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Abstract; In this paper, we build a swallowtail catastrophe dynamic model of the pest population in a farmland ecosystem,
taking into account influential factors such as crop, climate and natural enemies. From this, we derive a standard
swallowtail catastrophe model and analyze the catastrophic phenomena caused by the dynamic pest population. In particular,
we make a concrete analysis of the swallowtail catastrophe pattern, studying the equilibrium points and system potential
functions of each control space generated by the bifurcation set of the swallowtail catastrophe, to explain the conditions and
mechanisms of quantity catastrophe in the pest population. We also describe phenomena such as pest population size
eruption and dynamic lag using swallowtail catastrophe theory. The results in this paper provide a theoretical basis for

practical applications.

Key Words: population dynamic; swallowtail catastrophe ; bifurcation set

RNV ABRGEH , ERORE ERSEAZBZHERQEE, MEYRIL SR&G KEBIKEE
BERAGEY UK A NERE . BEXLERR AW, FRAHOEES BRES M Z A
b, B IS RRB R BIIR T e, iR F MR LR R T HRRIAR . FRRBERE, GEH A
RIKE BN FE BBER A RAL I ARSI, F BB A ST AR PR T BRI FOR ik F, TR e R R R
BIEAA T H RAK KPR, SRR A SR REEAR, F R BCRTE BT 72 rp 7= A B ) 12 R R AR
BAFTIET B 8 o A e Bk A4 I 2R R AS , IXOpl e AP RO A e 1 ol T3 SR AP AR X
SR ] B R AR SR AT 0T . B, B AR E T 55 IS AR P AT 6 R AR AR A
RAPEIURIATRI T RR P RENLR . B TITEREMR AR EZ RIERH R R — A,
FHRMHAREEEESHRNGSIER T REZM. F30% B EENHNR, 7R/ ATT IR, %
TERTB ARG KAEYPROLSFE R R ER SR T 19 F SR S e R R ALY, FF AR e B R AL RR 0 Ay

EETH : HK A AR EE W BT H (30470268 )
%5 H #A:2008-06-30 ; f&1T H #:2009-03-24
* JIAMEH Cormresponding author. E-mail ; zhaohy@ public. xa. sn. cn

http ://www. ecologica. cn



10 3 MEE % FRAHIHSEENRERZE T 5479

FHRABFHENREAR
1 FMEHSERMET

A ZS TP RS AR AR L R 2 I 2381 Logistic BRI IR , Logistic FAYHARFNHE HMA g K
FORER R B AR R , XM R SR LU 25, BB b & S B A BB A 2 B o (BERTFR
RIN, FBEX PRI K A R R ARG o BT AR SOR P UK B 2R SR AR 25 B R A K A 24
BN o [FIE T RPEEZER K B rh iR 52 B R B B S0, DR G A P e Sh A 2 e fin b SR B0 & Jhh 3 700, %
R I G LA AR B SCHRT o SXAEE IR 32 K, KR IR R R A SR B R B R R Sh S
RIGNR -

eV? PE(N-N,

T %) e e 8
Hoy N g PR B, r N E SRR N BSKER I E], e SR IREEX F SRR B R R

T K W EAENE T RREE BT PR AL, P O REFI R B, kA REAHER, N, BT

AT SE P E B /R, R R BV R B R T AR, REBE BT A XE UL TR , 4 A RE M

WRE WA r WEERSH HE S B FE R K, Pk, K HEHIAE R
T AR AR, é’u% =0 i, B BERERS 8] B 22 (L3R D O B, i 3 SR8 B 3 K AR

B R R B — Ml T4, VAR B AR ES . WA -
Pk(N-N,) _

_(N—Nm)+d_0

w1 -%)

HE— AL R R PG
—%N“—MN3+rN2+[r(d—Nm)—Pk]N+PkNm=O (2)

K
2 MEHSEINRERESN
2.1 FRRAHRIMEST
BT R F R RRR S SR RA R MR S ESRE, A EWRS F R REA
BFIALA I ASHRAERT , 5 AT AR P S AR TR 107 TR R BT 5T 25 SRR R AR sh AR ) ok g s R B A5 A
TR
re _re(d-N,)

/7‘»\(11 = _E’az _T’a3 =r,a, =r(d_Nm) _Pk’as =PkNm’n|J(2)J_£/ﬂﬁﬂg!
a,N* +a,N’ + a,N* + a,N + a5 =0 (3)
YA R
v
oc—N+4a1

a

e _3(0_2)“ +a_s+a_s(a_z)2]

4af 4a, a, a;\4a,
4h4 (3) R AT PR ERHE B R AR ) P B T 7 AR V/ =52" +3ua® + 208 +w =0 (4)
RE MM ENISH R NHERE,
U g V=x" +ux’ +ox’ +wx (5)

http ://www. ecologica. cn



5480 E oA ¥ W 29 %

AREN: V" =205° +6ux +2v (6)
,ﬂ\iﬂP,x=N+L(d—Nm)
=37 ( )1
=%[ 1K(d (d—4Nm)3+Krp_;k
. {__(d N)[ka K(d - N)] 3(d N) KPkNm_E(d—Nm)z}
4 re e 4
R AT H u N3 K, e( AIEBCROAM IR IR R w

RS G EHI LR, v,w NZ K, e Fl P(REH
R) =FEGEEREAER LR, §T N KT 0,5

W x AR T (d=N,) o 1 (4) SRA(6) R 2 x 1

AR 3 AR R A A R AR TR, B =R
il 25 ] Hp g — i T, TR N LR
2.2 XHRRABHBEARELANINE

& 1 BT H 3 R b e 2 2R AR R R 1) 40 p 4R
S =R A 18] (v, w) R —>23 (B8] T, AR 4 58
IS, M R LSRR RELERER
5 A, 45 A B w, v, w BURRIE R, B 2445 6 & 1 SR A
Q(uo 09 ,wo) BIAEALEIT 737 AR B, RGERE T RE &7 Fig.1 Bifurcation set of swallowtail catastrophe model
AR XA N RAE R A G R A

N T E NG T % E AR R R R AT AL, X 3 AN AR B4 BIBUR RIE BT e
ER D B RAR 3 3 MR A B P M — D BUEAZE , B e AN H A BAR LA, R KPR T 281k .

(1) PR%F u HEHGIHE v-w P, HEAEHRY u=0 Flu <0 B, 70 LW ETE 2 AR, BT LAY
XBFE R AL

4 u=0 B, v-w BRSSPI, 8 2 iR o

PN X 7 A4 B T U e

{v = -10%° - 3ux

w=15%" +3ux’

BT XA FR Y, R 8 v =0 B F IR BV AT, (gt phy S5 i T A5
x =ﬁ[ “3ux+ /(9% -20w)]  (u=0) (7)

4w >0 B, TFETCLEORE XL E R T I, - T O SEE0RE , B 2R BTE A A 2 w <0 B, Xz
X, Y16 it T A PSSR, BIVx i S R BOR B AT R, — S IR R B AR, Ajﬂ*ﬁ/l\{ﬁ,'ﬁ,,ﬂéEP*ﬁjC{E,ﬁjﬂT
R A A IME RN AR E B R o & XN R E RO N 2 B o

2 u <0 B}, v-w FEHE A FEA 5 3 X3k, WE 3 Fin

B F XIS FR I, AE S v =0 B RIETE , RCET i - it T 5 FE R

@ =it -3u+/mj (u<0) (7)

AH,%Hv=0 Eﬂ‘,daﬁﬁﬁf1%w=0EJiW— lﬂ'jﬂ e B R ARG N w AP 3E o

20°

http ://www. ecologica. cn



10 3 MEE % FRAHIHSEENRERZE T 5481

A

AV .
A B
/ 1
%X
X
(0]

I
I
V /
i

-

~

3

<

> =
¢é\

<Y

3

=
l -
=

B2 2 u E A (u=0) I B R K& X SR BUE R B3 2 u R EE(u <0) BB 40 SRR B 5 X B R BUB X
Fig.2  Bifurcation section when u is constant(z=0) and potential Fig.3 Bifurcation section when u is constant (u <0) and potential
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