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Tab.1 Main species composition of the functional groups for the Taihu Lake Ecopath model

45 no. Y4 functional group FEZAMIE main species
1 1 Culter FUWE N (Culter alburnus), 51 #1(Culter mongolicus)
2 AN B2 other piscivorous ¥l (Pelteobagrus fulvidraco), % (Channa argus)
3 #Rf icefish KARfa(Protosalanx chineniss), Wi EHT4R fa(Neosalanx tangkahkeii)
4 fif¥ anchovy J18%(Coilia nasus)
5 H A black carp H . (Mylopharyngodon piceus)
6 H YIS herbivorous fishes A (Ctenopharyngodon idellus), fig(Parabramis pekinensis)
7 # common carp @3 Cyprinus carpio)
8 #l crucian carp #(Carassius auratus)
9 fi% i silver and bighead carp 5% (Hypophthalmichthys molitrix), (Aristichthys nobilis)

—_—
(=]

HAh/NE 25 other small fishes

& (Hemiculter leucisculus), >4 8% (Acheilognathus chankaensis), {Ul i (Pseudobrama

simoni), {MF(Toxabramis swinhonis), [8) T (Hyporhamphus intermedius), 7844 (Pseu-
dorasbora parva), EWREELE(Rhodeus ocellatus), H#ENT(Sarcocheilichthys nigripinnis)

11 91]‘ ggi@, % macrocrustaceans

12 JEWEEIY) benthos

75 W 1 BF (Exopalaemon modestus), H AIH YN (Macrobrachium nipponens), 455 % &
(Eriocheir sinensis)

VW (Corbicula fluminea), #1458 (Bellamya aeruginosa), &K 22| (Limnodrilus

hoffmeisteri), ¥&I4)H (Chironomidae), 707 #l(Nereididae)

13 IFEZNY zooplanktons
14 TFUFMEY) phytoplanktons
15 JKAEAY macrophytes

JEA: B (Protozoa), %8 HL(Rotifera), B 25 (Cladocera), 135 (Copepoda)
W ¥ (Cyanophyta), fif7 (Bacillariophyta), £%#:(Chlorophyta)
Wk IR F 3% (Potamogeton maackianus), % % (Vallisneria spiralis), ¥R F 3 (Pota-

mogeton malaianus), R (Myriophyllum spicatun)

16 AHLEEE detritus 5 LIS (detritus)
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Tab. 2 Basic input and output parameters (italic) of Taihu Lake ecosystem model

il ER% RPRkeY) R SHRE L LB EFAR
functional group trophic level biomass production/biomass consumption/biomass ecotrophic efficiency
1 3.973 0.26 1.03 3.20 0.814
2 3.622 0.09 1.67 6.10 0.482
3 3.204 0.58 4.02 17.00 0.584
4 3.028 14.40 1.48 7.50 0.632
5 3.028 0.12 091 2.40 0.800
6 2.000 0.25 1.00 9.93 0.249
7 2.339 2.64 1.17 10.00 0.721
8 2.000 0.63 1.72 9.10 0.641
9 2.051 10.21 1.01 4.70 0.834
10 2.791 2.47 2.16 11.00 0.676
11 2.930 2.37 3.09 24.74 0.306
12 2.000 45.13 3.36 23.23 0.445
13 2.016 3.11 51.51 316.20 0.939
14 1.000 4.73 410 — 0.133
15 1.000 43.72 2.25 — 0.211
16 1.000 311.60 — — 0.601

TE: AR AP AR 1 .

Note: Main species composition of the functional groups is shown in tab.1.
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Fig. 1 Sensitivity analysis of the Taihu Lake Ecopath model
a: Effects of Hypophthalmichthys molitrix and Aristichthys
nobilis biomass on ecological nutrition efficiency (EE) of zoo-
plankton; b: Effects of Hypophthalmichthys molitrixsilver and
Aristichthys nobilis biomass on EE of phytoplankton;

c: Effects of Coilia nasus biomass on EE of zooplankton.

0y 7387718 t/(km*-a), MINFER . MR 8
IR g AL ) A LA B 430k 2320.373 t(km’-a)
1238.119 t/(km*-a). 799.961 t/(km*-a)Fl 3029.265
t/(km®-a), KW E TR M 2,603, 0
P 2 iR, FEAS W7 fin e o A= 4 i i e, B

x3 KHBHEESTERETHG
Tab.3 Ecological capacity assessment of
Hypophthalmichthys molitrix and
Aristichthys nobilis in the Taihu Lake

AP A TR RS R S E SRR
biomass increasing  (t/km?)  (t/km’) ecotrophic efficiency of
multiple biomass  catch zooplankton, EE

1.00 10.21 8.67 0.939

2.00 20.42 17.34 0.954

3.00 30.63 26.01 0.969

4.00 40.84 34.68 0.984

5.00 51.05 43.35 0.999

5.054 51.60 43.82 1.000

6.00 61.26 52.02 >1.000

7.00 71.47 60.69 >1.000

T EHAERE . ST RS/ NERIM TR, &
o I ) A LA i R A /DN R A I

FAESEEN, EXRGE LW EN 7433.278
t/(km*-a), MIHFER . SR RPN )
BHLEJE R4 9 R 2514.906 t/(km*a). 1124.296
t/(km?-a). 913.783 t/(km*-a)Fl 2880.292 t/(km*-a).
KB U0 AR W) 5% D b A e 2 ) 1 A 3 N ag
g, iRl 2.603 FRCE 2.23, WK 3 Fir,
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Tab.4 General characteristics parameters of the Taihu Lake ecosystem

2 parameter \4 V2 V3

RS MHAE/[t1/(km’+a)] sum of all consumption 2320.373 2514.906 3205.641
RS % i /[t/(km?-a)] sum of all exports 1238.119 1124.296 720.790
FA G5 BAIE & /[t/(km?-a)] sum of all respiratory flows 799.961 913.783 1317.291
T 1) 58 Y BV Bt /[¢/(km? )] sum of all flows into detritus 3029.265 2880.292 2349.016
ARGl i /[t/(km-a)] total system throughput 7387.718 7433.278 7592.737
SR PR/ [t/ (km?-a)] sum of all production 2401.587 2443.390 2592.472
AP 34°8 75 9% mean trophic level of the catch (TLc) 2.603 2.301 2.116
BCR Al B R A 9L PR i) gross efficiency (catch/net p.p.) 0.014 0.031 0.094
JE) S A 77 B /[t/(km®-a)] total net primary production 2038.080 2038.080 2038.080
BAEY) R OR S E)/(1/km?) total biomass (excluding detritus) 130.709 172.099 321.989
EREFE S connectance index (CI) 0.210 0.210 0.210
ARG FEIEE system omnivory index (SOT) 0.067 0.067 0.067
Finn fEH$E%L Finn’s cycling index (FCI) 21.65 21.79 23.27
Finn *F-¥ 4% K E Finn’s mean path length 3.625 3.647 3.725

BRI R G total primary production/total respiration (TPP/TR) 2.548 2.230 1.547
) 94 7R B [t/ (km?-a)] net system production 1238.119 1124.296 720.789

BRIHAE TR/ A Y total primary production/total biomass (TPP/TB) 15.592 11.842 6.330
BAEY R/ SiE R total biomass/total throughput 0.018 0.023 0.042

T VIS AT RGORES; V2 RO BEGH 15 B 2L BRI mRRES; V3 ARFREE T T 25 4 46 0 B 0 725 40 5 MR PR - I 1 R 48

Note: V1 represents the current status of the ecosystem; V2 represents the status at ecological capacity of Hypophthalmichthys molitrix and
Aristichthys nobilis; V3 represents the state of model rebalancing after controlling the capacity of Coilia nasus to increase the capacity of H.
molitrix and A. nobilis.

——— Fi& total system throughput 3.0 - 425
= JAJ4#ER sum of all consumption 55 . . -
SR B sum of all respiratory flows ) 1 20
Ry £ sum of all exports 5“ 20 4 TPP/TR 115 E
ez Y ) A AL B & sum of all flows into detritus 2 151 ——CI [
. . o2 —=—S0I —
—— YR Yy FE Y% mean trophic level of the catch E —-+—-FCI {109
265 - 8000 & 10F —eFMPL
2.60 1] : : ] [ {7000 05& . . . 13
5 255 : : 2 . . :
B 250} 16000 5 0 = s . 0
2 gush : ; 1 {5000 = 1021(V1) 2042  30.63 4084  51.6(V3)
& 2401 R 1 14000 'E A 1 /(t/ k)
23501 ] d ] < biomass of silver and bighead carp
E . o 3000 =
230 - = ‘
s 2000 3 A R AR S R
2201 ;5 E 1000 - e P IS ) R
L = = BN - 0 Fig. 3 Effects of biomass of Hypophthalmichthys molitrix
10. ZI(VI) 20 42 30.63 40 84 5L 6WZ) and Aristichthys nobilis on stability and maturity of
BSR4/ (t/km) the Taihu Lake ecosystem

biomass of silver carp and bighead carp

Pl 2 SO IR S X R 25 R G S A T A KA RGURAE TPP/TR {Hh 2.548, 1% B
Fig. 2 Effects of Hypophthalmichthys molitrix and HERRE L‘mm\r‘ﬁ/ﬂx ,fE[ -Ljr{a Fﬁﬁ@%ﬁi%ii il

Aristichthys nobilis biomass on the basic

ecosystem properties of the Taihu Lake TEZWI/N, BB RAZE N 2.23, CI Al
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Tab.5 Ecological capacity assessment of Hypophthalmichthys molitrix and
Aristichthys nobilis under control of Coilia nasus in the Taihu Lake

JI YR/ (t/km?) A=y 1 n A5 B4 4 ) 1/ (t/km) TS A A E TR AR
biomass of Coilia nasus ~ biomass increasing multiple  biomass of silver and bighead carp  ecotrophic efficiency of zooplankton, EE
9.49 1 10.21 0.712
9.49 5 51.05 0.772
9.49 10 102.1 0.847
9.49 15 153.15 0.922
9.49 20.22 206.4 1.000
9.49 21 214.41 >1.000
3 i 2.548), RKFIMERRGURD, /N T LT
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Fig. 4 Mixed trophic impact in the Taihu Lake ecosystem
a. The current status of the system; b. The status at ecological capacity of silver and bighead carp; c. The state of
model rebalancing after controlling the capacity of Coilia nasus to increase the capacity of silver and bighead carp.
1-16: functional groups; 17: fishery. Main species composition of the functional groups is shown in tab.1.
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Assessment of the ecological carrying capacity of silver and bighead
carp in the Taihu Lake based on Ecopath model
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Abstract: Silver and bighead carp (Hypophthalmichthys molitrix and Aristichthys nobilis) are typical filter-feeding
fish that are important species for the implementation of water purification fishery, and scientific stocking based
on the ecological capacity of the proliferating species can ensure the implementation effect of water purification
fishery. To ensure the implementation of water purification fishery in the Taihu Lake, we constructed an Ecopath
model comprising 16 functional groups. This model was based on the survey data of fishery resources and the
ecological environment of the Taihu Lake in 2017-2018. Relevant data was collected using Ecopath with Ecosim
6.6 to estimate the ecological capacity of silver and bighead carp in the Taihu Lake and to investigate the effects of
changes in silver and bighead carp biomass on the overall characteristics of the Taihu Lake ecosystem. The results
showed that the current biomass of the silver and bighead carp was 10.21 t/km?® which increased 5.054 times to
reach an ecological capacity of 51.6 t/km?. It is showed that there is still great potential for the growth of the silver
and bighead carp. Total primary production/total respiration decreased from 2.548 to 2.23 (change of 0.318).
Connectance index, system omnivory index, Finn’s cycling index, and Finn’s mean path length exhibited fewer
changes. Silver and bighead carp exert less impact on the ecosystem structure when they reach the ecological ca-
pacity, but nevertheless help the ecosystem to mature. Further analysis shows that when Coilia nasus is controlled
at 9.49 t/km’, the biomass capacity of the silver and bighead carp could increase to 206.4 t/km”, and when the sil-
ver and bighead carp reach their ecological capacity, the ecosystem will become more stable.

Key words: Ecopath model; the Taihu Lake; ecological carrying capacity; stock enhancement; silver and bighead
carp; large-scale ponds; ecological fishery
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