second case, by constructing a suitable Lyapunov function, one could easily
show that condition b > ¢ + d is enough to ensure the existence of unique globally
attractive positive equilibrium. However, the dynamic behaviors of the first case is
very complicated. Indeed, for the infinite delay case, that is, b = ¢ = 0 in system
(1.2), under the assumption that a(¢) and d(t) are all continuous w-period functions,
Gopalsamy [3] studied the following logistic system:

AN (t)
dt

— N(t) [a(t) —d(t) /0 T K(s)N(t — 5)ds), (1.3)

and investigated the existence and uniqueness of the periodic solution of system
(1.3). The main results of [3] is then generalized by Seifert [4] to the almost periodic
case, but require a somewhat stronger assumption on the decay kernel K (t), that is,

/OOO K(s)ds = 1, /OOO e K (s)ds < oo, (1.4)

where r is some positive constant.
Feng [5] extended the main results of Seifert [4] to the following almost periodic
system with delays:

AN(#)
dt

:N(t)[a(t)—c(t)Nt—T / K(s t—s)ds]. (1.5)

Feng also weakened condition (1.7) to the following condition:

/ K(s /OOO s2K(s)ds < oo. (1.6)

Meng, Chen and Wang [6] further weakened condition (1.6) to the following condi-

/000 K(s)ds =1, /000 sK(s)ds < oo. (1.7)

By using almost periodic functional Hull theory and some computational techniques,

tion:

Meng et al. [6] showed that condition (1.7) together with some other conditions is
enough to ensure the boundedness and global asymptotically attractivity of system
(1.5). For the case b =d = 0 in system (1.2), that is, for the system
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dN(t)
dt
there are still many open problem needed to be studied. For example, Open problem

=N(t)(a—cN(t—71)),

4.1in Kuang [7, page 171] is as follows: Is it true that if & < 7, then positive solutions

of
dN(t)

dt
tend to the steady state z(t) = 17
On the other hand, it has been found that the discrete time models governed

=aN(t)[1 - N(t—1)]

by difference equations are more appropriate than the continuous ones when the
populations have non-overlapping generations. Discrete time models can also provide
efficient computational models of continuous models for numerical simulations (see
[8-13]). However, to the best of the author’s knowledge, to this day, there are still no
scholars propose and study a discrete time analogue of system (1.5). This motivates
us to propose the following discrete logistic system with pure delays:

z(n+1) =z(n)exp {a(n) —c(n)z(n — 1) —b(n) Z K(s)xz(n — s)}, (1.8)
s=0

where x(n) is the density of species at n-th generation; a(n) denotes the birth rate;
[e.e]

the terms c(n)x(n — 7) and b(n) > K(s)x(n — s) represent the negative feedback
=0

s=!
crowing and the effect of the past life history of the species on its present birth rate,
respectively; 7 is a positive integer; K : [0,00) — [0,00) is a bounded nonnegative
sequence which satisfies

> K(s) =1, (1.9)
s=0

a(n), b(n) and ¢(n) are all sequences which are bounded above and below by positive
constants, more precisely, we have:

O<aL§aM<oo, 0<bL§bM<oo, 0<cl<eM < oo, (1.10)
Here, for any bounded sequence {f(n)}, we denote fM = sup{f(n)} and fL =

. neN
nf {f(n)}.

In this paper we will investigate the persistent property of the above system
which is one of the most important topic in the study of population dynamics.
System (1.8) is said to be permanent if there exist positive constants m and M
which are independent of the solution of the system, such that any positive solution

x(n) satisfies m < liminf z(n) < limsup z(n) < M. Also, by the biological meaning,
n—>+00 n—+00
we will focus our discussion on the positive solution of system (1.8). So it is
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One could easily see that the solution of (1.8) with the initial condition (1.11) is well
defined and remains positive for all n € N.

This paper is organized as follows. The persistent property of system (1.8) is
then studied in Section 2. An example in Section 3 shows the feasibility of our main
results. In Section 4, we give a brief conclusion.

2 Main Results

In this section, we establish a permanent result for system (1.8).
Proposition 2.1 There exists a positive constant M, which is independent of
the solution of the system, such that

M
-1
limsupz(n) < M = exp(a )

e (c(n) exp{ - nz_:l a(z’)})L7

i=n—T
for any solution of system (1.8) with positive initial values (1.11).
Proof Let x(n) be any positive solution of system (1.8), it follows that
z(n+1) < z(n)exp{a(n)}. (2.1)
So we have

n—1
x(n—1) > x(n) exp{ - Z a(i)}. (2.2)

From (1.1), we obtain that

n—1
z(n+1) < z(n)exp {a(n) - [c(n) exp (— Z a(z))] ;U(n)} (2.3)

Then we obtain
limsupz(n) < M, (2.4)
n—oo

where
exp(a™ — 1)

(c(n) exp{ — nil a(i)})L.

t=n—T

M =

Thus we complete the proof of Proposition 2.1.
Proposition 2.2 Any positive solution x(n) of system (1.8) satisfies

CLL

lim sup x(n)
n—-+0o
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Proof Suppose that (2.5) is not true, then there exists a solution xg(n) of
system (1.8) with positive initial values satisfying

oL
limsup zo(n) = My < (2.6)

n—-+00 bM M~
Let h be a small enough positive constant. From (2.6), there exists a positive
constant N1 such that

h al

zo(n) < My + b oM < G 4 oM when n > Nj.

Set Mj = max zo(n). From (1.9), there exists a positive constant Ny > Nj such that
ne

+o00 L
1 /sa”—2h
Z K(S)SW<W_MO> Whenn>N2.
s=Ns
So
+o00 n—Np +oco aL—h
Y K(s)zo(n—s)= > K(s)zo(n—s)+ > K(s)zo(n—s)< T (2.7)
s=0 s=0 s=n—N1
when n > Ny + Ny + 7. Further,
L L M
L M a M a- — h b h
zo(n+1) > mg(n)exp{a — T T —b bM—i—cM} > B oM

As a result, we obtain that
bMp,
xo(n) > xo(N1 + Na + 7) exp {w(n — Ny — Ny — T)},

which contracts (2.6). Thus we complete the proof of Proposition 2.2.

Proposition 2.3 There exists a positive constant m such that any solution x(n)
of system (1.8) with positive initial values satisfies

EI_IH_I;E z(n) > m. (2.8)

Proof Suppose that (2.8) is not true, then there exists a sequence {¢r(n)},

k=1,2,---, such that
1

lim inf 2,(n) < o7,

zp(n) = (n, dr(n)). (2.9)

Choose a positive constant K; such that l% < ?;(I;MaiicM)' Set Mj = gleaﬁxk(n)
when k > K7. From Proposition 2.1, there exists a positive constant N such that

zp(n) < M + 1, n > Ni. On the other hand, by Proposition 2.2, we have

CLL
lims > .
imsup zx(n) > BT o

n—-+00
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Hence, there exists a positive constant 7, > Ni + 7 such that
L oo L
a a
x > —————— and ——.
k() > 3(6M + M) Z = 3(6M + MM

T —Ng

Also, there exists a oy, > 7, such that zy(oy) < % and

1 a”
% < ZL‘k»(n) < m, n e (Tk,O‘k). (210)
Firstly we can prove that
1 L
o — T > rp— k> K. (2.11)

(M + M)(M +1)  3(0M + M)
In fact, when k > K1, n € (4, 03),

+o00 n—Ny +oo
Z K(s)xp(n—s) = Z K(s)zgp(n—s)+ Z K(s)xp(n—s)
s=0 s=0 s=n—Np,
§M+1+Z]\L4. (2.12)
Further, we have
a(n) —c(n)zk(n — ) ZK s)zp(n —s) > —(0M + M)(Mo +1).

As a result, xg(n + 1) > zx(n) exp{—(bM + M) (M +1)}. Then we obtain that
1 a®
> -
k= 3(bM + M)
o (2.11) is true.
From (1.9), there exists a positive constant N such that

exp{— (0" +c")(M +1)(ok — 7))},

aL
;VK(S) S 30M T MM+ 1)

Set K > K1, (bM+ch)(M+1) In 3(b%fLJ£M) > N and 7 + N < ok, then
“+oo
Z K(s)xg(n—s)
s=0
n—TK n—Ng +o0
= Z K(s)xg(n—s)+ Z K(s)zg(n—s)+ Z K(s)zg(n—s)
s=0 S=N—TK s=n—Ng

L n—TK n—Ng

+oo
ngK( +(M41) Y K+ M Y K(s)

s=0 S=N—TK s=n—Ng



No.1 Y.Y. Lii, etc., Permanence of A Discrete Logistic Equation 69

L +o00 +o00
a /
< ST 1 o) +(M+1)Y K(s)+ My Y K(s)
s=N s=Tk —Ng
a” a a
-+ (M +1 M
<3 o P M D anar e MR s onar
oL
= 2.1
bV - M (2.13)
when n € [1, + N, 0]. So
L L
L_ M a M a
x(n—i—l)Zm(n)exp{a —C m—b m}>0, nE[TK+N,0k],
which follows that 2k (n) > zj(7x + N) > +. This contracts 2k (cx) = , so (2.8)

is true. Thus we complete the proof of Proposition 2.3.
From Propositions 2.1, 2.2 and 2.3, we easily have the following theorem:
Theorem 2.1 System (1.8) with initial conditions (1.11) is permanent.

3 Numerical Simulation
Consider system (1.8) with the following coefficients

a(n) =1.140.4cosn, ¢(n)=0.6+0.2cosn,

-1
bin)=11, 7=2, K(s)= e
e

—S

System (1.8) is permanent. Our numerical simulation supports our result (see Figure

1).
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Figure 1: Dynamics behaviors of system (1.8)
with initial condition x(0) = 0.63,
0.67,0.66, 0 € (—00,0].
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4 Conclusion

In this paper we have investigated the permanence property for a discrete logistic
system with pure delays. The results obtained in this paper have been a good
extension of the corresponding results obtained in Feng [5] to the discrete case. We
also have presented an example to verify our main results, which show that delay
does not influence the permanence property of the discrete system.
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