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Abstract

In this paper, a modified Leslie-Gower predator prey model with anti-predator behav-
ior is studied, and the effect of adding anti-predation behavior on the dynamics of the
model is studied. In the new ordinary differential equation model, the existence and
stability of the equilibrium point are first discussed, and the existence and Hopf of the
Hopf branch are discussed with b as the branch parameter Direction of branch and
stability of periodic solution of branch. Finally, the Transcritical branch is discussed.
Studies have shown that anti-predation behavior can be beneficial to the coexistence

balance of species.
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1. 5|8

—HLUCK, i g &5 W A BAEH K3 15 AT N2 B2 RV AE20H 424 1, Lotka Al
Volterra B X2 H T & & - 1HEA, BlLotka-Volterra #1484 [1] [2]. BARATHI A TAEBLK, K
T - B AR T2 M L-V S B ANE A TR, Dy 1S G (5 RIS 7, AR A O 1]
R, 2 A S T A 2 Y () - A A

19604, Lesliefl Gower MY %% & 76 S0k 34l & #- B MH B AL i 2 ail B4R 1 48 B4 [ Leslie-
Gower i & & - HAA [4].

— =ra(l— =) = qzy,

t K (1.1)
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dt nx
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ne RN EH AR BN EFABUER T, K1, Leslie-Gower A5 2 7E 4 7/ € & - & 1A Y v 1 3
WA R TR 2 1y oidt R5 A, Aziz-Alaoui MOkiye [5]3i 5] N4l & # A4l & # I Holling 1T 24T
Ae N, B

dz (1 :L') a1xy

—=rz(l——=)— ,

dt K n+x

dy _ (1 — 2 (1.2)
dt ne+z’

Ferb ng 1 ny 7399093 BRI TSR E A T E AR TS S R AR

SR AW SO K SR C i B B I, (B I B IR BRSO R I X
BHEIERATE, OV I & AT DA NORSESIAE i B 3, B, st igh CRD RES Bl JF 2R
SERA LRI NI EHH B [6]. T2 (FH & ) AT RE S BURER /KR (B ) BGR AR SE [7].

A, AR SR RS IR IE. EENIASPRE Iz, Xl 7 — M5,
B 2R H AR b 5 4 MR SR R £ XURS: [6] (8] [9]. B4 R ol B0 AT & S BUR AR B
FIsE N, i fr 8 5 R R BRI/ [10-13].

20154, TangflXiao [14]8 UGHL 51— S HAE g B Xl & 5 Tl i) Sl B AT 9 I B,
R T AR A RAT O - R AL

dx T maxy

@ T T o) "
dy _ pmay Cdy— '
it~ cta2 WY
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SESCHR (1410 JR K, FA175 18 — 2K I 47 918 1E (i Leslie-Gower fiff £ R HAR AL, H A B0
BV AN B MR P SR O ) DR IR LA A

dz (1 a?) a1 xy

= el = 2 —

! K’ xz+m’

@ = 7"2y(1 — a2y ) — klmy (14)
dt T+m
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d—x:m(l—x)— Y )
dt T+a
dy by (1.5)

=7 — oyl — — nay.
" py( x+a) nxy

2. PR AL FREN

2.1. PESEEN

T RS(1.5):

(i) RGEAFAEF N AL Ey = (0,0) ;

(it) RGEMAFTE T NP A5 By = (1,001 By = (0, %) ;
(i) P9 2 By = (2%, y7) 2 TR IEAR.

z(l—z)— Wo—o

r+a ’

(2.1)

Y
— nay = 0.
ngLa) ny

py(1 —

c(b—1)

i o = ,
be —n

y'=(1—-2")(z*+a), 0<z*<1,(b—1)(bc—n)>0.

2.2. FE SR EERRE

L@y =l —z) -

b
g(z,y) = py(1 - ng_;a) —nzy
RY(1.5)1E E;(z,y) KK Jacobian FiFEW1T:

T — ( fo s >
9z Gy
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-1
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1
]_ —
b 0
e = | c— an
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1 e -
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MERR 45 (1.5)7E-Ffif 1 By ALH) Jacobian FEFE

a1 a2
JEg -
G21  A22
* * 1 _ 23:* — a) J,'*
/ﬂ\: 9 = — 2 * ay — L ( - — 0
EF‘ ai ]_ €T (3;*+a)2 x*—|—a , 12 x*+a <
bC )2 2bcy* * bcy*
21 :1_2x*_(x*(—?)|l-)a)2_ny*?a22:c_$*+a —nx :_.’E*+a <0.
T, (AVRE I FL
G(A) = A2 — tr[J(Es)]A + det[J (Es)] = 0 (22)
z*(1 — 2z* — a) — bey*
b tr[J(Es)] = = )
AL tr[J(E3)] = (a11 + az) T ta
. B _z*y*(be —n)
Hrt det[J(E3)] = ar1a02 — a12a01 = T o ta

I Routh-Hurwitz #4551, 2Ztr[J(Es)] < 0, det[J(Es)] > OBt B 1~ sk (6 B A R AR AR B 11
SR, A2 Je) AT I R E 1.

5| #2.3
(i)tr[J(E3)] > 04 HAL Y

x*(1 —22* —a)

(Hl) 2$*+(I<1,b<b0,b0: "
cy

(ii)tr[J(Es)] < 024 HAN 2

x*(1 —22* —a)

(Hl) b>b0,b0: "
cy

(iii)det[J (E3)] > 024 HAL Y

(H3)n < be

(iv)det[J(E3)] < 024 HAN X4

(Hy4)n > be

Fr L3 2 b > boﬂ n < bCHﬂ‘,)\l 4+ X < 0, A > 0,?%%”,/\1 < 0, < 0.5 LA N 38 ~F fliT 55
By — (o, y") SRt i 10,
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2 > beltf A Ay < O, NRFALAR A 57 5 1, I LN I P71 By = (2%, y*) & M.

FFLL243 2 b > oLy < belth A + A < 0, A A > 0, F N < 0, < 057 L #5F 46 5
By = (o, ") SRR HE R I

P R b < boH. < belF A + Ay > 0, A\ A > 0, BFF] A > 0, Ay > 0.7 LA P9 3547 54

3. PR

3.1. Hopf$'x

AR n BN XS, IR AT BIME— 70 S S HUE I SE R 26 4. R, 3R
TTBL b RS S F AR (0.4) 7211 55 Es 4077 E Hopf 733X IS, B4R, M5 (Hs) ML
if det[J(Es)] > 0,det tr[JEs] = 0 24 HALY b = by

BANFFIE T REAE B3 A — W 4l EAR.
2 Ab) = a(b) £iw(b) & by A& G(N) =0 FI—XZHAR, thi

z*(1 — 22* — a) — bey™* 1
a(b) = ( 2(95* T a)) Y ) 5(K> = 5\/—4612021 - (au - a22)2-
B SR
a(by) =0,
/ . _Cy*
o (bO) - 2(1.* —|—CL) < 07

KFIIAAT albe) = 0,0 (by) < 0, EVMIBIE SRS, BUE, 4 b 2638 by B, 55 (0.4) 2 By
Abr7 4 Hopf 433

9T VEA S BT Hopf 73 S BIMERT, 75— PR (0.4) BIbsEIE . 1E R s =2 —2, y =
y — g, WP B PR RIR s 7RSI, RS 5H » Ay Fox. NGRS RS (1.5) #ih

(z:(xm)u—(xm)]—w, -
%:c(y—l—yj)(l— l}%i?)—n(ﬁx)(yw). |

M5 RG (1.5) N
& x f(x,y,0)
=J , 3.2
(%) <y>+<ﬂ%%®> >
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f(z,y,b) = aspx® + an1zy + azor® + ana’y + - - -,
g(z,y,b) = baox? + boay® + bi1xy + ba1 2%y + braxy®v + bz + -+ - |
H
a(l —z*) — (z* + a)? —a
Q20 = " 3 y @11 = T <o)
(x* +a) (z* +a)

o — —a(l —z*) S a

30 — (1:* + CL)S y W21 — (117* + CL)S’
b —be(l — x*)? . —be

20 — (.T* + a) 5y V02 — (x* + a)27

2be(1 — z*) — n(z* + a) —2be(1 — z*)
b1 = o = —————,
(z* 4+ a) (z* + a)
b — be _be(l—a)?
12 — (1}* + a>27 30 — (I* + CL)2 Y
TE SUHEFE
N 1
T = ,
M 0

_ _a _ afb)—a
0 Hrb M = 55, N = =2 W

PP = B(K) = ( SEZ; a‘*;g’) ) .

w
Mo := M|y=py; No := Nlp=py, wo:=w(bp).

WA (2, y) T = T (u,0) ", KRG (1.6) ATES N

du
|- u fH(z,y,b) ) 53
i: " ( v > " ( '@y, ) 3

=

1
fHu,v,b) = Mg(Nu—i—v,Mu,b)

bao N2 2bo0 N
:<2§\4 +502M+b11N)U2+< ]2\; +b11>uv
bsg N3
+<bZO> U2+< 2 +b21N2+b12MN) u?

M M
3bso N b3
3 >UU2+31}3_|_...7

3b3o N2
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gl(u,v,b) = f(NU-f—’U,MU,b) - 79(NU+U,MU,[))

M
byg N3
= (ago — bll)N2 + (Clll — on)MN — 2?\4, :| U2
[ 2byg N2 bagN
+ | (2a20 — b11)N +ap M — =2 } uv+ [azo - 2;/[ } v?
[ by N4
—+ (ago — bgl)N3 =+ (CL21 — blg)MNQ) — 3(])\4_:| U3

—+ (3@30 — 2b21)N + (2&21 - le)MN -

M
3b3o N2
+ (3(130 —bo1)N + ao; M — 20 } < )

FHERALSR e = reosl, y = rsind M58 (1.7)5 0 T

3b30N3} ,
u-v

7? =a(b)r+a)r®+---, (3.4)
6= B(b) + c(b)yr + - -
X FRSE (1.8) 7E b = by AAE Taylor @A

7= a/(bg) (b — bo)r + a(be)r® + o((b — bo)?r, (b—bo)r, r°),
0 = B(bo) + B'(bo) (b — bo) + c(bo)r® + o((b — bo)?, (b—bo)r?, r).

N T H5E Hopf 73 307 [ AN 73 SR I i AG e 1k, /& 25

(bo) %( uuUw + f;vv + guuv + gvvv)
+16150 [ iv( 1111, + v'u) - gu'u (guu + g'tl)v) - iugzltu + fi}vg'}w]

MIRFS, Ferb A i B E 72 SR (2, y,0) = (0,0, bo) AHUH:

bso NG 3bs0 N
uuu(O 0 bO) =6 Y304V0 + b12M0N0 —+ b21N2 um)(o O bO) -9 304V0 + b21 ’
M, M,
3b3o NG
Fuu(0,0,b0) = 2 [(3(130 — 2bo1)(No)? + (2a21 — b12) MoNy — ?\040 O} ,

6b30 N, bg()N
! bo) = ——20 £l (0,0, by) = 2 boa Mo + b11 N,
gvvv(0707 0) MO ) uu( s Yy 0) MO + 02 0+ 114Y0
2boo N 2b91
! bo) = (=2 4 b, L (0,0,b) = =2,
fuv(o’()? 0) ( M + ) fvv( s Uy 0) MO
1 2 bgoNg’
9 (0,0,b0) =2 |(azo — b11)Ng + (a1 — bo2) Mo Ny — |
2bog N2
gqlw(oaoa bo) = {(26120 —b11)No + a1 My — ]2\040] )
0

bao N
1 -9 _ 204Y0 )
Gpo (03 Oa bO) |:a'20 M()
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1 [61)30]\702(1 — No)

a(bo) = 3 M,

+ 4(az21b12MoNy) + 2(3azo + ba1 ) NG + 2521}

1 [(CLQO + 3%21)byo Ny n 2(2ag0 + b11)bao N§ + (2a20 + b11)ban
M, M, M

80.)0
+ (2bgo + boz + b3, — 2a3, + azebi1 + baoai1)No + (boabi1 — azearr) Mo
+ (agob11 — 2a3 + 2boabag) Ng + (3boabiy — 2as0a1s — a11bi1) MoNg

- CL11<(120 — bll)Ng + (2()82 - allbog — CL?OMOZN(J} .

€ X E— Liapunov RN

HEEEF o/ (by) < 0. H Poincaré-Andronov-Hopf 77 3 E B, w4340 F 4518,

EIE 1.4 % (Ho), (Hk,) HOLEL (Hy), (Hik,) BOL, MY K = K, I, B8 (0.4) 78 =1
& E hbr7tE Hopf 70 32,

(i) #F a(bo) < 0, W Hopf 7 3 A& LI 5 (¥ H. 73 SO I 2 A& A€ I B LA e 1.
(ii) # a(bo) > 0, W Hopf 73 32l 7 (¥ 570 52 A W2 A Fa e 1.

3.2. BllaFnx
Nz H Sotomayor & B AT AL (0.4) B 1 5L 43 3
EIE 3.1 Y n=c W, RAE(LS)EFF P A By = (1,0) R AEBH IR 753
WEBA R 41 (1.5)7EFPHiT i By 461 Jacobian FEFFE A

—1

VU RELRE: T, 1T, FRRFAE [0 523 531

()= ) - G)-(0)

WF(z,y) = ((f(z,9)), (9(z,)))" BTG5
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-y —x 1 —1
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2 2 2
SRV 4 20 ViV, + LV )
(E1; nrc)

OF,
Fn(El)(a%) =(8>
(E1; nrc)

D f(Ex; nrc)(S,9) = | 2, 2 2
1 DLVIV: + 282 VV; + ZRV,Y,

Ox? Jxdy Oy?
2a
—2V2 - — WV
B ( 1 (1 + a)2 1V2 )
- 2bc
—2nViVo — —— V7
(1 + a) ’ (E1; nrc)

=2
- ( 2(c1(Irf)b) ) :
14+a

BRlik, VAT Wi R R 2%

WTfn(El; UTC)Z(O 1 ) ( 8 ) =0,

WD fy(Ey; nre)V] = ( 01 ) ( _01 ) =140,

-2
WTD?f(Ex; nre)(V, V)] = ( 0 1 ) ( 2(61(1‘_11);) ) - 201(1+_ab) 70
1+a

i Sotomayor EHE [15], R4 (0.4) 1E-FHli a5 By er=A B IE 532, U

4. REE5RE

BRI T — B A AT N AE IE ) Leslie-gower i £ & H R M A & %y < cHb >
LI 3AT A LA 62 8 AR TH bR AT 2 8 2 T A U I — e R JEE 10 S Al B AT DA R T 7 A o
HEIAE Sl B 3Ry > be Hb < 10, IS FEACRE K 48 S B KA i 5 DUV 2 UM R e
BiHMSETRGE.

HELb Whopfsr 3L B HL, b4 idbo i, RY(1.5) 1 Bsibr= A= Hopt sy 3. R G5 (1.5) 2= E M R EE.
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