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CAO Meiqi
Abstract: In view of the density dependence of mature individuals, a two-stage cannibalistic model with the egg-to-
maturity stage was established. The dynamic behaviors of the model were discussed from two aspects. In the case without

cannibalism, the global asymptotic stability of the equilibrium points was proved through construction of the Lyapunov

51 FH
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Finally, the theoretical results were verified through numerical simulation.
(=]

function, while in the case with cannibalism, the existence of saddle-node bifurcation due to cannibalism was proved with
the center manifold theorem. Through construction of the Dulac function, nonexistence of the limit cycle in the two-

dimensional autonomous system was elucidated, and therefore, the global stability of the equilibrium points was obtained.
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F(E)EQO, M) LA PIAARRINIER, 5332 EAE (E. < EX < E*).

F1 O MTFF(E) = OfFEME—IEZ S A, ¥izRich £, iR F (E*) > 0;
@ XFF(E) = OfFAEERIIEIE, B EMRICHEL, HIWERF (EX) =0;



%3 4 BUPGL, A5 BTG B B 2 B TR 2R AR BR3¢  Hr 361
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EE 6 X THAI(L), Ma>rii#d=rHbd[dB-a)-a] <b?>chT, FIRERK LA 550, 0,007E X D F IR
PRS0 X TR AT A A, (B, A SR R RS 1 (B AV ANERE 1Y (B, AL R34 1

MERR AL (1) 7E0, (0,0)2b Y Jacobi HH [ K

Jon=( ")

Hrf
r(J (02) = =(b+d) <0, det(J (02)=b(d~1).
PRI, d > I, S50, (0,00 52 R MM RAE 13 24 < rF, A 15,0, 0,0) 2 AFASE 95 Md = I, 485
020,007 — " Hr A i
JUT 2 a = r i B 23 5.0, 0,0) RS E IE, T 1 e

HH

MR (1) 28R
& L bd@(B-a)-a) - el + Bxy—d [d(B-a) -+ ey +olln P,
dr — d+b (8)
% =—(d+b)y- ﬁ {blb(a+ad—c) +Bd*1x* + Dxy —dFy* +o(|x,y]*)},
Hrp
B=d[(b—d)(d(B—a)—a)+2bc],
D = (b—d)[d*(B—a)+ba]+2bd[c—a(d+D)],
F =b(a—ad—ba)+d(Bd—ad+c).
R GE () FESE AL T TAT My = £ (0) = na® + o), IR L IRIE I 45 78 RGN ok T, A U
Jﬁj

1
{bIb(e + ad — ¢) + Bd*1x* + Bxy — dFy*+o(x,y1>)} =

—(d+b)y—m

1
d+b

Py = na? +o(HIRA L, B RIVCR R 5, A
[b(a +ad —c) +Bd*].

[2nx + o) {[bd(d(B — a) — @)—b>c)x® + Axy — d*[d(B— a) — a + cly*+o(x, yI)).

T T d+b)
AL RS (8) B Hh iR IE A

[b(a+ad-c)+Bd*1x + o(x>).

YT dTby

BE— R D IREARA R GE(8) BUER— D Ir e, 158 HhO ST L ROl 2



362 VA= I Q= | B A B 2023 4F A 44 %

N AT P2
X = bdld (8 da:ba] b e (de)% [b(a+ad - c) +Bd* 1~

dZ 2
(d+b)

Mbd[d(B—a)-a] = b2, REGE(8) HATEE WAL Mbdld (8- a)—a] < b2, REGE(8) TEx > 0— Il (14 J5L A5
EARAE s Mbdld(B-a) - a] > b2l RGE(8) TEx > 0— A S s Ay .

25 IR, 2Md > riiE d = r B bd[d(B-a) - a]<b>clb}, B K 248745 500, 0,007E X 8 D |2 Ja) 0 7 i 2
SE.

AR (1) (RS A s AR S T

PRI (1 )?T:E—IEEF@T,'?(E,Z)%E"J Jacobi E 4N
ard z—ax—b — —aF
(1+aE) 1 +aE

BdA
(1+BE) 1+pE
H AT — 1A A (E.A) il A2 R (7), B
arA rA(1 +2aE) r — d — bE

_2—aA—b:— ——aF = +cA=—.
(1+aE) E(1+aE) " 1+aE 1+BE A

[b(cx+ad—c)+,8d2]2[d(ﬂ—a)—a'+c]x4+0(x5).

—2cA

TR

tr(J) = —

rf(l +2sz) —( d_ +2cX) <0,
E(1+aE) 1+BE

bE
— b+
A

detT) - rA(1 +24E) ( d_, ch) ~ BdA

E(1+aE) \1+BE (1+BE)
rix(1+2fb;)( d_“Z) crA” (1+2aE) b( d_+CZ)_ ﬁbdfz
E(1+aE)” \1+BE EQ +aE) 1+BE (1+BE)
abE(1 + 2aE) bdE(a—-p) e+ 3aE)A ac(l+ 2aE)A

1+aE (1+aE)(l+ﬁE) 1+aE 1+aE

T = L) ok st i

r—aE(l +aFE)
dot(F) = abE(1 +2aE) bdE(a—p) . cb*E(1 +3aE) cab2E2(1 +2aE)(1+aE) _
1+aE (1+aE)(1+ﬁE)2 r—aB(+aE)  [r—aE(l+aE)]
- — — —2
bE_{ d(a—f)2 +a(l +24B) bl +af)(l +iaE) , cabE(l +_2aE)(1_+(;E) }:
L+aE \(1+BE) r—aE(l+akE) [r—aE(l +aE)]
bE_F’(E).
1+aE

HRAE BRELF (E) = 0FE (0, M) L ZF S AEAENE, X TP 55(E*,A%), F/(E%) > 0Bl det(J*) > 0, “FAif £ (E*, A" & =)
BT T AR 15 X T A (LAY, F(EL) < OB det(J,) <0, P 55 (B, A0 AN FRE 195 XF T 7 i 45 (B3, AD),
F/(E2) = 0ldet (%) = 0, DA AS 2 P-4 15 (B, A5 & — > B B4 .

FIWT T AT R B AD IR EME. B e R u=E-ElLv=A-AL [RABRI(D P,

du r(v+A*)

= ———— —a(u+E)(v+A,) - bu+E,),

T " Tramrgs CUrENWHAD bt ED .
. dv+A; .

d_ bu+Ey)— —) —c(v+AN2.

dr 1+Bu+E,)



%3 4 BUPGL, A5 BTG B B 2 B TR 2R AR BR3¢  Hr 363

i, 15
du  rAi(1+2aE;) bE,
- = —ﬁu+ — V-
(1 +aED A,
d dA;
_V =|b+ ﬁ . 2
de (1+BES)

ar

.2

_ uv+o(lu, v|3),
(1+akE,)

+a

(100

+2CA:]V— uv—cv2+0(|u,v|3).

N

1+BE, (1+BEY)
i Fdet(J2) =0, B

rAL(1+2aED (4 .\ DE.

5 *+ CA* = —5

E.(1+aE;)” \1+BE, A,

BdA,
(1+ED |

WA R G (10) fE e
bE, bE.
; Al Al B
( ): ( ) an
v rAL(1+2aEY) d A
+2cA,

E'(1+aE*Y  1+BE;

NI (1) A Ay
% = —é{D(G +cD)x? +[(B-D)G +cD) — DG]xy—

(B~ D)[G —c(B~D)ly* +0(x,y*)}, a2
&y_ 5 1 2 _
i By B_D{D(H+cD)x [(B—D)(H +2¢D) — DH]xy+

(B-D)[H - c(B-D)ly* +o(lx,y)},

. rAL(1+2aE)) b rAs(1 +2aEy) d
+ ,D= ,F= ,
1+pE;, Ef(1+aEY E'(1+aEY 1+pE;,

G =

d .| PEi  pd bE,  pd
ar 2+a( *+20A*]+ = P 5. H=— b 7
(1+aEy) 1 +BE, As (1+BE)) As (1+BE))

5 R HE R I LT 1 1 50— 2 AR O RE R 2

X = —% (G +cD) x> +0(x).
Zr Bk, R28:(12) 15 e el ad, MRPEZAR 40 (11) R HIPPA ASU(ES, AD AR (1) A 45 i

SHFAERI(1), 3z FHSCRk [21] BYTERA 7925, B Dulac BN B(E,A) = 1/(AE), WIAEX I D A

d(BP) 9d(BQ) r(1+2akE) b ¢
+ =- -Z_-Z<o.
OE 0A E2(1+aE)?* A? E

FIE L, AR (1) ATFAESE A S 7 IX I D HP 0 P e AR AT T I A5 L SF- 8 0 e iR e e, B (1) |9
TESPA7 25 1) 4 R R A AN T e L

FI 7 XFTREICL), MK 4 -1 150, 0,007E XS D F 22 R i fa s 1 (& 1) 5 3 TR BEAE S P
R (B AN JEME— IESE i S, HAE X D R 2 R R e 10 (18] 2) 5 77 7E IE A 5 (., Ao (E*, A% B,
FeE IE R S — PR (X358 D) 73 1 1 PIER 53 DRI Dy, (HASEEAY (1) F)4h £L7E D L A ] T 0, (0,0), WG
RTEDE G T (B, A (8] 3); AR ME— R4S RUED ADIE, BB (1) W) 4G 7D YAk 1) TR K 4
A7 5.0, (0,0), WM sAED RS ) T (EL, AD (K] 4).

3 BOfE AU

AR T BAE FRZSEE, FIFH MATLAB 842X T 1545 S -4 TR A
D LAY (1) 57 AE PP BE K 48 - i /5.0, 0,0), BUZS $r=0.35, a=0.015, @ =025, 8=0.03, b=0.3, d=0.55,




364 MO % % M h 2023 4F 5§ 44 B

=025, 2d > rivf, PRER L8P 180, 0,00 7E XS D J2 2 Rlna s my, sl 1 s,

@ Ha<riif, BB (1) £ K I D A ME— I 7 i 21 (7,47, BB Hr=09, a=0.02, a=0.1, =12,
b=03, d =045, ¢ =0.25, I — T 747 S5O A (3.13,1.76), 17 s5U7E X BE D N2 4 i de o 1, anial 2
iR,

@ Md>r, (a-pyd+a+cb/r<0H F(E:) <ORF, BLAY (1) 7E X 5L D P A7 TE PI ATl RE A7 305 1 A 65 (B, A0
(E*,A%), BUZHr = 0401, a=0.01, = 0.05, 8=0.52, b=0.3, d = 0.55, ¢ = 0.001, Wi FPREAE 15 -5 5 0 BRU(E 20 591
(EAs) = (1268, 1144 FI(E*, A*) = (4.020,6.536), WU - 15 (E*, A%) 242 SRy A2 1Y, (B AR ARE Y, HAF-
ROREE R, WNE 3 PR,

@ Md>r, (a-pyd+a+cb/r<OHF(ED) = b, BAI( D FEX L D A ME—E A 5 (E2,AL), BB ELr = 0.386,
a=0.01,a=0.05,8=0.502, b=03,d =055, c = 0.001, JH A7 5 (B, A%) 45 55, BUE N (2.454 1, 2.828 6), WA 4
JFiR.

0.6 10
8 L
0.4+
6
A A
4 L
0.2+
F 2 [
e
0,
0 0 ‘ ‘ ‘
0 0.2 0.4 0.6 0 2 4 6 8 10
E E
B 1 BA (1) AR K LV R I i B g 24 S 2 MR (1) fEd < rITREAEME—FPREAEIE P05 S 0 300 S
Fig. 1 The model (1) dynamics with a population extinction Fig.2 The model (1) dynamics with a unique population survival
equilibrium point equilibrium point for d < r
12 . . : : . 5
4
8 L
| 3
o
4 A
2
4
1
D DL, 0,
0 0
0 O 2 4 6 8 0 1 2 3 4
E E
B3 MR (1) AR VA7 S M 3l S 4 B (1) FAAERRE R s
Fig. 3 The model (1) dynamics with 2 population survival Fig.4 The model (1) dynamics with saddle nodes

equilibrium points
- >
4 45 e

ARSCEEMTT T — I RA G B B 29 1 TR AR SR 28, Sl A AN A R A & AP AE R AR &
PSS THSIE 1 P 5B B0 7 AR Gl X B, e BN - G B )[R AT 2 (AR = A 25 k05, IR L
SR A —E TR R B e 2O 35 AR SO I e S OB B KON BE R R 1 AR S R 48, (R
A S BEXT B ) RIS AR A ] TR ) A7 9] 0 A S S £ P — 1 DIt v LA AR £ Bt T L — 1



ﬁ;

3 BUPGL, A5 BTG B B 2 B TR 2R AR BR3¢  Hr 365

REREAT K, I UL U I F AT TR LR HAT A= W ).

M 2 WX (1) 9 3h 27008, B A B BUA Ry = r/d, RIVGI ) SE5E -5 AR Be AL TR 2
FE, SIS IE 1 2 B E PR I A JE: 2R, > 1, A S AU SR AT s 2R < 1, FORBIE I A 77 3R
BEHBOG S, A SR B B, B I RIAR B AR A2, 55 [RIRAR B A 28 Ko, g X R REA 7 -1
S EARRC R, Tl X T A RAEASAL, S0 T Yo < g, TERVREAAIE T RUAA AR 26 F R, B R Y
SR AR E PRI AL E B 7 BAEIE; (e =, HARFF BB HON AL BRI, B8 (1) A7 AEME— AR AT
0P R B, A, FoA ISP R AP AE, U 280, g MU EL S 5L IR AR B ) S 2O 25 IR B, FEFPREAT
TEFIZAHE AR B, T IFE ST IR Al PR BAR AT 00 T AAT, AR B RIS DL T, Al RE2s S Eomh it
KA,

ARSCHIWTFEE R UL 1 [F) AR B2 A Wi e 2 8] B — o N BRI T AL, O 1 SRR S PR AR ARG, FAT)
K75 X R AR B AT A 2R, B 25 0 AR L 2 RO 25 58S AL IR 2. DS 2209 T AR, 38417
ok ELAT MG B 2 P ] 240 14 ) SR AR B AL JR T A D RS B2,

2% 3k ( References )

(11 07, &L, Uiy, MaEEME AT BB - s 0 i [J]. W ATEEATI#, 2017, 38(3):
355-368. ( ZU Li, HUANG Dongdong, LIU Yang. Dynamics of dual-dispersal predator-prey systems under
stochastic perturbations[J]. Applied Mathematics and Mechanics, 2017, 38(3): 355-368.(in Chinese))

[2]  E/NR, /AR, 22t 4. BT Holling IV AE N A8 22 GeRARAS SO il LI, I FHECA A F127, 2020, 41(12):
1369-1380. ( WANG Xiaoe, LIN Xiaolin, LI Jianquan. State feedback control of predator-prey systems with
Holling IV functional responses[J]. Applied Mathematics and Mechanics, 2020, 41(12): 1369-1380.(in Chinese))

(3] BRECH, ¥, X7, 5. HAT Gilpin-Ayalat¥ K o BEHLI - WA 3 1747 o (). I F 27, 2022,
43(4): 453-468. (CHEN Qianjun, JIANG Yuan, LIU Zijian, et al. Dynamic behavior of a stochastic predator prey
model with the Gilpin-Ayala growth[J]. Applied Mathematics and Mechanics, 2022, 43(4): 453-468.(in Chinese) )

(4]  BRWA, BRRME, WO, 55, AARMR R 2EH & [I]. T ERHEAE, 2019(7): 252-256. (HUANG Daming,
ZHANG Tianxi, LI Shufen, et al. Cannibalism in natural populations[J]. China Science & Technology Overview,
2019(7): 252-256.(in Chinese))

[5] CUSHING J M, HENSON S M, HAYWARD J L. An evolutionary game-theoretic model of cannibalism[J]. Nat-
ural Resource Modeling, 2015, 28(4): 497-521.

[6] CUSHING J M. A simple model of cannibalism[J]. Mathematical Biosciences, 1991, 107(1): 47-71.

[7] RICHARDSON M L, MITCHELL R F, REAGEL P F, et al. Causes and consequences of cannibalism in noncar-
nivorous insects[J]. Annual Review of Entomology, 2015, 55(1): 39-53.

[8] GABRIEL W. Overcoming food limitation by cannibalism: a model study on cyclopoids[C]1//Ergebnisse der Lim-
nologie Advances in Iimnology. Stuttgart: E. Schweizerbart ’sche Verlagsbuchhandlung ( Nigele u. Obermiller) ,
1985: 373-381.

[9] VAN DEN BOSCH F, DE ROOS A M, GABRIEL W. Cannibalism as a life boat mechanism[J]. Journal of
Mathematical Biology, 1988, 26(6): 619-633.

[10] VAN DEN BOSCH F, GABRIEL W. Cannibalism in an age-structured predator-prey system[J]. Bulletin of
Mathematical Biology, 1997, 59(3): 551-567.

[11] WIKAN A, EIDE A. An analysis of a nonlinear stage-structured cannibalism model with application to the
northeast arctic cod stock[J]. Bulletin of Mathematical Biology, 2004, 66(6): 1685-1704.

[12] CHAKRABORTY K, DAS K, KAR T K. Combined harvesting of a stage structured prey-predator model incor-
porating cannibalism in competitive environment[J]. Comptes Rendus Biologies, 2013, 336(1): 34-45.

[13] BISWAS S, CHATTERJEE S, CHDATTOPADHYAY J. Cannibalism may control disease in predator popula-
tion: result drawn from a model based study[J]. Mathematical Methods in the Applied Sciences, 2015, 38(11):
2272-2290.

[14] ZHANGF Q, CHEN Y M, LI J Q. Dynamical analysis of a stage-structured predator-prey model with cannibal-


https://doi.org/10.3969/j.issn.1671-2064.2019.07.116
https://doi.org/10.1111/nrm.12079
https://doi.org/10.1111/nrm.12079
https://doi.org/10.1016/0025-5564(91)90071-P
https://doi.org/10.1007/BF00276144
https://doi.org/10.1007/BF00276144
https://doi.org/10.1007/BF02459465
https://doi.org/10.1007/BF02459465
https://doi.org/10.1016/j.bulm.2004.03.005
https://doi.org/10.1016/j.crvi.2013.01.002
https://doi.org/10.1002/mma.3220
https://doi.org/10.3969/j.issn.1671-2064.2019.07.116
https://doi.org/10.1111/nrm.12079
https://doi.org/10.1111/nrm.12079
https://doi.org/10.1016/0025-5564(91)90071-P
https://doi.org/10.1007/BF00276144
https://doi.org/10.1007/BF00276144
https://doi.org/10.1007/BF02459465
https://doi.org/10.1007/BF02459465
https://doi.org/10.1016/j.bulm.2004.03.005
https://doi.org/10.1016/j.crvi.2013.01.002
https://doi.org/10.1002/mma.3220

366

VA S G L 2023 4F 5 44

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ism[J]. Mathematical Biosciences, 2019, 307: 33-41.

CHEN M J, FU S M, YANG X L. Global behavior of solutions in a predator-prey cross-diffusion model with can-
nibalism [J]. Complezity, 2020, 2020: 1265798.

KIT, W/, 2RSSR P B [F A ALY 3 25 4 [T ). LRRCA 2741, 2021, 38(2): 214-228.
(ZHU Xue, LIN Xiaolin, LI Jianquan. A dynamics analysis of cannibalism model with two-stage structure[J].
Chinese Journal of Engineering Mathematics, 2021, 38(2): 214-228.(in Chinese) )

A, RS, — 28 B (R 280 B Y B AR e i R A B (I, I PU K224 (B AR B4R, 2022, 45(2): 348-355.
(MA Xingyuan, QIU Zhipeng. Analysis of an insect epidemic model with cannibalism[J]. Journal of Shanxi Uni-
versity (Natural Science Edition), 2022, 45(2): 348-355.(in Chinese))

KANG Y, RODRIGUEZ-RODRIGUEZ M, EVILSIZOR S. Ecological and evolutionary dynamics of two-stage
models of social insects with egg cannibalism[J]. Journal of Mathematical Analysis and Applications, 2015,
430(1): 324-353.

NAKAMURA K, HASAN N, ABBAS I, et al. Generation cycles in Indonesian lady beetle populations may occur
as a result of cannibalism[J]. Proceedings of the Royal Society B: Biological Sciences, 2004, 271: S501-S504.
BR2Z2FR, A, B0 8. BrBSmmh i sh Ji2Esiml [J]. Jbde Rz g 40 (A SRRMER), 2000, 1(3): 185-191. (CHEN
Lansun, WANG Dongda, YANG Qichang. The models of stage-structured population dynamics[J]. Journal of
Beihua University (Natural Science), 2000, 1(3): 185-191.(in Chinese))

XA, TRREE, 2R A W2 B X BB B S A AP AR B (Y ) s L] e i S 5, 2017, 47(20): 147-
154. (ZHAO Tian, ZHANG Fengqin, LI Jianquan. Effect of cannibalism on dynamics of a population model with
two-stage structure[J]. Mathematics in Practice and Theory, 2017, 47(20): 147-154.(in Chinese) )

ZEfE, IVEEA, WTRT. PN S G I XA S IR AR s AT 2T (T, N ISR )%, 2022, 43(6): 669-681. (LI
Jing, SUN Guiquan, JIN Zhen. Effect of intraspecific competition delay on vegetation periodic oscillation pat-
tern[J]. Applied Mathematics and Mechanics, 2022, 43(6): 669-681.(in Chinese))


https://doi.org/10.1016/j.mbs.2018.11.004
https://doi.org/10.3969/j.issn.1005-3085.2021.02.006
https://doi.org/10.3969/j.issn.1005-3085.2021.02.006
https://doi.org/10.1016/j.jmaa.2015.04.079
https://doi.org/10.1016/j.mbs.2018.11.004
https://doi.org/10.3969/j.issn.1005-3085.2021.02.006
https://doi.org/10.3969/j.issn.1005-3085.2021.02.006
https://doi.org/10.1016/j.jmaa.2015.04.079

	0 引　　言
	1 模型的建立及其正不变集
	2 模型的动力学分析
	2.1 不存在同类相食模型的动力学分析
	2.2 同类相食模型的动力学分析

	3 数 值 模 拟
	4 结　　论
	参考文献

