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2004 2006 3
1991

1.2
Functional group

7-8

 9 10

5 11 14

9

15

8
FG1 /

FG2 FG3
/ FG4 FG5

FG6
FG7

FG8 1

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

  Functional group   Major species

FG1
 Planktivores  16

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

/ FG2
 Planktivores /Benthivores

 
8

Thamnaconus septentrionalis
collichthys lucidus Collichthys 
niveatus 

 FG3
Benthivores 16

Pleuronichthys cornutus  haeturichthys 
hexanema Dysomma anguillaris
Lepidotrigla alata  Chelidonichthys 
spinosus Lepidotrigla abyssalis

/  FG4
Benthivores/ Piscivores  11

 Argyrosomus argentatus Johnius 
grypotus Areliscus semilaevis
 Astroconger myriaster Hapalogenys 
nitens

 FG5
Omnivores

 
7

Pseudosciaena polyactis
Pseudosciaena crocea Champsodon 
capensis  Priacanthus macracanthus

 FG6
Mobile piscivores  15

Trichiurus japonicus Harpadon 
nehereus Liparis tanakai Saurida 
filamentosa  Saurida undosquamis  
Muraenesox cinereus

 FG7
Elasmobranch   9

Raja kenojei  Dasyatis akajei  Raja 
porosa Güther  Mustelus manazo

 FG8
Roving piscivores       8

Lophiomus setigerus Lophius litulon
Halieutaea stellata

1.3
1

3 16

Margalef R R= S 1 /ln N

Shannon-Weiner H'

ln
W
w

H
S

i

i'
1 W

wi
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Pielou J' J' = H'/ln S
S N
wi i W

2
Shannon-Weiner

wi i
10

3

17

Shannon-Weiner

R2 10

1.4
    

18

One-way analysis of 
similarity ANOSIM

Similarity of percentage 
analysis SIMPER

19

SPSS14.0 Primer 5.0

 2

2.1
1991 2004~2006

83 61
Shannon-Weiner

2
1991 4.78 1.59

Shannon-Weiner 1991
1.74 1.71

t 1991

t 8.44 P<0.001 Shannon-Weiner

t=0.203
P>0.05 t=0.088 P>0.05
   1991

1.09 1.03
t

t=0.661
P>0.05

1 1991

2
Tab. 2 Variation in biodiversity of sh community 

in the north of the East China Sea
 X SD

Diversity index
 Period

1991 2004 2006

Species richness index
4.78 1.41 1.59 0.42

Shannon-Weiner
Shannon-Weiner index 

1.74 0.50 1.71 0.31

Species evenness
0.60 0.11 0.59 0.97

Functional diversity
1.09 0.32 1.03 0.21

1  1991 2004~2006

1

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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3 1990 2004~2006
Tab. 3 Variation of discriminating species composition percentage  and biomass during 1990 and 2004 2006

 %

 Species Percent contribution of average  
dissimilarity

19

Percentage of biomass in total catch 19

1991 2004~2006
 Trichiurus japonicus 8.23 13.6 22.06

 Harpadon nehereus 7.00 6.08 20.68
  Larimichthys polyactis 6.19 9.85 21.55

 Setipinna taty 4.65 0.67 8.59
 Pampus cinereus 3.93 3.76 0

Liparis tanakai 3.44 4.14 0.30
   Lophius litulon 3.22 3.08 1.13

  Apogon lineatus 3.14 0.02 3.64
   Dasyatis akajei 2.86 3.45 0

  Benthosema pterotum 2.39 0 1.62
  Argyrosomus argentatus 2.33 2.24 1.37

  Collichthys niveatus 2.31 0.95 0
  Engraulis japonicus 2.21 0.21 0.46

  Chelidonichthys spinosus 2.18 0.16 1.55

2.2
1991 2004 2006

 1991

R2=0.672 F=28.724 df=14
0.547 P<0.001 2004 2006

R2=0.776
F=48.607 df=14 0.627 P<0.001 1991

1991 0.547
2004 2006 0.627
2.3

ANOSIM

P <0.001
1991

SIMPER

Average dissimilarity
80.8 3

3

19 1991

     

2.4
ANOSIM

P<0.001 SIMPER
37.25 /

4 1991

8.84
23.38

2
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 4 1990 2004~2006
  Tab.4 Discriminating functional groups during 1990 and 2004 2006 %

Functional group
Average dissimilarity

/%
Percent contribution of dissimilarity

FG7 6.76 18.13
/ FG2 6.14 16.48

FG6 5.09 13.66
FG8 4.67 12.53

FG1 4.30 11.53
/ FG4 3.73 10.01

FG5 3.32   8.91
1.

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

 2  1990 2004~2006

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  

3.1

10 20

3.2
3

 
1991

     

3.3
Bellwood Floete 20 21

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


458 15     

22 4
2

/

20 90

23-24

1  Lie H J Cho C H. Recent advances in understanding the 

circulation and hydrography of the East China Sea J . Fish 

Oceanogr 2002 11 6 318 328.

2  Lin C Xu B Huang S. Long-term variations in the oceanic 

environment of the East China Sea and their influence on 

fisheries resources. In Beamish R J. Climate change and 

northern sh populations C . Can Spec Publ Fish Aquat Sci

1995 121 307 315.

3  . 

J . 2006 21 5 775 781.

4  . 

J . 2007 14 4 637 643.

5  . M . 

2006 256 385.

6  . 

J . 2004 28 1 29 34. 

7  Munoz A A Ojeda F P. Guild structure of carnivorous intertidal 

shes of the Chilean coast implications of ontogenetic dietary 

shifts J . Oecologia 1998 114 563 573.

8  Garrison L P. Spatial and dietary overlap in the Georges Bank 

groudfish community J .Can J Fish Aquat Sci 2000 57

1 679 1 691.

9  Bellwood D R Hughes T P Folke C et al. Confronting the 

coral reef crisis J . Nature 2004 429 827 833.

10  Micheli F Halpern B S. Low functional redundancy in coastal 

marine assemblages J . Ecol Lett 2005 8 391 400.

11  . J .

1992 23 2 182 192 .

12  . 

J . 2004 22 4 393 404.

13  . 

J .

C 2005 35 2 123 130.

14  . J . 2003

27 4 307 314.

15  Macpherson E Gordoa A. Biomass spectra in benthic fish 

assemblages in the Benguela System J . Mar Ecol Prog Ser

1996 138 27 32.

16  Gislason H Rice J. Modelling the response of size and diversity 

spectra of sh assemblages to changes in exploitation J . ICES 

J Mar Sci 1998 55 362 370.

17  Naeem S. Disentangling the impacts of diversity on ecosystem 

functioning in combinatorial experiments J . Ecology 2002

83 2 925 2 935.

18  Heatwole H Levins R. Trophic structure stability and faunal 

change during recolonization J . Ecology 1972 53 531 534.

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


3  459

19  Simon P R G Hall S J. Fishing and the ground- sh assemblage 

structure in the north-western North Sea an analysis of long-

term and spatial trends J . J Animal Ecol 1996 65 577 598.

20  Bellwood D R Hoey A Choat J H. Limited functional 

redundancy in high diversity systems resilience and ecosystem 

function on coral reefs J . Ecol Lett 2003 6 281 285.

21  Floeter S R Ferreira C E L. Dominici-Arosemena A et al. 

Latitudinal gradients in Atlantic reef sh communities trophic 

structure and spatial use patterns J . J Fish Biol 2004 64

1 680 1 699.

22  Walker B. Biological diversity and ecological redundancy J . 

Conserv Biol 1992 6 48 23.

23  .  

J . 2004 11 4 333 338.

24  . 

J . 2003 27 4 322 327.

Variation in sh community structure and biodiversity in the north of the East 
China Sea between two periods

JIANG Ya-zhou1 2 3 CHENG Jia-hua2 LI Sheng-fa2

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 sh 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 sh 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 identi ed 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 signi cant and positive relationship between species and functional diversity. Species and functional 
diversity underwent little signi cant 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 sh assemble in the north of the East China Sea was lower than 
before. Multivariate analyses indicated that there were signi cant changes in both species and functional group 
composition for the sh 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 signi cantly 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 shery resources effectively in the area some measures must be taken as follows releasing the 

shing pressure and reducing environment pollution caused by human activities. Journal of Fishery Sciences of 
China 2008 15 3 453 459
Key words sh community functional group biodiversity multivariate analyses
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