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1.1 #HERIR

R VE T 1991 £ 1 H F12004~2006 4 1 A
AL EE (31°00'~32°30'N, 123°00'~128°00'E) Jik ¥
A e N R A 4 R, I B A AL, B
R 16 A~. 1991 A MR W7 AL, MF R TN
1 176 kw, &3l 4 F B 6] 24 1 h, SF3HETE A 3.5 kn,
MO 4.5 m, 5 E 8 19.8m, M OH 24 25 mm.
2004~2006 F 1 7 & M D Z4 183.25 kW, F 3l
o P (] 28 1 h, 6 P9I 2R 3 kn, B9 FE 4.5 m,
FEER 96 m, W H b 25 mm. B uGiHERE S H SR
Fh2B X B P, ik S PR EEF R N T
B P BT B8 108 A1 R 15 5 i T A [ o) A )
AMEEEFT P R R SR ZE, DL 2004~2006 F i £
{187 T ¢ 31 9 T RR A b, 6T 1991 4 (14 1 A 040 adF
TTRRUEAL s bR b B = W & 5 X (1991 4E N
YR M AR /2004 ~ 2006 E M A AR )
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R AT g S B EILIS B AR L A SR SR
W SE PRI, BFFTH LA 2004 ~ 2006 4E 3 4E i £
TR E R TR B A R R IR S 1991 4R & %
BHEAT XS EE AT
1.2 [FETheeRERIRI 5>

[A Dh e R (Functional group) R 457 ARG H
B AR AR AR S FF o 4 AR B L A S 1 A
TG, BRI R 4 =R i —F e fk
BERRAE T ok o7 2 AR R S
PRI ARG S e E R SR E R E Y — K&
i, BB S M doE S R AR e AL b P
IAE 2 i e A A OC 2R 1 B B TR 385 AR I 35 30
RE 77t & AP T4 455 S5 0 DR 3R i 2 MR e

TG BBE 7 59 M Fh ik B R A RE 059, B SR TR
DX IR SR AU B R 59, 6T DR ER L
WU 8 b, ASHTFUARYE B 8 b 1 SOk e Rt
RISz BG W EE B, (R B 4 Gk R B TR K
PE B TR B e RIS Fe by O, I e AR Mk
T ZN UK B ) Bt IR G A B RE D 59 B
et DL TR IR BE 1 99 e A 1Y M ARl
T F W I B 2 BT B R Rk 8 BRI Bh g b
F, 50 5 i sh i e R ) (FGL) V23 / R3]
YR (FG2) VR sh ¥ B R A (FG3) i
WG /Y ik shr e tERr i (FG4) 24 B PR BT (FGS) .
5 Bl A D) 5 B K s ) & R (FGe) i
K (FG7) R 3l 6E 77 59 10 5 Ik 3 49 £ 4o ]
(FG8) . HHEMBMFEAMME 1 PR,

R1 FELTEEFEZRIEMEANEIEEN

Tab.1 Functional groups and major species in the north of the East China Sea

[FTh8e7 Bl Functional group

FEFRZE Major species

Fgshi et At Bl (FG1)

Planktivores

Rl /RN e AT A (FG2)

Planktivores /Benthivores

% 8 A

RS YRR E (FG3)

Benthivores

JEA /K s R AT B (FG4)

Benthivores/ Piscivores

R (FGS)

Omnivores

&7 M

TEBNRE TSR S Y e AR ] (FG6)

Mobile piscivores

WM A (FGT)

Elasmobranch

TEBNRE ISR S Y e AR ] (FG8)

Roving piscivores

0%, R, S, DR AT &, F e
T AREE 5 16 7

ZRUE ST R, K AG B, REEAE E

SR, N2 PR AR R £, AT ITER, B
IR, SRIE G, RIBL RIS 16 Ff

Flft, B R i, 2R 0E T 8, R A
%, R FER, SR 55 11 AP

NE A, K, 6, R ORIR 6

T, Sk, MBI, K A,
TEPLUEHE, W68 25 15 A

DESE, FRA00L, FLEE, BT R B4 9 7

RGN, T B O BRI AE 8 A

Engraulis japonicus, Coilia mystus,
Setipinna taty, Benthosema pterotum,
Sardinella zunasi, Pampus argenteus

Thamnaconus septentrionalis ,
collichthys lucidus, Collichthys
niveatus

Pleuronichthys cornutus, haeturichthys
hexanema, Dysomma anguillaris,
Lepidotrigla alata, Chelidonichthys
spinosus, Lepidotrigla abyssalis
Argyrosomus argentatus , Johnius
grypotus, Areliscus semilaevis,
Astroconger myriaster, Hapalogenys
nitens , Nibea albiflora
Pseudosciaena polyactis,
Pseudosciaena crocea, Champsodon
capensis, Priacanthus macracanthus
Trichiurus japonicus, Harpadon
nehereus, Liparis tanakai, Saurida
filamentosa, Saurida undosquamis,
Muraenesox cinereus
Raja kenojei, Dasyatis akajei, Raja
porosa Giither, Mustelus manazo
Lophiomus setigerus , Lophius litulon,
Halieutaea stellata

1.3 ¥Fh SR E e E &

(1) & FEA P ZFEEIRECRA LT A&
0[R2

Margalef F & 4540 (R): R=(S-1)/In N

Shannon-Weiner ZFE$850 (H") -

(5
H'=-Y 2i]n| 21
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Pielou 35488 (J): J'=H/In S

o S R E RS IR SREL N R i g
2R EE, w iZIEALE i R R R, R
AR B Y .

(2) FThiefhiA ZHE%

FI H Shannon-Weiner i £% (1) 2> X1 5 B V% 1)
R ThRE R 2 AE b, Horb w, (EACEE SR i [RIZh e Fh ]
OIEEE7/E =g

(3) WFh Z R R R SRR A Z AR MR R R

A ShREFh [ 2 FE1E S BEVE 1 Th e A As e M
YIFHS%, & 5 2 FEE B 95 2 1) 8 R I AE R & i

5 PR 24 (Shannon-Weiner 354k ) #1[F 1
Reth 2 FEME IR BOMAT L&, DL T 2 4
PERIREI T REFN ] 2 RE 0 2 (M A R &R, BT LG 7 2
Iy A B TTRR BT R AT R OT AR, &G
F S5 R AR pho R4 R AT V) 10,
1.4 BEBEHRTUDH

A A R b R R B R S R 2 B — 4
B PETE bR, I H UG48 bR gt AT B ¥ 45 00 AR AL 5T
FAAE— € BN A2, BTG I BB 3 vh B AR ) e 1)
AR Y Ay B TR R 22 00 4 BT R 5 VR 45
fa 2 5, N AR AME 73 S % (One-way analysis of
similarity, ANOSIM) XJ A~ [7] Iy B[R] # % &5 1) 72 5+
HEAT BB MR R, 5 WU R A PR AR S i
AUEE, A2 B0 53 A7 5 SR R B AT — R T AR A ks
AT 93 L AHARLE 23 A (Similarity of percentage
analysis, SIMPER) [X 4} | P I B V& 25 74 40 1l
ZEF I EEMEE Dy REA I " L BRI
THiE 2RI SPSS14.0 Al Primer 5.0 K {F1EAT -

2 ERESH

2.1 BEESHMREHNTH

1991 £ F1 2004~2006 4F-HF 57 ¥ 33 0 S8 BE 3% i
EFPE B K 83 AN 61 F. Zut - JLAE B A
8], ¥ Fh &= & BEA Shannon-Weiner $8 %1 1) 3{E &4
ANFEFERERAR (3R 2), i =F & RN g
BOR, BB H 1991 209 4.78 FEFIILH B Y 1.59;
Shannon-Weiner $& $% 7% 14 & 5 52 /N, ¥ {E B 1991
F1.74 BRE H AT 1.71; BRI WS KR
BN, BWHEREEFEERE R%) 278 1991
A B 2 M E A AR AR ENER
(t = 8.44, P<0.001) ; Shannon-Weiner 4§ % 1 47 Fh

BIS B RER AR BEMAKE (208 =0.203,
P>0.05 1 £=0.088, P>0.05) .

PIET B[R] Zh e ] 2 AR PRI AR AN K, 1991 4R
FHHLES B 1 IR Thie 2 FEPE 3R89 1.09 A1 1.03.
WL ER BEERE X)), WIB IR
REZ PRI Z RIS AR B Z M KF (1=0.661,
P>0.05) . REFIhae 2 EEM AR A RERZED
A5 Ak, B 5 I SO AR [ 1 2 i i 5 o T DS 38 BT
VIR R R (B 1) . 51991 SEM L, Bv g
PR BT SRR RO A B AR AN, IR B AR L
IR 35 A 2 2RI T T B ) B PRI AT B4
R P B R B B 22 KR & R Eed 4]
P& B B

R2 FiELMEEFESHEEHTL
Tab.2 Variation in biodiversity of fish community
in the north of the East China Sea

X+SD
LREPEIE R B B Period
Diversity index 1991 2004-2006
= e ek
Y ERIEN 478+ 1.41 1.5940.42
Species richness index
Shannon-Weiner 5%
+ +

Shannon-Weiner index 1.74£0.50 171031
%ﬂlﬁj’:}}g 0.60%0.11 0.5940.97
Species evenness
E T 2k oy
FIRERRIA 2 R 1.09+0.32 1.03+0.21

Functional diversity

50
5 45 [ 1991
g 40} W 2004-2006
Zast
° 30t
—
2251
E 20
S 20k
; 1.5}
& o1of
= 05)

0

FGI FG2 FG3 FG4 FG5 FG6 FG7 FG8
=) 177 %EP% Ml Functional group

1 1991 1 2004~2006 4F [7] 2 e Ft FF 123 & 4 4
304
(& FIIREERE S XL D
Fig.1 Variation of average numbers of species within
functional groups in 1990 and 2004-2006

(The meaning of each functional group is in Tab.1)
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2.2 PSR E R E S FEZ BRX R

4y W6 1991 £ Il 2004 ~ 2006 4 2% i b #5
KRR P 2 AR R Dh BB 4] 2 4 ok
AT B E 5387, R B4 0718 0 07 18 Fl 5 500 12
W B RKRAMITHAER G, S5 RER 191 £ H
£ 5 18 0 1% B 22 FE 1 R R T e P D 2 A
PR LS 2 R B A (R*=0.672, F=28.724, df=14,
L 4 0.547, P<0.001); 2004 ~ 2006 < [A] #£ 2
HLL TR W KR ML AR R AL (R=0.776,
F=48.607, df=14, #1Z % 0.627, P<0.001) . 5 1991
FARLE, B B 2R R DhReFh ] 24 105
Z R IR R A BT E, B 1991 £ 0.547 4255 5
2004 ~ 2006 FH7 0.627.
23 BEEMRARTK

KA S T 5 (ANOSIM) % P I B 8]

FEVR 450 22 ST BE R, 45 B BoR P B |
MRS 2 2= S dk BB 2 K (P <0.001) . 5
1991 FFEAR LG, LR B i I R R MR E T B
FHEAL,

FIH] SIMPER [X 4y P9 B B [B) B v 4 R 1 3= 22
Z SRS, R BN, BB B A ARG LR A FE
KBEVR T 4 5 M (Average dissimilarity) A
80.8 % , Xt Jli P I B BE VR 2 A 22 S 1 PR 2B LR 3.
H XA PR B E R R AR, fER 3
[F) I 1) S 3K 1 b 28 £ P I B A 400 B o R i R 1
Bt ™, 51991 SEAH L, B B izl & =M
KT R, A Sk N T L B T AR A
i R RAT AP  AEY E E o LB R N,
IR BB AR AL ST AR R E o LA RN
s,

3 1990 ££702004~2006 F AR R AR YMESER EEMEF S TN

Tab.3 Variation of discriminating species composition (percentage) and biomass during 1990 and 20042006
%

AR E EEE
74 Species Percent contribution of average Percentage of biomass in total catch™”
dissimilarity 1991 2004~2006

Wtk Trichiurus japonicus 8.23 13.6 22.06
T 348 Harpadon nehereus 7.00 6.08 20.68
/SR8 Larimichthys polyactis 6.19 9.85 21.55
4] Setipinna taty 4.65 0.67 8.59
K88 Pampus cinereus 3.93 3.76 0
LT Liparis tanakai 3.44 4.14 0.30
R i fiff Lophius litulon 3.22 3.08 1.13
M & K2 Apogon lineatus 3.14 0.02 3.64
xR4T Dasyatis akajei 2.86 3.45 0
L2 R4 Benthosema pterotum 2.39 0 1.62
Bl Argyrosomus argentatus 2.33 2.24 1.37
2HEtgEE - Collichthys niveatus 2.31 0.95 0
#% Engraulis japonicus 2.21 0.21 0.46
£ttt Chelidonichthys spinosus 2.18 0.16 1.55

24 EFEENEEFEAARTH

2 i ANOSIM 43 #fr R B, 283 -+ JLAF A I [,
R AL MR REE R D Re M A AR £ T
Y2 A8k (P<0.001) . SIMPER 43 #7 % B, P I B
(S 2 A0 S o 37.25 %, BCE B SS RIVE I / M
BB PR b A P B B (R e 2 e A (3R
4). 51991 FE LG, I BOZ I A 2R

HH T Bl 66 7 58 1K sl ) B MR i s A A
[ 64 4= 1 BT o S v EL 49 B B3 A, Hoh TR sh
W) AR I 38 Nt P OC 2 (i 8.84 %64
F)23.38% ) 2B PRI AR R A A LA
s Bk A, R &M BRI EDE R
5y LA E ANFIREE > () 2) .
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F 4 1990 FF0 2004~2006 5 7 B B (8] R T g # F )9 4B St

Tab.4 Discriminating functional groups during 1990 and 2004-2006

%

S . FH R AT E 7 E /%
712 RE# 1] Functional group Average dissimilarity Percent contribution of dissimilarity
BEEIM A FGT) 6.76 18.13
VR R e AT (FG2) 6.14 16.48
Al Be ISR KRk Eh e e ] (FGe6) 5.09 13.66
TFVKRE 1 39 IR S e AT ] (FGS) 4.67 12.53
B et E (FGD 4.30 11.53
JRAN /s et AT A (FG4) 3.73 10.01
FREMER B (FGS) 3.32 8.91

i &R ThREAT & L 1.
Note: The meaning of each functional group listed in Tab.1.

50 [ 199
45+
o 40} Il 20042006
£ 351
2 30
g 25t
_Auj 20
= 15F
- 10f
5 -
0
FGl FG2 FG3 FG4 FG5 FG6 FG7 FGS8
[%) %P M Functional group
2 1990 FFEF1 2004~2006 F 4 Z= R UG AL KR [F T

REAE I £ B AR
I BRI E L& 1.
Fig.2 Variations of proportion of different functional groups
(by biomass) in north of the East China Sea in winter
(January) , 1991 and 2004-2006

Note: The meaning of each functional group listed in Tab.1.

3 itig
3.1 BEESTREERE

AR B e FP B LA gy, 2 AT
B PR 2 —, il T JLER I, 2
IR A2 0 SR U 1 W) P 22 R TR [R] 2 e ] 22 4
P B AR R A B 2 AR, (B )k 22 A R [R] D e
Foft 22 R4 G R Rt 2 BT s (R IN 22 5007 2h
REFT A1 PT & A H H W R b, s ik 2 e 1
Ko 1% R D R P 2] 2 AR PRI R B R =
P U8 A TUAR MR AR . ZE AT AN R
FIA G FH0T R A0 0 SR o i s p
— B RIRE I, /NI R A 2 A R R AT RE
3.2 YFhEAREHHNERED

TIMZ TG R BoR, 2ad -+ JLE R A,

M X SRR AR R E T B
T &R Tl 5 T IR R BUR R AR, €
1152 20T P05 1 S 75 ZORF & A2 BEARATT R =F S 38
INEs /D 75 T B DA 5 STk DX ) 8 25 3 o o ]
KA A", LREE SR AR

55 1991 SEHALL, 52 itk (0 SR VR Fh S 2
AR A b T s B RE s B ks B vt
AR s e PR Rl E e, RT3l e
JIBR VK S R Y SRR R Sk R I B S
g e B BT, 7E S TR DL R R ORI In B[R]
FLP R S 35 B & MR ST BB XTI
PR B S il 25 55 T I8 F A 52 PR, e A ]
& T [RIRf T AR i 52 1R 55 M 2R 0 AR A7 2 s LR
HLIN BO i 50y e ERRSRBT 1) AR A0 LB AR A S
o CRRAT B B S5 W A B SR L
RIESE R, HJ R —J5 AT Re e th T eEn R,
X T 17 S T DS SR A U R Sy — s T Al
RE2 5 B TR B D W B I I I Es A%

P IR B T6) 53— A S R A B b S0 /) o L
MR TR TEER, BRIV R R
SN, B A% R MRk T A S A R DL Rz T B
d R SRI AR R A LR R B, &
Bz R AE R R T A, N SRR o L A3
T, i ()b A A FCAB RSB A e

BRULZ Sh, SBE SEAN R 6T BT A7 A2 90 8 i 4y Et)
BT LU AT e e p R R A AR T R
SRS PEL
3.3 FThEETHAEMEMHELER

Bellwood %5 Fl Floete 55 "> 1Ay, ZEF Th REFH
V7K b B 2 R R A T B 5T S A R T 2R 2R
EAMRT SRR A HR R . BT R RER
PN FS A2 [ A 2 A FATHCL, ok ] P9 b 2 T ARRE
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B EARITT 1 KR AR B

MEEAR EF, b JLF R A HE 30 T30, i
VKEhP R K /RS B B R R
AL ven B LA 7 ELA A BT T LA R gl D
F [R) N D0 4 3 o i sl 1) P B SR A e s )
8 ARZ BN IR BN, ot i 20558 8] 3% A e vk
AR, MITBUE EATRREARAS Lk, Hopb i 4
WE T R IR R AN BARTD S SR
SR T T O SRR A, FRE I B AN FERE I 5, %
BT E MK BE 759, Skt H Py 2R LS
DA TEBIRE SR syt Ve 2, DRI B
ST YU F I RE D B2, TR AT A 2% B B R
WAAAELE NG RS Rk 2K Tr TS 5
RE S5, Ty —J7 I e A3 B B A £ 0 2 P 85
S TR A VR Ml R R 7™ B, B0 B R A
N, 3 R A TS BhRE D SR AV B ) &
PERTE iy s B Rt [, i 38 A i A STAT R A5 R
FRE B 5 A A7 SRS R 5 5E 058, N2 55+ F i),
A e AR R B A0 7 o) EeAs LU & R TN

gr B PTIR, A3 T 20 a2 90 FEARHIH, KR
b 3 £ S AR R ) W AT () 2 RE ol [ 45 # 2EL R L
BT RERMN, EEITCRNELE DR LR
FEECH M I 1 P2, B0 A R AR IR A L
NI e Sk B D ROM R B, B RAR SRR KR
P DRk, T P A O3 B 23 A T AR i
S AL SE , 47 6] e A B RS2 PR BT B R ALK
FRIRF 2, L BT 2% R i SR B D
) AN FRE BT R R, NIRRT ESRE A
18, B 97 R BB L R R AR
NZEPriie E B AR 5T
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Variation in fish community structure and biodiversity in the north of the East
China Sea between two periods

JIANG Ya-zhou"*?, CHENG Jia-hua’, LI Sheng-fa’

(1. Institute of Oceanology, Chinese Academy of Sciences: Qingdao 266071, China; 2. Key and Open Laboratory of Marine and
Estuary Fisheries. Ministry of Agriculture of China, East China Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Shanghai 200090, China; 3. Graduate School of Chinese Academy of Sciences, Beijing 100038, China)

Abstract: The coastal zone of northern East China Sea was the spawning and feeding grounds for many fish
species, and was one of the most important fishing regions in China. But with increasely intensified fishing
activities and seawater quality deteriorating, the fish community structure changed consequentially during the last
half century. Based on the data collected from bottom trawl surveys conducted in January of 1991 and 2004-2006,
the temporal changes of fish community structure in the north of the East China Sea in winter were analyzed.
The changes were described at two taxonomic levels: one was at species level and the other was at functional
group level. A total of eight functional groups were identified within this system, which were based upon trophic
levels and adult mobility. They are planktivores, planktivores/benthivores, benthivores, benthivores/piscivores,
omnivores, mobile piscivores, elasmobranch and roving piscivores, respectively. The results indicated that
there was a significant and positive relationship between species and functional diversity. Species and functional
diversity underwent little significant changes through more than ten years, while the slope of the linear model
explaining the relationship between species and functional diversity became steeper from 0.547 to 0.627 and the
average number of species within most functional group became smaller except planktivores and benthivores. All
these indicated that the level of redundancy of the fish assemble in the north of the East China Sea was lower than
before. Multivariate analyses indicated that there were significant changes in both species and functional group
composition for the fish assemblage between the two periods of 1991 and 2004-2006. The chief discriminating
species were Trichiurus japonicus, Harpadon nehereus, Pseudosciaena polyactis, Setipinna taty and Pampus
cinereus, while elasmobranch and planktivores/ benthivores were the main discriminating functional groups.
The percentage of the total catch for planktivores/ benthivores, benthivores, benthivores/piscivores, omnivores,
elasmobranch and roving piscivores decreased significantly in 2004-2006 compared to that in 1991, while the
percentage of the total catch for the two other functional groups obviously increased. In summary, the fish
community in the north of the East China Sea underwent structural and functional changes during the last decade.
To protect the fishery resources effectively in the area, some measures must be taken as follows: releasing the
fishing pressure and reducing environment pollution caused by human activities. [Journal of Fishery Sciences of
China, 2008, 15 (3) : 453-459]

Key words: fish community; functional group; biodiversity; multivariate analyses

Corresponding author: CHENG Jia-hua. E-mail: ziyuan@sh163.com

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn



mailto:ziyuan@sh163.com
http://www.fineprint.com.cn

