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Abstract

A nonautonomous discrete competitive system with nonlinear inter-inhibition terms
and one toxin producing species is studied in this paper. Sufficient conditions which
guarantee the extinction of one of the components are obtained and the global
attractivity of the other one is proved. Our results supplement some existing ones.
Numerical simulations show the feasibility of our results.
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1 Introduction
For any bounded sequence {f(n)}, f£ = inf,en{f (1)}, fM = sup,n {f (1)}

Recently, many authors considered the following discrete two species competitive sys-
tem with nonlinear inter-inhibition terms (see [1-4]):

x1(n+1) = x1(n) exp{rl(”) ~a(maln - %?((rg) }’
(L)

where r;(n), a;(n), c;(n) (i =1,2) are assumed to be bounded positive sequences and x;(n),
xo(n) are population density of species x; and x, at the nth generation, respectively. For the
ecological meaning of model (1.1), see [1]. Sufficient conditions which guarantee the per-
manence, existence, and global stability of positive periodic solutions of system (1.1) were
established by Qin et al. [1]. By using the Lyapunov function, some analysis techniques,
and preliminary lemmas, Wang and Liu [2] further established a criterion for the exis-
tence, uniqueness, and uniformly asymptotic stability of positive almost periodic solution
of system (1.1) with almost periodic parameters. Noting that ecosystems in the real world
are often distributed by unpredictable forces which can result in changes in biological pa-
rameters, Wang et al. [3] investigated the existence and uniformly asymptotic stability of
the unique positive almost periodic solution of system (1.1) with almost periodic parame-
ters and feedback controls. Yu [4] further showed that feedback control variables have no
influence 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; how-
ever, until now there are still no scholar investigations of this property of system (1.1). One
© 2016 Yue. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, pro-

vided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.


http://dx.doi.org/10.1186/s13662-015-0739-5
http://crossmark.crossref.org/dialog/?doi=10.1186/s13662-015-0739-5&domain=pdf
mailto:xhper1978@sina.com

Yue Advances in Difference Equations (2016) 2016:1 Page 2 of 15

aim of this work is to obtain a set of sufficient conditions which guarantee the extinction
of system (1.1).

In recent years, the competition system with toxic substance has been widely studied. Li
and Chen [5] studied the extinction property and global attractivity of the following two
species discrete competitive system:

x1(n +1) = 21 (n) exp{r1(n) — an (mx1 (1) — ara(W)x2 (1) = b (M) (m)a () ], 12

%2 (n + 1) = x3(n) exp{ra(n) — an (n)x1(n) — aga (M)x2(n) — by (n)xy (n)x2(n) }.

Solé et al. [6] and Bandyopadhyay [7] considered the Lotka-Volterra system of two inter-
acting phytoplankton species with one species that could be toxic, while the other one is
non-toxic. The stability property of the equilibrium of the system is obtained. Motivated
by the above ideas, Chen et al. [8] introduced the following system:

x1(n +1) = x1(n) exp{ri(n) — an(n)x1(n) — ar(n)xz(n) — bi(m)x (n)xa(n)}, L3)

x2(n + 1) = x3(n) exp{ra(n) — an (n)x1(n) — axxs(n)},

where x; () represents the density of non-toxic phytoplankton and x;(#) is the toxic liber-
ating phytoplankton. The coefficients in system (1.3) have the same restriction as that in
system (1.2) and system (1.3) is a special case of (1.2) with by(n) =0, i.e., the first species
could not be toxic. They obtain several sets of sufficient conditions which guarantee the
extinction of the one species and the global stability of the other species. To the best of the
author’s knowledge, to this day, no work has been done previously on the discrete com-
petitive system with nonlinear inter-inhibition terms and one toxin producing species.
Hence, we consider the following system:

x1(n+1) =x1(n) exp{ﬁ(”) = an(mx (n) - %j(zr(:) -l },
(1.4)
x2(n +1) = x2(n) exp{rz(”l) ~ el - %ﬁ?}g) }’

where all the coefficients have the same meaning as that of systems (1.1)-(1.3), and for
i,j = 1,2, ri(n), a;(n), and by(n) are bounded nonnegative sequences defined for n € N =
{0,1,2,...} such that

0<7”iL§Vi(”1)SV,M, 0<ﬂfj§ﬂij(”)§6134,

0 < bt <by(n) < b (1.5)
As regards the biological meaning, we assume (1.4) together with the initial conditions:
x1(0) > 0 and x5(0) > 0. It is not difficult to see that the solutions of (1.4) are defined and
remain positive for all # € N. For more relevant work, one could refer to [5-19] and the
references cited therein.

The remaining part of this paper is organized as follows. In Section 2, we study the
extinction of some one species. The global stability of the other species when the previ-
ous species is eventually in extinction both for systems (1.4) and (1.1) is then studied in
Section 3. Some examples together with their numerical simulations are presented in Sec-
tion 4 to show the feasibility of our results. We give a brief discussion in the last section.
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2 Extinction
In this section, we will establish sufficient conditions on the extinction of species x; or x;.
By a similar proof to Lemma 2.1 in Li and Chen [5], we can obtain the following result.

Lemma 2.1 Any positive solution (x,(n),x,(n))7 of system (1.4) satisfies

limsupw;(n) < B;, (2.1)

n—+00

where B; = exP({:["Lw_l), i=1,2.

i

Lemma 2.1 shows that the positive solutions of system (1.4) are bounded eventually. We
now come to the study of the extinction of species x; of system (1.4).

Theorem 2.1 Assume

2 “él “52
(Hy) —<min{7,—}
rk a1+ By) al
and
(Hy) b < min{ﬁ_#w,,{_gﬂ_g}
152 as s

hold, where B; (i = 1,2) is defined in Lemma 2.1, then the species x, will be driven to extinc-
tion, that is, for any positive solution (x1(n),x2(n))T of system (1.4), lim,,_, ,00 %2 (1) = 0.

Proof Conditions (H;) and (Hj) can be rewritten as

L L
#(min{#,a—ﬁ}. (22)
rk —b¥BB, all(1+By) a¥

According to (2.2), one can choose a small enough positive constant &; such that

M L L
i 2 < min ML,&Z—% . (2.3)
rE—bM(By + &1)(By + &1) all(1+ By + &) al

By (2.3), there exist positive constants « and 8 such that

’ R -
TG e Bren @ A B e all | '
1 1 Bi+e1)Ba+e) «o 0111( +B; +¢€1) aiy
Thus,
Balt - s <0 BaM —aak, <0 (2.5)
NIy E 12 22 .

and we can choose a constant §; > 0, such that

otréw - ,BrlL + ,Bb]lw(Bl +&)(By +€) <=8 <0. (2.6)
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For the above ¢, it follows from Lemma 2.1 that there exists a large enough N such that
x;(n) <B;+¢&, n>N. (2.7)

For any p > N, according to the equations of system (1.4) and (2.7), we can get

xl(p + 1)
x1(p)

a12(p)x2(p)
1+x(p)
> ri — &% (p) — alyxo(p) - by % (p)xa (p),
X2 (P + 1) _ an (p)xl(p) (28)
() =1ry(p) — axn(p)x(p) - Tl(p)

ﬂélxl )

1+Bl+81.

In =r(p) —au(p)xi(p) - - bi(p)x1(p)x2(p)

In

= ’éw - ﬂézxZ(P) -

Therefore, inequalities (2.5)-(2.8) show that

x(p+1) B x(p+1)

In

x(p) x1(p)
L
< (ar)' - pry) + (ﬂaﬁ[ - &)ﬁ@) + (Baiy — aazy)x (p)

1+B;+¢&

aln

+ BB %1 (p)% ()
< ozr;w - ﬁrlL + ﬁb{w(Bl +¢&)(By +¢€)
<-8;<0, p>N. (2.9)

Summing both sides of the above inequalities from N + 1 to n — 1 leads to

x2(n) x1(n)

oln 2N +1) _ﬂlnx1(N+l) <—hn-N-1), (2.10)
hence
g hE 5
xo(n) < [(%) (%2(N +1)) } exp(—é(n—N—l)). (2.11)

The above inequality together with the ultimate boundedness of x;(#) shows that
lim,,_, ;00 %2(1) = 0. The proof is completed. O

Theorem 2.2 In addition to (H;), further suppose that

riay - (L+Byaj(r)!
(1+ By)Byr)!

(Hs) b <

holds, where B; (i = 1,2) is defined in Lemma 2.1, then for any positive solution (x,(n), x3(n)) "

of system (1.4), lim,,_, , o, x5 (1) = 0.

Proof 1t follows from conditions (H;) and (Hj) that

ry! az as,
— < min , ==t 2.12
r {(aﬁ’ +b)'B,)(1 + By) a’l‘%} (212)



Yue Advances in Difference Equations (2016) 2016:1 Page 5 of 15

Thus, one can choose a small enough positive constant ¢, such that

rM L L
5o min{ - “ ™ } (2.13)
rt (@l + bY1(By + £2))(1 + By + &) alf

By (2.13), there exist positive constants & and § such that

M L L
2 < p < min{ i oo , % } (2.14)
o (@l + DM(By + £3))(1 + By + 63) " al
So
Ball + BBV (By + &3) — Lél <0, ﬁa% - omé2 <0 (2.15)
1+ Bl + &9

and we can choose a constant 8, > 0, such that
ary! — Brk <=8, <0. (2.16)

Therefore, inequalities (2.15), (2.16), (2.7), and (2.8) show that

x(p+1) x(p+1)
aln—— -1

wp) L a)
< (ot o)+ (pat = 1 Yo+ -ty
+ BB} %1 (p)x2(p)
< ()~ pri) + (ﬁ“ff i % + BB, + 82))"1(”)
+ (Baiy — aaz,)xa(p)
<ary! - pri <=8, <0, p>N. (2.17)

The rest of the proof is similar to that of the corresponding proof of Theorem 2.1, we omit
the details here. This ends the proof of Theorem 2.2. d

Theorem 2.3 Let (x;(n), x,(n))T be any positive solution of system (1.4), in addition to (H;),
further suppose that

L L M
’1“22_"94“12

H,) oM
(Ha) 1 < Blrg/[

holds, where B, is defined in Lemma 2.1, then lim,,_, , x2(n) = 0.

Proof It follows from conditions (H;) and (H,) that

ﬁ < min{ an a3 } (2.18)
rk a1+ By) alt + bYB;
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Thus, one can choose a small enough positive constant €3 such that

L L
ay ) }

all(1+ By +e3) al + BM(B, + &3)

< min{ (2.19)

ry'
r

By (2.19), there exist positive constants « and f such that
'

B . 61151 “52
— < — <min{ —- i .
o a al(1+ By +e3) all + bM(B; + &3)

(2.20)

Thus,

L
xan

Bal - <0, Bat —aal, + BbY (B, + 3) < 0, (2.21)

1+B +e3
and we can choose a constant 83 > 0, such that

a/zw - ,Br'lL <—683<0. (2.22)
Therefore, inequalities (2.21), (2.22), (2.7), and (2.8) show that

lnxz(p+1) nxl(p+1)
x(p) x1(p)

L
< et - ) + (Bl - 52 o)

1+B;+eée3

o

- Bl

+ (Bajy — aay, + b (B + £3))x2(p)

<ar)l - prf<-83<0, p>N. (2.23)

The rest of the proof is similar to that of the corresponding proof of Theorem 2.1, we omit
the details here. This ends the proof of Theorem 2.3. d

Now, let us investigate the extinction property of species x; in system (1.4) which is also
an interesting problem and we obtain the following result.

Theorem 2.4 Let (x,(n),x,(n))T be any positive solution of system (1.4). Suppose

(Hs) L1 > max{ @i @l +By) }
n! ap ar,

holds, where B, is defined in Lemma 2.1, then the species x, will be driven to extinction,
that is, lim,,_, .o x1(n) = 0.

Proof According to (Hs), one can choose a small enough positive constant &4 such that

all a1 +By+¢
2 >max{%,w}. (2.24)
! an ary
By (2.24), there exist positive constants « and S such that
rk all a1 +By+¢
ERENS p > max %, w . (2.25)
na an ary
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Thus,

L

a
aall — pak <0, aay - ﬂﬁ <0 (2.26)

and we can choose a constant 84 > 0, such that
Brif —ark < =8, <0. (2.27)

For any p > N, according to the equations of system (1.4) and (2.7), we can get

1 L
in 2D <A el 0) - ) - B ),

. (2.28)
In % >k — aMay(p) - adlx (p).
Therefore, inequalities (2.26)-(2.28) show that
g+ g 2D
x1(p) x(p)
L
< (B! —ar}) + (b — Bal;)x(p) + (aa% - ﬁﬁ)xz(p)
— Bbtxi (p)% (p)
<ﬁr{w—ozr§<—54<0, p>N. (2.29)

The rest of the proof is similar to that of the corresponding proof of Theorem 2.1, we omit
the details here. This ends the proof of Theorem 2.4. d

3 Global stability

In Section 2, we get sufficient conditions which guarantee the extinction of the first or
second species in system which motives us to investigate the stability property of the rest
species. Let us first state several lemmas which will be useful in the proof of the main result
of this section.

Lemma 3.1 (see [20]) Assume that {x(n)} satisfies
x(n +1) > x(n) exp{a(n) - b(n)x(n)}, n> Ny,
limsup,,_, ., x(n) < x*, and x(Ny) > 0, where a(n) and b(n) are nonnegative sequences

bounded above and below by positive constants and Ny € N. Then

A Lo d
lnlgljgofx(n)zmm{b—uexp{a - bYx },b—u}

Lemma 3.2 Suppose conditions in Theorem 2.1 or 2.2, or 2.3 hold, let (x1(n), x,(n))T be any

positive solution of system (1.4), then

A; <liminfx;(n) < limsupx;(n) < B,
n—>+00 n—+00

where A; = % exp{rt — a}{B,} and B, is defined in Lemma 2.1.
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Proof 1t follows from Lemma 2.1 and Theorem 2.1 or 2.2, or 2.3 that

lim xy(n) =0, limsupx; (1) < By. (3.1)
n—+00 N> +00

To end the proof of Lemma 3.2, it is enough to show that

liminfx(n) > A;. (3.2)

n—+00

Since rf > 0, there exists a small enough ¢ > 0 such that
A 2 rlL - a{\ge - b{W(Bl +¢&)e>0. (3.3)

According to (3.1), for the above ¢ > 0, there exists a large enough N; > 0, such that, for
n=> Nl;

x(n)<Bi+e,  x(n)<e. (3.4)
Thus, it follows from (3.4) and the first equation of system (1.4) that
x1(n+1) > x1(n) exp{rf - ui\fxl(n) - afgs - b{VI(Bl + 8)8}. (3.5)

Since A, > 0, by applying Lemma 3.1 to (3.5), it immediately follows that

.. | Ae M A,
> il _ e
lnlglgofxl(n) > mln{ o exp{As auBl}, 2

Setting ¢ — 0 in the above inequality, one can obtain

rk rk
liminfx;(n) > min{ —IM exp{rlL - affBl}, —lM } (3.6)
n—+00 all all

By calculation, one can easily get

ey =rt - atf SR gt 1) <t o (37)
1

Inequality (3.6) together with (3.7) leads to

L
. . 71 M A

lggglofxl(n) > % exp{rf - auBl} = A, (3.8)

that is to say, (3.2) holds. This ends the proof of Lemma 3.2. O

Lemma 3.3 Suppose conditions in Theorem 2.4 hold, let (x,(n),x,(n))T be any positive
solution of system (1.4), then

A <liminfx,(n) < limsupx,(n) < By,

n—+00 H—>+00

where Ay = % exp{r% - J%Bz} and B, is defined in Lemma 2.1.
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Proof The proof of Lemma 3.3 is similar to that of the proof of Lemma 3.2, we omit the
details here. 0

Consider the following discrete logistic equation:
x(n +1) = x(n) exp(r1(n) — an(n)x(n)), neN, (3.9)
where r1(n) and ay;(n) are bounded nonnegative sequences.
Lemma 3.4 (see [8]) For any positive solution x(n) of (3.9), we have

A; <liminfx(n) < limsupx(n) < By,

n—>+00 n—>+00
where A1, By are defined by Lemma 3.2.
Consider the following discrete logistic equation:
x(n +1) = x(n) exp(rz(n) - ﬂgg(}’l)x(l’l)), neN, (3.10)
where r;(n) and ay;(n) are bounded nonnegative sequences.
Lemma 3.5 (see [8]) For any positive solution x(n) of (3.10), we have

Ay <liminfx(n) < limsupx(n) < B,,

n—+00 H— 400

where Ay, By are defined by Lemma 3.3.
Now, we come to showing the main results of this section.
Theorem 3.1 Suppose in addition the conditions of Theorem 2.1 or 2.2, or 2.3 hold, further
suppose that
M

(He) a% exp(r! - 1) < 2.
an

Then for any positive solution (x1(n),x,(n))" of system (1.4), we have

lim (x,(n) - x(n)) =0, lim x,(n) =0,

n—+00 n—+00

where x(n) is any positive solution of system (3.9).
Proof It follows from Theorem 2.1 or 2.2, or 2.3 that

lim x,(n) = 0. (3.11)
Set y(n) = Inx; (1) — Inx(n), then it follows from the first equation of system (1.4) and (3.9)
that

_ an(n)xy(n)

Lty by (n)x1 (m)xa(n). (3.12)

y(n+1) =y(n) - au(n)x(n)(exp(y(n)) — 1)
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Using the mean value theorem, we can obtain

exp(y(n)) -1= exp(@(n)y(n))y(n), 0(n) € (0,1). (3.13)
Substituting (3.13) into the right side of equation (3.12), we can get

aix(n)

1+ x5(n)

y(n+1)= (1 —ayn(n)x(n) exp(@(n)y(n)))y(n) - ( + bl(n)xl(n)>x2(n). (3.14)

Considering (H) implies that —1 < 1 — a}{By, there exists a small enough ¢ > 0 such that
~1<1-al{(B; +e). (3.15)

According to Lemma 3.2, Lemma 3.4, and (3.11), for the above ¢ > 0, there exists large
enough N > 0, such that, for n > N,

Al —e<x1(n) <B; +¢, x(n) <e, A —e <x(n) <B; +s. (3.16)

Note that 6(n) € (0,1) implies that x(xn) exp(6(n)y(n)) lies between x(n) and x;(n). From
(3.14) and (3.16), for n > N, one can get

|y(n + 1)| < max{|l —ajl‘f(Bl +€)

 [1—ap (A =)}y

+ (“11\/2[ + bf/I(Bl + 8))8

£ hey(m)| + Mee, (3.17)

where A, = max{|1 - a{(B; + )|, |1 — ak, (A1 — &)}, M, = al + bY (B, + ¢). This implies that

n-N 1- )"Z_N
’y(n)’ <A |y(N)‘ + T M,e, forn=>N. (3.18)
AT

Note that 1 — a(B; + &) <1-akl(A; — ¢) < 1, hence 0 < A, <1 according to (3.15). Thus,
lim,,, ;00 ¥(1) = 0 can be immediately obtained by (3.18), and so lim,,_, ;00 (%1 () —x(n)) = 0.
This ends the proof of Theorem 3.1. d

Similarly, by using Lemmas 3.3 and 3.5, we have the following theorem.

Theorem 3.2 In addition to the conditions of Theorem 2.4, further suppose that
M

a
(H) % exp(ry' - 1) <2.
ay

Then for any positive solution (x1(n),x,(n))T of system (1.4) and any positive solution x(n)
of system (3.10), we have

lim x:(n) =0, nEIPDO(xZ(n) —56(”)) =0.

n—+00

As a direct corollary of Theorem 3.1 and Theorem 3.2, we have the following corollary.
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Corollary 3.1 In addition to (H;), further suppose that
a
(He) — exp(r{w - 1) <2.
an
Then for any positive solution (x,(n),x,(n))T of system (1.1) and any positive solution x(n)

of system (3.9), we have

lim (x1(n) — x(n)) = 0, lim x,(n) = 0.
n—+00 n—+00

That is to say, the species x, will be driven to extinction.
Corollary 3.2 Assume that the conditions of Theorem 2.4 hold, also
a3
(Hy) —2exp(r'-1)<2.

o))

Then for any positive solution (x,(n),x,(n))T of system (1.1) and any positive solution x(n)

of system (3.10), we have
lim x;(n) =0, lim (x,(n) - %(n)) = 0.
H—>+00 n—+00

That is to say, the species x; will be driven to extinction.

4 Examples and numeric simulation
In this section, we give the following two examples to verify the feasibilities of our results.

Example 4.1 Consider the following system:

alre ) =nln) exp{l'z 1) - OB bl(n)xl(n)xz(n)},
1+x9(n)
(4.1)
x(m+1) = xy(n) eXp{O.6 ~1.3xy(n) — (4 + COS(\/§Vl))x1 (n) }
1+x1(n)

Case 1. by(n) = 0.2.
L
Take easy calculation, we have % = 0.5, B; ~ 0.8143, By ~ 0.5156, aM“ﬂ ) ~ 1.1024,
1
rIL _

M 1 (1+Bq
122 = 0.6, thus

L
a3

ot~

a

2 1, rk - MAED 6 6476,
1

(
ay

S
5

1

S

rM L L
i=0.5<min{ML,a—ﬁ} -1 (4.2)
rk a1+ By) a¥
and
M M
1+B
P =02< min{rf—rﬁwL;l),rlL—rgda—f}%LéH%,
152 axn 255
rhak — (1+ B)alirlt
pM =02 121 W+ BIaNTs 35048, (4.3)

(1+ By)Byr)!

Page 11 of 15
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—e— X,
P x2
><N
kel
5
-
6 8 10
time n
Figure 1 Dynamical behaviors of the system (4.1) with b4 (n) = 0.2 and the initial conditions
(x1(0),x2(0)) = (1,0.4)7, (0.33,0.14)7, (0.68,0.9)7, and (1.3,0.5)7, respectively.

gk, _ pMgM
P =02 192710 M2 g g5
B!
(4.2)-(4.3) show that the coefficients of the system (4.1) satisfy the conditions of Theo-

rems 2.1, 2.2, and 2.3. Moreover,

M
% exp(r) —1) =exp(1.2 -1) ~ 1.2214 < 2.
1

Hence, condition (Hg) is also satisfied. It follows from Theorem 3.1 that, for any positive

solution (x1 (1), x5 (1)) of system (4.1), we have lim,,_, , o0 (%1 (17) =x(2)) = 0, 1im,,_, , 00 %2 (1) =
0, where {x(n)} is any positive solution of the system

x(n+1) =x(n) exp{1.2 - 1.5x(n)}.

Our numerical simulation supports our result (see Figure 1).

Case 2. bi(n) = 0.

b1(n) = 0 shows that the two species are all non-toxic. One can easily find that the condi-
tions in Corollary 3.1 are satisfied, so for any positive solution (x; (), x,(1))T of system (4.1)
with b1(n) = 0, x,(n) is in extinction while x; () will be globally attractive (see Figure 2).

Example 4.2 Consider the following system:

21 +1) = x,(n) exp{O.B — 1.5x,() — (2.2 + 0.2 sin(+/5m))x, (1)
1+x,(n)
~ b)) } wa
x2(n + 1) = x3(n) eXp{1.2 13y(n) - B COST)i () }
1+x1(n)
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X, and X,

time n

Figure 2 Dynamical behaviors of the system (4.1) with b4 (n) = 0 and the initial conditions
(x1(0),x2(0)) = (1,0.4)7, (0.33,0.14)7, (0.68,0.9)7, and (1.3,0.5)7, respectively.

Case 1. by(n) = 0.3.
u%(lJng

M
In this case, one could easily see that L =4, B, ~0.9395, a% =2, f) ~1.2607, so
riw m a2

T4y max] % @B, (4.5)
L L
and
M
a
ag exp(,zzw _ 1) =exp(l.2 -1) ~ 1.2214 < 2, (4.6)

(4.5) and (4.6) mean that all conditions of Theorem 3.2 are satisfied in system (4.4). Thus,
for any positive solution (x1 (1), x,(1))” of system (4.4) and any positive solution {%(1)} of
system (3.10), we have lim,,_, ;oo %1() = 0, lim,, ;00 (%2(1) — X(n)) = 0, where {X(n)} is any

positive solution of the system
x(n+1) =x(n) exp{1.2 - 1.3x(n)}.

Figure 3 shows the dynamical behavior of system (4.4) with b;(n) = 0.3.

Case 2. bi(n) = 0.

b1(n) = 0 shows that the two species are all non-toxic. One can easily find that the con-
ditions in Corollary 3.2 are satisfied, so for any positive solution (x; (1), x,(1))” of system
(4.4) with by(n) = 0, x1(n) is in extinction while x,(#n) will be globally attractive (see Fig-
ure 4).

5 Discussion

In this paper, we consider a two species nonautonomous discrete competitive system with
nonlinear inter-inhibition terms and one toxin producing species, i.e., (1.4). By develop-
ing the analysis technique of Chen et al. [8], sufficient conditions which guarantee the
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X, and X,

time n

Figure 3 Dynamical behaviors of the system (4.2) with b4 (n) = 0.3 and the initial conditions
(x1(0),x2(0)) = (0.9,0.3)7, (0.2,0.1)7, (0.62,0.8)", and (0.5,0.5)", respectively.

X, and X,

10 15
time n

Figure 4 Dynamical behaviors of the system (4.2) with b (n) = 0 and the initial conditions
(x1(0),x2(0)) = (0.9,0.3)7, (0.2,0.1)7, (0.62,0.8)", and (0.5,0.5)", respectively.

extinction of one of the two species are obtained and the stability property of the other
species are proved. As direct results of Theorem 3.1 and Theorem 3.2, Corollaries 3.1 and
3.2 show the same conclusions for a non-toxic system, which supplements the results of
[1, 2]. Moreover, by comparing Theorem 3.1 with Corollary 3.1, and Theorem 3.2 with
Corollary 3.2, we also found that, for such a kind of system, a lower rate of toxic produc-

tion has no influence on the extinction property of the system.
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