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Fig.1 Survey stations in the north of Liaodong Bay
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Shannon-Wiener Z ke 35 %0 H''™', Pielou 4 fli
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( Scorpaeniformes ), 5 F; &% /> N i B H
( Salmoniformes) %] f1 H ( Gasterosteoiformes) I
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Tab.1 List of fish species in the north of Liaodong Bay
il 44 HBE FES €S &2 I i M
species spring summer autumn winter temperature adaptive type
fif: 3% B Clupeiformes
BEf% Konosirus punctatus + + WT
#ra/NVD T f4 Sardinella zunasi + WT
i B B2 Thrissa kammalensis + wWw
W) Setipinna taty + ¥ WW
72 H Salmoniformes
K 4R a8 Protosalanx chinensis + WT
fiiz fi H Lophiiformes
P Lophius litulon ¥ + WT
fifi 7% H Mugiliformes
R4 Liza haematocheila " WT
#il f1 H Gasterosteoiformes
U3V I, Syngnathus acus i WT
fiflif£ H Scorpaeniformes
Gl Sebastes schlegeli + 4 . N or
L fig i1 Chelidonichthys kumu + WW
K /St Hexagrammos otakii CT
E[1 i i Platycephalus indicus + WW
ML Wi 1t Liparis tanakae i CT
fifiJt H Perciformes
Jz B 4k £ Johnius belengerii + WWwW
w4k 1 Nibea albiflora WT
[ il fi Argyrosomus argentatus + wWwW
/NG Larimichthys polyactis + WT
WSk #g # fa Collichthys lucidus + WT
PRI M FE AD C. niveatus + WT
HL1# Pagrosomus major + WT
=W Enedrias nebulosus CT
Jr R = E. fangi + + CT
K438 Zoarces elongatus + ¥ N CT
2 [l Callionymus richardsoni + WT
16 45 UF J§ 11 Tridentiger obscurus n WT
PR IGUMG IR £ 1 Ctenogobius gymnauchen + WT
FL 0B 5 UF 5% 5 Aboma lactipes i WT
B B2 42 WF 12 #4. Synechogobius ommaturus + + + WT
F B UF jE f4. Chaeturichthys stigmatias + ¥ ¥ WT
A 7 8 R 5 £ Prerogobius zacalles + + n WT
LTAR 2K UF 8 6 Odontamblyopus rubicundus + + i WT
1 r=
Ee;ljij[l;ftfcjze% chinensis * + + wT
/NS M FLUF R # C. microcephalus N WT
/Nt Eupleuroprammus muticus + WW
W 5 D Scomberomorus niphonius WT
SR8 Pampus argenteus + WW
% H Pleuronectiformes
F®F Paralichthys olivaceus ¥ WT
W5 B Cynoglossus semilaevis + + + + WT
BB C. joyneri + + n N WT

T WW KRBl W B3 CT % i

Notes: WW , warm-water species; WT , warm-temperate species; CT,cold-temperate species.

2.2 B
AT AEAT5 W50 H , AR F AU S F O 2 Bl 4y

9 R % e UF |2 £ ( Chaeturichthys stigmatias ) Fl1 5T
B & UF g fa ( Synechogobius ommaturus ) ; B Z={J;
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FRh 2 B, 40 5 Sk /N A K 4R 4 ( Protosalanx
chinensis) ; RKZ= AL FA 4 B, 73 5 7 R EF IR
¥ i B ( Lophius litulon ) | /)N ¥ 4 1 EJ J& 6
( Platycephalus indicus) ; 2 Z= {3 Fh 3 Fh, 43 51 H
2 f11 ( Liza haematocheila) 7% & MR 5% o fl 5t 2 &5
PR (R 2) , WETILAMHAF; BRE =5, 7
FE M pE e HLA 3 > Z= 5 4y M il B, L

x2

FE A 7 0 S VR o A 2 L B (62 (IRT =
15 924) 3% % F 45 L # Al (IRI =1 240) , 5
A A ) ek R AR R Y b ] B 80% o It
Rp AR o o A R T AR AR )
1 95.8% \61.6% \76.7% F1 91.7% , 43 B % &
Ui PR 1 96.5% 81.6% .80.6% Fil 84.8% ,

THRELDEBHELAEHMARNENEL

Tab.2 Seasonal variation of dominant fish species

in the north of Liaodong Bay

Z=4 season i #Fp dominant Species W/ % N/ % F/ % IRI
# 2 spring F FEUR E fi. Chaeturichthys stigmatias 82.0 91.7 91.7 15 924
B B 42 MR 2 fa. Synechogobius ommaturus 13.8 4.8 66.7 1 240
3 7 summer /NG A Larimichthys polyactis 54.8 39.4 73.3 6910
K ARt Protosalanx chinensis 6.8 42.2 26.7 1 306
FkZ autumn ¥ RRUFp§ i Chaeturichthys stigmatias 15.3 43.1 91.7 5354
Wittt Lophius litulon 32.9 9.4 100.0 4 230
/NEE At Larimichthys polyactis 7.7 23.4 75.0 2 336
E[1 % i Platycephalus indicus 20.8 4.7 91.7 2 334
& Z% winter 2 ff Liza haematocheila 49.6 52.8 50.0 5117
¥ FEMFUR FE 5 Chaeturichthys stigmatias 22.1 23.9 66.7 3 065
BE 2 &2 MR j% £ Synechogobius ommaturus 20.0 8.1 100.0 2 810

GEL/ R RS L I ol e L T I
S5 2T e R T AL 3 i A A -
il EE 1 o 249 2 30% 5 B R B i AR

] A HF
E spring
%g v 2%
|73 summer
K2 o HF
B < autumn
e o 4%
3 winter

WIFhAER

species rank

(a)

& 2
(a) AEWiE; (b) FE

BB

RSO S S NSRRI DR eI U e o R L )
FIs 2] 90% LA L, Hofth 3 258 — fIp #4514 L 451
WAE40% LA 1 (18 2) o

100
3 80 r A FFE
g spring
£ 60F v EZF
S q summer
2 40 o HF
g a;xlu%nn
= [0l
E 201 winter
5]

1 10 100

WIFhAELR

species rank

(b)

TRELHEBHEXNBEHL

Fig.2 Dominance curves of fish species in the north of Liaodong Bay

(a) Biomass; (b) Abundance

2.3 BRETFESGRETE
RS e T R A DR S L ORI R
YRR T R, R AR, R (18,43

Z=HL A,

4.98) kg/h, FHEEKZR(2.19 £0.29) ke/h( &

3-a)o AR R, DU ZRE DU IR A 2 X0
s WK M AR TE B BK T o e — g LB, R A
FYTC W KA B 5 ¥ i B DU 2 A i B R
TE DU G YRR AR LBl (18 3 =) o J7 2200 Bk
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B, 2% 0l 07 10 4R 1 2 1Y 22 S . 3% (P < 0.01) ,LSD
KR W], 1 2 R R R 5 HAb 3 2w,
VAT i 1 K 23, 182 T o 122 K o e 46 o 349 77 A S 3%

I g F WT
16 1

BEkF ww - OB 8EM CT

average biomass
) S
‘ .

SRR/ (kg/h)
S

HF HZE ZE XF

spring summer autumn winter

(a)

(974522 5 (P <0.01) , LSD Ky i B 91, 45
25 R HRBAEH T 5 A 3 T 2 0, T4 L
PR R AR B E (P >0.05) .,

M i A WT - B kAl ww o O % Fr CT

100 » SN

% R = XF

spring summer autumn winter

(b)

EYEEG /%
biomass percentage
N
)
T

3 IXRBILNEHELTHEAREMENTTEL

(a) PH AR ; (b) 9 RETT 43 1

Fig.3 Seasonal changes of average fish biomass in the north of Liaodong Bay

(a) Average biomass; (b) Abundance percentage

H ¥ AR A= ) 2 (8] o3 A W] DL R 2 AR
(B3 A Y B AL AR 9 AR L AR T 10 R T, 2 O
i R AR A an o R R R f M BIE R O U T £ AE
ORI (] 4) o AR YR T 2)
A 7E 10 =20 S IRE LA, /N 3 i O 32 2 5T ik
5 T3 NG T M 7 S A A i A
AR O R AR A Bk A B 3 A

v R B B | A BT 8 ( Cynoglossus joyneri) Fl
o Bl A R v 0 A Y R TR A 5 A B e
P A BUAE XU T30 R T, 4R £ 2% 0 o
AR ) R TR o LR BT Al AL R KT i
AREE P AAEROR X, A R R E =T
R4 F T LR AR EROKIX & T MmN R
LR T RS

41°00" ] 41°00" B
e e <~ g -
N iff 'ﬁ'ﬁi’; o e o N L e e 5
fulud g & o .
N [ i R N e o ~
. = 5m o — y 5m P
4 10m 8 —d 10m
i) g- B e 2 o B
— - ¢ =
e y. v
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/ _
463 =0 423 ]
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40°0'0"|| ™ BE/KFi WW biomass| - = 40°0'0" m—{ KR WW biomas = LES
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121°0'0" 122°00" E 121°0'0" 122°00" E
41°00" P & ) 41°00"
N ﬂ_\f i i U R ”’L N r = ({: S p
e, a W S5 L e
- S5m & ~j L = = =
10m - ; Sm T A
! ; g_ gl. 3 P i 10m a—
L UL J
’," L5
20m s - 3
¥ 20m - a. g
a4 -1 Alis )
40°0'0" gz JEBEFY WT biomass > &= JRBEF WT biomass P\
I KE W biomas o B | 40700 mm KR WW biomass < e
AP CT biomass i autumu 0 Al CT biomass I winter
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Fig.4 Spatial distribution of fish biomass in four seasons in the north of Liaodong Bay
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2.4 BRBEEMPNFTEN

B R FAHAUE 23 B ( ANOSIM ) & W, £ 28 ¢
P& MAFE B E T 22 57 (R =0. 543, P <O0.
01) ,Z=7 Al PP Ll 25 7 W 3% (P <0.01)

FARAE 7T 73 b 23 A (SIMPER ) 75, V& |
S I I SR OIS B O (< IR 7 3 a7 B
86.21% .78.73% .78.96% #1 63.18% , H =5
R 2 RV 1) 2oy BORp 2 /N P R I R
R IR | B L B R AT MR R AR A D R
( Scomberomorus niphonius ) il B {#% ( Konosirus

punctatus) 7 T 205 x5 8] SF YA 5 1 o1 kR

9 72.89% ; K = 5 R IR B 43 R R /N £
F8 T 5 | 0 M e B R A L T D B P 2 R R
o B FE O 8 i 2 08 2 4 ] P
HSE M BTk E R 69. 02% 5 Fk 7 5 & FE () 32 E 4y
I R B R O M R £ P R R A | i Ml L ED TR
fifi . M M4 F1 MR P = B8 AR PR fa ( Prerogobius
zacalles) ,6 Fift 8.2 Xf 2= 717 [] °F S 40 5 M DTk R
TU66% (4 % 15 45 % ) % 4y B F J T %
o B AL G B 0 B 6 1 0 AR G
Tl 5 Fh 28 %) 2 Y E) P 2R R v DTk RO
83.54% (£3).

£33 IRELBEHEBETHELXBFEEFMEZRIBMERBHE

Tab.3 Discriminating species of fish community between seasons and their

contribution percentage in the north of Liaodong Bay

P AR % ‘ %i@i#@i(kg/h) ﬁ}ﬂiﬂﬁﬁ’ﬁ%/%
S, 2 species average biomass contribution
season average dissimilarity | I percentage

T EW)) 86.21 JNEth Larimichthys polyactis / 10.10 4. 61 23.89

spring & summer F RRUF Pt Chaeturichthys stigmatias 3.43£0.95 0.55 £0.17 13.06
B [T 85 Cynoglossus joyneri 0.01 +0.01 1.12 +0.38 9.83

E[JJE fii§y Platycephalus indicus / 1.02 £0.41 7.8

LR WR R £t Synechogobius ommaturus 0.58 +0.26 0.62 +0.42 6.76

W i T Scomberomorus niphonius / 0.86 +0.53 6.12

B Konosirus punctatus / 0.63 +0.31 5.42

HEI&KZED 78.73 JN#E A Larimichthys polyactis 10.10 +4.61 0.17 +0.09 21.92
summer & autumn FE GG Cynoglossus joyneri 1.12 £0.38 0.05 £0.02 8.81
Pt Lophius litulon 0.00 0.72 +0.19 8.6

E[EE 6§ Platycephalus indicus 1.02 £0.41 0.45 £0.09 7.59

W 5 L Scomberomorus niphonius 0.86 +0.53 / 6.19

X MR Chaeturichthys stigmatias 0.55 +0.17 0.33 +£0.10 5.37

8% Konosirus punctatus 0.63 +0.31 0.01 +£0.003 5.37

B K IR pg . Synechogobius ommaturus 0.62 £0.42 0.11 £0.04 5.17

& &2 78.96 Tt B 5 MR jg th. Synechogobius ommaturus 0.11 £0.04 1.21 +0.31 15.55

autumn & winter F IR SE 6 Chaeturichthys stigmatias 0.33+0.10 1.34 £0.46 14.68
HelleifE Lophius litulon 0.72 +0.19 0.09 +0.09 14

E[)J# iy Platycephalus indicus 0.45 +0.09 / 11.56

# M. Liza haematocheila 3.00 £2.91 9.51

TN B BEUR S 4 Pterogobius zacatles 0.002 +0.002 0.25 £0.11 6.36

K FE[&HZE] 63.18 ¥ FEUF A Chaeturichthys stigmatias 1.34 £0.46 3.43+0.95 31.24

winter&spring LR MR R i1 Synechogobius ommaturus 1.21 £0.31 0.58 £0.26 23.16

M4 Liza haematocheila 3.00 £2.91 13.71

RN B BE IR R 1 Pterogobius zacalles 0.25+0.11 0.02 +0.01 9.64

H [T 85 Cynoglossus joyneri 0.07 £0.04 0.01 £0.01 5.79

T /R PR OR B

Notes: / denotes the fish species was absent
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2.5 ZHMEMEFETEL

SRR, FEIER D SRR H Y
SIEARR T VKT e, R R D F A
YeEfe g H' B — 80, B Rk > B >
K> HF, ML) ERBERNNIKTE > 5 >
HF>EF(RA) . ITEDWERY,D H' M I
HENHFAAEREEZF (P <0.01), I

LSD #i ek, bR X 54 T4, FEIEHE D
TE G At 2 755 P P ) A AR AR R R (P <
0.01) ; ZHEMESRE H' R EF HIF LB H 25
(P>0.05) HFFHLFLERLRHE (P <0.05)5,
At 2= P 4 ) 2 2 S A S (P < 0.01) 5392
JERRB JTEK TSR K AT REFWMEH (P <
0.01) , kFHHFRFEE(P<0.05),

R4 BEREESHUEBHNTIER

Tab.4 Seasonal changes of fish community in diversity in the north of Liaodong Bay

T 5 8% D

Z=5 season Margalef species richness index

Shannon - Winner diversity index

SRR H YR

Pielou evenness index

J{H average 5 [l range J{H average 5 [l range J{H average 3 [l range
42 spring 0.40 0~0.93 0.39 0~0.82 0.47 0.23 ~0.94
X 75 summer 1.17 0.41 ~1.64 1.20 0.51 ~1.90 0.54 0.22~0.83
k2% autumn 1.69 1.12 ~2.41 1.45 0.87 ~1.78 0.75 0.65~0.89
£ Z% winter 0.98 0.27 ~0.99 0.75 0.11 ~1.34 0.43 0.10 ~0.76

2.6 BEBRELMENRERTHEXE

LR P AL R PR S I 1 K TR IR JZ 3
JEE 1 A2 A AN K iR JE KR AE 4 AR g
B, E 2 KK, AT Kl

BAR(ERS) o MRV 2540 5 3R B A 1 A A 5 0y
®5

Bz R4 il ol £ 26 A 0 A, HLAth A2 0 2
ol &M Iz 3l b 00 288 A IR K R R S AR
D H' J'#5R)ZKR 2 IEMSE (P <0.01) i
5 HAR PR 5 5 i 2 R (P > 0. .05) K IR
(P>0.05) R ZFMRK(FKO6)

TRZLBBBHFREEREF

Tab.5 Environmental factors in the north of Liaodong Bay

JiEJ2 7K/ C bottom temperature

JIE )2 8 ) /%o bottom salinity

7KK/ m depth

Z=5 season

J0 [ range {4 average 70 [ range {4 average 70 [# range 1414 average
# Z= spring 5.93 ~10.87 8.32 27.42 ~32.09 30.41 3.8 ~21.0 10.28
H % summer 24.46 ~28.19 26.03 16.21 ~32.48 28.47 4.2 ~21.0 10.85
FkZ= autumn 14.47 ~19.94 17.28 26.25 ~31.87 30.35 5.2 ~20.50 11.45
£ 2% winter 5.43 ~9.82 6.80 26.96 ~32.10 30.19 4.0~21.0 10.22
6 BRBELMETREERFHHEXRH
Tab.6 Correlation coefficient between fish community and environmental factors

P %2 i K2R K

correlation coefficient bottom temperature bottom salinity depth
Fh 25 % fish species number 0.661** -0.264 -0.056
B2 YL b A= ) & biomass of WT 0.323* -0.111 0.097
1B 7K Fh A= ¥y i biomass of WW 0.456" 0.170 0.221
¥ {5 A 4 biomass of CT 0.120 0.100 0.068
F= 5 ¥ 8 % D Margalef species richness index 0.591* -0.215 -0.075
ZFEPEE % H' Shannon-Wiener diversity index 0.558% 0.009 -0.002
5] B35 %5 J' Pielou evenness index 0.316° 0.067 -0.065

. F R P<0.01;F FK P<0.05
Notes: * * denotes P <0.01; * denotes P <0. 05
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BVSTEP 73 #r & W], f0 IS HE 7 4 #1295 7%
A5 TR T2 7Kl AR B B 25 45 T 19 A 5G4 de 4
(r=0.433), 5 K 2 K it 09 H X K Z
(r=0.387) I, JiK )2 K I 5 10 28 R v 25 4 2
R RN L )

3 e

AR YT A LA AR 2K 39 Bl LA it A AT Iz 7K
s 22 v A B b, R R BV K, e T %K
A 2 X AR BLAT B R I X R R K
B U ZE S AL B, 5 KR A B A 3 Y T A
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The fish community structure and diversity in the north of Liaodong Bay

LIU Xiuze, LI Yulong, WANG Wenbo, DUAN Yan, CHAI Yu, DONG lJing

(Liaoning Ocean and Fishery Science Research Institute ,Liaoning Key Laboratory

of Marine Biological Resources and Ecology ,Dalian 116023, China)

Abstract; Based on bottom trawl data from August 2006 to October 2007, seasonal variations in the fish
community structure and diversity in the north of Liaodong Bay were analyzed using the index of relative
importance ( IRI) , species diversity indices, and multivariate methods. A total of 39 species were collected,
belonging to 8 orders,23 families, and 35 genera. Most of them were warm-temperature species and warm-
water species. There were obvious succession of dominant species in four seasons, the seasonal dominant
species whose IRI value = 1000 were Chaeturichthys stigmatias, Synechogobius ommaturu, Larimichthys
polyactis , Liza haematocheila, Platycephalus indicus, Protosalanx chinensis, Lophius litulon, and without
symbiotic species in four seasons. Compared with the data in 1998, the dominant species have largely
changed. The Margalef species richness index( D) ranged from 0.40 to 1.69,the Shannon-Winner diversity
index( H') ranged from 0.39 to 1.45,the Pielou evenness index(J’) ranged from 0.43 to 0.75,and all of
three diversity indexes changed significantly among seasons( ANOVA). ANOSIM analysis also indicated that
fish species composition varied significantly among seasons. The SIMPER analysis revealed that Larimichthys
polyactis , Chaeturichthys stigmatias, Synechogobius ommaturus, Konosirus punctatus, Lophius litulon, Liza
haematocheila , Platycephalus indicus , Scomberomorus niphonius, Pterogobius zacalles, Cynoglossus joyneri
were primary discriminating species in the fish community among seasons. Based on the correlation between
fish community structure and environmental factors using correlation analysis and BVSTEP, it is indicated
that water temperature was primary environmental factor which led to seasonal changes of fish community in
the north of Liaodong Bay. The study can provide a scientific basis for protecting ecological environment,
fishery resources conservation and sustainable exploitation.
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