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Dynamical simulation on the uncertainty of exotic invasion

QI Xiang—Zhen , LIN Zhen-Shan” (College of Geographical Science, Nanjing Normal University, Nanjing, 210097, China). Acta
Ecologica Sinica,2005,25(9):2434~2439.

Abstract : Exotic invasiveness and community invisibility are two key factors to study the mechanism of biotic invasion.
Referring to related researches, we consider that the colonization (migration or propagation), mortality and competition are the
inherent essence detern”iining successful exotic invasion. In the paper, from a new angle of considering alien species invasion as
a disturbance to native community, we propose a disturbance model on biology invasion, which is based on Tilman’s
multispecies coexistence model. The numerical simulation discloses obvious uncertainties of species invasion. Alien species with
weak colonization couldn’t adapt to new habitat and is excluded out of indigenous community. On the contrary, strong alien
species succeed in colonizing new habitat and devhlops new populations in several or decades of years, threatening indigenous
populations. However, it is noticeable that exotic species maybe extinct suddenly after a successful invasion, which is another
perplexing uncertainty. ‘Besides above conclusions, the numerical simulation also provides some references to the evolution of
alien-species.

Key words :invasion; uncertainty; dynamical simulation
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Fig. 2 The failure evolution of exotic invasion

2.2.1 EBIAR BAEIER MEMESIA EEREREENENLET, BT AR EKMEFEILAROZ 0, HEHITHrE
BRI AN 10%5, RSP W ER TXFATES. |

H 3a 7% 0 Sa BORT IR OB RE 5 RO B M0 5 K IF 1 I L it B
AT LB L k4 30a 2 AN RAR I R AE T — U, 2R

LA

EOMAMB A RARAERERKENL. WA 3b

ERME, EAFEEREAAREE. BB E

NERTEEDH 1 EHE TR BEYHFARAERAREL. FEENRERKINEEANLEEIMMEFERIIRHAREN
EERNRY AT 400a EENFEABREEH —FLE ABHRRE, KXY BRI BFEAEESREKTE L. TR, 5k
FIA-BHE-AR-KEX— 3 RIEFERBEd T EARE KM, LA SBHEME LA I X — IR HER
2.2.2 HIAR HEZMHWL.H4BRTERABEBMOHMARBINN TR ERENPFEANIEMABEHE, LT FHE
SRR R ARBES R RER B FHAER.

R T XA

BN UEHEEEOERNRNEAR BERAF YR KL, E

20 42 50 A, BB JE T W W 45 (Latesniloticus )| ABI KT

%, BEJLTHE,200 ZMYHHERKARCAREFE™ ., RETE 20

RS MR LG, SRS FHED KL

E R KR BLAUK

LT ABRKHBZ)S, FEE WP EERH R




9 #H FHIT FANRMABRHAHEHITELL 2437

BRERAL, P 20 HERBEWMUBEHTEMREELLR T REWHZ ., TR AW HMESRENEREEE X
0, R | e POA R A H A F

—— WF | Species1 ---- % 2 Species 2 — - ¥Ph 3 Species3  — - - WP 4 Species 4 —— HWHF 5 Species 5
0.50 0.50 - 0.50 o, c
O 2 O b O L5
EE 38| S5 038l §§ 0.35 ¥
g ﬁﬁ ﬁﬁ
T & & & 025
®e [ ®° -
e S 25
en e T = @
! | | | | 5
0 60 120 180 240 0 300 600 900 1200 0 1750 3500 5250 7000
i} (6] Time (months) it /5] Time (months) it 8] Time (months)
M3 RBUILERZEN TR AREEZ
Fig. 3 The evolution of species invasion under stochastic factors
c5=0.15, K S A2 Where ¢s=90. 15 with other parameters unchangeable
—— MFi 1 Species1 -~ ¥ ¥ 2 Species 2 — . Y% 3 Species3  — - - ¥Fh 4 Species4 —— HFF 5 Species S

0.50
0 100

b

o

w

60
|
o
)
U

S
W
=

W e wmk
- -Iﬁ—-—ﬂﬁ——ﬂ--‘----#-ﬂ—

o
ho
W

MBS HE
Habitat occupition rate (%)
o
o
I
MBA s EH R
Habitat occupition rate (%)

- I

——-‘-l-'_l_..- L

0 12 24 36 48 0 600 1200 1800 2400

! [d] Time (months) if W] Time (months)
.

4 FhRFh BRI A AR B B [E] 3 40 B £k

Fig. 4 Success invasion of exotic species

cs=0.17, Hfb Z A ¢;=0. 17 with other parameters unchangeable

3 it .-
M EE ST LR E R AR ERTRABRESH S S 28 SR W T &% AR 4%
HAASHNEEIR NEHHER—EBERIARH, —REAHEE FAMARSTE, HES— B PR RAE — /N
S EEAEIE A BT — B B2 B U5 7 BB B R 5 AR R £ 3 /N B — B4 L A% SC B0 B A B A R TR L T X — A —
YA 2 4 3 B 5 6 SUBUS L R K 4 i JL SR A B, SRR BSA B AT , T BE S 1E 2 M B 4R BF B 0 A W N T80 b
FIfE A F RIS T-00, 7 Gammarra® S W H R AN S L RARFTROHFR DRI, hFRERN . E5SEEFSARMLE
At AR A 10a 24, BA0 B FRAH A% 8 8 (S. discoideus Gyllenhal) B4 B AR R — MBI MBI T . 55 LISETE
HRENE BIIAFELERBRIARF . Y S5 0 BRI B, 2 5 B A B h IR B TR XL
BF B ELEED. MES LN TEL S A EESEENH , AESTEARNM 3%, R SR METH
AR T A E B BRI, AR KRR, LR S+ E RS R B L SRR R A B R BT
DL EBAR T PRI R R A B ME B BN AT AGMRBENEESENE. SN, BaE EWMEE4 A R®
B MBI HBITF MBS (Striga asiatica) s £ BEESYREREREY b, K% 300 fEEEIANEEARBOE. I ES
SEA Y . TR R AR B B TR A5 A 1 R T B X 4 K B A B BB AT I B AR 36 A o ) A IR 4 B /B
BRI RS T SR 8B TN B R A SR ABIR. WA, AT B U B B A R BAR A TR IR IR A A BELIE T

]

k

Ll




2438 BB % #H 25 #

B AR HIEMABR Hakea sericea ¥ H. gibbosa .t 3 ) Euphorbia esula'® 3"} ﬁﬂﬂ%kA{%ﬁ’ Centaurea diffusa”* ¥
PR L I R SR S SR B B AR SR M RO B A BCHE AR RS . TR, BB RS RFR Y BAUELE TR NS E X

B, MHBL THEY L EMRY TR, BIEFHIRMEBRTUFE TR, HERERILITEREFBFEATESIET. Barlow &

Kean" g IR B RFHABRBN S EHN T EEZFHRLATHEHMKE RN FEE. BRENMEHMIFRNFENREZRHD
F8 G 8O S R FE R YRR (R ESN R b B R (U O 2 T LR B5E B B E RIS R RS BB 45 58 0 4
B BOSBPERMETCHRR  CRERLFILFNREMHEEERS L EREFNEL . AR EXREEBEHTR

(Acyrthosiphon kondoi Shinji,) F 1975 FHEFH UL AT HEWMBREAZEZHHE L . AN XBENERERRE T EEEHR

—RMHAE R REIWELTE, — BBV EEEEN S TR LS, XA EEAL R T 5 SR rF 5, A ﬁijﬁ

IR

ARV EEES. TENEEEEMHRERFYRAET BSBFFREK, T — BEARAME IR A BEERY J, 5

kMR EREEH BN TEIERRARRE.

SARFFEEBRARHARR—HRBELZHNER EABSXET - THERNIBR . REAHNDH, X HIEMLEE,

KX B R TE I, MM SR BIARF R B BEM S E R ZRF EM S S M RMEMHREREMT B A ZHEHTF.

LESEERE R EESASW 7% H, BERWAB L EHEET, BE 1989 £ 4 EH H BT, B B H M (Schinus

terebinthifolius ) HIBIA . IFBEFANBA FREEIWEWF, AR ZEM4 2 AT R, REZE 20 4 40 4K 50 F/
PIEREZIME KD, I EMHFABRHERMMEMATHEEEBRERED.

AR T L B T 9 B e 5 TR M 2 1 A 75 2 A A, AVREVE o O 0 R A 5 R 0 0 SRR AT B 008 R L B A B 2

71 R EUR X B 8 R W Z R B YR A R KL R AR SO SRR B 6 SAL RARTT T MEFEEZ2MANRER
DR ERANEERE. A XEBAX SR THER, FEENETAMTESARHANEMEERAMELIERE -

B

CAUELRERAFTEHEUAXRSHNE, NHEIFERED —ENMBIRRIEM. T B ERA LAREN AR Y BE

BERHN., REREESEN cEHE m B, AT DEBSNSRF AR E, AFIASRMBER - EFHESKE. HRFERBAF

EEMEREZA A XRER T EALE R ITIRTREOBIR TSGR ARKR BB, T L K4S R % b T 3R otat
FEW, 3 B AR R A58 1= 3 KR [ 09 96 785 388 X R A B 9 AR A0 3 R, X X 26 07 iR BAR s — 2 B3 . ok, i TR SR ALY
KBAM B Z AR WM, B AT R A SRR RO ] RIXS B R 594 B BEAT A 10Uk B, X A U9 — KR B o B X 4[] i 7565 1 B

T

References:

[ 1] Judith SW and'Peddrick W. Is the invasion of the common reed, Phragmites australis, intotidal marshes of the eastern US an ecological
disaster? Marine Pollution Bulletin, 2003, 46: 816~ 820.

[ 2] Ding J] Q, Wang R, Fan Z N, et al. Studies on the occurrence, damage and control of a bad aquatic weed, Eichhornia crassipes, in China,
Journal of Weed Science, 1996, 9(2): 49~52.

[ 3] Huang J H, Han X G, Yang Q E, er a/. Fundamentals of invasive species biology and ecology. Biodiversity Sctence, 2003, 11(3): 240~
247.

[ 4] XuZH, Wang Y P. Disastrous mechanisms and control strategies of alien invasive plants. Chinese Journal of Ecology, 2004, 23(3): 124
~127.

{51 Lin ZS. The Influence of Habitat Destruction on the Ecological Effect of Metapopulation. Acta Ecologica Sinica,2003,23(3):480~ 486.

6] Chen Z Y, Li B, Chen J K. Ecological consequences and management of Spartina spp. Invasions in coastal ecosystems. Biodiversity
Science, 2004, 12(2). 280~ 289.

(7] YuM], Ding BY, Yu]J, er al. Basic characteristics of submerged plant communities invaded by Cabomba caroliniana and its habitat in
China. Acta Phytoecologica Sinica, 2004, 28(2): 231~239.

(8] GaoZ Y, GiR, XulL M, et al. Biological invasions: process, mechanism and prediction. Acta Ecologica Sinica, 2003, 23(3): 559~
570, |

9] Zhang L Y, Ye W H. Community invisibility and its influencing factors. Acta Phytoecologica Stnica, 2002, 26(1): 109~114.

[10] Lin Z S. The Evolution Characters of the Best Competitor of Metapopulation. Acta Ecologica Sinica, 2003, 23(5). 780~786.

[11] Colin R. Townsend. Invasion Biology and Ecological Impacts of Brown Trout, Salmo trutta, In;: New Zealand. Biological Conservation,
1996, 78:13~22.

121 Lin Z S,Qi X Z. Can best competitors avoid extinction as habitat destruction? Eco. Mod. , 2005, 182(2). 107~112.

(13] Ladd E Johnson and Dianna K Padilla. Geographic spread of exotic species: ecological lessons and opportunities frorﬁ the invasion of the

(14 ]

zebra mussel Dreissena polymorpha. Biological Conservation, 1996, 78;: 23~ 33.
Lonsdale W M. Global patterns of plant invasions and the concept of invisibility. Ecology, 1999, 80: 1522~1536.



A SRR AR AT E 13 SE 2439

(15]
[16]

[17]

[18]
[19]

[20]
21

22
23

} | I 1 I

i | I | I 1

[24]
[25]

[26]
[27]

(28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

Kolar C S and Lodge D M. Progress in invasion biology: predicting invaders. Trends in Ecology & Evolution, 2001, 16(4): 199~ 204.
Cui J G and Chen L S. The effects of Habitat Fragmentation and ecological invasion on population sizes. Computers and Mathematics with

Applications, 1999, 38: 1~11.

Townsend Peterson A. Predicting the geography of species’ invasions via ecological niche modeling. The Quarterly Review of Biology,
2003, 78(4): 419~433.

Townsend C R. Exotic species management and the need for a theory of invasion ecology, N.Z.J. Ecol. , 1991, 15;: 1~3.

Green R E. The influence of numbers released on the outcome of attempts to introduce exotic bird species to New Zealand. Journal of
Animal Ecology, 1997, 66: 25~35.

Radford 1 J, and Cousens R D. Invasiveness and comparative life
QOecologia, 2000, 125;. 531~542.

Strong D R and Pemberton R W. Biological control of invading species risk and reform. Science, 2000, 288: 1969~1970.
Tilman D, May R M, Lehman C L, et al. Habitat destruction and the extinction debt. Nature, 1994, 371: 65~66.

history traits of exotic and indigenous Senecio species in Australia.

Tilman D, Clarence L. Lehman and Yin C J. Hahitat destruction, dispersal and deterministic extinction in competitive communities, The

American Naturalisty, 1997, 149; 407~435.
Williamson M and Fitter A. The varying success of invaders. Ecology, 1996, 77(6): 1661~1666.

Goldschmidt T. Darwin’s dreampond, Drama in Lake Vicioria. Massachusetts Institute of Technology Press, Cambridge,

Massachusetts. USA, 1996.

Yang G H. Apiscerana cerana. Beijing: China Agricultural Press, 2001.

Mack R N. Understanding the processes of weed invasions; the influence of environmental stochasticity. In. Stirton C, eds. Weeds in a
changing world, British Crop Protection Council. Cymposium Proceedings No. 64, Brighton, UK, 1995. §5~74.

Carlton J T and Geller J B. Ecological roulette: biological invasions and the global transport of nonindigenous matine organisms. Science,
1993, 261: 78~82.

Javier G P Gamarra, Jose M Montoya, David Alonso, et al. Competition and introduction regime shape exotic bird communities in
Hawanu. Biological Invasions, 2005, 7. 297~307.

Barlow N D & Kean ] M. Resource abundance and invasiveness: a simple model. Biological Invasions, 2004, 6:261~268.

Michael E, Moody & Richard N Mack. Controlling the spread of plant invasions: the importance of nascent foci. Journal of Applied
Ecology, 1988, 25: 1009~1021.

Freeman E M & Melander L W. Simultaneous surveys for stem rust: A method of locating sources of inoculum. Phytopathology, 1924,
14: 359~362.

Fugler S R. Infestation of three Australian Hakea species in South Africa and their control. South African Forestry Journal, 1982, 120:
63~ 68.

Watson A K. Integrated management of leafy spurge, In: By A. K. Watson ed. Leafy Spurge spp. Monograph - 3. Wee(} Science Society
of America, Champaign, 1985. 193~207.

Harris P &. Cranston R. An economic evaluation of control methods for diffuse and spotted knapweed in western Canada. Canadian
Journal of Plant Science, 1979, 59. 375~ 382.

Barlow N D & Kean ] M. Resource abundance and invasiveness: a simple model. Biological Invasions, 2004, 6: 261~268.

Hajek A E, Humber R A and Elkinton ] S. Mysterious origins of Entomophaga maimaiga in North America. American Entomologist,
1995, 41: 31~42. |
Ensenrink M. Biological invaders sweep in. Science, 1999, 285. 1834 ~1836.

%S0l

(S
oo

(-
G m
| | i I | ] k | | ] | i

I
o
o)

TEE, T9, 98, %. BEHKkERE—KHSERERAEGFEF LEPIR. REFR, 1996, 9(2): 49~52,
HERE.HMXE.BE_.%. AXHABRHNEYFESETEREMPIE THRE. £WSHHE, 2003, 11(3):240~247.
BIEN . E—F. SFRAREYH KB PLE L BFRRX K. EBFRE, 2004, 23(3):124~127.

AR AT ESHBERAELESHMBZ W, £5¥HR,2003,23(3):480~486.

B ZEE.BEERE. KEBHYARNESERREHEXN K. £EYBHE, 2004, 12(2):280~289.
FHE, THE . M&E.5F. KEEAGHERIHEARFLENR. HUESFEMR, 2004, 28(2):231~239.

B, FR,E58.%. SIRMARHIER VIBABR. £BFH, 2003, 23(3): 559~570.

ARHE, 0 TR, HETAGHERHEZWEE. HPWAESTER, 2002, 26(1): 109~114,

MR, EEMBERYDMABEOEASE, £ 5%, 2003, 23(5): 780~786.

BaE. PEEE. Jbix. PERIERA, 2001.




