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Abstract

We consider a nonautonomous discrete competition system with nonlinear
interinhibition terms and feedback controls. By constructing a suitable Lyapunov
function, we obtain some criteria about the extinction of one of the two species and
the corresponding feedback controls varieties. Our conclusions not only supplement
but also improve some existing ones. Numerical simulations are used to illustrate our
analytic analysis. We show that feedback control variables play an important role in
the extinction property of the system.
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1 Introduction

Recently, much attention has been paid to the competition systems. For example, Wang et
al. [1] considered the following two-species competition system with nonlinear interinhi-
bition terms:

#1(8) = ;{1 () - an (£ (1) — S22,

(1.1)
%(t) = %2 (E){ra(t) — ax(t)x2(2) - Cli,)q(()) |3

where x;(t), x2(£) are the population densities of two competing species, a;(t), aa(t) are
the intraspecific competition rate of the first and second species, ¢;(¢), ¢ (¢) represent the
interspecific competing rates and 1 (¢), r2(£) are the intrinsic growth rates of species. Wang
et al. [1] showed the existence and global asymptotic stability of positive almost periodic
solutions of model (1.1). For the ecological sense of model (1.1), we refer to [2] and the
references therein.

Considering that the discrete-time models governed by difference equations are more
appropriate than the continuous ones when the populations have a short life expectancy
and nonoverlapping generations, Qin et al. [3] introduced the following discrete analogue

of system (1.1):
x1(n +1) = x1(n) exp{ri(n) — ai(n)xy (n) — 1+x2 ) 23, 12)
%o+ 1) = 5 () explra () — aa () (1) — LDy,

A good understanding of the permanence, existence, and global stability of positive pe-
riodic solutions was obtained in [3]. As for the almost periodic case, Wang and Liu [4]
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further studied the existence, uniqueness, and uniformly asymptotic stability of a positive
almost periodic solution of system (1.2). Extinction of species and the stability property
of another species were considered in [5]. Yue [6] investigated system (1.2) with one toxin
producing species. Sufficient conditions that guarantee the extinction of one of the com-
ponents and the global attractivity of the other one were obtained in [6].

Noting that ecosystems in the real world are often distributed by unpredictable forces
that can result in changes in biological parameters, Wang et al. [7] proposed the following
model, system (1.2) with feedback controls:

x1(n +1) = x1(n) exp{r(n) — ar1(n)x,(n) — % —ei(Mu(n)},
(1 + 1) = 23(n) exp{ra (1) — @z (W) () — S — ey (m)us ()}, 13)

Auy(n) = =by(m)uy (n) + di(m)x1(n), Auz(n) = —by(M)uz(n) + da(n)xz (n).

Wang et al. [7] established a criterion for the existence and uniformly asymptotic stability
of unique positive almost periodic solution of system (1.3) with almost periodic parame-
ters. Yu [8] further considered the influence of feedback control variables on the persistent
property of the system. On the other hand, as we all know, the extinction property is also
an important topic in the study of mathematical biology; however, until now there are still
no scholars investigating this property of system (1.3). Indeed, in this paper, we apply the
analysis technique of Chen et al. [9], Xu et al. [10], and Zhang et al. [11] to obtain a set of
sufficient conditions that guarantee one of the two species and the corresponding feed-
back controls varieties will be driven to extinction. For more works in this direction, we
refer to [12—21] and the references therein.

For any bounded sequence {g(n)}, we denote g’ = inf,cz{g(n)}, g¢*! = sup,,{g(n)}. For
convenience, we introduce the following assumptions:

(Hy) {ri(m)}, i=1,2, are bounded sequences defined on Z, and {a;(n)}, {c;(n)}, {d;(n)}, and
{ei(n)}, i = 1,2, are bounded nonnegative sequences defined on Z.
(H2) Sequences {b;(n)} satisfy 0 < biL < bf” <lforallneZ.
(H3) There exists a positive integer w such that, for each i = 1,2,
n+w-1
hnrgggf Z ri(s) > 0.

S§=n

(H4) There exists a positive integer p such that, for eachi=1,2,

n+p-1
li 1-b; 1.
1y111lsolip g ( (s)) <

As regards the biological background, we focus our discussion on the positive solutions
of system (1.3). So, we consider (1.3) together with the following initial conditions:

x;(0) >0, u;(0)>0, i=1,2. (1.4)
It is obvious that the solutions of (1.3)-(1.4) are well defined and satisfy

x;(n) > 0, u(n)>0, i=1,2forneZ. (1.5)
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The rest of this paper is organized as follows. In the next section, we study the extinc-
tion of one species and the corresponding feedback control varieties of system (1.3). Some
examples together with their numerical simulations are carried out to show the feasibility
of our results in Section 3. We end this paper with a brief discussion.

2 Extinction

In this section, we’ll establish sufficient conditions on the extinction of one of the two
species and the corresponding feedback controls varieties of system (1.3). Wang et al. [7]
showed that the positive solutions of system (1.3) were bounded eventually:

Lemma 2.1 (see [7]) Any positive solution (xi(n), x5 (n), uy(n), uz(n))? of system (1.3) satis-

fies
limsupx;(n) < B;, limsup u;(n) < D;, (2.1)
n—00 n—oo
where B; = (D) and D; = =1,2.

L
a4

We now come to study the extinction of species x; and the feedback controls varieties
uy of system (1.3).

Theorem 2.1 In addition to (Hy)-(Hy), further suppose that:

n+w-1
r 12(s) . ax(n)
() “‘Lw%— <liminf 2>
and
n+w-1
(He) timsup 2% <liminf(—c1(n) liminf sz 110 —”1(”)>
nsoo bi(n) n—oo \ (1+ By)di(n) i Y ry(s)  da(n)

where B is defined in Lemma 2.1. Then x, and u, will be driven to extinction, that is,
for any positive solution (x1(n),xy(n), u(n), us(n))” of system (1.3), lim,,_, oo %2(1) = 0 and

lim,; Ltz(}’l) =0

Proof According to Lemma 2.1, for any ¢ > 0 small enough, there exists 7; > 0 large enough
such that, for n > n,

x1(n) < B +¢, ui(n) <D, uy(n) <D, (2.2)
where D = max{D; +¢, D, + ¢}. Thus, it follows from (H3) that there exist positive constants
no and n, > n; such that

n+w-1

Z ri(s) =no forall n > ny.

S§=n

By (H1), (H2), and (Hs) we can obtain that

n+w-1
liminf@ > lim sup(cZ( " lim sup Lion12(O) az(n)) (2.3)
b da(n)

n—o00 by (n) n—>00 n—>00 ZVH‘U 11"1(S dy(n)
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For the same ¢, according to (Hs)-(Hs) and (2.3), we can choose positive constants
o, B,y,8, and n3 > n, such that

YiTnG o o o

<——-&<—< ,
SrelnGs) B B on
ei(n) y PBa(n)—all+ B +e)a(n)

bi(n) < o < a1+ By + &)di(n)

and

ex(n) & acy(n) - Pax(n)

byn) B Bay(n)

for all # > n3. Hence, we have:

nil(ﬂrz(s) —ari(s)) < —&Bno, (2.4)

aei(n) — yby(n) <0, (2.5)

way(m) — L g <o, (2.6)
1+B +e

8by(n) — Bey(n) <0, (2.7)

acy(n) — Bas(n) — 8dy(n) < 0. (2.8)

Consider the Lyapunov function
V(n) = xl_“(n)xg(n) exp{ yuy(n) — 3u2(n)}. (2.9)

By calculating we get

V(V”(;)” - exp{ﬁrz(m — ary(n) + (cex(n) = v by () s )
+ (8ba(m) = Bes(m)us(n) + (aal(n) - C;E’qu) . ydl(n))xl(n)
(22— panto) - 5t )|
+ x9(n1)

< eXp{ﬁrz(n) —ary(n) + (cey(n) — y by(n))ur (n)

Bei(n)

1+B;+e¢

+ (8by(n) — Bea(n))uz(n) + (Wll(n) - + )/d1(n)>x1(n)
+ (aca(n) — Baz(n) - Sdz(n))xz(n)}.

It follows that from (2.5)-(2.8) that

Vin+1) < V(n) exp{,Brz(n) - arl(n)} for all n > n3. (2.10)
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For any n > n3, we choose an integer m > 0 such that n € [n3 + mw, n3 + (m + 1)w). Inte-
grating (2.10) from #3 to n — 1 leads to

n-1
V(n) < V(n3)exp Z(,Brz(s) —017”1(5))}

§=n3
n3+mw-1 n-1

<V(m)expi Y + Y ](ﬂrz(S)—arl(S))
s=n3 s=nz+mow-1

< V(n3) exp{—efnom + M}

n—ns
< V(n3)exp —8ﬂno(T —1> +M1}

< Ving)exp - L1"

LA } (1)

where M = #0075 4¢84+ My and M = sup,cz | Bra(n) — ari(n)|w. Relations (2.2), (2.9),

w

and (2.11) imply that that, for n > n3,

ENo’t } 2.12)

x(n) < [xf“(ng)xg(ng) exp{(y + 8)D}(Bl + &) exp{Mi"}]% exp{— »

Hence, x;(n) — 0 exponentially as n — oco. Similarly to corresponding proof of Theo-
rem 3.1 in Chen et al. [9], we can easily see that u,(n) — 0 as n — oo. This ends the proof
of Theorem 2.1. O

Now, let us investigate the extinction property of species x; and the feedback controls
varieties u in system (1.3), which is also an interesting problem, and we obtain the follow-
ing result.

Theorem 2.2 Let (x,(n), %y (1), u1(n), uy(n))7 be any positive solution of system (1.3). Sup-
pose that (Hy)-(Ha) and the following inequalities hold:

n+w-1
(H7) lim ianS:"ier(s) > lim sup ci(n) )
=00 3V n(s) oo ar(n)
n+w-1
(Hg) limsup ex(n) < liminf(% liminf Zi;nw_l ra(s) _ 512(”)>,
n—00 21 n—00 (1 +Bz)d2(l’1) n—00 Zs:n 7'1(5) dz(n)

where B, is defined in Lemma 2.1. Then lim,,_, o x1(n) = 0 and lim,,_, o u1(n) = 0.

Proof According to Lemma 2.1, for any ¢ > 0 small enough, there exists a positive constant
n4 > n3 such that, for n > ny,

xo(n) < By +e. (2.13)

By (H1), (H>), and (H) we obtain that

n+w-1
lirninfM > lim sup(cl(n) lim sup Len 1) al(n)). (2.14)
b di(n)

n—00 1(71) n—00 n—00 Z?::;)_l 7’2(8) - dl(n)

Page 5 of 10
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For the same ¢, according to (H7)-(Hg) and (2.14), we can choose positive constants

o, B,y,8, and ns > ny such that:

Sl o a  ax(n)
o1~ >—=4+&E>—=> ,
Yo nGs) B B can)

ea(n) 8 acy(m)— B+ By +e)ay(n)

bym) B~ B+ By+e)da(n)

and

el |y paln)-am()
bi(n) « ad (n)

for all n > ns. Hence, we have:

n+w-1
> (ari(s) - Brals)) < —eBno, (2.15)
Bey(n) —8by(n) <0, (2.16)
9O n) + 8dy(m) <0, (217)
1+By+¢
ybi(n) —aey(n) <0, (2.18)
—aay(n) + Bei(n) — ydi(n) < 0. (2.19)

Consider the Lyapunov function
V(n) = xf(n)x;ﬂ(n) exp{éuz(n) - yul(n)}. (2.20)

By calculating and inequalities (2.16)-(2.19) we obtain that

s = explantn - g + (vbi0) - e )
+ (Bea(i) — 8by(m))ua(n) + <—aa1(n) ¥ 1/3+ C;(:(Z,)q) - ydl(n)>x1(n)
+ (- lofii’(’r)l) + Bas(n) + (Sdz(n))xz(n)}
< explan(n) - prao + (v, - s () )
+ (Bealn) — 8by(m))ua () + (—cas (n) + Bey () — vy ())y ()
¥ (-% + Bay(n) + 5d2(n)>x2(n)}
< exp{ari(n) — Bry(n)}. (2.21)

From (2.21), similarly to the analysis of of Theorem 2.1, we can get the conclusion that
x1(n) = 0 and uy(n) — 0 as n — oo. This ends the proof of Theorem 2.1. O
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When e;(n) = b;(n) = d;(n) =0 (i = 1,2), (1.3) becomes (1.2), as discussed in [5]. Similarly
to the proofs of Theorems 2.1 and 2.2, we can obtain the following:

Corrolary 2.1 In addition to (H,)-(Hs), further suppose that

n+w-1
(Hy) limsup == —— Lz 1205)

. <min{1iminf“2(”),nminf aln) }
s 00 Z}’l"‘&)

nco cy(n)’ n>oo (14 B)ay(n) |’

where B; (i = 1,2) are defined in Lemma 2.1. Then the species x, will be driven to extinction,

that is, for any positive solution (x1(n),x2(n))T of system (1.2), lim,,_, o, %2 (1) = 0.
Corrolary 2.2 Let (x;(n),x2(n))T be any positive solution of system (1.2). Suppose that

Znﬂy -1 "> (S)

(Hl()) hm ll'lf P
D0

{ aln) . (1 + By)as(n) }
> max 1 lim sup hm up ———1,
n—00 611(71) —00 c2(n)

where B, is defined in Lemma 2.1. Then lim,,_, o x1(n) = 0.

Remark 2.1 Comparing with Assumptions (H;) and (H>) given in [5], we can see that our

assumptions in Corollaries 2.1 and 2.2 are weaker.

3 Example and numeric simulation

In this section, we give the following two examples to illustrate our main results.

Example 3.1 Consider the following system:

x1(n + 1) = x1(n) exp{1.4 — 1.75x; (1) — % 0.9u;(n)},
xa(n + 1) = (1) exp{0.7 — 2.6x5(r1) — “2175()1” 1.5u5(n)}, 51)

Aui(n) = —(0.8 + 0.1sin(n))u1 (1) + 0.5x1(n),
Auy(n) = —(0.7 + 0.2 cos(n))uy(n) + 0.4x,(n).

xp(rM-1

In this case, we have that (H;)-(H,) hold and B; = LIL_) ~ 0.8525, and hence
1

Q

n+w-1

lim sup Lo 1r2(s) =0.5 < liminf aa(n) A2,

n—00 Zn+w n—00 Cy(n)
tim sup 2 ~ 12857,

n—> 00 1 71)

n+w-1

liminf<%1 minf 2 1”(5) “1(”)) ~ 5.1370.
n—oo \ (1 + By)dy(n) n—>oo ZVI W= 5(s) di(n)

So all conditions in Theorem 2.1 ares satisfied, and x; and #; in system (3.1) are extinct.

Our numerical simulation supports this result (see Figure 1).
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X, and x,

0.2 0.2

0.1 01

0 0
150 200 250 150 200 250
time n time n

Figure 1 Dynamic behavior of system (3.1) with the initial conditions
(x1(0),x2(0), u7(0), u2(0)) = (0.1,0.3,0.2,0.04)" and (0.2,0.1,0.6,0.5)".

Example 3.2 Consider the following system:

x1( +1) = 51 (1) exp{0.4 — 1.750; (n) — BAOIIIR0 _ 0,95, (1)},
xo(1 + 1) = x2(n) exp{1.6 — 1.3x5 (1) — % —1.5uy(n)}, (3.2)
Aui(n) = —(0.8 + 0.1sin(n))u1(n) + 0.5x1(n),

Ay (n) = —(0.7 + 0.2 cos(n))uz (1) + 0.4x,(n).

exp(ré/l -1)

In this case, we have that (H;)-(H4) hold and B, = 2 ~1.4016, and hence
2

Q

n+w-1

timinf 251" _ g i qup 4 <5 9857,

n—00 ;1:5)7 S) n—oo a1 Vl)

. ex(n)
lim su = 3,

n—)oop bz I’l)

n+w-1

liminf( ) g 2 "20) “2(”)> ~ 9.2417.
n—oc \ (1+By)da(n) n—>oc0 S0y (s)  da(n)

So all conditions in Theorem 2.2 are satisfied, and x; and u; in system (3.2) are extinct.

Numerical simulation also confirms our result (see Figure 2).

4 Discussion

In this paper, we consider a two-species nonautonomous discrete competition system with
nonlinear interinhibition terms and feedback controls, that is, (1.3) which was discussed in
[7, 8]. However, until now, there are still no scholars investigating the extinction property
of system (1.3), which is also an important topic in mathematical biology. By developing the
analysis technique of Chen et al. [9], Xu et al. [10], and Zhang et al. [11] we obtain sufficient
conditions that guarantee the extinction of one of the components and the corresponding
feedback controls varieties. When e;(n) = b;(n) = d;(n) = 0 (i = 1,2), (1.3) becomes (1.2),
as discussed in [3-5]. As direct results of Theorems 2.1 and 2.2, Corollaries 2.1 and 2.2
improve and supplement those of [5, 7, 8]. Moreover, by comparing Theorem 2.1 with
Corollary 2.1, and Theorem 2.2 with Corollary 2.2 we also found that, for such a kind of

Page 8 of 10
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1 0.8
% — x; 0.7F —— u;
0.8
0.6
0.7
06} 05r
2 osl E od]
“oat g 03f
0.3F
0.2
0.2
04l 0.1
?50 200 250 \1"50 200 250
time n time n
Figure 2 Dynamic behavior of system (3.1) with the initial conditions
(x1(0),x2(0), u1(0), u2(0)) = (0.1,0.3,0.2,0.04)" and (0.2,0.1,0.6,0.5).

systems, feedback control variables play an important role in the extinction property of
the system.
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