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Adaptive Evolution Analysis of a Predator-Prey Model
With Group Defense

LI Shigi, TANG Sanyi
( School of Mathematics and Statistics, Shaanxi Normal University, Xi’an 710119, P.R.China )
(Contributed by TANG Sanyi, M. AMM Editorial Board)

Abstract: Based on the theoretical framework of adaptive dynamics, the evolution of the predator-prey model with
functional response of group defense effect on the predator handling time, was investigated. Firstly, in view of the
interaction of predator populations with interspecific competition, the evolutionary conditions for a single predator
population to split into 2 populations with different strategies through evolutionary branching were given. Secondly, when
the ecological equilibrium of the model is unstable and the system has a limit cycle, the population will have strong
coexistence under large mutation, but this coexistence will be evolutionarily unstable. Finally, the conclusions for the model
with Holling- I type functional response were compared. The results indicate that, with a sufficiently large prey carrying

capacity, group defense effects can evolutionarily lead to the extinction of predators.
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ARFTTE AL, A B - A B AR E A A, U — Ml B R BERS AR LA SRR P R ) B
HAEAT. 1 SCHIR [30-31] Hh A Rs e S-S5 D0 AL I U A4 5C 28 TR, AR SRR TR 2 —ZE A, LA £ 2 b A 1) ol
R AR T I — 5 ) R 1 180 G ) PR, 5 HLOCE N () < N (B) (BN () > N () I, — 55T
G o BE RS FRCEI AN SRS hy ) R E AR R T, 72 LA SN B 2R T, PIP 250G T XA Zh = by B0
PRE. IS B - Bl R (3) ARSI A IR 2 Ak T AR E A s AR, HEAL I 22 S BUR AR ope, AT
TSRV B EAE AR 8l 2 1) s A fe /M (BoRAE).

IR, YR B AT I BRERI, FIRES BRI ML 1. STk [22] AT, Q2R AR (4) F(5) oz, T &
5t (3) A — A HEF A B (N, PSR FRUE 1. ISR A (4) A

2aNTNTYY) s frgims (10) 025 5% e
(a+h*(N*)?)

— \JV2(h) — 2 2(h) — 2
2y(h) \/2h(Dh) 4ahD <K< v(h)+ \/); }EZ) 4ahD (23)

FST. , it Hh 2R SR — P AR E A B IR 2 K = 2y(h) — Jy?(h) — 4ahD?) [ (2hD)IR , ANl 15, (N, P*) 28 T i 5t
Hopf 7332 i TARPAG 3l 1 2 i S 20, 3 HUR A b —/ N3 B 00 RSy, () (G (19) A R e e A 7. T X Ta]
(M P )N P BEAFAE— AL BRI TR] DX 18] (7, oo ) » ELAETRIX ] A B0 60 2 R RRE FIRS M0 B AS e AR PR EP L.
WE & SR B FRE AR, Ak BRI [E] Ao A AN T E A AN [) AR 22 Sk rh (B s iy /9 281, sk HERS BR A
I M B /N, AR SR M AT AT B A AL SRS 1) T RETE. AT, FRATMR IR B K A S i AT e F,
TAE T — RS B, R O 2k B A .
IR o R SRS B LRSS BE A W AT - DA RIS, AR BRI M R T IR
1 dPmu N(5;h,y2 (h))

= hmu — U,
Pt 2 o N (s (1)

oAb, N (8, ya (hy) e P i SRR )RS e A B BRI R ) o ] Ak B A5 100 0 AT TP I ST 2 7 A I [ - £

(A" 7R SR Py ) IR L

Y2 (hma) (T4 N(t;h,y2 (b)) _

T(h) Jo  a+hnN>(t:h,y2(h) ’

FRT (& WYEREE GRS k) HORSE S BRERAE — A N R,
B B3 B A A B BR BRI BE T (A R, ELAS SO A % IR TE 3h ) = A &L i TR iA IR

N (3 hyya Ch)) BRI ATT A, AR SCAE 7 B0 0 T0 A2 1 5 ¥ X=X (3) AT BABLR AR, LASRARN (13 1,y (h)), BETITRS

BRI — A JEl 2 € [0, T (WA TRUER I3, ITAS 2 S AR A AASRIE .

S G R 5 A A I S 2 B R D () = 95t | i e B B

maut hmu=h

EHEMBERBAL T BORAAE— AT S SR W e, FLIE O B B 7R b i 2, e 2R AR 452 1k Fh SCilk [32] 7T
1, QSRS (3) (RN Bl ) SR A TR T s IR, T SRS B SE M — A FEER AL BT S5 S 1.

SI3B 1 BRI (4). (23) T, YA > ol s () T LATEH s (Bonwe) = % o (hyho), B
0 (hy Bia) J2 T 5 A BB i TG IB I BREL. LEAP, o (hy o) BAT LR 1S

1) 5 HAL Ry = hy > holtt, p(h,hy) = p(h, hy);

2) p(h,hy) = p(hho) = (hy = hy) ¢ (hy hy, ha), B (hy by, ho)XE T BTG S50, by by = ho B2 A8 K TE ).

MERR  WRZRAT (4) A1 (23) WL, BRR R IR SRR h B AR N, B

(24

(25
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Y2(h) (T N(#;h,72(h))
T(h) Jo  a+hN?(t;h,y2(h)
PRI, AT LUK AT S 5L SRS Bt P A RIE I BETE N

Y2(hma) (T N(t:h,y2(h) _v2(h) T® — N(t:h,y2(h)

sp(h) = dt—-D=0. (26)

) =220 00 bV G hyn )T T S0 ar N Gy ) 27
3t (19) iy, 0 = <000 00> i) R 27), AL
_ clhpu—h) 1 (T Nlahg+af+hoN*(h+6) — hyuN*(h — ho)]
sl = G+ T o (@t hN2)@+ V) & 28
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_ 1 (T N[aho+ab+hoN*(h +60) — i N*(h — ho)]
P hm) = 15 s @+ hN?)(@ + heN2) ar. 29

WA sp(hmut) = o = WP hna) /(i + )R +6)). 35 A F- P X 6] [0, T(WIN B AE 2 3% S8 & %L

N3(a+hoN?*)(h+6) e N w0 hny) 1 (T N3(a+hoNH)(h+6) .
(a+hN2)(a+hmmN2)xramatp<h,hmm>aéﬂmmwﬁ§r@ = , TR TR AR

TE. L, o(h, b)) K T 5 Z A BB hinat " AF B ZEE (R, 1) —p(h, hy) AT LIAETRT A

_ 1 Tt N3(a + hoN?)
o(h, ) - p(h, ) = (hy — hy)(h +6) 0 jo TG NGT thz)dt. (30)
ic
B 1 (T N3(a + hoN?)
I Io) = (6 75 s @+ N )a+ N+ v G0
WG o (hyhy) = p (hyhy) = (hy — hy) ¢ (hy by, hy)y Ha (hy by ha) 35T TA S8R, hy, o #8024 KT GE5E. o

AR RIS 1 A RGE RSN, 513 | RS, JE T 513 1, T LIS EA0R Tl & - il it
Bl 1SR,

4 RIS RS R, R AR RE & AR RS 3.

MERR R BAL (3) R SRS IR AT B, sh (haa) A O T oo 22 BREL, H S Ao/ T hin R T
Pinax P, 3, (o) BB R B0, PRI, I RS AR 8 B RIHE 9 98 AR 44, LA BT (1] Py 15 187 S T DX T] (o) N (TR
hy < o). Frf, R I JE s, () = s, (ha) = 0.

FIEE 1 MR 1) wTAL A BACE —Fh 522 5B e BT o (1, Aed) = 0. BT, HA Y0y = h(5Kh, = h) B,
WA BEATR T hy, BIZRAE A HBBAE— LAl = BR80T DX B AR SR B SR i) 5 BERRRE. AnSRen, = h, BEWES
N AR 5L HEME I AE X[ (g, )N

WA G2 AR BE AR W R Ry 5 FERRRE, WA AR B 20 /N INTF by BE 28N IR ) A B A 1] g, B

A B T )| g AT R L, 4 4 AR L O RS BRI R, S T I
ﬁEE'E. mut | —) .
EI5 T A PURORIR AR T LS
HERR s & B = MR R IR SR W b, hi iy, Xy, by # R, WS s, (hy) = 55, (hy) = 0, T
o) = pha) = 0. I 1 FEAPERR 1) TS,y = By, BIASEEAE =R RIRISES 67, 36 S B TR, o
FIB 6 AR AR LA R ST
SERR BT R £ PR ) FLE AR S S5 77 S5 A L. 2, < hofiF, 10155y, () = 0, 1712
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XFEES AT BE IR UE, A S PR, B0 < hpin <& <A< h* <1 < hypax < &2. P SEIE Ha=26,r=17,
K=0.7,D=0.1,c=21,ho=1.1,0=1.5FEX I (Prmmin, hrna) P » T F FIHE RSS2 AT AT R MPRETER = Ak 22 17
Jllm ¢ Hopf 73 3. QAR SRS A < h <, BERY (3) HATEE P47 i AHE AR B (MIP) A& 5(b) Fzw, 24 # 5
TREME AN 5E AR TR W P BB LE DX ] (A, )N, PIP J2 Ry R AEXS BRI . A3 57 SR Wk I 4 S i AR AU 1, AR IR 1 2848
A BEANR . XS LD = B BT (8 SR L (B AL T 1 €8 DI, SR /NSRAS N BRSSP 2E A L
R 22 ASHPRE. SR, AN PIFR SRS 22 AT —Ff Ak X B (7, B ) PN DUIAT 68 26 2 A AR AR 8 X377, 5
WE LB (B, M) AR TS N BERR N TE, HLFASAS [R50 B4 B 5 P e A A7, DRI, 25 SRS 26 (b, ho) R 2E
THAEMG, B AR RN 5 RS B R R 22 5, R RESE 5 & 5K M e e R R 25 5,
BRI b AR T R GA8 AB R G S 1 E— 20 Ak, Horh—Fh SR A0 R 42 Jey A AR E 19 37 S SR W b, o) —
MU T, BV IAE k.

22

22
(b)

mutant trait /2,
mutant trait /2,

12 W P 12 PV P
resident trait /1, resident trait /1,

5 PIP Al MIP(BHX 1): (a) i ily2(h)3RASHI PIP; (b) i fHya () 3R+ MIP
Fig. 5 PIP and MIP (parameter 1): (a) PIP related to function y(%); (b) MIP related to function y» (/)

W 6 FF7s, #70 < hyin < &1 <A< < h* < hax < &2 EIHNSEE Na=28,r=7,K=0.85,D=0.1,c=19,
ho = 0.3, 0 = 2.1. 4 AP SRS A FEA < b < ik, PIP (2 R RS FR 1. BB 45 SRR W, no e Jm it efese iy, 78
& 6(b) H, PSSR SR (AR £ 2 AR RS T RE L AE Y. SR N, — ELEL 225 S SR s nedel, Wb S I 11 22 53 4 /)N
FNE, RIS AR [ A £ 5 IR, X R AN AEAE AL b AR A7, [T S —FF, IS g S g
FNGRAZ GG Hh 2 D> — AL T DX R (17, ) PN, PIASAS ) SRS (0478 £ 25 0B 1 RSB A B AR LA A 5 5 A
[FIRIE, K 6 il RE R A A B AR X BT 2 725 S i h BT, HASAAESR s AEE A R Il T s L.

16 : : 16 —
[ [
(a) b (b) .
1 1 1 1
1 1 1 1
1 1 1 1
1 1 1
1 1 1
1 1
1 1
1 1
o 1 I 1
~ ~
§ § — | B
= = - 80 L N
3 8
=
g g
LNk x 8 ANk Pmax
resident trait /; resident trait /1,

6 PIP Hl MIP(Z4L 2): (a) fiHly2 (W) IRFFH PIP; (b) i Hy2 () FAHY MIP
Fig. 6 PIP and MIP (parameter 2): (a) PIP related to function y(%); (b) MIP related to function y» (/)
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R TAE T8, FRATTE MRy (3) FIARAY (33) Hp A 4% 45 TR 1~ R XK PRy () (X (19)). 38 53 | ST 43
Br, FeA 12 2
¥ > DK+ %2 (34)

IF, BT (3) P R 0 A R WG h A AT AT Y, BV A BN 1] ATE XA (Banin, Armax) P, 7B B FIREA A 25K
AR Tya = 0O A (34) 5]

D D
DKh2+(DK0+a?—c)h+¥+cho<0. (35)

104, = (DKO+aD/K —¢)> —4DK (aD0/K + cho). 5, 244, > O, 2 (35) A . A5, U054, <0, WAE = ab 3 5
W& AT AN P AT Y, 3K TR il 2 PR T I K48 R fE G, 244, > O, ansR
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2DK
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2DK }
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TEME— BB FRER L. 24
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i, S HIUE Ha = 0.9, hg=0.5,0=0.5,c=0.3, D= 0.1. ji#F K BiE— LK, A4, FIAF S48 9 1F HLIZ W
SN, X (38) T M, BIVELAY (33) v g 2 & FhF LR 2 A7 A8 nT AT I AL BRSR W . SR 7T, X - HA
PR BRSO, A Y (3), KA E— 25 48 I B0 S BT R 1) e 3 7 22 e A R 38 B 0 1) e — It S5
(K > 10.221 68, 4455 FHIEAS Ry £, HHAEARIE AL FHRESERBCRE. X (35) A AR JCfft, e &b
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(] 4 5 A Ak R FR R, A B K 3G KT K, A, FVBE K 38R/ B S 80UE N a =2, hy=0.5,6=0.5,
c=1,D=0.03.Y K kB ACT I, A8 (33) (T A7 X A B2 i s S B — e (L B3RS (3) Ml A7 Xl
JE WA S USSR R, BV IR ASAEAE AT A7 (R A BRSRW, 1 BEWR l  B A R ) 46 . (RIS, Ao P S s
(A ] AT DX TR B 1 R T 42 o i £ 25 b R 446 1 ml BB G SRABS AR LA RO B ARS8 73 RE ) KR,
Ab BRI AN AT A DX SRR, i IR K A 1 mT R T

10
e e e e e e e e e e e e e — Au,
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o1 2 80 [
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Fig. 7 The relations between 4;(4>) and prey carrying capacity K Fig. 8 The relations between Ay, (4y,) and prey carrying capacity K
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