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Abstract: To better understand the influences of shellfish release on the macrobenthic community in intertidal zone, we

sampled biological materials in the tidal zone of Kanmen Bay. Two sampling special schemes were used, i.e., shellfish
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releasing area and the control area sampled in May 2022 and October 2022. The macrobenthic communities were analyzed in
the two areas. In total, 89 taxa of macrobenthos were identified across all areas, among which 62 and 59 taxa were recorded
in shellfish releasing area and in the control area, respectively. Mollusca were the dominant macrobenthos in the whole
area, shellfish releasing area and the control area, accounting for 46.07% , 51.61% and 49.15% respectively. In spring,
there were nine dominant species in shellfish releasing area, and four in the control area. Odostomia subangulata and
Amphibalanus amphitrite were common dominant species. In autumn, there were four dominant species in shellfish releasing
area, and five in the control area. Assiminea latericea and Macrophthalmus ( Mareotis) japonicus were common dominant
species. The average abundance, biomass, Shannon-Wiener diversity index, and Margalef richness index were ranked as
shellfish releasing area>control area despite whether it was in spring or in fall, while the Pielou’s evenness index was higher
in control area than in shellfish releasing area. Results of two-way ANOVA showed that the biomass of the macrobenthos was
significantly different between the shellfish releasing area and the control area, the number of species, density were
significantly different between spring and autumn, and other parameters were not significantly different between regions and
seasons. All the macrobenthos were divided into two groups—T1 and T2 sections in shellfish releasing area, T3 and T4
sections in control area in spring, three groups—T1 sections in shellfish releasing area, T2 sections shellfish releasing area,
T3 and T4 sections in control area in autumn. Combined with pre-release and surrounding survey data, though the species,
average abundance, average biomass, Shannon-Wiener index (H'), and Margalef’s species richness index (D) increase

atfter two years of shellfish releasing, the recovery of macrobenthos in the study area was not satisfactory.

Key Words; macrobenthos; community structure; diversity; shellfish releasing; Kanmen
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Fig.1 Sampling sites of macrobenthos in shellfish releasing and the control area in the tidal zone of Kanmen Bay
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PIZER A, A R ENRABRM S 6 171 7 49 55 BL 89 Ff, AR LS 1, b I35 301 21 F, 5
23.60% ; A IRZhY) 41 T, 1 46.07% ; V5 Esh¥) 21 7, 5 23.60% ; F R 304 4 B, 2 Y 1 MORIADE sS4 1
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Table 1 List of macroinvertebrates collected in the study area

HAFE [X
[l 2 B i ol T
Phylum Class Family Species releasing area
area
HAT s ZEHN I B RS RAEI5T B Sternaspis scutata Vv
Annelida BV ARk LBV VD EE Nephtys polybranchia vV
SV VDA Nephtys oligobranchia 2 vV
XU N 145 B Aglaophamus dibranchis Vv V
g Rk XOEAL 48 B Cossurella dimorpha Vv
TGHE HUR & /INHE 1R, Prionospio (Apoprionospio) pygmaea Vv
A 225 He Prionospio ( Prionospio) queenslandica vV
famv R} SEWH WIS E Glycinde gurjanvae Vv
W% AE du Rt R E YDA Diopatra chilienis Vv
WaEF H AHIVD #i2 Neanthes japonica vV
Wik V> A% Perinereis aibuhitensis vV Vv
PUGILIEE R RIF5 R Paramphicteis angustifolia vV
228 R W68 H. Chaetozone setosa v
KU &R SR RUPTE Lumbrineris heteropoda vV
KR Lumbrineris longiforlia vV
Wb &R HEV V2 Glycera alba vV
KWWb B Glycera chirori Vi v/
Nk Rt 18| Bt Heteromastus filiformis Vv
KFhaft H AR F DA Magelona japonica v
e Rt 3R EAY B Euclymene lombricoides vV
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HAHH X .
Phylum Class Family Species releasing area
area
ek BB KAk B Haploscoloplos elongatus vV
L¢ENTIL] G| AL WS Estellarca olivacea vV %
Mollusca Pt Tegillarca granosa Vv
R JCHFFEIS Potamocorbula laevis v
KELES FU Cyclina sinensis vV
LR F AW Ostrea denselamellosa Vv
AR 4EUTG Saccostrea glomerata Vv Vv
K AW Crassostrea gigas v 2
XA IR i FE P8 Theora fragilis 2
MR} WM BHE Yoldia similis vV vV
TS I s 7 IS WE NS Laternula ( Exolaternula) marilina vV
T TG ME RS Laternula boschasina v
G DU M SENLE Musculista senhousia vV vV
HRIR AL FML ARG Moerella iridescens v v
2 4R o 1 W IR Bullacta exarata vV
TEIERL HMUREEEIR Littorina articulata vV
SN Littorina balteata V4 V4
RLZE TR Nodilittorina radiata vV
INGEHTIRIR Echinolittorina radiata Vv vV
rp (B HLE R Littorinopsis intermedia Vv vV
I DL 18 Cellana toreuma vV
(g YEFH BB Thais clavigera vV
HeaRR %G Eulima maria Vv
I [ROBIR Melamella marlinii vV
TCARRL Bl IESFIR Cerithidea cingulata vV Vv
T B 2R} 58 Monodonta labio vV vV
R IREL WY HFLIR Decorifera mutusimana vV vV
IR ER HALE IR Assiminea latericea vV Vv
= XIER [5 f7 Ji &2 42 Eocylichna braunsi 2 vV
B R SHE A 82 Stenothyra glabar Vv vV
IR AT TR Odostomia subangulata vV vV
WERERL Y BUESZ Nerita (Ritena) yoldii vV Vv
T AER BEEYR Natica tigrina V4
Jit FYZ Neverita didyma vV
#8 EIR Natica spadicea vV
45 D B E W2 Crypronatica andoi Vv
T IR Lunatica gilva v/
LBUER VR LGUIR Nassarius semiplicatus vV
LLMFREIR Nassarius ( Zeuxis) succinctus vV
PGARAVSE Nassarius ( Zewxis) siquijorensis vV vV
FE RSB Nassarius (Reticunassa) festivus vV vV
WIHZIBUE Nassarius (varicinassa) variciferus Vv Vv
WIS H5E B UTRY YNFEUF Leptochela gracilis vV
Arthropoda R} LB B Raphidopus ciliatus vV
POEIY KEENHF Parapenaeus fissurus vV vV
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HAHH X .
Il a0 7 i i e
Phylum Class Family Species releasing area
area
I R LLEANFE Sesame haematocheir vV
(LI Helice ( Helicana) Vv
KB K TTHE Metaplax longipes v \
FIRAHF-1E Sesarma ( Parasesarma) plicatum Vv
FHS & Varuna litterata Vv
SRR H A G MR Alpheus japonicus 2 Vv
W W SRR Corophium lamellatum Vv
T RER NG ANES AR Clibanarius infraspinatus 2 2
R WK IR llyoplax tansuiensis vV
YA Uca arcuata vV
H A KR8 Macrophthalmus( Mareotis) japonicus vV vV
HEARUEHE llyoplax serrata vV
AR} SUEAT Amphibalanus amphitrite vV vV
KR P8 228 Philyra carinata vV
KA HRRL B RAKEEF Palaemon gravieri vV
H R HYF Exopalaemon carinicauda vV
BEG AR Palaemon serrifer Vv
K R BEE Typhlocarcinus nudus vV
HERIY Emg  fRar BRI FZ 8. Acanthogobius ommaturus vV vV
Chordata X BMEFE A Chaeturichthys stigmatias vV
YR R KEESAYR A Periophthalmus magnuspinnatus Vv
#fiif £ Periophthalmus cantonensis vV
fl?pilni% IR Tk R IR BT RS B Sipunculus nudus vV
LEID - kem min L — B Nemertea sp. v v
41T Total 62 59

OF XIS Y4 HE DXCROGT RE DX 4350012 S R RS 34 62 Fh AN 59 B, 54 DX 3 2 LUK sl R 24 oy L e
i, o0 51.619% (49.15% , S5 DX BAR S ) RIS IR M A ok BR DX 22, of BR DX ER 15 Sh ) P dloms 22 19 5
DXCH B A ) T WS E S Laternula boschasina | 5 U Cyclina sinensis . 3t I 0] #5 1% Potamocorbula laevis . Y& Hif
Tegillarca granosa 8 )& %R Exopalaemon carinicauda 9B 40 JE 8 Raphidopus ciliatus S5 ARAEXT BIXCR ], WA
FRIT 220 KA S R R B e B K22 W B3 (F, 5 =7.760, P =0.008<0.01) , T 7£ 34 5 [X
X IR IX Z B 2 AN B35 (F| 46=2.250,P=0.142) , Z=75 5 XS B 52 BN AN .25 (F) 5 =0.413,P=0.524) ,

RISEAR S Y AT B AT DL Z 2, 7% 3558 DX AT IR X R R R ARG 2 L 340 43 0 A 9 Aokl 4 Bl
He G LR 6 T2 Odostomia subangulata FELEEAT Amphibalanus amphitrite , 3858 X AR FFh 1
FESEERL W) VDA Nephtys oligobranchia JEHE B TTHR Stenothyra glabar AFLIAYR Assiminea latericea ™ [A] $U1 7%
Y& Littorinopsis intermedia . % 1% Y2 Littorina balteata . 7 ff ti 1 42 Odostomia subangulata , H A~ K HR
Macrophthalmus ( Mareotis) japonicus F1H JE K I8 Metaplax longipes %5 , Xt BEIX A5 AE S5 HL Sternaspis scutata
RN T FLIR Decorifera mutusimana ; £k 25 | BEFE X FIXT BE XA A F0 40 5 4 Fhfn 5 Fh, 3G (G2 F P 2R 0E 12
Assiminea latericea F1 H A KHR B Macrophthalmus ( Mareotis) japonicus , 3858 X H A AT FFh 40 5 1 SOBENR Nerita
(Ritena) yoldii FIH /2 T7 8 Metaplax longipes , % FR X AU FE 1 [0 HUEEME Littorinopsis intermedia JGEYR Littorina
balteata FIVGRE LR Nassarius ( Zeuxis) siquijorensis, IEFH X AN IR X 27 VL BAK sh ) fl HH 5E sh ¥ 5 3, &/
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FIATH X FPE L TR BRI B RS B XA AR 2R 2 THI A IX
x2 REXBEE@EIVABHRRBE
Table 2 Dominant species of macrobenthos community
. %2 Spring #Z Autumn
Specics WX s HETHIX s
Releasing area Control area Releasing area Control area

5304 Annelida
MBI L Sternaspis scutata 0.03
MRV VOB Nephtys oligobranchia 0.04
HARZN ) Mollusca
W BURER Nerita ( Ritena) yoldii 0.03
el Bk FVER Stenothyra glabar 0.30
HEPIR IR Assiminea latericea 0.10 0.03 0.05
R R HLENR Littorinopsis intermedia 0.06 0.14
SEIEIE Littorina balteata 0.04 0.07
WAV TR Odostomia subangulata 0.03 0.04
Y HFLIR Decorifera mutusimana 0.12
VAR BUIR Nassarius ( Zeuxis) siquijorensis 0.03
5834 Crustacea
H A KHREE Macrophthalmus( Mareotis) japonicus 0.06 0.04 0.03
LY AR Amphibalanus amphitrite 0.05 0.05
KK T E Metaplax longipes 0.04 0.06

22 WiEHESEY &

KA SPGB 2% B 5 A WA 3, WU A SR TS WEVR AL 2h 47 404 5% B2 A= ) = o3
WA (319£63.32) 4~/m* Fl1(46.24+13.33) g/m*, Horb | 95 X 205110 (397 +106.75) 4~/ m* F1(69.49+24.11) g/
m” ; XF R IX 7050 4 (232+58.60) ~/m? F1(20.41£4.55) g¢/m*, H13 3 A F I, HEE T REKHBHIEIX K
R AR SPGB R AR ) R 1 i TR R DX AR Ty 22 40 Al R WD, KA AV 2 it (5. 9% B A AR R ARk = 2
[ 22 S 2 (F | 4, =20.348,P<0.01) , K Il [a] 22 F AN B3 (F, ,=3.795,P=0.059) , 2= 17 5 X 35 1] 58 H 5400
ANEBE(F, 35=2.719,P=0.108) ; LY EAEHE M ZB] 8] 22 A B3 (F, ,,=2.588,P=0.116) , X3l 2 [H]
2 (F, 4=4.750,P=0.036<0.05) , 217 5 X I A 52 BN A B3 (F, 5 =2.854,P=0.100) , AL
FI) P10 18 B RO AP 2 B 5 A i LR 4 O AP R M BRI Moerella iridescens 753858 X FIX B X 4
HEL, MH U Cyclina sinensis JeRl Tegillarca granosa {XAEXGHE X REEF]

R3 TRERNAERBENVEEZTESEME

Table 3 Density and biomass of macrobenthos in different habitats

B LiNER=IL) W7 Hex JE57s
AR TIF5 X 35k Annelids Mollusks Crustaceans Others Total
Survey Study I Y B YR W YR i) YR HE YR
time area Density/ Biomass/ Density/ Biomass/ Density/ Biomass/ Density/ Biomass/ Density/ Biomass/
(/) (gwd) (/) (ed) (/) (gw?) (B/ed) (g (A/m?) (g/m’)
% HEIX 36+16.73  0.58+0.29 490+164.99 54.08+41.24 166+63.36 51.85+24.35 1+0.61 1.64+1.5 693+167.31 108.16+44.82
Spring X IRIX. 58+44.11  1.18+0.47  188+64.96 6.2+1.39 99+60.08 8.92+5.13  2x1.22 1.13+1.07 347+89.27  17.43+4.97
&IX 47+23.1  0.88+0.28  339+92.97 30.14£20.82 133+43.19 30.39+13.07 1+0.67 1.39+0.9 520+100.48  62.8+24.29
Bk WA 4238 0.13x0.08  52+14.9 16.3£7.17 41+15.63 11.63x4.51  2+£1.07 2.75+1.68 100+23.89  30.81+10.61
Autumn XHARIX 1£0.65 0.03+0.02  73+26.64 11.96+5.27 15+5.17 12.15+4.37 00 0.00+0 80+26.07  24.15+8.37
£X 3x1.37  0.09+0.04  62+14.19 14.37+4.52 30£9.31 11.86+3.08  1+0.65 1.53+0.97  95£17.15  27.85+6.82
P FEBHIX 20£8.99  0.36+0.16  271+94.97 35.19+20.83 104+34.86 31.74+12.91 2+0.61 2.2£1.1  397£106.75  69.49+24.11
Spring and X IR IX 3242488  0.67£0.29  137£39.55 8.76+2.48  62+34.2 10.35£3.38  1+0.69 0.63+0.6  232+58.60  20.41+4.55
autumn X 26+12.55 0.5£0.16  208+53.84 22.67+11.1  84+24.39 21.61+7.11 1+0.46 1.45+0.65 319+63.32  46.24+13.33
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R4 TRERHHRMEBEEESEME

Table 4 Abundance and biomass of breed and release species in different habitats

HAFHIX Releasing area X HEIX Control area 4 [X Total
Releasing species Density/ Biomass/ Density/ Biomass/ Density/ Biomass/
(4~/m?) (g/m*) (A~/m?) (g/m*) (4/m?) (g/m*)
LIRS Moerella iridescens 1.00 0.09 2.00 0.08 1.51 0.09
WA Cyclina sinensis 0.20 0.01 0.00 0.00 0.10 0.00
VB Tegillarca granosa 4.20 0.44 0.00 0.00 2.11 0.24

2.3 W HAEREL

KAV S ZREEFR B 5. PRI, 358 X K ARG 2% Shannon-Wiener ZHEMEFEEL(H') |
Margalef 5 FEFE 50 (D) F Pielou ¥J5) BEFEER(J') 70 %1 h 1.31£0.11 ,1.23+0.13 F10.71+0.03 , XF FR X 73 51 Hy
1.08+0.14 .0.91+0.16 F1 0.74+0.04, A LI i, & Pielou 215) B8 %L (J') B4 54 X W& T % I8 X, Shannon-
Wiener ZHEMEFEEL(H') Fl Margalef 3-8 EHEE (D) B By 3858 DX i T XS BRI, BUR 3R 07 28 70 R B . O
JEMI B4 Shannon-Wiener Z2FEPEFEEL  Margalef 25 BEFEHUR Pielou 3757 B8 B A [R] 2515 FIUAS [ [X 8 1] 22
SEYIRRE(P>0.05) , 2215 5 DA 38 50 A 853 (P>0.05) .

£5 XEREDIMHSHEES

Table 5 Diversity indices of macrobenthic communities

WFFEIX 48k ZREEARE(H) FH\ EREU(D) YIS EERR R
Study area Shannon-Wiener index Margalef index Pielou index
HiFE X Releasing area 1.31+0.11 1.23+0.13 0.71+0.03
X} & X. Control area 1.08+0.14 0.91+0.16 0.74+0.04
421X Total 1.25+0.09 1.20+0.11 0.69+0.03

24 FBEREHZAREHIT /357 (MDS)

RAE A RRY] (18 2 FNIE 3) A& W A AR RE BE LUK 2Ry $R BEARMRLBE R T 39% T 5 0y 5 41
Horp 22 2, 53 I FE X T1 A T2 Wi (LA Bk HR-S0# ar—— AR IR Lm0 e 1) &
HRIX T3 01 T4 Wi ( LASCRE A - i FLAR- o A VRO R n s 1) Bk 3 21, 20l W S B DX T1 1B
T ( DA A7 B - SR -5 IA R IR DL AR S v 1L ) IS5 X T2 Wi ( DA A SBE IR — oy DU <
8- H AR RN A LTS RETR IV ) X BRIX T3 T T4 Wi (LA (a0 R - Ve - AR ULV B850 O 5 R 25 1
BEE V) . AR¥iE Clake sl 2613 , 2 stress (iR REL) <0.05 MY EARLS 5 stress<0.1 W) G ELT ; stress<0.2 4
W) — M s stress>0.3 AW G . AUIHAS R IR RECH 0.05, WG 8, AR & 2 48 b5 B HET 73 A
(MDS) R W& W& L5032 5 28, SR a R —3.

3 itig

3.1 DUZSHE B IR ) A ECAT 2 i v )52 el

DY S B S e 0 R b 78 DX WL 3 DU 4 v KA s B 2 REvE S Ts feoe v
ST DU TR IE R, WA B T B A S R S5 M B DR iRy, 5 BRIXAH He , 34 A X TR I A
YRR TG 5 BE P-4 4 W) | Shannon-Wiener ZREPEFEEL (H') Al Margalef 35 BEFE 50 (D) 3494
e, FLES o e 8 X e S B, nTREAE —  FE R 1 3R T R 1V DU A i A — AR, AR I AR
W, 2017 4EEZE  TEARBIEGT A% IR DX 4% 0 [ ol R B8 JECATE 2 47 )81 e DA 1 3.2 i 3 V) oy KBS 3l 13
HARThY) 6 B 5 46.2% , AR 5 B 5 38.5% , 7225 2 B 5 15.4% , Shannon-Wiener 22 #4541
(H') Margalef -5 BEFEEL( D) F1 Pielou ¥5] BEFREL (J') FHIME 530 0.95 1.28 F10.87, ABF5E B A Z=H
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Fig.2 The dendrogram for cluster of macrozoobenthic communities
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Fig.3 The MDS analysis of macrozoobenthic communities
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Js6 M 5 13.64%  H 25 2 B 4.55%, Shannon-Wiener ZFEEFE B (H')  Margalef 325 FEHE 50 ( D) Fl
Pielou $5] FEFREL(J7) M43 510 1.17 .1.23 F10.58, AT LI H, DU FT0R e , %o I8 DX 30 10] 4 K 7R Je A
SRR BN T 29 2.4 £, B IS AL SAT) LR sh i AR sh i ok 8 (B ERRSh 3% in T 3 £% £, Shannon-
Wiener ZFEPEFEEL(H') b T, MIRTTVE DU B0 BRI (SCF /0 s 8 A B8 LU R &, DL 21 BRI %o 3K
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Table 6 Comparing the community characterstics of macrobenthos between the study area with surrounding area
E20dmhes E70dmhes B2 dEbe YN
ATERERT A A R AR AR

" - - Xt R IX UV i i 128
e £X B IX. ! AN '{g ‘EIHHW The tidal flat wetland The natural tidal flats ~ The Spartina alterniflora
. Control The intertidal zone K K . -
Parameter Total Releasing area area o Yueqing Be in Xuanmen Bay in Xuanmen Bay tidal flats in Xuanmen
 Tueqme Bay National Wetland National Wetland Bay National
Park Park Wetland Park
FB(H) . . 89 62 59 113 40 30 31
Number of species ( species )
Wi Density/(4~/m?) 319 397 232 871 — 1052.8 222.6
AWy Biomass/ (g/m?) 46.24 69.49 20.41 60.55 — 19.19 39.23

T DX % BRIX R 4 IX KB A s ) 0 A2 ) 2 FE R BRI DL 2 DX 8 DL R i T AR St M 47 J
KIEWG S Shannon-Wiener ZFEPEFEE(H') Fl Margalef -5 FEFE%0 (D) I AN E . 2% Chainho 2 #21
(R EAR SRS H R D (4 5 A% 2% . Shannon-Wiener Z2FEVEFE S (H') >4.0 HIE 1 .3.0—4.0 R4F,
2.0—3.0 K1 1.0—2.0 FK .0.0—1.0 S}y ; Margalef £ 5 BEFEE0( D) >4.0 FIE AR sl 2.5—4.0 Fh <2.5
R ERZE A X K IR X K 4 X R R 54 Shannon-Wiener 22 FE P38 B34 40 T, Margalef =F & FF 45 %134
AT 25 H RS BRI 1T D IE A SO B S T P ] RE s S EUR A S AR Y A R TR
T e BRI B A ARG | RO R 2R T BV G Moerella iridescens . F5 W% Cyclina sinensis . Jé
it Tegillarca granosa W65 %% BE 54 Y T A RAR &, WARTE BL— 7 PR REOL S SR AT RE 2 33k S 288 [m] i) 41,
SEW VT I 28 WORAN AR | 385 A0 R RACR PR Ay R 8 N SR AR T A2 B2 ) 7 7P 8] A 301 ) 47 0
B4 b it RAERAZ A B D12, 7ERVL I S BRI 2 WY, 14 FH 0L 14 26 088 % AT W P8 s R ) MR 45 DL 288 v 4R
A VR IBAE R X IS AR 3 AR YRI5 T SR, 384 8 T o 28 R 0 R R BB X3 1 £
£

W T S B TBCUE R B RN Ry S ) 98 B BT DX S K A R 5 A At A T RESE e R BRI W sh e
2023 4F 5 HAEARNEFE KIS T /K K ST I 2R B, 6 R R 4R (0.022 mg/ L) 1456 5 28 KK Bbn e (LA
QKK AR UE) (GB 3097—1997) 1E RPN ARUE) , TCHLA(0.434 mg/L) ik F PUAARUE , 156 B X IRIE 7K 7K 4D
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