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The expansion pattern of saltmarshes at Chongming Dongtan and its underlying

mechanism

CAO Haobing, GE Zhenming, ZHU Zhenchang, ZHANG Liquan ~
State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062, China

Abstract: The range expansion of saltmarshes in the Yangtze Estuary depends on accretion of dynamic mudflats resulting
from the large amount of silt brought down the Yangtze River. The formation and succession of saltmarsh vegetation is a
result of the interaction between saltmarsh plants and their living environment. Over the last 15 years, rapid invasion of large
areas of the saltmarshes of Chongming Dongtan by an exotic plant Spartina alterniflora has occurred. Two types of advancing
fronts are found; the S. alterniflora-mudflat (SM) front and the S. alterniflora-Scirpus mariqueter -mudflat ( SSM) front.
The dynamic and natural characteristics of the coastal wetlands at Chongming Dongtan, both in terms of sediment
deposition, salt marsh succession and biological invasion, make it an ideal place for studying the interaction between the
range expansion of saltmarsh vegetation and the hydrodynamic regimes. In this study, we invested the seedling dispersal,
establishment and formation of expansion pattern at the advancing fronts during the years of 2011 and 2012. At the same
time, the accretion/erosion regime and hydrodynamic conditions at the saltmarsh expansion fronts were measured. The
research aims were to; 1) test whether and how the hydrodynamic regimes govern the spatial structure of range expansion of
saltmarshes at these two advancing fronts; 2) determine the interactions between the range expansion of saltmarsh and
hydrodynamic regimes, and 3) understand the mechanisms underlying the range expansion of saltmarshes and their

implications for the spatial structure of tidal saltmarshes. The results showed that the accretion/erosion regime and
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hydrodynamic condition, especially in the critical stage of seedling establishment during April-June, were the most
important factors responsible for the formation of these two typical expansion patterns. The rate of range expansion at the SM
front was much faster than the SSM front. The different colonization behaviors at these two types of advancing fronts could be
related to the differences in hydrodynamic regimes. At the site with a regime of autumn/winter erosion and spring/summer
accretion, the sediment accretion and seedling recruitment of S. alterniflora were much higher, while the wave energy and
current velocity were relatively gentle during the critical period of seedling establishment. At such site, the original pioneer
species of S. mariqueter was replaced by S. alterniflora and a SM pattern of range expansion developed. In contrast, at the
site with a relatively stable autumn/winter accretion regime and relatively strong wave energy and current velocity during the
critical period of seedling establishment, the original pioneer species of S. mariqueter could remain within the advancing
front and a SSM pattern of range expansion developed. Based on these results, the impact of abiotic and biotic factors
governing the range expansion of and its implications on the spatial structure of tidal saltmarshes are discussed. The results
from this study can provide a valuable insight into the bio-physical interactions on the formation of expansion patterns and
the mechanisms underlying the range expansion of saltmarshes in the Yangtze Estuary, which could be important for the
maintenance of coastal saltmarsh resource and biodiversity as well as the dynamics prediction of coastal saltmarshes under

the impact of climate change.

Key Words: Chongming Dongtan; saltmarsh vegetation; expansion patterns; sedimentation dynamics; hydrodynamic

condition ; bio-physical interaction
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Table 1 The dynamics of seedling establishment at the SM front ( Spartina alterniflora -Mudflat front) and the SSM front ( Spartina alterniflora-

Scirpus mariqueter-Mudflat front) in 2011 and 2012

S Seedling density (#f/m?) (mean+S.D.)

i i B BB I Distance from the continuous meadow odge f{ﬁ/fp
0—25 m 25—50m  50—75m  75—100 m 100—125m 125—150m

HAEAFOLRE 2011-05-26 2.5+0.8 1.6+0.7 1.1£0.8 0.7+0.5 0 0 92

S. alterniflora-Mudflat 2012-04-10 0.420.8 1.8+2.0 3.423.2 0.2+0.4 0 0 3.8
2012-05-13 1£1.7 0.2+0.4 0.60.8 0 0 0.2+0.4 70
2012-06-17 3.0£1.6 1.2+1.3 0.2+0.4 0 0 0.220.4 100

HAEK - 2011-05-26 1.3x1.3 0.7+0.8 0 0 0 0 91

T = R B 2012-04-10 0.6+0.8 2.4+2.0 1.2+1.3 0 0 0 0

S. alterniflora- 2012-05-13 0 0.2+0.4 0 0 0 0

S. mariqueter-Mudflat 2012-06-17 0.6+1.3 0.2+0.4 0.8+1.3 0 0 0 100

F2 SM 1 SSM ¥ #{ETAH 2012 FAERKFREBFZEHNERR
B CEHEbRAER)
Table 2 Growth of the established seedlings at the SM and SSM

fronts in the end of growing season of 2012 ( mean+S.D.)
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Fig.3 The expansion patterns of saltmarsh vegetation at the SM and SSMfronts in 2011 and 2012
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HA [R) — Hb 5 DT AR 21 W 08 A 45 S 2 s, SMO R T A
SSM HIT T ILA W 11 4 B 20 B 5 AR AH ], HL TR 4k
BAYIH dyy = (6.46£0.24) pm F1(8.8320.66) pum,
TUR R+ HE B 7.5% FIE ", T LB
DU BHAH B AS S P D A v S A8 v e B 22
S FEERR R E PO R SM FTHT , FLL
T BRI UTRR Bl 3 254 I T B A K B S A i PR
FRORIE J8 , - HUAR I — 44 BE w0 T i SML 3 B0 SR
1M SSM. R 5 76 77 B 2= ik A i i 7K 2 1 45 A AR
AT H ALK B S AR 1 0 € J& | #ETE  SSM. 4 Hiks
J&1o ff 2% Westerschelde 1] I 5 ¥ H KK ¥ ( Spartina
anglica) Y HURE R O BFFE 45 S0 BH  FEa K sh
FAET, FOR B S A 1 2 JB A TS A AR AE
i g, A R T B O e L 2 e A

VFZMFoE 220, Eh VA A B ok Bt 2 X i
UL Bh J 4607 e i 219228 TG 1 5 = ik
SEARHL, E AR TN A Y PR 8 AT DL AR
B AOVEH , B O RS RGE TR Tk
AL R R SR T LAV 5 7K sl ) S AR AR

PO AR JE A UL Bl S BB AR PR T H A
KR FE AN, T R VA AR 9 5 DT AR Bl ) A B
E R BRI IR 22 [ Willapa B RFRR R, B
ALK FLER VR AT LA R AR /K 3t 38 3 01 a2 I8 R %, DA
B 1 S AR W 0 R A s B AR IR T B AR
KEREE AP B R P SR MR AR SM Rl
T EH ALK ORI -5 T e DA 8l ) 25 i R B AE
FEI A X R IE SUSAILE

£ BF 2R A 97 ik 76 Y 1 3 b K VTR VB W
TESLIAFRE T D i | Sk T8 A 9k B 25 4% Ry Ak
T oA R, ShIRAE 5 MDA B0 01 &5
WA EAER, TR T 5 PR 4% (0 A0 38 N A9 4 Bk
Jey o ARTFGY X 1k B 3k AR AR F B4 A A IR A
5 B ZR MR TR AR A AN O SR B BRAIL A, XK
A Bl T B 4 AN R V0] 11 M DXL VB AR Bk 1 AR -
YT AR | 0K X 4 BRAA AR AL RN - TR b T SR
U TR B A TN, LA S A N 0 b R 4 A B R
it P ) o A R

References:

[ 1] Tyler A C, Zieman J C. Patterns of development in the creekbank
region of a barrier island Spartina alterniflora marsh. Marine
Ecology Process Series, 1999, 180.: 161-177.

[ 2] Davidson-Arnott R G D, van Proosdij D, Ollerhead J, Schostak
L. Hydrodynamics and sedimentation in salt marshes: examples
from a macrotidal marsh, Bay of Fundy. Geomorphology, 2002,
48(1/3) : 209-231.

[ 3] Gedan K B, Silliman B R, Bertness M D. Centuries of human-
driven change in salt marsh ecosystems. Annual Review of Marine
Science, 2009, 1(1): 117-141.

[ 4] van Wesenbeeck B K, van de Koppel J, Herman P M J, Bouma T
J. Does scale-dependent feedback explain spatial complexity in
salt-marsh ecosystems?. Oikos, 2008, 117(1) . 152-159.

[ 5] van Wesenbeeck B K, van de Koppel J, Herman P M J, Bakker J
P, Bouma T J. Biomechanical warfare in ecology; negative
interactions between species by habitat modification. Oikos, 2007,
116(5) : 742-750.

[ 6] Callaghan D P, Bouma T J, Klaassen P, van der Wal D, Stive M
J F, Herman P M J. Hydrodynamic forcing on salt-marsh
development; Distinguishing the relative importance of waves and
tidal flows. Estuarine, Coastal and Shelf Science, 2010, 89(1) :
73-88.

[ 7] Bruno J F. Facilitation of cobble beach plant communities through
habitat modification by Spatina alterniflora. Ecology, 2000, 81
(5): 1179-1192.

http ; //www.ecologica.cn



3952 S 4G

[ 8] Ehrenfeld J G. Dynamics and processes of barrier island [21] Shen Y M, YangJ S, Wang Y H, Feng N H, Zhou Q, Zeng H.
vegetation. Reviews in Aquatic Sciences, 1990, 2 (3/4): Impact of sediment supply on Spartina salt marshes. Pedosphere,
437-480. 2008, 18(5) : 593-598.

[ 9] Bertness M D. Zonation of Spartina patens and Spartina alierniflora [22] HeX Q, Dai X R, Liu Q Y, Li L J, Gu C J. Observation and
in New England salt marsh. Ecology, 1991, 72(1): 138-148. analysis of the process of present-day morphology in the

[10] Rand T A. Seed dispersal, habitat suitability and the distribution Chongming tidal flat of the Yangtze River estuary. Marine Geology
of halophytes across a salt marsh tidal gradient. Journal of & Quaternary Geology, 2004, 24(2) ; 23-27.

Ecology, 2000, 88(4): 608-621. [23] Yang S L, Xie W H, Zhu J, Zhao Q Y. A study of intertidal flat

[11] Xiao D R, Zhang L. Q, Zhu Z C. The range expansion patterns of morphodynamics of a large river mouth: Yangtze River mouth.
Spartina alterniflora on salt marshes in the Yangtze Estuary, Geography and Territorial Research, 2001, 17(3) : 4-8.

China. Estuarine, Coastal and Shelf Science, 2010, 88 (1): [24] Broome S W, Woodhouse W W, Seneca E D. Propagation of
99-104. smooth cordgrass, Spartina alterniflora, from seed in North

[12] Zhu Z C, Zhang L Q, Wang N, Schwarz C, Ysebaert T. Carolina. Chesapeake Science, 1974, 15(4) . 214-221.
Interactions between the range expansion of saltmarsh vegetation [25] Gascoigne J C, Beadman H A, Saurel C, Kaiser M J. Density
and hydrodynamic regimes in the Yangtze Estuary, China. dependence, spatial scale and patterning in sessile biota.
Estuarine, Coastal and Shelf Science, 2012, 96 273-279. Oecologia, 2005, 145(3) : 371-381.

[13] Liang X, Zhang L. Q, Zhao G Q. A comparison of photosynthetic [26] Ysebaert T, Yang S L, Zhang L. Q, He Q, Bouma T J, Herman P
characteristics between Spartina alterniflora and  Phragmites M J. Wave attenuation by two contrasting ecosystem engineering
australis under different CO2 concentrations. Acta Ecologica salt marsh macrophytes in the intertidal pioneer zone. Wetlands,
Sinica, 2006, 26(3) . 842-848. 2011, 31(6) : 1043-1054.

[14] Huang H M, Zhang L. Q, Guan Y J, Wang D H. A cellular [27] van de Koppel J, van der Wal D, Bakker J P, Herman P M J.
automata model for population expansion of Spartina alterniflora at Self-Organization and vegetation collapse in salt marsh ecosystems.
Jiuduansha Shoals, Shanghai, China. Estuarine, Coastal and American Naturalist, 2005, 165(1) : EI-E12.

Shelf Science, 2008, 77(1) ; 47-55. [28] Lambrinos J G, Bando K J. Habitat modification inhibits

[15]

[16]

[17]

[18]

[19]

[20]

LiM, Yang SL, Li P, Liu Z, Dai S B, Gao A, Zhang J. Drastic
decrease in sediment supply from Yangtze River and coastal crisis.
Acta Geographica Sinica, 2006, 61(3) : 282-288.

Liu Y W, Yang S L, Luo X X. Separation estimate of beach
erosion and deposition on intertidal wetland because of sea level
rise and normal deposition. Shanghai Land and Resources, 2011,
32(3): 23-26.

Li H P, Zhang L Q, Wang D H. Distribution of an exotic plant
Spartina alterniflora in Shanghai. Biodiversity Science, 2006, 14
(2): 114-120.

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.

Thompson T L, Glenn E P. Plaster standards to measure water
motion. Limnology and Oceanography, 1994, 39(7) . 1768-1779.
Davis H G, Taylor C M, Civille J C, Strong D R. An Allee effect
at the front of a plant invasion: Spartina in a Pacific estuary.

Journal of Ecology, 2004, 92(2) . 321-327.

conspecific seedling recruitment in populations of an invasive

ecosystem engineer. Biological Invasions, 2008, 10 (5):

729-741.

S 3k

[13]

[15]

[16]

[22]

[23]

PR, SRR, BRTR. M S AMRRIY BAE R R IR CO2
W TN ROGE R LR, A4 2006, 26(3) : 842-848.
20, mpiihae, 2=, AT, s, SE, K. KIDED
B A5 VT 5 IR VY R A9 fE Pl Hb B 22 R, 2006, 61(3)
282-288.

XS, AthhAS, B 1 ik VT T T A A TS5y AR e A v i
X Y T 4 T B R D 4 43 B A A L0 ) R, 2011, 32
(3): 23-26.

/NG, WEOR, EE, ZBRA, BAE. KILO S A
PR Aok i S b ORI 5 43 A A b B 5 58 DU 40 b T
2004, 24(2): 23-27.

Wttt Ae, WSORE, RIR, UL, K R 5 ) R Y
WFFE——PA KIS, B2 5 A58, 2001, 17(3) -
4-8.

http ; //www.ecologica.cn



