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Fig. 1 Sampling sites of Lake Qiandao
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Tab. 1 Functional groups and dominant species based on Ecopath
model in Lake Qiandao

EERe] Dited H BLSY
Number Functional group Species composition
1 W Siniperca §.Siniperca chuatsi

L Siniperca scherzeri
KR Siniperca kneri
Garman
2 K PBH £ Lepomis gibbosus Wi 8K FH . Lepomis
macrochirus
LR K FH 4 Lepomis auritus
3 #ifl Culter FUMESA Culter alburnus
Basilewsky
21 48 IR 87 Cultrichthys
erythropterus
5% 1 1 Culter mongolicus
Basilewsky
& KA Culter dabryi
FH AN Erythroculter
dabryi
4 T # A Pelteobagrus T # A Pelteobagrus
fulvidraco
FLIREEFifl Pseudobagrus
vachellii
5 4 Pseudolaubuca R Pseudolaubuca sinensis
6 fili Parabramis KR MR Sinibrama
macrops
fili Parabramis pekinensis
7 10 2% Hemiculter # %k Hemiculter leucisculus
il Xenocyprina Y% Xenocypris
microlepis
HE Xenocypris argentea
# M Xenocypris davidi
9 8 Cyprinus carpio 8 Cyprinus carpio
10 il Carassius auratus il Carassius auratus
11 fif Hypophthalmichthys il Hypophthalmichthys
nobilis nobilis
12 IR Shrimp F 2 Shrimp
13 i Hypophthalmichthys i Hypophthalmichthys
molitrix molitrix
14 A Ctenopharyngodon ¥t Ctenopharyngodon
idellus idellus
15 KRGS Macrobenthos K2 A 554
Macrobenthos
16 AN Zooplankton TR 314 Zooplankton

17 T F Y Phytoplankton
18 1% J& Detritus

i F Y Phytoplankton
YU . A HLF¥JEBacteria,

organic detritus
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Tab. 2 Diet composition matrix for Lake Qiandao Ecopath model

— ¥ & # Predator
1 2 3 4 6 7 8 9 10 11 12 13 14 15 16

1 WSiniperca chuatsi 0.020
2 KBHfLepomisgibbosus 0.050
3 fifiCulterinae 0.057
4 B Fifh Pelteobagrus fulvidraco  (.188
5  BAfh Pseudolaubuca sinensis 0.0500.010
6 fiParabramis pekinensis 0.010 0.006 0.050
7 %%k Hemiculter leucisculus 0.021 0.010
8 fllXenocyprina 0.081
9 8 Cyprinus carpio 0.0320.014
10 flCarassius auratus 0.0230.010
11t Hypophthalmichthys nobilis 0.317 0.421 0.541 0.270
12 ¥FShrimp 0.071 0.050 0.030
13 % Hypophthalmichthys molitrix ~ 0.132 0.304 0.433 0.185
14 %A Ctenopharyngodon idellus 0.020
15 Mz Macrobenthos 0.143 0.160 0.090 0.120 0.020 0.100 0.010
16 ¥#iF3N%) Zooplankton 0.0300.1300.146 0.130 0.015 0.161 0.190 0.401 0.150 0.201 0.100 0.070 0.020
17 Y Phytoplankton 0.100 0.350 0.345 0.320 0.551 0.275 0.350 0.229 0.300 0.625 0.400 0.300 0.750
18 8 Detritus 0.100 0.150 0.151 0.360 0.510 0.460 0.434 0.394 0.410 0.370 0.450 0.174 0.500 0.620 0.230
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Tab. 3 Input and output parameters of Ecopath model in Lake Qiandao

o BRERE  AWE ECRARE WREEWRE  RURE L RANRR
Functional group Effective Biomassin Production/  Consumption/  Ecotrophic Production/
trophic level habitat area (t’km™)  biomass (/a) Biomass (/a) efficiency Consumption

1 fSiniperca chuatsi 3.41 0.01 1.24 9.46 0.77 0.13
2 KPHfLepomis gibbosus 3.12 0.01 1.26 13.14 0.92 0.10
3 #fHCulterinae 3.32 0.07 1.09 9.14 0.84 0.12
4 TR Pelteobagrus fulvidraco 2.94 0.07 1.01 10.53 0.62 0.10
5 Bt Pseudolaubuca sinensis 2.31 0.06 1.10 12.80 0.59 0.09
6 M Parabramis pekinensis 2.15 0.13 1.04 11.35 0.86 0.09
7 #iZHemiculter leucisculus 2.23 0.03 1.40 12.33 0.87 0.11
8 i Xenocyprina 2.02 0.06 2.01 16.27 0.82 0.12
9 8 Cyprinus carpio 2.36 0.04 1.21 7.27 0.86 0.17
10 #Carassius auratus 225 0.04 1.15 8.37 0.75 0.14
11 & Hypophthalmichthys nobilis 2.41 11.11 0.55 7.20 0.57 0.08
12 ¥FShrimp 2.26 0.05 1.83 24.40 0.92 0.08
13 i Hypophthalmichthys molitrix 221 8.18 0.56 8.45 0.73 0.07
14 Yif4 Ctenopharyngodon idellus 2.10 0.02 1.73 9.66 0.90 0.18
15 Az Macrobenthos 2.08 0.543 4.03 201.70 0.70 0.02
16 iz Zooplankton 2.02 11.56 20.68 413.67 0.63 0.05
17 FUFHYIPhytoplankton 1.00 45.62 219.00 — 0.37 —

18 48 Detritus 1.00 51.18 — — 0.13 —
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Tab. 4 Distribution of energy flows at aggregated trophic levels
in Lake Qiandao ecosystem [t/(kmz-a)]

RN HEaE PRSI SRR

Trophic Consumption é@?’oi EFIO_W to Respira- Through-

level by predators detritus tion put
VI 0.000000  0.000001 0.000003 0.000010 0.000014
\4 0.000014  0.000455 0.00134 0.00390 0.00571

v 0.00571 0.0223  0.0774 0.226 0.331

I 0.331 1.381 16.24 24.26 4221

I 4221 2.562 2502 1136 3683

I 3683 0.000 6308 0.000 9991
#ilSum 3726 3.965 8826 1161 13716
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Fig.2 Trophic flows transmitted through aggregated trophic levels in Lake Qiandao ecosystem (t/! (km2~a))
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Tab. 5 Transfer efficiencies between different trophic levels (%)

H 32 Trophic level
FKJFSource

I m v Vv VI
YIZ% A 72 # Primary producer 1.2 41 85 82
% J8 Detritus 1.2 42 84 82
SBBIALAL flows 12 41 84 82 82
K H 78 I BE AL L Proportion of total 449
flow originating from detritus 0
WAL 7= A A% From primary 3.5%
producers =70
T8 e AL 2 From detritus 3.6%
S Total 3.5%

HREAREEE L2

BB LR

3 T4 # R4 Ecopath BEALEURIE b
Fig. 3 Sensitivity analysis of Ecopath model for Lake Qiandao
ecosystem
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a. Fish functional group (B) on same fish functional group (EE); b.
Macrobenthos (B) on meiobenthos (EE); c. Zooplankton (B) on
zooplankton (EE); d.Pelteobagrus fulvidraco (B) on meiobenthos
(EE); e. Hypophthalmichthys nobilis (B) on zooplankton (EE);
f.Hypophthalmichthys molitrix (B) on zooplankton (EE)
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Tab. 6  General properties of Lake Qiandao and other reservoir ecosystems
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ANALYSIS ON THE ECOSYSTEM STRUCTURE AND FUNCTION OF
LAKE QIANDAO BASED ON ECOPATH MODEL

Yu Jia" 2, Liu Jia—Ruil, Wang Lil, Wu Zhi—Xu3, Yu Zuo-Ming4, Liu Ming—Liang4, Han Yi-Cai' and Xie Ping1

(1. Donghu Experimental Station of Lake Ecosystems, State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of
Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. Ocean College of Hebei Agricultural University,
Qinhuangdao 066000, China; 3. Hangzhou Institute of Environment Science, Hangzhou 310014, China;

4. Chun'an Environmental Monitoring Station, Hangzhou 311700, China)

Abstract: To explore the current status and historical change of the Lake Qiandao ecosystem, the Ecopath model of the
Lake Qiandao ecosystem was constructed based on the survey data of fishery resources and water environment in Lake
Qiandao in 2016. And the trophic level structure, energy flow and ecosystem characteristics were analyzed based on
this model. The Ecopath pedigree index (P index) was 0.54, with high data reliability. Ecopath model was consisted of
18 functional groups, and the fractional trophic levels ranged from 1 to 3.14. Energy flow of Lake Qiandao ecosystem
was dominated by grazing food chain, which accounted for 56% of the energy source. Parameters reflected the com-
plexity of the ecosystem, For example, the system connectance index (CI/), the omnivory index (SOI), the Finn cycling
index and the Finn mean path length were 0.26, 0.13, 5.15% and 2.46, respectively. Compared with other reservoirs, it
showed that the functional groups of Lake Qiandao ecosystem had a higher polymerization, a closer connection, a high-
er rate of material recycling and the ecosystem was more mature. However, the total system throughput of Lake Qian-
dao in 2016 was low with 24698.27 t/(km2~a), and the total primary production was 6.51 folds of the total respiration,
which indicate that the scale of Lake Qiandao ecosystem was small and still in a developmental stage. According to the
historical analyses of the Lake Qiandao ecosystem, the scale of this ecosystem has become larger, and the stability and
complexity have been enhanced, but the nutrient interaction relationship was weakened, and the ability of the ecosys-
tem to resist external interference was still weak. At the same time, the conversion efficiency of primary producers of
Lake Qiandao ecosystem was low, and the food web was simple. So appropriate management measures should be taken
to ensure healthy development of Lake Qiandao ecosystem.

Key words: Lake Qiandao; Ecopath model; Trophic structure; Energy flow; Ecosystem characteristics



