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Permanence and Extinction in a Class of Predator-Prey
Model with three Life Stages
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(Department of Mathematics, Baoji University of Arts and Sciences, Baoji 721013, China)

Abstract: A class of predator-prey model with three life stages is investigated. The global attractivity of
the nonnegative equilibriums is discussed by constructing Lyapunov functionals. Moreover, we obtain the

conditions under which all the species keep permanent, the predator species become extinct or all the

species become extinct, respectively.

Key words: stage-structure; global attractivity; delay; permanence; extinction

KT HA BB Fh sl )2 iial, 2A1R
SRR . R, WEFER YRR —LE5)
HPEABBE: GIAEFIRAE, R BYRhEX B
BWAREAE (HAZE, TR, PHE, H
BYWEE %) MER, 7E3CH [1] H, Aiello
0l Freedman $ ) T — 28 BLAF 41 {4 1042 96 1~ B B
ABABRAIE AL . SR [2 -10] BFSE T & FhR )2
B ) BLA A A W B AR

HRA N, FAEREREYTIRE, HARKD A
=B Gi4E, BAEREAE, B TIR
B, HaDBRRMAERKESBEXER: 178
RN ETELh R, ShiE K R E SRR, SRR
ZIE RS T, ISR, &l
IR =IRAESCHR [11] PRSI T —KA
BEADRKH B B R R, SOk [12] BT
T —ENARFREE T B =N B AR S AR Y

« WS HEHEI: 2010 -07 -06

4 RRa . AR S0t e — SR IR EA S A
KW B - SRR, IR R4
A B AT PRI S 9 A R MO R 2
VRSN, BI6 TR
%, = ax,(t) —ryx, (1) — by, (1),
%, = b, (1) — 1w, (1) —cxi(t) —

by, (1) = dyxy (1) y(1)

gy = by, () = 1y (1) —efilK(s)xa(t +5)ds,

y =y [ -r+0dx(t - 7) —cy(t —73)] (1)
Hew, (1) (i=1, 2, 3) DHFRGFRE, M
EREFEFRERLE  NRREE; v (1) &
ANEEETIAEN Z] ¢ BB, A (1) REr
TELAT By |

(H,) 4hAERrERhe g AR R 5 AR R AR Fh

EETE: AT TAIRTEEME (2010JK399) ; FE3CH 2B s SR RIBEBIOUE (ZK0912)
{E&E R/ FZW (1978 4£4), 4, FI#I%; E-mail: aily_wang83@ 163. com )




24 bR (B RBHEERR)

550 &

WEBRIELS, HRRBOD a5 SR EHTNTE
TR L A R BRAF A AR P
SRR 85 B LE H, H A R A B
i, bio
(H,) AP BRI BE -5 DL K o A
PO 45 SR B L 5.5 WA L
BEALELS, WHKRBAHA r, by RAFEIEFB
RIS c0; R FIBEROMTERA d, o
(H,) S4F AR 9E 55 5 2 AP AU
WEBRIEW, KEREOY r; 7, RREERE
FIBEH LT, o SR AU MR, K (s) 2
EBUESIEAMEES, B [ K()ds =1,
(H,) AR R R AT, -, %
AT F R AL TR E R, 0 <o,
<15 e FARMAHMREITIN 5K,
BFAGRL, AU T R 5 (1) 97k
IHFGEAT . HSCER (1) B2

% (1) =@(2), y(@) =@ (1),
P € C(["T,O],R+)’¢i(0) > A,
i=1,23,4,7 = maxi:1_2,3{7i} (2)
Horp A FEar/ M IES

1 A S

EE1 HEH (1) WE—M (2,), %),
x(8), vy (1)) BREAHHAW, BFEAET>0, 4
>THE, «, (¢t) <M,, i=1, 2,3,y (t) <M,,

* _a_2 * _edlMl
/ﬂ\:q:]Ml _4AC2’ MZ - C3
min {rly r2> r3}3 ]Mi:]ui>x< +€ (i:ly 2)0

WER AW (1) =2,(1) +x,(1) +x,(2),
NYERERL (1) HHEESHE
W(t) = amy (1) = 1wy (1) =13, (1) - 6,05 (2) -
0
di%, (8)y(t) —ryx,(2) —eJ_ K(s)x, (¢t +s)ds <

—AW(t) + ax,(t) — c,%5(8) <

exp(@dlMsz) , A=

- AW(t) +£
MG B BB R B, A T, >0, K e=T, i,
W(z)sﬁi—z, B x,(¢) <M,, i=1, 2, 3,
B (1) A

y(t) <y(e)[6d, M, - c;y(t —713) ]

0d, M
Wik, #EL=T,, Yi=T, 8, v (1) s——

C3

exp {0d, M 15} +e=M, +e,

BT=T,, WXE:t>TH, x, (1) <M,, i=1,
2,3, y (1) <SM,o BB,

EH2 AHEE (1) WEKM

(A))a>r +b;

(A) b, >1, +b, +d, M, ;

(A;) bym, > eM, ;

(A,) 6dym; >,
W) e (2) B (v (), %), %),
y(0)) REAETRY, BFELET >0, Hi>T"
W, » (1) =2m; (i=1, 2), % (1) =m,y, ¥y
(t) = my, H HF m’ = mn | A,
b, -ry—b, -d\ M, b,m; —eM,
e b, my = T, m; =

0d,m, —r

2 exXp { (adlml_r) 7'3}, mi:mi*féo
3

UEBR BV (¢) =min {x, (2), %, (2)},
A LA BRSO -
(i) Ha (1) =3, (1), W
D, V(t) =%, = bx, (1) — 1%, (1) -
e%5 (1) — byw, () — dy My, (2)
(i) FHx (1) =2 (1), W
D+ V() =% = ax(s) —rx () - bx (1)
MMEFFE T, =T, Hi=T, B, % (¢1) =m -€ (i
=1, 2), - . ' g
HAER (1) WEE =T
%3 (1) = bymy — 1325 (1) — eM, ‘
Mﬁﬁﬁ?’f T42T3, %,ltBTxi ETJ‘, X3 (t) Bmz* —€o
R, FE =T, =T B, v (1)
=m; -¢€,
BT =T, WHEi=T"1, %, (1) =m, (i=
1, 2), % (1) =my, y (¢) =my, EHRIE,

2 FpAMS KA

SIE1 EBRE (1) WEKM
(As) 0diaby > (b, +1,)(0db, + 0d,r, +rc,)
Wo(1) A=44E0F4E A E,(0,0,0,0) ,E,(%,,
%y ,%5,0) B3 (%) ,%; 25,97 ), HH
5, = ab, = (r; +b;)(r, +,)
(ry +b1)c,

9

Be—fg &scig
1 = 2 5
r,+b "’ r,+e’’

abiey +dir(by +1) —c;(by +1,)(by +1,)
(bl +r1)(czc3 +9d?> '

Xy =



%4

EEMW: —REA=ABIRE B R - Bl SR B AR K 4k 25

b,
r, +e
. _ bdab, — (b, +1,)(6db, +6d,r, +rc,)

R (b, +11) (05 +0d7)

*
X =

# # #
Xy X3 = Xo

r, + b,

y

EE3 AHEE (1) L&k
(Ag) 2(ry +by)e, > 0d)b, (1 + ¢;M,y7y) 5
(A;) 2¢; > 0d, (1 + c;M,75),
AR (1) KP4 E,(0,0,0,0) 245K 5l
(4, BRI 2 R 24 1) K 4
UERR AL (1) BSE 4 DRATE R
y(¢) =y(@) [ -7 +0dx%,(t —7,) —cp(2) ] +

ey [y =7+ 6dim(u ) -

c3y(u—T3)]du (3)
/?\Vu(t) = xl(t) +,82x2(t) +B3x3(t) +Y(t),;ﬁx:qj
g =yt = it ) o g
B &V, ) MREOHRA 3) &
V() == Brcyiy (1) = Bodyy (1) (1) -

B335, (1) —,33ef_()TlK(s)x3(t +5)ds + (1) <

_Bzczxi(t) — ¢y (1) +
(= 1+ 0dimy (£ = 7))y(1) + ey (D[ y(w) -
[ -7 +0dx,(u~-7) -cy(u - 7y)]du <

d, (1 M
- B () - [o - S22y
c;0d, M, 2
— L”xz(u -7,)du

0d
7196;“ - Ty) +

c;0d, M, i+
A V() = =52 [ - ) duds, WA
t=73Js

I./11(t) + Vlz(t) $—13202x§(t) -

d, (1 + ¢, M.
[C3 0 1( 203 273)]y2(t) 1
0d, (1 + c.M
1( C3 2T3)W§(t T2>

_0d, (1 + csMyry)

£ V(1) A (w)du, A

Vi (2) + Vi (2) + V(1) <

N [3202 - od, (1 +203MZT3>]x§(t) .
[03 a 6d, (1 +203M273)]y2(t)

AV (1) = Vy(8) +Vp(2) + Vi (2) UM (A,)
M(A,) 50,7778 B, > 0, {15

Vi(2) <= B (55(1) +5° (1))
Ol S W BUR AT
v, (1) +B’1J;f*(x§(s) +9(s))ds <
V(T") <+ o
JiA 25 (0) +9°(8) e L'[T*, + 00 ) o LHTF ,(2)
My () BT, I 25 (2) + 57 (2) %, (¢) F—5K
HELEI o F Barblat’s 5| BL4, lim, ., [x5(£) +97(¢) ]
=0,lim, . x,(t) =0, FTLL
limx, (1) =0, limy(z) =0,
cmtted =0y
FEHEFEHIE
EEA4 FHBEB (1) WRZXMH (A) -
(A;) Bt
(Ag) (r; + b,)(6dr, + 6d,b,) < 6d,ab, <
(ry +b,)(6d,r, + 6d,b, +rc,);

limwx, () =0

b 5
(Ay) 2¢, > d, +m—2 +6d,(1 + c;M,7,) ,

Iy b, e

(Ay) 2¢; > (0 +1)d, +c;M,7,0d, +2c3My75,
IR (1) BB E, (%) ,%,,%,,0) B2RmkT|
[, T8 B R 2K 4, T 4 AF SRR, %
SEREFIREFIEAE R IR R A7 1, B2 4y
HITETETE %, %, , %30

ERR BB (% () 2, (1) 25 (2) ,p(2) ) MR
B (1) WRKM (2) WIE—M, B8 (1) Ay
B

A NOICAOREAREAOICNOREI

(Ay)

b = 2L () (1) ~7) -5 (0 (5(0) -

9?2)] — %, (2) (2,(8) — ) —dyx, (2)y(2),
9&3 = bz(xz(t) —xy) —13(2,(1) —~ ) =

efilK(s)(a@(t +5) —%;)ds,

y =y(1)[(0dx, — 1) +
0d, (%,(t —713) — %) —e39(2 —75) ] (4)

x, (1)
2 Vyu (1) n lx?l +

b,

— (x1<t) - % - x5l
ax,
() - - 2 580) + 9()  E (4)
SV, (1) BT AG

. b
V() == [Pl -5) -




26 IR (HARBHERRD)

5 50 %

\/zz(x1(t) _9—5—1)] _CZ(xZ(” _7?2)2 -

dy (%, (8) =) y(t) +
b, — \ig —\2
272[ (xz(t> — %) - (w5 (1) = %,) 1=

(i -5 () =3 = (7 - 6@y (e) +

iile@)u4t+s)—@>ms+yu)-

[0, (3t = 1) = B) = ey (1) + 5[ j(u)du] <

(e -2 - L) a0 -7)* -
(512% 2my%u>—%>—

(o -8 DD + B i -7y -7 +
j%ﬁﬁ@x%u+n-QYm+

ey(0) [y [ (047 1) +
0d, (%, (u ~7,) = %,) —c;y(u —73) Jdu <
b, d, _2)? -
_(cz—ﬁ—?)(xz(w 2)
fy b, _z
(ﬂz 2m2 2m2)(x3<t) 3) !

od _
TI(xz(t - 7'2) - xz)z -

(c3 B (6 +21)d1 _03M27'3(gd1 +C3>)y2(t) +

Lfo K(s)(2,(t +5) —x3)%ds +
2m2 -7 d 3

e M, _
%ﬁ_m[adl(xz(u “72) _xz)z I

c3y2(u, = 73) ]du
47\

V) = 5o [ (=) [ (xy(u) - 5)duds +

CM L t -~
%I“T:‘L[edl(xz(s _7'2) _x2>2 g5

¢y’ (s = 75) Jdsdu

WA V() + Fa(0) <= (1 - 22 4).
(m0) 2" - (-5 - =)
(%3(t) —23)% + e i Y (¢ - 75) -

2

[c _(9+1)d1 _03M2'7'3(9d1 +c3)]y2(t) +

2 2
d M,6d _
(%1—+C—3—22‘1T3)<x2(t—72) —xz)z
/\?\
0d, (1 + ;M.
V23(t) - 1( 203 27'3) .
! 2M t
f ;»«:i(u)du+632—27-3 y* (u)du
t—79 =73
JUES)

V() + Vip (1) + Vip (1) <
b, d,  6d,(1 +c;Myry)
[ 3 |

m, 2 2
_ b
(%(1) -5)" - (&2 L)
’ ’ M, 2m, m,
—\2 (6+1)d
(2;(2) = %3) _[(63— 5 L _
M,7,0d
3—%ﬁi—ﬁmnﬂfu)

SV, (1) = Vo (1) + V(1) + Vi (2) , WU ply S5 44
(Ay) - (Ay) H1, fF1EB, > 0, i1
V,(t) <-B,[(x,(t) —7%,)% +
(%, (2) = %) +5°(1)]
X} PR
HG) + B[ [(x(s) =~ 5) + (n(s) ~ &) +
Y (s)]ds < V,(T*) <+
FLh [ (2, (2) = 2)" + (%:,(2) — %) +5°(1)] €
L'[T", + ) o XHF 2,(2) 5, (2) Fly(2) BAR
B, AT 26, (2) = 55,265 (2) =25,y (2) Fl2, (2) J2—%K
JEZENY o i Barblat’s 5| B4,
lim (x, (2) = %,)" =0, lim (2;(2) - 5)" =
B0 =0, im0 =0
By LA
lligxl(t) = %, Lmez(t) = %,
et =0
HmEA (1) KPR E, (%, ,%,%,0) 22RK
5. EBRARIE,

EHS AR (1) WREME (A) - (A),
(As) Begeth (Ag) - (Ay), WIRERED (1) B P4
ROE (2] %y %y ,y") BERWRTIH, ANTM4h4ER
THADEE, JAEREAEE, B4R IR E
PR, BN EER S BEIN T 2

# &
x3 9y o

limax, (2) = %,
=+



%4 M

EFW: —REAZDIRB B R - gl BRI R AR AU A bk 27

iEBA 1@%&(’“1“)9x2(t>,x3(t),J’(t>)I%jﬁﬂ‘:&u
(1) WRAM (2) MIE—ff. B (A) A,
AL (1) AT AR

jé1 = %[%(0(%0) _x2*> —xZ(L)(xl(t) _xl*):ly

Xy

i = a0 (1) 2 -5 () (5 -5 )-

%, (8) (2, (8) =2, ) =y, (1) (y(2) =97 )],
% = by (2, (1) =2, ) —r3(2(2) =25 ) -

efﬂK(s)(%(t +5) —x,; )ds,

3}: Y(t)[0d1(x2(t _7'2) —-x;) -
c3(y(t—'r3) _7*>] (5)
é\
Te) = 25 e) —ap -l )y

ax, %

Zj=2(xi<t) — 5 _xi*lnx;(*t)) +

i

(y(t) -3 —3 2Ly 4
i

od, '
=) e (s) = )7ds +
2 t—7

.M, L .
I [0 -5
es(y(u —15) =y ) 1duds +

Z%JOK( - S)[_s(%(u) - x; ) duds +

-
2
|
S

J

M. L
S0 () 5 )7ds +
2 t—To

exrs_(3(s) = y")7as]

MR (5) HH V3 (0) KSEATR
d, b, B % 3 C3M2730d1),

Vf’(t)s_(CZ“?_z? 2 2
2

(2, (1) _xz*)z - (r—3 = b, —i)(%(t) _x;)z -

M, 2m, m,
(ed] +c3)c3M27'3 (6 +1)d,
[Cf‘ - 2 S T
C§M273

2R -y
HATF I 4 PHE T A

limx, (¢) = %, limax, (¢) =%, ,
t—+w t—+00

limx, () = %, , limy(z) =y"
>+ t—r+0

N

—

1]

[2]

[3]

[4]

(5]

(7]

(8]

[9]

[10]

[11]

[12]

AL o
3L

AIELLO W G,FREEDMAN H I. A time delay model of
single-species growth with stage structure[ J |. Math Bios-
¢i,1990,101(2) ;139 - 153.
XIAO Y N,CHEN L S. Global stability of a predator-prey
system with stage-structure for the predator [ J]. Acta
Mathematical Sinic,2004,20:63 —70.
SONG X Y, HAO M Y,MENG X Z. A stage-structured
predator-prey model with distributing pulse and time de-
lays[ J]. Applied Mathematical Modelling, 2009 (33 ) :
211 -223.
XU R, MA Z E. Stability and Hopf bifurcation in a pred-
ator-prey model with stage structure for the predator[ J].
Nonlinear Analysis: Real World Applications,2008 (9) :
1444 - 1460.
GOPALSAMY K. Stability and oscillation in delay differ-
ential equations of population dynamics[ M ]. Dordrecht ;
Kluwer Acacemic,1992.
CAI L M,FANG Q H,SONG X Y. Permanence and sta-
bility in a predator-prey system with stage structure and
delays[ J]. Mathematica Applicata,2006,19(3) :484 —
491.
SHI R P, CHEN L S. Stage-structured Lotka-Volterra
predator-prey model for pest managent[ J ]. Applied Math-
ematics and Computation,2008 (203 ) :258 -265.
ZHANG Z Q,CHI X B, CHEN L S. Global attractivity of
nonautonomous  stage-structrured populationmodels with
dispersal and harvest[ J]. Journal of Computation and Ap-
plied Mathematics, 2004 (166) 411 —425.
ZHANG Z Q. Periodic solution of a predator-prey system
with stage-structures for predator and prey[ J]. Journal of
Mathematical Analysis and Application, 2005 (302) ;291
-305.
FRFEIR. WK P B AR A 2 4 1 55 0B 0 3 U B AR
RI[T]. AP IRERSAAR  HARBE24 1R, 2010,49(3) -8 -
11.
IR, BR 2270 B =N I G B ) B R A i A
RURK A SR L Ar 2 RS e T [T ], ey i 2
4% ,2006,26A(3) ;387 —-395.
FEEW. BA=DAK G B R - Bl R a
KARFEEF MR EELT]. TP K25
R ,2009,33(4) .484 - 487.






