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Abstract; Biological invasion is a major cause of biodiversity loss, and poses a growing threat to human health. Therefore ,
it is necessary to reveal the dispersal mechanisms of invasive plants for biological conservation. Spatially explicit individual-
based models account for the life history of a target species, in addition to its dispersal ability; thus, abiotic factors, such
as landscape heterogeneity and changes, are widely used for simulating population dynamics. Remote sensing ( RS) is an
important tool for elucidating changing vegetation patterns associated with broad-scale plant invasions. Therefore, by
combining spatially explicit individual-based models with RS and GIS ( Geographic Information System) information, it is
possible to simulate the population expansion of invasive species accurately in realistic landscapes and to understand their

invasive mechanisms. However, few spatially explicit, individual-based models have used RS to investigate spatial and
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temporal land use changes. In this study, a spatially explicit, individual-based model, combined with remote sensing
technology, was built to simulate the range expansion of Smooth cordgrass ( Spartina alterniflora) in Yancheng Coastal
Wetlands, China, from 1999 to 2010, and to reveal how land use and tideland elevation impact range expansion.
Furthermore , a global sensitivity analysis was used to identify the relative importance of adult survival rate, seed dispersal ,
and sexual and asexual reproduction on range expansion. The results show that removing sexual propagation or asexual
reproduction greatly reduces the expansion rate. Thus, rapid expansion requires both sexual and asexual reproduction. Land
use changes and tideland elevation reduce simulation accuracy, indicating that they have significant impacts on range
expansion. In the global sensitivity analysis, adult survival rate and long-distance seed dispersal distance represented the
two most important factors influencing S. alterniflora invasion, while seed production, maximum capacity, and the
proportion of long-distance dispersal were the three least important factors. Asexual reproduction contributes much more
significantly to quick range expansion than sexual reproduction, except for long-distance dispersal. Seeds dispersed long
distances contribute more to quick range expansion than local seed dispersal. Moreover, even a few long-distance dispersal
events are enough for quick range expansion. Therefore, invasion control strategies should target a single reproduction mode
to decrease expansion rates. Here, realistic strategies for controlling and managing invasion are suggested to remove low
density, small patches formed by long-distance seed dispersal at the invasion front before the onset of the growing period,
and to limit long-distance seed dispersal during the growing period. The integration of these results to control strategies for S.
alterniflora and similar invasive species would considerably reduce management costs, while the likelihood of local or
complete eradication would increase. In conclusion, spatially explicit individual-based models combined with RS are verified
as being very suitable for simulating the range expansion of invasive species in a realistic landscape, and for revealing

dispersal mechanisms.
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control strategy

PR RAEYITE R BRS04 T B 2 0 D05 X AR b A 25 2R G 1 R U, B Ay A
DR TGS IR Y 2Bk A Yy 2R D i 55 R R S BB S ERAGER AR B (4 A ) A AR XU s
—B i, Bl 21 20 R A ER IR BE Al — 2 A b T AR 1 A ) AR A2 RE G b T
FiRED™ ke, 48R FOAARBIL , DATAT i 5 453 R 30 0 4 2 SR s

PSR AT LAF S AR (RN EED 5K 0, 0 X R KA B 250 i () A W AR A W R 5 T D
LR, T IR B T ER 5 — B DA 200 AR SR . O BRI T S AR ) 1 e
ShADT RTINS SR LERFST | T WA 25 BRI (1 A4 1% s R AR B0 1A 5 B0 5 M
FHA AR AL ) T AMAI A3 1] A AR R AR BT SR A A 1 2 36 SRR AE 38 W] LSS A o R R
FEAEW R F 42 HRORAE IR BB A I AR IR RUEE IR 5 5% MR A 4 A AR (R R A A S 28 AL 1) B
BT HEM ST AR A ) B SR A 245 A AR IR I s L AR M AR B A, IR B R AR
B, )12 B T ARSI SR AR DA B T0R 3 T 4 2 ) f PR R 5 1 AR 45 &, ok %
5E - bR A4 s 23 A A X AR A RAE A s

HAEAKHE (Spartina alterniflora) J7 7= T 38 F4H7 , 76 20 gt 70 AR K G AR E , i T £k i s 20
TR AN 11 A RN BAARE BAA MEE S Je v B PR B 2. A B R
AT ES S | 18 T B IR A R BESR T IR T R A BAE K BE R, B AR R A M e
R S e A, IR BT, WA M 25 R G T IR BRI s i TR K R ko
RAP R A S RGOV B, ASCRLE AR B 1], e 55T AR B0 25 ] S AR | 45 5 TR SRR A6
U SR B2 T 888 Hy kAL, DU 43 B K B AR IR 2 i JF A5 H B AR AR AR A

http ; //www.ecologica.cn



23 ) ek A LTSRN 2 (8] AR T A0 B AR B AR A TR L] 3

/S SEOU IS IS DI RPN L

1 HRXERFNEESRE

1.1 R IXHEA

FFEI AL T VL7048 8 3017 2} e s B i (33°28'—
33°35'N ,120°35'—120°41'E, VWLIE 1), Hoi8 )47 £ 78
B A ORFRARNT 58 8 I DXL T A Fl IR AT =22

], LA BRI PR USRI 2
% 13.8°C AE AR IR 1023.8 mm, IO 60% 01 &
KRR, §
1.2 ikl

JUSH AL KEAE 20 140 80 ARG ATLIRAE , SR 1T
TEAMFGE X ELF) 1995 415 A RE M B EUE Ak BUR 8
H15E BRI TRl i T B AR R A B

= iR
Ak

. X N Hm
PRI X B A SR AL EE L T 1997, 1999, 2001, KR
2003, 2005 F1 2006 4F: 4= 1A HIZE B a9 A8 b 0 B AL K B % %

AISEI I L 2010 4 9 SEBR 70 A X BB R AT A, B
A TR GBS T ALK R AR K B RE RS 1 M 5 0 3 6km
EHEREX A BT, o 1995—2005 4 14 3 I A a S
% H Landsat Thematic Mapper ( TM ) FI Enhanced 12022830 120°3900°E

33°22'30"

Thematic Mapper (ETM+) , %5 [ 53334 30 m, 1fii 2006 | R SRS ( E o B MEATI SRR )

ﬂ] 2010 @E@;&;}E;’é E Advanced Land Observing Satellite Fig. 1 Study area: Doulong port in Yancheng City of Jiangsu
N RN Province, Chi
data (ALOS) ,ZS[A]5- #1354 10 m, rovinee, Thina

2 WRAE

2.1 EPGULARE

56, #£ ERDAS9.0 A7 JUAI AR 1, 38 Jb 288 Mg 2t 48 1 U — AR AT B 8 B0 1k ) 38 B AR E AT O i 1 o
HR B RALSRIE AT W 5328 B R 2R 50y 9 RS KR TR /K™= b £6 F SRR b AR H
HACKE BRI RIE R R TR 7E ARCMAP9.0 Ha Al K ALOS 3@ I8 A5 i i 4 SRt
T RAE A (] 3 BE R 30 m, B, W58 X 20 E1h 160160 A% (55~ HA% 19 K/ 30 mx 30
m)
2.2 TR ZS 8] B AR
221 AT

h T IR A AR RS2, AR SCHEN, T — N T AN 23 ) R R BV TE— A LoXL,
Wi b g — P KRR 4, B DS RER A K, M K, R — D& IrRE A 48 i e 8 H i B AR K
FECE WS 2 AR 1 A0, Forh 1 SRR I AR A0 RARARE A . YARHEY)
B MBS A U I FRATTA X T B R 1, R fBE — A Jo i AR B B 3k 3 K, 1 —2F 1
BIE Z e AR A 6 1, 22 R 0, B—4F AR MERIIET RN 1-q,q HIAERTETE K,
W A4 P AT E R T B —BRE PR TN n o BRI, A H B n PR FRECRAE TR JF B RA
LEBIR n, WIRDFHA TR, ORER T R TG PR AR 1 AR A9 B0 pR 8 () EAT 9880, e r S b
BIPHARERRS . Y1 RA— Do KA £ R TWI R  BOR A AR 1-p ARSI T AT

http ; //www.ecologica.cn



4 A E = 35 %

Ha P B H IR T K, B SZOT A B AR B S A B 1, AR SRR T K, T
£ 2NN S [

VFZ I ARSI RAE ) — M BAT SR 1) BAHRE ), U HR Dt it Jo e B >0 R, A [ 2%
THNRAYI R JONE S0 R AR 1 BERE AT O B, BAF A P H1 B AR O 27 A A
Y8, BEEERA PRI Yoo B AR T K, IR AR A 23 BER 1) f /AR

RSB AEK TR GIAABAUSRARIAI RS BOE K, SF TR, T AR E 244
A, G BUE ¢=1", Taylor %11 Ge 557 B ¥4 BGEAR T A8 805010, R =X

2
f(r) = i (1)

BN SR e 3| R N R (TR e e G T 4 =98

SR, AN B8 T R AR o 15, 22 T Fh RO KR B 91, R i K B S B IO Aol AR A Y
Py akg B R EEAMERT P, AR SO B AR K R0 R0 3 800 S B ORI BE B b s A,
Hh B B ORI S SO i B B BN R MEA P, A 8 Fh T Y SRz B A L, 3 R A A L
oL, ARG Taylor 455 AUWFST , B ALK A2 9 WU RS (&) KAB R 90 m, 1M i izt 5 2 KA 4 1000 m
I MBE d = 3 BAIC(30 m/HI0) Ly = 33 HI0(30 m/HI0) . A REAKF RIS A RAE S HO I
1,

£1 SPHWEXRERNE

Table 1 Parameters definition and their values

28 Parameter 7€ X Definition {H Value
d SEHY B B Mean seed dispersal distance/unit 3

q JEATENE R Annual adult survival rate /% 100
n, FhF 7= 4 Seeds per spike/ (no/culm) 600"
N 4}BEXL Tiller number(no/plant) 25b
Py H 1 EFEFR Fruiting culm /% 50b
1 Wi Zf % Seed germination rate /% 3.2
P, SA 7% % Seedling survival rate /% 70¢
Py SYBEFFIR 3 Asexual recruitment survival rate of /% 804
Mgy FhFG M Seed viability /% 35b
L FhFA747 % Seed retain rate /% 1.5"
Ko K% Maximum capacity (no/m?) 200"
Ly R RKY BIUEES Long dispersal distanc/ Unit 33
Py T T K BB BLHE B Proportion of seed long dispersal/% 0.1
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Fig. 3 Range expansion of Spartina alterniflora under mixed
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Table 2 Comparison of the actual versus the modelled Presence/Absence data in 2010, and Overall accuracy, Sensitivity, Specificity, Kappa,

True skill statistic (TSS) and Area under the ROC curve (AUC)

FSH Actua
U E Kappa ~ELS4%Y) FEZ LT ARRRE
Vodelled woE AR Rt BIERIE O BURIE  BRE RE SRR & F TR
Presence  Absence Sum Overall accuracy Sensitivity ~ Specificity Kappa  True skill Area under the ROC
statistic ( TSS) curve (AUC)
KA presence 18130 884 19014
KAz absence 863 5723 6586
BT sum 18993 6607 25600 0.9318 0.9546 0.8662  0.8137 0.8184 0.9286
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Table 3 Total occupied area, Overall accuracy, Sensitivity, Specificity, Kappa, True skill statistic ( TSS) and Area under the ROC curve

(AUC) when removing land use changes and tideland elevation respectively
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imulation scenario (number of cells) verall accuracy  Sensitivity ~ Specificity Kappa (1) ROC curve (AUC)

B

@Mi LA 20414 0.8877 0.9606 0.6781 0.6852 0.6386 0.8407

Removing land use

R BRI [R) 17 i P
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Table 4 Global sensitivity analysis of each parameter to expansion rate ( invasion extent during 1997—2010) of S. alterniflora and the rank with

Sobol’s method

S Parameters — B RO i HeF E'Hi?wj Herw
First-order effect Rank Total effect Rank
XY HIUE B Mean seed dispersal distance (d) 0.0366 9 0.0335 9
BARTE T Annual adult survival rate (¢) 0.4093 1 0.4065 1
i T/ 4 Seeds per spike (n,) 0.0283 10 0.0143 11
3 BEXL Tiller number (n,) 0.1056 3 0.0949 4
A Fruiting culm (P,,) 0.0417 8 0.0482 8
TePEBAH AR Asexual reproduction rate (P) 0.0925 4 0.1085 3
FivF ] % % Seed germination rate (f,) 0.0616 6 0.0504 6
SLA P AFIG R Seedling survival rate (P) 0.0600 7 0.0496 7
TolkEZ 5% Asexual recruitment survival rate (P) 0.0857 5 0.0813 5
B R HEE 25 B Maximum capacity (K, ) 0.0147 11 0.0127 12
KBS Y U B Long-distance dispersal distance( L, ) 0.1522 2 0.1403 2
KIE B3 HAF] Proportion of long-distance seed dispersal ( Py, ) 0.0014 12 0.0147 10
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