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Dynamics of the Leslie- Gower model with
Allee effect in predator

FANG Kan, ZENG Huaijie, CHEN Xiaoying
( Zhicheng College s Fuzhou University s Fuzhou 350001, China )

Abstract: Dynamic behaviors of the Leslie- Gower model with Allee effect in predator are studied to show the
influence of Allee effect. It is shown that positive solutions of this system are all uniformly bounded. and the
only positive equilibrium of the system is globally asymptotically stable while the two boundary equilibrium
points are all unstable with the Allee effect. The result indicates that Allee effect doesn’t change the stability of
the positive equilibrium but makes the system take a longer time to reach its steady-state solution, and it also
changes the dynamic behaviors of the original point, which is to say that the Allee effect makes the system
become unstable.

Keywords: Leslie-Gower model; Allee effect; stability; predator; uniformly bounded

51

il

Leslie- Gower #5751 2 H i M E M S & HBIE 2 —. 2001 4, A.Korobeinikov ' i i # v 2=
3 T PR BIE I T AR A (D By — IE -5 5 B e /lnin B E By, 0 = BSR4 (L, 0 B AR ERY.
11 4F, 209 7 B B 918 1F Leslie- Gower F1EA Holling- 1T S REVE S W M 2 R 55,

143 TIZ R GEMR RS A TN 42 R 5 | 1R (9 843 4 A2k, 2017 4F RV B 9E T BAT R4 i A Holling - 111

%

UIRE R i & IE Leslie- Gower #i & R4, 19 8 T RIUE R S K AR E M2 /W 5| W) 78401 & 1F.

KREBEH: 2021-12-13

ELWHE: MES HAR¥ELT FIH (2019]01651) s W H# A T IT P HEDH (JAT191099)
F—1EE . FOA982—), & A, PEIM , AF 58 7 7] M A= W B

BEESE DHARQI83—) 3B m L, JFIl, B 55 07 ) Sy A W e,



26 3D 2 R CH AR RO 48 &

dx

o ra(l——) —axy,

4 @)
@ _ _ Y

th sy (1 )

AR 22 9T T A L B R i A Allee 8% 0 J5 BB AL 3h g 2247 8, il in Lin®
WFFE T A Allee S50 4 BT R B 45t 428 i A B 1) 30 3 2745 0 GIEWD T Allee 500 BE 6 U2 A5 RY 1F -
f10 e s e o T st 4y T A TR I — (30 T S 887 57 5 0 9 T A 1 TS o A . O AT A SCR L4 TR SE A 1 3
— BRIV T Allee RN Y B RE Sz 45t 45 i 450 50 T - 48 250 42 J) ¥ a0 B 1Y 78 70 2% AR A Alllee 25007 7
HE A 3. BN TGS T Allee RN KT B BEGS K 2R REAR Y By ) 24T O BOFE L UE D T AR 4 A0 - A
BB B IE P A 4y 3, B Allee RO 05 RIS FPEE S T4 K. K FF R T HA
Allee BN I G BARDRERC Y GEW] 1 Allee RN AN 2 i 728 A58 580 T - M 5 10 2 8RR A8 P H 25 BB A5
AU FRAZS A BT ], 56T LRI AR SCKF 92 7E Leslie- Gower fi & & H A CHFE (1)) A Allee
BN F) — b T AR A

dx x
— _ _ A . .
& ra (1 /z) axy & p(x.y);

dy sy’ YA
- - = ) s (T ’ H 2
Ay 1p ) L glx,y), (x.y) # (0,0) (2

nx

dy _ _
ds =0, (x,y) —(O’O).

Hrria.s.g.n &2 IEH.

1 FEHAInRBREEGE

W AEBFEL HTFEAEE 2B Q={_(r.y) |z =0,y =0} NI RS (2) BYF6 5 R FEALE
PERIAT. A T e & A SO TR ) iRk, St =mt,x =gx.y=hy,m=r,g=1/k,h =

1/ (kn)va, =akn/rs,=s/rsBy =B/ Ckn) P8R H x et x . y iefEy. ¢ iBfE o) RS (2) 2T
S

dx
_ oy oy A .
& x(1—x) —ayxy p(x.y);
dy .s'OyZ YA
- = - = ) ’ ) ’ ) 3
& erBo(l x) q(x.y), (x,y) # (0,0) 3
dy -
ds =0, (x,y)*(oa()).
L plx,y)=0,q(x,y) =0, TR 3 M5, Bl HE4 5 A, 0,00, A (1,00 FIME—RYIE
1 1

\//A).J—:_';AX( *9 *>:( D) ).
:F@I Y 1+a, 1+a,

1.1 FEFEHA (x,y ) BT
1 ERfE A (e .y BREETREER.
EBE X p(xay)sq(aay) KM RS (3) EIEFM A A (2 y ™) BT o 4E

1= Qtape  —agx’
« % p. (> sy py(l‘x’yx> aog)x a,x

J(Iay): N N . . = Sox% SOI%

q.(xy) g, (xTyD)

xx+ﬁo _xx+ﬁo




1 T4 A EE Allee BN 1Y Leslie- Gower B A1 [ 3l J1 2% 43 27

0 1 So
0, T Sy = — < 0.
18, >0, Tr(J(x sy™)) 1 +a, (1+do)ﬁo+1

PEM AT A" (e "y y ™) AR AEE A S ER A 680 IE A A" (o 'ay ™) 2 R R I AR E 1Y
1.2 BREHESA(1,0) HEEHE
C1E: R R 5 S AT TR ARk Ak [ W

1 AT AT 315K Det (J (270 y7)) =

do

o P,(v,u),

) 4)
d—i‘:uquZ(v,u).

00,0 B @ WIS E A, H P, (v,u), Q, (vau) 4 OC0,0) BIFES/NEIL S, (O) AR ECAE
T2 ks, TRAERE « =0(0) W () + Q, (v, @(v)) =0, |v|<< s, H ©0) =
&'(0)=0.% P, (v, P(v)) =a,v" +[v], . Efa, Z0.m =2. TEAH:

D Yom BARHa, > 08,000,0) BARFE RSN

2) Mom BHFHa, <0B,000,0) M ;

3) Y m BB, 00,0) BLE A, BN Y a, >0 (< 0) I MW BIEIELEA (A BTN .
AR B3 T 7% 76 22 CRD 2T 7.

T2 HHEVHE A (1,0 B— 5N,

EBA X p(aay)sg(a.y) RIS AT5 RS BTG 8 A (1.0) AYME 5T H A R .

{p,ru,m py(I,O)} {1 ao}
Ja(1,0) = = .
! q. (1,00 ¢,(1,0 0 0

b 2T 0 R AL (1,00 AR AY. R TS AL (1,00 BIRESEE 1 e X R 5 (3) fi— 4 A ]
A de =de /[(B + v ] RN « i8HE ) RS (3) 2 MU F 5 R4

(ilf =2"(1—2)(y+B) —ax’y(y+B) L Plx,y),
; (5)
Lﬁ;son(I —y) L Qx,y).

S X=x—1.Y=y (BRK X iz, YictEy) . B8 A 1,0 FREEEAA B, (0,00, WRSEG) 42
BT S R G

dx
J =dax +a01y+aury+azol +a09y +a?1T y+a1zfy +asol +a291 ¥y +a311 Yo

dt
dy
{dt boyy +blzly +bosy .
(6)
/ﬁ\:;:':: alo:*309001:*aolgo’an:*Zaoﬁo*l’azozfzﬁovaoz:*ao’al‘?:*2@o9 (121:*@030*

2,a3=—Lyras=—lsay=—a0sb0, =01, =50sb0y =—5,. X REL(6) MKMW u=—B,(x +a,y),
v =y MR de = —p,de B8RK « i8/E o) 5 MRS (6) RN T 5 R4t .

5 9 «"o( 0 D
Jdv_*ov +—uv —0—%“&1’2('0,14),

d 0 0
t B B B o
du
E:u—i—Qz(‘U’u).
H Q, (vow) BREAMET 2 2 miz,
1—2 0o =S —2) , 2 -,
Qz(v,u)ziaoﬁovu*zvz—l—aosouz—kao(aoﬁ ) ou’ + (2,80 ) viu +

B() B() 180 BO



28 3D 2 R CH AR RO 48 &

o (ot Dt + % o+ Lot
— v —ays,(a, u — vu vlu
ﬁa 180 ‘80 ,80

2a022

4 —3 N -
é\i—f:o,ﬁ%ﬂﬁ W @0 =0 (0) =0 E’Jﬁrqzwzﬂ—v +a°§‘;v3+o<v3>> ARG (6) HIEH
0 0

1A P, (o) BRI ECH 2, H R I &5k —B— < 0. FIEMRHESI B 1 w4l

B, (0,0) & —¥e4h i, H B XU 395 7E 58 — R IR N BT L Ol A (1,00 S8 4h Rl
1.3 BREHZA(0,0) WEEM
EIE3 HHFEHE A,0,0) B—AH .
R X P(x.y), Qlasy) KIMFMR ARG (S M T8 A, (0,0) [HESE H AR FEh .
{PI<0,0) _Py<o,o>} {é o}
J, (0,0) = = .
’ Q. (0,00 Q,0,0 0 0
1 AT HF A A AL 0,00 22— BB AT AL h THRE A 0,0) MR e M, B e R G (5) TR
Bk” B4y =uvs 2 =u, dr =wde (P58RNG « 0B o, MRS (5) 28 LT 54 R4

de
% =v(—By +Bou+ (asBo + 5o — Duv+u’v—s,uv’ +a,u’v*) 2 qu,v).
BIK B,(0,0) & v &l ER—DFAM S X pCusv) s qusv) KIFIF 8 B, (0,0) BYHETE H4HE B4
$.€(0,00 p,0,0) o 0
Jb’ (Oyo): — .
‘ q“(0,0) qU(O’O) 0 _BO

i BT R 5 B, (0,00 BT NRREAR » =B, = 0 Fl r, =— B, < 0, FILFHI 254 51 B, (0,0)
P B poy VTHJE BRI BT R AL (0,00 SN

Jduzu(ﬁoJrﬁoqu(aoﬁo Duv+u’v+asu’v?) 2 plu,v),
(8)

2 EFESANERBEEN

313 2" W a0 >0, IFHMTHAR () >0FH ‘i{—f< ()2 () (a —bx (1)), WA

lim sup x (1) < <% Uiminfxr () =),
p oo b

t—> oo

EE4 ZRE5EG) PEHAVYME 20 >0 F y(0) >0 WFTA EME—3H 7.

R EE 2 —0 Fl y —0 TS ——o,‘i—y—o I 45 (3) BRI AR $00 . 3F HL % 2 (0)> 0

vy (0) >0H x () >0 y() > 0. F i MR AE e ME—ME 2 3 UL R B2k i R A =8 P ]
A3 MAEE M AR . T e R4 (3) ik i) —B0F Fbk.

Elﬂjf%:x(l —z) —asxy <zxz(1—x), NIBERIES|H 2 )5 lirrifcgpf(t) < 1. A —
903/2 Y i Y
. y+ﬁo(1 I)gsoy(l M),lﬂiffﬁ
Paol L 2 15 llm supx (1) << M. T A — N IES N B R X FEEN: =0, y() <
ﬁ%iﬂfu_,,%ém) EAHIE 2 (0) = 0 Al y(0) > 0 MY BT A IE ff 2 — B0H B,
TS EWRfE A (e y) BeERiTiEEN.

AMEBM B2 X TEEN : =0, 2 () <M. Ela?d



51 T, 5 RAMEE Allee 20V Y Leslie- Gower BB 3)) J) 2% 43 H7 29

1iE BA HAEH 1 FIEFMS A (2" y ) BREBEERE M, R #iE Dulac B« (2 ,y) =

a(u*(zt,y)p(zt,y))Jr(?(u*(x,y)q(lf,y)):_i_ So soPo

e < 0.4

Ty Az Jy v oa(y 807 2y B’
5 Dulac EHY A[ AL, RS (3) 10— R RN ANIETEW BRI, FEd 2 B 4 M R % (3) 1A 1E i 12— 3
A HE L IIES EES S AT (2" y ™) e BT E K.

3 HERMMESTEX

B 1HRB,=0sa,=1,s5, =20, Leslie- Gower # ALK A Allee 245 i (AT E ;B 2 Ry 5, =10,
a,=1,s,=2M}, Leslie-Gower B fil A Allee 500 B 1% AH &1, X6 EE L 1 RTET 2 AT 61 . 95 4 455 8 114 1 - i
AR A R T R E B B BT AL (1,00 TESS — G BRI AR — 1 BUMHER. 2RI Allee RN
el v £ JBE A E 8 43 XS 3 — 38 43 HE e A P Sk 1 UL IEL 1) S A Allee 2507 B I v 9 Ji o Hlg — A4
X 3 B LR 2).

15[ 15 f

1.0 1.0
PN N -

0.5 05

i dio
0 : ‘ ; 0, i i ;
0 05 1.0 15 0 0.5 1.0 15
X X

B 1 RN Allee %5 Az Bt 45 Y F 8 S W2 7E 1 B2 0N Allee MR E SR EH

B3 FE 4R B, =0 CRIMA Allee B . B, =5 (A Allee RN . B, =10 A Allee &80 ) B 1Y
B S G TR R A EL X5 LR 3 FE 4 w7 AL A Allee 800 J5 £ M R & & 8 B AR50
I E] FEARAMA Allee R0 I 2 25 88 0 100 B Allee 800 8K, B 75 I [E) B HC fhy DA B 255K mT R, R GE ()
ASHEH Allee UG AF T REEMFEE SR RETESZ RIS TR REEMFIRER S E A 5
el 2 e 2

1.8
2.0 —e —— =0
=5 =5
1.8 —ﬁ:]o 1.6 —§=|0
1.6 14
= 14 >
S 12 g 12
:; 1.0 5 10
7] o
038 7 08
0.6
0.4 06
o2l ... 3 S
0 2 4 6 8 1012 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
time time
B3 SiEETRSHNEEE B4 HEEETRENEEEE
SE WK
[1] KOROBEINIKOV A. A Lyapunov function for a Leslie-Gower models[ J]. Applied Mathematics Letters, 2001,14 ;
697-699.

(TEFE 40 TT)



40 HE 31 R 2 24 i CH AR B 22 15O %48 &

[2] BMR.AXTHIEMHEGFRID]. 22 M PELIFRE K5, 2005,

[3] %5, BRmest. 62 5. EP- ST 53R von Neumann EWVELT]. 11 R K222 4R (B2 MR . 2014,49(10) :33-37.

(4] S8, 2200, BRI E small - P RHPER — 258 )], 10 72 0 K222 i CH AR BE2£ D ,2020,43(3) : 294-297.

[5] HONGCY., KIMN K., LEE Y. On rings whose homomorphic images are p-injective[ ] ]. Communications in Alge-
bra, 2002,30(1):261-271.

[6] NICHOLSON W K, YOUSIF M F. On completely principally injective rings[J]. Bulletin of the Australian Mathe-
matical Society, 1994,49(3):513-518.

[7] ARMENDARIZ E P. Review: Von Neumann regular rings[J]. Bulletin of the American Mathematical Society,
1980.,3(1):752-757.

[8] IKEDA M, NAKAYAMA T. On some characteristic properties of quasi- Frobenius and regular rings[J]. Proceed-
ings of the American Mathematical Society, 1954.,5(1):15-19.

[9] HUNGERFORD T W. Algebral M]. New York: Springer- Verlag, 1980.

[10] HUH C, JANG S H, KIM C O, et al. Rings whose maximal one-sided ideals are two-sided[]]. Bulletin of the

Korean Mathematical Society, 2002,39(3):411-422.

(E#EE 29 W)

2]

(3]

(4]

5]

L6]

L7]

[8]

[9]

[10]

[11]
[12]

Z2 . BB B IE Leslie- Gower Fl Holling- 1T T REPE SN il & RGE MR AMER & R 51 LT ] 805 1 Sk 5
AR ,2011,41(7):126-130.
By, H w5 i A Holling - 1 28 2 88 [ 1 B9 45 1 Leslie- Gower i & RG] ). i KE¥ 5w (A AR+
fZ),2017,43(3) :189-194.
LIN Q F. Stability analysis of a single species Logistic model with Allee effect and feedback control[J]. Advances in
Different Equations, 2018,2018:190.
T, WRbedE. B Allee 8500 B b 1 Sz 45 5 il 82 8 09 20 7 2 43 BT LT . 1) /g O R 2% 2= ik CH AR BH 22 WO . 2021, 34
(3):39-45.
HE/NHE, B RUAE. Allee 2500 6T By Bt 25 4 B4 R B ASE R0 1) 2 ) 2 AT o s i [0 0. A8 N R4 2% 3 CH SRR D 5 2020, 48
(2):135-139.
T B AR Allee RN N SR HE R 19 3 1 AT R 5T LT 0. AE B F R (A SRR RO L 2019,34 (1) -
140-144.
ZHU Z 1., HE M X, LI Z. et al. Stability and bifurcation in a Logistic model with Allee effect and feedback control
[J]. International Journal of Bifurcation and Chaos, 2020,30(15) :2050231.
LUY Y, CHEN L J, CHEN F D, et al. Stability and bifurcation in an Si Epidemic model with additive Allee effect
and time delay[ J]. International Journal of Bifurcation and Chaos. 2021,31(4) :2150060.
GUAN X Y. CHEN F D. Dynamical analysis of a two species amensalism model with Beddington-DeAngelis func-
tional response and Allee effect on the second species[]J]. Nonlinear Analysis: Real World Applications, 2019,48:
71-93.
FRIEZE S TR, B SCkE 55t R e M B [ M. b st Bl 2 At . 1985:49-158.
CHEN F D. On a nonlinear non-autonomous predator-prey model with diffusion and distributed delay[J]. Applied
Mathematics and Computation, 2005,180(1) :33-49.



