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Fig.1 Map showing the Beibu Gulf ecosystem area 
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1 Ecopath
Tab.1 Functional groups and main species checklist based on Eopath model in Beibu Gulf

 No.  Functional group   Composition
1 Bent.producers .
2 Phytolankton .
3    Coral .
4 Zooplankton .
5 .
6  Zoobenthos .
7 Bent. crustacean .
8 Penaeid prawns .
9  Cephalopods .

10
L <30 cm

.
11 30 cm< L <60 cm .

12
L >60 cm

.

13
L <30 cm

.
14 30 cm< L <60 cm .
15 L >60 cm .
16  Rays and skates .
17  Elasmonbranchs .
18 Fish-eating birds .
19 Marine mammals .
20  Detritus .

20
  

1

1.3.2 Bio-
mass

/ P/B / Q/B

P/B
Z Gulland 21 Pauly 22

P/B Q/B
Pauly Palomares 23

23 EE

Ecopath DC

20 90

org 24-26 1960s
P/B

1 Q/B
1990s 1960~1997

1960s
1960s 1990s

27 2 1960s 1990s
2

1.3.3 Ecopath
Lindeman 1942 28

Odum Heald 1975
Fractional trophic level

1 R . 1993.
2  R . 1965.
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2 1960s  1990s Ecopath  
Tab. 2 Input and output in italic  parameters of Ecopath model in Beibu Gulf during 1960s and 1990s

Functional group

1960s 1990s

/ t•km 2

B
P/B
 y 1

Q/B
 y 1 EE

/ t•km 2

B
P/B
 y 1

Q/B
 y 1 EE

1 18.000 11.860 0.047   10.000 11.860 0.101
2 13.000 230.00 0.938   22.000 230.000 0.414
3 1.120 1.090 9.000 0.539     0.749 1.090 9.000 0.648
4 20.000 32.000 186.00 0.145   15.000 36.000 186.00 0.204
5 0.890 5.011 25.050 0.244     1.350 5.654 25.050 0.148
6 48.000 6.570 27.400 0.417   38.600 7.570 27.400 0.463
7 1.450 5.650 25.310 0.814     1.550 5.950 26.900 0.661
8 0.650 5.978 28.000 0.735     0.840 6.680 41.537 0.612
9 0.550 2.089 11.970 0.762     0.740 3.010 12.570 0.758
10 1.680 3.250 10.564 0.90     1.580 3.320 14.700 0.913
11 0.850 2.100 7.590 0.637     0.660 2.500 7.590 0.976
12 0.330 0.700 6.350 0.800     0.0950 0.840 6.350 0.730
13 2.120 3.000 10.470 0.506     2.150 3.150 13.500 0.604
14 1.220 2.200 7.790 0.497     0.670 2.400 8.630 0.826
15 0.550 0.600 5.110 0.879     0.0860 0.750 5.110 0.994
16 0.260 0.500 6.350 0.112     0.0160 0.650 6.350 0.854
17 0.0850 0.300 4.120 0.175     0.00350 0.450 4.120 0.875
18 0.00165 0.060 61.280 0.000     0.000350 0.090 61.280 0.000
19 0.0360 0.060 14.500 0.000     0.0000220 0.080 14.500 0.000
20 163.800 0.45 200.000 0.371

1 . EE P Q .
Note The codes of functional groups are correspondant with those in Tal.1. EE Ecotrophic ef ciency P Production Q Consumption.

1.3.4 EwE

Ecowrite
Pedigree

Ecoranger

8

2 20%

2

2.1
3 2

20 60
90 60
32

1960s 1990s
90 60

158.6%

90 P/B

1

Effective Trophic level ETL 29

Ecopath
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3 1960s 1990s
Tab.3 Comparison between distribution of throughput biomass and production at effective trophic levels in 

Beibu Gulf ecosystem in the early 1960s and late 1990s

Trophic level
/ t•km 2•a 1 Throughput / t•km 2•a 1 Biomass / t•km 2•a 1 Production

1960 s 1990s 1960 s 1990s 1960 s 1990s
3650.144 5921.855 294.81 232.00 2145.32 2321.547
2256.516 3977.402 67.23 55.134 228.77 362.849
121.404 48.32 8.320 7.746 14.97 10.054
12.008 2.489 1.537 0.786 1.12 0.652
1.011 0.04 0.151 0.047 0.04 0.0094

2.2

17 6
4 20 60

10.5% 12.4%
3.5% 7.1%

52%
48% 90 9.4%

10%

60
57%

43%

54.2% 23.7% 5.9% 5.7%
10.5%  1

4 1960s 1990s
Tab.4 Comparison of transfer ef ciency of discrete trophic levels in the Beibu Gulf ecosystem 

     between early 1960s and late 1990s %

Trophic level

1960s      Ecopath 1990s     Ecopath

Primary producer Detritus Primary producer Detritus

3.5 2.5 9.8 11.8
10.5 10.2 16.2 16.0
12.4 12.5 14.5 14.5
9.4 9.2 9.7 9.4
7.4 6.9 7.8 8.2

2.3

5
20 60 90

64.7%
2

90

60
0.09% 90 0.25%

20 60
90 SOI

CI MPL
90

60 2

1 . J . 1995 11 10 21.
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5 1960s 1990s
Tab.5 Comparison of system statistics between the early 1960s and late 1990s 

 Item
 Estimated by Ecopath

1960s  1990s
/ t•km 2•a 1  Total system throughput 6041.083 9950.106

/ t•km 2•a 1   Total biomass 372.048 295.713
/ t•km 2•a 1    2175.535 4490.589

catch/net p.p. 0.000911 0.002524
Mean trophic level of catch 3.16 2.92

PLS / t•km 2•a 1    Net system production 1686.961 2831.393
/ D H  Detritivory /Heibivory 0.75 1 0.46 1

FCI  Finn Cycling Index 1.86 0.84
MPL  Finn’s mean path length 1.755 1.206

CI Connectance Index 0.316 0.31
SOI System Omnivory Index 0.186 0.171

2.4

Odum
5

24
30 Ecopath

Odum
6 11

20 60 k

r
20 60 3.12

90 2.78
1

1 1990s 2.837

6 1960s 1990s Ecopath
Tab. 6 Odum s ecosystem attributes copath estimates and status for the selected attributes in Beibu Gulf in the early 1960s 

and late 1990s

Ecosystem attribute Developing stage Mature stage

Ecopath
Estimated by 

Ecopath

     Ecopath

1960s 1990s

1 /
Total primary production / total respiration

1 1 1 TPP/TR 1.013 2.184

2 /
   Total Primary Production/ Total biomass

TPP/TB 28.92 54.355

3 /
   Total Biomass/Total throughput

TB/T 0.007 0.01

4  Net production PLS 1686.961 2831.393
6   Organic matter 1 TB/TDET 0.571 0.066
12  Niche specilization SOI 0.186 0.171
15   Mineral cycles IF 1.86 0.84

17 
     Role of detritus in nutrient regeneration

TDC/CT 0.52 0.43

18  Growth form r k TB/T k r 
22  Stability O 20.5% 36.2%
24  Information A 59.7% 47.6%

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

http://www.fineprint.com.cn


466 15     

3

20 50

20 60
20 80

90 60
1/4 31

20 60 90
Ecopath

40
60

/ 60 2

r

r
k

1 1 1

Jackson 32

33

34

1  Sherman K. Large ecosystem as global units for marine re-

sources management-an Ecological perspective C . In Large 

Marine Ecosystem stress mitigation and sustainability. Sher-

man K et al. Washington D C AAAS Press 1933.

2  Anon. GLOBEC Implementation Plan. IGBP Report R . 

Stockholm IGBP Secretariat 1999.

3  Harris R Barange M Werner C. Global Ecosystem Dynamical 

GLOBEC /Science Plan R . IGBP report 40. Stockholm

IGBP Secretariat 1997.

4  . 

M . 2000.

5  . 

J . 2001 16 2 5 11.

6  Polovina J J. An overview of the ECOPATH model J . Fish-

byte 1984 2 2 5 7.

7  Polovina J J. An approach to estimating an ecosystem box 

model J . Fish Bull 1985 83 3 457 460.

8  J . 

Ecol Modelling 1995 77 3 32.

9  Christensen V Pauly D. ECOPATH II - a software for balanc-

ing steady-state model and calculating network characteristics 

J . Ecol Modelling 1992a 61 169 185.

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

http://www.fineprint.com.cn


3  467Ecopath

10  Christensen V Pauly D. A guide to the ECOPATH II program 

version 2.1  ICLARM Software M . 1992b. 6 72.

11  Lin H J Shao K T Hwang J S et al. A trophic model for 

Kuosheng bay in northern Taiwan J . J Mar Sci Technol

2004 12 5 424 432.

12  Lin H J Shao K T Kuo S R et al. A trophic model of a sandy 

barrier lagoon at Chiku in southwestern Taiwan J . Estuar

Coast Shelf Sci 1999 48 575 588.

13  Pitcher T J Buchary E Asumaila UR et al. Spatial simula-

tions of Hong Kong’s marine ecosystem Ecological and eco-

nomic forecasting of marine protected areas with human-made 

reefs R . Fish Cent Res Rep 2000 10 3 1 168.

14  Pauly D.  J . 

2000 11 3 435 440.

15  . 

Ecopath  J . 

2007 46 1 123 127.

16  . 

J . 2005 1 3 1 9.

17  . J . 

2006 17 6 1 107 1 111.

18  . 

M . 2003 125 128.

19  . J . 

1995 2 2 57 65.

20  . 

M . 1989 25 27.

21  Gulland J A. Fish stock assessment  a manual of basic 

methods M .NewYork Johan Wiley and Sons  1983. 

22  Pauly D. On the interrelationships between natural mortality

growth parameters and mean environmental temperature in 

J . J Cons Int Explor Mer 1980 39 175 192.

23  Palomares M L Pauly D. A multiple regression model for pre-

dicting the food consumption of marine fish populations J . 

Aust J Mar Freshwat Res 1989 40 259 273.

24  Silvestre G Selvanathan S Salleh A H M. Preliminary trophic 

South China Sea C . In Christensen V Pauly D eds.  Tro-

phic models of aquatic ecosystems. ICLARM Conference Pro-

ceedings 26 1993 300 306.

25  Pauly D V Christensen. Stratified models of large marine 

ecosystems a general approach and an application to the South 

China Sea C .  In Sherman K Alexander L M Gold B D 

eds.  Large marine ecosystems stress mitigation and sus-

tainability.Washington D C AAAS Press 1993 148 174..

26  Froese R Pauly D.  FishBase. World Wide Web electronic pub-

lication A . In 2004.

27  . J . 

2005 12 5 621 631.

28  Lindeman R.The trophic-dynamic aspect of ecology J . Ecol-

ogy 1942 23 399 418.

29  Odum E P. Fundamentals of Ecology M . Philadelphia W B 

Saunders Co. 1971 574.

30  Odum E P. The strategy of ecosystem development J . Sci-

ence 1969 104 262 270.

31  . 

 J . 2007 3 1 7 13.

32  Jackson B Michael X Wolfgang H -

ing and the recent collapse of coastal ecosystem J . Science

2001 293 629 638.

33  Stahl M. Environmental degradation and political constraints in 

Ethiopia J . J Disaster Stud Mgmt 1990 14 3 140 150.

34   Aronson J . Restoration and rehabilitation of degraded 

ecosystems in arid and semi-arid lands A review from the 

south J . Restoration Ecology 1993 1 1 8 17.

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

http://www.fineprint.com.cn


468 15     

Structure and function of Beibu Gulf ecosystem based on Ecopath model

CHEN Zuo-zhi1 2 3 QIU Yong-song 1 JIA Xiao-ping1 HUANG Zi-rong1 WANG Yue-zong1

1. Key Laboratory of Marine Fishery Ecology and Environment Ministry of Agriculture Key Laboratory of Marine Fishery 
Ecology and Environment Guangdong Province South China Sea Fisheries Research Institute Chinese Academy of Fishery 
Sciences Guangzhou 510300 China 2. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources of Ministry 
of Agriculture Qingdao 266071 China 3 College of Marine Science and Technology Shanghai Fisheries University Shanghai  
200090 China

Abstract The Beibu Gulf located at 17°00´~21°45´N 105°40´~110°10´E and surrounded by China and Viet-
nam is a natural semi-closed sea area in the South China Sea. In this study we constructed two period ecosystem 

Ecopath with Ecosim software. Based on two models we analyzed and compared the differences in ecosystem 
structure and function. Furthermore we evaluated the current status of the Beibu Gulf ecosystem based on the E.P. 

marine mammals sea-birds sharks
benthic crustaceans and other ecologically important groups such as zooplankton

phytoplankton and detritus. Input information for the model was gathered from published and unpublished 
reports and our own estimates. The results indicated that biomass and catches of high trophic levels of the system 
have changed drastically between 1960s and 1990s especially for trophic level the biomass of 1960s was  32 
times more than  that of 1960s however the biomass of levels and in 1990s was much higher than those in 
1960s. k-selected to r-selected and the system energy 
transfer production increases form 7.0% in 1960s to 9.8% in 1990s also. According to the summary statistics
the parameters of net system production and TPP/TR increased. However the CI SOI TB/T and Finn’s indexes 
decreased from 1960s to 1990s. In conclusion the Beibu Gulf ecosystem seems to have reversed succession 
through various anthropogenic and physical changes over the past four decades and have the trend from maturity  
stage to immaturity stage. Journal of Fishery Sciences of China 2008 15 3 460 468
Key words structure and function Beibu Gulf mass-balance modelling Ecopath ecosystem attributes 
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