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Fig. 1 Spatial distribution of sampling stations
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Tab.1 Fish species composition in spring and autumn in offshore wind farm waters of the Yangtze River Estuary

PFh species

i HFE KFE FHEK/mn

TikTg  ERS ERE KIS

code spring autumn mean body length mean body weight ecological type thermophilic water distribution

52 H Peciformes
WFE R Gobiidae

iiﬂcﬂgof%s ommaturus Ao+ 218 40.39 ES wT b

EWRFE £ Luciogobius guttatus Lg + 120 10.29 ES WT D

B4R FEfn Tridentiger barbatus Tb  + + 91 5.89 ES WT D

s 2 RS} i Lo + + 48 1.23 ES WT D

Lophiogobius ocellicauda

BTG IR 1R £ o+ + 88 3.65 ES WT D

Odontamblyopus lacepedii

FLERFE £ Trypauchen vagina Tv + 105 6.65 ES WW D
A faFl Sciaenidae

it Nibea albiflora Na + 42 3.98 Ma WT ND

WSk HFE M Collichthyslucidus  Cl + + 57 7.99 Ma WwW D

fifi Miichthys miiuy Mm  + + 42 1.82 Ma WT D
#E R} Stromateidae

68 Pampus argenteus Pa + + 85 28.24 Ma WT ND
APl Trichiuridae

/M. Eupleurogrammus muticus  Em + 309 16.62 Ma WT ND

(¥4 to be continued)
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(8231 Tab. 1 continued)

WIF species R HF BE OFEKmm VST ESKE ERME KR

code spring autumn mean body length mean body weight ecological type thermophilic water distribution

g Fl Polynemidae

VU5 hik Eleutheronema tetradactylum Et + 96 12.33 ES WT D
1E#58L Lateolabracidae

FIE LSS Lateolabrax maculatus Lm  + + 58 66.64 ES WW ND
KA2ZHEL Apogonidae

445 K24 Apogon lineatus A+ 24 0.35 Ma WW ND
#i#} Blenniidae

453k BkA i Petroscirtes breviceps Pb + 51 1.63 Ma WT D
fi5B}l Callionymidae

A Repomucenus olidus Ro + 55 1.27 ES WT D

#iEJZ H Clupeiformes
2%l Engraulidae

JI#% Coilia nasus Ce + + 134 10.01 Mi WT P
R Coilia mystus Cm + + 103 4.34 Mi WT P
FEIG/VAfE Solephoruscommersonii Sc + + 56 2.37 Ma WW P
R EKE L Thryssa kammalensis Tk + 76 4.83 Ma WT P
il Setipinna taty i + 74 4.26 Ma WW ND
IR AL Pristigasteridae
fi# 1lisha elongata le + 87 7.80 Ma WW P
#%J% H Pleuronectiformes
EH#3F} Cynoglossidae
LS Cynoglossus joyneri Cci + + 126 7.66 Ma WT D
H AN Paraplagusia japonica  Pj + 110 5.67 Ma WT D
fifi )z H Tetraodontiformes
fifi &} Tetraodontidae
MiSr R )7t Takifugu oblongus  To + 52 5.63 Ma WW D
W% 75 J7 fill Takifugu xanthopterus Tx  + + 79 20.36 ES WT D

fBf H Anguilliformes
I #8F, Ophichthyidae
4% Muraenesox cinereus Mc + 117 98.30 Ma WW ND
flizcfa H Aulopiformes
¥tk Rl Synodontidae
J¢3kf Harpadon nehereus Hn + 100 7.28 Ma WW ND
T ES 0 SR A2, M it 25, Ma NI PEME 0 3S, WW O RE K PR, WT MR M2, P o b EE 0 3S, ND HiTK)Z
25, D K2 Mk
Note: ES denotes estuarine sedentary fishes, Mi denotes migratory fishes, Ma denotes marine fishes, WW denotes warm water fishes, WT
denotes warm temperature fishes, P denotes pelagic fishes, ND denotes near demersal fishes, D denotes demersal fishes.

22 FEMEMEHH P07 T3k 257, 9 Bk ZE 40 FF- 1 £ N 2.60 ind/100 m”,

METRE (K 2), HEROIPHEEN  FHAEYEN 13.36 ¢/100 m®, FE50Fi 78 257K
0.99 ind/100 m%, “F¥4¥ K 1.27 ¢/100 m?, £ SURILES, FREE KA M 8.15 ind/100 m?, AEW i
TN AE A K R A ES, EERORME N RN 40.27 /100 m*, BIAF U 8. MIZEA
3.751ind/100 m®, B RN 3.66 g/100 m®, b, BKEWEEH AR S & THES, H
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10.50 5, HEAAEMET-EI RN 1.28 g,
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Yimm i B KT A2,

A3 XSOk (B 2), %*ﬂ%%z(lﬁ,m
ISP F 4 0.76 ind/100 m?, SEHLE
M 114 g/100 m* AR KIRFHF: K 1.06 ind/
100 m?, PR N 131 g/100 m?, BERF R
FIX Bk R HLI X N 2.66 ind/100 m®, -

2.58 ind/100 m SE A 12.98 g/100 rn i
INT IR IX o XoF IXUHL 3 DX R I 7K Sl 1 £ 28 = i
FAEY AR TSI A T R, FEAAEY =
TEAR . RRZRPIAN KIS B g 25 S R I8 35 (P>0.05)
2.3 LB

* 2 BnE . REILGILHF 6 #, Hirdz
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Fig. 2 Temporal and spatial distribution of fish abundance and biomass in offshore wind farm waters of the Yangtze River Estuary
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Tab.2 Dominant species composition of fishesin spring and autumn in offshore wind farm waters of the Yangtze River Estuary

ot . B s FRAS L
st e, 0TS PSR i e
PE# Al dominant species percentage of percentage of ‘ ° ¢ e (in mean m) EZ)(g range of body range of
: percentage of m°) mean :
number weight frequency B IRT abundance  biomass length body weight
# 2= spring
Sk My # 4 Collichthys lucidus 69.37 15.15 100.00 8451.80 0.69 0.19 2-124 0.01-34.54
J11% Coilia nasus 10.19 36.32 66.67 3100.50 0.10 0.46 11-278 0.35-88.76
R Coilia mystus . . . . . . - .63-11.
B Coili 9.25 23.21 71.78 2524.60 0.09 0.30 55-155 0.63-11.80
FICIR U e 2.75 12.58 100.00 1533.11 0.03 0.16 51-180 0.38-44.32
Odontamblyopus lacepedii
fit Miichthys miiuy 5.70 7.23 88.89 1149.00 0.06 0.09 15-81 0.02-7.54
k2 autumn
Jk 3k fii Harpadon nehereus 40.72 33.88 100.00 7459.96 1.06 4.53 49-228 0.63-35.90
X\ Coilia mystus . . . 71.07 7 . 5-17 32-16.
% Coilia my: 29.22 19.49 100.00 4871.0 0.76 2.60 35-171 0.32-16.62
S Hff # i Collichthys lucidus . . . 71. . . 7-17 49-79.
Pk #§# £ Collichthys lucid 8.60 21.11 100.00 2971.39 0.22 2.82 27-172 0.49-79.88
J1fi% Coilia nasus 3.44 8.71 100.00 1214.76 0.09 1.16 77-264 1.49-60.65
fit Miichthys miiuy 9.42 2.05 88.89 1019.56 0.25 0.27 20-203 0.16-34.27
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%29 &

0.69 ind./100 m®, “F-¥JAEH 5N 0.19 g/100 m?*, {£
KL A 2~124 mm, LRI . H A
Pl i R BRI BT B L 2 R il A 97.25% A
94.49% . FKZAHFP A I3k fi (Harpadon nehereus) .
s, kM A, )T AE, Hob oSk e
PR, HAOPYEE 4 1.06 ind/100 m®, P44
Yty 4.53 /100 m®, KGR 49~228 mm,
IR B RFN AR . RS Y B ORI T & 5 b
Z RN 91.40%F1 85.24%., #ZEHA I HF
PR A ER PR, i g e s, fkRg:
ATk, g re e, I E A
IR MR | R JTEERIXUST, ik
RN 2
24 BEERYMESHEME

3 R AE . AR SRR 2R
eSS, HdhHZE D M HEBRKESHH 1.36 1
1.53, Y0l 6, I RAE R 0.85, 1 F i 2;

*3 KINBLXBFBEHE. ELRRE
R KBRS HEEY
Tab. 3 Fish community-diversity indices of different

stationsin spring and autumn in offshore wind
farm waters of the Yangtze River Estuary

i %2 spring k2% autumn

station D J H' D J H'
1 1.05 0.55 0.89 1.76 0.79 1.97
2 0.72 0.85 1.37 1.22 0.60 1.45
3 1.17 0.65 1.27 0.98 0.78 1.51
4 0.74 0.72 0.99 1.68 0.60 1.59
5 1.24 0.78 1.53 1.25 0.70 1.62
6 1.36 0.70 1.53 1.64 0.63 1.67
7 0.48 0.81 0.89 1.77 0.81 2.08
8 1.11 0.68 1.31 1.36 0.58 1.48

9 1.09 0.56 1.17 0.96 0.59 1.23
KU H 3% 0.98 0.82 1.45 1.24 0.65 1.53
OWF
ARk 1.00 0.67 1.15 1.45 0.68 1.65

adjacent
waters

S 1.00 0.70 1.22 1.40 0.68 1.62
mean

D, W H 43 53RR Margalef & 5% . Pielou ¥2) 18
BUFN Shannon ZFEPEFE %K.

Note: D, J' and H' denote Margalef richness index, Pielou evenness
index and Shannon diversity index, respectively.

Bk D IR H B KA 5300 R 1.77.,0.81 F12.08, 1
PFuis 7. X KRN SRS BT s
FEAS T AZES, FKZRM0 D A1 HF-3{E(1.40 F1 1.62)
IR ERETHZ(1.00 A1 1.22)(P<0.05), JFH
1B 7F 4 2% (0.70) il Bk 2= (0.68) [1] 22 57 K &g & (P>
0.05), AT UL, BKFMFE EMEHEMELY S TFH
Zx, X R X5 4R K 38 1Y) 22 R MR Bl A T
STREAR T AR, KX D IA H S54RI K
I 18] ¥ JC W 35 Pk 22 5 (P>0.05), W] I XUHL 35 X A
LRI FEEE . WA EME MR 2.
25 FEMEMERBEHL

M ABC HhZE ([ 3a, 3b)rl %1, & kMRt
W FEE SRS LA, B+
JERSE M & T YRR, Wis B
&ML X, K. kK WIS 518-0.105 il
—0.047, ¥I/NTF 0, FHEFEHITFHT 4 AL AFNZE 55
BBk A )T XKUY A, BREREE
TR 94.50%, Hivhr, WSk Mg A F R H
R, K 69.37%; LYEHITRT 4 47 HFP2E 551
Sk I RV | RSk AR R f0 RN R A IR A, B
AR EA R 87.26%, Hit, JI6AEMHEH
SRR, K 36.32%. BKEFFEHETHT 4 7 B
o ek fa . R fERDECL g fa, RN
FEHITHR 87.96%, H, JeskEEH I
=K, K 40.72%; ALY HTHET 4 SRS 5
heskfa, kAR KUBTRIEY, REUEY
HESHR 83.19%, Hh, Jeskfm Y a sy
Fhie K, 4 33.88%. . Bk ALY
JE R R 34 AN R 225 I LA 2K

X AN TR 2745 1) = B AR A 34 i 2 kA 7
XTH(F 3¢, 3d), B PR 245 2R VR I &
FEMERIE & B . HEMF R RS ih 2k
B, Hhdk DTk, BRI D,
Y ZAEE RS B RAR, RS TR 2
REVE R4 H 45 SR 250
2.6 BEELEMEE

CLUSTER “FHEAHrRM, K &2
UE KA R FETE TR 45% A RIE KSR Al 40k 2 4
B, 1 HANESTH, THNKTEH, NMDS —
He b Bon, WhoE R AL stress A 0.1 (E 4), UiBA
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Fig. 3 Dominance curves of fish abundance and biomass in spring and autumn in offshore
wind farm waters of the Yangtze River Estuary
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AR BT ik A v ) SR b Sk A B8 . il XU
5% R FQAR A R A, AT X 4 AR B3 5T
Bk FIK 95.11%; BRZE( 11 4H)%F 20 PN AR AP T ik A

x4 ARECENABRERERBERSHME
Tab. 4 Specieswith high contributing percentage for
similarity within a group and for dissimilarity between groups

BTk /% contribution percentage

% KE EESHE

spring autumn spring & autumn

2 species

Jlisk g # 1 Collichthyslucidus  77.03  7.41 32.39
fite Miichthys miiuy 721 137 14.09
K% Coilia mystus 5.57 3491 11.44
gdfr?taaibﬁgil% lacepedii 330 4.98
J3k £ Harpadon nehereuss 43.38 24.10
J1#% Coilia nasus 3.69
A1 total 95.11 93.06 90.69
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1R ) LR A e Sk fa | KUY | RS A 3 RN,
TR AR UM R DTERER A 93.06%. 4 1 Al
T BEV& A 0] 22 57 PE R B 75.19%, 4] 22 5
TTHREL i ) A B RO Rk Mg B 0 | sk fn | i
RUBF | PLEGAR SF WF pE fa f 8%, AT Rk
AH S DTk Z R 90.69% o
28 BEEEMERBEERFHXER

5 hEF . KETHA KIS B KT

{H, PR RIZACZEE . 25 pH ANE
EXETESE, MEERTESE. XhE. KER
Be R FHEA TS AR AR TRESG, PR T RZEHRIELET .
Bk 22 R i 2 ANP>0.05), HABIREER F7E %
%k*l‘&ﬂ%%’i@ﬁ%(lko 05) o X K JZ IR BE A 7t
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Tab.5 The means of environment factorsin offshore wind farm waters of the Yangtze River Estuary and its adjacent waters
(7R E 2% meantSD

45N F environmental factor 1815 code BAA unit
# 2 spring FkZ autumn

FZIEE surface temperature Ts C 17.83+0.57 25.3440.59
FR)ZELE surface salinity Ss 13.32+1.94° 13.93+3.68°
#JZ pH surface pH pHs 8.23+0.36" 9.58+0.46"
RIZ A surface dissolved oxygen Dos mg/L 9.15+0.47* 6.97+0.76*
JEZ IR bottom temperature Ts C 17.66+0.43 24.68+0.44
JicJ2 45 bottom salinity Sb 14.09+1.21 17.43+4.13
JiXJZ pH bottom pH pHb 8.36+0.24" 9.51+0.53*

JiSJZ %5 %4 bottom dissolved oxygen Dob mg/L 9.08+0.44* 6.43+0.24*
RIE depth Depth m 5.12+1.48 7.53+1.40

e [T ) A AR [F] /NG 525 3078 28 55 1 1 35 (P>0.05), J05- B 3R7R 25 53¢ 1 3 (P<0.05); [ 51 3R JZ AH [F] 458 bx ) LA AR [F] K5 5 53
NN BE(P>0.05), LFERFRRESR BE(P<0.05).

Note: Superscripts with the same lowercase letters between the same row indicate that the difference is not significant(P>0.05), and no letters
indicate that the difference is significant(P<0.05); superscript with the same capital letters between the surface and bottom for the same index

indicate that the difference is not significant(P>0.05), and no letter indicates that the difference is significant(P<0.05).
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Fig. 5 PCA ordination of fish abundance and stations (a) and RDA ordination of abundance and environmental factors
(b) in spring and autumn in offshore wind farm waters of the Yangtze River Estuary
S1-S9 mean 1-9 stations in spring. A1-A9 mean 1-9 stations in autumn. The species codes
(Cl, Ce, Cm, Mm, OI, Hn, etc.) are shown in table 1.
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Abstract: In order to illustrate fish community structure and factors influencing it in offshore wind farm (OWF)
waters of the Yangtze Estuary, multivariate statistics and redundancy analysis (RDA) were used to analyze the fish
community structure and its relationships with environmental factors. The results showed that 28 species
belonging to 6 orders, 15 families, and 26 genera were identified. Perciformes (57.14%) had the highest
percentage of species, with maximum percentage of species belonging to the family Gobiidae (21.43%). Most of
the species were affiliated with warm marine temperature and demersal fishes. The dominant species in spring
were Collichthys lucidus, Coilia nasus, Coilia mystus, Odontamblyopus lacepedii, and Miichthys miiuy, and in
autumn were Harpadon nehereus, C. mystus, C. lucidus, C. nasus, and M. miiuy. The diversity analysis and ABC
curve showed that the fish community structure in these waters was disturbed. T-test showed that the abundance,
biomass, Margalef richness index (D), Pielou evenness index (J') and Shannon diversity index (H’) in the OWF
were not significantly different from those of the adjacent waters (P>0.05). Cluster and non-metric
multidimensional scaling indicated that fish community in the OWF waters could be clustered into two groups:
spring and autumn assemblages. ANOSIM analysis indicated that there were significant differences in community
structure between these two groups (R=0.726, P<0.01), and the seasonal alternation of fish community structure
was apparent. RDA showed that the fish community structure was affected by dissolved oxygen, temperature,
depth, and salinity, and different environmental factors showed different effects on dominant species during
different life cycle stages. In this study, it was found that the disturbance state of fish community structure was
mainly related to seasons and environmental factors, and the influence of OWF was limited.

Key words: the Yangtze Estuary; offshore wind farm (OWF); species composition; community structure; environmental
factor
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