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Abstract

Considering the substantial harm posed by the invasive species Spartina
alterniflora to China's coastal mudflats, China declared in December 2022 that it
would launch a national S.alferniflora control project along its coastlines. The
structure and succession dynamics of vegetation communities in salt marsh wetlands
underpin the ecosystem services they provide, rendering them essential for devising
conservation and restoration strategies following the control project. Nonetheless,
such an analysis and simulation remain unprecedented. Here, we pivoted around the
salt marsh wetlands of the Yangtze River Estuary, the region with the most extensive
salt marsh and heaviest S.alterniflora invasion in China. Through remote sensing
classification, field surveys, and machine learning modeling, we examined the
mechanism of salt marsh vegetation succession, predicted, and assessed the future
dynamics of vegetation succession and community structure health under different
future scenarios. Results showed that anthropogenic stressors, such as primary roads
(accounting for 11.4%) and coastal dams (10.26%), serve as the primary limiting
factors for the expansion of salt marsh vegetation. Without control project, by 2032,
the vegetation area of the Yangtze River estuary salt marsh wetlands will increase by
149.6 km?, with a concurrent rise in spatial diversity and evenness by 16.5% and
16.7%, respectively. Nevertheless, the area invaded by S.alterniflora is estimated to
expand by 98.9 km?.The implementation of the S.alterniflora control project will lead
to an average increase of 289.3 km? in the native vegetation area. In scenarios where
no artificial salt marsh restoration would be carried out, the landscape evenness and
diversity will increase by 16.6% and 35.3%, respectively. Our study unveiled the
limiting factors for the expansion of the Yangtze River estuary salt marsh wetland
vegetation, offering a scheme capable of evaluating the impacts of S.alterniflora
control projects on plant community structure and succession dynamics. This bears
substantial scientific implications for future national endeavors in coastal wetland
preservation and the execution of S.alterniflora control projects.

II



Key words: Salt marsh, Natural succession, Spartina alterniflora, Remote

sensing, Ecological engineering

I



TN ﬁﬁ %?

VR RV IR A T BRI R, 2 BRI U AR S T S I e e
SO FRIAT B AR AR AP ot A ROK BAR RKR Je BMEER » 5 2L AR T B R IR RO T
B LR B EAESRGRS MM ER S S RGN, TRRIRE
W E AT BRI RE R A AR IA IR, Rl A S R SN R, REE YA
FAR Aty R AE 2 BB R RIS AR 2 R A S
MR%5 . ABNAERVG KA, V5 Eh VW R 7 (17T 13 25 DX A2 N 12 4L
2GR X, B G E R ENREL SRAAFI S R TS R
PR P A M 55 DXCSsOYe fErp ], SRR 20 A T AR HR U i AR 1 5 i
FRAtE, Herh, AQULVAT O R R VA I M AR A R A AR X 2 — 00, Ak K =
St DR 2 R N O SR . T RORE L T s i X e —. i T
T = A L X0 T R 8 R R AEAR KRR B _E MR TV T it 2k VR T P SR A ) R
RAS PR SR RGN, SR DR VAR AE S RG IR . 4EHF
HAEB RGURSS SO K = A AR R R iR e 1 B B AR

SR, B 20 22 90 AR F UL 1 XK 51 A BAE K B2 J/02), Tz
FEYIAR A R e K BEE IS B ELAT B v (R B RO e 3150, AAy
SENGE K ) BT E AN PTIE PR NS],  BEMAE AT A sh R & 1 ™ RS
o MOZIAR BRI A RGP T ERZIR T, — 5, AR
ERAR NS = 079N R R 7oy AL i NI 1R 1 V) ) 6 sV R Y S Sl e e
TEIT b SR PR PR E D AL AR/ D BN, Sy — 5, HAEKEAIR G
REPA T HBEEY), SR 7RI O XA RS R GRS 451
201, I AR H AR B W RE 507 1) AN ntl, BARKE W NARIE 2 BHEE
A REHB TN (R FEAS - SRR AR A 1) 2 5 A8 S SR sh 223158 AR W (R A v &5
P RIS [A) 0 AT 24 FLA St T AR sl ) R A B L YR KR H ATk %S, 12
XL Ty T HAEK TR R SR R R R

PR, i BACK AL L SR g AR S, BAE 2006 4, L
T MR SR BB 15 22 07 RHIIEA LR A 1 152 [T A L AE B9 17 5% B 2R e 5 S [ X 4 1 AR IR

1



PP T HARKE AR BIGT T, 15T T — B8R (A FI YL F
TEIEIR %, R XN RIBE SEE RS, 2022 4 12 H BEZ ML
FIEJG R HARBEEIRSE IR I G T EVR CEARKEPE LTt (2022
—2025 ) ) [y IE FH AR 3 e E R R B X4 [ Y AR K R A £ AT 5],
TR SR B AR LI W R AT 4% , AR P HAE 4 b B I AR S5
1717 52 2177 5\ A2 B = i X060 2 L v () B A R IR B X

HAR H T BACK R I T B A BAT RIFIEIERUR, (A5 R IEAE
PRIFE S 1 SR TE N R A RS I BN A A R G B R 1 5 R VR )
HARFNM, BI85 A F R T BOE A P RETT R AR A5 R KL #hyE it
SRVATRE I 25 40 AW 5K, AT R EhVE R 5 o0l #BRR HAEK
BLE R 0K AR R M ONIE A A VAR AR KV R AR B, I B T A
A T SE G ST AR, KT 1 A VA T b (0 A 2L R A 3o B TR . T
TR VE A R VT SR VIR A S R BRI SS SRR s i 7 ) S A B
F B 2 e il 58 5 S Bl FR A AME 5 T B F AR o DR FRATT A 75 S v
2 0 ER VAR R BT B B L A AR T R LB TP LSO AR R

TEME, AT E Sl 4h A TR R Rl AT A A s, S M R TR
TR A A 0% 10 B (B P WAL A o SRR, 23] 1 VT 1 bV b 7 5 - 2 ARV
TEA 5 S P o Bt i it J T LA 27 o1 1 F by 5k 2 AT A 2L A0 22 K B L BE b1 11
CA BRY, PRERATL I b ) sk e 5 R A B A0 K B v TR S5 AN [
HTFBON AR R B R S MR8 04T o B, ASHIE ST BE LR =19

SO J5) 4 BN HE B I8 B LB SO R FE AT T L VRl . BT S, A
WEFAS B AR AN 8 76 KBRS TS, ARWE FB T ARRKIL
I ER7EW L 1) ER VAL OGS SR BR 1l I AT 4, 2)EhVB A B B = R i
HARHE, 3) ERVETEACR S IR b2 (8] 3 A7 A SO0 R o

B

\



—. MR 5FE

2.1 BPRXAN 4

AR 5T X I AL R A X (30.819° -31.919° N, 120.810°
-122.190° E, KBl 1o KL Ay EP R Oz —, S8 17.7°C, FH%
MU & 1388.8mm, J& T SR AL ML oy = RUME Ul . I AR IE 7 3¢, JB3C
POINEAT, WS, IR RSO RKITOEMUE, RURER, KX 10
KUl b, KM O S A B e E 14 fEERh, TEMXAE =55
SRRy B B By, — NI LB, P MR R AR MRS
g . R R EE E R X, H— AT S B AR R AR R % S AR
R Xz —: RN, 55— RFEIFELE 2005 FhEa e A E KR B AR X
ARV, JUBLD IR . KT 5y 32 B SR VA R SR ARG AR L 7 =5
(Phragmites australis), # =B 5 (Bolboschoenoplectus mariqueter), F&H &
% (Carex scabrifolia) 55, UL R NZHEY HALKE (Spartina alterniflora Loisel) o
VBB A SR, RO E AR BT : H AT H X il
KRBT M) 133 Fh, 35 63 B, T L0 S B ZR PRI IC S 290 i,
HAE T RERAMPELE,



120°I40'E 121°IZ0'E 122I°0’E

N
. A
“*A <
LY “/
N ~. C}
N
S '
z ‘ Ch\‘g. Isl u“"g
g- Jiangsu ngsha Islan
Shanghai
Nanhui Dongtan
Wetlands
4 Zhejiang
= - Salt Marsh
Yangtze River Estuary China h
Cities
East China Sea
g
02_ 0 15 30 60 KM 0 500 1,000 2,000 KM

B 1. E KL O 3@ s 16 B A R BB EA X (L)

2.2 BFFHE
2.2.1 BREGEE

RERECRESRIE T 2019 4F 1 H 1 HE 2022 4 12 H 31 H & s 7T X
(30.819° -31.919° N, 120.810° -122.190° E), [¥] Google Earth Engine (GEE)
Z V& ELE A 1) Landsat Collection 2 Level-2 surface reflectance (SR) data All
Sentinel-2 Level-2A-MSI(SR)##f . Landsat #4055 5k [ € b 5 i & )R T 7
A] I f¥) Landsat 8 Operational Land Imager (OLD)&{%, 2518120 #E% K 30m, HuI
YTy 8 K. Sentinel-2 HdfE GL A5 K H BT R & K1 7 Al Sentinel-2A
Sentinel-2B £G4 EE (MSI) B, 23870 #20y 10m, M E Y7 [A] 9 5 Ko
KRR O KAFFIE, SRS E bR A IR 1, J&8 T 1 v (10— 38 K
2.2.2 KREFRHHE

AHFFICEE T 2P KRR BEREHEE (k D, BARHEE 1D ELdE: thE
EAEAM I 20 AREEE: CPIRERT . P IIR AL L ATk I XU 2



A 3D ANETHEEE: FRA, SRERAVEERI: 4 BRI F2H
VEFIRKIE: 4) NRAEY: HACKE . HEMEE CRURMPBRERS) 251
T CGEESFINR WSS 43 B ArcGIS 10.8 @ = BRI 54
UEVEERAEN 30m 43 33K/ VLG I8 IR AR A B 2 1|) oy e, IRl 2k
U — A ORI B A — B
2.2.3 EHESHEIBEERE

2022 4F 7-10 H, FAVERKIL O 2 0A SR E I X AT T B A,
TR AR, SRR L IR IR . (] GPS BAF 5 T & 2K B ik
TUAHE HAROKEE, W =R R, P95, HAbREY) O &5, AP MES 1
S RFIIEREAR I E L, HFFAF] GEE =T G 1/ AF .

R LRREFEEE K IRIR
el R HARfR HeyE A
R THHER 2 B /N i T BA RS
iR H A I AT
SR 1:100 J5 42845 S 4
SER PN Open-Land-Map [# iy £ 35 £ 2%
e YR Landsat 8 OLI f% 48 2L AN BL
Bl INTTP BV ERAS Daily Aggregates>”)
ML ERAS5 Daily Aggregates
— B 1: 100 3 AARFREEA A B2
“YUERK 1: 100 3 AARFREEA A B2
=YUER 1: 100 J3 A AR AL A B
NEF [EIpUA 1: 100 3 AARFREEA A B2
IR 1: 100 7323 ARKRFE Al 2R 5 R A0
JE R 1: 100 3 AARFREEA A B2
H AR R X 1: 100 3 AARFREEA A B2
NREY) HACK B 8] 7347 AT FERE I 21 1B

vE: 100 J5%dE K B https://www.webmap.cn/commres.do?method=result]00W
2.3 BHRTE

2.3.1 BREETLE
XtF GEE V& _LRIIE GG, AW E e IE 75124 Landsat-8 OLI £
P54 9 A Sentinel-2 S BRAHVCAC FI 20 dE . BE S 1A QA B H VLA

5



s2-cloudless HVEXTIRIR G IAT £ =/ BHAE, M X BERAZTE T 24
REMVDCERHE B R . K FTL)E, R IR K88, Bk
F:
D HA—Ab 2 FAE AR E(NDVI): Sl R WY 7E T 2L AN 2L A BOR A 1 72 57
TR, T AR A 1 (g 155 150 S AR B PR 3
2) R AR EUEVD): B IE T KA L3 ) NDVI Fa 4L, BER 1T X
W SR AE KA Lo
3) A E KA G (NDWI): S K AR AR S e R 21 A B MR i 2 5,
BE A% S 0 b 3 1980 JE RO e 7 A 1
4) SRR LA 2 R AR B(M-REC]): R RELTR 1 A 4
RN, REN SRR A
PLEFREOTE B (DL (2. (3) F (4), g5RIE =G E R
HRMEPARE, MRERKEBITIEG .

N DV = D (R D
NIR+RED
EVI = 2.5 x R D (#2)
NIR+6XRED—-7.5XBLUE+1
GREEN-NIR N
NDWI = oo e (#3)
Gy
MRECI=<3%%—> ...................................................................... (D

7E: NIR-ITZL A B (845-885nm); RED-ZL Bt (630-688nm); BLUE-#4 3 B (450-515nm);
GREEN-£% B¢ (530-590nm)

g, B H A UL LK Savitzky-Golay JEJE FIEIAMA N & =i £k
MBEAE, I EGIE S )75, FATE ] 73R 5 R, 2R
oA 30m PR e o B PR A AR R 20 A P S 45 5 B SRS T 1Y O S A SR
AW LR 7 AN R A AR S A ) i e L ek ] P 41 PR (1 2)



{ —m% (b)

i L
— HAEXH

N $EFITLESRIEES
FE] 2.7 AR S e e M A 60 P 31
2.3.2 RIFHBEB SR
SEE BT R BURE - AR B (B 2)F0, ARBFFME T LR TR R
(Y BRI T T AL 93 2 7 ¥
1D BACKBESER: BT 11-12 H HABEYIEANIVE I, KE o K B 52k
HHAEARE AR BANZNON, KHREF. H EVIH MRECI AHX &S
2) FERIG: 1E 5-6 H, BREAKESN, P T Ira AR EE N
AR, EIREk s IRg L, EVI BT
3) HAh GRAD #: 18 10-11 H, BEREOKFEAFZEY, R MEFK
sER, T AR IB AL T A, BRI E, NDVI RS-
4) FEHL. 7-8 HBEEATAEKE, NDVIfhm. R HAES K2 T RiLE
Uiy, IE ORI KRR, T LA NDWI AR e o
ZEE 2R, AUFFIRIL T Y O A KN B R I B ) dR bR
Yo, A KRBT

12/§



1) HAEKE: EVI 13mean = 0.2 N RECly_12mean = 3.5

2) P EVs_gmean = 0.25

3) HAMKEH: NDVIio—11mean = 0.25 N NDWIio_11mean < —0.35

4) WE=FEBEE: NDVI,_gmean = 0.2 NEVI, _gmean = 0.1

R 5 SR8 BUR , A FUAE A O RAT IR R SV [ AR08 Bl 2311 DX 0t 3 R 24
BUGEAT T, M ERIIE 73 2830 ] 3 0t 35 2y 11 98 52 3094 o A s P 1 2k
ERR L. T Y AN A A B A SR AR AE I VR IE MR Kappa  FRECPFAG 7328
AERRTE (R 2), S5 REBW R HAE,

R 2 REREHFIEIEER
iR St HAEKE P W= HAb R
Kappa 0.95 0.91 0.92 0.91 0.89
SRAERE 0.98 0.96 0.96 0.95 0.95

2.3.3 FEBIE EHLEE TR SR SR A4 1 T

WS O 10 2 A b o 8, AW ARG T D SRR A R I ] Markov
R E =R e D BARKREIOIE R AR B 2) BARKEOE RS B R &
3) HACKHEERR G AN TIKE A (R 3), - BIBRUARKE] 2032 E1EA A 5
THEBEES.

RIBNEREE
FENa (RS iiipo
HACKF TR B AR B AEBART AR S, ShifiEhit T B R
HACKEG R G B IR MG EACK S G, ShiR AT B AR

HACKFIHERE N TIKE MR EACKE G, A YR LB EEAT SRR

TR R, AR FORFE B s K% (B0 JFK 1 Patch-generating Land
Use Simulation(PLUS)FLZYB2, ¥ e AW 5t iEid LEAF Bidk, $RECRYEE5E 1
2019-2022 SR KPIE, Sa NESEMEHE Gk 1 B2 kSH0H
BEFOTRNRE FEATI, g 7 B 43300 20, FFIERT 22 B0A 14 R, faocs
Wi &4 A3 x BBENLARMAE AL, [ A3 2 T & 2R 8 VA AR AR Tk R 7K 1Y
FHETTERE R, FFor T LR

ATBEE 3 2 KBENLBEERAN 7 CA B8 (CARS) #ATZHtk, HhikE
AR IR Ny« ERVBREYIAS 22 A8 e, DI 2597 5K g S0 r R A A L4 e

8



FO RS A A PR 2 T M B AR, S 7 et AR SR AL 4% 1) 43 A 31 25 ) T
Mo foJmilid SRS (OA) RIFIH A% (Kappa) VEAS TS Faemibt, 45
I TRIRS BEBRAE, R A SEBR A L o

EERS ARG 5 R PTG S, AW S0E— 30 {8 1] FragStats 4.1 FPFxS 45 KT
1 TR M SO0 R 3 1 22 REE O 50 B HEAT T VR A RO L



=. MtR%

3.1 KITAEHERHSCEY KB EF

MR 3, AHF T4 R N Ia 0t % 28 VA M (i sk 3 B B T
(s o b o B PR S B B K B 2 A SR VAR B s s s A TR =, H
XPEMERI R i (15.8%), HUONFH (11.8%). JBAMEM (10.2%). =
RBERL (9.5%): MBHURIUFREXS HVAY 1A BN S FURITEI, 53 5l R 98 i
B3 (12.2%), W=AKEE (12.0%) FEALKE (10.2%) HIP K857,

BN Frf, R R ERARM (K, PR R ) MK
Pk BRI 7o Hop il RERS MR = (23.4%). HAEKE (18.1%) I~
F (17.2%) WF sk sz o 17 H VR A AR B 0 g2 mm ARG /N (13.6%) .

WAL, TR 135 R £ 2036 £R VA G ME A oA AR R o 3R AR AT R
VAT ST T I 25 A S 5 AR 27.9% o ATV [RIRE ST AL K R (3 5Kk A
— E R HIE R (10.6% ), TR AR A 4 58 J 1) T B = v AR AE A L X Tk
(13.5%).

0.6
O DEM ® Fromriver
OFrombay O Frommain
0.5 OLST O Precipitation

S
EN
1

S
N
1

Relative Contribution
(=]
W

o
-\
1

Mudflat  S.alterniflora P.australis IB.mariqueterl Others
& 3. &R EEEAY Tk R E R R T
3.2 AREER THEBHEE R EIE

0.0

10



KT EhVE R A - 2 2022 R4, ST 388.51 km? £hiAFEHE A 465.28
km? 6, fERLZLPUSE, ERIEMEM AN T 69.11 km?, AHEL 2019 4 EAIE N
21.6% (B 4ad. Horb, SEINMREARRES /02 BARKEL, HoTiRbey) 5 Sg K a
21 50%

W BATAIAT HACK ARG TR, B 2032 4F, iz EhyE A H AU Do
¥hn, &%) 538.12 km?, AHXF 2022 FEHEIARIETE 38.5% (K&l 4a). FEREBAR L,
HACK BRI 4 O R, Wi o5 L RCKEE I 85%. 1 53 — A L4 FhifE = 4%
BEF A AT S [ — DB R, AL 2022 AR AR (5 LOK R F% 14.8% (& 4b).

TERAT BACKREG 5 IR AT N T E R T, &2 2032 45, thih
HE S A 472.29 km?, B E R E B ATHIE SRR, JEAEX 2022 16
WA 7k 84km? (18%) (Kl 4a). 72K MM IIT iR FEAEREEMERE, Sl
P LI B 68.7% o [R1B, ¥ =A% 8 R FL AV AR A D BV THI AR 23 I3 0 46.4 km?

(74.7%) F120.2 km?> (105.7%) (Kl 4¢).

o, FEVE MR BAKE G LR AR B R E I SR, #2032 KL H
BB A T AR AR 512.77 km? (E 4a), PMUGE4 R E BIERMATTH A, H
TEAESN 5K 124.26 km? (32.0%) o 17T &R VH T 3 B RE AR 2H R o 5 A2 B K
AL, i = W BE RO O R AR 2 —, 5 R SRR TR 42.8% . At THIFL_ETH A 2022
) 354%, TR AR IO RE ) E R TR ()RG35 13 I, FORE AN 2022 41 19.15
km? EFFE 134.07 km?, #9049 2022 SEHARK) 7 544 (B 4d)

11



T
I — —No_Removal (a) O Others ®)
History : — —Succession 600 | BB.mariqueter |--------==--cx- o]
Repl: "
: eplant - B P.australis
| -7 _-" ® S.alterniflora
45 1 - -~ 50 T =TT e T T e e m o=
~ I _ - - NE
£ - -zZ =
3 [N _- P
2300 [N .z 2 300
< | - <
h ~ -
1
1
1 150
1
1
1
1 ]
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
O Others (©) O Others ()
600 +| BMB.mariqueter ------------------------ooo oo 600 +| BMB.mariqueter f-----------------------oeooooooooooooo o
B P.australis B P.australis
B S.alterniflora B S.alterniflora
o - 480 T oo
£ £
3 3
© ©
o 2 300
< <
150

0 o
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

B 4 R TR A S B AR 43
Ve ARFEE SRR (a): AT HALKTROA TR (b): B8 a7 A T30
WE (o) BHEANTTH (D
3.3 AEMER T KL O 3@ A 2= 0 5 A A B

TEZR B o3 A b, 3k 25 DUAFERHR 43 EhTBAE A Tk R A TE b 1l T Y 2 M R 52 B
JRIAPEAN DS, T 7E S5 B 2R LR DRI B (R X 9 I Tk B 2248 . B4k
5 KT VA 0 b 2 VR A 30 SR B R ko B, (B 5K A A I AN 5,
HEZFHACKRENEREEARINE (B 42, Bl 5a).

FEARBTHACKEEBATE R T, 3 2032 £ NR Y ALK (AR
BE—B IR, HOSTESRM B AR /ALVE = R Ry Tk, SRR R . KBRS
RVEMESETE 2022 4F MR B NR I XIS M Iy 7k (B Sb), AL Ppf
(¥ 32 L3 X 3G T 1) s A 5 o (BRI 5 B TR 5K, &R Odh
TR IBHb I S WA 5 R RE A B 2022 K5 —52 BT (13.2%) (F 6).

TERHMT HALK BB TR 5N, W7 BRI, LAl A8 1 3,
HOoB T2 AT FRAT D AR E R IX o (ELESIALI  mIC AR M S LB 45
Je AR 2 A i X, N TR J0 7 56 4 8 H 3R VA 7 75 2 [ B2 31 2 A (1K
(B So). IWTEMSKE, KIS AR EmE R, B—, 24050
g PR AR Y AR X AN HEAT HALK BB R TR B UK (& 60

12



B2, WEARDOR BACKE TR bR, BEJE hHA LRt T B2, &K
L VR A 22 8] 7 AT R ARG XA 5 A 1K 2 B s AL 20 AT DXORE 22t B 22 R )
RAGRARTEOL (B 5d), HilE =M REER 28— YOS 2 70 A T KU 1 LR T
H PR FR . RIS, fESOMARRRRE b, 10 SR R R =R i stoh i AR —
ARAEFMEAEEIC RS E LR R (B 6).

IZI°‘20’E IZI?II'E lZZrﬂ'E 121°20E 121°40'E 122°0'E
h h L

(a) N (b) N

0 N N1V |

/
'
L
S
]
03
§
Q/
¥
J/f
[ ]
£
s
']
5

N \ h
~ 7 ".\ 1 -~ - .
M s A

~»
Ch\angxing‘lshnd . qharfgxing Island
¢ \ < . QU
3] Vegetation Types ) ' \?w 3] Vegetation Types R ‘\\wag
[ ] Mudpar . NG [ muapan 6.2%  24% . Ny,
- S.alterniflora . - S.alterniflora ‘ . ‘
B roustrais 7 Jiuduansha B rausias 7 Jiuduansha
B s rariguerer 79 |
el [ omn A 2 gl [ omen A
K 036 12 18 Nanhui Dongtan K 036 12 18 Nanhui Dongtan
. Kilometers Wetlands 7 WWERETS
IZI°IZII‘E l?l”llll'E IZZ;’#'E IZI‘?”'E lZl“llll'E IZ];”I'E
(©) N N

@
T A e A

|~ 8 LN

. t’\\‘\“m C]I D _\ = '“\VL\‘ Cb Tl

0N gy, e HoooN . Mo, T

B . 1) o = < o, S
" 7 i N Coees L g g, UTYN
BN & ~. : slaad \ & ‘ ~. : SIahd

= \ _ h
-~5‘§§$5T\\\ﬂ,}m /’TQ%QS‘.\\\_,j“

> changxingisland i S C}lang}xingl&lénd B
\ N

Vegetation Types g o\ Hengshg Islang
e - - :| Mudflat . @ Y- N
| ‘a&; B s : w@z}

Vegetation Types Y ‘\"”'gﬂl\*als]&.i
l:’ Mudflat
- S.alterniflora
- Paustralis

31°20'N
1

31°20'N
1

> ) B eousirais
Jiuduansha . Jiuduansha
B i ‘ Bl e
. kY
§< |:| Others ;_ :I Others A
036 12 18 Nanhui Dongtan ‘(. 036 12 18 Nanhui Dongtan by
o Kilometers Wetlands o Kilometers Wetlands

&l SANEE R T KIL O 378 & HuiE 4 2% (8] 4047
E: ARESESREEEREZS () AETHEAOKERIR TR (b); BiGEH T N TEhH
WE (o) BBFEANLTH (D

13



1.5
OCurrent B No_Removal
13 - BSuccession OReplant
o
=
©1.1
>
(V]
2
ey
0.9
()
(14
0.7 | H
0.5 r
MSIDI SHE MSIEI

SHDI
B 6./ FlIE R TARRAKIL O BB HR W R

7¥: SHDI: HRZHEME: MSDI: BIEMEERLZFEANE: SHE: &R EHEE: MSIDI:
EIERSE ARSI R4 No_Removal: AT HAEKEE G THE; Succession: G 5 A

ANLTTi; Replant: 5 5T N LB KE

14



. #

4.1 RFKIT O BB KRS
AWFFEEIREH], RIBIT H SRR RV B 2019 FLISKRRHE B, R
KAV F ER VAR T AR IH 2 AN W g, (B9 sk BER A BT B B 1Z3IR I
5 & iR R TR R D RN, st R a D Rk, R
IFAEIE 2 10 FESER T 2 AN EEE TR, T I 8 AR VB 2k Y 334 P 52 M0 0 G J]
F0, 00 O 58 S I MR S R AR VD B B0 AR Y B8 S T I 133 km?
JUF e AR IS AL T R R SRR R S (B 7D, (HRJEBERIRAMERR T K
GG SRR A K e, SRR R T DA AR R A RN
FEMY AR, EEEIET] 2023 FEYIME KRS S ShBEDE K2
] TRV 5 AR B SRVEE X JEA I S VA REVE = Ao, (R SE RN T AR it
T RAFIIE S SVA R Y AR R A3 ), JCHRAE B R 5 T AR K R i
(8
TX 2 PR SFL A o 7 77 A PR B X e VAR 5K o B B R SR A K
g . PRIk 2022 3] 2032 4R 1E], 55K A DX 32 SR X S b X . T I
&AW AE KT ZWE SRS, Y R B RN, IR E 2
KT 6 VR T 5 5 6 M T - o = TR - AR A AR AR T T AR
(R E o AR, FRATH A B SR HAEK B (I FE R VL 1 $h VR iRt N AR FE B ik — 2D
IR, BT IRARNAZ M2 A, TR AT b HE 76 TR 00 5% I AR M DX 3t 2 i
INAZ AR, HAE 2022 422 8 43 Ai i HALK B BEHURA 7T B S HCR R RN
=R

15



..........

. e B e
Bl 7.2002 £E_E¥g RSV RMEIENE TRERTEXTHE (1984/2016)

& 8.2016 @Lﬁﬁ%%iﬁ?@ﬁﬁﬁféﬁb& (1984/2620)
4.2 KL EHEEH EIR RS TRK MR

TEAR EWMARIA) 32 20 A0 T UL 1 3RV R, 7GR BARK A A L
IR K HEEE, AMRRIER AT N LB E 55, HflA DY) # o duim
AN AR B R G B T S S A R B GRE, R BRI O ER Ik S B E
SN B HIHERR, BT RE NI Z R &R (& 4, od. EERGREH

R

BEEL G A LA R B AR AR L 35 F HA K &L, HAAEA 52
i 3 BT, T LA B K B 0 B RO AT R gy 5K 5361, T AR s AE R T
NLERRKE, YA B ARE SN 8] 565 T REUS A8 NG & HAAF 1
BT PR FEATY 9K, TR RCE DV RRE 1 AR 0 A i JR AN 22 B TR A ARV 4

16



g5k, X — I RAER AR AV E AR Py BB T80, i xR Je 5 1) #h 7
Pt b AR A A DR U U B X, A AN T R T R ELAEOK B R B AR
M, VT ShV JEA A K B3 A ) XA R B ) Tk 2R AR P A,
HLHE = B ) A R AT 1 SRRt s e R R (- 4, dD
4.3 EIKEEA TR AR AR

X NZAEI HAEAKEE, BT BUM 5 51 R AT A2 I 2 D5 i e s
UnAE 2R P b 2 A B B IR I i R Y e 0 18 BT 2 A R ) g
IR BRAE 7T, P25 EADHEAR S AN B ZEFT 7 2K 1RV VR AE 77 RENS I/l i BT
I (AR, R 3 it i dn AN A8V INPRMER IR AR R EEBo40), 7 Fig e
5 40 R H TR T A MG EN. REAT RS R R ITERBAEK
FLREUSAT AR T HUT SRV Mt (0 SO0 R P AIA A i R, (H 1 R IIAR
b BRI S VX RO NE 55 AR R G AR F A, MK IBAE AN AT TR A2 345 X
5 o

FEHACKFTERAE RS, A RailE ] B NE N T X R 2 e sy
MR/ N RE T B WESRMIRMESE IR PR R R “ L . EL L R I
BT RO BAZITERENG, AR, HETT ROV X EAT R A,
EAE i B4 LABON i R RO S5 B T B B8 78 52 I 2R £ P A 1t S e
LR W], A AT T e 2 52 B A S 245570 A RS i 1 sl AR T B A i) 3
AR DL, KM B AR B R & 896 T BURAT T RE L 3 B AL Mo
BEM-SFBAEP AR E Z . [N, b T80 TRMSERES KRG Likae /1o
ARG, DR M3 9K A3 BERF AR AT R RE LA ML MO BRAES, 32 i 3 Sk
A5 AR PR 2 T T AR A ) R G M X B 70 4 78 5 S IR B a3 . i
W25 6K 3 SR IR AR E AR B AN U AT 5 rp TSI AR A AR

RIS, bR 5 sk VR AR 3 A KR A, IR TR RS E e = H
B2 R B ey, Qv A5 11 5 A0 B T B 0 L SR BEAT R
DA R BLAEK AR 35 rh ] DLE R S AR 25, (B FRAEAE 2 P ahim st - 50X
—RUERR S, PEOE KRR AR U i AT SR i g e T 1 B
TR FEYEHRR, N AL SRR B 2R R E ] e A HAR A5 00, KT H 2578
Pt ] Tk B8 70K 52 BN IR o AETR A7 AN B 52 2100 S i s (s D0 1

17



HEVE AR SE AT e X T ER VIR AR [ B — R3S R GUIRSS T e AR ER
F1 97 T R

BEAL, PRI R AR T 2428 R RIS MR A R 2k, RG]
HE 2 RO £ 25 R LU HE I H A HL P N ANRRUE HRPIRES 2, AR I i B i, RS &R

i) Dy Re A2 YA DI RERHE T IR, WRh = AR HAUE, AR A4
BRI I EORAEY) A 2 R EINVE R, ATk 2 R SRl B 5
PRI 2 2, BEMIRZm RS RATIREW) . B ARCKEAE KT D %) (1 ik
HF, EVEMPAEAER, POE R ERAEES KRG R 5 KRR A
JRAGIR A FEA, 51 b— A0 AE A IR 5 5 0 N AR S T A A A 1R 40
) BN BN K LE TR Sa LI, 3E 1T 5 BN A3 RGAEAE JMT L A IR R

REGBATREME AT N TEBWE, (HX — 24854040 = & B SE it A B K A
MM, —J7 THACTL H VAR ) 2 2 B AR R0 A X 2 ———JLBb BV T
A BV R AR B3k T X3, AR 2D, AN IE BRI A2 AR R B AT RO B
S 07, JERRRE BARK R 280 R ATUUIRAEIIRTS S, A LYF
AN R RE T AN ERAR . FEIX IS, FRATT TR S5 2 0T FOR I E R R HAE
KB G REAEAE S RGBSR RE L R I SRIFENR, JE AT B FEARIE 72 1 XU o
4.4 HHRRE

AHIF SO AL 45 5 1 B A T A A AR, (0 FH 2R T AL 2 o 1 R AR
RGP HT T UL SR VAR R A SKDL B, DU AN [F) 15 5t AR s B B
FERE SIS T SOV R, 3R AL T — ] SR B AE K B R TR R
HbHE 5 B 45 A R B B I U7k, RS B IR AR B Sl T BORIUS ZEiMEiR 77
I AR DT RHI ) E SR ALK

B2, AR 2T B a7 KA BRSSP TR
et R TEE P RE RV T #hVE W iy Sk ) A 52 )+ [ I B = 02 8 v AR AE AR
SRGST WNBRBAF, WS, ARG X T A] BT SREC I B PR . AEARSK,
AW FAE L — DA AR S RS RAE RS VA A — B IR A E
PR v TR ] B Xt v [ v Sk VAR AT SR K4 i, W B 3 3R 3 N 12
AP H ALK B — PB4

18



225 3R

1. Costanza, R., d'Arge, R., De Groot, R., et al. The value of the world's
ecosystem services and natural capital. nature 387, 253-260 (1997).

2. Jénes, H., Macreadie, P. I., Zu Ermgassen, P. S., ef al. Quantifying fisheries
enhancement from coastal vegetated ecosystems. Ecosystem Services 43, 101105
(2020).

3. Macreadie, P. 1., Costa, M. D., Atwood, T. B., et al. Blue carbon as a natural
climate solution. Nature Reviews Earth & Environment 2, 826-839 (2021).

4.  Temmerman, S., Meire, P., Bouma, T. J, et al. Ecosystem-based coastal
defence in the face of global change. Nature 504, 79-83 (2013).

5. Barbier, E. B., Hacker, S. D., Kennedy, C., et al. The value of estuarine and
coastal ecosystem services. Ecological monographs 81, 169-193 (2011).

6. Kirwan, M. L.andMegonigal, J. P. Tidal wetland stability in the face of
human impacts and sea-level rise. Nature 504, 53-60 (2013).

7.  Ward, N. D., Megonigal, J. P., Bond-Lamberty, B., et al. Representing the
function and sensitivity of coastal interfaces in Earth system models. Nature
communications 11, 2458 (2020).

8. Ju, R, Li, H., Shang, L., ef al. Saltmarsh cordgrass spartina alterniflora loisel.
Biological Invasions and Its Management in China: Volume 2, 187-198 (2017).

9. Magnan, A. K., Oppenheimer, M., Garschagen, M., et al. Sea level rise risks
and societal adaptation benefits in low-lying coastal areas. Scientific reports 12,
10677 (2022).

10. #)FF, R, DR IRIFHRERME GIRICTIGE, R &I
W8T, AYESRFIR 46,373-382 (2022).

11. Kintisch, E. (American Association for the Advancement of Science,
2013).

12. £, 275, SEESE ARHEDLIUEKE—LWFE L&HFREE,
(2006).

19



13, &3, KA, RE. P RS ANRENEAKERDCE R, 28
IR 25, 1604-1611 (2005).

14. Hester, M. W., Mendelssohn, I. A.andMcKee, K. L. Species and population
variation to salinity stress in Panicum hemitomon, Spartina patens, and Spartina
alterniflora: morphological and physiological constraints. Environmental and
Experimental Botany 46, 277-297 (2001).

15. Davis, J. L., Currin, C. A., O’Brien, C., et al. Living shorelines: coastal
resilience with a blue carbon benefit. PloS one 10, e0142595 (2015).

16. Liu, G.andYang, H. Evaluation on ecological benefits of Spartina alterniflora
introduced in Shanghai. Marine Environmental Science 29, 758-761 (2010).

17. Gao, S., Du, Y., Xie, W.,, et al. Environment-ecosystem dynamic processes of
Spartina alterniflora salt-marshes along the eastern China coastlines. Science
China Earth Sciences 57, 2567-2586 (2014).

18. EFF, KoK, RBRAF. B ALK F AR IR M 4 3 % 1) s ik —— 2
TRGERN R, LS FIR 39, 941-949 (2015).

19. Sheng, Y., Luan, Z., Yan, D., et al. Effects of Spartina alterniflora Invasion on
Soil Carbon, Nitrogen and Phosphorus in Yancheng Coastal Wetlands. Land 11
(2022).

20. Jones, C. G., Lawton, J. H.andShachak, M. Positive and negative effects of
organisms as physical ecosystem engineers. Ecology 78, 1946-1957 (1997).

21. Gan, X., Choi, C., Wang, Y., ef al. Alteration of Habitat Structure and Food
Resources by Invasive Smooth Cordgrass Affects Habitat Use by Wintering
Saltmarsh Birds at Chongming Dongtan, East China. Auk 127, 317-327 (2010).

22. Gan, X., Cai, Y., Choi, C., et al. Potential impacts of invasive Spartina
alterniflora on spring bird communities at Chongming Dongtan, a Chinese
wetland of international importance. Estuarine, Coastal and Shelf Science 83,

211-218 (2009).

20



23. Liu, W., Wang, W.andZhang, Y. Differences in leaf traits of Spartina
alterniflora between native and invaded habitats: Implication for evolution of alien
species competitive ability increase. Ecological Indicators 138, 108799- (2022).
24. Chen, J., Wang, H., Wang, L., et al. Composting and Returning of Spartina
alterniflora Straw/Goat Feces and Its Amelioration Effect on the Coastal Saline
Soil : Laboratory Study. Journal of Agro-Environment Science 30, 513-521
(2011).

25. Li, S. H, Ge, Z. M., Tan, L. S., et al. Coupling Scirpus recruitment with
Spartina control guarantees recolonization of native sedges in coastal wetlands.
Ecological Engineering 166, 106246- (2021).

26. Zhang, X., Xiao, X., Wang, X., et al. Quantifying expansion and removal of
Spartina alterniflora on Chongming island, China, using time series Landsat
images during 1995-2018. Remote sensing of environment 247, 111916 (2020).
27. Qiang, Zhong-Jian, Zhang, ef al. Revegetation of a native species in a newly
formed tidal marsh under varying hydrological conditions and planting densities
in the Yangtze Estuary. Ecological engineering: The Journal of Ecotechnology 83,
354-363 (2015).

28. Zhang, B., Xiong, W., Ma, M., et al. Super-resolution reconstruction of a 3
arc-second global DEM dataset. Science Bulletin 67, 2526-2530 (2022).

29. Hengl, T. Monthly Precipitation in mm at 1 km Resolution Based on
SM2RAIN-ASCAT 2007-2018, IMERGE, CHELSA Climate and WorldClim.
Castellon: OpenLandMap (2018).

30. Hersbach, H. in AGU fall meeting abstracts. NG33D-01.

31. Zhang, Z., Xu, N., Li, Y., et al. Sub-continental-scale mapping of tidal
wetland composition for East Asia: A novel algorithm integrating satellite
tide-level and phenological features. Remote Sensing of Environment 269, 112799
(2022).

32. Liang, X., Guan, Q., Clarke, K. C. ef al. Understanding the drivers of

sustainable land expansion using a patch-generating land use simulation (PLUS)

21



model: A case study in Wuhan, China. Computers, Environment and Urban
Systems 85, 101569 (2021).

33. Qiao, G., Mi, H., Wang, W,, et al. 55-year (1960-2015) spatiotemporal
shoreline change analysis using historical DISP and Landsat time series data in
Shanghai.  International Journal of Applied Earth Observation and
Geoinformation 68, 238-251 (2018).

34. Shi, Y., Huang, C., Shi, S., ef al. Tracking of Land Reclamation Activities
Using Landsat Observations-An Example in Shanghai and Hangzhou Bay. Remote
Sensing 14 (2022).

35. Hernandez, D. L., Antia, A.andMcKone, M. J. The ecosystem impacts of
dominant species exclusion in a prairie restoration. Ecological Applications 32
(2022).

36. Li, W., Knops, J., Png, G. K,, ef al. Six-year removal of co-dominant grasses
alleviated competitive pressure on subdominant grasses but dominant shrub
removal had neutral effects in a subalpine ecosystem. Global Ecology and
Conservation, 01167 (2020).

37. Kamp, J., Trappe, J., Diibbers, L., ef al. Impacts of windstorm-induced forest
loss and variable reforestation on bird communities. Forest Ecology and
Management 478, 118504 (2020).

38. Titus, J. Salvage logging and replanting reduce understory cover and richness
compared to unsalvaged-unplanted sites at Mount St. Helens, Washington.
(2009).

39. Wang, J. Q., Zhang, X. D., Ming, N., et al. Exotic Spartina alterniflora
provides compatible habitats for native estuarine crab Sesarma dehaani in the
Yangtze River estuary. Ecological Engineering 34, 57-64 (2008).

40. Yang, R. M.andGuo, W. Invasive Spartina strengthens soil resilience in
wetlands of the east-central China coast. Land Degradation and Development 29,

2846-2853 (2018).

22



41. Gao, J., Bai, F., Yang, Y., et al. Influence of Spartina Colonization on the
Supply and Accumulation of Organic Carbon in Tidal Salt Marshes of Northern
Jiangsu Province, China. Journal of Coastal Research 28, 486-498 (2012).

42. Chaves, F. A.andSmith, M. Resources do not limit compensatory response of
a tallgrass prairie plant community to the loss of a dominant species. Journal of
Ecology (2021).

43. Avolio, M. L., Forrestel, E. J., Chang, C. C., ef al. Demystifying dominant
species. New Phytologist 223, 1106-1126 (2019).

44. He, S., Lin, J., Liu, X,, et al. Cordgrass Spartina alterniflora acts as a key
carbon source to support macrozoobenthos in the salt marsh and nearby mudflat

communities. Ecological Indicators 148 (2023).

23



IS 7 8 ~BE N e SN ke e L v YLK =R R e L WAL R TR E DN s

W R ME ST SO 5 328 5% 22 IR 5 B 52 18 AR U IR BRAERH AT 72 0254~ J T
WA EZWERIFIAG T REHEE, FEI AR R S AL B AR IS U !

24



