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1.2 HiEsE

M R BB YR (V) iR A Y
=(N/N)fo B, NS @ B f 8%
TE A RAF 5 B AR A, N S Bie A R B i 8
M4 Y>0.02 AP R LA

PN E T % Fl Shannon-Wiener 1§ %X
(H') \Pielou ¥ 2] 458 (J') & Margalef ¥ fft =
W IEARE(D) X AR Sh W) BE I HE AT 2 A AT
S UK 20 A ] Ao 28 B [+ 2 ) A 44 2% 5%, Wilhm '
Fe 0 AR ) 6 2 1 22 R M B 4 S 2K [R] 1Y) fE
g3 A, BRI AR W 58 AR 4R A W R M iR sh ) 2
FEME S

H =- ZPilnPi;
J' = H'/InS;
D = (S-1)/In(N)
A, S BN (2) A B 2 B i

P (% )5@’* iR AR R R R L
B L5 M T TE JE AT RE T8 4544 73 i
XT?J’(MWJ%E% R 1g(x + 1) ], L

R AL 2D B 34 ol A X6 K508 43 T 19 52 0 6 2 AT
E"Jﬁj\?ﬁﬁﬁﬁﬁﬁﬁv\?ﬁ 1, 1E Bray-Curtis £ {8l
PRI B Al B SR AT R R AR B i 2 4R bR
(MDS) BEATHE & 454 3, X8 3k P A 7 i 45 51 Y
PR 1 E AT 56 iR, i L B 2R R EK (stress ) P HY
MDS 45 Y stress < 0. 05 B %0 R U, stress <
0. 1 I BT, stress < 0. 2 B RO — M5 2R A AH
RLPE F 43 b (SIMPER ) 43 BT %44 3l 4 % 2 P4 AH 1B
0 2 (] AF SR 1 DT R 3E  BF DTRR R =3 % 1y R
B AE S AR

K ] SPSS19. 0 # {4+ i 47 J5 22 43 #r (One -
Way ANOVA ), #] f§ PRIMER 5. 0 #&X {4 i 47
Bray-Curtis AP JE B2 i 2 4E AR i (MDS)
3 B AR M & 4 L (SIMPER ) 4347 .

2 gk

2.1 MEAREHESH

WL By AR DX 8 AN SR A AW )4l A Bk TR AL
SE M ARARSh Yy 27 AL SR T3 49 11 H 16 B} 22
J& o Horb i 2 40 (Gastropoda) Fh 2K i £, ik 14
Fifts LWy W 5¢ 49 (Bivalvia) , 35 8 Fift; 2 it 44
(Polyplacophora) 4 F, £ >R & g [8] 1 R 2 73 A
AL, Horh g B B R B £, BRIk 12 B, Bk
=3k 14 B 7 B AR S W Fh 2R B b B/ 2
H S L ERFRAL 3 Bl HARRAE AU 6 ~ 10 Bl K
PESCHR R S X R R B R AT R 4y
TR AT AR R Rl AR A o T A
W%, W W ( Cellana toreuma ) J 3 Bk 48 AN 47
#% (Acanthopleura loochooana ) 55, 4L 13 Ff; IR
JTA AR Z, W05 M B ( Chlorostoma rusticum ) .
82 ( Monodonta labio) ,3: 12 Fjr BT fp (A &
e 0 ( Mytilus  edulis ) F1 i T 45 ( Modiolus
modiolus)2 f(F 1)

BT ERAR S W) R I8 7 349 A W i RO S B Ay
W2k 156,15 g/m® 1 83.47 A~/m* i & W E- 14k
YRR ik 110,67 g/m’ | WS40 K44, 77 g/m’
6 2057 24 A 5 B B, 1569 28 A /m’, Rk
494 13.81 A4~/m”, Bk Z=oF By A4 4y RO B
5k 88.04 g/m” F163.05 4~/m’, 7 2 41
AW B B R, ik 58.63 g/m’, WL Gt 4 H
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28.40 g/m’; I B N F By A B H O &, ik
49.29 A~/m’  WSE 4 M 13.33 A~/m’ 7 F 5 %
AR AR R ARSI YRR i (F, 5 =

3.02,P =0.072) MG B (F, s =1.55,P =

0.274) £ R AE 10 25 5 A 35 5 T 2= 49 () AR A 5y
PIRE v X 2L (F, 5 =3.46, P <0.05) HlAH
B (F s =3.21,P <0.05) £ 2 E
EFto

1 HMIGEEHERPETREDIYNIHZR
Tab.1 List of molluscs species in the rocky intertidal zone of Zhejiang coast
Z=45 Season Ay A7 47 Distributed intertidal zone 3 R
4 Species
# 75 Spring  FkZ= Autumun KA LIZ @iy HIZ oy MIZ Temperature

B R AE BN 47 ¥ Acanthopleura loochooana % * # n
PR TE B8 41 %% Ischnochiton hakodadensis * * % A
H 7% 56 i f1 % Placiphorella japonica * * =
2T 4B A1 ¥ Acanthochiton rubrolineatus * * * * A
15 Wl Cellana toreuma * * % A
S Wl Cellana grata % « « -
$1 [0 Notoacmea schrenckii € ® " A
%5 W2 Chlorostoma rusticum # % % % % A
FAY5 U8 Monodonta labio * % % % s A
H—@ 1R Calliostoma unicum * ® # * A
W S} EE W Nerita albicilla * * * " " u

L EE R Nerita yoldi * * % " u
AW Turbo cornutus % « N -
ki A6 /N A W2 Lunella coronata granulata * % * * * A
SR Littorina brevicula # * A
B Rl 12 Gyrineum natator % ® s s u
PET7H AU Thais clavigera * * # " A
B 75 K W2 Thais luteostoma * * * * A
4 Barbatia virescens * * % % s« u
Bt Scapharca kagoshimensis * % A
i Uit Barbatia grayana s s " u
S8 PG UL Septifer virgatus s * N N -
S NE D1 Mytilus edulis " . N
g & DL Septifer bilocularis ¢ % % u
1w ks Modiolus modiolus # % *
VT4 WG Crassostrea ariakensis * s ]
S8 Cardita variegata s " u

T - R AN AR
species ; llindicates subtropical species

2.2 RBERKBEHM

B )BT b, AR 2R 5 BOIR ( Thais
clavigera) (L EE fie /&, 35 0. 46, 2% F= T I 4
— A, LR S U R W 2 ( Nerita albicilla) 75
K 4 Wk W2 ( Nerita yoldi)
LB G DL ( Septifer bilocularis ) ; Bk 2= {6 %+ B fiz 5
AIATS I PE 7% AR L 35 0. 33, YR PR 9 i

Wit ( Barbatia virescens) .

TR A 5 AR e e LR 5 IR I AR

Note: * indicates that the species occurs in the corresponding season and tidal zone; A indicates eurythermal species;

% indicates temperate

o R 2 | 5% 2 B G D1 ( Septifer virgatus) 5 55 M

B BRIEL BB AR B R 2 O HE T A — i A

T fh A 4 b 1 b 28 A B HE e i TR

AL (£ 2) .

TEAN TR R A A5 RE 7% vh DI A ) b 26 B i
SIS AR . I B 2 Fh

INEEYE S L R4 B gL 3 R A

Has
;Fu3ﬁ’
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Tab.2 Dominant species of molluscs and its dominance in the rock intertidal zone of Zhejiang coast
i INEL T3 Sl ity
e 3 R Xiushan Xiaowushitang Xiangshan Bay Ninghai
dominant species % &2 % &2 ks ®E &%
spring autumn spring autumn spring autumn spring
5 Wk Cellana grata
5 W2 Chlorostoma rusticum
B2 Monodonta labio 0.22 0.33 0.03 0.1
Y GURERR Nerita yoldi 0.35 0.03
W SHEE Nerita albicilla 0.29 0.33
DT KR Thais clavigera 0.21 0.15 0.8 0.37 0.27 0.05 0.55
1 35 KW Thais luteostoma
KoL /N A 0.05
Lunella coronata granulata
H W Barbatia virescens 0.04 0.34
[g@ & DU Septifer bilocularis 0.05
1016 1 Mytilus edulis
S8R IG DL Septifer virgatus
=y Ik TS RS B
e A Fh Sanmen Shitang Dongtou Nanji Islands
dominant species w7 e w5 e 5% ®E w7
spring autumn spring autumn spring autumn spring
Wl Cellana grata 0.03
% MI& Chlorostoma rusticum 0.12
k18 Monodonta labio 0.31
Wi LR Nerita yoldi
WA FFWENE Nerita albicilla 0.39 0.03
PE 75 B Thais clavigera 0.31 0.52 0.27 0.37 0.37 0.32
B 25 A2 Thais Iuteostoma 0.03
IR TANER - 0.05
Lunella coronata granulata
Wt Barbatia virescens 0.06 0.03
[ 0iG U1 Septifer bilocularis 0.07 0.2
L0 D1 Mytilus edulis 0.04 0.16 0.05
S8R G DL Septifer virgatus 0.02 0.1

4B, T 2 B, =TT 3 B, A Y5 2 Rl
4 B S 380 3 F, DL RS RS By Ry S Rb AN 3
o For BR = 1TRKZR AN, P8 7 SR AE B BRI 2= 4%
SR A s rp 24 Sy A0 A 5 H Al G # ol A A
B &, ki 46 & 7 H W2 ( Lunella coronate
granulata) TE/N 5 AT YE R =T B R S A H
AN RHF LA,
2.3 MmN

F L HME WY By s, ik 2. 77,85 0
Wl A%, U 1. 135/ (B g BE A & Be vy, 3% 0. 77,
NS AR AN 0. 335D {E 5 e, 35 1

79, THERRAR, AN 0. 63 FERK T, H'{H g FE I &
B, K 2,06, TS AR, AU 11350 (E T IR
i, 18 0. 75, 1 BEB & e A%, AL 0. 535 D {H I BE
F e, ik 2. 02, TR, AU 0. 34, Z5 R
A RME R HE K D ARS8 AR (£ 3) o
2.4 BEWS

BT A Wy N R Bl R R REAE BEA T SR
i F 8 A RAE RAEA I 29. 05% I, 7]
W5y 3 (B 2) o Horr, Ry BE S 5 A0 Sk B v
FHALRE o 53.26% , 50—, A A 41 =11/
S R Hs 7 K F T A
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Tab.3 Biodiversity indices of molluscs in the rock
intertidal zone of Zhejiang coast

FHE AN 8% Index
) . Z=45 Season
Sampling sites H' J' D
AL 3 i
75 W # 72 spring 1.94 0.61 1.79
Xiu shan
fkZ= autumn 2.02 0.72 1.32
NE A B 7 7 spring 1.13 0.33  1.64
Xiao wu shi tang
FkZ= autumn 1.97 0.66 1.18
Ll # 2 spring 1.9 0.64 1.15
Xiang shan Bay
k2 autumn 2.04 0.73 1.14
T # 7 spring 1.41 0.61  0.63
Ning hai
k7 autumn 1.19 0.75 0.34
=17 # 7 spring 1.95 0.59  1.52
San men
FkZ= autumn 1.94 0.61 1.61
1% 7 7 spring 1.29 0.56 0.8
Shi tang
F#k Z= autumn 2.02 0.72 1.3
HEPS # 7 spring 2.18 0.66  1.48
Dong tou
FkZ= autumn 1.79 0.69 0.98
RS B %2 spring 2.77 0.77  1.47
Nanji Islands
FkZ= autumn 2.06 0.53 2.02
H#{H average 1.85 0.64 1.27

51.73% , S — 32, 4 B 45 41 95 BE 7% 5 b 4]
W C 2B 25 CHRFERAIE N 38.99% , N
— 3,5 A AAEFEUEE 29.02% B AHER . FkZE 8
AN SRAE S TE H L g 30. 63% I, L] R 4y 3
o Hob, =115 /05 4 35 89 M R E N
55.09% , %0 —3% , 2 105 75 L B AU
74.88% , I K —32 , P E BETEAHRLUEE 48.30% , 3R
b3 SRR AL A AL Sk 5 T i VR A AL EE
Hh67.92% , B Ry — 3, It 5 A RE VR A AL
54.87% R h— 3¢, I 41 L B 4 ; 55 Y 5 B
A C A A4S B A BEIEAMUE N

38.72% W hy—3, 5 C AL ARLE N
30.64% FH

£ FkZ= MDS 4371 stress {E 4 0. 06 F10. 08,
BUNF 0.1, HP SR BF . MDS 4 K S 3 A
[ 2 1 2 B B, R A RK R 8 AR AR il
PRI HE3), SRESIE RTS8 i —
A EUE T Bray-Curtis AR
2.5 FEEAEN

HEET% SIMPER 43 #7745 R & B, {K 9§ Bray-
Curtis FHLIPE RS MDS HEJ7 70 45 8, A 413k 5
AR R AR R — 2 DL B, 25 R AR SR Y
BIAALR Ry 37.36% , W TRIF Ay 7 RO R | i A3 i R
FIR SOERER % 20 P S AR BL I 1 2R 3 7 Bk 32 35 3]
92.80% (£ 4) . B 4132 ASRAE A E I HHLIE R
37.98% , ML 7R Fh Sy 6 7 A% BB L e A I R N R S0
BE 56k 4 T AR L 1 SR DTk 3 A ) 92.20%
C AL T AR R, BRI ASFEAE SR AT 153 1] A AH fBL %
KA IR, A 41 B 4 41 1] 1) - 34 40 5 A
F79.89% , 43 B R AT 25 T DU B T DL R0 8 75 A R
S5 XA AP 34 A Sk ) R DTk R IR 5] 92.50%
A N C A A] AT 3440 5 235 3] 69. 50% |, 43 1;
AT 55016 DL B i DL 0 2% S0 g s DL 45, o 401 ] °F- 34
AHSPE R Rt DTER R A ) 90.50% . B 411 C 41
2 [] 57 R R 385K 5] 66. 26 % , 43 I Rl A P 7 KL
HER Y0 AT R R A X6 A ) AR S ) R
TUHRFIAH) 91.90% (£ 4) .

FkZ=HE 7% SIMPER Jr M4 L& H] A 43k 4 4>
RAE R, R R — 2, 25 SR A ] A9 SF- 244 {8
BN 42.41% , BLARVFPAT FUGHE P 7 A B RN I S ME
BRAE X4 P OF B A LR R BT R R Gk B
94.60% , B ZH 4t 3 AR AE AL CF A LR N
46.95% , WL RVRR A E 75 AU L IR SR SRR R DL,
X2 P F- 24 A0 U 1 2R 3 BT R 32 55 $196. 40% . C
AL T A SRAE A, RS A7 76 SR A 5 R] 4 B2 S
BRI, A RN B 414 [R] 19 °F- 2 4 5 o 0k )
75.50% 43 B A P8 7 BCR LB WEORT I A X
ZH [A] 724 S M 1) 2R3 BTk A2 34 51190. 20% (A 4H
Hl C ZHEH ] (47 BT A 5 485K 391, 85% |, 43 I Fp Ay
B TR R B i DL R B 1A R A5 Xof 2 (] SF- 4 A
PE BT DTk 25 2 89.50% . B 41 A1 C 2 41 ]
(97440 S AR TR 5] 84.40% , 43 IR AT 85 MR | Z& 2
I s DRI 5 46, Xof 2L ) - 240 A Sk 1) R TR R
EF92.00% (F£4),
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HE B9 %1 Nanji Islands A
spring 3k Dongtou
=I7 Sanmen

NS FYE Xiaowushutang
% L% Xiangshan Bay B
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=[7 Sanmen
*ZE _{ /NEFYE Xiaowushutang
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{%‘Iﬂ Xiushan
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2 HRILIE X8 I8 A K 3 4 BE 7% Bray-Curtis 48 SUIE R 3

Fig.2 Bray-Curtis similarity clusters of molluscs in the rocky intertidal zone of Zhejiang coast

= *ZE
spring autumn ?Yf@ v
A a Ningghai i3k
Dongtou
. y Xiglil#an 751l :
N 7] Eﬂ] .‘%d A Xiushan v
anji Islands N A A iy
Xiaowushutang ??ﬁ . . Sl Shitang
v Jlengghal Xiangshan Bay
Vil 2 = I
3k Sapmen A
Dongtou NGB
20 Xiaowushutang
Siangshan Bay
n
AA AA
vB E.ﬂ% vB eI B
p — Nanyji Islands
mC Shitang mC A=T]
Stress: 0.06 Sanmen Stress: 0.08

B3 #riligR X E S RE YRS MDS H#F 5
Fig.3 MDS of molluscs in the rocky intertidal zone of Zhejiang coast

R4 HLGERERBESENMEEEANBBTINEE ST ERE®KE

Tab.4 Typifying species within station groups and discriminating species between spatial groups and

their contributions percentage for molluscs in the rocky intertidal zone of Zhejiang coast %
# 7 spring k2 autumn
2% species
A B A &B A &C B &C A B A &B A &C B &C

P BUR 25.01 71.63 13.44 8.12 36.83 20.85 68.35 26.39 5.40 8.39
Thais clavigera
e W
ikt 12.70 6.43 17.10 8.07 9.87 3.62
Nerita albicilla
20 W 43
LR 7.90 3.19 9.05
Nerita yoldi
=4 71
Fa % I 34.21 17.56 19.51 11.91

Septifer bilocularis
=

33.60 19.26 27.37
Mytilus edulis
Ll 11.88 15.21 37.12 40. 16

Chlorostoma rusticum
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#:Z= spring FkZ= autumn
Fh 2% species
A B A &B A &C B &C A B A &B A &C B &C
Bk R
11.29 15.25 10. 80 5.79 30.39 30.79
Septifer virgatus
Gl
5.46 13.89 17.24 18.20 8.48
Barbatia virescens
piikod
3.95 5.06 3.87 4.18
Turbo cornutus
B I
3.07 61.05 25.88 9.09
Monodonta labio
RLALE /N F IR
Lunella coronate 4.61 4.06
granulata
B Total 92.80 92.20 92.50 90.50 91.90 94. 60 96. 40 90.20 89.50 92.00

R A B.COrZ M 2 4y
Notes:Group A,B and C in this table are refered to Fig.2

3 3

3.1 BEHMSHMERSN

WFFEAE KR, 75 Z= A 3h Wy 1) A ) R
BB KRR, RSt FF
IR BT b T, ot IR 5 R B O BT I R 2R
Ko, Bk sh ¥ 32 36 5 5 i s ORI i Bk 2 iR
JE R e RS e W A 2 R
o P2 WP AR A AR K G A%, LA T o 1 3 4 3 sl ik
[ 5 58 5 T [, AR DA ) 9 T I B R A 22
18, R M, WA RET, R F YR
TR AN, AR R & B TR KR A
Tt KA Bk Zh ¥ g 5K GE B R M bl T
P A Z 3 Al P I S R B 1 il
B BT AR T R AR E I T
O 0 L M 2 R o T K e B iR A
Ot IR B2 2 W ARG, AN T4 L A AR BT 4 N
AL, T LR Wy RS B R A

WTLECAR S X R i T B R — DY P9 1
[l — AR X, oA A7 ) 3L A 35 o A
MRl 3 A BRI KRB, F L N bk
TG BRAR Sl Py LA 3 T A Moy 3 o B 4
TR 60. 17% , 11 52 111 #E LA R A9 2R K A LLIE £4
RO I, T S R G 54,97 % o X T EE
Gl LUAL WY R 1 38052 V0 vhIR0OK R I B
Wi , 4 4F JLF- B0 7 AR K R ], AR TR 22 8
K22 A5 20 CLAE 3& BT A A A s
Gls LU 3, B4R 3 -9 A PE R R MR

B VSR AL b BTy s 2 4R ) 32 B 6 g
LA 5% 0 R 4 R OF R BRCHE AR A 0L
AP TE =0T R Sk ARG BE 5 B BLIRL AT BB, 5 G
DUAM T, 31X F2 2R AE4F 10 H LS, 2 R 62
RS W, T 0 O [ SR HE RS, T T Y TR Ve K
VAL 52 W 122 0 B, — 26 RS YT A6 5 il A M 28 8
AR
3.2 HEZEMELSWN

0 ) A sl AR K o A 5 BT Al e R
HAE SRR OV G SR LK 8 J) 2 A 32
Wi PR T2 DR, S TR A A Bl W o 2 S
B A W) A AR BOR 22 57, Z AR TR R Al
AN BF 5T & B, FE BE A By B0 3 o BE TR Y
Shannon-Wiener 5§ ${ ( H') 5 Margalef ¥ 7 £ &
JEIRE(D) Ry e o FEHIR I, B RS 5 g2 I
RREELEFARRP X, U EE, LZE X
Bt , 52 N T 852w AR B8N H' 5 D (& T
FoARAE R, AN, XA 5 B R U A VL R
ARG, B H R G W g,
k2 2R DN 32 T VU R U R R L, (HL T R K R B
583, DAL T35 L 1% A6 358 412 {6l B 22 1) 1R 3l W 7 Ik A
KB SRR ST, KBRSk BT H
{5 (2.18) 5 F fh & b5 % (1. 53), 1M Bk %
(1.79) AR T HAK (1.90) ; D {H (F 2= 1. 48, Fk
F0.98) MR T HME(FF2.95, %K F2.05), F
ORISR R ] B, AR AR AR RN
FRAZ M B 3 AT IR IR, Y Fh
B —ft . HeAh, A SRR LR Y Z R T B D)
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Community structure of molluscs in the rock

intertidal zone of Zhejiang coast

HU Chengye', XU Heng’, ZOU Li’, LI Liang', SHUI Bonian'"
(1. College of Fishery,Zhejiang Ocean University, Zhoushan 316022, China;
2. Fishery Science Institute of Yueqing City,Yueqing 325600, China;

3. Ningbo Bureau of Oceanology and Fishery,Ningbo 325600, China)

Abstract. In order to investigate the community structure characteristics of molluscs in the rock intertidal
zone of Zhejiang, field sampling was carried out including eight rocky intertidal sections in Apr. and Oct.
2009. A total of 27 species in two seasons were identified,belonging to 3 classes,11 orders,16 families and
22 genera. The molluscs community in the intertidal zone of Zhejiang was mainly composed of subtropical
species, including 13 species recorded, and followed by temperature widespread species and temperate
species, with 12 species and 2 species, respectively, generally in accordance with the taxonomic features of
the East China Sea. The average molluscs biomass and density in spring were 156. 15 g/m’ and
83.47 ind. /m’ respectively; which were higher than those in autumn,being 88.04 g/m’,63.05 ind./m’®,
respectively. Dominant species were Thais clavigera, Nerita albicilla, Barbatia obliquata, Nerita yoldii and
Septifer bilocularis in spring; T. clavigera,Monodonta labio ,B. obliquata ,N. albicilla ,Septifer virgatus and
Chlorostoma rustica in autumn. Dominant species of molluscs varied with different seasons, indicating their
functions in the community changed with seasons. The index of Shannon — Winner was from 1. 13 to 2.77,
the average being 1. 85. The index of Pielous evenness was from 0.33 to 0.77,the average being 0. 64. The
index of Margalef’ s species richness was from 0. 80 to 2. 02, the average beingl. 27. The community
structure of molluscs had been studied by Bray-Curtis similarity clustering and non-metric multidimensional
scaling (MDS) analysis. The community could be spatially clustered into three groups during Spring: the
first was sections including Nanji Islands and Dongtou, the second was sections including Sanmen,
Xiaowushitang , Xiangshan Bay,Ninghai and Xiushan,and the third was Shitang. However, autumn was also
clustered into three groups, the first was sections including Sanmen, Xiaowushitang, Xiangshan Bay and
Xiushan,the second was sections including Dongtou, Ninghai and Shitang,and the third was Nanji Islands.
SIMPER analysis found that the average similarity rate between each section in the group was higher than
37% ,and the average difference rate between groups was higher than 66% .

Key words: community structure; diversity; rocky shore; intertidal zone; Zhejiang
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