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Abstract: Using landscape pattern indexes and the methods of centroid position with the help of 3S technology, we
examined the landscape characteristics of Spartina alterniflora and its spatial expansion patterns from 2006 to 2015, in the
core area of the Yancheng National Nature Reserve ( YNNR) in Jiangsu Province. Furthermore, we forecasted its expansion
trends based on the GF-2 Satellite Image of 2015. Our results indicated the following: first, the recent landward expansion
of the Spartina alterniflora marsh occurred at a faster speed than seaward expansion, its centroid continuously moving
landward. Second, over the period from 2006 to 2015, patch density of Spartina alterniflora showed an increase. In
addition, the landscape shape became more complex in the tidal flat wetland and the area weighted average shape index,
correspondingly increased to 8.63. Third, three expansion patterns of Spartina alterniflora, marginal expansion ( ME)
external isolated expansion (EIE), and tidal creek —leading expansion ( TCLE), were identified through the landscape
expansion index and the patch fractal dimension. The patch areas of ME were larger than the external isolated expansion,
while the patch number of EIE far exceeded the total number of ME and TCLE. Tidal creeks played a leading role in

Spartina alterniflora expanding landward. Finally, based on the three expansion rates measured in our field investigation,
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the landward spreading trends of Spartina alterniflora marsh was simulated by using buffer analysis in ArcGIS10. 2.
Simulation results indicated that the area of Suaeda salsa will decrease by 11.45% in the next 5 years. The conclusions of

this study will be helpful for understanding the invasive mechanism of Spartina alterniflora in the Suaeda salsa marsh.

Key Words: tidal flat wetland; Spartina alterniflora; plant invasion; spatial expansion; simulation; core area of YNNR
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Fig.1 Location and scope of the study area
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Table 1 Description of the landscape index
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Fig.3 Landward and seaward expansion of Spartina alterniflora marsh in 2006—2015
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Table 2 Changes of landscape pattern index of Spartina alterniflora

A Year PD AWMSI Al/ % AR Year PD AWMSI Al/ %
2006 0.71 4.88 86.87 2015 2.81 5.35 93.21
2011 0.72 5.07 88.43

2 RWLHIE 10 i B AR ROE RS SOWE B Ak, L, 2015 SRR JE AR = 4 HERS AR B BETE
AT b 57 B B/ NBESR 5 SRS ETM 2R A 0 B R 15 m, T LAXT 2015 45 (9 B ALK B H#EA TR T UE
ol H 5 i R OB LA AT L nT R B S M S e EAEOK TR R R A SR SOLBEER T PD S BNYG
Kia#,2015 4 PD {H R 2.81, Ui B ALK BTSN WG 22— R B L Rl T X3l P 1 o LA e A s
#2006 4EF 2015 4FE , AWMSI BTG K3 5,35, P B ALK B SR AR 15 ok B g 20 . RS F

BHUE AL {EAE 2006—2015 4 Sk LR B, BABHIT 10 453k B ALK A SR AR AR B MOk Al |

3.2 HARKEY SRILARIA S HARE
3.2.1  HARKEY RIEEARIZH

FI T AME A A SO AR B (LED) X BARK B sk B AR, AR 2 8, NP sk IE R L, B AL
KREY 5K MG 5Kk SN s sk e 5 iy ok 3 A=, ik 4 B,

f

SLEERIER IR TS

4 2015 £ GF-2 BB EXET KEXTEE
Fig.4 Expansion patterns of Spartina alterniflora on the GF-2 image in 2015
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Table 3 The LEI interval distribution and the landscape index of Spartina alterniflora from 2011 to 2015
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%Y 5K Marginal Expansion LEI<0 84 1.14 4.71 3.60 4.58
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Tidal Creek-Leading Expansion
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Table 4 Prediction of the landscape characteristics of Spartina alterniflora marsh

h i B! BEHH WS R BE L

Year Area/km? NP/ Percentage of original Suaeda/%
2016 46.46 5951 4.27 2.28

2018 47.54 3455 4.52 7.11

2020 48.51 2187 5.59 11.45
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Fig.5 The landward expansion simulation of Spartina alterniflora marsh

4 e

B AEK AR X 1 ER T SOUE AL ) SRR B 5 G TE A 22— Sl X HAE K B 1 T SRR AE
SRR, N O SR PG AL T RS X kAR BRSO R SE A A2, 2006—2011 4R ],
B AR [0 P52 iy SN ) JRE M KT i A2 o e PO L 1T 2011—2015 4[], - 245 i ety St 9 8 e KT
[T (R S | AR R [ R SR A 2 1 R B S s R, A2 AT B S R W E 2012 4R
Lo X R 73 BEEL 32 BV R AR U, L AEK SRSk B BEIR B G2, 3 vl g 55 4% 00 DX AL T A — 288 11 2 S5 B 4
RO X R A — 28 R R s i SO G . LA A e FUA 3 e I T ) AR BB 08 125 A e A4k 5 1 ¥ 7 e T
B TR AR T, A X B R BN et P AR £ R A B, A L R P DEE | SRR
(AR F 5B RN 1 S AR A ) AR K R BEER

HAPKFRSFH S MR RS et B PRI VD UITE , S B DU AL R 7 W i 2 58 b oA
SRIG BTS2 ZBKER ST TR RN % 2 R B R 2 2006—2015 4R, HAEK Y T FUINAL

http ; //www.ecologica.cn



15 FIF A ARFP ALK RS [ sk U AR RN 9

TEARFE B K T3 —£5 (2015 4 AWMSI=8.63) , RAEFL L ARWiG &, R B B S IaE R S 4s i, 5
ZAFXE R B, AR W VR B T RN 2006 4F 31.25 kY4 £ 2015 41 22.36 km? , BESCEUR] 4 | 22 30 1A
D R AR E IR R A, SR AS I I T B3 2B 1R 10 P TOUES | P NS SR A 5 S I AR B AR, s
TR S LA R 2 REEGRA  EEOR A PR 5 TA B  E R A S, B AR OK VR R SO R
SN 2%, A A ) 4 i e S st K L R T T VA AN TV R B O R A B 5 o v )
BRI /2 25 34 A 2 B AR K BB A A, T A A 58 K 4 I A A T 7K Vi B A B A K R — a5
AT METET , PR T A K A A R B | K [ B TR AR o B A A T Y

5 20 W R AR T A B S BRI 0 L A6 K 5 ARAR s i) AR SO B A8 K B fi iy )
YT M IS A B AN A ORI LEL R T 3 FiR il st 2L i B/ Wi & B 21 5Kk i)
T FE R TH AR R TR 2 4 sk AN i 5 | S ik, S5 oK T BREE I N AR 25 T/ BE A 1T B A
DK 5 B 2 38 3 S RT Ol AR AR (L JE 08 19 A R 403 B K ORI RR I A 1) AN R S sk
Ao, BRI M R TE 4o A 5 A E BN R S, RIS B b ez o o i A B, PR
BEZCHH DL FERDE” I XY SR AR B, AhERER 254 5k By BBt 5 9 sk BEE BB 98.45% , Tl VH P 1)
W EAL S H™ E |, Hob 60.26% B BEH T AV/INT 100 m* 33X 7F— @ FE B i i T 3 JLAE T AL KRB LA B i 5k
R ERBR WA T 5K B K R G AR B E AN AT Z AR TR WA B BN BARK A
2R 51 IER Y W PERTT b1 53 HRARZE — IR R K B, 32 B S b 1 FE 0 18 3 2k
K ETE PR T o0 BE SR AN W 1) A Y AR S e AR BT TR, B R AR T et 2 i i Y
TR A A A 75 0 o EAE KA AR (A5 Y O 1 S TR 2, AT EACZE 1 34 3l 7, 9 B4 K 6 S B 1T O
Hy I H D A A S AN S PR XS PRI b, 3 3 Al sk 4 LA BE B8y 3 X LT 7E
A BEH AR AR 2% i DX AR 47 4 T AUXU /S (i B AR B Fh 26 B TRV N 3, 2B U R BRE B, T DA
A FEAARIE Y 5K BN TRk 5 4F N BARK R I B 4= 5 B8 (RPIRAS . AT RATRUIL , B AR OK ROV P ) 1) Bl 4
s S PRI | 5 4R o VA R0 TR 2 T 2.56 km® A ARG WS IMET . SRS
AT DAAE A S DA b s AR i e b 2 R0 A I RK SR B2 | 8 78 T AE K AR el o i ML BT 25 5
WG A TR TR e 3
5 i

R SRR U J5 ) W b A KR g AR B AR T A 1R S0 LT 3 3 1) P AL RS, i B AR R
L o i A ke 3 D R A DR ) VA ke R R AR S A AR LA B B B o L 2006—2015 4F H AR K
BT R R I S AR IR 1.35 km® T SOEERETE K A A, OB Ha B 2% . HARK BT
YIRS IS Tk SN IR Y IR AN e 5 | 5k 3 R WA R R B AR R 1) Bl AR B
HEMELE T,

S % 30k ( References) ;

[ 1] TR, XUk, BRAIm. SPRAN ALK BT TE T3 A M 2 AR P R S —— LUL IR S ). AR 2524, 2005, 25(9) : 2304-2311.

[ 2] Bx4edr, ke, BEW, T4, JRA0Emi Rl 5ok R i 2 A S 3R 3 Jy 0. iRk, 2004, 24(5) : 610-615.

[ 3] Daehler C C, Strong D R. Status, prediction and prevention of introduced Cordgrass Spartina spp. invasions in Pacific estuaries, USA. Biological
Conservation, 1996, 78(1/2) :51-58.

(4] SRR, WA, Bz, #6sp), FHLL, ZEh0Ak, SKIE e, VT3 H ALK 50 ( Spartina alterniflora) $57 HO I WS . 5 15 91,
2005, 36(4) : 358-366.

[ 5] AW, HARKS BHXH RN B E AL AR, 1997, 15(1) : 11-19.

[ 6] ZuoP, Zhao S H, Liu C A, Wang C H, Liang Y B. Distribution of Spartina spp. along China’s coast. Ecological Engineering, 2012, 40,160-166.

[ 7] AV, REL TR SR G5 E B — LRI E R R & B R DX . Junt. shEPRE L, 2014 232-236.

[ 8] Parker I M, Simberloff D, Lonsdale W M, Goodell K, Wonham M, Kareiva P M, Williamson M H, Von Holle B, Moyle P B, Byers | E,

Goldwasser L. Impact; toward a framework for understanding the ecological effects of invaders. Biological Invasions, 1999, 1(1) . 3-19.

http ; //www.ecologica.cn



10 GO O 38 &
[ 9] Asner G P, Knapp D E, Kennedy-Bowdoin T, Jones M O, Martin R E, Boardman J, Hughes R F. Invasive species detection in Hawaiian

[10]

[11]

[12
(13
[14
[15
[16
[17
[18
[19
[20]

L e e e e

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[36]
[37]
[38]

[39]

[40]
[41]

[42]

[43]

rainforests using Airborne imaging spectroscopy and LiDAR. Remote Sensing of Environment, 2008, 112(5) : 1942-1955.

Li B, Liao C H, Zhang X D, Chen H L, Wang Q, Chen Z Y, Gan X Y, Wu J H, Zhao B, Ma Z J, Cheng X L, Jiang L F, Chen J K. Spartina
alterniflora invasions in the Yangize River estuary, China: An overview of current status and ecosystem effects. Ecological Engineering, 2009, 3 5
(4): 511-520.

Chen Z Y, Li B, Chen J K. Some growth characteristics and relative competitive ability of invasive Spartina alterniflora and native Scirpus
mariqueter. Biodiversity Science, 2005, 13(2); 130-136.

Bl fl, Dyer. EMBORSEY L. BRI EN, 1995, 10(4) ; 322-331.

FHE. MR T ALK E AR W LRIRT A D] A R RN R, 2014,

BT, XN %, skdele, FH, FRUEHA. MO XS0 R 5oW /30 5 AR A e . AR 2824, 2013, 33(12) : 3765-3773.
FH, RNLLE. VLRI T RN B AR K B s W A s . BEIRRLAE 2014, 36(11) @ 2413-2422.

RARAR, RGER, G2, ST O AR K B AR KB SRR A2 . PRI TH @A, 2012, (1) : 137- 146.

NGO, XVLLE. TR ERIRIE I DX RS A AR BB Ak, RS 2A 2R, 2011, 30(4) : 694-699.

Hm, sk, 2V SR X AR 5 TR ECR R 5 R . ESFRE, 2014, 33(6) ; 1189-1193.

TR, EEEE, X&k, BRIES, bW, £ BAbEEER RS EEEATT . A2, 2014, 34(14) ; 3839-3847.
PRIEDS , TEFRE, XU, IR, TR0 950t i 0 o A8 oK B b B0 M 5 A s R 58 4 BE 0 20 . e R A b Jig | 2012, 30(3) .
380-389.

B, 727, BT, WHE R G AR, dunt: (2 Tk AL, 2004 31-36.

dRAtE ) XL, BT, ANTTAE SR A ARUK S T Eh i I M AR B T B R s ) 22 5. AR AR, 2013, 33(15) ; 4767-4775.
Jiang H X, Hou Y Q, Chu G Z, Qian ¥ W, Wang H, Zhang G G, Zheng G M. Breeding population dynamics and habitat transition of Saunders’s
Gull Larussaunderst in Yancheng National Nature Reserve, China. Bird Conservation International, 2010, 20(1) . 13-24.

Liu CY, Jiang H X, Zhang S Q, Li C R, Hou Y Q, Qian F W. Multi-scale analysis to uncover habitat use of Red-crowned cranes : implications for
conservation. Current Zoology, 2013, 59(5) . 604-617.

Underwood E C, Mulitsch M J, Greenberg J A, Whiting M L, Ustin S L, Kefauver S C. Mapping invasive aquatic vegetation in the Sacramento-San
Joaquin Delta using hyperspectral imagery. Environmental Monitoring and Assessment, 2006, 121(1/3) : 47-64.

Lass L W, Prather T S, Glenn N F, Weber K T, Mundt J T, Pettingill J. A review of remote sensing of invasive weeds and example of the early
detection of Spotted Knapweed ( Centaurea maculosa) and Babysbreath ( Gypsophila paniculata) with a hyperspectral sensor. Weed Science, 2005,
53(2) . 242-251.

Huang C Y, Asner G P. Applications of remote sensing to alien invasive plant studies. Sensors, 2009, 9(6) . 4869-4889.

Everitt ] H, Escobar D E, Alaniz M A, Davis M R, Richerson J V. Using spatial information technologies to map Chinese Tamarisk ( Tamarix
chinensis) infestations. Weed Science, 1996, 44(1) . 194-201.

He K S, Rocchini D, Neteler M, Nagendra H. Benefits of hyperspectral remote sensing for tracking plant invasions. Diversity and Distributions,
2011, 17(3): 381-392.

TEZAE, SR, KA. V0P ST N o (A% 2 1k, A= 2524k, 2003, 23(2) : 237-243.

EIRT, SRIAR, EOHETT, OO . JU Rt SR AR SRR IR S UK S L A0 AT, MBI, 2011, 66(1) : 77-88.

BRI, SR A — R i RS SR (5 ) . dbsD: RSO R, 2007 106- 108.

NS, AR, B, — R S KR B e S SR AEASE, 2012, 32(13) ; 4270-4277.

Wang X H, Zheng D, Shen Y C. Land use change and its driving forces on the Tibetan Plateau during 1990-2000. CATENA, 2008, 72(1):
56-66.

Seebens H, Essl F, Dawson W, Fuentes N, Moser D, Pergl J, Pysek P, Kleunen M V, Weber E, Winter M, Blasius B. Global trade will
accelerate plant invasions in emerging economies under climate change. Global Change Biology, 2015, 21(11) . 4128-4140.

T ARG E ISR I ARMER AR T 52 3 AT BRI SR S A B0 VTSRS IR S 3R5E, 2011, 20(6) : 690-696.

FRAELR. B ARFIACH RN T i i 5 R RHE S OLHIATR [ D], B A BB, 2013,

SRAEIE, sRBIT, THLL, BRut4ax, B0, FET RS AU DS BT+ W Uk I BE 20 M —— DAV I i B SR e B 1. ) 9 e Uk
2005, 17(4) : 69-73.

Wang Q, Wang C H, Zhao B, MaZ J, LuoY Q, Chen J K, Li B. Effects of growing conditions on the growth of and interactions between salt marsh
plants: implications for invisibility of habitats. Biological Invasions, 2006, 8(7) : 1547-1560.

BEWIAT, XVLLE, sRARET. Ryt e B RN 1 i V8 & 7 B H R R B sk i m. EZS2440, 2014, 34(2) : 400-409.

AnS Q, GuBH, Zhou CF, Wang Z S, Deng Z ¥, Zhi Y B, Li H L., Chen L, Yu D H, Liu Y H. Spartina invasion in China; implications for
invasive species management and future research. Weed Research, 2007, 47(3) . 183-191.

Laba M, Downs R, Smith S, Welsh S, Neider C, White S, Richmond M, Philpot W, Baveye P. Mapping invasive wetland plants in the Hudson
River National Estuarine Research Reserve using Quickbirdsatellite imagery. Remote Sensing of Environment, 2008, 112(1) . 286-300.
Mendelssohn I A, Postek M T. Elemental analysis of deposits on the roots of Spartina alterniflora loisel. American Journal of Botany, 1982, 69(6) :
904-912.

http ; //www.ecologica.cn



