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Abstract

The relationships among species include mutualism, parasitism, competition and pre-
dation, among which predation is indispensable in the biological world. In this way,
individuals will not be fixed in a certain area for a long time, but move to a place
conducive to their own growth. At this time, there is a phenomenon of diffusion in the
population. Therefore, based on the influence of many factors, a diffusion intraguild
predation model with hunting cooperation is established in this paper. Firstly, the
existence and stability of all equilibrium points are discussed without considering d-
iffusion. Secondly, we get the theory that diffusion will lead to the instability of the
model. Finally, the results are verified by numerical simulation.
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1. 5|5

AV S ST SR R R ERA 4y, —J7 T, AW A i shil il By b i 3R 8515 2
Y. BeE. (S EFINLERT, TR CAAAE; S — 07 T, AR AR AR SUI I 212 b 5 i 25 2R 5 (1)
AR5 R EARAK. 1920 4248, Lotka [1] A1 Volterra [2] PIAL2E $2 1 T 2 i (3 & - B iHAR A,
ik, S B A AR EAE R 7 0 SR AR S e ) — A . B - ]
BREMBE ARSI 2 N, 52 %52 MR- BB R ILa S 7 2 Mt
BR [3-6]. - SRR I AT NTE A R AR BN T — MR E Z IR 1A

RS RS, AT 18] 18 R ] BERE 2 B R R R EF R AR [7,8]. Mk, EFER
Polis, Myers #1 Holt [9] HX#&H 7 IABH# & (IGP) BIAYRIMES. 28R 1 PRl AR B3
BRI DGR R R R, KA B =AY JEERR AN AL
PR, SO R R IR B0 &, SRR P & DI AL e A R AN B0
. Holt A Polis [10] B RAER AR i IR S AL R AR R e, AR R 2

dR

E = R(()O(R) _pl(R7N7P)N_p2(R7N7P)P)7

dN

E = N(elpl(Ran P)R_ ,03(R, Na P)P - ml)) (11>
dP

E = P(egpg(R, N, P)R+63P3(R7N7P)N—m2)7
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Hrb R(t), N(t) Rl P(t) 5 IR0, JEALRE N B A SO B N & B L. po(R, N, P)R
F ps(R, N, P)N 537352 H A7 HE 4l £ 25 0 S 2 BRI LA 3 9 TE R D Re S SR 28, p1 (R, N, P)R
FEFEALRE N B IEE BRI D RE SN B E, my M g R EEELERKIERILTE. S5 ey M ey
53 N FE TN L G USRS Y B AN S LB A A B I TTIR A, eq FORNILALAE P ST UEGS LA A Al
BHITTIRE, Rp(R) RALZ BN AR, BN SR AR T P A, HAEESR
V& PR KEGT [11-13]). BEAh, 2 (A RN AE AL Yl B RS v o VF 2 IR 9T [13-16).

FHRPHE T SR B, A4 & & R B &), (eI R 7= 2 7 — R B8 B AE
fie, gk, AR FAETHR, e MEEETET. SARNESETT AR B il i i, 2017
%, Hilker [17] 8 ABFF T —/Mli - SR, IRl &8 5735 S R UL Holling T 4T RE
INESE/ G

Hof N AU P gyl R e AN R MR L, s @(N, P) /& Holling T BTy g S v bk %, R
(N, P) = AN, X > 0 2 B & F T B, £ & H SRR LT, DBt e
[ I I B PR B o ) . AT, SRR & 2 WEANTIAT b e ad. I, Bk & il
[ e Dy 2 o I 4 8 L PR S T 184 0. Hiilker 85 NS AR AR i i Y — A2 B2 AH QTR 46 5 4
B N RFRIX B

O(N,P) = (A+aP)N, (1.2)

Horbra > 0 FIRAIA & ARG P SRR, aP —AEDL Major [18] #F5T I Caranx ignobilis
A Hawaiian anchovy Z 8RR EAE ], KB €& BB AT AT RENE 9 — M AT 9 i 3% F E4E,
il £ A R e A IS A X R

RPN, AEBLSEAEZS o, IR o A AEAT AN SIH, A 8 23 18] o (R e 5 22 1) &I 4R 10 1 e Al
HEARELAE A, AHELREm, Ty o P 20X — R MR K2 —, Mo a3 SRR 1) 3 54T 9 R
BB 77 2E 2% (1 25 A1 A SR T 52 B AR 22 38 1 OGHE [19-22]. DRI, 47 BOR0RE 1 2%5 FE 2 i A 0 211,
WG TEISE. B DAY BSOS AR i - fr AR gl iz i . LR — o s T

% —d1Au = f(u)u — p(u,v)v, zeQ,t>0,

ov

e daAv = ap(u,v)v — o, € Q,t>0,

Qu(z,t) _ dvl@,t) _ z €00t >0,
v v

U(JZ‘,O) = Uo(.’ﬂ) 2 07 ’U(.’E,O) = ’Uo(.’If) 2 07 UAS Qa

Hrp u(a,t), v(z,t) 7252 EHAMEE MR SAEEL, © € Q C R ZE-DHRALITILT 00
W =4 5, v RIAF 00 MBI IMNERE. f(u) 2 BEHMHER p(u,v) RIIEERPKE, o
R BE B HIFHALR LR, 8 R EE TR, di, do 2ROIPFER BT R
Guan 55 [21] FFFC T — A BATRERES I Ll & - R IR, @7 7 2 v R e 5, IEM) 79
MO R4 R R 2 JR A e M, FFRAE T 22 a3 A T8 SR 22 ), M Y BB AU A B 1 2% Y 1 R A
X KEG m- REUME. A T RN B - B AR A ) B AR

SRR NN . AR T PR e A SO ST R AR5 = A ol e TR A A
BAY BT, &P fl A AETE AR E Ve, 28 DU Al K ik OB A SN UK 0L T, RETHIAR
SETE. S FLAR AT T RUEARIL, X EIR AT T IS, SR NE O HEAT T AR R A RUAROR A
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2. REEVEST

Sapkota [23] SEWFFT 1 — N EATHH & E SR & & - R AR, AR R 8 THR R AT XU
BH TR

du; " (a - wo (1 + aus)us )

dt - ! B (1 —I— O[’LLQ)Ul —I— DQ ’

d'LLQ (.L}()(l + OZUQ)Ul Wally
- = uz( —az+ - )7
dt (1 + CMUQ)Ul + D1 U + DQ
dU3 2( w3 )

— 2 = uilaa —

dt 3 3 U2 —|— D3 ’

Horb g, ug M ug 73RN BARS IRATZ A B E AR Z ¢ Hﬁi?Ei,Tﬁfﬂﬁﬁﬁiéiﬁﬁﬁiqﬂﬁﬂﬁﬁ
T, PR il i, P Al AR A 10 B 2 A B T A SR #0H 6 A R R
M, A P 2 PR AR E VE AR A B A5 KOS BB 7 B A2 SCHR (23] TRt AT. fEEEA b, A =ik
W T HORRE, AL T AL R RS

0X (x,t)

ot :dllAX+TX—d1X—Oé1XY—OéQXZ, Z’EQ,t>O,
Y (z,t
a é‘:v ) = dQQAY—f—BlXY — (043 +CZ)YZ — dgK T € Q, t> 0,
Z(x,t
g’ﬁquz+@XZ+@myquZ—¢z req t>o0, (2D
X Y Z
0 (:r,t):8 (x,t):8 (:r,t):O7 ced t>0,
v ov v
X(z,0) = Xo(z) 20, Y(z,0) = Yo(x) > 0, Z(z,0) = Zp(z) >0, z€Q,

Hh X (z,1), @mﬂﬂﬂwaW%rﬁﬁﬁﬁﬁﬁ SRR S RN LA A P A R
TEALE o FIEFTE] ¢ bR, Q ¢ RY(N < 3) féAﬁﬁﬁﬁ o0 B AR, v 2id
Tt o0 WAL AMNER . diy, dog AT daz 7302 =P EERI Y HUREL, r FORILERIEFRED) H A%,
dis S =PI ERIETIE, o, an T ag 53 3RS % B B4 B3 SRR [R] P A6 88 1z B £ 1 11 fe K3
B Bls REEMS AR EEIRNELR, i =1,2,3. B8 ¢ Ron OB Al & & R e S L
e, Wi HE 2 RN EAERE. RETHITE SN IEFE L

EX U= (X,Y,2)", D=diag(di1,ds,dss) X

J1(U) rX —di X — a1 XY —a,XZ
JU)=| LU |=| 8XY-(s+c2)YZ—-dY
J5(U) BoXZ 4 Bs(as +¢cZ)Y Z — ds Z

(2.1) ATRARUS A%
—DAU=J(U), z€Q,t>0,

9y _ 0, x €N, t>0, (2.2)
v
U(z,0) >0, x € S
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3. IR E 1

X, FEEE RS (2.2) XK ODE REHIFH#1 S KAFENE. B, Hopf 2 X7
EMERYER. ODE AT

=3I, (3.1)
RE (3.1) A LT ARG Hui:

(1) “FJUfE Eo(0,0,0);

2) 4 uﬁljﬂi’mﬁﬁ’%‘ﬁﬁiﬁﬁﬁﬁﬂ“ WMRFAM (Hy) : r—dy > 0 BOL, BTN E(X,Y1,0),

Xl da Yl == 1

(3) 4 uﬁVH‘Q’EE?‘Fj%TﬁTHT WMEFM (Hs) : r—di > 0 ML, HILFPHE S By (X5,0, Zs),

X2: ds Z _ (r—a1

*2 * * * * (&3 do * 3—pP2 * * LT Y
()/\ﬁ:F@IﬁE(X A D e G e AP 7 e vt/
Ji FEHIEAR:

/\

A1Z2 + AQZ + Ag — 0, (32)
Hor
A= 0(041/3)2 - 062ﬂ153)7
Ay = cf1f3(r — di) + az(a1fB2 — a1 B3),
Az = a3 B3(r — dy) + ar(dzBz — d3fh).
SRJEARYE S RRFFSHEN], v UUE H RSt (3.1) FIAE P AR e R AR W E 201, Bk, AR
TS H RSN, BNRSE (3.1) RA — MNP S %8R
( 3)2 3—52X*,A1>0,A2>0,A3<0
LK, KR PR HEL AT VR S AT s RS e M. ALY (3.1) ) Jacobian HifF N

Ju Jiz Jis
Ju=| Ju Jao Jo3 |, (3.3)
J31 Jza Jss
/\l:':‘
Ju=r—d; —a1Y —anZ, Jio = —ar X,
Jiz = —ap X, Jo1 = B1Y,
Jog = BIX - (043 + CZ)Z — d2, Joz = —asY — QCYZ,
J31 = B2, J32 = Ps(as +cZ)Z,

J33 = /BQX + /Bg(agy + QCYZ) - d .
SI3B3.1. R4 (3.1) 49-FFL-FH .5 E0(0,0,0) B R,
IERR. R4t (3.1) fEFHT R By AERIRHETTTE N

A= (r—di)](A+d2)(A+d3) =0
AT LA 0 B R AR

)\127’—d1>0, /\2:—d2<0, A3 = —d3 < 0.
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FRELRSE (3.1) £ P By A AFRER.

51383.2. &AM (H)) RZi, 0% Bas <0, A% (3.1) BAFFHE (X, Y7,0) &2 53
#rifa ey,

UERR. ARAEFERE (3.3), BLZY (3.1) 7E~Pi s By ALMIRHE T FEN
(A — Bs3) [)\2 — (Bi11 + Ba2)A + B11Bay — B12B21] =0,

EEF‘ By =r—di—a1Yy, Bis = —a1 Xy, Boy = 51Y1, By = 51Xy —da, Bsg = 32 X1+ a3f3Y1 —ds.
.LH:, /\1 = ng, >\2 %D )\3 %Tﬁ”ﬁ?ﬂ%%*ﬁ

M4+ GiA+ Gy =0,

Hr Gy = —(Bi1 + Ba2) >0, Go = B11Bay — B12Ba > 0.
MELEASHT AT AR Ay < 0 F1 Mg < 0, #8 Bss < 0 W, RS (3.1) fEIA P05 By Ab RS

Wi RS TE 1.
SI13E3.3. A& (Hy) #HAN, B On <0, Gy >08, 2% (3.1) £AFFH & Ey(X2,0,7,)
Ak ey SR BT AR AY

IERR. B (3.1) P AL By AERVRFAE T RN
(A —Cs2) [)\2 — (C11 + C33)A + C11C33 — 013031] =0,

H Cyy=r—dy — aZy, C13 = —aXs, O = B1Xo — (a3 + ¢Z9)Zy — do, C3y = PoZs, Ca3 =
BQXQ — dg. JH: >\1 = 022, )\2 %D >\3 %Tﬁ”ﬁ%%E(J$E

A4+ GsA+ Gy =0,

Hr Gy = —(C11 + Cs3), Gy = C11C33 — C13C3; > 0.

M A <0, Ay <0, A3 <0 HHAY Oy <0, Gs >0, HILRE (3.1) LTS By
Aab 2 S S 3 R 1.

R, I . B (X, Y, Z7) IRRENE. HdERE (3.3) ATLMG AR (3.1) 76 7
RLES SRR AR IR

A+ G5 A2 4+ G\ + G =0, (3.4)

Hrp
GS = _(Dll + D33)7 C"16 = D11D33 - D13D31 - D12D21 - D23D327

G7 = D11D93 D33 + D12 D21 D33 — D21 D13D32 — D12 D3 D3y,
Dy =0, Dipg=-a1 X", Diz=—-aX",

Dy = 1YY", D5y =0, Dys = —a3Y™* — 2cY* 2%,

D3y = 227, D3y = B3(ag +¢Z*) 2", D33 = cB83Y*Z*.

5 Gs < 0, Gg > 0. 3T Routh-Hurwitz fa & MEHIPE 7] LIS 3| PL R E 3.

EIES.1. BiXE&MH (Hs) B2, A Gy <0, A% (3.1) B2 EFHE EX(X*Y* Z*) RR R4
Y.

DOI: 10.12677 /aam.2022.117459 4328 I FH# e


https://doi.org/10.12677/aam.2022.117459

it
&
B
B
Xt

4. R BRENDEF

L0 = < po < pz < - BET —A 5K Neumann W54 T WRHEME, F(u) £
£ HY Q) b opy XRHRRES L 2 {¢i; :j = 1,2,...,dim(E(w))} & E(u) MAniEIERZ I, H
X = [Hl(Q)]37 X = {C¢ij S R?’}, Il

dimE ()

+oo
X = @Xl’ @ X—Z] (4'1>
=1

B %A (Hs) BOL, 4 L = DA+ Ju(U*), &4t (2.2) /£ U* MM RSN U, = LU.
RN >1, X, £HT L F%Kﬂ?ﬁ"], H X2 L W—MREESEACSX « > 1, il X 2FEFE
— ;D + Jyu(U*) —MRIEE, WAER T X PAAAE—NHERE. —u,D + Ju(U*) BIHRHIE 2 i
W

©i(A) = N’ + Hyi;A* + Hy\ + Hy,,

He

Hy; = (diy + dao + ds3) pi + G,
Hy; = (didas + dirdss + daadss) i — [Dssdiy 4 (D1y + Dss)das + Diidssp; + G,
Hs; = d11d22d33,u? — (Ds3dy1 + D11d33)d22u? — [D23Dsad11 + D12 Do d3s

+ (D13D3y — D11 Ds3)dao]pi + G,

D” *D G fﬁ% (3 4) EF‘ ll:':ll ﬁu% d33 > dll, I)_”Jﬁ le: H2zv H3z > O 1+ﬁ_~r'f?
Hiy;Hy; — Hz; = Guipid + Grap? + Gizpi + GG — G, (4.2)

G11 = (di1 + dag + ds3)(di1dag + di1dss + daadss) — diydaadss > 0,

Gi2 = (di1dss + dog + 2d11d2a + 2daads3)Gs — (dyy + da3)(Dsadyy + Diydss) > 0,

G13 = (D11 + D3s)[Dssdyy + Dirdss + (D11 + Dss)das] + Ge(diy + dss) + DagDspdy
+ D12 Ds1dsz — (D12Da1 + DagDsy)das.

WER dyo > diy, dss, WA Giz > 0.

/H:EIEZL].. ’f?ib‘rt,éj%’ﬂ:‘ (Hg), VAR dog > dsz > di1 Il%li Ebﬁ:‘G% <0, Gr > 0, GsGe — Gr < 0, By
DR (2.2) W3 5TF 5 BX(X7,Y*, 2°) RIRAER .

5. HEE

FEIX — 8 55, # i BUE B LR UE BRI L a5 R, R4 (2.1) MAHEMRE N X(0) =
0.41, Y(0) = 0.21, Z(0) = 0.2. HASEEEFEWT: »r =0.7, d; =012, a; = 1.9, ap = 2.5, f; =
2.2, a5 =257, ¢=0.5dy, =02, Bo=1.1, B3 =2, d3 = 0.5.

G, IEHIE O B (3.1) MARRE M. MRPEERL 3.1, MR 3.1) AIEFHE A B =
(0.3430,0.0237,0.2140) HEAFE R (WA 1A 2).
TRk, BESE r=07,d =012, a; =19, ap = 2.5, f1 = 2.2, a3 = 2.57, dy = 0.2, By =

1.1, B3 =2, d3 = 0.5, &Gt (3.1) WA EEIFIEEVERIES, 7E1EF#7 5 B e3h 11547 8 A
3.
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Figure 1. The co-existence equilibrium E* of model (3.1) is unstable. (a) Shared resource; (b) IG prey; (¢) IG
predator

1. B8 (3.1) BIAF P AL B —RARREM. (a) JEERI: (b) IARENEHE; (o) ILARFNRfr

10 T T [T T T
—shared resource X(t)

g IG prey Y(t)
= 8 —IG predator Z(t) o
B N
£ 5
s :
-
24 &
g ]
: —
“ 2

0

0 500 1000 1500 2000
time t

@

Figure 2. The dynamic behavior of the model (3.1). (a) Unstable behavior of population;
(b) phase portrait

2. B (3.1) BB 15T . (a) MREERIANEREAT D9 (b) AHIE

BEAh, HEI N B IS VRN, RS (3.1) £ E* Msh J12EAT R K 4. ZEERWHi&
BEVERPL SRR RAATE.

w5, BANNEFE— RINSECREN RS (2.1): Q=1(0,107], r =0.7, d; = 0.12, oy = 1.9, ap =
25, B = 2.2, az = 257, ¢ = 03, dy = 02, By = 1.1, B3 = 2, d3 = 0.5. WAFEH 4.1, 4
dy1 = 10, da = 20, dsg = 15 I, REE (2.1) IS B RARGER (LA 5).

6. REESRE

ARSI T — DN EAMH BB SR RO a R, Hd, & e R &% e
FFCALTE A 0 SEALRE B I Holling T RUIhRE RN h. B %, ERA T BT O T, Wik 1
BRERLPA fd O AFAE PR AN AR E 1. T BB, RILASIAM BB S S8 c Y, B2 RS
(3.1) BAAATRE. WA, YRS (2.1), FE—EXKH T, REDEAREN.

FEASCHIE TR A 1, 2225 B8 FL A AR S STk A B A VF 2 HoA TARA R0 7E. 35—, BT A
HREHE 3, W Bogdanov-Taken 7330 [FIAE 70 345, FLUR, BT 25 18 91 N UEYR IR i {75458 2 B
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Figure 3. The dynamic behavior of the system at
the positive equilibrium E* without the effect of
hunting cooperation
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Figure 4. The dynamic behavior of the system at the positive equilibrium E* with the effect of hunting
cooperation. (a) Shared resource; (b) IG prey; (c) IG predator

4. AR EENE SRR, KRG E* LR 5AT 8. (a) FAERE: (b) BN EME; (o)
FALREA R

INFESE. D, AR (2.1) Atk b, 25 RE L S BEURURIRE A LRI ¥, DU ) #7F 7E DA R AR
0X (z,t)

ot :dllAX—i-’l"X—le—OélXY—OQXZ, $€Q,t>0,
%‘?t):dggAY+BlX(t—T)Y—(Oég‘l‘CZ)YZ—dQY, IIIGQ, t>0,
Z
W:dggAZ‘FﬁQX(t—T)Z‘Fﬁg(Oég+CZ>YZ—d32, xEQ, t>0,
0X (x,t) _ Y (x,t) _ 0Z(x,t) _o, c e t>0,
ov ov ov
X(z,0) = Xo(x) >0, Y(z,0) = Yp(x) >0, Z(x,0) = Zp(x) >0, z€Q,

Hr a6, LR SRR (2.1) —FE, 7 RN BRI S R i
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Figure 5. Unstable behavior for system (2.1) with di1 = 1, da2 = 0.05, dss = 0.01, mq = 0.8
5. di1 = 1, deo = 0.05, d33 = 0.01m1 = 0.8, A% (2.1) FMAREMET N

EEUH

E X HARFREFEETH (12161054 /2 11661050); Hft & HAARERE S TUH (20JR10RA156).
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