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Fig. 1 Survey stations (¢) of fisheries resource
in the south coastal waters of Wenzhou
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Tab. 1 List of fish speciesin the south coastal waters of Wenzhou

%55 No. 4 species #7Z spring FkZ autumn WEETE TAT
1 fif Miichthys niiuy + A
2 Fa kT 85 Cynoglossus robustus + + A
3 FEICH 5 Cynoglossus joyneri + + A
4 W5 8 Cynoglossus abbreviatus + A
5 Wl Setipnna taty + + A
6 JEF Coilia mystus + A
7 ) Ilisha elongata + o
8 I ERBE Thrissa kammakensis + A
9 H At Engraulis japonicus + + A

10 BN T 0 Sardin llazunasi A
11 F it Argyrosomus argentatus + A
12 JEBEER Leiognathus ruconius + o
13 8 Pampus echinogaster + + A
14 Ji| g Psenopsis anomala + A
15 Wi Trichiurus haumela + A
16 INLLTF R FE A Amblychaeturich thyshexanema + A
17 KR Parargyrops edita + o
18 Ui fi Nibea albiflora + A
19 R EE T #F, Chrysochir aureus + A
20 /NE#ff Pseudosciaena polyactis + + A
21 Kttt Pseudosciaena crocea + + A
22 N &k f8 Johnius belengerii + + )
23 FLURFE £ Trpauchen vagina + + A
24 W5 T4 Siganus fuscessens + o
25 168 Lateolabrax japonicus + A
26 LR F AR e 8 Odontamblyopus rubicundus + + o
27 X RBUFE A Chaeturichthys stigmatias + A
28 Sk 1 Collichthys lucidus + + A
29 fify Pneumatophorus japonicus + o
30 W F%% Decapterus maruadsi + o
31 YrJé4h Trachurus japonicus + A
32 s 52§ Hapalogenys mucronatus + A
33 s RRHHE Upeneus bensasi + o
34 7518 Dt Polynemus sextarius + o
35 VUE B fih Eleutheronema telradactylus + o
36 R EE WS Muraenichthys gymnpterus + o
37 W88 Muraenesox cinereus + + )
38 "hWAEGT8S Cirrhimuraena kaup + °
39 AR Arius sinensis + o
40 T EE AR T Bl Takifugu xanthopterus + o
41 WBEGUIR 7 i Takifugu oblongus + A
42 W5 AR T 8l Takifugu obscurus + A
43 25 M Stephanolepis cirrhifer + A
44 T3kttt Harpodon nehereus + + )
45 fifi Platycephalus indicus + o
46 LR4E A0 Chelidonichthys kumu + o
47 2R3k #HA & Scoliodon sorrakowah + o

T o FIRMEAK M, “A”FIRBEIR M, “0”FIRRIRME; TAT: RoniE Rk,
Note: “0” means the warm water species; “A”means the warm-temperature species,
temperature adaptive type.

[Tt
]

means the cold-temperature species. TAT means the
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7 Sl AR RS, 35 155.23 kg/km®; 3 S {7
W2, N 98.68 ke/km®; 1M 5 Sl P ik, 1
19.91 kg/km®, fa2sF: ﬂﬁi’ﬂfﬁj@ 11395.19 ind/km’,

Hod 7 SubA R, ik 27434.95 ind/km®; 3
75¥[511LU\Z, H16172.99 ind/km?; Tfi 1 S F
A, 12 2982.62 ind/km?,
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Horp 1 S iAWy R, 15 295.26 kg/km®; 11
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HRAE, 10 50.79 kg/km?®, 038 FFFHE N
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69222.46 ind/km’; 7 SR, K 64578.83 ind/km’;
M 6 S FREERAR, 12 10259.18 ind/km?,
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2, EEACOy ek, A, RSB B,

LRI ekt RSk B £ RN HE S i, J 2R
it AR ARG 2).

2RI LD T 6 430 o £ 2E BT
11 49.3%H1 50.8%, B 5 SR 49.9%
F150.1%. FZ, HABHN HEEHRE SR, ik
3505.6., fkZ=, kA E SR R S, A
7571.7, %é%ﬂﬂ%/ﬂ%}}ﬁjﬂiﬂi%ﬁiﬁ, H
Z ol R B A S R AR 27.2% 1 27.5%, T
AT 5 7.5%F01 40.5%(35 2)., MAFFEY, 75
) F BB E IR T 3.10~4.50114 ik
LIS
2.3 YFh IR

FEMBEE, W g R T B SRR

B, RHFON HARSE BEE . N2 BEFE  Shannon-Wiener ZFEMEFEEL H'ES N 1.863+
x2 ENEMARSHEIESEXBANEEHERRERR
Tab. 2 Index of relative importance of main fish and trophic level in the south coastal waters of Wenzhou
Z=717 season flt B F dominant species F% W % N % IRI EFRY trophic level
HAME E. japonicus 81.8 12.2 30.7 3505.6 3.10
Hi#E P. echinogaster 90.9 22.9 15.2 3463.4 3.20
N REFRMM A. hexanema 90.9 2.6 13.6 1473.1 3.40
WM #E A C. Iucidus 72.7 14.7 4.8 1418.9 3.50
3k Al H.nehereus 81.8 9.1 2.4 946.0 4.20
H ki A. argentatus 54.5 3.7 11.1 807.6 3.47
% B8 D. maruadsi 54.5 3.8 8.8 689.2 3.40
# 7= spring 6% M. cinereus 63.6 8.0 0.3 528.2 438
Wil T. haumela 100.0 2.0 1.9 390.5 4.50
i 1 C. robustus 54.5 3.4 0.4 207.2 -
LR IFUR R A O. rubicundus 81.8 1.5 0.8 188.0 -
LrEEL0 C. kumu 63.6 1.3 1.4 167.3 3.68
R HEGE TR C. aureus 54.5 2.5 0.2 144.4 3.50
Z K P. edita 45.5 0.4 2.8 143.1 -
K8 P. anomala 36.4 1.7 2.0 135.3 4.00
kAl H. nehereus 100.0 35.5 40.2 7571.7 4.20
WSk HFE G C. lucidus 133.2 16.0 34.6 4218.1 3.50
NTE L P. sextarius 70.6 8.5 10.6 1590.8 3.79
08 M. cinereus 58.3 7.7 0.2 464.9 4.38
FkZE autumn /N P. polyactis 50.0 6.2 1.0 361.3 3.64
i 1. elongata 50.0 5.9 0.4 315.5 3.79
K P. crocea 50.0 2.4 0.5 148.4 3.72
) S. taty 58.3 1.8 0.5 134.6 -
fifi P. indicus 8.3 2.0 10.6 104.8 4.09

g < FIRARE RN BE TR

Note: “—” means the unchecked trophic level.
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0.443 1 1.390+0.311, Margalef 25 -5 Br45%k D 1
43514 1.892+0.580 F1 0.984+0.204, Pielou ffiZsH41%)
JEFERL A4 0.693+£0.093 F110.660+0.091 (€1 2).,
jfijd Pearson X H'. D Fl J'5¥ 85 KT #H47
M AT (K 3), 13 DA H'S5 1% f S8 S W B 3
IEAH G (P<0.01), D 5l 2 W 2 70FH ¢ (P<
0.01); H'5 i 5 3% 1IEAH G (P<0.05), D 5%
B EIEMC, M523 YEEE 7 P<
0.05); J"5 PR - JoAH Gk
24 BRBEEN
XA ZE MRk S HE P8 1T CLUSTER 20 #r
HINMDS 73#7 . 2, A w7 EARLE A 30.29%

m, ATk 2 (R 3. B 4), MREE
(SIMPER) 73 #7 3 i 45 i 457 4 P9 7HF 75 45 #4) A ARL 1Y)
S TR0 o R 2 R B U 45 4 22 S5 04 43 5 R B O Tk
Fo AHMHASE ERIS . a5 18 Fifadsd
B, Horp AR Oh H AR | R SRR, 2 T
BIARUPE A BB R 93.07%; B 41 f sk #g
WA, WFOR | R 34 Fhaa 2R a, Horh R
POk M HiRBE . ek s, 41T
U A B TTHER AL 91.17%., A 411 B 2H it 43 15 Fil
A HASE RS JERS%, 410 A SRR
HFTTHCR S 90.95% (% 4).
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Fig. 2 Biodiversity indices of spatial distribution in the south coastal waters of Wenzhou
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Tab.3 Relationship between the biodiversity indices and 4
environment factorsin the south coastal waters of Wenzhou %
B
7 & variable D J H' ;
5
K De -0.300 -0.191 -0.299 ‘ ‘ : : 1
R pH 0.072 -0.076 -0.008 20 40 30 80 100
WE T —0.703%** —0.164 -0.514* FkZ= autumn 7 ‘A
6
S 0.514* 0.066 0.339 2
#f#4 DO 0.686%* 0.251 0.558%* % B
BI7Y SPM —0.414% -0.220 -0.379 1
1
Vo R A XE(P<0.01), “*F 0% 3 M (P<0.05). i fic
Note: “**” means the high significant correlation (P<0.01), “*” ‘ %
means the significant correlation (P<0.05). 2‘0 4‘0 6‘0 8‘0 1(‘)0
530 3 4L(PE 3 F6] 4). 33 A BLPE T 43 Ho(STMPER) P3PS 46 S BE P Bray-Curtis

3T T LA Sl A7 2 PN R % 45 ) AR DL 1) S 7R o A 24
(i) B 7 5 4 2 S 1) oy I b L BTk %e . A Ak
Skt kMg | GREESE 13 P AR AL, Horp
SR T, 55 Sk £ RN, 2H NS SRR il AR
TUHRRIE 93%; B A e kfa . 6. /S48 B s
17 FpfaZEdl pl, Hrp st Rpp 45 e skt | Nf8 5
filg F1 K v ff, 2 N T SRR DL M Y 2R DT ik R 2
95.77%; C ek fa , /N | MGHR5E 19 Flifa
FAH R, HA AR HE ekt NTs Dk, Bl
KoMy B A0 5, AT AL Y R B TR R
95.21%. A 4F B MR e fh . i, /<
i il 4, 4 [B) 7 2R M 0 2R BTk o 2
90.15 %; A ZHA1 C s BFA Je sk fi . N85S
filg . kMG A, 4B ST S AH S 0 R BTER
IR 90.92%; B 4L A1 C 4L/ FhA ek | 6l
T8 A, 20 R 4R S vk Y 8RR TR R R
92.60% (% 4).

LERPRER 25
E A e R i fi s, SE 1 X5
Fig. 3 Bray-Curtis similarity clustering for fish community
structure in the south coastal waters of Wenzhou
The number in the right end meaning the position number, cor-
responding with those in Fig. 1.

25 BEFEENEERFENXER

XK R IR T AT R B,
2= pH. R B RIA AR S R A R TR, IR B A
BEIRYINEME TS, CCA HEFP 453 Won (I
5), A AR E(E S B8 0.519 1
0.194, HAHKZREST R 0.871 1 0.825, ke T
YIS 49.6% MRS ST 73.2%; BKBAHS
— AN N RIEAE 530 R 0.417 i1 0.303, H
IR BN 0.971 1 0.974, R T YRS
) 35.9%FIFRE 28 S/ 59.1%, 1B WIS HE b
FHICHEAR/DN, HEF 45 R mT4E

#Z pH 5% —H)PHIEMC R R, 5

#7ZE spring stress: 0.06
3 9
8 10 B#Hl
AT group B
group A

#*Z autumn C#H  stress: 0.13
group C
AH
group A
B4
group B

&l 4 IR R ER U T Bl A0 S RE R 454 1 NMDS 438t
B Rm NS, S5 1 X
Fig. 4 NMDS results of fish community structure in the south coastal waters of Wenzhou
The numbers mean the sampling stations, corresponding with those in Fig. 1.
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Tab. 4 Typifying species within station groups/discriminating species between spatial groups and their
contributions per centage for fish community structurein the south coastal waters of Wenzhou
%2 spring FZ autumn

A& species A B A+B & species A B C A+B  A+C  B+C
H AR E. japonicus 65.65 19.23  Jeskfl H nehereus 82.45 81.33 3276 1943 19.95 20.79
A5 D. maruadsi 19.26 7.03 ) I elongata 10.55 11.30 6.93
HIE P. anomala 8.16 3.49  NIEEMl P. sextarius 7.50 12.87 11.08 8.03 7.07
WM E A C. lucidus 2527 13.69 Ki#Efh P. crocea 6.94 6.29 3.63
BB P. echinogaster 20.17  17.23  BEkAMgHE M C. lucidus 2982 11.02  21.65 22.55
T3k A H. nehereus 17.08  9.02 /NEA P. polyactis 10.34 9.46  9.87
W68 M. cinereus 6.96 5.69 48 M. cinereus 9.42 7.60 8.36 8.38
R EE A8, C. aureus 4.27 2.73 BB P. echinogaster 4.43 2.97
SRR C. srobustus 414 299 i P. indicus 11.07 742
INLLT R R L A hexanema 3.63  1.76 W S. taty 2.50
M4t A. argentatus 3.00 2.76  RLFHEE S. sorrakowah 2.17 2.19 2.93
LR F U R O. rubicundus 2.65 1.44 % M. niiuy 3.26 6.21 7.61
FRUFEAM C. stigmatias 2.04 SEARTE 5 C. srobustus 2.87 2.84
ZxtiEtn C. kumu 1.96 W T. haumela 1.81
W) 5 C. abbreviates 2.30
/NEE L P. polyactis 1.59
Bt total 93.07 91.17 90.95 gl total 93.00 95.77 9521 90.15 9092 92.60

R KA, BI7EHEF Y pH MW ZAERIH
AN, MR BRI R EG E HEE
B, 5 pH RERIEAHDE, 115 ER R 2 55 0 7R
%, ENEHERF R H pH T 2= LA, hE
T FUKIRIE A R AK . FRZE T RS T 526
—HE P i 5 A O, R K IR A O R B ik
—0.7882, XRMTEHETEIHX 6 NIRRT A
BB AR, pH 556 HER 5l AR C R B0 &,
H R E R R R AME, EHFEY pH H
EETNBEH N, R RE TR AL REAR
(# 5).

3 Wig

31 BEMEASHBMARS T

i P e P T Ve S Ak o T R TR P AR
DX, B2 R U T B R RS AR, LA A
V& X R AR K M R R PR 32 . TR
AT R W i 0 It 83 b, MiASHIE T i gk
2 47 B, XAl RS HF ST I | A Z= T A
AR EA . BRI, 1L
FIPREEIR AL BT IR IR, AR D, [
TR AL o B R A R AL AU

®5 HFMBEERAESTREETENHEIRY

Tab.5 Eigenvalues of axes and their correlation coefficients with environmental variables

27 season 754 variable W1 Axis 1 il 2 Axis 2 [|[Z=77 season 7545 variable 1 Axis 1 %l 2 Axis 2
FFIE(H eigenvalue 0.5190 0.1940 FFIEAH eigenvalue 0.4170 0.3030
K D 0.7514 -0.5171 IKIR D —0.7882 0.0705
FR % pH 0.9233 0.2994 FRA%E pH —-0.7900 0.4004
%é M=l ﬂ(é vE
. mET —0.6445 -0.0386 mET -0.3399 -0.1392
spring autumn
HES 0.6358 —-0.6374 HES —0.7455 —-0.4651
4 DO 0.1870 0.0972 i 4E DO —0.0849 0.0176
EIFY SPM —0.6004 0.2814 EIFY SPM —-0.1944 —0.2731
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Fig. 5 CCA biplot of species composition of survey stations and environmental factors in the south coastal
waters of Wenzhou in spring (A) and autumn (B)
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Fish community structure and its relationships with environmental
factorsin the southern inshore waters of Wenzhou

DONG Jingrui', HU Chengye', SHUI Yuyue®, TIAN Kuo', DU Xiao’, SHUI Bonian'

1. College of Fishery, Zhejiang Ocean University, Zhoushan 316000, China;
2. Zhoushan Bureau of Oceanology and Fishery, Zhoushan 316000, China;
3. State Key Laboratory of Freshwater Ecology and Biotechnology, Ningbo Laboratory, Ningbo 315000, China

Abstract: The southern coastal waters of Wenzhou is in the mid to southern parts of the East China Sea. This area
is influenced by the high temperature and high salinity conditions of the Taiwan Warm Current, the low salinity of
the Zhejiang Coastal Current, and the southern coastal upwelling. These waters are rich in nutrients and baitfish
and are highly diverse with fish species. The area is a typical ecological region of the East China Sea shelf. Cluster
analysis, non-metric multidimensional scaling, and a diversity index was used to analyze the patterns of commu-
nity composition, diversity, and community structure based on data from two fishery resources investigations
conducted in May (spring) and September (autumn) 2015 in the area. The results identified 47 species in the
southern coastal waters of Wenzhou, which belonged to 41 genera, 27 families, nine orders, and two classes.
Warmwater and warm temperate species were dominant, and Perciformes were the most abundant, with 26 species,
followed by Clupeiformes, with six species. The third most frequent group was Tetraodontiformes, with four spe-
cies. The dominant species in spring were Engraulis japonicas, Pampus echinogaster, Amblychaeturichthys hex-
anema, and Collichthys lucidus, accounting for 49.3% of the total catch. The dominant species in autumn were
Harpodon nehereus, Collichthys lucidus, and Polynemus sextarius, accounting for 50.8% of total catch. Engraulis
japonicas, Decapterus maruadsi, Psenopsis anomala, Harpodon nehereus, Ilisha elongate, and Polynemus sex-
tarius were typically found at all stations in both seasons, and they were the major divergent species causing
community differences among stations. Pearson’s correlation analysis indicated that the richness index (D) and the
Shannon—Wiener diversity index (H') were positively correlated with dissolved oxygen, salinity, and temperature.
A canonical correspondence analysis suggested that the main environmental factors affecting the spatial patterns
of fish assemblages were pH, depth, and salinity. pH represents the sum of some of the chemical properties in wa-
ter and is the result of interactions among factors. pH can be affected by salinity and temperature. The canonical
correspondence analysis results showed a division in the fish community in spring, which was likely due to influx
of the high temperature and high salinity water in the Taiwan Warm Current. This current forms an obvious salin-
ity gradient in the local coastal strip, which further affected the division of the spring fish community. The Taiwan
Warm Current retreated in autumn, and the lower temperature and lower salinity of the Zhejiang and Fujian
Coastal Currents gradually carried a large amount of silt into the study area. Therefore, whether temperature, sa-
linity, and suspended particles affected the fish community structure requires further investigation.

Key words: fish; species diversity; community structure; environmental factors; canonical correspondence analy-
sis (CCA)
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