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Fig. 1 Trawl survey stations (a) and tracking line sequence (b) in Hangzhou Bay-Zhoushan inshore waters

black open circle in (a) indicates trawl station, red circle indicates both trawl and CTD station; blue and green in (b) indicate Zhoushan inshore and

Hangzhou bay group, respectively, three red station indicate Tanhu, Lithuashan and Daishan tidal station, respectively
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Fig. 2 Environmental conditions

(a) bottom sea salinity-BSS; (b) surface sea salinity-SSS; (c) surface turbidity-Stur (FTU); (d) bottom sea temperature-BST(°C); (e) sea surface
temperature-SST(°C); (f) sea surface Chla-SSC(l g mg/m’); (g) stratification index-index (10°°/s%)

P 1-b) [ I 39 4 Bk /N Ik R0 v 5 o XTI e bl (57 1 R S L, ARGE 3B AYTLA
26 X RO AT O VAR AL, ARAT3 DAY EATIDWIRIEE AT, T 0 5 SRAE ol o2 B I 14
19 e i dls 5 W {EL(tidal level anomaly, TLA), 801 #1300, MG % 09 AL HE, A 3%

http://www.scxuebao.cn


http://www.scxuebao.cn

608 KopE o R 43 45

GIATT TSR R A Sl A2 W 1) M AR B (RS b
AL LS e B A Sy 4 W9 B B 3k (flood
tide, FT). 7%7#(ebb tide, ET); =i (maximum
of tide, MaxT). #H{#(minimum of tide, MinT)],
IR BN S B R e, AR BFR IR B R 5 AR
T e 5 A T Y B X il S R AR L
14 BERFMARBRRTLRAEBFRNLH

WOV — A Ll B 5 U Y B 0 2 A
W2 R, MMM ek yiRgt 1id
HAEE . SEE E BT WA 5 2K DL &
KHIH FE (PRI,

e At PSR A0 T 53R FH AR X R 24
FEEURD™, A

IRI = [(n;/N +w;/W) x fi/m] x 10*
KA, g ow a5 R S R AR ) Y B R A
N Wi SBCR TR A f o 50 iFh A Y 7
mIRK R A o ORI R . AR T
HEMEIEEIRD K T 1 000 E NALHFN, 1£100~
1 0005 Ay & ULAH .

P I AR K s 13 Al R AR B —
B[R] AE 90 0 KON RBOE L, B4 2 67 B A
Tl 0 SF- 387 K /IN(S;) PT LA GE 2o 12 0 i 1) 6 5 1 (W)
R LB A E (V)35

Si(g/ ) = _l

1

2| =

1.5 BUIESH

BE T 45 MY 4R, R 25 3 o5 25 S HE 1 3=
J& . BST. BSSHIStur [H] KX [G I 25 Fl Ward i 4%
Tk, WEZEEA A HATRI, WA
[F] 9 ¥ PR IX 35, A1) FHPRIMER 7.0 1 1 (1)
PERMANOV A M1 A 7] [X 385 (1 S5, b 28 R0 ) Xef #1128
F AL FH 52 AL B 52 i, K B A
2 B, 4 BT £ 2 K B R 52 R B Y R
JE AR RN X R 25 Sk X R 4% 2k
FE ) BE R AIE 52 1 114 22 53 PR AR08 o) 36 20 BT AR A1
FIHPRIMER 7.0 %% {4 v () A8 U A 53 L 43 Bt
(SIMPER)WF 55 A [ i Uk 2l W) 2 BF AE R s 2 A v )
TTHR

BRBRA T o EAPBLE MRS IR A T
X & A T AR B SRR 2.5, N
XTI 53 BT (CCA) BI85 20 1 o0 A A B
PRSI T 1Y 56 & (CANOCO version 5.0)., 2 Fil

http://www.scxuebao.cn

LA R B B [1 gt DI T e, R
IR AR, HCCA= AR R, WF5T
YRR R . S MR T2 R R, B
PEAR 4 Monte Carlo testffi 2!, 28 & (9 H 2P
AR X N Al 22 ] AE O R BRI E , Y |R|=0.4
BF, AR E R A B S Y, wki S %
W, e 5 S AT X A Bh 2 Y 5 e Y 22 S
PEAR Y A 50 T3

2 4R

2.1 KX EHRXEEXI S

BO M TS A0 HF 1L 3T BSSHTSS S il & B A
A EE BB, TS N AZ IR ORI, R AR
(<20), ITHEI)ZZ B IEBEE, AR R (>30),
FF LT BSS(>28) 1 & =5 T-SSS(<26)([2-a, b),
BSTH /3 A 53 S BUM I a3, AU 9 BST
B (17.8~18.6 °C), ST BSTHAK(16.6~
17.5 °C) (&l 2-e, Do FHUAGEBE ., JKZRE
AHIE, T A DX s 22 SR, U W R S I AR
5 T B B X 38 0] BE A2 AN I 2 Ve K L B s
el o o AF 0 DX S8 A e e BB 0 A, RS Hb XY
SST— #5151 (18.5~20 °C), J3 2 HEELAENTIN I Y
B H AR B m AR S LG T SR AL,
IR N R 2R R ZmE . RE KR
JEEACHE . &R K AR . A 1L i R #8
Wz Lt m, RAK®E, HEAHE
(El2-d)o AL E P B , AL i IR
(El2-c); ZMsem, mHagzany s arEir M,
ENWAL, EERE(E2-c, 2-g). WIERIKS
B, A DX 0T AR B2 AN K 3 AT T N K
SRR LT Y A K (1] 1-a)

22 BEMABIETIEEAR

AR B ALY E 20 Fh 1, S AR AN SFf
S (1), O 32 A 20 R R 5 2 0 A )
PEFR B G B, /N 22l R R BE . (Amblycha-
eturichthys hexanema)#E H: v b F 2 5% A 5 W o7
(IRI>5 000), HABFZEIRIY F1 0004 47 8% /N T
1 000(#2), #4722 50 R 0F 5% fa A S Bl — 2k
BEO BT, LAV BR AR S 28 26 rh iy s ey, i
by ol 28 D) AR Hl A R 28 AR B A A 2 R R AT )
g3 o FEAHXTH EAER A (>500), KK N5
IRpefa . LR PR, P E AR Rk M T A
o E i, ANESHER . RS R SR TR, &


http://www.scxuebao.cn

34 VAR, S HON P —FH LT Z= UK S W REVE 4540 R S R R T 1 6 2 609

x1 ETHEIMENESRBMSKAEEE
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At bR B, it
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[FIA-#  Ovalipes punctatus
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(a)-(e) were A. hexanema, invertivore, planktonivore, shrimp and crab groups, respectively; left in each small figure indicates zhoushan inshore, right

indicates Hangzhou bay; errorbar indicates 95% confidential level, star indicates the significant difference level of two regions (Zhoushan inshore and

Hangzhou Bay), ** indicate extremely significant difference (P<0.01), * indicates significant difference (P<0.05), red line indicates average value, red

cross indicates outlier
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Fig. 5 Tidal level anomaly of 80 stations (a) and its
power spectra and period

Numbers of x axis in (a) indicate trawling survey sequence of 80 stations
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Fig. 6 Triplots between fish and macro-crustacean species, environmental variables and sampling stations in

functional traits (a) abundance and (b) average size

Red triangle. 4. hexanema; green. invertivore, blue. planktonivore, brown. shrimp, yellow. crab; species name was highlighted with italics, see details in Tab. 1
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R3 WMEMMEXBFERMRNERERZBHNEEY
Tab. 3 Significant values (P) of assemblage structure across the habitat factors based on PERMANOVA results

DhRetks AR AR FRRAR  NZBRIFEM REME T bR SN g
functional traits source of variation  community A. hexanema invertivore planktonivore shrimp crab
FB  abundance 8 3 0.001* 0.001* 0.001* 0.025 0.39 0.001*
AMEKRAN size W3S A 0.003* 0.159* 0.001* 0.696 0.141 0.663

e FEET gBUR+D) e, A2RREEEEZ 0] BE 2 8 Bray-Curtis AR U SRR PAMECR/NES TR U TR T AR B4, -2 R/ 22 1] BE B A
FHRKRER S, PREZET999VGEITRITIR, * M i 2257%(P<0.01)

Notes: the abundance was log-(X+1) transformed, the distance of all the groups were linked based on Bray-Curtis dissimilarities; the average size was
fourth-root transformed, and the distance was based on Euclid distance, P values were obtained using 999 permutations, *. extremely significant
difference (P<0.01)

T4 ETCCARMMBRMAERZTAFERBEIRHEFRERTFHXR
Tab.4 Correlations of environmental variables with the first two CCA axes, based on the log-transformed abundance

of fish and macro-crustacean species assemblages

£ abundance SFEAME KN average size

FHBH

environmental variables

CCA1 (17.8%)

CCA2 (7.7%) CCA1 (8%) CCA2 (3.7%)

JRE/KIR BST 0.74*
KIZKIER  SST 0.40%*
JREELE BSS —0.83*
KIZEhE  SSS —0.82%
®JEMEFKa SSC —0.48*
KK depth -0.25
RIZEME  surface turbidity 0.85%
WKy 21640 index 0.35
2% longitude —0.79%
5% latitude 0.30

0.16 —0.35 0.31
0.35 —0.22 0.45%
—0.02 0.51%* —0.18
-0.07 0.44* —0.24
0.50%* 0.43%* 0.30
0.11 0.31 0.02
0.01 —0.56* 0.02
—0.05 -0.14 0.16
-0.07 0.55% -0.16
0.03 —0.15 0.11

T ¥ FOREM R AKIR=0.4
Notes: * . indicates the correlation coefficient |[R|= 0.4
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Fig. 7 Abundance distribution of dominant species in spring

(a) A. hexanema, (b) C. lucidus, (c) S. marmoratus, (d) D. maruadsi, (¢) E. annandalei, (f) A. chinensis, (g) L. gracilis, (h) P. trituberculatus
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Spring nekton community structure and its relationship with environmental
variables in Hangzhou Bay-Zhoushan inshore waters

XU Yongjiu, YU Cungen’, ZHANG Ping, DENG Xiaoyan, ZHANG Zhe, SHEN Haigi
(School of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Hangzhou Bay-Zhoushan inshore waters are the home of many commercial fish species, providing a
good place for spawning and habitats. The environments in these areas significantly affect the marine species and
its structure. According to the bottom trawl survey, covering 80 stations, in these areas during spring, 2016, we
studied the fish and macro-crustacean species assemblage and its spatial distribution. The canonical
correspondence analysis (CCA) was used to reveal correlation between functional traits of fish and macro-
crustacean species (abundance and size) and environmental variables. The results showed that all the marine
species can be divided into five ecological groups (dominant group-Amblychaeturichthys hexanema, demersal
fishes, pelagics, shrimp, and crab), with the average abundance 546, 213, 83, 316 and 15 individuals hour,
respectively. The average size for these ecological groups was 0.29, 2.19, 4.96, 0.36 and 6.66 g/individual,
respectively. According to five ecological group abundance, bottoms temperature, bottom salinity and surface
turbidity, the waters were clustered into two areas: Hangzhou Bay and Zhoushan inshore waters. Abundance of
most of the ecological groups significantly differed in two areas, while the size of most groups was not
significantly different. As affected by the mixed waters of fresh water runoff and offshore waters, the large
abundance of marine communities gathered in Zhoushan inshore areas, which was characterized by high primary
production. The CCA analysis showed that environmental variables in the first two axes explained around 25% of
the total variation of abundance, and only 11.7% of the total variation of the average size, indicating that the
environmental variables played a more important role in explaining the spatial distribution of abundance than in
explaining spatial distribution of average size.

Key words: fish; macro-crustacean; ecological groups; community structure; environmental variables; CCA;
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