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 OE ONTHBINRA AR R RGN &R K E R A 2013 £ 11 A 02014 4 2
AEAR & e AR R R & L, RA SR BRGNS 6 RETE)F
FE,AREENERAR SHE SEURBERRZRHETT 2, £ERZN. 4
( Mugil cephalus) %1 5% & ( Konosirus punctatus) 71 kA ZE W6 IR 78 Kk B AR R oo % & K
# & i ( Sebastiscus marmoratus ) 2 /N % # ( Larimichthys polyactis) . % 3% # ( Harpadon ne-
hereus) #1 j (K ™ 1 # ( Johnius belangerii) 77| 71 J& B KRRk EAF N B L NE &
ERERWERKREEARAKEN QA AREL WEEREAXRET TRENSFME, KA
FHER BRSNS HAUARFER, B RAERAARRERUNTHER A HE S
TRE; ZLAaMEr, RbA  RREWNEXBERAEYHEEZR, T, BIUAA
B A L T AL A By iF 78 R G0, 8 VR UV RO R O B VT 4 K IR 45 A UL
BB KRR F T, TEFRAR KRB EA T &%, Nt —FRELEEK
1 BB

REIF TR, BRUR; EEAO; AT AR

FESES Q178.1,8932.4 XHEHRIREE A XEHRS  1000-4890(2015)3-0753-07
Comparison of pelagic and benthic fish assemblages in mussel farming habitat. WANG
Zhen-hua, LIANG Jin-ling, ZHANG Shou-yu" " ( College of Marine Sciences, Shanghai Ocean
University , Shanghai 201306, China). Chinese Journal of Ecology, 2015, 34(3) . 753-759.
Abstract ; Investigations on fish communities at the pelagic and bottom levels of mussel farming
habitat were conducted in November of 2013 and February of 2014 respectively, in order to study
fish assemblage differences at the two water levels. Sampling stations were located at Gouqi Island
of Ma’ an Archipelago, Zhejiang Province. Species composition, diversity, relative abundance,
biomass and community patterns of fish at the pelagic and benthic waters of mussel farming habi-
tat were analyzed by using diversity indices, relative fishing efficiency indices and multivariate
analysis. The results showed that Mugil cephalus and Konosirus punctatus were the dominant spe-
cies in pelagic waters during autumn and winter, whereas in bottom waters Sebastiscus marmora-
tus and Larimichthys polyactis were the dominant species during autumn, and Harpadon nehereus
and Johnius belangerii were the dominant species during winter. L. polyactis was found with high
abundance both in pelagic and benthic waters during both seasons. The relative catch rates in pe-
lagic waters were higher than in benthic waters during both seasons. Higher abundance and bio-
mass of fish were recorded in pelagic waters than in benthic waters during both seasons. The re-
sults of multivariate analysis revealed two significantly different fish composition patterns from the
pelagic and benthic waters regardless of seasons. It is concluded that the mussel farming habitat
can act as a floating artificial reef system. Therefore, we suggest that the floating artificial reefs
can be deployed in the design of marine ranching to achieve three-dimension conservation effects.
Besides, artificial reefs can be set at the bottom of mussel farming area to enhance marine ran-
ching effects.

Key words: mussel farming; fish composition; marine ranching; artificial habitat.
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FNaEEEL S A2 36 3 BT ( Morrisey et al.,2006) , X
TS XM EE R 20l TR vhi D i 4 fa 2
B (Fréon et al.,2000) , 40 D1 S350 1 o) 9 B 25 R
JE TR B — g UL, e k2 3 0 /R I AU R BT
ARSI AT RE A5 1 77 5 & b £ S8 B0 IR Y ¥ T
W358 ( Morrisey et al.,2006) ,

TEFRAP R 2L W e U5 B[R], T % 58 10t 1Y)
FEAE AT IR A S T K s — SE A PR 55 R
(A7 T4 (L I 5 D90 I A 2R 40 55 ) 18 W T
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X = 4E S AR TR A B A K2 B RS20
JR], — 5 A S A5 1 A0 A 18] 3 ( Morrisey et all.
2006) . &I AARIET DL FR 58 A= 258800 1Y 2 A IFSE
FEITEX LMY (Grant et al., 1995 ; Sten-
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sey et al.,2006; Clynick et al.,2008) . Ti/DEUCEN XTI
DUFRAE DX SRR IR S8 SR 001 DG T 1) 0 ) i R A4
JE FEl ( Morrisey et al. 2006 ) FEJZ G O ( Clynick et
al. ,2008)

B XHZ R AW BEE T AR I A 5 58, LA
MIRC 55 6 D SRR IR0 X 4 43 R NC 2% #2847
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JE KA I SR AR B AN 5 DA L 25 11 22 e 2
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Fig.1 Location of fish sampling stations in mussel farming
habitat

Table 1 Longitude and latitude, average depth and length of transect for the selected 7 stations

i SR 1] RFERAL LG (E) UL (N) PRI AR
(m) (m)
MF1 2013-11-03-04, 2014-02-17-19 3 122°47'25.69" 30°42'23.72" 15.5+1.2 150
MF2 2013-11-03-04, 2014-02-17-18 2 122°45'45.09" 30°42'22.57" 11.7+2.4 120
MF3 2013-11-05-06, 2014-02-20-21 2 122°46'55.48" 30°43'56.81" 7.8+0.9 115
MF4 2013-11-05-06, 2014-02-20-21 2 122°45'41.78" 30°43'27.46" 13.3+1.3 135
MF5 2013-11-07-09, 2014-02-22-24 4 122°45'57.68" 30°44'02.53" 16.4+1.5 160
MF6 2013-11-08-10, 2014-02-25-26 3 122°44'45.62" 30°44'11.98" 24.7+2.7 185
MF7 2013-11-11-12, 2014-02-25-26 2 122°44'37.57" 30°43'04.26" 18.9+2.1 135

SRR T 2 UK, 22 HH Y UEOE TR MO 2L,



TEPRAEAE T DL IR GRS IR 2= 1 f 2R 4 HER

755

T AR AR, i ELIE KOS B AR, TRk
BRI AR R E, F 2013 4F 11 A 3—12 H
(BkZ) 12014 4E 2 A 17—26 H (4% RHZM
H = T 21 A 0 XX T 3 3 o7 R A 7 SRR AR 1 R 4
VR BN A SR AR 1~ 2 ANl 57 O REAS | — L3l {37
118 SO 250 S0 R 77 208 98 7 % B 45 A b T L
T 8 2 209% JU) B $8e 1) L I 75 i 125 D5 il 37— 22
P Ak B R AR AR B 3 T O 26 I Y [ S
4L R R B BRI B 24 h A2 A, B
] D) A T 4 1T BE B A 15 m Y 26,3443 .50,
60,70 1 80 mm 3 7 Ffr H A A BEAIL % 42 i 1,
B R A A AR = B A 1.8 m, i L At 4N
=[] SOk (TR PR 45, 2013) . 7E TR UL 3208 X i 2
JBCE 2R W s RECHB 437 2 PR S (A 4, s
Hy 2 BT FATICE s TR R 2 8 ) 5558 2 m
TETE T4 R In—ANEAR N 8 em 19 A GIRIE T,
DIMARUEIBERE TR AR F 5 8K 2 ~3 m YIRS
FEIPN o BN 5 B 2E A5 o P 2 14 8 A P-4 T 3R 0
B e W [ AR IR A T4

Xof AR 0 A A AN AT ] TRAL 3, 45 A A
e 5 S0 I M 5 SRS Atk A ) 25 B8 bR I i, A AR A
K PR PRI R RS S SRS . T
Jeds e B AR AR T,
1.3 Hduibr

H A RIEZ I NIX R 255 R4 HGE
TR K f0 2 43 Sk 2 K BB R B IR R (O 0T P 4
2003) , KA 3R (A-CPUE, Bl ub 7 £ 2
SUIRJE 24 h AR SR AL, BT ind - A7) FIZED)
IR A (B-CPUE, RIER i i 3RZ 5UIR 2 24 h 1Y
WAk S EE A g - dTH)ERFERIZ ML
AR5 B R A ) (AR R

PRSP A R FH AR A

Y=(n,/N)Xf,
A n 5§ AP AN REL, £ R i R AR 25 3 7
BRI (BRI £, = (a,/S) x100% , a, 25 i i BLEY)
AL, S J SO E) o N R A Bl SR

Sk T A Ml X A A SRR A — R S A SO Y=
0.1 VE R HIW L SRl 4k 4

*H Margalef T8 EFE % D Shannon 2%
ZREVETE L H' A Pielou S 5) EHR B J LB R 2
R RN 225

D=(S-1)/InN;

H =- 2 (n;/N)In(n,/N)

J'=H'/InS
Ko, S B IE W | PRI, N
EYSENNA

I 22 T0 53 A1 5 i Hh I S5 R 2 (UPGMA) Al
THEHET (nMDS) 25 A 2 BTk B AR DL T 4 L
(SIMPER) FUAHALL: 73BT ( ANOSIM) |, FL R K )2
£ REVE AL L) 22 5 ( Clarke et al.,2006) , FiR4)
Fr ¥ FIFH PRIMER 5.0 3k {4058 1.

KR R T 22 43 kG 30 32 )2 £ 28 B AR i
RBEMENEIRIR 22 5 . FIH Excel 2007 14 “ £4ls
OyHT B SE OZAG I, KA «=0.05

2 ERENH

2.1 RIXZHFEAER

FRA T A E TR X R AR 2 25 Fh (K 2) 5
J&7 B 18 %23 J&, HhikZFERIZE N 4 H 10 £ 11
B 1R RE N T H 128128 12 Fhy & %R
EHR3HSFre @6 Fi L IKJE A5 HT7#9 J& 10 F,
MBI R E , KERIRZ M2 AR (HA A
FrFH 4 J [ 2 1) s SR R BOR R 5 XIS JZ K
e,

A& RPN R (3 2) Bk 3R B K M
0259 P MR 2 B IR JZ WK PRI 7 Fh,
BETRPE R S Fh (R E R T FP) . A ZERIZEAKF
FIBZ IR AN 2500 R 4 0 2 B 253318 4 Fl 6 B,
AL UL PIZETE R 2 AR K M o 3 AR MY
JEWE KM S L B TR PP 2R T (H B T A=
FHBL, AR i 1 07 R 2 32, ik R B /K Pk £ 26
PRI R I Y, B REERIZWFEIFA
K=,

PEsAAh A B T Bk R R ARG 4 Fh 424k
P KBRS /INE A (Y =0.25) o S 4 i
(Y=0.19) B (Y=0.18) Ffifi (Y=0.14) ; JEJZ 1L
PRNAT 2 b, RSk £l (V=0.43) R E il (V=
0.13) , XAFERIZMAMI /N (Y=0.36) b
(Y=0.32) FIBEAEE (Y=0.11) , 1M1 JEE J2 B 0L 3 Fb g /)N
W (Y=0.23) FZ G (Y=0.18)2 Ff, AL,
FRACZRNG U SR A e 1L 2 /KA b 2 i AR 1k
AR BEERAE R Ee e, (A A ZR 1Y 2R SR A A
IR AR 2 5 IR Z KR AR AT LE R & R
SRANIA], VR R IR 22 S DI



756

ARTIRE W3 B3

x2 UERERNFEXBREENEXAHN  HRAEMEE

Table 2 Fish composition, percentage of occurrence and abundance in pelagic and bottom area of mussel farming during au-

tumn and winter

W R mEgR B R REBE RS

(%) (ind) (%) (ind) (%) (ind) (%) (ind)
8 * Muraenesox cinereus - - 28.6 2 - - - -
I EBEHE* Thryssa kammalensis 85.7 49 14.3 2 57.1 8 42.9 5
FRESURR B * Thrissa mystax - - - _ _ 28.6 3
Y " Setipinna taty - - - 28.6 3 - -
H 70 * Scomber japonicus 14.3 1 - - - - -
Y3t * * Trachurus japonicus 14.3 1 - - - - -
RS Carangoides equula 28.6 20 - - - - -
BEAE * Konosirus punctatus 85.7 46 - 71.4 11 - -
/NEE " Larimichihys polyactis 100 53 57.1 8 100 26 85.7 15
BT * Nibea albiflora - - - - - 42.9 3
Fz EGaY i £f1 % Johnius belangerii - - - - - 85.7 12
NTELER * Polydactylus sexfilis - - 57.1 17 - - - -
VU8 Ehfik * Eleutheronema tetradactylum 14.3 2 - - - - -
sRfigfn Chelidonichthys kumu 14.3 1 - - - - -
skt Harpadon nehereus 57.1 7 54 - - 42.9 4
/g " Sillago japonica - - 28.6 9 - - - -
R EES* ¥ Lateolabrax maculatus 42.9 4 - 14.3 1 28.6 3
ANl 2 Microcanthus strigatus - - 14.3 - - - -
Y 7] * Pelates quadrilineatus - - 42.9 5 - - - -
i * Mugil cephalus 100 31 - 100 23 - -
A " * Acanthopagrus schlegeli - - 14.3 1 - - - -
W E il * * Sebastiscus marmoratus - - 71.4 22 - - 42.9 6
JEWIE B * Cynoglossus abbreviatus - - - - 14.3 1
FEICTH B * * Cynoglossus joyneri - - 14.3 - - 7.1 5
B ITEE * Takifugu niphobles - - 14.3 - -

s WEAKFR, = = BRIRFR, A REAR,

2.2 RIKIZM SRR R 25 5

M IMER T, Bk 237 5 X R 2 K R 1) a2
KB FEED WA ] M TR R
Mo R PR E R TIRIZ (R 3), HESNER
B, K E IR R B F=2.804,P=0.12) . & D
(F=0.312,P=0.586) 5] J' (F=2.789,P =
0.121) MIZHEME H' (F=3.408,P=0.09) ¥ JC I # %
S HRZMERFER R F(F=7.016,P=0.021)
FEY R Z (F=23.911,P=0.0004) % 0 &5

TIR)ZKMER, AT, Tk D1 R0 X Bk Z 38 )2 K R i £
Rk L& FIRE, LR E Aty E L,
HBHI LU G2 5

27 FRBH X 2 KRG R B FE
BISEE M REAEFBE S /N TR, F B i 3R A
AR R A TIRE (R 3) . RIREMAEKLS
FEMEAE bR LB T 518 ' (F=2.616,P=0.132)
I RBFMER(F=14.7,P=0.002) ., F & &
D(F=171.89,P=0.00007) f1ZFMEH (F=16.55,

x3 BIFEXKRKERESFHENERENSHEEER(HEARERE)

Table 3 Relative catch rates and diversity indices at surface and bottom sites of MF habitat

LRSS Eistan &S BT

S i~ *RZ K2
T4 5.6+1.1 4.1£2.0 3.7%0.5 4.7£0.5
Fu 1.35+0.24 1.24+0.50 1.20£0.07 1.79+0.14
W EE 0.87£0.05 0.78+0.13 0.92+0.04 0.95+0.02
ZREE 1.48+0.16 1.17+0.42 1.20+0.13 1.47+0.12
F a2 A-CPUE (ind - d7") 30.9+11.1 17.9+6.8 10.3£3.6 8.120.19
YR B-CPUE (g - d™") 66413305 518+225 3327+2538 408+152
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Fig.2 Bray-Curtis dendrogram ( panel a) and MDS plot ( panel b) of surface and bottom fish assemblages in MF habitat
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(1) AR 22 535 B A {2 3% 7K F- ( Global R=0.755,P =
0.001) . AN[FIZKJZE]  Fk 223K S 2 0 HE I 41 80
SR AR S IR #) 90.65% , HAI A7 E B 2 % (R =
0.956,P=0.002) ; % 2= K JI%J2 19 1 4 A0 5 7 35 2]
74. 2% ,Ji 18] 22 5 IR AR B2 (R=0.804,P=0.002) .
AN ZE1T B) . Bk 3 )2 & Z 3R 2 A0 B R VR ALY
AR IR B 57.78% , HiB A AE . H £ % (R =
0.398,P=0.002) ; BkZ=JiE 2 4 221K J2 14 ~F- K A
PEIEF 82.78% , A4 A1 1 25 S o0 1. 3% (R =0.707 ,
P=0.001) .

O3AT EIREESR T LR T IR K R R A 2
TIRIHIX RIZAK U B3t S AR 2 K A 22
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FrE DX H T R DI EAE (8 A A AN i 4 2 7K £ 2K 14 2
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AR SRR ) 1 1) 228k

R I B

3.1 TRDIFREEIX SR Z I S 2 U R 22 57

T S b 55 174) A R R RS 3 6 5 e £ S
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al.,1989) , TEARZ NG B2 B ) N T ARG BT
PR R A B AR W B SR AE AL RERR R 1S i A 4%
IR E P b Z KA 0 2 8] S B, DT X S 1 £
2 AN 72 A2 520 ( Seaman et al.,1991) , TR DL
FRIANE R —Fh WAL N T A B8 A5 #0197
)2 0~4 m PYIKAR, FETFE 40 SR 5E R DL ER RN I 35Kk 4%
MR AL R T R & Fhep B2 £ 28 R4
(R iy, — i 2t R 2 B Btk i S 7R 57
FEL 45 ¥4 1) 3 T 58 ] ( Morrisey et al.,2006) , I,
FATINH , o TR 5 /K Bl i J2 /K A R PR S5 A
Fi2Es), RIZFIRZ R A sl —E 2w HH
I A HA A S X IZ AR LA IE ( Morrisey et
al. ,2006; Clynick et al.,2008) ,
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JEKARTE Z B4R T K PR R SR RS A £
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VAR . TR O R AF T IR R S /N
WSR2 AP E AR, 187 2 ()R] ] 5 A AR i
G AT G T JEASTE 2 22 /D4 AR 1Y B AL BB TR X
PYERE— o R, X 28 A0 TN 57 58 P 85 1 AE AR A
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BUBTEBREEY IR, HAN S IR i 5 E PR
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FEEENIEEROS IR .

ANTR DX 2 A0 2R SR o0T i DL S5 AE B 1Y) B B
PEFFRAE 2 R T HERIRZ 22 5 W] B RO REVE A% )R
XS Jrg AN B L A [ 2550 AN [] 7 )23 [ 1Y)l 25 2
S AR [F]— /K JZ2 AN W] 2245 [a] A B oA ], W]
WL, T FRFE B E B AAAE , AN [FIR BE s R [ 23
(6] 5 1k (Hair et al. ,1994) , F SR KR B 26 RE v%
SEMREZ A AR A5 ) A4k NI B T 0 280 3R B 7K
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