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Fig. 1 Distribution of fish sampling sites in raft culture area and control area
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H (Clupeiformes) 8 #1, 7 S A% 14.55%, &
AR 6 o A B 2 B A 2 48 & i (Sebas-
tiscus marmoratus). 75 5 1% Wt (Thryssa kammalen-
sis). 16 B8 I 155 (Goniistius zonatus) FBE 3k 75 26 1
(Hexagrammos agrammus) 3t 4 Fi; 4 H 18037
B AR B A2 D B Ry i B 6 | B (Mugil ceph-
alus). FEIEST (Lateolabrax maculatus) F1HE 2 il
4 By A 7RSSR FE A 3 IR 2 DX LAY Sy B 0
it (Nibea albiflora) Flt& & 2 i

ANFEAESBR AR 1), Wi
SRAEFIBKF . B, b2 ERZEREZE
AR 24, 31, 11, 29 FL ISP, o, %
WRZRE 12 A4h, HAlA G BRRF S 2 T BKR;
JRZXBR 10 Ak, HAth A 43 1) B R FP IR 2 T B K
s 30 A A B v 45 A A I B K R 2 TR
TR, BR L, LR AR R R K
B T RAUR B RCAE AR IRZ AR Z M
FEMIAH R

F1 TERAMEETEEE XMREMAEY

Tab. 1 Numbers of fish species of specific ecological types during four months =2

He A5 2020-09 2020-10 2020-11 2020-12 At

ecological type MS MB RR MS MB RR MS MB RR MS MB RR fotal
FRi@FP  warm temperature fishes 8 11 7 8 10 11 6 6 8 3 7 5 24
WZ7KFh  warm water fishes 6 5 8 4 10 15 4 4 10 5 3 8 31
i EE 2 pelagic fishes 6 7 3 7 5 4 6 2 4 4 1 4 11
ITK/Z S near-ground fishes 5 7 9 3 10 16 2 5 8 2 3 5 29
JKZf2 ground fishes 3 2 3 2 5 6 2 3 6 2 6 4 15
it total 14 16 15 12 20 26 16 10 18 8 10 13 55

T MSJIE NURIEA R Z X MBI TUIRIHAEBUR)Z X RROGTEAESE, FIA .
Notes: MS. mussel farming surface area; MB. mussel farming bottom area; RR. rocky reef habitat, the same below.

22 MRBMEM

IF 5 DX g i D 53 B A4 5 1 22 DR B2 3 418
PR R G EE | B W E . K R 4
(Johnius belangerii). % (Miichthys miiuy) Fl1 [E 1
fpi 4, rp Ay il R A f R R BT (K 2),
HAb 2R IR AT S . K2 DCRE AL
P Fh A W5 [/ 65 (Decapterus maruadsi), 7% 50
Y1 9 f81 (Trachurus japonicus). " EEET . BEk7S
2 A0 R A, H e [ 48 o R 2 R R AR
Hoft 0 28 B AL HA B BT R e, X IR DA R AR B
R S B Y AR 10 28 A0 fll £ (Microcanthus
strigatus) . 7% SRR B | 2275 4N % fili (Stephanolepis
cirrhifer), 8 fil . LR 65 | BESk 7S 4 fa f i
(Girella punctata), BR T E il o b b f 2275
N8l () LS BE S MR AL, A RS T 8 FR 5 AR )
P Horp R SRR AR 9—10 H Bk 2 R B i
K LS (R 2)o MRS L il Fi 22
VARG Eal IR Y, R DL SRGE X RIS 2 Fs il
BRSPS A B 2E R, RBILH A
Zrp i Bl (Engraulidae) 15} (Carangidae) 125 /8
e VR 2 X oA, SR e ) 48 B MR Y
SEPER AP, 2 AN 0 2B Sk 7S 4R Al FE
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23 HAMBMEENFEEN

TS S TmE, ga0
PPEIEER (R 2), Wi E ., sohlf | A
o [ AR 773X 4 A0 28 SR A 5 DX S i LRI S
RS A AT R R RS SR, 18
ErES Ay A AR A B, MBI
XFFEEZE A ;. RRAFPBIAXT R 10 H>9 H
SI2H>11 A MSEX A 3B 9 A>10 A >
12 A>11 H (& 2) A EALSTHF SR 3 B ok
fEHBAE 12H B MS, B9 H4h, HAbH M RR &)
S AE X EERE T MB 5 MS, HRESA: B
16 MS, Bt HAE MB B, S E R o
10 >11 H>12 0 >9 1 . i { i 3 75 MB
MS H, Hidr MB AL 9 A A RakbfiFe A, H4H
HREE MS B, HAPBAEX R H s (12 H>
11 A>10 H>9 H).
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Tab.2 Monthly composition of dominant fishes in sampling area and their values of relative importance index

Ao MB MS RR
34 Fh At 34 A 34 Fh
month dominant IRI dominant IRI dominant IRI
2020-09 i =X 2163 W [ 5 6 449 41 11 6255
I i 3063 I gt 4675
(Uil 2580 2215 N fi 2681
Hy S fily 1782
2020-10 ko 5503 I i 6508 ey fiy 4670
ey fiy 2970 Hp [ A i 1562 2215 N fi 1994
R IRy 4 1 1115 I gt 1921
2020-11 ey fiy 3 863 T8t 2628 2215 N fi 4732
i 2 446 B Sk 7Nk 2502 ey fiy 2659
fiff 1294 fif§ 1770 1628 i 1506
2020-12 ey fiy 7 060 fif§ 3 649 ey fiy 5653
Hp [ A fir 1659 Hp [ A i 3373 B Sk 7N 2k 5253
i 1014 fil 1151
7 -
840 FJmB 8¢ LCIMB
S ™S = § |CEwms
52 Il RR 5 Z | HERR
N mT gl
# .2 .2
7520+ =3t
=2 e
] 8 252t
g0y o rL
> > 1+t ’J_‘
[a] <
0 0 : : : -
9 10 11 12 9 10 11 12
B 1|/ H i iE/ H
month month
(a) (b)
7 r 7 -
8 ¢ LCIMB 8¢ LCIMB
= _§ I MS — § CMs
@gs--“ ﬂ§§5'-RR
< O < O
S o4t ™S4t
# .2 iz
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= % 3 F g % 31
ey — == —
"H 2t N 52
2 1+ 2 1F ’J_‘
0 Leh . rLL . . . .
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A1)/ H i)/ H
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Fig.2 Monthly variation of average relative abundance of economic fish species in MF and RR habitats

(a) S. marmoratus, (b) N. albiflora, (¢) L. maculatus, (d) M. cephalus.
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FEVERR RS & T R A AR BE (3R 3), (HERMA
B#E O H: F=0.698, P=0.595; 11 H: F=0.232, P=
0.837; 12 A : F=2.189, P=0.939); 10 Ak T4
AR, IR RE (F=2.578, P=0.684), i+
B REEREUE 9 A RN 10 A BIR DRI A S o T
MY, HERIRIERE OH: F=0.034, P=
0.679; 10 J: F=0.035, P=0.359); 11 Af 12 A,
Vi DUSRFE A S ) P 8 BEAR T A i 8, IR

ANEBE (11 7 F=0.013, P=0382; 12 A F=0.797,
P=0.571), H5IEEFECE 9. 10, 11 H PG
TP AR A T AR, AESHARE O !
F=5397, P=0213; 10 A : F=0.349, P=0.863;
11 A . F=0.094, P=0.105); 12 1% T A fife A 85
A B E (F=1.759, P=0.809), Mk b, X%
B X R R G TR W R TR 7 A iR
B, AESFHARE,

#3 WIFESREEREHREReXSHENER. F2E. HOE

Tab.3 Shannon-Wiener index, species richness and Pielou evenness of fish community in

mussel farming and rocky reef habitats

ZRMEIR () hFE ERRE(D) VISR E)
VER Shannon-Wiener index species richness Pielou evenness
month MF RR RR MF RR
2020-09 1.46+0.42 1.21£0.36 1.45+0.59 1.61£0.59 0.79+0.11 0.62+0.21
2020-10 1.65+0.43 1.76+0.21 2.14+0.56 2.49+0.52 0.80+0.16 0.78+0.12
2020-11 1.63+0.31 1.58+0.46 2.11£0.49 1.82+0.50 0.91+0.07 0.82+0.09
2020-12 1.36+0.29 1.35+0.14 1.66+0.37 1.53+0.31 0.81+0.12 0.82+0.07

#: MFJR IUFRGEAE SR
Notes: MF. mussel farming habitat.

PP LA 2R T K, Tysre TF 9—
12 745510 038, 0.19. 0.17. 0.23; Iypgr 7F
9—12 H %14 024, 035, 0.12, 0.28; Iysms
1E 9—12 H 23514 0.43. 0.28, 0.18. 020, 9 A
FLL A D1 550 A 458 R J2 R R o B A 35 A A
R R B v T DL SR A B 6 2 TN 2 R AR
BE B AL R B, 10 HORn 12 A WIAH R . #5458
HA BIFRIPE R BN T 0.5, Hid 9 AR5
ERRIZXHAEBEATEZMN . 10 /12 Ak
DR A BRI )2 X5 25 il A 45 22 [ oy vh A A A A
K, R GBI AWAARIKT. ] WLk D5
B A 3 1 RIS 2 f S TG e B L iR S Sl
FAMEAR IR, BARKES, XIERAES
g o S RIS S b Dy i 2 S ) ELAAR AR I
25 &ARBFRYFE

CLUSTER #l nMDS 2558 W, 2 B8
BEEZERIE T 500 3 P2l (&1 3, &1 4). ANOSIM
BT B, 3 FPRE IR LRI ) 25 S O B
(Global Rg.,=0.733, P<0.0001; Global Rp,=0.502,
P<0.0001; Global Ry,,=0.735, P<0.0001; Global
Rpe=0.817, P<0.0001), A[EH =216, st
R A AR E N 2E R, HIFE—3, SIM-
PER 73 #r&W], 25 41 HE SR RD 1 A= B R AU A 22
S, 09 AREIE T ARSI sk >5% (R % 8 ok
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JE>5% PR, TR fY SRR bR AR
TR B 23 90N 82.85% Fi1 99.99%; HEVE I L4 ik
RIS 2 (0 2 2275 Al el | 240 0 £ 0 R AR £
A B il Sk L RL R (R TTHK R 83.44%) (35 4).
10 AR 11 Afeds 1 528 148, RRE,
10 A BEE T8 A7 5 fa 5 AR 3 ) 36 2 RV
TEVE 11, TN SR 0] S B b oA 5 £, STk
391 R 23.28% Fl 23.87%; 11 H BEVE 1 09 1 223%
0 8 R 4T ) £ 7 I B A R R R L VR 0
T 1) 2 B2 2 ) 5 o 43 31 SRy 40 5 e A 2 5 2 il
TR EE S 20.96% Fl 19.87%(F 5). 2 H HIRETE
I ¥ AE AR, BAAEIRZER, 10 A A
SURIG DL R0 X 3 2 0l 50 — 4L, 11 H Al
JSRIA DL 3350 AR 5 i 2 ol o — T, 2R RN
AT BESE 10 B & ffN Bz Qo £ (5T kR 2Lk 2]
64.47%) AAETR DL FRGE AR B2 R AE B, Hrp i i
R JE IR K 100%, HAE AR S 5 a0 3
D7 IS 2 0 254 & it AN BRE Sk 75 26 0 DL S IS 2 4
s EAE SR B BLAE 10 H IR DUFRAE A B i 2
s 11 HREEKIR TR, KiEdh L)Z g0k
Wy 20 i, 3 FhE & sk A i AR B AR DL
TR 2B E SR, TTERE R 69.9%,
12 ABERET 5 11 AZ5Mme,, Hrbw & bl
IR IR 69.35% (5 4).
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TEAESE R uli At i

Fig.3 Clustering of fish communities based on abundance matrix in mussel farming and rocky reef habitats

(a) September, (b) October, (¢c) November, (d) December, the same below. MBL1-1. L1-1 at bottom level of mussel farming habitat, MSL1-1. L1-1 at

surface level of mussel farming habitat, RR1. R1 in reef habitat, the same as other farming habitats.

3 Wi

3.1 AMEARE RGBS FRIARE
£ B Rt

ARWFFE R, Mo DL FRF A S x) vp |2 BR65 £
RNt B0 28 AIF RN R Tk AR . X 5T
DUSRH DX A0 4P IR A B2 2548 T T8 1A% JFE 47 B RE R
7 D RE A M XA AR R B B
K, WD FRAERELE EAFTE R B AR, H
X SE e b AR G Bl U R Y i /2 H (Amphipod)
THOB A W) 4 BF W H (Gammaridea) F1 22 #F HL R}

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

(Caprellidae), KA 5 3R )2 AR B it 2 [ JE 1%
TRE A B RN UK AR P B AR B B K A S
HFIEE A B, i 2R A SR B SR B B R
REFETR DTG IX, FEf e/ NUR A W) (AR
YR E AR5 BRI, s AR & [ h
[ £t Fll H A8 (Scomber japonicus) %5 1 B B 1H
B, R T SRR E TR H AR 2R B AS S
RS, DT Ay ¥ 3 H ARl B8 AT T B A
LR

F—JH, WAFIKZRE A RH B E
NG DUFRGE AR BE R4 R ARk, T 4%
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Stress: 0.12

Stress: 0.16

(a)
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J

Stress: 0.08

(©)

(d)

4 FAFEEEHARE M EEEE nMDS HiFE
A VEVURBAE SRR XA, o G USRI BERIZ XU AT, w. WA B0

Fig. 4 Analysis of nMDS on fish community in mussel farming and rocky reef habitat

A . site of surface level of mussel farming habitat, e. site of mussel farming habitat bottom level, m. site of reef habitats.
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Tab.4 Major contributing species and contribution rates within fish community groups in mussel culture and rocky reef habitats

" BE7E T community | BT community 11 VAT community I1T
2020-09 Vi Xrnid 36.55 61.38 Vi Xind 67.47 50.41 2SN 37.63 48.46
iy 33.89 E%J%"T 18.64 ey it 36.82
(IES:A 12.41 e, 13.88 2 £ 8.99
ey 7 fih 11.47 BN 7.10
2020-10 — — — i 44.38 33.86 TR A i 41.39 32.62
KRt 20.09 Hey it 15.96
3 5 fih 6.06 Hp [ AL 13.45
Vi Xinid 11.47 2SNkl 10.26
Bk N2 8.06
2020-11 — — — Hey it 69.90 44.97 T8 £ 35.90 42.93
i 12.87 BEskNkf 3144
TRl 8.08 P Xm0 18.75
W fi2 7.52
2020-12 P 100 53.96 Hey it 69.35 48.96 r [ P f 57.69 44.38
Hp [ A fs 10.43 H A7 22.86
B Sk 7Nk fh 9.89 fi§ 16.67
B FORIZREE NS ED T2, TEPIIAIE B SRR Av. Sim Aaverage similarity, SEAHLUYE.
Notes: "—". means than 2 samples in group. Therefore, there is no average similarity and contribution species; "Av. Sim" means average similarity.
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Tab.5 Main divergent species and their contribution percentage for fish communities in mussel farming and rock reef habitats

A BT, 11 community I, 1T ByE 1,11 community 1,111 BEEILL I community 11, 11
2020-09  HEEEE 22.06 61.28 EA gl 14.80 68.18 EASE o 14.98 83.34
HEE DT 13.82 W5 82 14.42 R G fi 14.92
B fih 11.60 TR bR 13.76 HHEND T 10.51
b 10.77 4 . 8.77 He 4 i 10.38
(e 10.30 IESin 8.65 i) 8.32
fify 6.56 BN 7.69 Bt 7.99
ERN 5.01 ey Efih 7.32 H A i 7.15
2020-10 773l 23.28 94.03 (e 3! 23.87 93.13 Hgh 12.49 82.22
Bl 16.75 TR B iR 17.35 TR B 10.61
B R HY Bk 11 10.45 [ A 9.26 P ER MY 3k 71 8.19
o firh 9.34 ey L fih 8.93 ey B firh 7.99
TR G i 6.12 EASE A 8.42 [ AE 6.35
A 5.76 BN Ll 6.37 AL 6.31
NIES R 5.67
2020-11 i iy 20.96 87.18 EAS il 19.87 95.07 Tt 20.79 85.51
ZASE A 18.86 ey 77 it 14.35 eI 13.51
4 14.67 1) 14.35 KN A 12.59
ey 7 it 14.64 eI 13.56 R fi 9.58
Bl 9.23 BN Ll 12.48 Bl 9.16
TR G i 6.83 IR S fi 9.38 W 62 6.74
W 2 6.27 fif§ 6.73
EAHL 6.68
2020-12 25.71 85.26 T 28.64 97.80 Tt 22.89 84.19
ey il 19.70 [ A 20.64 [ AE 13.66
Hh ] 7 9.41 EEN 13.92 H A fift 12.96
PRkt 9.06 fi 10.95 fi 10.39
Tk 8.09 Tkt 9.00 BERTN St 8.75
PN K] 7.03 He 5 il 6.84 J 41 5 6.25
LA 6.51 KiEfh 5.12 TR B R 527
B 5.12

#: Av. Diss R % R,

Notes: "Av. Diss" means average dissimilarity.
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Characteristics of fish assemblage in a mussel farming area in
Gougi Island waters

*

GAO Weicheng ', WANG Zhenhua ", ZHANG Shouyu "**, LIN Jun "%,
TAN Yiguo ', LI Xunmeng'?, CHEN Jianqu '

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China,
2. Engineering Technology Research Center of Marine Ranching, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The rapid development of marine aquaculture in China, especially that of raft shellfish culture, not
only contributes directly to China’s economic benefits, but also facilitates fishery resources conservation to a
certain extend. Large-scale raft culture, in a sense, has played a role of artificial floating reefs, providing tem-
porary or permanent feeding or sheltering habitats for fish, which coincides with the core idea of marine ranch
development based on floating reef systems. Fish assemblages and their community characteristics in raft
mussel farming habitats play key roles in understanding functions of floating artificial reef system in marine
ranching area. Hence, fish composition and community structure in surface and bottom levels of a mussel
farming habitat in Gougqi Island waters and an adjacent rocky reef habitat were analyzed based on data collec-
ted by multi-mesh trammel nets from September to December 2020. Index of relative importance (IRI), spe-
cies diversity indices and non-metric multidimensional scaling (nMDS) analysis were used. A total of 55 fish
species belonging to 47 genera in 34 families of 10 orders were collected from two habitats. Among which, 37
species were collected from mussel farming habitat, including 29 species from bottom level and 20 species
from surface level; 40 species were collected from rocky habitat. In terms of dominant species composition,
Lateolabrax maculatus and Mugil cephalus were the typical dominant species in the surface level of mussel farm-
ing habitat, while Nibea albiflora and Sebastiscus marmoratus were the typical dominant species in the bottom
level of mussel farming habitat. S. marmoratus was also a typical dominant species in the reef habitat. The similar-
ity analysis showed that the similarity in species composition between the surface and bottom level of mussel farm-
ing habitat and the reef habitat was below a moderate level of dissimilarity. Diversity analysis showed that the
overall diversity of mussel farming habitat was higher than that of rocky reef habitat, but not significantly
(P>0.05). The multivariate analysis indicated that fish community could be grouped into three types in the two
habitats, though it was not strictly consistent with the surface area, bottom area and reef area. Results of ANOSIM
suggest that there was significant difference among grouped communities (P<0.05). Our study suggests the follow-
ing: (D the presence of large-scale raft culture facilities in rocky island waters attract many pelagic and demersal
fishes, providing additional habitat for dominant rocky fishes, among which S. marmoratus, N. albiflora, M. ceph-
alus and L. maculatus could be suitable target species in the marine ranching programs of northern East China Sea;
(2 mussel farming habitat and nearshore rocky reef habitat have obvious complementary and gain of habitat func-
tions, which play essential roles on protection of common commercial fish populations in the East China Sea and
comprehensive conservation of local fish in different life stages. It is hoped that this study may contribute to tech-
nology as well as target fish selection in marine ranching programs and the application of artificial habitat con-
struction model carried out in island waters.

Key words: fish; assemblage; mussel farming; floating artificial reef; marine ranching; target species;
Gougqi Island
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