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TERREEEA T AR LT, 4) S A B A0 IR B 45 W 7K st 1) 0 /K VR B S i A K A i A K E BN T, 5 T
T 1 Hb 5 AR K B AR T B MLERAIE ST, th Ry P J2 B AR R 45 B e O A8 S RS BRI T BSR4, BT S B
WS E X,

KRR BALKRE AR R R AR R

Effects of habitat heterogeneity and ortet density on the invasiveness of Spartina

alterniflora
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State Key Laboratory of Estuarine and Coastal Research , Institute of Eco—Chongming, East China Normal University, Shanghai 20062, China

Abstract; After being introduced into China’s coastal zone, the exotic species, Spartina alterniflora, has resulted in a
series of ecological risks and seriously influenced the structure and function of the native ecosystem. Understanding the
invasion mechanisms of S. alterniflora is the theoretical basis for its effective control. The estuarine wetland in the Yangtze
Estuary, China, is a typical heterogeneous tidal flat with a variety of habitats. In this study, the effects of habitat
heterogeneity and ortet density on the colonization, growth, and dispersal of S. alterniflora were studied using field
experiments. The results were as follows: 1) habitat heterogeneity and ortet density have significant effects on the survival
rate, plant height, and population growth rate of S. alterniflora (P < 0.01); 2) at the end of the growing season, the
survival rate and height of S. alterniflora in the vegetation area were significantly higher than that in the mudflat (P < 0.
05). In addition, the height and population growth rate of S. alterniflora in the muddy tidal flat were significantly higher
than that in the silty tidal flat (P < 0.05) ; 3) the invasion of S. alterniflora in the vegetation area was not limited by ortet

density. The growth rate of the S. alterniflora population in vegetation area decreased significantly with increased ortet
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density (P < 0.05), but the plant height had no significant difference (P > 0.05). In addition, only the higher density S.
alterniflora rhizomes could invade the mudflai successfully; 4) the sediment disturbance regimes, flooding time, and
flooding depth are the key environmental factors that affected S. alterniflora survival and growth. This study enhances the
understanding of S. alterniflora invasive mechanisms in coastal wetlands, and provides a scientific basis for the control of S.

alterniflora, as well as the protection, restoration, and management of the coastal zone in China.

Key Words: Spartina alterniflora; habitat heterogeneity; ortet density; invasiveness; Yangtze Estuary

T R 57 T Bl A8 AL AR IR BT SR AL R B R E Y 2R RRE TR R R S
ST RS RRATG B A T R AR AN TR AR B SR Y R s i A AR S RS M B A S R AR
R Bl T AT TRV RS IR AR AR BRI AR ELVE AR T b B URR (4 AR Ak AR
ST AR DURWRAE R B R L K Bh ) A Y A S I R B B R A R SR B
fR 25 T S b ) A ST 1 A 3 S R S R VR A A AR K RN A A BRI ST I, AR B A B SRR A A R R
BN T SRR SRR FH BRI MR T R R A K A A

I SRAT R B o 0k A7 7 2 LN, B A A A K R A R T AR R Sh A S T A
b3S AN (] AR B 20 | T R A ) T a2 R R A R A SRR, BIVBH G R R 2 B R PN B 4 R S
RAFIG R e A RS AE DL S R R 2h 245 25 05 i 38 &5 7= AR A AR ok fa A b 2 pl M 1) B AE (i
Jjaponica ) JFIRFE BE ()4 ] 52 50 3R WY AN [R) UK 25 0 0T W AE A G A S A i o AR Y, Worm and
Beusch" ™' [ 52 R W], W) fy 2 2 A B8 B ( Zostera marina L. ) %y A K AN BESR TET RS K454 B 88 1) IE 00T, B2
FAEVO B ST AR B RN 3 i S M A MR AR 0 TR) b RIS A B VR S e R R R TR T AR B R
TCE 5 B 800 T ) 11 0 b 6 VAR W T s A B Sl BT R B A B U Bk R RRE S I = BE BT ( Scirpus
mariqueter) FIEERL ( Scirpus triqueter ) B SR Y5 A= Wy iy /b | TN e RIRE Pt 222 B (1 G A ) e 3G, = b o Rt
R AFAE W S 10 S 8 5 | R0 Yl 0 2 AR ek B s R T S P B 1

H ALK (Spartina alterniflora) > JE ARAB K EE ( Spartina , XA EJR) , HA KA oA 551
ARRESTNT REAERAHE B R VR M X ) AR A A 3R T VARV S I VM VAR 10 Y ) 2 T
SRS M REIR A S RS R RN RE , UM 2B 22 B | 2 SR (4 ARy 5 RS 4 0 A s 1R S A
FEMHSEARDF Y BAT, ALK ARG AT E )12 TFR , AT R B K B B AR B B
WAKFE AR T A BN BRRELZIR RGN AT AR ER S AR R R 1 AR 15 H A Y2 p k2
VIR G A% S AR S ) )35 R BB R SRR Y RS s e TR B, B gER K
ERFED R RR R R HOK T AR AR R T AR K R S A B A RE R PRI T . SR,
A RH ALK ANZ T 2352 B FE WA DL A A 858 7 ok R 5k 8 i AL R 52 e B B AR K B AR T 72 4k
WA IR AN .

F VT 11 300 b A LR (%) S O v, 2 A T 1 S B 22 F R T R RE ) T R b AR AR R g B 2R
P WEFSPE S U 20 T 90 ARAY HAK B S | R EHC VT M A BUR SR R, 2o R
3 B BER , B TR A8 S e A R T, B EL A T 1R Y I M A B A A i gy b B T R
VP2 B0 TRIL O BALK R AR HLHIRIB 16 SR (o7 R 5 Bt ] 101 B8 v B AR R B
Y2t (BN B ) s AR T B RIESE M AR TR A, T B AE K B AR 1R 2% B vl R e LA K 5 986
Fe AR R A e =2 o X — i R ) T R AR T A K AR S Hr At A sl Rl Sz, R, A HF
FEIRPEA RIS A B | 30 o B A RS AR 52 3 W40 B AR K R LI [R) W) 15 2 8 AN AR AN RIS U AR B8 | 93 B A4 5 S o
SUFAR R BE X AR K RE & AR RS2 R AR AR B 5 e S AR 23 B0 B ARK B AR T 5]
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la) , & R T MR S e 1 b 2 — |, o 2 R (30 S R ) i X s b A b Y | AR R 15—
16°C AFFH K R 1022 mm , TR BZ IR | Ja 08 A0 2 Vi R TR I AL H SRR, K 2
=R 7oi L SRR T H DL R 2N 535 ( Phragmites australis) | 16 =8 BE L (S. mariqueter ) F1H ALK
(S, alterniflora)
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Fig.1 Schematic diagram of the study area (a), transplanting area design (b) and transplanting scene (c)
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FAIFE 5 DX B RV DI 15 8 1 S S T, v ST AR S (R A R R Ui = e BE B, S2 A 5 A Ry D ORI, N1
ALY R R T EE ) N2 AR IR IR FOEME (E 1a) . FIFHSER 818 E 1 & 5t ( Real —Time Kinematic
Global Position System, RTK-GPS) {ll75 S1,S2 N1 1 N2 A= 55 () S i = #2030 (2.7+0.12) L (2.320.21) (3.0
+0.29) m F1(2.4£0.9) m, ¥FEHACKE O] AR m BG4 A 10 B AR 0 AR W e iy A6 K R
FEE W T2 BRI E —30( (18.28£1.65) em) (K HMEER 19 B ALK FARZETT , 4% 1.3.5.10 #&/m* 1 20 #&/m* (¥
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1.2.2  FEHY I

THEAAERKZ(2016 4E 4 A 10 H—2016 4F 10 A 10 H ) & A E WIS [E] A 55 AR IR bR B AL FE T
FEHk B ALK BEAR R W (A6 6 B Sobk O i KR (A 1)

FhEERS KR = (D,-D,)/D,x100% (1)

Ko, D IR B, D, N S 2, SR BAEOK B
1.2.3  AmSE

L 00 T30, SR PR A ik %) W 45 A B i e o i s 2 TR A BRI RS AR Jr 55 1 B — AR oA b
BRI 15 AR, 2k 60 ARARENE, AREMK 1.5 m, T EITAMIME 1| m £ 47 DL RE & 0 S hn i 2 e
FEMET LA L0 5 BE (M) VE AR S R A5, 22 B ) 0 s 7 A T () R R L P A 30 em A, 30 1 A
PR B HIE (M) M5 M 2208 R A i BEA sy A8 4k, IE(E IR, S (E R 20

2016 4F 4 A (R BHWIAFIE SRR | $I8 S” RIBELZ s IR A RO SREE T ik, i 100 m® 28R ER T 7E
FEAFETT RAE 3 I BB 3R)ZDURIRE S 7 101 5255 % 5 A D1 58 2 P2 R4 Coulter 1513320 BRSO FE AW
FRRLEE AT s AU WLE.T 3 =20 (JEE Delta—T) Bz JEA7 W I + 39 1 538 I B RTK-GPS A5 FEH5 3
e FEERE IS | 8 [ S SR R AT I B AR Rl ) #EATRR S S AR AN R AR B Y H X K i [A]
FIVAH L (4 e 7K TR BE
1.3 HdEab

NS T8 (1BM SPSS Statistics 19) X 52 56 0 4t 17 S8 1 50 M, 48 FH 28 A 7 22 73 B ( One — way
ANOVA) Hi e/ 35 25 53 (LSD) XS A% J5 B ALK FOARZE W I AE 16 R 3 Mk = SR E I KR i 722 5
EVERS (KT 0.05) 3 A F 805 0B 2 SR 5% IR T R4 T HE Y (e i e KOy 2538 ) | i %6 i 5%
M) B AE K R AR T AR AR . f#FH Origin 9.0 FAEIR

2 #R

2.1 AR S P R R R B B B AR K R (1) 5 ]

AFAEFER , BAEK BAATE RIS R R A A K R e TR BT RN A (K’ 2) AR
JO P B SR 2 JEE o ELAE K A R A W B R ( P<0.01, 36 1), B IX (NT AT S1) B B ALK B A7 TG R i
FE TR EME(N2 1 S2) (P<0.05, 8 2) , TERKEE BEXT A6 K BAET0 RS e AR R AR BE A R R, |
FEAR FEAEABE A DA% R BEIRRR 5 BE S i s (181 2) o Hovb 78 N1 ARSE (P75 REVR ) |, ALK REIR 2 2
91 R/m? 3 R/ m B AT FI N 100% ; Bl I5 R 25 B2 A3 N (5,10 BE/m* 120 #k/m?) |, B ALK BAETE
TWEAT NI BT T 68% ;76 S1 AEBE (1 =W EERAEIE ) AR BN 1 BR/m* B, BALK RAATG R50 100%
Wil 25 DEAR S BRI (35,10 BR/m Fl 20 #k/m?) , BALK BRI Sm AT T BRI S KT (570%) o 7608
PEDC (N2 1 S2) B T UEME S B2 4 20 #k/m* (9 B ALK FERENS — BLAFIG 76 S2 A X5 O b mumivt ) , FLRB IR = /E
KR EHN LR AR B 1 BAE K SRS BV e w420, B KRB R R St K B | (B 2) .

F1 TREEHEBEXNERXREFERERSMPTESFER

Table 1 Variance Analysis on the effects of different variables on the survival and growth of S.alterniflora

. AR o eI W

AR SRR Survival rate Density Population growth rate Height
Source of variation

F P F P F P F P
H: 8% Habitat 784.22 <0.01 14.60 <0.01 22.75 <0.01 492.44 <0.01
JERE B Ortet density 24.49 <0.01 134.87 <0.01 8.46 <0.01 36.50 <0.01
Bex ik i
SRR AL 29.42 <0.01 11.45 <0.01 8.69 <0.01 5.51 <0.01

Habitat X Ortet density
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Fig.2 Survival dynamics of S.alterniflora under different ortet density in different habitats

2.2 A B B R E R B AR K R AR Y 5 )

HARZER0 A) SR A ROR RN TR BRI T B AEK S ARk SR O & 3 frR, AR5 S Rk 5 |
TEK R A W 5 R (P<0.01, 3% 1) . JUWT IR B X (P B 95, N1) BB K FE7- B 0K 50 (148.86 9.
99) cm, 535 = T RE T ARG X (V8 AR BE LTS | S1) B ALK R kKR (74.7+8.87) em(P<0.05,/83) , It
Ab FERERE DX, B VR SR B BN, B K R R R T W 35 225 5 (P>0.05, 81 3) o JEMEX HA7E S2 A:dE, HY
HACKEIERR S B R 20 ¥/ m* B, A E— BRI, A K AR B BR R M (43.33+5.35) em, B K TAEBE X
(N1 A1 S1) AR AR 25 B AL FH (P<0.05)

200 - 1 Bf/m? O 3#f/m? 5Hk/m?
8 10fk/m? 0 20#k/m?

Pk Hight/cm
% I~} >
3 S 3

S
(=}

H: 1% Habitat

B3 RREERARBEHZEEZMNTELRENKSESR
Fig.3 Difference of the hight of S.alterniflora under different ortet density in different habitats at the end of growing season
ARG AR B FROR A L Z R AF 48 .35 22 57, P<0.05

2.3 EBES AR KRR R R HAE K B AN R R
A 5% S I B AR 2 B A AR R R R AR A B R (P<0.01, 38 1) . BEAK TR X
(N1 FTST) B9 AR K BFp R R BB K R B (&1 4) |, N1 AR 55 B AR K F0F 4 R 3 KR ((280.89 +416.
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05) %) ¥ T S1 AR H ALK B RS K3 ((173.89£262.07) %) 5 TOGHE (N2 F S2) AEBE b B ALK B FH
HERE RN T 40 RS (B 4) N2 AEBE i TR B AR K B 200 K poE , Ml 8 -100% , S2 A 551X
1 TER S BE (20 #R/m?® ) BARK F )8 04 10, ARG 358 (150£200) % , & 25 = AR B X (N1 FTST)
[ AR B FE AL B (P<0.05) o BLAM  FEAEBE X, B ALK BRI OR SRR B R ARG (B 4) . Horp NI A=
855 1 AR/ m? YRR BE AL BT AR K B RN A R R (900+£256.78) % , % 8 T HAR TR MR BEAL B (3 #R/m?
(311.11+254.59) % ;5 #k/m*:(93.33+105.26) % ;10 ¥k/m*: (66.67+47.26) % ;20 #k/m*: (33.33+51.32)%) (P
<0.05) ;92 A 35 B ALK BRI R ORARL R S5 N1 AR{RL, BB 25 50 25 15, B 1844 e I S5 R AIR ( P<O0.
05, 4),

1200 -,

1#f/m2 O3fk/m?> @ 5F/m?> 210¥/m? B 208k/m?
1000

NN
800

600 - N\

y=1630.5¢ 0813 y=1992.6¢"1-136x

400

200

PR
Population growth rate/%

—200 L d d d d d d d d d
N1 N2 S1 S2
H: 3% Habitat

B4 RREBRARNBHRZEZMTERKEMBEERENER
Fig.4 Difference of population growth rate of S.alterniflora under different ortet density in different habitats at the end of growing season

ARG TR AR PR AR B Z [ AF7E 35 28 5%, P<0.05

2.4 AN[FEASEAEERE T4 0T

M%‘%zﬁu%ﬁ 4 ARSI FAEE B R 22 5 R r A SR 3R, Ui (N1 T N2) TP (E R AR
/N R (S1 AT S2,P<0.05,36 2) . Mt sh A Wa i &5 5 W7, R T IR (ST T S2) Ayl i 25 44 L IR B UIR
BRE,Z 11 AEHPEX(ST) FOEHMER (S2) Wi = FE o 3 B 6T+ T (28.06+1.62) em F1(19.51+1.02) cm,
L DX A AR 3 Bk 2 3 O (P <0.05 ) 5 I LT IRT (N1 A N2) &b T vh oA IR B8 AR Bl b AR 25, A IXC
(N1) FDGHEX (N2 ) i B R 20904 (0.55+3.28) em F1(5.99+1.72) em, YeME(N1) AR HhE &R B 25
FHEBE X (N2,P<0.05) . ULAL, BEILWTIaT, A9k X 1 8 e S 30 K B (] AR 7K R B8 2 1 2 /N F 5t ( P <.
05).

R2 TREREMEETFERERE(HEATEE)

Table 2 Differential characteristics of environmental factors in different habitats ( means + S.D)

Hh e SR R

A B2l N - T WE 7K B 1] TR

. Median particle Conductivity/ Accumulative scouring . . . .
Habitat types . . . Flooding period/min Flooding depth/m
size /pm (mS/m) and silting /cm

N1 13.64+1.41c 816.92+80.36b -0.55+3.28¢ 324.06+2.82¢ 1.71+0.01d
N2 15.59+2.67c 971.4+114.05a -5.99+1.72d 395.99+2.81a 2.31+0.02b
S1 38.72+3.63b 823.5+£76.94b 28.06+1.62a 365.33+£2.31b 2.00+0.01¢
S2 133.18+11.98a 886.53+80.36a 19.51+1.02b 398.97+5.61a 2.37+0.05a

F [ — IV EEAR AR /NG R R R M B 2 (R B35 22 57 (P<0.05) N1 LT AR 8% X Vegetation region of the north section; N2 ; JLIKT
T EHEX. Mudflat of the north section;S1: T LT T A X Vegetation region of the south section;S2: B T EHEX. Mudflat of the south section

IRBER - A4 oW 4 SR L3R 3, A 2 NMRRIE AL W 1Y BT 22 STl R ik BT 22 1Y 86.53% (>85%)
AR RIS AR IG5 B b 38— o 5 7 25 51.80% , 12843 H v K R ) 718 7K V% B 28K Ay fie
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i, BB TR AR A AR, A R RO S AR S M A e, T EER BB LSO A M R

£33 ERSSITRLEREFEHERE

Table 3 Eigenvalue and factor load matrix of principal component analysis

- - RS S A0 1 Bt A Bl 4 L F NS B Principal component matrix
}? . i Percentage Accumulative i ki fe R WS 7K ] KR
Principal Important .. . 2R . .
of variance percentage of Median .. Scour Flooding Flooding
component value . . . . . Conductivity . .
explained variance explained  particle size ’ and silt time depth
1 2.590 51.797 51.797 0.530 0.667 0.029 0.959 0.971
2 1.737 34.737 86.534 0.738 -0.590 0.894 0.157 0.143
3 itig

3.1 FREERON R H ALK FLAAR T1 05

X SE BEAR I ISR 2 IR, S AR A 2 ) 3 g il ), v 8 BE VR AR AT B0 AR B8 ) S o BERE T 5 Thi 2 AR 2
)45 BR A, R R A 22 25 FBOE S, T AR MR A7 76 2R S AT BERE 71 B SE vh  ABE IX i T B A AR Al
WA SRR AR R R 23 R AR A R, 2% BERION W 0 o Y U5 2% B2 v i), 32 34 PRI S 105 %) FR i)
Tl 1) B2 Aol PR 5 4 R M A RS, 8 7 A6 K A 3 RS RTRP R 3 ORI AR, X Bt A X A T4
/N AEBERRE  TEJR FAE AT DIIRTER 5 B  AT A% B AR K B AT DL - R A R BEUR , A= A7 IF 7 2R
SYBE AR, 2 T IRRR B T R BOE 4, fCE D BE AP IR R TR R, P A Z A K
23 (] (R BRI e AR 285 B2 A 3 B AE K BOAE TG R B 2 e TR AR 2% AL 3, 33X 5 2 i 10 B AE K RS R L e 4
R IAR — 0, 33X T BEE DR R G X S AR AT T i A A A A 18] (EL TR R e = R IR0 O JRE B, v 4 L AE
R BRI Y S RN 2 AR HEA I TR AR A A S IR SR X AR R 0 40, X BN R A 15 AE B LR
R X AR A 2525 2% ( Eupatorium coelestinum ) M4 Fl 55 40 52 W A AIF 5% v [R) A & B0, 50K 2% 15 2 1
SEZRVE 2 7 RIS BEAR SRR (RN O M R AR TR B TRRR 2 B R K, 58 2R 22 AR R L R AR BE AR 2L
YD AL TR, T EE Y IR AR TE B Y 25 0 3% T 5 (Alternanthera philoxeroides ) il
WK R E ML RWAG T ALY SE TS | RIS O3 55 0 A K RN ARl 32 85 B 4000, A I, LT AR 45
B S A AR A S R W R OC, T L VAR B s B A, U X DA S A O
B RAMRYIF AR T A HE A E

UEA W FT e W, Eh AR A A R R ) BT A B (A0, 30 A W B (A i AR5 ) 19 RBR B
(A (AR R IR AR ) O FEARTF ST, B K A7 B R A S TR R R R IR A OG, AR X, B
TEOK B IR 7156 R B AN 22 UG R 2 BE BRI, 1 K /m® BT BRI AR . FEDEEDX A X Sl A P S RB B i 2
A EAEIE I AR R R ZESK H i T 32 380 I A5 P 58 IR 7 1) T P AR X 3R, B AR K A 35 1) A 0 B (B L v
PCYUEIRES LR 20 BR/m? B, BARKSO0] DL e R 0 O (S2) 5 &, BT — ELOR B 2 AR AR R 2K i
TEVR IR TFOGME(N2) | Y ALK IR MR E T 20 ¥/ m? I, ZERS R AT ] (4—8 H ) BALKF AT LIAETE 5
Wit 8 H T RIM & KBS, AR B B B A K ZER , il RETR 28 KIWIRAR %, A e Sk A
FE S XA AR S B S S e B AR OK AR I AE P
3.2 SN B ALK FL AR T o3 A

FI R A A T B 25 RN A BRARRAE A A 2 0 S ot A 1 2R 0 1R ik A ] S AR () B R R 38 75 55 T A A
R S AR RE T AN R AR PR BR 00 700 n] 38 P Bl A R J& W0 AP K Fh AR 1 1 — AN HRAEDY L 5P
SRR A OKAE R P AR IR A ) B R T R R B R R A S, B R AR R,
B R AR LU RN, A3 SR SRR, A SR D ARG WK A R AL T PR A
o PR B AL PR B AR OK R e AT IR SR A A ey, R ) I8 P e R S X S T P A B 3
XL Oy AR (B A DG B ER R ) 52 T B AE K R B B2 I 0 BCAR Ry, SR8 S5 1F T, BAE KR B2 o
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PIRAPRE BRSNS ) e BRI LR S T R A S A B L VbR AEEAE S FE A T M R R PR AR
DR XA AV 25 18] 20 AR RS2 RN A5 1 T AL 2508, AR K R i 5 B 4 8 B M RS 3R A v Y
RTSEIN; BEE = R R T, ELAEK ARG Ay ke BT T e

PR 2RI S5 ST TR I 7 5 AL 40 S SRR P 9 90 e 2, o 7™ S o LA 0 AR BT
AHEFE T, RS KIS T R 7K R B DR H AR A AR B 2 N 1~ B Rb BOGRE (S2) B
PATARUIRZS D 32 ke — @ R LA ik T HAEK i i 35 1 O SR A X IR T IR 5 it o
DEIME(N2) BT AL TR MRS ORI 9 R B i AN A 75 S AR D A PR B . AN TUCER DA AR, SRR AL 1=
ool A S SR, AN [ i TR A B B 2 L sl R s B A AT 2 LA FEAS TR A I T
IKIRBEENA T, ALK B AR S R B W R 22 53, A TR 90% LA b BAFT5 FLAE K RE 1 70 Afi 16 3 7K I (1]
I 7K R 25 AR AR B DX (N A ST) | HObR gt 8 25 v 1 A2 i /K B R DI XA i AR AR . — D T ]
RESE A R e DX J 0 1) T A g D 2 S UL R A AR B AR, BRI AR R AR 5 — 7 T
S AR I L KA BT | B OG5 A5 AR B T U 2 DR S I I ] AR R 2 49 DR 4 A= B S A8 A, 3 ] it 2 ) 4
SR HAE AR A KRG A Y
3.3 T R H AR R AR Ty B A A

NI ANR 7 RT3 1 SRR Bl A e S g L2 0 1 (— Ben] HIRE -5 SR o T3t
[B]) i 2 AR E S A BRSE R, BARK RO M BEGE OR R TC M B A 14 T A W e A P A 7 A B
B4 BEMIFHRT AT SRR A Rh - BEW A i i B 92 A W e DL B DB R« 52K 3l 1
UURRSN 7 R SR AR 1) o AR e o B g A2 4o S B Ay s s LRIV e 2 3 B8 A A P B o
WA TS BRI RSN, h T2 B A MRS BRI AR 158 AL )y (k3 )
FRREAR) B AN ) 50 B ML 2 1 100 R R, S A A AR A 35 1 B 38 IR0 BT 1 SR B )
TERITR , BAEK AR 2 1 slORR 2.5 Wik il O I 88 RE () R BB D (EE Ji il 6 ARG B A
FRbREE T A

AWIFEH 1R EL AR B 2K IV AT AP A X S BUASSE A3 RV Sk MU AR, S IR R B R
IRA] R AR GRERX 7 AN LB, o i ) 2 B B A K B R LTI 1 B0 14 07 X5 00 o s TR 3, 52
BUEE RS G ) SR S A B SR SRRV M 1) A AR B 5 R ) AR R A DRI A R R K TR I, A I
AR TR Al A Pl PR A, o 3 A T DUAR IR, S B VD TR 7 DX S A AR, IR 1 S A
JCT RTET R FRT A e  BECIA UAE A G 1) ALK P SRR AR BRI T Al I AR AR BT, PR, BT EAE K
FARPLIIIBTTE A2 AR, i il 5 A T, AR — 20 M e, ] RO A B A K e F) AR KRS A
Je S Tl B 22 55 AR, X 11 3 3 ) P 7 A T A B R R

2% 3CHR ( References)

[ 1] Tong C, Wang W Q, Huang J F, Gauci V, Zhang L H, Zeng C S. Invasive alien plants increase CH, emissions from a subtropical tidal estuarine
wetland. Biogeochemistry, 2012, 111(1-3): 677-693.

[ 2] Barbier E B, Koch E W, Silliman B R, Hacker S D, Wolanski E, Primavera J, Granek E F, Polasky S, Aswani S, Cramer L. A, Stoms D M,
Kennedy C J, Bael D, Kappel C V, Perillo G M E, Reed D J. Coastal ecosystem-based management with nonlinear ecological functions and values.
Science, 2008, 319(5861) : 321-323.

[ 3] Temmerman S, Meire P, Bouma T J, Herman P M, Ysebaert T, De Vriend H J. Ecosystem-based coastal defence in the face of global change.
Nature, 2013, 504(7478) : 79-83.

[4] ZhouR,LiYZ, Wu]J, Gao M, Wu X Q, Bi X L. Need to link river management with estuarine wetland conservation: A case study in the
Yellow River Delta, China. Ocean & Coastal Management, 2017, 146 43-49.

[5] (LB, Z2F2, Hite, FIbIE, BA. 53U AR MR T A A2 1k xor o O 0 b £ I 0 TR D BB 52 . A= 252 4l , 2014, 34(12):
3350-3358.

[ 6] EWSR, BMEE. v O g — B AL IR, 2000, 19(5) : 47-54.

http ; //www.ecologica.cn



18 4] AL A AR S U S JRORR  BE HLAE K RE AR T B3 9

[7]

[10]
[11]

[12]
[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]
[32]

[33]

[34]

[35]

[36]

Schwarz C, Ysebaert T, Zhu Z C, Zhang L. Q, Bouma T J, Herman P M J. Abiotic factors governing the establishment and expansion of two salt
marsh plants in the Yangtze Estuary, China. Wetlands, 2011, 31(6): 1011-1021.

BIUK, FRNY, SURE, SRR SRR MEERTH ALY B R BRI L. RS, 2014, 34(14) ; 3944-3952.

Japhet W, Zhou D W, Zhang H X, Zhang H X, Yu T. Evidence of phenotypic plasticity in the response of Fagopyrum esculentum, to population
density and sowing date. Journal of Plant Biology, 2009, 52(4) : 303-311.

B, BT, 28 FR, BRESE, RGP REUESTROK AR R B T B e e AR 2R, 2016, 24(2) : 216-227.

Cai Y, Guan B H, An S Q, Shen R L, Jiang ] H, Dong L. Phenotypic plasticity of the clonal plant trapa bicornis in response to sediment
phosphorus concentration and plant density. Journal of Plant Ecology, 2007, 31(4) : 599-606.

A, v E e, XU AL IR % 0 58 2805 22 A ORISE At ). R34 4K, 2009, 28(4) : 577-588.

Toillon J, Fichot R, Dallé E, Berthelot A, Brignolas F, Marron N. Planting density affects growth and water-use efficiency depending on site in
populus deltoidesxp. nigra. Forest Ecology and Management, 2013, 304, 345-354.

FIAAE, B AR RN 2 R X IR A A T v B R R AR AE SRR, 2010, 34(3) : 340-347.

Worm B, Reusch T B H. Do nutrient availability and plant density limit, seagrass colonization in the Baltic Sea? Marine Ecology Progress, 2000,
200(1) : 159-166.

e, WOk, Tittss, ERIE, RN 8RN =R SRR s R A R . AR, 2016, 35(1) ¢ 1-9.

BURE, SRAFIAL, M HEZE. ISR W AR RE T ALK B R a SO e il BE i . A= 25 244H , 2011, 31(6) : 1574-1581.

Wihfh, EEE, XIGH, BRIES, T, £2 SIUBERh E AR R EAT . AR, 2014, 34(14) ; 3839-3847.

Liu W W, Maungdouglass K., Strong D R., Pennings S C, Zhang Y H. Geographical variation in vegetative growth and sexual reproduction of the
invasive Spartina alterniflora in China. Journal of Ecology, 2016, 104(1) . 173-181.

Li Z J, Wang W Q, Zhang Y H. Recruitment and herbivory affect spread of invasive Spartina alternifiora in China. Ecology, 2016, 95(7) :
1972-1980.

AR, ERE, B, KI5, PRk, BB, 7, 2R, SRR BRI R L. £, 2006, 26(8)
2678-2686.

Castillo ] M, Grewell B J, Pickart A, Bortolus A, Pefia C, Figueroa E, Sytsma M. Phenotypic plasticity of invasive Spartina densiflora (Poaceae)
along a broad latitudinal gradient on the Pacific Coast of North America. American Journal of Botany, 2014, 101(3) : 448-458.

Xue L, Li X Z, Yan Z Z, Zhang Q, Ding W H, Huang X, Tian B, Ge Z M, Yin Q X. Native and non-native halophytes resiliency against sea-
level rise and saltwater intrusion. Hydrobiologia, 2018, 806: 47-65.

Ge Z M, Cao H B, Cui LF, Zhao B, Zhang L Q. Future vegetation patterns and primary production in the coastal wetlands of East China under sea
level rise, sediment reduction, and saltwater intrusion. Journal of Geophysical Research: Biogeosciences, 2015, 120 1923-1940.

Cao H B, Zhu Z C, Balke T, Zhang L. Q, Bouma T J. Effects of sediment disturbance regimes on Spartina seedling establishment ; implications for
salt marsh creation and restoration. Limnology & Oceanography, 2018, 63 647-659.

AREL, B35, ER R IE M SNSRI AE K F ( Spartina alterniflora) "E R/ ASFFERYR M. /LS4, 2007, 27(7)  2733-2741.

22, BRI, A, HHk, R, KON ST e AR ) AR K BRI AT SRR . AR AR, 2009, 29(7) « 3518-3524.

Ma Z J, Melville D S, Liu J G, Chen Y, Yang HY, Ren W W, Zhang Z W, Piersma T, Li B. Rethinking China’ s new great wall: massive
seawall construction in coastal wetlands threatens biodiversity. Science, 2014, 346(6212) ; 912-914.

ERDF, BT, BIRN, KA 1 E L NI AR S Y. B AR, 2014, 25(2) @ 553-561.

Yuan L, Ge Z M, Fan X Z, Zhang L Q. Ecosystem-based coastal zone management: A comprehensive assessment of coastal ecosystems in the
Yangtze Estuary coastal zone. Ocean & Coastal Management, 2014, 95(95) . 63-71.

BAEME. UM L TR AN A AR R AN 2= ZhAESE [ D], L. AERITE R, 2009.

Xiao D R, Zhang L Q, Zhu Z C. The range expansion patterns of Spartina alterniflora on salt marshes in the Yangtze Estuary, China. Estuarine
Coastal and Shelf Science, 2010, 88(1): 99-104.

Yuan L, Zhang L. Q, Xiao D R, Huang H M. The application of cutting plus waterlogging to control Spartina alterniflora on saltmarshes in the
Yangtze Estuary, China. Estuarine Coastal and Shelf Science, 2011, 92(1) : 103-110.

NiuJ Y, Zou Y A, Yuan X, Zhang B, Wang T H. Waterbird distribution patterns and environmentally impacted factors in reclaimed coastal
wetlands of the eastern end of Nanhui county, Shanghai, China. Acta Zoologica Academiae Scientiarum Hungaricae, 2013, 59(2) . 171-185.
VaeAR, Toae, fUERR, MK, DU, B, Dy i, RS R VAR MV = R 04 2 [ 430 B R e PR AT A T AT s B i 5 30
¥ 2017, 26(7): 1032-1041.

LU, 220, 22Uk, ABFE, Bk, R FETHLHI 2 KT O R I e R e vl s o . KV I 5 2R 5%, 2011, 20
(8) : 944-950.

http ; //www.ecologica.cn



10 G 38 &

[37]  Bfesg, TR, ZEk. SEHIARME A AR GRP X ERTH A B AN 25 B8, AR5 244), 2007, 27(10) ; 4166-4172.

[38] BAAH. W NP IR NIy i 5 S ME MR e, MR FL2 SEREEAR, 2009, 31(4) : 437-441.

[39] 2, =, TRAR, Zfh, Zipfe, BRI, [T PR i 4 S R GRS RASEHIE. RIS 244), 2017, 28(1) : 327-336.

[40] Obomy B, Adam Kun, Czaran T, Bokros S. The effect of clonal integration on plant competition for mosaic habitat space. Ecology, 2000, 81
(12) . 3291-3304.

[41] Kleunen M V, Fischer M, Schmid B. Effects of intraspecific competition on size variation and reproductive allocation in a clonal plant. Oikos,
2001, 94(3) : 515-524.

[42] BHEH, WA EZFEZMATZARE. B SRNHE, 2008, 24(2) : 27-31.

[43] TR KX SEREAY) A UM T R P O R BRI, AP A= 5254, 2011, 35(9) : 973-980.

[44] Balke T, Bouma T J, Horstman E M, Webb E L, Erftemeijer P L. A, Herman P M J. Windows of opportunity: thresholds to mangrove seedling
establishment on tidal flats. Marine Ecology Progress, 2011, 440(1) : 1-9.

[45] Angelini C, Silliman B R. Patch size-dependent community recovery after massive disturbance. Ecology, 2012, 93(1): 101-110.

[46] Wang C, Temmerman S. Does bio-geomorphic feedback lead to abrupt shifts between alternative landscape states? An empirical study on intertidal
flats and marshes. Journal of Geophysical Research Earth Surface, 2013, 118(1) : 229-240.

[47] HuZ, van Belzen J, van der Wal D, Balke T, Wang Z B, Stive M, Bouma T J. Windows of opportunity for salt marsh vegetation establishment on
bare tidal flats: The importance of temporal and spatial variability in hydrodynamic forcing. Journal of Geophysical Research: Biogeosciences,
2015, 120(7) : 1450-1469.

[48] Silinski A, Heuner M, Schoelynck J, Puijalon S, Schroder U, Fuchs E, Troch P, Bouma T J, Meire P, Temmerman S. Effects of wind waves
versus ship waves on tidal marsh plants: a flume study on different life stages of Scirpus maritimus. Plos One, 2015, 10(3) : e0118687.

[49] Meekins J F, Mccarthy B C. Effect of environmental variation on the invasive success of a nonindigenous forest herb. Ecological Applications, 2001,
11(5): 1336-1348.

[50] Claridge K, Franklin S B. Compensation and plasticity in an invasive plant species. Biological Invasions, 2002, 4(4) ; 339-347.

[51] Rejmanek M, Richardson D M. What attributes make some plant species more invasive? Ecology, 1996, 77(6) : 1655-1661.

[52] i, MO, 2B, R R, ZEER. AR EEIE TR L HOK S R B AT SR A IE R 2 ( A SRR |, 2005, 39
(1): 100-103.

[53] Ub/RIE, 2%, JHUG, T, EAL RRETE, SR8 MOBIRER PREE A XA R A3 )0 R . NRIIL, 2016, 47(22) ¢ 10-15.

[54] Hofmann H, Lorke A, Peeters F. Temporal scales of water-level fluctuations in lakes and their ecological implications. Hydrobiologia, 2008, 613
(1): 85-96.

[55] Gabler C A, Siemann E. Environmental variability and ontogenetic niche shifts in exotic plants may govern reinvasion pressure in restorations of
invaded ecosystems. Restoration Ecology, 2012, 20(5) : 545-550.

[56] Feist B E, Simenstad C A. Expansion rates and recruitment frequency of exotic smooth cordgrass, Spartina alterniflora ( Loisel ), colonizing
unvegetated littoral flats in Willapa Bay, Washington. Estuaries, 2000, 23(2) : 267-274.

[57] Taylor C M, Hastings A. Finding optimal control strategies for invasive species: a density-structured model for Spartina alterniflora. Journal of
Applied Ecology, 2004, 41(6) . 1049-1057.

[58] ZhuZ C, Bouma T J, Ysebaert T, Zhang L. Q, Herman P M J. Seed arrival and persistence at the tidal mudflat: Identifying key processes for
pioneer seedling establishment in salt marshes. Marine Ecology Progress, 2014, 513(513) . 97-109.

[59] Nathan R, Mullerlandau H C. Spatial patterns of seed dispersal, their determinants and consequences for recruitment. Trends in ecology &
evolution, 2000, 15(7) . 278-285.

[60] Bouma T J, Friedrichs M, Klaassen P, Van Wesenbeeck B K, Brun F G, Temmerman S, Van Kateijk M M, Graf G, Herman P M J. Effects of
shoot stiffness, shoot size and current velocity on scouring sediment from around seedlings and propagules. Marine Ecology Progress, 2009, 388
(12) . 293-297.

[61] Friess D A, Krauss K W, Horstman E M, Balke T, Bouma T J, Galli D, Webb E L. Are all intertidal wetlands naturally created equal?
Bottlenecks, thresholds and knowledge gaps to mangrove and saltmarsh ecosystems. Biological Reviews of the Cambridge Philosophical Society,
2012, 87(2) : 346-366.

[62] Daehler C C, Strong D R. Variable reproductive output among clones of Spartina alterniflora ( Poaceae) invading San Francisco Bay, California:
the influence of herbivory, pollination, and establishment site. American Journal of Botany, 1994, 81(3) : 307-313.

[63] ZJuk, WGEE, XUHR, BAE, HUHE. AT g I MR B T REAS K vbis sh At B AR, JevbAITSE , 2010, (3): 31-37.

[64] B&I%, F5Svh. WeMR I B0 52 DI ASHE AL oM O SBT3 R4, 2013, 17(2) : 335-349.

http ; //www.ecologica.cn



