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Fig. 1 Sampling locations of this study
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Fig. 2 Dual isotope plot of §"*C and §'°N of Lateolabrax

macultus in different months in Jiuduansha salt marsh
wetland in the Yangtze River Estuary
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Fig. 3 Cluster diagram of stable carbon and nitrogen isotope

levels of Lateolabrax macultus in different months in
Jiuduansha salt marsh wetland in the Yangtze River Estuary
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Fig. 4 Stable isotopic composition of different body length groups of Lateolabrax macultus
in Jiuduansha salt marsh wetland in the Yangtze River Estuary
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Fig. 5 Cluster diagram of carbon and nitrogen stable isotope

levels in different body length groups of Lateolabrax macultus
in Jiuduansha salt marsh wetland in the Yangtze River Estuary
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Tab.1 Carbon and nitrogen isotopes level of potential
carbon sour ce of Lateolabrax macultusin Jiuduansha
salt marsh wetland in the Yangtze River Estuary

VELERRE JL /%o range SE-H43{E /%0 mean
potential carbon source §3C SN $8C 8N

HUEWUR AT ALY POM —25.09-23.22 3.56-4.34 2427 3.97
iRy oy W= -29.13-27.33 6.57-7.97 -28.13 7.57
Scirpus mariqueter

7% Phragmites australis —29.91-26.21 5.19-7.23 -27.90 6.28

HAEKE -14.76-11.7 6.91-8.13 —12.76 7.51
Spartina alterniflora
WX algae -26.57-22.05 5.26-7.18 -24.12 5.12

B BB ERA YY) POM O % =R E Scirpus mariqueter
P52 P. australis O HAEKEL S. alterniflora B #:2K algae
100
‘H m W

I . o
70 -
60 CLT.

FTHk#/% contribution rate

of | "
40t z
30r
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101 :
HIX i JEHE
vegetation area tidal creek mudflat
455 sub habitat

Kl 6 5 FiFEXHC L O LB YD v 1
AN TR A= 555 v [ 4B B Y BTk R
Fig. 6 Contribution rates of five carbon sources to Lateo-
labrax macultus in different sub habitats in Jiuduansha salt
marsh wetland in the Yangtze River Estuary
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Tab. 2 Contribution rates of five carbon sourcesto Lateolabrax macultusin different months
in Jiuduansha salt marsh wetland in the Yangtze River Estuary

%

50% B A5 7K (1%—99% B 5 7K -3 Bl ) i B U5 B ik

rfofjh contribution rate of carbon source at 50% confidence level (1%—99% confidence level)
EIFER ALY POM i =HE 5 Scirpus mariqueter 535 Phragmites australis  H #£>K & Spartina alterniflora %% algae
5 H May. 31 (748) 5(0-17) 8 (0-25) 29 (28-35) 24 (0-59)
6 H Jun. 34 (149) 4 (0-15) 6 (0-22) 32 (28-35) 21 (0-59)
7 7 Jul. 56 (5-58) 3 (1-5) 2 (0-5) 35 (34-35) 3(1-13)
8 H Aug. 41 (34-53) 3 (0-8) 3 (0-8) 34 (33-36) 19 (0-3)
9 H Sep. 47 (28-50) 4 (0-7) 3(0-11) 38 (35-39) 7(0-37)
10 [ Oct. 47 (28-50) 4(0-7) 3(0-11) 38 (35-39) 7(0-37)

£3 KIOAERWDEHBEN S HMEBRETAE
FK AP EEG N EEHE
Tab. 3 Contribution rates of 5 carbon sourcesto different

body length groups of Lateolabrax macultus
%

i BB g o mipkE
body length KA HL Scirpus  Phragmites  Spartina

group ¥ POM mariqueter australis alterniflora algac
1 73.5 0 1.5 20.5 4.5
2 75.0 0 0.0 25.0 0.0
3 72.0 0 0.0 28.0 0.0
4 66.0 0 0.0 33.0 1.0
5 60.0 0 0.0 40.0 0.0
6 60.0 0 0.0 38.0 2.0
7 51.8 1 0.3 44.7 1.4
8 53.0 0 0.0 45.0 1.0
9 64.6 1 0.3 32.0 1.5
10 49.9 2 0.3 47.4 2.0
3 itig

31 HEREMR. REAAEFE

ABEFE 4T Bon b E AR S R . BRI
FAMBE FEAE R, H R T 1 5 i 2 A 1
ZoAT A0 LA e BRI 26 25 5 1T BB T R B REA 1 1A
AT, NS BT SR 4 1 v 1 A6 B 1) 4R K9 BTy
68~265 mm, M AHFFE T REAEFEAARKE Bl 28~
367 mm, PR B L6 w5 5 A 2h f B B R
TR, T L B v A e A AR B, AT LA
X R ) [ R A AR A IR B A K . R RS
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PEA G0, HL PV 2 4 P e A KT 1 [ AR B
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A AR AR, DR A I A B 5 v A G A R
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TR HR B Z RV A O

AHIF 5T 45 F 38 R KV 1R AR B R . A
T [l AR Bl AR A K 2 S, NI AS
Bk . B E A0 2 AH 2/ T RS A
UL EE S TR AR KR B R T, BEE AR,
HBUE TSP R, R s, X 5 i e 4R
XTRIL H  E AL S oA s R AL T EAE
i gy bR R DA A2 . B2 L i AR
R E, RS IR DL IR A5 3=
1H A1 2 sl 22V R 22 P HE BF 5% 5% i 6 (Culter
mongolicus) it & AL FLAEE: /NS AR 52 1y
A Bk . BURRE [ 3R 0 /N T RS AN A,
IF RS RE TR 28 TESE 52 oy 1 1) £ P A 2R A i v
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TR N a2t AU 7 28 Rl 1 A8 1k 2 ph £
SR R T AR DT R (4 A A Ak B 1 R iy P> ot
AN R X TP AR S a2 E AR A G,
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HE5hEAES A .

fine [R5 25 AT LA >F 2 e £ 2 AN [) 5[] 43 A 1Y
2% % . Gning %5 PVBF 5% & B DB 65 47 11 4R B
(Eucinostomus molanopterus) 7& % #h Xl 5 36 X
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HY TV 1 3h VA 6 b A 25 R G0 il B 2 ok U
B2 2%, ARGV F1 VAR MK R S5 R FAE 9 SRR AE,
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AT 5T LA YT 10 6 38 18 0 35 b v 1 46 5 A
WX 4, AR . BARE AR FAR IR H ik
RAE R R FRE LB VR 25 5, R8T 258

(1) FEAESTE 3 FhF A8 6°C (H B3
P25 5, R EO AR 8 5 O I A BT R VA WA B
g [ R B 8N (B A AE B M 22 S (P<
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ALK B (32%~47%) R F, 1 B H [ 48 55 7 4 . By
BEMRARA,



%2 PIIAE KIL R 3 R AR 55 b R AR S Bk . U E [ 37 38 R IR S Ll U 22 5

301

S % 3Lk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

Pétillon J, Ysnel F, Canard A, et al. Impact of an invasive
plant (Elymus athericus) on the conservation value of tidal
salt marshes in western France and implications for man-
agement: Responses of spider populations[J]. Biological
Conservation, 2005, 126(1): 103-117.

Eslami-Andargoli L, Dale P E R, Sipe N, et al. Local and
landscape effects on spatial patterns of mangrove forest dur-
ing wetter and drier periods: Moreton Bay, Southeast Queen-
sland, Australia[J]. Estuarine, Coastal and Shelf Science, 2010,
89(1): 53-61.

McLusky D S, Elliott M. The Estuarine Ecosystem: Ecology,
Threats and Management[M]. New York: Oxford University
Press, 2004: 16-49.

Vorosmarty C J, McIntyre P B, Gessner M O, et al. Global
threats to human water security and river biodiversity[J].
Nature, 2010, 467(7315): 555-561.

Cai D L, Meng F, Han Y B, et al. Studies on BC/2C ratios as
a tracer for food web in a marine ecosystem——the trophic
relations in pelagic food webs in Laoshan bay[J]. Oceanolo-
gia et Limnologia Sinica, 1999, 30(6): 671-678. [Z4{5, #
JU, #hlaEE, % PC/PC HAHME R TE A S RE AR
0 B8 T —— 5 L K A AR W B SR E R )
TSI, 1999, 30(6): 671-678.]

Cai D L, Hong X G, Mao X H, et al. Preliminary studies on

trophic structure of tidal zone in the Laoshan Bay by using

carbon stable isotopes[J]. Acta Oceanologica Sinica, 2001,
23(4): 41-47. [FAlR:, UG, B4R, S5 W5 LG
A 4 IO 25 4 1) ik A E R L R AT BRG] AR,
2001, 23(4): 41-47.]

Vizzini S, Mazzola A. Seasonal variations in the stable car-
bon and nitrogen isotope ratios (°C/'*C and ""N/"*N) of pri-
mary producers and consumers in a western Mediterranean
coastal lagoon[J]. Marine Biology, 2003, 142(5): 1009-1018.
Yu J, Liu M, Hou L J, et al. Food sources of macrofaunal in
East Chongming salt marsh as traced by stable isotopes[J].
Journal of Natural Resources, 2008, 23(2): 319-326. [44E,
X, BT, AE. SHHIARMERAERMZ Y B IR AR 2 R
PEFETREE[T]. BRI, 2008, 23(2): 319-326.]
Zhuang P, Zhang T, Li S F, et al. Fishes of the Yangtze Es-
tuary[M]. 2nd Edition. Beijing: China Agriculture Press,
2018: 365-368. [, ikik, XMk, . KILOMAIM].
2 JR. dtnt: dERL R A, 2018: 365-368.]

Hong Q Q, Zhuang P, Yang G, et al. Feeding habits of Late-
olabrax maculatus in Yangtze River estuary[J]. Acta Ecologica
Sinica, 2012, 32(13): 4181-4190. [HtI515, FE-, NI, 4.
KA A E RS A AT 0], AR AR, 2012, 32(13):
4181-4190.]

Zanden M, Casselman J M, Rasmussen J B. Stable isotope

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

(21]

[22]

evidence for the food web consequences of species invasions
in lakes[J]. Nature, 1999, 401(6752): 464-467.

Gu B C, Schelske C L, Hoyer M V. Stable isotopes of carbon
and nitrogen as indicators of diet and trophic structure of the
fish community in a shallow hypereutrophic lake[J]. Journal
of Fish Biology, 1996, 49(6): 1233-1243.

Schwamborn R, Giarrizzo T. Stable isotope discrimination
by consumers in a tropical mangrove food web: How impor-
tant are variations in C/N ratio?[J]. Estuaries and Coasts,
2015, 38(3): 813-825.

Chen J K. Overview of Shanghai Jiuduansha Wetland Nature
Reserve[M]. Beijing: Science Press, 2003: 13-186. [A% .
LB R A AR X R A B R M), JEat: Bl
AL, 2003: 13-186.]

Gregg P J. Source partitioning using stable isotopes: coping
with too many sources[J]. Oecologia, 2003, 136(2): 261-269.
Zeug S C, Winemiller K O. Evidence supporting the impor-
tance of terrestrial carbon in a large-river food web[J]. Ecol-
ogy, 2008, 89(6): 1733-1743.

Zeng Y Y, Lai Z N, Yang W L, et al. Trophic spectrum of
fishery species from the Pearl River Estuary by stable isotope
analysis[J]. Chinese Journal of Ecology, 2018, 37(1): 194-
202. [, WITJE, HiFe, &5 BRYLH il AR ke
[FINEZREFRR I AEARSA4E, 2018, 37(1): 194-202.]
Wang J Z, Gu B H, Huang J H, et al. Terrestrial contribu-
tions to the aquatic food web in the middle Yangtze River[J].
PLoS One, 2014, 9(7): €102473.

Sun P Y. Carbon, nitrogen and phosphorus ecological
stoichiometry of Lateolabrax macultus and Acanthogobius
ommaturus in the estuary of Yangtze River, China[D].
Shanghai: East China Normal University, 2014: 1-58. [fh5
Y RUL T o EAE 5 R e A B £ Y A A AR A
FE[D]. ki HRIMIERY, 2014: 1-58.]

Chen Z Y, Wu H T, Wang Y B, et al. Research progress on
food sources and food web structure of wetlands based on
stable isotopes[J]. Chinese Journal of Applied Ecology, 2017,
28(7): 2389-2398. [MRJEE, WidE, L=, & TR
S TR 22 103 b £ 0 U5 2 R ) T vy BT 3 R ().
A AS2FR, 2017, 28(7): 2389-2398.]

Sun G Y, Zhu Y Y, Chen J G, et al. Growth and feeding
habits of Japanese sea-bass, Lateolabrax japonicus, in the
estuary of Yangtze River[J]. Journal of Fisheries of China,
1994, 18(3): 183-189. [FMIEYE, Kaz, HReME, 5. KIL
ARSI AR PELD]. K240, 1994, 18(3): 183-189.]
Li B. Ecological studies on the fish food web structures and
trophic relationships with stable isotope technology in a
tributary in the Three Gorges reservoir areas (TGR)[D].
Chongging: Southwest University, 2012: 12-39. [Z=t. =ik
JE DML R Y S | BFREOCRR C. N e ER]



302

o il K B 2

%29 &

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

NEFEWSE[D]. TR PER R, 2012: 12-39.]

Chen Z Y. Study on aquatic food web structure of typical
wetland in Sanjiang Plain[D]. Changchun: University of
Chinese Academy of Sciences (Northeast Institute of Geog-
raphy and Agroecology, Chinese Academy of Sciences),
2018: 21-59. [BREE. =YLV J S0 RIE B MK A= B4 W
ZSMEEE[D]. KA PREBABER (P MR B AR
5Ol B WFFE T, 2018: 21-59.]

Pilati A, Vanni M J. Ontogeny, diet shifts, and nutrient
stoichiometry in fish[J]. Oikos, 2007, 116(10): 1663-1674.
Harvey C J, Hanson P C, Essington T E, et al. Using bio-
energetics models to predict stable isotope ratios in fishes[J].
Canadian Journal of Fisheries and Aquatic Sciences, 2002,
59(1): 115-124.

Gning N, Le Loc’h F, Thiaw O T, et al. Estuarine resources
use by juvenile Flagfin mojarra (Eucinostomus melanopterus)
in an inverse tropical estuary (Sine Saloum, Senegal)[J]. Es-
tuarine, Coastal and Shelf Science, 2010, 86(4): 683-691.
Hiroshige T, Akinori T, Ichiro A, et al. Geographical varia-
tions in the trophic ecology of Japanese anchovy, Engraulis
japonicus, inferred from carbon and nitrogen stable isotope
ratios[J]. Marine Biology, 2008, 154(3): 557-568.

Ke Z X, Huang L M, Xu J, et al. The stable nitrogen isotope
of size-fractioned plankton and its relationship with biomass
during winter in Daya Bay[J]. Acta Ecologica Sinica, 2012,
32(22): 7102-7108. [Flifr, HRE, RE, & KFEEL
ARV T e A P ) AR 2 RIS R AFFIE R 5 AR
ISR R[I] 2R, 2012, 32(22): 7102-7108.]

Wang T T, Lv Z B, Li F, et al. Determination of the trophic
levels of four fish species in Engraulidae and Clupeidae in
Laizhou Bay based on stable carbon and nitrogen isotopes[J].
Journal of Fishery Sciences of China, 2013, 20(5): 1076-
1085, [EH M, Afif, 20, & SETRERARAER
PSRNG4 FhEREERMOSETRMBTR ). P EKRE,
2013, 20(5): 1076-1085.]

Zhou X, Wang T H, Ge Zhen M, et al. Impact of Spartina
alterniflora invasion on the macrobethos community of
Jiuduansha’s intertidal mudflat in the Yangtze River estu-
ary[J]. Biodiversity Science, 2006, 14, 165-171. [JAE, X
J, BIRNG, S5 RV JUBLUHBHAS R A B8 ORI
SIYIRER SRR M), AEWIZREE, 2006, 14, 165-171.]
Yuan X Z, Lu J J. Preliminary study on macrobenthic com-
munity of the creek in the tidal flat of the Changjiang Estu-
ary[J]. Zoological Research, 2001, 22(3): 211-215. [3Z 2%,
R, VT A R AR Sh R IR ). 3h
I2FIESE, 2001, 22(3): 211-215.]

Ye J Y. The temporal spatial distribution and inhabit strategy
of acanthogobius ommaturus in the intertidal wetland sub-
habitats of the Yangtze River[D]. Shanghai: Shanghai Ocean

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

University, 2019: 15-31. [ E. K71 8 a1 R A
355 v B MR 2 AL I 25 00 A RRAE ARG S RS (D], B
R, 2019: 15-31.]

Sierszen M, Morrice J, Moffett M, et al. Benthic versus
planktonic foundations of three Lake Superior coastal wet-
land food webs[J]. Journal of Great Lakes Research, 2004,
30(1): 31-43.

Prins T, Smaal A, Dame R. A review of the feedbacks be-
tween bivalve grazing and ecosystem processes[J]. Aquatic
Ecology, 1997, 31(4): 349-359.

Xu Q. Evaluation of food sources of bivalve in seaweed and
filter-feeding bivalve polyculture ecosystem[D]. Qingdao:
Graduate School of Chinese Academy of Sciences (Institute
of Oceanography), 2007: 37-77. [k, DRI RS I
KEYRIENERI/IHID]. HF 5 hERREGETIT A B
GEPERFFE AN, 2007: 37-77.]

LiuY, Li X Z, Yan Z Z, et al. Biomass and carbon storage of
Phragmites australis and Spartina alterniflora in Jiuduan
shoal wetland of Yangtze Estuary, East China[J]. Chinese
Journal of Applied Ecology, 2013, 24(8): 2129-2134. [XI4E,
/Y, FAMiE, . KILH LB EEN A =5 E AL
R Yy Mt [0]. AR SR, 2013, 24(8): 2129-
2134.]

Gratton C, Denno R F. Arthropod food web restoration fol-
lowing removal of an invasive wetland plant[J]. Ecological
Applications, 2006, 16(2): 622-631.

Quan W, Fu C, Jin B, et al. Tidal marshes as energy sources
for commercially important nektonic organisms: Stable iso-
tope analysis[J]. Marine Ecology Progress Series, 2007, 352:
89-99.

Qin H, Chu T, Xu W, et al. Effects of invasive cordgrass on
crab distributions and diets in a Chinese salt marsh[J]. Ma-
rine Ecology Progress Series, 2010, 415: 177-187.

Maclean N. Feeding Ecology of Fish[J]. Copeia, 1995(s1-2):
754.

Wu Y T, Wang C H, Zhang X D, et al. Effects of saltmarsh
invasion by Spartina alterniflora on arthropod community
structure and diets[J]. Biological Invasions, 2009, 11(3): 635-
649.

Connolly R M, Hindell J S, Gorman D. Seagrass and epi-
phytic algae support nutrition of a fisheries species, Sllago
schomburgkii, in adjacent intertidal habitats[J]. Marine
Ecology Progress Series, 2005, 286: 69-79.

Ning J J, Liu H, Gu B H, et al. Carbon and nitrogen stable
isotope characteristics of particulate organic matter and zoo-
plankton in Liuxihe Reservoir[J]. Acta Ecologica Sinica,
2012, 32(5): 1502-1509. [Tk, X#E, &, % HiE
TR PR BURLA LY B s e sh bk . Uk E R R AFAE (D).
HEZS2ER, 2012, 32(5): 1502-1509.]



55 2 1 PIIAE KIL R 3 R AR 55 b R AR S Bk . U E [ 37 38 R IR S Ll U 22 5 303

Carbon and nitrogen isotopic characteristics and food source differ-
ences of Lateolabrax maculatus in three sub habitats of salt marsh
wetland in the Yangtze River Estuary
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Abstract: In order to investigate the contribution of basic food sources to Lateolabrax maculatus in three sub
habitats of Jiuduansha salt marsh wetland in the Shanghai and to determine the stable isotope characteristics of
carbon (8"°C) and nitrogen (8'°N) and the variation characteristics of basic food sources of this species, a survey
was conducted in the mudflat, Scirpus mariqueter vegetation area and tidal creek from May to October in 2019.
The results of one-way analysis of variance showed that there were no significant difference in 3'°C among the
three sub habitats. There were significant differences in 8'°N between vegetation area and mudflat sub habitats,
and there were significant differences in 8'°N between vegetation area and the tidal creek sub habitat (P<0.05).
Increasing with body length §'°C and 8'°N value showed an increasing trend, and §"°C value of L. maculatus in
Jiuduansha salt marsh gradually increased each month, while 8'°N value decreased sharply in July. The cluster
analysis of monthly average 8'°C and 5'°N showed that July had little similarity with the other months (May, June,
August, September, and October). The results showed that the composition and contribution rate of basic food
sources in the three sub habitats are similar, and suspended particulate organic matter (POM) and Spartina al-
terniflora were the main carbon sources, followed by microalgae, Scirpus mariqueter and Phragmites australis
contributed the least to the carbon source of maculatus. The contribution rate of POM decreased, while that of S,
alterniflora increased with the increase in body length. With the growth of L. maculatus, the main food source for
it changed from POM (>70%) to POM (50%—66%) and S. alterniflora (32%—-47%). The results showed that the
feeding habits of L. maculatus changed in the juvenile stage. The contribution rates of carbon sources to L. macu-
latus in July were different from those in other months. The change was mainly caused by the sudden increase in
the POM contribution rate and the decrease in the algae contribution rate. The internal reason may be affected by
the Yangtze River runoff. Conclusion: there were no significant differences in the composition and contribution
rate of basic food sources of L. maculatus among the three sub habitats, but there may be differences in the feeding
in different sub habitats; During the growth process, the basic food source of of L. maculatus in the three sub
habitats changed from POM to POM and S. alterniflora, which may be due to the change of feeding habits of L.
maculatus during the growth process.
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