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Fig. 1 Geographical location of the Shihoudian Lake and the present survy area
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Tab.1 Functional group composition of Ecopath model in the control area of the Shihoudian Lake

%5 no 4l functional group Sr2MPE classification basis
1 £IE )54 Cultrichthys erythropterus AR B, /N A 2
medium and small carnivorous fish inhabiting the middle and upper
layer of water
2 5fi# Channa argus JRJZ XA 28 pelagic fish
3 Tt Pelteobagrus fulvidraco JEJZ/NRIZL 25 small bottom omnivorous fishes
4 . DURE . UE b/ S N L =S 357 s A N U S S Ry e
Hemiculter leucisculus, Hemiculter bleekeri, small omnivorous fish feeding on zooplankton inhabiting middle and
Toxabramis swinhonis upper layers of water
5 fill Carassius auratus Z4 B PEfn2s phytophagous fish
6 fif Hypophthal michthys molitrix FRGF M, RIS A
stocking economic fish, plankton feeding fish
7 F 4 Pseudorasbora parva TR R /N s £ T fa 2k
small omnivorous fishes feeding on zooplankton
8 IR, NE B AR EN SR RN/ Ey G S
Ctenogobiusgiurinus, Micropercops swinhonis small omnivorous fish mainly feeding on animal food
9 ARy LG NIRRT PE 2K small detrital feeding fishes
Rhodeus sinensis, Acheilognathus chankaensis, et al
10 Jefifk Misgurnus anguillicaudatus INFI L4525 small omnivorous fishes
11 WRZE shrimp 4t omnivorous
12 12 snail 4t omnivorous
13 HAJEWI A=) other benthos Z«frtt omnivorous
14 31 zooplankton Z« &t omnivorous
15 TFIFIEY) phytoplankton VI r= ¥ primary producer
16 JKAEAY macrophyte VI r= ¥ primary producer
17 )5 detritus JERERYBNHEY) rotten plants and animals
R 2 SiREEIRIE X Ecopath i ThBE4H 2H B
Tab. 2 Functional groups of Ecopath model in the Shihoudian L ake experimental area
%5 no Y4 functional group S classification basis
£IE )54 Cultrichthys erythropterus AR B2, N R P a2k
1 medium and small carnivorous fish inhabiting the middle and upper layer
of water
2 fifi Silurus asotus &2 RIXIAE M S large pelagic fishes in the bottom
3 fi% Siniperca chuatsi TFRIRJZ XU A & PE 28 ferocious carnivorous fishes in the bottom
4 W {1 Pelteobagrus fulvidraco JRJE /N Z2 4125 small bottom omnivorous fishes
B .U R, RIS EANR R
5 Hemiculter leucisculus, Toxabramis swinhonis small omnivorous fish feeding on zooplankton inhabiting the middle and
upper layers of water
6 #l Carassius auratus ZeE Pzt omnivorous fish
7 fit Hypophthal michthys molitrix IR, YR PEIE economic fish, plankton feeding fish
8 %ifi Ctenopharyngodon idellus IR T, MM economic fish, phytophagous fish
9 A1k Megalobrama amblycephala IR T, MM economic fish, phytophagous fish
10 F i Pseudorasbora parva TR R T /N 2 2

small omnivorous fishes feeding on zooplankton

(f54% to be continued )
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(425 2 Tab.2 continued)

4’5 no 1G4 functional group

A2k Y classification basis

11 WR A NE B
Ctenogobiusgiurinus, Micropercops swinhonis

12 RIS 2 SN R

Rhodeus sinensis, Acheilognathus chankaensis, et al
13 Jefifk Misgurnus anguillicaudatus
14 WR#E2% shrimp and crab
15 12 snail
16 HABJKAE DY) other benthos
17 TFUF8h%Y) zooplankton
18 TFUFHLY) phytoplankton
19 KA macrophyte
20 )8 detritus

P O JE /N B e P £ 2

small omnivorous fishes mainly feeding on animcl food

INEIER B a2 small detrital feeding fishes

/NI ZR B PR 2 small omnivorous fishes
Z4 &P omnivorous

Z4 & omnivorous

Z+PE omnivorous

Z2 B omnivorous

WA= # primary producer

W F 7= primary producer
JERER)BHFEY) rotten plants and animals
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* 3 EEFENERX (L), L% X(T)Ecopath #E I EEA SIS
Tab. 3 Parametersof Ecopath model functional group in control area (upper) and
experimental area (lower) of the Shihoudian Lake
FE B = THFE R oY=
9 st oo cEwit ik
no functional group level biomass P/B QB EE
1 ZI#gJFEAA Cultrichthys erythropterus 3.222 0.239 1.060 5.160 0.000
2 Gfi# Channaargus 3.618 0.016 1.020 7.640 0.000
3 #Hif Pelteobagrus fulvidraco 3.400 0.035 1.770 9.500 0.158
4 & NIKE. UG 2.896 0.252 1.850 15.040 0.333
Hemiculter leucisculus, Hemiculter bleekeri, Toxabramis swinhonis

5 f#§l Carassiusauratus 2.683 0.294 1.270 9.820 0.181
6 f Hypophthal michthys molitrix 2.758 3.120 1.670 8.350 0.034
7 Zf{n Pseudorasbora parva 2.615 2.650 1.750 8.750 0.017
8  WFpEfn . /NEEHIfH Ctenogobiusgiurinus, Micropercops swinhonis 2.300 1.235 1.260 2.400 0.000
9 el ELEESE Rhodeus sinensis, Acheilognathus chankaensis, etal  2.170 1.160 1.580 11.200 0.033
10  Jeffk Misgurnus anguillicaudatus 2.593 2.140 2.010 9.800 0.042
11 #F2& shrimp 2.150 5.500 2.500 33.333 0.349
12 % snail 2.040 6.200 3.900 31.200 0.001
13 HAWIEHIZA:¥ other benthos 2.370 11.372 4.800  240.000  0.238
14 7RI zooplankton 2.000 18.100 63.330 1266.600 0.940
15 7#i##HY phytoplankton 1.000 32.682  220.000 - 0.999
16 JKAAHY macrophyte 1.000 534.530  36.900 - 0.001
17  #J8 detritus 1.000 42.730 - - 0.710
1 #I#&)5460 Cultrichthys erythropterus 3.468 0.089 0.879 6.180  0.000
2 fi% Silurusasotus 3.207 0.683 0.926 5.160 0.000
3 #f Siniperca chuatsi 3.372 0.023 1.100 9.390 0.000
4 HiFifa Pelteobagrus fulvidraco 2.891 0.318 1.870 15.040  0.758
5 & . fUfF Hemiculter leucisculus, Toxabramis swinhonis 3.310 0.097 1.790 9.500 0.158
6 f§l Carassiusauratus 2.618 1.790 1.687 8.350 0.156
7 fit Hypophthal michthys molitrix 2.680 0.585 1.283 9.820 0.233
8  H.ffi Ctenopharyngodon idellus 2.572 5.100 1.750 8.750 0.032
9  Hkfsi Megalobrama amblycephala 2.170 1.170 1.580 11.200 0.108
10 ZZfdfh Pseudorasbora parva 2.300 0.767 1.256 2.400 0.000
11 BFgEfa . /NEEE I Ctenogobiusgiurinus, Micropercops swinhonis 2.334 0.016 1.697 10.600 0.608
12 el K6EF% Rhodeus sinensis, Acheilognathus chankaensis, etal  2.564 2.140 2.010 9.800  0.134
13 J#f Misgurnus anguillicaudatus 2.057 0.181 1.079 22.250 0.084
14 WF#E3S shrimp and crab 2.150 2.480 2.500 33.330 0.454
15 1% snail 2.040 6.200 3.900 31.200 0.007
16 HAJEMIA: 4 other benthos 2.200 3.344 4.800  240.000  0.983
17 P8 zooplankton 2.000 3470 65290  1025.700  0.967
18  VRU#HEY) phytoplankton 1.000 25.641  220.000 - 0.258
19 /K444 macrophyte 1.000  1353.913  36.900 - 0.001
20 TFJE detritus 1.000 42.728 - - 0.055
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Fig. 2 Food web structure of control area (a) and experimental area (b)
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Fig. 3 Trophic flows transmitted through aggregated trophic levels in control area (a) and experimental area (b)
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Tab.4 Energy conversion efficiency of different trophic levelsin the ecosystem of control area and experimental area

S/ e g Xt HRIX control area S IX experimental area

source/trophic level I I I\ v I m \Y \Y
H: 5= producer 4.0 1.4 0.9 0.7 5.3 2.1 1.5 0.6
)8 detritus 4.1 1.4 0.9 0.7 5.2 2.0 1.4 0.6
SAEE all flows 4.1 1.4 0.9 0.7 5.2 2.0 1.4 0.6
TR 5 2R G0 i i Y L4 0.52 0.50
proportion of total flow originating from detritus
RO % (1-VI S SR F-{H) transfer efficiencies (calculated as geometric mean for TL I1-VI)
WA= #  from primary producers 1.7 2.5
%8 from detritus 1.7 2.5
M total 1.7 2.5
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Tab.5 Statisticsof ecosystem characteristics of control area and experimental area

2% parameter

Xt HRIX control area SR IX experimental area

S #E 2 /[t/(km*-a)] sum of all consumption

SR &/ [t/(km*-a)] sum of all respiratory flows

1) B HLEEJE B /[t/(km?-a)] sum of all flows to detritus
RS MR /(t/(km?-a)) total system throughput

S P2 /[t/(km?-a)] sum of all production
RGN Y PR R/ [t/ (km?P-a)] sum of all production

AN = S/ B total primary production/total respiration

B ARG A77 J1/[t/(km?-a)] net system productivity
JEFEFEEL connectance index

A A PEFE %L system omnivory index

Finn’s fG¥F48 %40 Finn’s cycling index

Finn’s V-3 42K Finn’s mean path length

5868.57 4753.24
4377.15 3508.07
26559.46 26559.46
59342.28 115470.10
27231.96 55894.95
26914.25 55600.43
6.15 15.85
22537.10 52092.36
0.27 0.22
0.14 0.15

1.73 0.61

2.20 2.08
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Nutrient structure and energy flow in the Shihoudian L ake ecosystem
based on the Ecopath model

QI Yankai, CHEN Xi, GUO Nannan, QIU Liping, MENG Shunlong, CHEN Jiazhang

Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences; Scientific Observing and Experimental
Station of Fishery Resources and Environment in the Lower Reaches of the Yangtze River, Ministry of Agriculture and
Rural Affairs; Key Open Laboratory of Ecological Environment and Resources of Inland Fisheries, Chinese Academy
of Fishey Sciences, Wuxi 214081, China

Abstract: To study the changes in food web structure in the process of ecological restoration of Yidian Lake, this
study was conducted in the experimental area of the Shihoudian lake by planting submerged plants to build artifi-
cial fish nests. Based on the investigation data of fish resources and ecological environment of Shihoudian Lake in
2019, the structure and energy flow characteristics of the two regional ecosystems were compared and analyzed
using Ecopath with the Ecosim software and ecosystem energy channel model. The results showed that the trophic
level of the same fish species in the experimental area was slightly lower than that in the control area. The niche of
the same species in the ecological restoration area was lower than that in the control area. Meanwhile, there were
more consumers in the former food chain, such as catfish (Sluriformes), mandarin fish (Sniperca chuatsi),
Wuchang bream (Megalobrama amblycephala), and grass carp (Ctenopharyngodon idellus). Complex structure
suggest a stable food web. In addition, the energy conversion efficiency among the trophic levels in the experimental
areawas was higher than that in the control area. The total energy conversion efficiency (2.5%) in the experimental
arca was higher than that in the control area (1.7%); the connection coefficient (0.22) in the experimental area was
slightly lower than that in the control area (0.27); the system omnivorous index (0.15) was higher than that in the
control area (0.14); and the Finn’s cycle index and average path length (0.61 and 2.08, respectively) in the ex-
perimental area were lower than those in the control area (1.73 and 2.20, respectively). The overall characteristics
of the two regional ecosystems showed that the structure of the food web in the experimental area was more com-
plex, the energy transfer efficiency was improved, and the ecosystem was more perfect. However, the length of nu-
trient flow through the food chain in the experimental area was shortened, and the proportion of material recycling
was decreased. At the same time, the production was greater than the respiration in the experimental area. Thus,
further implementation of restoration measures for fish resources would be conducive to development of the
ecosystem in the experimental area.
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