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Tab.1 Functional groups of Dianshan Lake ecosystem model

functional group

no. species composition
1 birds Nycticorax nycticorax
Egretta garzetta
Bubulcus ibis
2 Erythroculter fifl Erythroculter ilishaeformis
fif] Erythroculter mongolicus
fifi Erythroculter dabryi
fif] Cultrichthys erythropterus
3 other piscivores Anguilla japonica
&%  Hemibarbus maculates, et al
4 Coilia nasus Coilia nasus
5 Pelteobaggrus nitidus Pelteobaggrus nitidus
6 Cyprinus carpio Cyprinus carpio
7 Carassius auratus Carassius auratus
8 Aristichthys nobilis Aristichthys nobilis
9 other fishes Rhinogobius giurinus
Pseudorasbhora parva
Abbottina rivularis
#354F Rhodeus sinensis Gunther
#%  Hyporhamphus intermedius, et al
10 Hypophthalmichthys molitrix Hypophthalmichthys molitrix
11 herbivorous fishes Acanthobrama simoni Bleeker
Megalobramaam blycephala
Ctenopha ryngodonidellus
12 shrimps Palaemon modestus
Caridina nilotica
Caridina denticaleta
Hyalella azteca, et al
13 Molluscs Bellamya aeruginosa
Corbicula fluminea
Bellamya purificata, et al
14 other benthos Nephtys oligobranchia Southern
Limnodrilus hoftmeisteoi
Chironomidae, et al
15 Microzooplanktons Protozoa
Rotifera
16 Cladocera #& Bosmina longirostris
#  Moina micrura, et al
17 Copepoda Mesocyclops leuckarti
Calanus sinicus, et al
18 submerged macrophytes Potamogeton malaianus

Myriophyllum spicatum

Potamogeton crispus, et al
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1 Tab.1 continued

functional group . .
no. species composition

19 other macrophytes Zizania caduciflora

Phragmites australis

Trapa bispinosa
Eichhornia crassipes, et al

20 phytoplanktons Cyanophyta

Bacillariophyta

Cryptophyta

Chlorophyta

Euglenophyta

Chrysophyta
Pyrrophyta
21 detritus Detritus
2 [11-13,15]
’ Ecopath ,
2.1 Ecopath [18]
, P/B Q/B 2 2
, 0<EE<1, 1 3.92

% 2 W Ecopath REIBEE S H
Tab. 2 Input and output parameters of the Dianshan Lake model

, /- Jan) PB(a") QB (") EE P/Q 4

functional group biomass trophic level
birds 0.024 1.00 99.00 0 0.010 3.92
erythroculter 0.143 1.10 4.59 0.915 0.240 3.89
other piscivores 0.560 1.67 6.10 0.905 0.273 3.69
Coilia nasus 0.285 2.17 7.83 0.809 0.278 3.02
Pelteobaggrus nitidus 0.066 2.53 9.80 0.907 0.258 3.00
Cyprinus carpio 0.614 1.89 8.44 0.906 0.224 2.40
Carassius auratus 0.402 2.05 14.22 0.912 0.144 2.48
Aristichthys nobilis 0.190 2.14 10.24 0.918 0.209 2.81
other fishes 0.323 2.03 10.00 0.601 0.203 2.96
Hypophthalmichthys molitrix 0.287 1.83 9.78 0.9 0.188 2.36
herbivorous fishes 0.060 2.39 15.15 0.921 0.158 2.00
shrimp 1.058 4.50 60.00 0.992 0.075 2.84
Molluscs 27.353 1.33 10.61 0.900 0.125 2.00
other benthos 0.0178 4.00 200.00 0.999 0.020 2.00
Microzooplanktons 1.022 25.00 500.00 0.471 0.050 2.00
Cladocera 0.322 25.00 500.00 0.750 0.050 2.02
Copepoda 0.234 25.00 500.00 0.357 0.050 2.02
Submerged macrophytes 0.945 1.25 0.700 1.00
other macrophytes 7.100 1.00 0.700 1.00
Phytoplanktons 12.513 185.00 0.270 1.00
detritus 35 0.365 1.00

Note: Value in bold are the output parameters estimated from the model.
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Tab. 3 Relative flows of groups of trophic level
functional group ! 1 HI v v
birds 0.000 0.000 0.125 0.831 0.044
erythroculter 0.000 0.000 0.145 0.823 0.032
other piscivorrous 0.000 0.000 0.320 0.670 0.010
Coilia nasus 0.000 0.000 0.984 0.0156 0.000
Pelteobaggrus nitidus 0.000 0.000 1.000 0.000 0.000
Cyprinus carpio 0.000 0.600 0.400 0.000 0.000
Carassius auratus 0.000 0.520 0.476 0.004 0.000
Aristichthys nobilis 0.000 0.200 0.789 0.011 0.000
other fishes 0.000 0.057 0.931 0.012 0.000
Hypophthalmichthys molitrix 0.000 0.649 0.346 0.005 0.000
herbivorous fishes 0.000 0.997 0.002 0.001 0.000
shrimp 0.000 0.167 0.821 0.012 0.000
Molluscs 0.000 1.000 0.000 0.000 0.000
other benthos 0.000 1.000 0.000 0.000 0.000
Microzooplanktons 0.000 1.000 0.000 0.000 0.000
Cladocera 0.000 0.984 0.016 0.000 0.000
Copepoda 0.000 0.984 0.016 0.000 0.000
submerged macrophytes 1.000 0.000 0.000 0.000 0.000
other macrophytes 1.000 0.000 0.000 0.000 0.000
Phytoplanktons 1.000 0.000 0.000 0.0000 0.000
detritus 1.000 0.000 0.000 0.000 0.000
12.12104 15.05145 10.67239 10.012614 10.00055522 10.00000
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Fig. 2 Trophic flows(t-km™ -a~")transmitted through aggregated trophic levels in Dianshan Lake ecosystem
g
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Tab. 4 Transfer efficiencies of discrete trophic levers in Dianshan Lake ecosystem
/ . I 111 v \% VI
source / trophic level
producer 8.9 14.2 14.6 8.7
detritus 7.1 14.3 14.3 10.0 33
all flows 7.9 14.2 14.4 9.4 3.0
proportion of total flow originating from detritus 0.64
transfer efficiencies (calculated as geometric mean for TL II-IV)
from primary producers 12.3%
from detritus  11.3%
total 11.7%
11.3%, )
11.7% [11-13]
. 5 s
2.3
b b
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Note: A—birds; B—erythroculter; C—other piscivores; D—Coilia
nasus; E—Pelteobaggrus nitidus; F—Cyprinus carpio; 3
G—Carassius auratus; H—Aristichthys nobilis; I-other fishes;
J—Hypophthalmichthys molitrix; K—herbivorous fishes;
L—shrimps; M—Molluscs; N—other benthos;
O-microzooplanktons; P—Cladocera; Q—Copepoda;
R—submerged macrophytes; S—other macrophytes;
T—phytoplanktons; U—Detritus; V—fishery >
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Tab.5 Total system properties of Dianshan Lake ecosystem
index value unit
sum of all consumption 965.02 tkm?-a”'
sum of all exports 900.50 tkm?-a”!
sum of all respiratory flows 827.79 tkm?-a”!
sum of all flows into detritus 1405.19 t-kmZ-a’
total system throughput 4098.50 tkm>a™
sum of all production 2374.84 t-km -
mean trophic level of the catch 2.82
calculated total net primary production 2314.98 tkm?-a”!
/ total primary production/total respiration 2.80
net system production 1487.18 tkm>a™
/ total primary production/total biomass 90.31
total biomass (excluding detritus) 25.63 t-km™
connectance Index 0.19
system omnivory index 0.07
throughput cycled 77.65 tkm?-a”!
Finn’s Finn’s cycling index 1.89%
Finn’s Finn’s mean path length 2.37
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Structure and energy flow of Dianshan Lake ecosystem based on the
Ecopath model

FENG Dexiang', CHEN Liang', LI Yunkai®, YU Na', CHEN Ligiao'

1. School of Life Science, East China Normal University, Shanghai 200062, China;
2.College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: Dianshan Lake, the largest freshwater lake in Shanghai, covers an area of 62 km® with mean depth of 2.0
m and provides drinking water for more than 10 million people. With the rapid development of industry and agri-
culture in recent years, Dianshan Lake has become polluted by run-off and sewage, leading to blooms of
blue-green algae in some parts of the lake. The self-cleaning ability of Dianshan Lake has been degraded, and city
authorities have funded several research projects to explore the reasons for its ecological deterioration. Based on
data from a bio-resources survey carried out between September 2008 and September 2009, a mass-balance model
of trophic interactions was constructed using Ecopath with Ecosim (EwE, an ecological/ecosystem modeling
software suite) to represent energy transfer through the trophic levels of the Dianshan Lake ecosystem. This is the
first Ecopath model of Dianshan Lake and consisted of 21 functional groups, including birds, commercial fish
species, phytoplankton, zooplankton, benthos, shrimp, mollusks, macrophytes and detritus. Each group repre-
sented organisms with similar roles in the food web and covered the main trophic flow in Dianshan Lake. The re-
sults show that total throughput was 4 098.50 tonne-km *-a~'. The trophic levels of different groups ranged from 1
for detritus and phytoplankton to 3.92 for large predators, with water birds occupying the top level. Mixed trophic
impact analysis indicated that both trawling and gillnet fishing were impacting components and the negative tro-
phic impact of fishing on different groups was relatively high. Top-down or bottom-up control in several preda-
tor—prey relationships demonstrated that some species can be used to control blue-green algal blooms can be con-
trolled by some species in some areas. For example, Hypophthalmichthys molitrix had a negative trophic impact on
algae due to their predatory relationship in the food web, while submerged and other macrophytes had little influ-
ence on algae due to their competitive relationship in the food web and low biomass within the niche. The system
network was mapped via network analysis into a linear food chain with five main trophic levels. Mean transfer
efficiency was 11.3% from detritus and 12.3% from primary producers within the ecosystem, which was higher
than nearby lakes. Transfer efficiency is only 7.0% from level I to level II and 3.3% from level V to VI, which
indicated that the transfer efficiency of the Dianshan Lake ecosystem is imbalanced. The importance of discarded
food and system re-cycling rate in the ecosystem was low; energy utilization rate could be increased. Most unused
detritus was deposited on the bottom of lake and affected water transparency via wind and wave agitation.

Key words: Dianshan Lake ecosystem; Ecopath modeling; ecosystem maturity; food web
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