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1.1 AESEHE

WLV A T 7R g R Bl 2R 0 3 B i
WE IKRARE IS Wil i L ik 27 5]
FRATWPIR A BT T S5 VT VA2 RS e 2 i T e
Vi 5 37 81 ) T U KR £ VS IR U 4 22 FhUK AT 1Y
SN 27°N~29°N 2 [B] B AR 130T I+, J R TR
T X2 AR U A DX ) e b R SRR DL K T
P2 3 A RRAE |, i BECHT VT30 W 068 35 1) UK SRR
ST LA 29°N Ry K A A g 3 4 S R AL e
AN, 18 e 123 A a7, b b S i B

1

733k 5, R TR 50 il ki B U A 1
IR o JE 2 R 2020 4 8 2020 4F 11 1 |
20214F 1 HF120214F4 H .

A A A E IR R AT , A1 30 m, SR
96t MHFNEE 58 mx28 m, FAHK 45 m, fi/NW H
NF20 mmo JEA I HAHERE N 3.0 kn/h, 5
(A BURTEEE 1 h, A RIS B LRAT: 146
(20 kg) , PATIFTAIALE IR . 4 BURP KB it 55
BKIEOGE RIS L
BRI EAEREIS BRI . RAE VISR, [R5
i F 22 2 F0K 5 4 (Conductivity, temperature and
depth instrument, CTD) #{ 37 | & 7K i (Water
temperature, WT) JEEJZER (Bottom salinity, BS)Fl
KR (Water depth, WD)SEIREEA -,
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Fig.1 Distribution map of survey stations for shellfish in the coastal waters of Zhejiang
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DU GE ) R B DL ISR 4 ) >, Fh2s s
FESERUE LS VU7 0. BRI AR
FE B 7 314 Cifg 1 P8 A FYE ) (GB/T12763.6—
2007) AT .
1.3 HUESH
1.3.1 BRI
AR SCR FH A1 V8 T R 3k ot A I 48 D1 2 WU
WA R AR
d.=Y/(1-E)XS, (1)
S, =1.852XVXT XL (2)
K d ol i Sl L R BEIR R B AR Rl ke/
km?, %5 BN 10 ind /km?; Y, R JE A IS i
Sl (57 R B AR B 5 S, SRy ] A TR 4 3l (57 Y 41 Vi TET AR
km?; £ Ry b0 58 AR SV 4 D0 ) 54 vk Ry
SRS DY 23 A 7K 2 RN AR 196 39 M (B 7R Ry v A
WUk RE 18055 ) , £ B A OCHEE 6 Tk iR E
(BB | AR B 3R R 0.2 5 V ol e
PR 4, B, %)~ 1 4, A U 4 TR e L 3 4
M3 keny T2k 4t RIS AT 5 L Ry ) 1T KP4 5K 56 5
mo
1.3.2 {35 WA
W& LSR5 % WAN R F Pinkas (14 A7 X} 5
FAEFE U (Index of relative importance , IRD) #1711
R E R/ v (1
Iy =(N+W)XF (3)
S L A FE LM FR BRI N Ry e — A2
FEHGE SR E I, % Wk —Fh 28 5 i
M BRI I3, % 3 F R 5 —Fh S H 3R 0 4
o7 A BB EH A, %o AR AR TR DTS A
BE CIRD) R /IN i 8 AN [R) b 28 7 1 5 P9 ) o 22
PEo BT B ZLEFEEC(IRD KT 1000 i FP2E
FAEFFN, 100~1 000 2Z 8] 1 Fp 24 5 Sy FZF, /N
T 100 M #A7Fp
1.3.3  DUZERFIs g4
DBV Z R bris R 90 A KA 71t
=R
Margalef M2 7 FEFEELD

D =(S-1)/InN (4)
Shannon-Wiener ZFE 550 H' -
H' == P,InP, (5)
Pielou M2 5] EF5 K0 )" -
J' = H'/InS (6)

AP SO b 1 DR ZRB N izl (o A

VK PoRAZ s (S 55 i o DL 2SR DL it g
AMREL L5
1.3.4  JIEAN DUERES 4504 o0 b

i FH Z 75 58 1844 Primer 6.0 Xf 87 V130T 76 K
BT A D RE I 5 M B AT 20 B o SR O 2293 W
ANOVA S ANFZ=75 D H ) 26 5 25k
FPERR TSR H IBM SPSS 19.0 #4735 . i
A7 A L R B (Analysis of similarities,
ANOSIM) 3 # UL 1 v 285 4 1) 249 1) 22 5
Shy i B A ol KB e B I R A AR AR R 1R 22
Xof 3 DL 26 B B AT O iR 2 s (8]
Bray-Curtis #H U4 55 2% 2R 25 (Cluster) (JE & &2
4t br BE (NMDS) K A AL ¥ & 43 L (Similarity
percentage, SIMPER ) , LU 2 45 i o7 [8] 1) FH 7% 435
AR A
1.3.5 DUIEERESHEN TR

BT A B B X N 4 B (Detrended
correspondence analysis, DCA ) [ iz KA B KK
T3, P ok O M SE X R 3 A (Canonical
correspondence analysis, CCA V98 DL 25 3 B 550
PEMREE A 1 Z B Y C R AR AT, Sexd L2 Fh
FEIEAT O L , HEBR H AR T 1~2 /> 3 57 1) Ao
2, LA DAL Mot o B T4

2 45

2.1 FhEAM

2020—2021 47 71301 13 e 4t 19 3 £ 3 58
D2E41 A SRmo H25 25/ (R 1) Hrr, 41
SUZ AL (Nassidae) PS5 £, A 8 A HOR Wi
M2 B (Turridae) 5 Fl ; £ IR (Naticidae) | 35 12 R}
(Tonnidae) ‘i ¥ F} (Muricidae ) FII F} (Arcidae )
GBI RN IS R 3 HEIREL (Turritellidae ) | 1158
#} (Buccinidae ) Fl EE & 12} (Ficidae ) 5 BRI 1
b2 B N B2 BE (Cancellariidae) . 40 5 12 B}
(Fasciolariidae) | 2& 12 Bl (Mitridae) | M #2 &}
(Bursidae) . 25 12 #} (Galeodidae) . % #2 F#}
(Volutidae) . & ¥ #l (Corbulidae) . 7 B2 B}
(Cassididae) . Tty DI B} (Mytilidae) . #2 5 F}
(Tellinidae) | 7T % B} (Solenidae) Fl A 4% #2 )
(Xenophoridae ) SR H 1P

AT 2= T, AR 2 (4 )Rk
Bz, it 34 M B (8 ) iy A B b AL
178 BFFERBT, D2 DA X5 A A 34 Sy > DL
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ik ¥2 (Bursa rana) & HE Y2 (Turritella terebra
bacillum) o f 3 F 3= B A 2 45 L SR (Nassarius

semiplicatus) 1K F& 2 HE W ( Fusinus longicaudus) . 2),

R1 WLIEBREMEAR AL E

Tab.1 Species composition and dominance IRI of shellfish in the coastal waters of Zhejiang

it £ MR (Glossaulax didyma) . 7 54 1R (Tonna
olearium ) 55 4 T, HAR TR 2 hy J1 22 55 8 A Fh (1]

P TRT
44 Species —
% 2= Spring B 7 Summer #Z= Autumn 425 Winter
PR LUE Nassarius semiplicatus 2240.04" - 108.23 419.01
6 MR Siphonalia spadicea 638.22 45.26 701.11 674.39
KR Y5412 Fusinus longicaudus 3000.99 536.45 429.86 947.02
JNHESE IR Sinum javanicum 106.58 - 1.51 39.24
21 11 SUBUR Nassarius succinctus 7.96 - 9.71 9.76
FEA AR Onustus exuta 355.36 - 293.38 535.74
HEH W FEUE Potamocorbula laevis 0.29 - - -
JRFEME I Mytilus coruscus 0.32 - - -
T ARG Moerella iridescens 35.96 - - -
Jiit M2 Glossaulax didyma 331.47 - 207.26 1183.87°
G WIZNIR Cancellaria spengleriana 89.66 - - 66.51
MRZS IR Turricula nelliae spurius 201.12 3.07 119.34 295.51
WKE1HR Rapana venosa 0.68 0.80 0.61 12.87
B 2Rk RIR Lophiotomo leucotropis 0.17 - - -
P4 KU Babylonia lutosa 3.06 - - -
HHSUE Tonna olearium 1165.98" 478.13 803.40 1207.25"
N HL IR Fulgoraria rupestris 1.22 67.58 2.177 444.57
TG 2SR Nassarius siquijorensis 4.16 - 58.13 953.26
MM EEZ C.asianus Kuroda 2.32 - - -
FEMif Scapharca kagoshimensis 693.80 - - -
VSR Tonna sulcosa 13.86 114.35 238.25 -
B2 Phalium glaucum 1.59 - - -
4:9% Sinonovacula constricia 1.41 - - -
FRHEYR Turritella terebra bacillum 1321.88" 1057.8.88" 4859.11° 2289.92°
L YGE Nassariidae 2.52 - - -
1 EFS I Tonna chinensis 3.79 - - -
HREEEIE Murex trapa roding 0.38 883.19 9.66 40.94
T BE IR Naticarius onca 9.14 - - -
%ﬁ]m}%[—]emifusus tuba 219.92 179.84 217.99 -
=) VL2 Bursa rana 32 824.41° 331047 32 587.38" 2992.68"
EEEEWR Ficus gracilis - 20.04 1.94 -
JTCHE AP 12 Turricula javana - 6.09 - 80.04
45 12 Brachytoma flavidulus - 4.54 - -
VAELEENR Mitra proscissa - 4.34 - -
TR AR Inquisitor recurvirostrata - 3.63 - -
WLIE) B IR Phalium bisulcatum - 46.13 - 199.40
T k& BB Nassarius clathratus - - 0.74 -
5 B B M2 Ficus subintermedius - - 5.75 -
N LB Nassarius variciferus - - - 89.56
LUl Scapharca broughtonii 34.60 - - -
el Tegillarca granosa 8.19 - - -
T " FIR LA =R R B RN
Notes: “* 7 indicates the dominant species; “~" indicates that the species is not present.

2.2 SHEMSH

WAL U DU DU 2= 2 A P4 XN 3% 2
o PR EIER (D) SV 2R R
(H' )5 SRR ) g LA, B 2= de i, Bk IR,
B MF- 3 ) BERR A ()7 )5 i 4 A2
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A —, A TR, BEMREMER N, Z

FHK., FEERBD)MEEEIEE(H )E
R T2 5 (ANOVA, P<<0.05), 1M

SEARE) ) FE T2 R A B (ANOVA, P>

0.05) .
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#7% Spring

13%

B ) WL Bursa rana

=3 WP Tonna olearium

76%

#Z Autumn

8%
14% 7%
O KJBYERIE Fusinus longicaudus
B ) DWLEYR Bursa rana
1 ABHE Turritella terebra bacillum
3 w3948 Tonna olearium
1%

26%
O KEYERIZ Fusinus longicaudus

3 FeHENR Turritella terebra bacillum

X 7% Summer

32%

O KEYHRIR Fusinus longicaudus
B ) WAENR Bursa rana

1 BEHEYR Turritella terebra bacillum
= A IR Tonna olearium

36%

A7 Winter

16%

40%
O KJBYERIE Fusinus longicaudus
B =) WL Bursa rana
I ABHEM Turritella terebra bacillum
3 w394 Tonna olearium
25%
19%

B2 #nLEigAF=E RER B ML E)

Fig. 2 Dominant species percentage of shellfish in the coastal waters of Zhejiang in four seasons

R2 HNLIEE MR LR S HEIEN

Tab. 2 Diversity index of shellfish community in the coastal waters of Zhejiang

4 Season Fw R ED ¥Is REsR LT EZ 394
Jli[Fl Range FEHIE Average JE# Range M Average il Range EHIE Average
7 Spring 0.11-0.84 0.26 0.11-0.97 0.52 0.18~1.74 0.60
K7 Summer 0.09-0.48 0.11 0.05-0.97 0.71 0.03~1.15 0.34
#*Z Autumn 0.10~0.59 0.18 0.15-0.98 0.70 0.10-1.20 0.50
&7 Winter 0.13~0.66 0.14 0.34~0.95 0.80 0.40~1.68 0.40

2.3 BEGEMSHR

BAPR AR 3 A 25 SR e Y, DL VR 45 4
FETE 35 1 271 M 22 57 (R=0.023, P<<0.05) . #fl
RLPEE 23 He A3 BT o, DU R AR AR 215 (9 240 5+
M 48 H o 9 85.23% | 81.32% . 84.79% Al
87.38% (% 3). HZHHFRIEM I IR
By I Bl 2 21 S SUR ( Nassarius succinetus )
2 K8 21 9 (Nassarius semiplicatus) Y6 A< A5 12
(Onustus exuta) UL BIREES (Moerella iridescens ) .

Jiit B IR (Glossaulax didyma) .77 B £ 82 ( Naticarius
onca) 4 W4 IZ (Cancellaria spengleriana) 55 7 F1;
B SRR F o BRI 20 LGUIR DA
IR R K BR R 2L BUIR T kg 2L g iR
( Nassarius siquijorensis ) 5 5 #j s Fk 2 54 1 &
By I b S A B MR ( Phalium bisulcatum ) FJ7
DEE MR & 5 RN E 250 HOM R R A B A
I IR (Hemi fusus tuba ) 1 X5 B 12 45 3
Fift o

http://www.shhydxxb.com
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®3 WNLIEBHESSET NRBEEEMER RSB MEERKE
Tab.3 Differences in community structure and contribution rates of different species of shellfish in adjacent seasons
in the coastal waters of Zhejiang

REckisbrges Rk SEH) 42 BF Abundance/[ x10%(ind./km2) ] ZMERIBTRRA
FE Season Average S s Contribution
dissimilarity/% pecies I I percentage/%

>J WAEYR Bursa rana 0.839 6 0.599 4 17.17

TRHEYR Turritella terebra bacillum 0.204 0 3.786 8 16.69

KB YFRIZR Fusinus longicaudus 0.183 6 0.2102 11.69

Y WU Siphonalia spadicea 0.0517 0.053 4 6.20

LI SR Nassarius succinctus 0.007 1 - 5.96

REE T IR Murex trapa Roding 0.000 7 0.692 0 4.97

AR Nassarius semiplicatus 0.3357 - 4.61

HET&HZE] 85.23 B Hemi fusus tuba 0.008 8 0.0340 4.47

Spring & Summer ’ HAREE MR Onustus evuta 0.033 6 - 3.97

TN HL I B2 Fulgoraria rupestris 0.001 1 0.028 4 2.80

)i £ I Glossaulax didyma 0.0352 - 2.71

FUT BRI Moerella iridescens 0.006 9 - 2.50

WS Tonna sulcosa 0.003 1 0.018 0 2.21

A UENR Turricula nelliae spurius 0.058 3 0.0193 2.02

7Bt E MR Naticarius onca 0.0116 - 1.59

4NN Cancellaria spengleriana 0.0250 - 1.31

>) WLUEYR Bursa rana 0.599 4 1.1656 22.36

FEHEMA Turritella terebra bacillum 3.786 8 0.8852 18.03

KR YiFEIR Fusinus longicaudus 0.2102 0.146 7 9.90

M5 Wk Siphonalia spadicea 0.053 4 0.1136 7.63

211 PSR Nassarius succinctus - 0.002 2 7.05

. 4% H U2 Murex trapa Roding 0.692 0 0.013 1 5.54

75 7

SE% I &(;?;T . 81.32 FEAAZ R Onustus exuta - 0.074 4 4.40

Hmmer & Autumn W F82 Hemi fusus tuba 0.034 0 0.070 4 3.92

INHLIRYR Fulgoraria rupestris 0.028 4 0.001 7 3.33

VS Tonna sulcosa 0.0180 0.018 1 3.16

i EI2 Glossaulax didyma - 0.050 8 2.26
RALEOR Nassarius semiplicatus - . .

B LE I N pl 0.073 9 2.12

VUi% 2L AU Nassarius siquijorensis - 0.060 2 2.10

> VLI Bursa rana 1.1656 0.091 6 21.41
R Turritella bacillum . . .

FRHEYR Turritella bacill 0.8852 0.154 8 13.38

45 gk 2 Siphonalia spadicea 0.1136 0.093 6 7.69

FEA AW Onustus exuta 0.074 4 0.049 3 7.59

Jii B 12 Glossaulax didyma 0.050 8 0.067 4 7.52

2141 B Nassarius succinctus 0.002 2 0.014 3 6.13

HE T &AE KE@?@E@ Fusinus longicaudus 0.146 7 0.048 0 5.76

Aut & Wint 84.79 VA% LS8 Nassarius siquijorensis 0.060 2 0.260 8 4.49
KA LB Nassarius semiplicatus .077 . .

uumn & Fmter S K LTSI N, il 0.0739 0.1916 3.84
RS TIE R Turricula nelliae spurius . .103 .

A ISR T la nelliae sp 0.0915 0.103 1 3.21

INHL IR IR Fulgoraria rupestris 0.001 7 0.027 6 291

4% B2 Murex trapa Roding 0.013 1 0.0129 2.47

KUi5) $E W2 Semicassis bisulcatum - 0.0229 1.82

7 BE T M2 Naticarius onca - 0.017 4 1.71

i €an: Rapana venosa 0.000 7 0.003 8 1.42

http://www.shhydxxb.com
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TS Fhk SE47E J Abundance/[ x10°(ind./km?) ] FMECRH TR
245 Season Average S ﬁ ) Contribution
dissimilarity/% Ppeeies I I percentage/%

>) WLUEYR Bursa rana 0.091 6 0.839 6 15.81
FEHEMA Turritella terebra bacillum 0.154 8 0.204 0 11.89
KR YiFEYR Fusinus longicaudus 0.048 0 0.183 6 8.53
Jii £ I Glossaulax didyma 0.067 4 0.0352 7.58
AR AL Onustus exuta 0.049 3 0.033 6 7.18
Y5 Wk Siphonalia spadicea 0.096 3 0.0517 6.46
A A AR Nassarius semiplicatus 0.191 6 0.3357 5.93
LIS Nassarius succinctus 0.014 3 0.007 1 5.19

A

V\Vél I;lsﬁé s 87.38 TOAR L8R Nassarius siquijorensis 0.260 8 0.004 0 3.35

fereeopring (RZS WML Turricula nelliae spurius 0.103 1 0.058 3 3.17

J7BE F MR Naticarius onca 0.0174 0.011 6 2.84
[N L IR Fulgoraria rupestris 0.027 6 0.001 1 2.46
T RS Moerella iridescens - 0.006 9 2.40
4NN Cancellaria spengleriana 0.022 8 0.0250 2.13
B IR Hemi fusus tuba - 0.008 8 2.03
4% U Murex trapa Roding 0.0129 0.000 7 2.03
XUE) B2 WE Semicassis bisulcatum 0.0229 - 1.76

=" TR AR

Notes: “~"indicates that the species does not appear.

2.3.1 JiH DR S5 R o b N KRR AR X, SR o AR AR S

FHRAE (Cluster) pHT AR ZHERUEHE FEI 3) o Wil R E(Stress) 77 0.08 (K 4) , i
J# (NMDS) 73 B 2 B, Wi VT o DU A 2279 KRB AT RLIERR AR BERE A I A ARG & . ANOSIM 23 A
W DL RELLAE 60% KF L REREIE M 3 B RSE 15 AN [R) SRR 4L 7 78 2 35 1 22 5= (R= 0.023,
e ED2ERE 1 o0 B BCRAAEHRIX S, 260D P<<0.05).

80

60

40 +

20

W HEE Euclidean distance

®E BE BE BE BES BE BE EBSE

Eg ®3 E3Z R=§5 RS RNE =5 =3

e we g2 RE O wZ O wE %L w2

NE wZ ®EE ORI kP RE ¥E ¥E
g & £ £ & = £ £
a < 2 <

FE i X 38, Sample area
B3 #HLEENEMEARERRESHT

Fig. 3 Cluster analysis of species composition for shellfish in the coastal waters of Zhejiang
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Stress: 0.08

241 ML

Group 2 #kZEJL#  Summer-North

Autumn-North
, AL
® HEALH i
Spring-North ® Winter-North

Spring-South

BhERH
Autumn-South KIS
14 A A Winter-South
Z REE
Group 1 Group 3
H
Summer-South
A

4 HHTIEENEMEABIFERE S HEEHEF 54 (NMDS)
Fig.4 Non metric multidimensional scaling analysis of species composition for shellfish in the coastal waters of
Zhejiang
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Fig. 6 Spatio—temporal distribution of shellfish in the coastal waters of Zhejiang
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Tab.5 Species numbers of four seasons analyzed by canonical correspondence analysis
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Fig. 7 CCA ranking analysis of the relationship between shellfish abundance and environmental factors in the coastal
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Community structure and distribution characteristics of shellfish in the
coastal waters of Zhejiang
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Abstract: In order to understand the community structure and distribution characteristics of macrobenthic
shellfish in the coastal waters of Zhejiang, the fixed-point bottom trawl fishery resources survey was
conducted from August 2020 to April 2021. The surveyed sea was divided into two areas, the northern and
the southern part in Zhejiang, with 29°N as the boundary. A total of 41 species of shellfish belonging to 25
genera, 25 families and 6 orders were collected and identified. The absolute dominant species in all seasons
were Bursa rana and Turritella terebra bacillum. There were obvious regional differences in number of species
and shellfish biomass distribution in the north and the south areas during different seasons. The shellfish
biomass for spring and autumn was higher than that for summer and winter, and it decreased from the north to
south area in other seasons except summer. In summer, differences in the average biomass of shellfish were
not found in the north region and the south areas. In terms of diversity analysis, The richness index (D) and
the diversity index (H’) were the highest in spring and the lowest in summer, and the evenness index (J')
was the highest in winter and the lowest in spring. Hierarchical Cluster analysis (Cluster) results showed that
the shellfish communities were divided into 3 groups at 60% similarity level in Zhejiang coastal waters. Group
I was in the southern area in spring, summer and autumn, Group Il was in the northern area in spring,
summer and autumn, and Group Il was the whole area in the winter , and there were differences in the north
and the south areas in spring, summer and autumn. The stress value of non-metric multidimensional analysis
was 0. 08, which had explanatory significance. CCA analysis showed that depth and bottom sea temperature
had significant effects on benthic shellfish distribution. This study can provide some reference for shellfish
biodiversity conservation and sustainable use for shellfish resources in the coastal waters of Zhejiang.

Key words: Benthic shellfish; community structure ; spatial-temporal distribution; coastal waters of Zhejiang

http://www.shhydxxb.com



