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Permanence, Global Mittag-Leffler Stability and
Global Asymptotic Periodic Solution for
Multi-Species Predator-Prey Model Characterized
by Caputo Fractional Differential Equations

Yuntao Liu, Shaobin Rao and Huizhen Qu

Abstract—In this paper, a kind of predator-prey system with
fraction-order derivative scheme has been proposed and the
issue on permanence, global Mittag-Leffler stability and global
asymptotic periodic solution for the above system has been
investigated. By utilizing comparison principles and fractional
calculus theory, some new conditions are established to ensure
the permanence, global Mittag-Leffler stability and global
asymptotic periodic solution of the above systems. An example
is given to demonstrate the effectiveness and feasibility of the
proposed theoretical results.

Index Terms—Fractional-order differential equation, Mittag-
Leffler function, permanence, global Mittag-Leffler stability.

I. INTRODUCTION

Ince 1930s, Lotka and Volterra presented the standard

Lotka-Volterra model that the predator and prey per-
manently oscillate for any positive initial conditions, the
dynamic relationship between predator and prey is one of the
main subjects in populations dynamics due to its universal
existence and importance. The predator-prey systems have
been extensively studied, see papers [1]-[7] and the cited
is therein. Such as, Lin, Du and Lv [6] studied a delayed
multispecies competition predator-prey dynamic system with
Beddington-DeAngelis functional response. Some sufficient
conditions which guarantee the existence of a positive pe-
riodic solution for the system are obtained by applying
the Mawhin coincidence theory. Li and Zhao [5] proposed
the stability of equilibria and periodic solutions of a non-
autonomous Lotka-Volterra competition model with seasonal
succession by using the stability analysis of equilibria and
the theory of monotone dynamical system. Cai, Huang,
Chen [7] were concerned with the existence, uniqueness and
global asymptotic stability of positive periodic solutions to a
delayed multispecies ecological competition-predator system
with Holling-IIT functional response by using the continu-
ation theorem of coincidence degree theory. By means of
comparison theorem and Lyapunov functional, Lin, Du and
Lv [6] studied the global asymptotic stability of almost

Manuscript received Dec 23, 2020; revised Feb 15, 2021. This work is
supported by the Scientific Research Fund of Yunnan Provincial Education
Department (2020J1223).

Yuntao Liu is a teacher of Oxbridge College, Kunming University of
Science and Technology, Kunming 650106, China (e-mail: lythb@ 126.com).

Shaobin Rao is a teacher of Oxbridge College, Kunming Univer-
sity of Science and Technology, Kunming 650106, China (e-mail:
627894566 @qq.com).

Huizhen Qu is a teacher of School of Basic Science, Guilin University
of Technology at Nanning, Nanning 530001, China (corresponding author
to provide e-mail: quhz0707 @163.com).

periodic solution for the following system:

a(t) = @it [bi(w S an(®)e()
m ¢ (t)xi (H)yr ()
— 2k ;?(t)Jrqu(kt) }’
n dy,; (8) 2 (t) (11)
350 = 1,0 - (0 + Tiy A
_ym ejk<t>yk<t>} >0,

where z;(t), y;(t) denote the size of prey and predator
population at time ¢; b;(t), au(t), cix(t), 7;(t), di;(t),
er(t)(i,1=1,2,...,n;4,k =1,2,...,m) are all continu-
ous positive almost periodic functions on R with the ecology
meaning as follows: b; is the prey population grows in the
absence of predators, r; is the predator population decays in
the absence of preys, a;; is the prey population decays in the
competition among the preys, e;j, is the predator population
decays in the competition among the predator, c;; is the
prey is feed upon by the predators, dj; is the coefficient
of transformation from preys to predators, i,/ =1,2,...,n,
J k=12 ...,m.

It is known that, mathematical models, using integer order
differential equations, as mentioned above, have been proven
valuable in understanding the dynamical behaviors of biolog-
ical systems. However, lots of systems, such as biological,
physical, engineering, have long-range temporal memory
and/or long-range space interactions [8], [9]. Modelling of
such systems with fractional-order differential equations [10]
have more advantages than classical integer-order ones, since
fractional-order derivative can provide an excellent instru-
ment for description of memory and hereditary properties
of various materials and processes. It seems that, fractional-
order differential equations are more consistent with real
phenomena than integer-order models, which due to that
fractional derivatives and integrals enable the description of
the memory and hereditary properties inherent in various ma-
terials and process of which exists in most of the biological
systems. Thus, in this paper, we combine the fractional-order
in the system to describe the complex systems of predator-
prey interactions with dynamical characteristics.
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Set x;(t) = uil(t), y;(t) = ﬁ, from (1.1) it yields

i(t) = —bi(t)us(t) + oy aun(t) 2
+ZZL 1%

(1) = 1y (00 (1) — Sy o0
+ 3kt €k t)lljég b=0.

Based on (1.2), in this paper we consider the fractional order
system as follows:

‘DG ui(t) =

(1.2)

=bi(t)ui(t) + 5y air(t )%
+ 2k m
“Dgv;(t) = rj(t)v(t) — 3oy 1532((?)1};&)
YT e ED, >0,

where D is the Caputo derivative of order o € (0, 1],
which is defined as

1 bf(s)
T(a—1) /t (t—s)“ds

where f € C1([0,00),R) and I'(-) is Euler's Gamma
function. All coefficients in system (1.3) are nonnegative.
Obviously, fractional order system (1.3) is transformed to
integer order systems (1.1)-(1.2) in case a = 1.

The remaining parts of this paper are organized as follows:
In Section 2, we will present some definitions and lemmas
which will be useful in the proven of the main results of this
paper. In Section 3, by using comparison principle, sufficient
conditions are built to ensure the permanence of system
(1.3). In Section 4, we present that system (1.3) is globally
Mittag-Leffler stable. In Section 5, an example is provided
to expound the chief results of this paper.

Let R denote the set of real numbers. R” denotes the n-
dimensional real vector space and C"([ty,c0), R™) denotes
the space consisting of n-order continuously differentiable
functions. Let f is a continuous bounded function on R and

set M = supcp f(t), f™ = infier f(2).

(1.3)

Dy f(t) = 0<a<l),

II. PRELIMINARIES
A. Caputo fractional derivative and Mittag-Leffler function
Definition II.1. ( [11]) The Caputo derivative of fractional
order « for f € C™([tg, o0),R™) is defined by
1 ¢ (n)
J
L(n—a) /, (t—s)ontl

for0<n—-1<a<n.

‘Di f(t) =

In this paper, the Mittag-Leffler function is crucial to
our main results, so we shall present the definitions and
some important properties of two classical Mittag-Leffler
functions. More information can be found in the book by
Dzhrbashyan [27].

Definition IL.2. ( [11]) The definitions of two classical
Mittag-Leffler functions:

(=3
E.(z) = ,
= I(ak+1)
ok
E,p(z) = kzol“(akw%)’ ze€C, a>0

In particular,

(1) Er(z) = €7

Lemma IL1. ( [11]) di[zaﬂ‘:a,aﬂ()\za)] =
2

2°7 B, o (A2?), where a, \, z € R.

Lemma IL2. ( [11]) If 0 < a < 2 and 7 < p <
min{r, ra}, then

N
1 1
ZF —ak +O(ZN+1)

=1

with |z| = 00, p < |arg(z)| <mz,0€C.

B. Some important features of Mittag-Leffler function

Lemma IL3. ( [12]) Assume A > 0 and « € (0,1), then
Eo(—A) > 0 and Eq o (—At®) > 0, V¢ > 0.

Lemma IL4. ( [10], [13]) If A > 0 and « € (0, 1), then
. oy . « oy 1
(1) tlggo Eaa(f)\t ) =0 and tlggot Eqat1(—At%) = 3

(2) lim [ (t—8)* '"Ea.a[-A(t —s)*]ds = 0.

t—o0 0
Lemma IL5. ( [10]) If A > 0 and o € (0,1), then
taEa,a+1(_>\ta) < % for t > 0.

C. Some properties for fractional-order differential system

Lemma IL6. ( [14], [I5]) If z(t) € C'([0,00),R), then
cDe" |2(t)| < sign(x(t)) cDgz(t), 0 < a < 1, Vt € [0, 00),
where CD3+ is defined as that in Ref. [14]. If *D§x(t) <
—ax(t) + b, where x(t) is nonnegative and a > 0, then x(t)
is bounded.

Lemma IL.7. ( [16]) The initial value problem “D§y(z) =
Ay(z) + f(z) with y(z)|,=0 = yo has a unique solution
given by the formula

y(x) = yoEo(Az®)

v _ pa—1 T — )¢
+/O (& — ) Ba o (Al — 1)) f(1)dt

provided that the integral on the right-hand side converges.

Lemma IL.8. ([16]) Considering fractional-order differential

inequality: ©Dgu(t) > —au(t) + b, Vt > 0, u(0) > wuo,

and the fractional-order differential systems: ©Dguv(t) =

—av(t) + b, Vt > 0, v(0) = up. If @ > 0, then u(t) > v(¢),
€ [0, 4+00).

Lemma IL.9. ([16]) Considering fractional-order differential
inequality: ©Dgu(t) < —au(t) +b, ¥t > 0, u(0) < wo,
and the fractional-order differential systems: ©Dgu(t) =
—av(t) + b, ¥t > 0, v(0) = ug. If @ > 0, then u(t) < v(¢),
t €0, 400).
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III. PERMANENCE

Let m
um 2
i T M
b;
m
o = i
I g
J
n M
b _ bm E aik
K2 m )
k=1,k#i
n M
e
J 2 fm’
=1t (ui")? fi
m M M
uM Cik @i
? mp* * 7
1 bjui f; b;
n m m M
_ Z dka Z ik _ M
1 m J 7
=1 +( f k=1,k#j F
M
oM = G
I o
J

where i1 =1,2,...,n,7=1,2,....m
Assume that the conditions below hold.
(Hy) bf>0,i=1,2,...,n
(Hz) r7>0,7=1,2,...,m

A. Upper Bounds of Prey and Predator Population

Proposition IIL.1. Suppose that system (1.3) satisfies (H1),
then the prey and predator populations of system (1.3)
possess upper bounds as follows:

lim sup —— < (u) 7%,
P = )

) 1
lim sup

t—oo ;(t) <(

v;-”)_l,

where t =1,2,...,n, j=1,2,....m

Proof: It is obvious that w;(t) > 0, v;(t) > 0,
i=1,2,...,n,5 = 1,2,...,m. From the first equation of
system (1.3), it has

“Dyui(t) =
> —bMui(t) +a, i=1,2,...,n.
By Lemmas II.1, II.7 and I8, it products
ui(t) > uioFo(—bMt%)
+ /t(t —8)* LBy o (=M (t — 5)™)adt
uiog’a(—bﬁwt“)

+aTt By 0r1 (—0Mt%), i=1,2,...,n
From Lemma I1.4, it yields
) a?
ti}$mul(t) > b% = u;(n’ i=1,2, y T (3.1

%

Substituting (3.1) into the second equation of system (1.3),
it gets

D, (1)

n dk
L

fz i )
L+ (u* — €)2fi
+e~ —1,2,...7

377

S e
k=1

In the same way with (3.1), it obtains

vj (t) > UjOEoz(_d; (e)ta)

+elit" By ay1(=dj()tY), j=1,2,...,m.
n dM
where dj(€) = > 0. So
kzzjl 14+ (u™ —e€)? fk}J
e
lim v;(t) > -2
t—too 7 d5(e)
em
2 JJ
e—0 d;k(e)
em
=2 .—9" j=1,2...,m. (B2
d; J
The proof is finished. [ |

B. Lower Bounds of Prey and Predator Population

Proposition IIL.2. Suppose that system (1.3) satisfies (H>),
then the prey and predator populations of system (1.3)
possess lower bounds as follows:

S My—1
hglogf Ui(t) = (U% ) ’
lim inf ! > (vM)~t
tmoo wy(t) —

where 1 =1,2,...,n,7=1,2,....m

Proof: By (3.1)-(3.2), there exists small enough ¢ > 0
and ty > 0 such that

w;(t) > ui* —e >0, v(t) >v"* —e>0, (3.3)

where t > tp,i=1,2,...,n,7=1,2,....,m
Substituting (3.3) into the first equation of system (1.3), it
leads to

Diu;(t) < —bj"u;(t Z alt 17:
k=1,k#i -
- c
M ik
+a;; +
= —b; (Juy(t) + ajyf
+ . ) t> th (34)
2y — o f;
n aM
where b} (e) = b}" — —tk i =1,2,...,n. By
u™ — ¢

k=1k#i *
Lemmas II.1, II.7 and I1.9, it gets

u;(t) < uioEo (—0; (€)t”)
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m M

Cik M
*{Elng_q%+%J”Ewwubﬂm%,tzm,

k=1 i

which implies

lim wi(t) <
+- 40 ui(t) < ]; oY (€) (ul™ — €) fIi

ik
M
@i .
b (e) 1=1,2,...,n.
Letting € — 0 in the above inequality, it has
lm w;(t) < Gk
oo 2 by
aM
+ b =uM i=1,2,...,n. 3.5
i

Substituting (3.5) into the second equation of system (1.3),
it has

cpe < M S d;@rgvj(t)
OUj(t) > Tj Uj(t) - Z 1+ (uM +€)2f;¥
¥

m
M
+ D e ) + €5
k=1,k#j
< T (6) ( ) eé‘\/jv t Z th
n d’]]zj; m e;\g

where 77 (¢) = _
= L T o 2, W -9
Tjw, j=1,2,...,m. Thus
eM
ii . M
i v;(t) < T (3.6)
where j = 1,2,..., m. The proof is finished. [

C. Permanence result
Theorem IIL.1. Suppose that system (1.3) satisfies (H;)-

(Hs), then system (1.3) is permanent. That is, the prey and
predator populations of system (1.3) meet

My—1 C : m\—1
u; <liminf —— < limsu < (u; ,
()7 < liminf s < limsup —os < (u7)

1
(vjw)*l < liminf < lim sup < (v]")” 1

t=oo vi(t) T oo v;()

where : =1,2,...,n, j=1,2,....m

IV. GLOBAL MITTAG-LEFFLER STABILITY

Let

mo om m

| o
)\1 — min |:bm +Z ik l—
1<i<n v k:l []- + (uvjw) 11\]?]2
b

o 14 (uf)?2fm]? k=1 kki Ui
n M, M
A2 = max Z aik:sz ’
1<i<n ke Lot (uk )
y

m
c
A3 = max - :
1§ignkz::1 ()2 [1 4 (u)2 f1]?

A. Two crucial inequalities

Let (u;(t),v;(t)) and (u,(t),v;(t)) be any two positive
solutions of system (1.3), z;(t) = u;(t) — @;(t), and w;(t) =
’Uj(t) —@j(t), 1=12,....,n,5=1,2,....m

Proposition IV.1. There exists £; > 0 ensuring that
ca| . < _ . X
DElai(t)] < ~Malz(®)] + Ao max |z(1)

s max fu; (1)) (4.1)

where t > t1,1=1,2,...,n

Proof: By Theorem III.1, there exists small enough
€ > 0 and £; > 0 such that

0<ul™—e<u(t) <uM +e

0<v—e<uv;(t) <oM e t>t,

where i =1,2,...,n, j = 1,2, ...,m. Then it has
D8 () = —bi(t)z(t) + k;ﬂ aie(®) Bk((?) _ Zk((?)}
+Z% e T 7
- ugt) ]
K[+ ai(t )fzk( )]
i 5 oty 40
s
_Z CIZ; [1 f 515;(:@)12
S ey

k=1

n M
v > e
k=1,k#i k
by el i@l

= 0 L&)

where &; is between u; and u;, 0 is between vy and .
From Lemma I1.6, it yields that

“Dglzi(t)]
[bm+z M+e 1+(

nL _ 6)2 7}2
/)
+e)2fi

vt —e 14+ (u™ —e)2f]?
n M
a:;.
-y ]l
k=1k#i ¢
n M
vy Gl A
k=1,k#i g €)
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m M M
Cike u;” +e€
! t)], (4.2
F LT e Tt e O 42
where t > t1,7 = 1,2,...,n. Enabling ¢ — 0 in (4.2), it
derives (4.1). The proof is finished. ]
Let
1 — - “m 4 )
1<jsm [ £ 1+ (ug/[)Qf,?f T R J
m MM
e’ kv
52 - m,aX : 5

n_ oM M, M, M
2dk]fk] uy v;

63 1<j<mZ [ ( m) fm]

Proposition IV.2. There exists ¢; > 0 ensuring that
g wi ()] < =Brilw;(t)] + P2 max |w;(t)]
<js<m

(t
+53 lrgg;cnlzz( )

where t > t1, j=1,2,....m

4.3)

Proof: By the second equation of system (1.3), it has

"Dy (t) = i (t)w; () = > %

k=1
+Z 2p5vjdy (8) frj (1) 2 ()

(1 + i frj (1))
[ t) @j(t)wk(t)}

" 2ppkidi (t) frj (t)
2 T B 0P

where 115, is between uy and g, ~; is between v; and v;. It
products from Lemma II.6 that

‘D |w;(t)|
< J
- {; L+ (upf + )2 M

k=1,k+j
1

2k (t)v

k=1

eM o
rf_ =i lwsco)

oM
+¢)
+ =z [wg (t)]

k=1,k#j
" 2(up +mM+Wim
1; 1+ — 2

lz(8)],  (4.4)

where ¢t > ¢, j = 1,2,...,m. Enabling ¢ — 0 in (4.4), it
derives (4.3). The proof is finished. [ |

B. Result of Global Mittag-Leffler Stability

Definition IV.1. Supposing that (u;(t),v;(¢)) and
(@;(t),v;(t)) are any two positive solutions of system
(1.3),i=1,2,...,n, 5 =1,2,...,m. System (1.3) is said
to be globally Mittag-Leffler stable, if there exist M > 0
and -y > 0 ensuring that
, {lua®)

(O] Jvi(t) — ma(0)]}

< MEq(—yt%), t>0.

The number ~ is called the convergent rate, which presents
the convergent speed of positive solutions for system (1.3).

Theorem IV.1. System (1.3) is globally Mittag-Leffler stable
in case

(Hg) A1 > Ao+ As.
Hy) B1> B2+ Bs.

Further, the convergent rate v = min{A; — Ay — A3, 51 —

B2 — B3}

Proof: Let [p(t)|max =
maxi<icnicm{ 2O wy (O]}, For any ¢ >,
there exists i9 € {1,2,...,n} or jo € {1,2,...,m}
such that [p(t') lmax = |20 ()] or [p(#)[max = |wjo ()],
respectively.

In case [p(t')|max = |2io (t')], it follows from (4.1) that

CD3|p(t/)|max = CLS‘\zio (t/)|
< - (1 (4
Atlzig ()] + A2 1m§?§Xn |z (¢)]

(4!
+As max fu;(t')]

< —()\1 - )\2 — )\3)|p(t/)|max~ (45)
In case |p(t')|max = |wj, ()], it follows from (4.3) that

D§|p(t)lmax = “Df|wj, (t')]

< —Brlwj, ()]
B2 ma [y ()] + s s |z
< —(B1— B2 — B3)|p(t/)|max- (4.6)

By the arbitrariness of t/, it gets from (4.5) and (4.6) that

“Dg IP(t)lmax < —=Y|P(t)|max, ¢ > t1. 4.7)

Considering the following equations generated by (4.7):

‘D%(t) = —vp(t), @(t1) = |p(t)lmax, ¢ >t1. (4.8)
By Lemma I1.7, it has
o(t) = p(t1) Ea(—1%), t> 1,
which deduces from Lemma I1.9 that
[P(t)[max < ¢(t) = @(t1)EBa(—7t%), t =t

From (Hjs)-(Hy), the solution of system (1.3) is globally
Mittag-Leffler stable. The proof is finished. ]
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V. GLOBAL ASYMPTOTIC PERIODIC SOLUTION

Theorem V.1. Assume that (Hj5) and (Hg) hold, then system
(1.3) is w-asymptotic global periodic, that is,

tlim lui(t +w) —u;(t)] =0, i=1,2,---,n
— 00
thm |’Uj(t+w)_vj(t)|:07 ]:1727>m
—00

Proof: Let Nl(t) = ’U,Z(t +CLJ) — Ui(t), Mi(t) = ’Ui(t +
w) = vi(t). and N(t) = Y0, Ni(t), M(t) = S0y M;(0),
from the first equation of system (1.3), it gets

_ CDOLZN

i(0)]ui(t +w) — Z bi(t)Ni(t)

‘DN(t
-3

# 30 o +) — o] 20

ilkl

+ZZ 1k Ukt+W)

zlkl

ul(t )Nk (t L
glgk( O w DM [
cik () Ny (
v (t+ w)[1+ u2(t + w) fir(t + w)]
C ci(Bug(t )[ i(t) +ui(t +w)] fus () Ni(t)
(14 w3 ( + w) fir (¢ + w)or ()[1 + u? (t) fir ()]
[cin(t + w) — cap(t)]us (t + w)
v (t+ w)[1 + w2 (t 4 w) fir (t + w)]
cir (t)ui () [ve(t) — vi(t + w)]
v (t+ w)[1 + u2(t + w) fir(t + w)]ok(t)
cir(t)ui (t)us (t + w)[fir(t) = fir(t + w)]
[1 + uF(t + W)fik(f + w)]vk( M1+ w3 (t) fir(t)]

- meN
=1

n

t+w

t

IN

cNZ

ik

Ms

+

’U

i
§>—‘

[N}
MM

cir(u" — €)? me( )
[T+ (u M+6) FRCr

+€)

=1 k=1

"2 (Wt N()
+;k2:1 (uk’”—e)2

mI ep(u(O)on(t) — vt + )]
+Z:1kZ:1Uk(t+w)[ 1+ uf(t +w) fir(t + w)]oe(t)

lbalt ) — BBl + )

n o n - o Uz(t) n m
DI lk<t>1%(t)+;kz_l[

[Cir (t + w) — cir()]ui (t + w)
vt +w)[1 +u2(t 4 w) fir (t + w)]
can(t)ui ()u (t + w) [fir (t) — fin(t +w)] }
[1 4w (t + w) fur (¢ + w)or (L +u (8) fin ()] ]
thus by condition (H5)-(Hg), there exist positive constants
A1, By, Ky and (1, such that

“DN(t) < — A N(t) + By

M(t>+01Ki17 (5.1)

where 1 = 1,2,--- ,n. In the same way,

“DM(t) = D™y M;(t)
<M+ Y0y M)

=t i=tk= k€

m m (U;nJre)e;’}C
_;; (’U,ICVI‘FG)Q Mk(t)

iy i M;(t)
2 Tl + )

m n dkj(vj - 6) fijk( )

P22 i T O R

»0 eyl
JF;;[e]k(ter) jk(t)}vk(tﬁ—w)

T [ [ (B4 w) — di (B)]v (¢ + w)
+J§—:1k§—:l[ (14w (t + w) frj (t + w)]

dioj (1) ()i (t + w) [fs (1) — fij (¢ + w)]

[1+uf (t + w) fio (t + w)][1 + ui (t) fi; (0] ]
and there exist positive constants As, Bo, K5 and Cs such
that

CDM(t) < —AsM(t) + BoN(t) + ogKi, (5.2)
where j = 1,2,--- ,m. From (5.1)-(5.2), it yields
“DE(N(t) + M(1)) < (Ba — A)N(t) + (By — As)M(t) + Ce
< —AN() + M) + Ce,
by Lemma I1.6, it leads
CD*IN(t) + M(t)] < —A|N(t) + M(t)| + Ce. (5.3)
Set V(t) = [N(t) + M(t)| — ¢, substitute it into (5.3), it

leads
‘DV(t) < —AV (), t>t.,

it is obvious that V' is globally asymptotically stable, i.e.,
there exists ¢} > t., such that

€
V() <=,
V)l <3
that is,
Ce €
Nt +M@)|——| <=, t>tl.
IN@) + M) - —l <3, ‘
So
C
IN() + M@B)| < ==+ S <e, t>t.
A 2
This completes the proof. [ |

VI. AN EXAMPLE

Consider the fractional order system of two-species as
follows:

, 0.5u(t
*DYPu(t) = —10u(t) + 1 + 0(15)112)2(75)} 6.1)
©DYPu(t) = 0.001u(t) — % FoL, 120

Volume 29, Issue 2: June 2021



Engineering Letters, 29:2, EL. 29 2 19

By simple computing,
v =01, ™ =02, b"=10, d*=0.5
uM =035, r =045 oM =02,

which implies that (H;)-(Hs) hold. By Theorem IIIL1,
system (6.1) is permanent.

Furthermore,
A1 >9.75, X =0, X3=0.44,
p1 =045, B =0, pz=0.07.

Then (Hj)-(H,) are valid. By Theorem IV.1, system (6.1)
is globally Mittag-Leffler stable.

VII. CONCLUSIONS

By utilizing comparison principles and fractional calcu-
lus theory, some new conditions are established to ensure
the permanence, global Mittag-Leffler stability and global
asymptotic periodic solution of a kind of predator-prey sys-
tem with fraction-order derivative scheme. The main methods
and results can be able to study other models of fractional
order in science and engineering.
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