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Abstract Biological invasion is now one of the six hot research topics in modern ecology. Modeling the invasion processes, the
diffusions and the spreading mechanisms of invasive species including diseases is important not only for theoretical purposes, but also for
practical purposes, such as in ecological risk assessments, and optimal control and management of those invasive species. In this paper,
the widely adopted models of biological invasion are systematically reviewed such as diffusion —reaction equations, integral —difference
models, space—discrete models, and stochastic models. The fundamental issues of modeling biological invasions are discussed, and the
characteristics and analytic conditions of various models are analyzed with typical examples and recent research results. Various modeling
techniques are compared, and some commonly used methods in solving biological invasion models are outlined, including numerical
computing and simulating, exact solutions, methods for functional differential equation and qualitative analysis of differential equations.
Some key and unsolved problems in building mathematical models of biological invasion, and future research directions are also
discussed.
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P TS IR B Bk AL Y, HOCHERAE 0, M R ES I F .

<&(r,t)>=0,<&(r,01)E(Fa,t2)>=0(r—r2)8 (11—12)

(i=1,2,--,n)

X — AR E T T R R 3D ) 2 L AL R A
HAEH RIS H A R BT F2 B L Y Bl o B R 5T i, R
A TR % IR A UM ST, R G TS e LR A D — T i
PR R A B ML B 25 e R e R X T R
JE AR AR B80T I VR L R 0 10 S A B
VA AR 00 ) D f ) 32 B R ALEE 22 1 T4

56 T L i B AL Y A 7 P 30 U SCHAR[21] . [4410F 58 T
— 2R ARV VR U AR W A W A A B R 1 AR AR S
TR W) LA TR Y N . WISCHR GG % B T IR AR Y 2
A O S I N T M P O T = S I =
(lysogenicinfection) , 55 [ Bt hy 24 ffJE ¢ (Iyticinfection) , 5
SHERBORAMAY T, WA B Bz A 5T AL K 1
S LG U U B R AR M, BRI,

Bl 5 RETIRAMYPE A W G RYE X, FIT R
Y Xy WVE NN Xy, BT NS r=(x,y) SIRTE ¢ 1Y
PRVEL, W 3R BUEE 20 R Holling T i 11 24 | ¢ 7 AR 71 g

%:ﬁ[X(r,t)HdAXi(r,tHwi IX(r,0]-E(r,0)

(19)

(i=1,2,3) (20)

WA PF T, SCRR[3OTIE W 1 A7 B 1 A7 e | OF R Wl e/ i Hrp,
B Shy Aol AR 7 HAC B 0T SR L X AR 2R SC R (4034 55 16 T STk X=(X,,X5,X5),
75
4@7
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(
f1=r1X1(1—X1—X2)—

(lX] X]Xz
X —
1+b (X +X,) A X +X,

(le X]Xz
= Xo(1=-X =X, )= Yo —m-X
fo=rol =X2) 1+b (X 1+X,) A etz

__a(X+Xy) _
ST (k) s

Hor,m 50000 X0, X 85K alb s 3008 X5 6 B R
WA A SR AET 36 my A T B SR R 38 T2 38 50 O R
FEGO]X (1) |35 FIE B B MO I 15 75 58 5 5 & (r 1) R B
HsF [] R o7 S A B e ST TR MR RS L DT ER A 5 R OG &R B
T (19) R 2, Hrh n=3, SCHR[21][44] 34 % T $c it
SRS 7735 L A BT T T 8 22 G FHBH AL 3R 4 19 8l ) 2 1
Ji, W IR, TR A BE AL X 2 AR A 1 A 0 o AR T I K
o 1Y) W R0 T RS 9 B 5 5 38 W) & LR HIL 22 e A BCHf
FE FR GR35 A 1 XU 1 B e (H PR AR R AR S L
NAR T REE NG KT . 5B i B AL N 9 IR A K fF 5% 3 ]
Z:7% SCHR[A5]RI[46], oMt A7 7 oA 2E 7Y (% B MLASE A, 5] 4n
BEAIL 1 B 53 2543 7 R

A I At — S R (0 A g A AR ASE RS {51) G0 45 25 Jm) S e
B4 BF 2 AR RPN ol B 408 AT A A TR AR HI A R A
KBS PR A s (] A ) A B A R A e I R a2 A
(coupled map lattice model )4, A=W A AR AR L # & AE S R RE
PR —FB 43 I m A L ATV 2 S X AN e — — 4
26, KT RO IR T 225 30k [4] .[23].[31].

3 BELSWAE

AT LU AR RY 22 S AR 2R PR AR il o 7 72 XS 25 3
72 R TR A A 0 H D08 T AR BT 5, R 0 AT IR e
KA 33X R IACEC: AR ATE Z W50 e A . T T 41
R X AR A AU T SR F Y — S8 2
3.1 HEIHESENSZE

BB T 58S 560 7 TR B R R} 22 2140 i 5 A
A WM T B, AU ORI IE S R A R i
AT DL A3 S ¥ T B AT PRI W I R ST R
AR P (o) B T AR — R S5 . XM T AR AR IR
AT s S ) NS M = W SR 2 < VIR LU [ NS R R S
e, AR AR 3B — MR AT BR 22 4045, X T2 fig
NI R 4 By Runge—Kutta 4% 30225 67 A HOH, T >R H 85X
Euler #% 282 22 Peaceman—Rachford 22 J5 [ #% 20, Bl HL
FIE RIS 43 0 AT 2R F 2 201 Euler—Maruyama 4% 2041, Fi
BE B AR a0 Maple, Matlab, Xpp %8 X} il 43 30 )1 R 48 47
BOEAG IR D HE | e i O B T i iR A RE Y &2 2 8l 1 AT R
A28 53 3¢ IR S AR HIORE SN AT AT iy e A
B A B b 7E A B e ke 3 RE T LR AT Bl Ay B AR
WG A NTE 25 S AR WA Al A W DY 3R 5 T TS (8 R O s A Ak
A, PR AR 00 SCHR an13] . [44] 51155 , e 3 1Y 1 4an
SCHR14].[20].[21].[45]% .

Il 76

SR EE 23 AT 0 T O B AR SR b X R TR i )
K& SR ], B S R 280 0T AR R 2 B0 R HR(E R TG FR
[, T 501 5 6 B PR, T LAY st 32 (7 LA i MR 4 170 8505
AN B T T 2 B BRI R T R 2 R EUR B
) []

32 ZEPHSFEMNFE

I FHZ oA B T 8 SR Al 43 BT o0 O R i T G Y B
R, — HZRECER NG, T 10 240558 H B Sk R
AL B8 7 1 2 e 3 T R A A B AR ) AR 3 AR
224y R oy O B DA R I A RO T O RE A T AE
A3 DL s e TR H S e AT T R AR AR ME— T &
Jry i A RS kMRS DL R e /N R R A TR A e B
HE— FEW) 2S5 A R B A R I — P R 0 2 Sk
[40] A\ Al 2 1) ffy B2 7R AT A | 4TI TR R B8O oy S0 B8R ko
BRI A P ks (B B el . it R e T — B RIE R R
T 3T A% 5 R R AT U A R G (RS A AN S A R R
Jer 0 VAl 2R G AT U AR T A U PR AE SR T RE 5 15 3 ¢
—AbFR X ERASE MY B Y i S e RN E R R T L A
0T T A% i R R AR AT U R O A AR PR AR IR T I
A 5 PR e /N DB O A A R OG ZR L I 4 T O A% B R
BEMAL T, X — R AT IR e S R AR IR 2 R
& bR ROV 8Os R B R R R T R L
1Z BRI 7 R AL A% a5 T R A () AT DLW G — A e, k3
WO EAE AR [ (38 HI AT 2% SCEk[31].[42],

BRI E 12 o8 AT I 07 20 R TR R R A4 AR AR
R RE 15 B — 2 HLAT 8 0k ARG M E I 45ie . N 2 Z Ak
AT HB g 300 K, 2R B A 2 47 1 B
A0, B g ) e — e 1 A ) BEUR L AR ) T R OR
% STE a0 AR R A A5 P AR A 0 A R D B A
1) 81 1 24T R AN A AR G i L ) 1
3.3 kiEmER A E

KRR 2tk 5 AR 1 A R AT AR A AR R MR I — A
WM, BETAE LM R R A 0 kR R AT
Wik, FFIEM s Hirota AR PR, X 2E 1E Y%, Darboux 28
3%, Jacobi i B bR £5 R 1L B VL SE , SRTTXT TAEW AR
LT RS A SR A T A 2 0L (6158 — 3 102, SCBR[A]HR R4 M
WEFE T IR OR AR 0 AR S AR R A0 1 — S 1y e
MR PSR R TS, AN AR HE T — R B AR ] B ARG
fife , 1038 T A5 45 S 78 3 B AN e T LR e L 2 44 1 A=
P AR ZEG] L5 v R T R BAE 49 a0 R 1 A (L AR 4
RS — SRR RENY ) X Fisher A {2 A RY (1445 0ff f# , A 1L A8
% i TR AARAT U A% 3G 10 1 S AR A 38 AT FH O 43l A o
KA FE 3 o5 A I L, ok 6 25 AT AR SR UL v 5 21 5IE
SRR S HE)T T 28 Cole—Hopf 7 31k | 43 5112 FH 21 7
KRR G, — SRR SZ Allee RN 52 M B4 KT YA 52 1z
B R | A5 B0 IR AR AT Ik A 0 A% B 0 — SR i R
B DX 2 B8O AN ] A B Bl R 11 3 % 02 75 9% B AROfE , Rl A R A
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1R 23 R ] . sk 2% 1 iy 3R, B AR ] 2 0L SCik[52]);
T3 — R PIANEE Y SR 4 O B AR b Al B 2 Allee
AYCNE 5 T A3 e O 2 A o A5 2R i R O AR 4 S B0 IUE
Vi ATV H TR (O R A W~ e A B 1 R R < DR R R
BT BOA (205 BRI () B 4, BT 2 WL SCRR[S3].

INE 2158 TR 8 SR 1) Al s 535 T8 A3 AT BR L {HR T AR
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PR 2% M AE SR AN S TR
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BARAEM A RIER 2 it 28 4/ ) B & AR AL 4 B 1
T2 B 3 Jmy R a8 i AR i oy 5 o 8] AR IR) 8, S B AD
T Jry 8 ) 2 0T o B DS 161 ) Bl A 45 SR 4 7= A R ZE S, 45
i Allee 5N B KL W 4T T A 9 A M= 191 M, AR 28
i 56 220 Wk I B A [R) AR S, UM AR L 9 Bl 7 Sk
T, e H DU AT 32 R Ay O R T R TR RS R S AR T
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A ] ST ) T AT LA ) R e T AR ) AR Ak A B TR 9 Bk
FACHT ] 5 R At T AR A, T s RS R AT B AR A (T
AT SR B A R AR 7 FRAR 1 AR b, 38 7T 455 LaSalle 4% 2 #
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W BR PR 047 FEvE S As s PR ), 3 43 30 W i 348
%, #140 Poincaré-Bendixson P IE # Abel B4 115  Hopf
AR TR

3 —J7 1, VF 22 i) 28 BERI ] DL 28 a5 35 24 1 A8 3 451 an 47 %
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T 2 77 22 55 4 338 ok W5 43 AT st 3R 8 1 20 g 7 1 o, e
TR A, JF BN S8z 8] 2% i O 72 i 19 4 Jay Al
(], e 2 5 B 4R 2 — Bk a1,

KT HEWANRBREARN —38 LR 5, B8 73+
AFEE AT RE——FH . B XTI S 4R 8 T 2E AT N
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S g A5 ffE A 1) ) . (D) AR 22 ARSI (9 BIF 5 38 AN 45 B - —
Pt B G %) fif R 22 T, S TR A3 T A5 e AR SR, ) n O TR S
FETAA T ¥ AARAT I T 1 1 A7 AE M 5 /N S ) 8 T 9
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AW HUBY B, 240 5 Al B B ) A5 80 43 A, 3R ) T A= )
A R B ARAIE T, 565 A W A AR 04 T )5 4 il 7 AR A
1 LA B B St

Y AR IR T 0% 25 bR T 2R WK R
AR DB = MERR (9 3k 00 IR T SR AW AN IR E
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FAT B — 4 R N OB B AR 5 Allee SOV IAE T, (L AEWS
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(2) AR 2245 500 b 8 BRECHE | AR J5 R H 48 11 i 7
GF B ARSI R e S T IR ICED SR
T ot A 1 SR AR R 2 1 i H S LR 1 B A AR UL R A=
WAAR I A1 78 0 40 0 8 T 4 Sl kR AR T
AW AR TN VAL 5 ] R A 2 A E AR T Y 8 I
e, FeHDE O] A H @ AR RS R R
Ky b 4 90 AR R T B ICTE A 2oy B v IR S

77 A



ﬁ\ 42148 3L ZE (Reviews)

M S, 2011,29(10)

SCIEACE & TECHAOLOGY REVIER

SRR HEY ARSI E Sy
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