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Tab.1 Diet composition of ecopath model of Wuli Lake ecosystem

/ prey/predator

code Abb. functional group 1 2 3 4 5 6 7 8 9 10 11 12 13
1 LarC fif] large culters 0.020 - - - - - - - - - ; ; _
2 OthP other piscivores 0.008 0.021 - - - - - - - - - - -
3 TapA tapertail anchovy 0.510 - 0.005 - - - - - - - - - -
4 ComC common carp 0.001 0.018 - - - - - - - - - - -
5 CruC crucian carp 0.001 0.059 - - - - - - - - - - -
6 BigC bighead carp 0.013 - - 0.030 - - - - - - - - -
7 OthF other wild miscellaneousfishes ~ 0.306 0.281 - - - - - - - - - - -
8 SilC silver carp 0.005 - - - - - 0.01 - - - - - -
9 HerF herbivorous fishes 0.113 - - - - - 0.091 - - - - - -
10 MacC macrocrustaceans - 0.124 - - - - - - - - - - -
11 Moll molluscs - - - - - - 0.001 - 0.010 - - - -
12 OthB other benthos - 0.492  0.300 0.151 - - 0.218 - 0.080 - - - -
13 Zoop zooplanktons - - 0.315 0.325 0.758 0.400 0.482 0.090 - 0.900 0.200 0.100 -
14 SubM submerged macrophytes 0.023 - - - 0.026 - 0.002 0.050 - - 0.010 - -
15 OthM other macrophytes - - 0.100 0.142 - 0.100 - 0.250 0.723 - - - -
16 Phyt phytoplanktons - 0.005 - - - 0.290 - 0.600  0.010 - 0.316  0.100 0.240
17 Detr detritus - - 0.280 0352 0216 0.210 0.196 0.010 0.177 0100 0474 0.800 0.760

/

Note: the codes of prey/predator are consistent with those of functional groups.
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Tab.2 Basic input and estimated parameters for Wuli Lake ecosystem model in 2006
functional group . / / /
TL biomass P/B Q/B EE P/Q

1 fif] large culters 3.628 0.481 0.8731 3.2001" 0.073 0.273
2 other piscivores 3.475 0.822 1.665!" 6.1001" 0.086 0.273
3 tapertail anchovy 2.653 0.728 12830 11.3501 0.884 0.113
4 common carp 2.533 0.473 0.9601"" 10.693" 0.202 0.090
5 crucian carp 2.758 0.557 1.1301% 12.300" 0.472 0.092
6 bighead carp 2.400 0.498 0.9901% 6.9001"" 0.349 0.143
7 other wild miscellaneous fishes ~ 2.834 1.063 2,155 11.000™% 0.820 0.196
8 silver carp 2.090 0.477 1.1001% 8.000!"! 0.238 0.138
9 herbivorous fishes 2.100 1.441 0.9871"% 7.1001% 0.870 0.139
10 macrocrustaceans 2.900 0.261 3.09202021 4122312021 0.770 0.075
11 molluscs 2.200 0.193 1.32612224 106001221 0.446 0.125
12 other benthos 2.100 3.942 5.13012224 101.00012021 0.449 0.051
13 zooplanktons 2.000 10.498 37.2011 120.934120-21) 0.108 0.296
14 submerged macrophytes 1.000 11.320 2253 - 0.018 -

15 other macrophytes 1.000 113.476 1.000 - 0.083 -

16 phytoplanktons 1.000 5.564 261.7001 - 0.373 -

17 detritus 1.000 6.800 - -

Note: Bold data are estimated by model.
#3 2009 FHEMESRAREERERMANFSEE
Tab.3 Basic input and estimated parameters for Wuli Lake ecosystem model in 2009
/ / /
code functional group TL biomass pr&((i)l;g;isosn/ OB EE P/Q

1 fif] large culters 3.944 0.504 0.8731" 32001 0.095 0.211
2 other piscivores 3.556 0.861 1.6651" 6.1001"! 0.086 0.273
3 tapertail anchovy 3.088 0.763 12831 11.35011 0.884 0.113
4 common carp 2.841 0.496 0.960"! 10.69311 0.202 0.090
5 crucian carp 2.892 0.584 1.1301" 12.300"% 0.472 0.092
6 bighead carp 2.613 16.875 0.990"! 6.900!"! 0.115 0.143
7 other wild miscellaneous fishes 3.067 1.114 2,155 11.000" 0.602 0.196
8 silver carp 2.090 39.350 1.1001"" 8.000"! 0.461 0.138
9 herbivorous fishes 2219 1.510 0.987!" 7.1001"! 0.862 0.139
10 macrocrustaceans 2.800 0.273 3.0922021 41.22312021 0.920 0.075
11 molluscs 2.200 51.907 132612224 10.6001221 0.148 0.125
12 other benthos 2.100 4.130 5130224 101.00022" 0.323 0.051
13 zooplanktons 2.000 8.524 37.20111 120.934120-211 0.425 0.299
14 submerged macrophytes 1.000 11.320 225311 - 0.837 -
15 other macrophytes 1.000 101.992 1.000 - 0.968 -
16 phytoplanktons 1.000 9.796 261.700% - 0.289 -
17 detritus 1.000 11.600 - 0.772 -

Note: Bold data are estimated by model.
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Tab.4 Energy transfer efficiency of discrete trophic levels in the Wuli Lake ecosystem between 2006 and 2009

item 2006 2009
trophic level II 111 v \% VI II III v \% VI
producer 33 53 41 32 22 6.7 32 41 28 22
detritus 31 51 43 31 22 10,0 3.1 43 3.1 22
all flows 31 51 43 3.1 22 9.1 3.1 43 3.1 22
. L . 0.65 0.60
proportion of total flow originating from detritus
/%(  1I- VI )
transfer efficiencies (calculated as geometric mean for TL II-VI)
from primary producers 4.10 4.40
from detritus 4.10 5.10
total 4.10 4.90
2006 2009 - (predator overlap) (prey
2 overlap) Pianka (Pianka index)
2006 4.1%,
65% ; 2009 : 0,
4.9%, ; | I
, 60% ,
) Ecopath ,
3.1% 10.0% 2006 2009
2.3 , ( )
5
Ecopath Pianka'** , 5 , 2006

&5 2006 02009 FIRRMEMEESAREZNREANBNEREHN

Tab.5 Niche prey overlap indexes of filtering feeding organisms about function groups in Wuli Lake between 2006 and 2009

filtering feeding organism

code aroup name bighead carp silver carp molluscs
2006 2009 2006 2009 2006 2009
1 fif] large culters 0.0000 0.0021 0.0029 0.0029 0.0006 0.0006
2 other piscivores 0.0045 0.0678 0.0078 0.0101 0.0045 0.0060
3 tapertail anchovy 0.6766 0.7636 0.1580 0.1221 0.6095 0.3242
4 common carp 0.7632 0.0659 0.1932 0.0833 0.7268 0.1772
5 crucian carp 0.7577 0.4527 0.1359 0.0632 0.5154 0.4800
6 bighead carp 1.0000 1.0000 0.6483 0.6363 0.8182 0.5456
7 other wild miscellaneous fishes 0.7489 0.6836 0.1196 0.1153 0.5477 0.2955
8 silver carp 0.6483 0.6363 1.0000 1.0000 0.5335 0.5335
9 herbivorous fishes 0.2617 0.1825 0.3794 0.3780 0.1882 0.0910
10 macrocrustaceans 0.6815 0.7283 0.1309 0.1330 0.3839 0.4878
11 molluscs 0.8182 0.5456 0.5335 0.5335 1.0000 1.0000
12 other benthos 0.4947 0.2563 0.1409 0.2795 0.8409 0.9175
13 zooplanktons 0.4911 0.0848 0.2838 0.1437 0.8723 0.7966
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Fig.2 Mixed trophic impacts in Lake Wuli in 2006
Bars above the base line represent a positive impact whereas bars below he base line indicate a negative impact.
The height of the bars is proportion to the degree of impact. Abbreviation of functional group name are shown in table 1.
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Bars above the base line represent a positive impact whereas bars below he base line indicate a negative impact.
The height of the bars is proportion to the degree of impact. Abbreviation of functional group name are shown in table 1.
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Tab.6 Parameter indices of Wuli Lake ecosystem in 2006 and 2009
attribute parameter 2006 2009
/( tkm™a™") sum of all consumption(TQ) 2544.468 3459.152
/ (tkm *a™") sum of all exports(TEX) 214.717 680.604
/(tkm™-a”') sum of all respiratory flows(TR) 1390.361 2010.505
/(tkm™a™") sum of all flows into detritus(TDE) 2124.699 2981.992
/(tkm™-a™") total system throughput(T) 6274.245 9132.254
/(tkm™-a”") sum of all production(TP) 2250.292 3447.926
/(tkm™-a™") calculated total net primary production(TPP) 1605.079 2691.109
/ total primary production/total respiration(TPP/TR) 1.154 1.339
/(tkm™-a™") net system production 214.718 680.604
/ total primary production/total biomass(TPP/TB) 9.566 10.431
/ total biomass/total throughput(TB/TT) 0.027 0.028
( )/(t-km™) total biomass (excluding detritus) 167.794 257.999
(A) ascendency 0.292 0.267
Finn's /% finn's cycling index(FCI) 25.580 15.510
Finn's Finn’s mean path length(FCL ) 3.909 3.393
connectance index(CI) 0.243 0.277
system omnivory index(SOI) 0.106 0.119




480 19
) [14] , , s [J].
, , 2010, 26(5): 6-10.
, [15] , : :
[J1. ,2008,10: 3—4.
’ [16] S
(EWE) [J1. , 2009, 16:
(Ecospace Ecosim)™ 925230
’ (171 , , ,
, [J1. , 2007,
P— 19(6): 683—689.
(18] ; , .. 2007
[1] > > > Ecopath [J1. , 2009, 21(6): 845—854.
J]. s [19] Palomares D, Pauly D. Predicting food consumption of fish
2009, 2(2): 28-36. populations as functions of mortality, food type, morphome-
[2] > 5 s trics, temperature and salinity[J]. Mar Fresh Res, 1998, 49(5):
1. ,2010(1):91-95. 447-453.
[3] , . Ecopath with Ecosim [20] Yunkai L, Chen Y, Song B, et al. Ecosystem structure and
1. , 2007, 31(1): 83—86. functioning of Lake Taihu (China) and the impacts of
[4] Christensen V, Carl W. Ecopath with Ecosim: methods, fishing[J]. Fish Res, 2009, 95(2-3): 309-324.
capabilities and limitations[J]. Ecol Model, 2004, 3(2—4): [21] Liu Q G, ChenY, Li J L, et al. The food web structure and
109-139. ecosystem properties of a filter-feeding carps dominated deep
[5] , , , Ecopath reservoir ecosystem[J]. Ecol Model, 2007, 203: 279-289.
with Ecosim 1 , 2009, 16(2): 257— [22] , ,
265. [J1. ,2009(3): 401-407.
[6] Liu Q G Chen Y. The food web structure and ecosystem [23] ,
properties of a filter-feeding carps dominated deep reservoir 1. , 2007, 31(3): 297-306.
ecosystem[J]. Ecol Model, 2007, 5(3-4): 279—-289. [24] , ) M.
[7] > > > , 2000, 12(1): 68-72.
3. , 2011, [25] M]. , 2000.
18(4): 867-876 [26] Pianka E P. Niche overlap and diffuse competition[J]. Proc
[8] Duan L, Li S, Liu Y, et al. Modeling changes in the coastal Natl Acad Sci USA, 1974, 71(5): 2141-2145.
ecosystem of the Pearl River Estuary from 1981 to 1998[J]. [27] Hannon B. The structure of ecosystems[J]. J Theor Biol,
Ecol Model, 2009, 10(20): 2802—-2818. 1973, 41(3): 535-546.
[9] > > [28] Odum E P. Fundamental ecology[M]. W B Saunders Co.
[J1. , 2008, Philadelphia,1971: 574-576.
28(5): 2065-2072. [29] Finn T. Measurements of ecosystem structure and function
[10] , Pauly D. [J7]. R derived from analysis of flow[J]. Theor Biol, 1976, 56:
2000, 11(3): 435-440. 363-380.
[11] , , ) - [30] , , ,
[J]1. , 2010, 17(3): 393—403. [J1. , 2008, 28(4): 8-10.
[12] 1951 [J]. , [31] Starling F L R M. Control of eutrophication by silver carp in
1962, 1(2): 63—113. the tropoical Paranoa Reservoir(Brasilia, Brazil): a mesocosm
[13] R experiment[J]. Hydrobiologia, 1993. 257: 143—152.

. , 1959, 2(3): 146-162.

[32]

s



3 : Ecopath 481

[J. , 2009, 29(5): 2764-2766. ecosystem properties of a filter-feeding carps dominated
[33] Liu Q G Chen Y, Li J L, et al.The food web structure and deep reservoir ecosystem[J]. Ecol Model, 2007, 5(10): 3—4.

Energy flow and trophic structure of the Wuli Lake ecosystem based
on an ecopath model
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Abstract: We constructed mass-balance models for the Wuli Lake ecosystem for 2006 and 2009 using Ecopath
model. Using these models, we compared changes in ecosystem structure and energy flow before and after im-
plement of the Aquatic Environment Improve Oriented (AEIO) fishery in Wuli Lake. The models included 17
functional groups covering the main trophic flow of the Wuli Lake ecosystem. These functional groups included
large culters, other piscivores, Tapertail anchovy, common carp, Crucian carp, Bighead carp, other wild miscella-
neous fishes, Silver carp, herbivorous fishes, macrocrustaceans, molluscs, other benthos, zooplanktons, submerged
macrophytes, other macrophytes, phytoplanktons, and detritus. The scale of the Wuli Lake ecosystem expanded
following enhancement of biological filter-feeding fish and shellfish. The development degree of the ecosystem
was increased, as was the efficiency of energy transfer between trophic level and . There was an expansion in
niche overlap between filter-feeding fish and shellfish and the other functional groups. The relationship among the
function groups strengthened between 2006 and 2009, but the ecosystem was at a developmental stage. The rate of
material flow and material recycling has decreased.

Key words: Wuli Lake; Ecopath model; ecosystem structure; energy flow
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