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Variation and phenotypic plasticity in life history traits of Spartina al-
terniflora along the east coast of China

Yimo Zhang', Qing Wang?, Meng Lu', Xin Jia', Yupeng Geng', Bo Li""

1 Ministry of Education Key Laboratory for Biodiversity Science & Ecological Engineering, Institute of Biodiversity Sci-
ence, Fudan University, Shanghai 200433

2 Shanghai Academy of Environmental Sciences, Shanghai 200233

Abstract: Spartina alterniflora, native to North America, is invasive in salt marshes worldwide. Its geo-
graphic distribution in China has expanded to include most eastern coastal areas since it was introduced in
1970s. Genetic differentiation and phenotypic plasticity are two major strategies in adaptation to varying en-
vironments. To investigate the mechanisms of the range expansion of S. alterniflora in China, we collected
samples from ten populations on the east coast of China along a latitudinal gradient from Guangdong (22°N)
to Tianjin (39°N). We grew plants singly in pots placed in an outdoor garden under either low or high water
levels to explore plastic responses to varying elevation in the field. Twelve of 17 traits measured demon-
strated considerable variation among populations. In particular, mean date of blossoms and the relative
growth rate of height (RGRy) showed clinal variation with latitude. Our results suggested that Chinese popu-
lations of S. alterniflora might have experienced genetic differentiation. Furthermore, 9 of 17 traits showed
remarkable plasticity in response to different water levels. S. alterniflora at high water level was more pro-
lific and produced its first ramet earlier. Therefore, the successful invasion of S. alterniflora in China might
have resulted from both genetic differentiation and phenotypic plasticity. The former might have facilitated
its rapid range expansion on a regional scale, and the latter might have played an important role in local ad-
aptations to habitats along an elevational gradient.
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WA A ERAR AL 1) 2L 4 A (Vitousek et
al., 1996), & {5 T 1) = KRBT ) il 2 —
(Sala et al., 2000). ZFEFIHE T I ANBH I HLX G, FF
52 B — FR A A4 sl A A R 3R (8 R R R 1 5%
M) o 35EAE 434 R 6 7R W] 98 P A 3 N AR A IR B 1)
P FIAS[FE A B R S (Sultan, 1995). ibtfL 4y
A R Bl 2 IA)E S JE R R b A7 e 8 3 2 7
A O IR F ) — AN IS R R A AN [R) R B8 op e 2R
ANFIREL R o I I NAR BIAE 43 A X 5K R
Hp ] B R 38 A BICRIT) 26 20 AT 9 2 S SR
BT AESE . B, AR P b S8 M X ) B
(Hypericum perforatum) /e A {2 HuAJy 3R 15 5 i st A
ZHEPEMaron, 2004); 1M AR 9 B EEEMER 1 OK
i (Spartina anglica)isifk % Ff M BAR AR, (HAA
BRI, DRI R ANAR AT AN ) SR Y
B R VH A EEV (Thompson, 1991).

. A¢ K %i(Spartina alterniflora) 4 & A Fl K %L
JEINEZC AN VN EE 7/ Vst R NTIIPE VI S92 Y& Tl
B . Shea:(1975) W H ALK H 3 b i FF AR FF
PIANEST, m AR B AR AR = fET mBL L,
SERFT AL IRE A 0.4 mo FE T201H 4270418 M
e B 2RI 5 CR P AR i ) I B R BRI TRk
ST PN R A 25 L N (1 T I RE R 20 ) 5 LR T H K
Hi(An et al., 2007). BT HAKE O 4 T EDL
R (39N ) TH(22°N) 1) K v it iz, [
FIAR LR T2003 K H AN B HA AR IR E 16
(LIS N T B

AN KA 7 4 AR Hh T R ) 43 A7 S R
ZREIAEEE, BT AE S A IR AL AT P AN
R ME L T RIS AT LR SE 5T
IETRARE, ORREEE . Y. TR IS A4 (L
et al., 1998). AR IAGEE IR - I B %, 1141 4
J& % A2 A5k (Maron et al., 2004), 414 R R
TE PUAR 2R B (AP BT AR IR R) L. fE 328 (Olsson &
Agren, 2002). [FIIF, ZCREAY)E R IR
FAA[YEPE(Li et al., 2001). 2> THRICHTRIL, H
TR EAE 5> TR b H AT 8 5 (P35 4% 22 -  (Deng
et al., 2007), & HHAN[m) 443 FE M DX Iy BRR A 2 (1)
A e AE HAREFE R S 0 AE R & A3 v 1 st A

A LRGN, R S LR E IR 2
SAEYIEMEDR B A AR 7, KA 5AF
(1AL W] LLCS A R AE R T 5 4 b AT R, 7™
AN T IR 2 B RR IR, 1T R 0 5% i B 4% ) 43 A
(Bertness et al., 1992; Pennings & Callaway, 1992).
PRI, EL A K B AN [R] A B AT SR S NPT RE S 5%
Wi JLAE /N ROBE 22 [B] 3 A R R R

AW GRS [R5 el LB B 7E 1 51 b T AN [A) 6
JEE T B AR K B Tl B 7 AN [R) 7K A7 S5 AR 10 A 30 s
AERRHIE, B AR (DRI B ALK FER AR A2 35 s
PEAHRIESE TS I 4G AR S+ (B AR (R
T SR AE S AN R AKASE 45 P PR PT 2R s 2, LS8 )
HAE K R R RURE R 25 B2 AR B2 AN /I RURE ) v AR
S RTINS, RN VR AR S R D N AR (1 ] g
HLiH o

1 MelfnA*E

11 SEe#rs

20064F11-12 H, WERERRE (R, BTk
AR B AT UG RV 1104 T AR K B e vh R 4 il R
To FERF—AFIHEF, BEHLIEH 100K 45 SE i i)
TE KT TOPERE, RIRERIEE K T-20 mORn] fE B f &
SORAER — i), K Rse8eey ~, RS s
R K S PRy ml i % fa, H /D EIRK
TR I B T VKA N ARAF(4°C).

Rl 1N ERREMEIA IR E

Table 1 Localities of 10 Spartina alterniflora populations

FREACAD PRSI P AR R
Population Locality Location
code

1 ZH J"ZR ¥ Zhuhai, Guangdong
2 XM ] Xiamen, Fujian

3ND  #&@#T4% Ningde, Fujian

4WL  WHLAIN Taizhou, Zhejiang 28°21N, 121°37°E
5NH ¥ Nanhui, Shanghai 30°51'N, 121°51'E
6 CM [3#F429] Chongming, Shanghai  31°31'N, 121°58'E
7 DF VL9530 Yancheng, Jiangsu 33°16'N, 120°45'E
8GY  IIJMExM Lianyungang, Jiangsu  34°47'N, 119°13'E
9LZ (%3¢ Laizhou, Shandong 37°13'N, 119°51'E
10T REYH Tanggu, Tianjin 39°00'N, 117°43'E

22°26'N, 113°39'E
24°28'N, 117°58'E
26°37'N, 119°37'E
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Fig. 1 Distribution of 10 Spartina alterniflora populations
sampled in China
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AFAE 35 22 5, 0o 0 BEAT AN [ KA 4% 14 R 1)
RGRy—41i £ [ 43 #T, 45 RS, e PR 4T
T AEDOS AR R A (R e 88 ) #1588 TR L Y 35 ) 443 FEE o
A, B A T RN K AL P = 0.033,
R*=0.45; /KA P=0.031, R* = 0.46) (&2b).
22 ARKGMABTEREKEMREES

FEHT I 17 PR, A 9N TEAS [F] 7K A7 1)

230 1

220 f

N
(=]

200

190

FFAEISE Days to blooming

180

170 1 1 1 ]
20 25 30 35 40
£5)% Latitude (%)

AW ERE) . KT, KME K R
KN HER IS 3 K FARAK AL 4 PH(K3a, b, ¢, d);
SRWTCPE B PR, 43 BEEAE = KA R 2
Z (K3e), B0 BE H WAL 2 2 32 ar (K30, ARIK
RLAS A7 1 Bl 7~ A5 ;. IWEW R BORE, &
IKBLZAE T, ARARZE 2R L Wl 2 sk /N (B3 ),
T P B9 R =25 1) LA ) 23 ) 4 5 38 K (BI3h, 1) 7K
R A AL 454 T IRGRy 2351 90.038 cmrem -d ™!
H10.030 cmrem d”, FLAEPIMOK AT AT 2 5
2 525 (2D, to = 7.6, P<0.001).

Tl 55 7K A7 1) A8 BAR R0 BT A IR 386 8 2
RN (K2).
3 itig
31 EBEfKREMIENGETS

AT L 7] o el S A, AN [R] 443 FE R U 1)
HLACK R REAE AR ST S AR KA AE AR B R
FVEZE R . HARK AR T RN AR i 23 A (1) 26 1%
PEREAART, AR LI M e VU v R, BAEK
B MR 26 52 7% 08 B U 11 S 3 3] 10 ) e 4 ek
A6 7E(47.78° NYHR A 3 Ain; AENAR My, I a4 i ]
IEGLE AL UdaledH i (57.61° N)(EIPEE, 2006).

0.045

0.040

0.035

0.030

X AEKZE RGR (cm-em™-d™")

0.025

20 25 30 35 40

1% Latitude (°)

E2 10NETEKEMEEFF LR () R ARKAEZES T (O BKAL @ KK EREEMRSE) (o)L ERT L
Fig. 2 Effects of latitude on days to blooming of S. alterniflora populations (a), and relative growth rate (RGRy) at high (open cir-

cles) and low (filled circles) water levels (b)
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