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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. Úó

)Ô�)���û��¸�m�'X�Ø�©. ��¡, )Ô�)·¹ÄÏL¤?��¸��

Ô�!Uþ!&EÚÑE¤, l6±)�; ,��¡, )Ô�)�G�q����/K�X�¸�

�3G¹�uÐCz. 1920 c�, Lotka [1] Ú Volterra [2] ü ÆöJÑ
²;�Ó ö- ��..

�d, Ó ö� ��m��p�^¤�
êÆ.Ú)ÔÆ+������K. �XÓ ö-  �

�.3«+)�Æ¥�2�A^, NõÆö3²;�Ó ö-  ��.�Ä:þ�Ñ
Nõ�ïÄ

¤J [3–6]. Ó ö-  ��.�ÄåÆ1�3)Ô.¥®²¤�
��é��ïÄ��.

3)�XÚ¥, ü�«+�m�'X�UQ´Ó 'Xq´¿�'X [7, 8]. �d, )�Æ[

Polis, Myers Ú Holt [9] ÄgJÑ
� +Ó  (IGP) �.�Vg. T�.£ã
ü�Ô«�p¿

��«]Ó�q´Ó �'X, �{ü�/ª´dn�Ô«|¤: ��]!� +S �Ú�

 +SÓ ö. � +S ��±��]� , � +SÓ ö±� +S �Ú��]�

 . Holt Ú Polis [10] Äg3êÆ�.¥£ã� +Ó �.�Vg, T�./ªXe:

dR

dt
= R(ϕ(R)− ρ1(R,N,P )N − ρ2(R,N,P )P ),

dN

dt
= N(e1ρ1(R,N,P )R− ρ3(R,N,P )P −m1),

dP

dt
= P (e2ρ2(R,N,P )R+ e3ρ3(R,N,P )N −m2),

(1.1)
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Ù¥ R(t), N(t)Ú P (t)©OL«��]!� +S �Ú� +SÓ ö��Ý. ρ2(R,N,P )R

Ú ρ3(R,N,P )N ©O´� +Ó öé��]Ú� +S ��õU�A¼ê, ρ1(R,N,P )R

´� +S �é��]�õU�A¼ê, m1 Ú m2 ´��ÝÃ'�g,k�Ç. ëê e1 Ú e2
©OL«��]é� +S �Ú� +SÓ ö��zÇ, e3 L«� +S �é� +SÓ

 ö��zÇ, Rϕ(R) ´��]�Ñ)Ç. � +SÓ y�3g,.¥??�3, �3)�+

á¥�3X�þ�~f [11–13]. d	, �m�A3� +SÓ �.¥�kNõ�ïÄ [13–16].

 �«+Ï¦2o¤, ¦�Ó öéJé� Ô, B3?zL§¥��)
�X��·A5A

�, Xb¸!|9!Óß�óä, ¿$^p�?1JÂ!8Nö���ª5�Ð/ÓP �. 2017

c, Hilker [17] �<ïÄ
��Ó ö-  ��., ¿òÓ öö�Ü�Ï�± Holling I .õU�

A¼êÚ\: 
dN

dt
= rN(1− N

K
)− Φ(N,P )P,

dP

dt
= eΦ(N,P )P −mP,

Ù¥ N Ú P ©O´ �ÚÓ ö«+��Ý, ¼ê Φ(N,P ) ´ Holling I .õU�A¼ê, =

Φ(N,P ) = λN , λ > 0 ´ü�Ó öé ��ôÂÇ. 3Ó öö�Ü���¹e, õU�A¼ê

Ó��ûu �ÚÓ ö��Ý. ¦�b�, Ü��Ó ö¬l§��1�¥ÉÃ. Ïd, ôÂ �

�¤õÇ¬�XÓ ö�Ý�O\O\. Hilker �<B3�.¥ÏL^���Ý�'�O�~ê

ôÂÇ λ 5L«ù�b�:

Φ(N,P ) = (λ+ aP )N, (1.2)

Ù¥ a > 0^5£ãÓ ö3ö�¥Ü��rÝ, aP ´Ü��. Major [18]ïÄ
 Caranx ignobilis

Ú Hawaiian anchovy �m��p�^, uyÓ ö�+Ø1��U���«·A1��Ó?z,

¦Ó ök�U©)¿�á+Ø� �.

¯¤±�, 3y¢)�¥, Ô«©Ù  ´Øþ!�, ©Ù3�m¥�«+��m���Ù§«

+�p�^, �pK�, *Ñ´��ù�y���Ï��, ��k*Ñ�«+�.�Ä�1�ÏÙ

U�)E,��m�ÛÉ�¯õÆö�'5 [19–22]. Ïd, é*Ñ�A��Ä´�~k7��,

���Cuy¢. ¤±*Ñ�A3Ó ö- ��.¥�2�ïÄ. Ù�.���/ªXe:

∂u

∂t
− d1∆u = f(u)u− p(u, v)v, x ∈ Ω, t > 0,

∂v

∂t
− d2∆v = αp(u, v)v − βv, x ∈ Ω, t > 0,

∂u(x, t)

∂ν
=
∂v(x, t)

∂ν
= 0, x ∈ ∂Ω, t > 0,

u(x, 0) = u0(x) ≥ 0, v(x, 0) = v0(x) ≥ 0, x ∈ Ω,

Ù¥ u(x, t), v(x, t) ©O´ �ÚÓ ö«+�©Ù�Ý, x ∈ Ω ⊆ R3 ´3��äk1w>. ∂Ω

�n�k.�, ν ´>. ∂Ω �ü 	{�þ. f(u) ´ ��Ñ)Ç, p(u, v) ´õU�A¼ê, α

L«Ó ö¯K �¿�z�=zÇ, β ´Ó ö�k�Ç, d1, d2 ©O�ü«+�g*ÑXê.

Guan � [21] ïÄ
��äk �2o���Ó ö- ��., ïá
oäÊìÅ¼ê, y²
*

Ñ�.�²ï:��Û½5, ¿(½
�m�¥�ã(�m, |^ê��[uy
E,�ã(�

ª: ^«!:- ^«��!:�ª. ´L
;J�AéÓ ö- ��.�Ä�K�.

©Ù�{Ü©�SNXe. 31�Ü©¥ò�Ñ�©ïá��.. 31nÜ©¥ò©Û�.3

vk*Ñ�¹e, �²ï:��35Ú½5. 1oÜ©òïÄ�.3Ú\*Ñ��¹e, XÚ�

½5. 1ÊÜ©?1
ê��[, énØ©Û�
�y. 18Ü©?1
(Øo(Ú�5Ð".

DOI: 10.12677/aam.2022.117459 4325 A^êÆ?Ð

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


¾ÿ§�#l

2. �.�ïá

Sapkota [23] �ïÄ
��äkÓ öÜ��Ó ö- ��., T�.´dü �«+ÚVÓ

 ö«+|¤: 

du1
dt

= u1

(
a1 − b1u1 −

ω0(1 + αu2)u2
(1 + αu2)u1 +D0

)
,

du2
dt

= u2

(
− a2 +

ω0(1 + αu2)u1
(1 + αu2)u1 +D1

− ω2u3
u2 +D2

)
,

du3
dt

= u23

(
a3 −

ω3

u2 +D3

)
,

Ù¥ u1, u2 Ú u3 ©OL« �!¥mÚº�Ó ö3?¿�� t ��Ý, º�Ó öÓ ¥mÓ

 ö§¥m�Ó öÓ  �. ¥mÓ ö�m�ö�Ü�éÓ öÚ ��êþÑkXk��K

�. T�.��5½5Úö�Ü��Vëêê�©Û3©z [23] ¥?1. 3dÄ:þ, �Ù��

Ä
*Ñ�A, ïá
� +Ó XÚ:

∂X(x, t)

∂t
= d11∆X + rX − d1X − α1XY − α2XZ, x ∈ Ω, t > 0,

∂Y (x, t)

∂t
= d22∆Y + β1XY − (α3 + cZ)Y Z − d2Y, x ∈ Ω, t > 0,

∂Z(x, t)

∂t
= d33∆Z + β2XZ + β3(α3 + cZ)Y Z − d3Z, x ∈ Ω, t > 0,

∂X(x, t)

∂ν
=
∂Y (x, t)

∂ν
=
∂Z(x, t)

∂ν
= 0, x ∈ ∂Ω, t > 0,

X(x, 0) = X0(x) ≥ 0, Y (x, 0) = Y0(x) ≥ 0, Z(x, 0) = Z0(x) ≥ 0, x ∈ Ω,

(2.1)

Ù¥ X(x, t), Y (x, t) Ú Z(x, t) ©OL«��]«+!� +S �«+Ú� +SÓ ö«+

3 � x Ú�m t ?��Ý, Ω ⊂ RN (N ≤ 3) ´3��äk1w>. ∂Ω �k.�m�, ν ´>

. ∂Ω �ü 	{�þ. d11, d22 Ú d33 ©O´n«+�g*ÑXê, r L«��]«+�Ñ)Ç.

d′is ´n«+�g,k�Ç; α1, α2 Ú α3 ©OL«�g�Ó öü �mSU
¯K ����ê

þ; β′is ´ ���g�Ó öÓ¼�=zÇ, i = 1, 2, 3. ëê c L«� +SÓ ö«+3ö�L

§¥, Ó ö�m�Ó Ü�rÝ. XÚ¥�¤këêþ��~ê.

½Â U = (X,Y, Z)T , D = diag(d11, d22, d33) 9

J(U) =


J1(U)

J2(U)

J3(U)

 =


rX − d1X − α1XY − α2XZ

β1XY − (α3 + cZ)Y Z − d2Y

β2XZ + β3(α3 + cZ)Y Z − d3Z

 .

(2.1) �±U�¤ 
Ut −D∆U = J(U), x ∈ Ω, t > 0,

∂U

∂ν
= 0, x ∈ ∂Ω, t > 0,

U(x, 0) ≥ 0, x ∈ Ω.

(2.2)
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3. �.�½5

ùÜ©¥, Ì��ÄXÚ (2.2) éA� ODE XÚ�²ï:��35!½5!Hopf ©|��

35Ú5�. ODE �.Xe:

dU

dt
= J(U). (3.1)

XÚ (3.1) k±e�K~ê):

(1)²�) E0(0, 0, 0);

(2)� +SÓ ö«+Ø�3�, XJ^� (H1) : r − d1 > 0 ¤á, k>.²ï: E1(X1, Y1, 0),

X1 = d2
β1
, Y1 = (r−d1)

α1
;

(3)� +S �«+Ø�3�, XJ^� (H2) : r − d1 > 0 ¤á, k>.²ï: E2(X2, 0, Z2),

X2 = d3
β2
, Z2 = (r−d1)

α2
;

(4)��²ï: E∗(X∗, Y ∗, Z∗), Ù¥ X∗ = c(Z∗)2+α3Z
∗+d2

β1
, Y ∗ = d3−β2X

∗

β3(α3+cZ∗)
, Z∗ ´e����g

�§���:

A1Z
2 +A2Z +A3 = 0, (3.2)

Ù¥
A1 = c(α1β2 − α2β1β3),

A2 = cβ1β3(r − d1) + α3(α1β2 − α2β1β3),

A3 = α3β1β3(r − d1) + α1(d2β2 − d3β1).

,��â(k�ÎÒOK, �±wÑXÚ (3.1) ¥��²ï:��35´�~E,�. Ïd, �©�

?ØÙ¥�«�¹, =XÚ (3.1) �k����²ï:�^��

(H3) : d3 − β2X∗, A1 > 0, A2 > 0, A3 < 0.

�e5, ò|^IO�5z�{5ïÄz�²ï:�½5. �. (3.1) � Jacobian Ý
�

JU =

 J11 J12 J13
J21 J22 J23
J31 J32 J33

 , (3.3)

Ù¥
J11 = r − d1 − α1Y − α2Z, J12 = −α1X,

J13 = −α2X, J21 = β1Y,

J22 = β1X − (α3 + cZ)Z − d2, J23 = −α3Y − 2cY Z,

J31 = β2Z, J32 = β3(α3 + cZ)Z,

J33 = β2X + β3(α3Y + 2cY Z)− d3.

Ún3.1. XÚ (3.1) �²�²ï: E0(0, 0, 0) o´Ø½�.

y². XÚ (3.1) 3²ï: E0 ?�A��§�

[λ− (r − d1)] (λ+ d2)(λ+ d3) = 0.

��±��éA�A���

λ1 = r − d1 > 0, λ2 = −d2 < 0, λ3 = −d3 < 0.
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¤±XÚ (3.1) 3²ï: E0 ?´Ø½�.

Ún3.2. 3^� (H1) ¤á�, XJ B33 < 0, XÚ (3.1) 3>.²ï: E1(X1, Y1, 0) ?´ÛÜ
ìC½�.

y². �âÝ
 (3.3), �. (3.1) 3²ï: E1 ?�A��§�

(λ−B33)
[
λ2 − (B11 +B22)λ+B11B22 −B12B21

]
= 0,

Ù¥ B11 = r−d1−α1Y1, B12 = −α1X1, B21 = β1Y1, B22 = β1X1−d2, B33 = β2X1 +α3β3Y1−d3.
Ïd, λ1 = B33, λ2 Ú λ3 ´e��§��:

λ2 +G1λ+G2 = 0,

Ù¥ G1 = −(B11 +B22) > 0, G2 = B11B22 −B12B21 > 0.

l±þ©Û�±�Ñ λ2 < 0 Ú λ3 < 0, � B33 < 0 �, XÚ (3.1) 3>.²ï: E1 ?´ÛÜ

ìC½�.

Ún3.3. 3^� (H2) ÷v�, � C22 < 0, G3 ≥ 0 �, XÚ (3.1) 3>.²ï: E2(X2, 0, Z2)

?´ÛÜìC½�.

y². �. (3.1) 3²ï: E2 ?�A��§�

(λ− C22)
[
λ2 − (C11 + C33)λ+ C11C33 − C13C31

]
= 0,

Ù¥ C11 = r − d1 − α2Z2, C13 = −α2X2, C22 = β1X2 − (α3 + cZ2)Z2 − d2, C31 = β2Z2, C33 =

β2X2 − d3. Ïd λ1 = C22, λ2 Ú λ3 ´e��§��:

λ2 +G3λ+G4 = 0,

Ù¥ G3 = −(C11 + C33), G4 = C11C33 − C13C31 > 0.

l�Ñ λ1 < 0, λ2 < 0, λ3 < 0 ��=� C22 < 0, G3 ≥ 0, ÏdXÚ (3.1) 3>.²ï: E2

?´ÛÜìC½�.

�e5, ©Û��²ï: E∗(X∗, Y ∗, Z∗) �½5. dÝ
 (3.3) �±�Ñ�. (3.1) 3²ï

: E∗ ?�A��§Xe

λ3 +G5λ
2 +G6λ+G7 = 0, (3.4)

Ù¥
G5 = −(D11 +D33), G6 = D11D33 −D13D31 −D12D21 −D23D32,

G7 = D11D23D32 +D12D21D33 −D21D13D32 −D12D23D31,

D11 = 0, D12 = −α1X
∗, D13 = −α2X

∗,

D21 = β1Y
∗, D22 = 0, D23 = −α3Y

∗ − 2cY ∗Z∗,

D31 = β2Z
∗, D32 = β3(α3 + cZ∗)Z∗, D33 = cβ3Y

∗Z∗.

�� G5 < 0, G6 > 0. Äu Routh-Hurwitz ½5�â�±��±e½n.

½n3.1. b�^� (H3) ÷v, k G5 < 0, XÚ (3.1) 3��²ï: E∗(X∗, Y ∗, Z∗) ?´Ø
½�.
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4. �A*Ñ�.�ÄåÆ

- 0 = µ1 < µ2 < µ3 < · · · ´�f −∆ 3àg Neumann >.^�e�A��, E(µi) ´

3 H1(Ω) þ µi éA�A��m. - {φij : j = 1, 2, . . . ,dim(E(µi))} ´ E(µi) �IO��Ä, �

X = [H1(Ω)]3, Xij = {cφij : c ∈ R3}, K

X =
+∞⊕
i=1

Xi, Xi =

dimE(µi)⊕
j=1

Xij . (4.1)

b�^� (H3) ¤á, - L = D∆ + JU(U∗), XÚ (2.2) 3 U∗ ?��5zXÚ� Ut = LU.

éz� i ≥ 1, Xi 3�f L e´ØC�, � λ ´ L ���A����=�é i ≥ 1, XJ λ ´Ý


−µiD + JU(U∗) ���A��, K3�f Xi ¥�3��A��þ. −µiD + JU(U∗) �A�õ�

ª´

ϕi(λ) = λ3 +H1iλ
2 +H2iλ+H3i,

Ù¥

H1i = (d11 + d22 + d33)µi +G5,

H2i = (d11d22 + d11d33 + d22d33)µ
2
i − [D33d11 + (D11 +D33)d22 +D11d33]µi +G6,

H3i = d11d22d33µ
3
i − (D33d11 +D11d33)d22µ

2
i − [D23D32d11 +D12D21d33

+ (D13D31 −D11D33)d22]µi +G7,

Dij Ú Gi 3ªf (3.4) ¥�Ñ. XJ d33 ≥ d11, Kk H1i, H2i, H3i > 0. ÏLO���

H1iH2i −H3i = G11µ
3
i +G12µ

2
i +G13µi +G5G6 −G7, (4.2)

G11 = (d11 + d22 + d33)(d11d22 + d11d33 + d22d33)− d11d22d33 > 0,

G12 = (d11d33 + d222 + 2d11d22 + 2d22d33)G5 − (d11 + d33)(D33d11 +D11d33) > 0,

G13 = (D11 +D33)[D33d11 +D11d33 + (D11 +D33)d22] +G6(d11 + d33) +D23D32d11

+D12D21d33 − (D12D21 +D23D32)d22.

XJ d22 ≥ d11, d33, Kk G13 > 0.

½n4.1. b�^� (H3), ±9 d22 ≥ d33 ≥ d11 ÷v, duG5 < 0, G7 > 0, G5G6 −G7 < 0, ¤
±XÚ (2.2) ���²ï: E∗(X∗, Y ∗, Z∗) ´Ø½�.

5. ê��[

3ù�Ü©, òÏLê��[5y²cA!�©Û(J. XÚ (2.1) �Ð�b�� X(0) =

0.41, Y (0) = 0.21, Z(0) = 0.2. Ù¦ëê�ÀJXe: r = 0.7, d1 = 0.12, α1 = 1.9, α2 = 2.5, β1 =

2.2, α3 = 2.57, c = 0.5, d2 = 0.2, β2 = 1.1, β3 = 2, d3 = 0.5.

Äk, y²~�©�. (3.1) �½5. �â½n 3.1, ���. (3.1) k�²ï: E∗ =

(0.3430, 0.0237, 0.2140) �´Ø½� (�ã 1Úã 2).

�e5, �½ëê r = 0.7, d1 = 0.12, α1 = 1.9, α2 = 2.5, β1 = 2.2, α3 = 2.57, d2 = 0.2, β2 =

1.1, β3 = 2, d3 = 0.5, XÚ (3.1) vkÓ öö�Ü��A�, 3�²ï: E∗ ?�ÄåÆ1��ã

3.
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Figure 1. The co-existence equilibrium E∗ of model (3.1) is unstable. (a) Shared resource; (b) IG prey; (c) IG
predator

ã 1. �. (3.1) ���²ï: E∗ ´Ø½�"(a) ��]¶(b) � +S �¶(c) � +SÓ ö

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

ã 2. �. (3.1) �ÄåÆ1�"(a) «+�Ø½1�¶(b) �ã

d	, �Ú\Ó öö�Ü��A�, XÚ (3.1) 3 E∗ ?�ÄåÆ1��ã 4. TãL²Ó 
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��, ·�ÀJ�X�ëê5�[XÚ (2.1): Ω = [0, 10π], r = 0.7, d1 = 0.12, α1 = 1.9, α2 =

2.5, β1 = 2.2, α3 = 2.57, c = 0.3, d2 = 0.2, β2 = 1.1, β3 = 2, d3 = 0.5. �â½n 4.1, �

d11 = 10, d22 = 20, d33 = 15 �, XÚ (2.1) ���²ï: E∗ ´Ø½� (�ã 5).
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Figure 3. The dynamic behavior of the system at
the positive equilibrium E∗ without the effect of
hunting cooperation

ã 3. XÚvkÓ öö�Ü��A�§3�²ï:
E∗ ?�ÄåÆ1�

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

ã 4. �kÓ öö�Ü��A�§XÚ3�²ï: E∗ ?�ÄåÆ1�"(a) ��]¶(b) � +S �¶(c)
� +SÓ ö

\ý¢. Ïd, 3�. (2.1) Ä:þ, �Ä��]«+�B��¢, K�ïÄ±e�.:

∂X(x, t)

∂t
= d11∆X + rX − d1X − α1XY − α2XZ, x ∈ Ω, t > 0,

∂Y (x, t)

∂t
= d22∆Y + β1X(t− τ)Y − (α3 + cZ)Y Z − d2Y, x ∈ Ω, t > 0,

∂Z(x, t)

∂t
= d33∆Z + β2X(t− τ)Z + β3(α3 + cZ)Y Z − d3Z, x ∈ Ω, t > 0,

∂X(x, t)

∂ν
=
∂Y (x, t)

∂ν
=
∂Z(x, t)

∂ν
= 0, x ∈ ∂Ω, t > 0,

X(x, 0) = X0(x) ≥ 0, Y (x, 0) = Y0(x) ≥ 0, Z(x, 0) = Z0(x) ≥ 0, x ∈ Ω,

Ù¥Ð©^�!>.^���. (2.1) ��, τ L«��]«+�B��¢.
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Figure 5. Unstable behavior for system (2.1) with d11 = 1, d22 = 0.05, d33 = 0.01, m1 = 0.8

ã 5. d11 = 1, d22 = 0.05, d33 = 0.01m1 = 0.8§XÚ (2.1) �Ø½51�
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