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Abstract

We concerned about the modified Leslie-Gower predator model in a spatially heterogeneous en-
vironment. Firstly, the local stability of the semi-trivial solution is obtained by analyzing the sign
of the principal eigenvalue corresponding to each semi-trivial solution. Secondly, the existence of
bifurcation solutions is proved by using the local branch theory. Finally, the direction of the
branch and the stability of its solution are obtained after the discussion and proof.

SCEG| M WIS, KANGE. A F RIS Leslie-Gower i EMIRLETES 4 SO HTD]. BLIRH, 2022, 12(1):
157-164. DOI: 10.12677/pm.2022.121020


http://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2022.121020
https://doi.org/10.12677/pm.2022.121020
http://www.hanspub.org

EMEIE, TKETAR

Keywords

Predator-Prey Model, Spatial Heterogeneity, Bifurcation, Stability

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518§
2003 4, Aziz-Alaoui 1 Okiye X} Leslie-Gower i &R /EH TH51E, % EEA Holling-11 B4 ThAE
LAY [1]
du cuv
—=u(a, —bu)- t>0
dt (3 -bu) 1+nu g
d b L
—V:v[az— Ad ] t>0,
dt r,+u

Horpou, v REOR A R E MBS L, a,a, 2AFRR THANH R E N EIEKE, b,b, 7HIE
B HAME & MR N TE S R AL ¢ Ron R IHIA R EAER AL, oo MIEWEEL /b, Fon &M u ™
HEEZR, AEHHEE v RS . SN

& =7, RGEAHHH

3—l:=u(a1— )_1ﬁuv t>0
+yu 1.2)
dv %
_:VEaZ_ j, t>0,
dt m+u

W o0 B, AABI(12) 4T LT A (0,0), kT R (2,0) LK (0.may) . 24 FLITY
a, > fma, , (L) ME (LR HOT 64 (0,0) . SCRRI2IR AL 2) 31 A — e BUR X HL T 30
B MBI R S I ST SR, R R A0 LT 52 A, B 50T B A
et S IR, Bk, (0,0) A1 (a,0) RERMARIEM: Ma, <fma, i, (0,ma,) e B¥iik
s Ma, > pmay I, (0,0) R EEIER .

SCHRIZ)ESR TN T 7 (BB REC R H, Hoh a0, Jo 3 8U7E AL LR MR T4
% BREE, HIZ AL, 2 6 LR B R B R B SR8 51 T T2 B S2[3] [4] [5], MG,
52 6 5 A B 900 IR (T 955 05 7 5 (Al 2 1) S M 5 B 7 0% - T Dot o
5 RN B HORAR) . (EVF BRI, 2] LR D4 6] S PEBR B T 40 U2 1245 0 5
s EE AT B RE. Choi Z[61HFFCR IS RER, &% E A TR RIRD: He S[7]F %
W1, VR R R, A SRR A2 B RIS RS Lou 5[8IWTYL T 2 ik
PR T4 R 0 BUSORE, 5 L] 2 ] 5 R B 2 WO H O o LR S (0 . 2 DL Sk
BB R, TN HOR ) R 2 3 AR (12), %R P H

DOI: 10.12677/pm.2022.121020 158 Eiile e


https://doi.org/10.12677/pm.2022.121020
http://creativecommons.org/licenses/by/4.0/

ML, SRAE

ou

E:dlAUJru(ai(x)—u)—ﬂuv, XxeQ,t>0,

ov v

EzdzAv+v(a2(x)—m+u], XeQ,t>0, (1.3)
o,u=0,v=0, X e oQ,t >0,
u(x,0)=p(x)=(£)0,v(x,0)=w(x)2(#)0, xeQ,

o d,, d, 73BN AN H P BEE, QR RY (N 21) R AHRIFU 0Q A XL, noQ -
ML sNER R, 0, =0/on, o(X),w(X) ¥hQ ERHEG B N ZHEHE KA, 8, (X),8,(X) EEQ N
HIEH 3 (x),a,(x)eC(Q) (re(0,1)).

A, T Q RRESRE (X)), 12

I|
—
—_
x
~—
—n >
Il
3
QO
X
.
—_~
x
~—
il
Il

f

2. MEMASLMREMETH
IR RS T 05 B2 568 H Sl S 1 725

dAu+u(m(x)-u)=0,xeQ,d,u=0,xeoQ, (2.1)
o m(x)eC'(Q), HEQ EARW®RE . b CE[O) M R QYA M —EM 6, . H

.[Qm(x)dx<_|'99d,mdxo
51E1[6] R FIW>P(Q)C?(Q) MW d - 6, , RIELLN, LS, EQ L
0,

Iimed'mzmaxm(x),(llm =m.

PSP 2P FURR RS E PRI, 3 S 3R AEAR ) e
dAy +h(X)y +uy =0,xeQ, 0, =0, x € 0Q (2.2)

Hop d HIEHH, hel™(Q), it g (d,h) A(2.2)5 kK ML,

513 2 [9] [10] (2.2) M FHFAEAE g4 (d,h) 5T d 6, X T hiEsH

1) # [ h(x)dx=0, Hh=0, MHHERd>07 4 (d,h)<0;

2) #h(x)<hy(x), Mg (d,h)> g (d,h,), 2 EA b = h, B55RGL

3) 4 (d,h) T d A B VIR, BEAH lim gy (d,h) = min(=h) . lim 4 (d,h)=—

NI (2. 1) ) EAFAEAE, AT E B A RFAL AR 1] el

Ap+2h(x)9=0,xeQ,d,9=0,xeoQ (2.3)

Ho h AREE BB ELEQ WATLIAES . # A= 4 (h) B (23)FIEM, WA (h)ZQEIMWFRAEM. HL
WA[71, 4 [ hdx>0mt, 4 (h)<0, %[ hdx<0#t, 4 (h)>0

@m%f%ﬁﬁﬁﬁuﬁggamiﬁﬁﬁa(yzEM%ng R B H

5| ## 3[9] [10] %jﬂhdx<0ﬂhft§2 WS, WXd<y/z(h)i, (dh)<0: 2d=1/2(h)K
p(d,h)=0; 2d>1/24(h)E, 4(dh)>0.

B ROk, WHRER AP EE. B, REGEQLI)AE TP (0,0) R F ML F i E

DOI: 10.12677/pm.2022.121020 159 S H


https://doi.org/10.12677/pm.2022.121020

EMEIE, TKETAR

(64,4-0).(0.mo, . )

EH 1 (6,,.0) RAKEM . w(da(x)-mpo,,, )>0 . (0,mo, ) R i F e 1
w(d,a, (x)-mpe,,, ) <OBF, (0.md, . )RAKLEM. £ Mmpos,, >ar, (0.6, , ) RRIMHHLELE
# mpe,,,, <&, (omo, . ) RAKEN: # mpo, , >a . Ha(x)-mpo,, 1EQ NES, M
dy =Y4(a(x)-mpo,, . ). HEd <d i, (0,mo, ) RAFEN; d>d K, (0,m6, )RR HHT

.
HERT: (L) T (U ) MU T A LU V,) s &~ R HOBFAEA, X0 A B

($v) o W(6,,.,,,0) HIRTEME HRFE A 1)
dAp+a,(X)p—20, ¢~ POy W +A$=0, X,
d,Ay +a, (X)y + Ay =0, XeQ, (2.49)
0,6=0,y =0, X €00
Wi, By #0, M ARHT —d,A—a, (X) FHRHER, LA = 4 (d,,8, (X)) 24 (d,,8, (X)) « #y =0,
W A ST ~d,A -2, (X)+26,, , FIRFHER, UL A = g, (dy, 2y (X) =26, , )2 14 (dh 2 (X) =26y, , )« XA
Op o R A, +6, (3 (X)-0, , ) =0 fIfif, HEA5IHE 2 5

(A3 (X) =20y 4 ) > 4 (A2 (X) =0, , ) =0 FIZEMU 543 14 (d,, 3, (X)) < 4 (.8, (X) =6, ,, ) =0
R T

{”l ),ul(dz,az(x))}=ul(d2,a2(x)).

By, 2 ERHEAE 11 (dy, 8, (X)) S RLK ERAER AL (2 4)RHIEEL 21 (dy, @, (X)) ISR FFRFAE B8 4L
%(@,%):(L1 (—ﬂedl,al%),wl), Horp L =—dA-a, () + 20, , — 4 (d,,8, (X)), BOA L MORHEM#ENIE,
Frih L mrid e a2 (2. 4) -5 URHIEE, ﬁt%ﬁfﬁﬁ(edbal,o) NS

[FIRE (0,m8), ) HORSE M b T MR A8 )

dAg+a (x)p—-mpo,, , ¢+ 14 =0, xeQ,
d, Ay +a, (X)‘/’_Zadz,az'//+0«122,az¢+’1‘// =0, xeQ, (2.5)
0,9=0,y =0, X € 0Q

B, E =0, WA BT -dA-a,(x)+20, , WRHERE, ET

A= (dy 3, (X) =26y, , ) 2 4 (0,2, (X) =6, ., ) =0.

20, WARHTF-dA-a (X)+mpo, , MRHEM, Hik

A= (dl’ai( )—mp6,, az) (dl’ai(x)_mﬂadz,az)'
T EA

A> min{,ul(dz,a2 (X) =64, o, ),,ul(dl,ai(x)—m/i’Hdz'az )} = min{O,;Ll(dl,al(x)—mﬂedbaz )}

DOI: 10.12677/pm.2022.121020 160 Eiile e


https://doi.org/10.12677/pm.2022.121020

ML, SRAE

T IREA S Vﬁﬁul( a,(x)-mpb,, .. )E’J*ﬁfﬁ‘%‘ o 2 %ﬂ;ﬁ( 1,a1(x)—mﬂ9d2,az)?%?M%%ﬁﬂ%ii
W, Hig e

A

[Ijiﬂg,ul(dllai(x)_mﬂadzxaz ) = mﬁin(mﬂﬁdz,az —ai(x)) > mﬁédz,az_al
gm%(dllai(x)_mﬂedzvaz): m’BH_dZ’az ~a

WA mpg,, ,, <3, M4 p(dya(x)-mpo, . )<0s MEMBOy, . >a, WL

(02, (X)-mBo,, . )>0. #mpo,, ,, >a Ha(x)-mpo, , 7£QWAES, M5 A, 7FE
d; —J/x%i(a1 mﬁ@dz,az)fi?%i—'l d <d, i, M(dl,ai(x)—mﬂedzyaz)<0 ; 4d=d; i,

(02, (X)-mBo,, . )=05 Hd>d; i, g (da,(x)-mBo, , )>0 . L (d.y,) A

4 (dy, 3 (X)—MpBO,, ,, ) < O B X 7 (O RFAE R K, U

(202) = (60, 0,85 )),

Hop L, =—d,A-a,(x)+20, , — s (dy.a,(X)-mBa, , ). HHIL, T, Ml (0,me, , ) AkasE. 2.
Fy 7 AT 411 (0,0) R R

H: (0,0) MaERRGIN u kel v IR S, u, v IR EDH — MR UELF. ( - )Zﬁ%i?@%
VIR RS, (0,0, , )RR U AR RS, (0,0, ) B R u B R
ANELT) o
3. R LBEERT

AT, ATCAEEPY BRI CSH, SR 3CE BT R 40 (L1.3) -~ NPT 1) 73 SC IR
R B RS (L.3) M I fifis 2 T 41 72

d,Au+u(a (x)-u-pBv)=0, xeQ,

dzAv+v(a2(x)— v J:O,XEQ, (3.2)

m+u
o,u=0,v=0, X €0Q.

ESUELT F(dy,uv) iR x X Y

d,Au+u(a (x)—u—pv)
Fduv)= [dzAv+v(a2 (x)- v ﬂ

m+u
Horfs
X ={(u,v) eW?? (Q)xW*P(Q):0,u=0,v=0,x€dQ},Y = L°(Q)xL"(Q), p>N.
MHERMd, e R, H F(d,,0,md, , )=0, M5, 53D, F(d,uv). A, (d.uv),
Dy A, (0y,U,v) ELE ELFE (d,,0,m8,, ) 41 P i 48
EE 2 47 mpo,, ., >a& Ha(x)-mpo,,, £ QWES, MXAMY =d 214 (a(x)-mpo,,, )

DOI: 10.12677/pm.2022.121020 161 S H


https://doi.org/10.12677/pm.2022.121020

EMEIE, TKETAR

I, FEAEMCET LA (0,mo, ) 40 S AR T . FLUASKBE, 170E 6> 0, FE(1L.3)7E (d;,0,md,, , Je R" x X
BT 1) TSP A A P] RA
{(dl,u(s),v(s)) = (dl(s),s@ +5%U,(s), M6, , +svu+ szvl(s)) eRxX:0<s< 5},

BB, Hobd, (0)=d;, (doy.) EREWIHHERE L (u,(5)(s)) 2 KerF,, (d7,0,m8), , ) iydhas
BIE X T s B SOk A . 2B, (d;,0,ma,, ., ) M7l o] < i,
TEW: #oE, FREA RIS I TEAERE. B (dy) e KerF,, (4,0m8, , ),

{de¢+a1(X)¢— M6y, 4,8 =0 (3.2)

d,Av+a,(X)y 26, ,w+6;  $=0
Fg=0, Wy ik dAy+a,(X)y-260, ,w=0, y=0K, 0&-d,A-a,(x)+26, , FIHFEM,
0= (0,8, (X) =26, ) > 14 (dy. 3, (X) =20y, o, ) > 4 (05,8, (X) =6, )
5 (dy 8, (X) =0y, ., ) =0 F*EFE, Hg=0. HEYHE IS 4 (da(x)-mpo,, , )=0. BE
R RAE R BN ¢ B w W Ky =67, 0 P K=—d,A-a,(x)+26, , » %% K 7T,
y =K (6} ., 4) 2. . L,

Kerf,, (d;,0,md,, ) =span { ¢ ]}

Ve
5 LR, HREMIET £, (d,0md, , ), HE

KerF,, (dl* ,0, mﬁdzyaz ) = span{(ﬁ* ]}

fH Fredholm —#¢— @ B0
Range,, , (d;,0.m8,, , ) =[ Ker#, (d;.0.m6, ., )]

E Yl codimRangeFu,v(df,O,madzlaz):1, XNy

<Dd1F(d1,u,v)(Zj,(%j> =—[ [Va[ dx =0,

JITEL Dy £ (dy,u,v) (4 we ) ¢ Range/—'uyv(dl*,o, dez,az)o MRS J 3 73 S i %éﬁﬁ(dl,o,medz,az)ﬁiﬁﬁ¥
UM 2 (dyu(s).v(s)) » Hodrd =d(s) . u(s)=sa+s’u(s) v(s)=mé,,
Uy (s),vy(s) KT s HOLIERREL
PRI ST ). St dy(s),u(s),v(s) RGOS =N MILFEER L s, FRT s sR—k
$IHLs=0, WIFMUFRAIEQ LR, KiHA
1+ K65 . )#odx
[ IVa. 2 dx

+Sp. +5°V, (S)

o1(0)- Ll

DOI: 10.12677/pm.2022.121020 162 Eiile e


https://doi.org/10.12677/pm.2022.121020

ML, SRAE

24 SCNZE LI B I 0 32

R R SRR RS . 3 (u () v (s)) AL T A 7, 48 S K AR (AL —p
HSLRER SN () o 1, 79(0,m8, ,, ) AIOEREMSIT 5 FEA S GEAR O, XIS (E R H0
(o). FHEANT, BRENFT T, .

[ = dlA+a1(X)_m'Bed2vaz 0
“ O, o d,A+a,(x)-26

dy,ay

2,8

Ly WIRRAEEA —y . MRRHERR KO (4w ) » 2
d—>d, y>0, ¢>d, v o>w.. HT

dAg+a, (x)g—mpo, . ¢+y=0
d Ay +a,(X)y —26, ,w+0;  p+yy =0

dl_df

<1, —y A7, KIfRREE, H

3.3)

XF(3.3) 5 — NI MIAF e ¢ HAE Q BRIy, il il it 5545

o J-Q|V¢|2 dx
y'(dy)= W >0
IR 7 RS —n 55 7y WIRFIEME —y Z I A7 7E
im S ) (d)
s—0 77(5)
KFZ, Fihise(0,6)F, n(s)<0, HREHS M (u(s),v(s)) RREM.
E&mH
B2 H AR S (HEHES: 11761063).
Sk

[1] Aziz-Alaoui, M.A. and Daher Okiye, M. (2003) Boundedness and Global Stability for a Predator-Prey Model with
Modified Leslie-Gower and Holling-Type 1l Schemes. Applied Mathematics Letters, 7, 1069-1075.
https://doi.org/10.1016/S0893-9659(03)90096-6

[21 SKEAHE, RFUF BIEH Leslie-Gower Hifi £t & - FrIH§ OB A AU BEAAPEAS 9], L AR R 2224k (B2 ), 2014,
49(1): 86-91.

[3] Li, S.B. and Guo, S.J. (2020) Stability and Hopf Bifurcation in a Hutchinson Model. Applied Mathematics Letters, 101,
106066. https://doi.org/10.1016/j.aml.2019.106066

[4] Guo, S.J. and Ma, L. (2016) Stability and Bifurcation in a Delayed Reaction-Diffusion Equation with Dirichlet Boun-
dary Condition. Journal of Nonlinear Science, 26, 545-580. https://doi.org/10.1007/s00332-016-9285-x

[5] Zou, R.and Guo, S.J. (2018) Dynamics in a Diffusive Predator-Prey System with Ratio-Dependent Predator Influence.
Computers Mathematics with Applications, 75, 1237-1258. https://doi.org/10.1016/j.camwa.2017.11.002

[6] Choi, W. and Ahn, I. (2020) Predator-Prey Interaction Systems with Non-Uniform Dispersal in a Spatially Heteroge-
neous Environment. Journal of Mathematical Analysis and Applications, 485, 123860.
https://doi.org/10.1016/j.jmaa.2020.123860

[7]1 He, X.Q. and Ni, W.M. (2013) The Effects of Diffusion and Spatial Variation in Lotka-Volterra Competition-Diffusion
System 11: Heterogeneity vs. Homogeneity. Journal of Differential Equations, 254, 528-546.
https://doi.org/10.1016/j.jde.2012.08.032

[8] Lou, Y. and Wang, B. (2017) Local Dynamics of a Diffusive Predator-Prey Model in Spatially Heterogeneous Envi-
ronment. Journal of Fixed Point Theory and Applications, 19, 755-772. https://doi.org/10.1007/s11784-016-0372-2

DOI: 10.12677/pm.2022.121020 163 Eiile e


https://doi.org/10.12677/pm.2022.121020
https://doi.org/10.1016/S0893-9659(03)90096-6
https://doi.org/10.1016/j.aml.2019.106066
https://doi.org/10.1007/s00332-016-9285-x
https://doi.org/10.1016/j.camwa.2017.11.002
https://doi.org/10.1016/j.jmaa.2020.123860
https://doi.org/10.1016/j.jde.2012.08.032
https://doi.org/10.1007/s11784-016-0372-2

EMEIE, TKETAR

[9] Cantrell, R. and Cosner, C. (2003) Spatial Ecology via Reaction-Diffusion Equations, John Wiley Sons, Ltd, Chiche-
ster. https://doi.org/10.1002/0470871296

[10] Zou, R. and Guo, S.J. (2020) Dynamics of a Diffusive Leslie-Gower Predator-Prey Model in Spatially Heterogenous
Environment. Discrete & Continuous Dynamical Systems B, 25, 4189-4210.

DOI: 10.12677/pm.2022.121020 164 S H


https://doi.org/10.12677/pm.2022.121020
https://doi.org/10.1002/0470871296

	空间异性环境中Leslie-Gower捕食模型的稳定性与分支分析
	摘  要
	关键词
	Stability and Bifurcation Analysis of the Leslie-Gower Predator-Prey Model in Spatial Heterogeneity Environment
	Abstract
	Keywords
	1. 引言
	2. 预备知识与线性稳定性分析
	3. 半平凡解的局部分支
	基金项目
	参考文献

