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Fig.1 Veen diagram of various multi-trophic level proliferation and release schemes in Weishui Reservoir
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Table 1 Total nitrogen and total phosphorus content of common fish in China

. i A5, Site FhZ Species BAEE/ % TN RS R/ Y TP
Source literature
. ti H. molitrix 2.63 0.57
[18] K15 East Lake
i A. nobilis 2.64 0.57
fit H. molitrix 2.42 0.49
[19] TEWLT 7K JZE Daoguanhe Reservior % A. nobilis 2.70 0.73
HAx a2 Other fishes 3.01 0.27
[20] - 1125 Fishes 2.50~3.50 0.30~0.90
- % H. molitrix 10.41 3.96
[21] Wi Ge Lake i
i A. nobilis 9.99 3.61
[22] A& Hulun Lake £612% Fishes 15.10 0.06
. X . % H. molitrix 8.81~10.35 3.27~3.71
[23] — /K % Three Gorges Reservoir
% A. nobilis 8.85~10.15 2.86~4.06
fit H. molitrix 5.04 2.73
[24] KT 7KJE Daning Reservoir i A. nobilis 5.35 2.82
KAl C. idellus 5.92 3.74
. % H. molitrix 2.11 0.81
[25] £ %] Changshou Lake )
i A. nobilis 1.88 0.73
HAAPEa S Herbivorous fish 8.46~15.29 0.90~4.17
- . UE M85 Planktivorous fish 10.50~15.08 1.06~4.26
[26] —W/KJE Three Gorges Reservoir . ) ]
P& 482 Carnivorous fish 7.85~15.45 0.93~8.21
et E Omnivorous fish 7.00~15.16 0.89~4.95
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Table 2 The ecological capacity of each multi-trophic
level proliferation and release scheme of Weishui Reservoir

LW /(t/(km? - a)) Biomass

HIRE4L Group R HEL FR2 FE3 FERL
Status Plan1 Plan2 Plan3 Plan4
il Siniperca 0.036 — 0.041 0.062 0.039
fif12% Culters 0.250 — 0.288 — —
H i Pelteobagrus 0.118 — 0.136  0.203 0.129
fifj Xenocyprinae 0.667  — — — 0.727
fil Common carp 0.590  — — 1.015  —
il Crucian carp 0.176 - 0.202  0.303 —
fiff Bighead carp 18.58 95.501 21.367 31.958 20.252
fiff Sliver carp 5.117 26.301 5.885 8.801 5.578
FAT P2 Herbivorous fishes 0.056  — — — 0.061
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Fig.2 Comparison of released biomass of various
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multi-trophic level proliferation and release
schemes in Weishui Reservoir
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Table 3 Net output of nitrogen and phosphorus in each scheme of Wushui Reservoir t/a
R RS bR i
N ¥ =R pe L y =
UES ﬁ]/‘ Fi' PO e ) Annual net output
Plan Species Production Release numbers  Net production
TN TP
fif: Sliver carp 486.57 155.43 331.14 28.44 7.88
fiif Bighead carp 1766.77 564.38 1202.38 101.96 29.10
FA P 2E Herbivorous fish 0 0 0 0 0
J57% 1 Planl
P2 Carnivorous fish 0 0 0 0 0
ZRErPE£a2% Omnivorous fish 0 0 0 0 0
Bt Total 2 253.34 719.82 1533.52 130.41 36.98
fiff Sliver carp 111.42 35.59 75.83 6.51 1.80
#if Bighead carp 404.57 129.24 275.33 23.35 6.66
W4 2% Herbivorous fish 0 0 0 0 0
J7% 2 Plan2
A& P28 Carnivorous fish 6.23 0.10 6.13 0.71 0.28
Z4 B MEA6JS Omnivorous fish 6.40 0.50 5.90 0.65 0.17
BT Total 528.62 165.43 363.19 31.23 8.92
fif: Sliver carp 162.82 52.01 110.81 9.52 2.64
#iff Bighead carp 591.22 188.86 402.36 34.12 9.74
AP 2S Herbivorous fish 0 0 0 0 0
J7% 3 Plan3
A2 Carnivorous fish 1.15 0.10 1.05 0.12 0.05
P2 Omnivorous fish 28.13 1.29 26.84 2.97 0.78
BT Total 783.32 242.27 541.05 46.73 13.21
fif Sliver carp 103.18 32.96 70.22 6.03 1.67
fiif Bighead carp 374.67 119.68 254.98 21.62 6.17
J7% 4 Pland FAAPE S Herbivorous fish 1.13 0.30 0.83 0.10 0.02
P2 Carnivorous fish 0.73 0.10 0.63 0.07 0.03
&t f2¢ Omnivorous fish 15.83 0.44 15.39 1.71 0.45
Bt Total 495.54 153.49 342.05 29.53 8.34

0.120,0.117; TR ZHEVEIR BOR Y P ZBEVER) WIETT 58 346 5 1 HEAT AU 7K K 128 384 B 03 175 20 B
JERE, R 3MFE R e B, 1.597, 3% FeKBRIE RHE = S /KK FE P Fh Z R L
Re RKKELIEFRNESRESMERHISH

Table 4 Summary statistics of the ecosystem attributes of the four schemes in the Weishui Reservior

ZH Parameter F%1 Plan 1 F% 2 Plan 2 F% 3 Plan 3 F%E 4 Plan 4

JIHAER/(1 /(km®*a)) Sum of all consumption 9 250.537 8 652.060 8738.412 8 637.507
S /(t /(km®a)) Sum of all exports 9028.059 9397.636 9 344.316 9 406.566
BN /(t /(km®a)) Sum of all respiratory flows 2979.818 2610.241 2 663.560 2601.310
R G /(1 /(km™a)) Total system throughput 32 636.450 32 212.760 32 273.600 32 202.640
FAE /(1 /(km®a)) Sum of all production 12 571.220 12 462.020 12 477.780 12 459.300
SRIYA )/ K TPP/ TR 4.030 4.600 4.508 4.616
WG St/ A YR TPP/TB 57.759 105.250 94.167 107.447
HEPHEEL CI 0.302 0.304 0.302 0.304
AGAETER L SOI 0.120 0.114 0.117 0.113

Fr A ZFEMEFE % Shannon diversity index 1.460 1.557 1.597 1.547
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Table 5 Cost-benefit analysis of the ecosystem attributes of the four schemes in the Weishui Reservior
- . PP LA/
. \ T 7 VAR VA = TR G VAT = YAt T
WS R AP/t . . ; ] . . (J776/km?)
Plan Species Production (L/ke) U5 c) (775) U55) Vi) Vi) Output value per
) Sells Output Seed fees Laborcosts  Total cost — Total profit .
square kilometer
fif Sliver carp 486.57 20.00 973.14
Ji2c1 B Bighead carp 1766.77 40.00 7067.07
589.69 446.82 1036.51 7 003.70 350.18
Plan1  HAx 02 Other fishes 0.00 120.00 0.00
Bt Total 2 253.34 — 8040.21
fif Sliver carp 111.42 20.00 222.84
222 1 Bighead carp 404.57 40.00 1618.28
219.90 166.63 386.53 1606.14 80.31
Plan2  HAfn2% Other fishes  12.63 120.00 151.55
it Total 528.62 — 1992.67
fif Sliver carp 162.82 20.00 325.65
JrZe3 1 Bighead carp 591.22 40.00 2 364.86
272.83 206.73 479.56 2 562.24 128.11
Plan 3 H 402 Other fishes 29.27 120.00 351.29
Mt Total 783.31 — 3041.80
fiff Sliver carp 103.18 20.00 206.37
Jr%4 4§ Bighead carp 374.67 40.00 1498.66
211.68 160.40 372.08 1545.17 77.26
Pland  HA 12 Other fishes  17.68 120.00 212.22
Bl Total 495.53 — 1917.25
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Breeding and releasing scheme construction of large water
surface using Ecopath model: with Weishui Reservior as an example

FAN Zeyu"?, BAI Xuelan', XU Juchen', HUANG Luquang',
WANG Xiaoning', LU Yabing', HOU Jie'*, HE Xugang"*

1.College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
2.Zhongnan Engineering Corporation Limited , Power Construction Corporation of China,
Changsha 410014, China;
3.Engineering Research Center of Green Development for Conventional Aquatic Biological Industry
in the Yangtze River Economic Belt ,Ministry of Education, Wuhan 430070, China

Abstract In order to scientifically formulate the technical plan for the proliferation and release of
large water surface and promote the sustainable and healthy development of ecological fishery, this study
took the Weishui Reservoir as an example. On the basis of studying the ecological capacity of the reservoir
by using the EwE software, 4 sets of proliferation and release schemes were constructed using the Ecopath
model and the best scheme was selected through a comprehensive comparison of the ecological , social and
economic benefits of each plan. The research results could provide new ideas and references for the scientif-
ic formulation of large-surface ecological fishery programs. The results showed that: (1) If economic bene-
fits and social and environmental benefits such as nitrogen and phosphorus removal were taken as the pre-
ferred factors, scheme 1 was optimal, that was, breeding and releasing of silver carp and bighead carp,
with the annual release numbers of 135 000 and 491 000, respectively. The annual maximum sustainable
output of silver carp and bighead carp was 486.6 t and 1 766.8 t, the total output value, total profit value
and unit output value are 80.402 million yuan, 70.037 million yuan and 3.502 million yuan/km*, respec-
tively, and the annual net removal of total nitrogen and total phosphorus could reach above 130.41 t and
36.98 t, the total primary productive force/total respiration (TPP/TR) value, connectivity index (CI) val-
ue, system omnivorous index (SOI) value and Shannon diversity index value of the ecosystem were
4.030, 0.304, 0.114 and 1.557, respectively. (2) If the health of the ecosystem and the economic benefits
of fishery were considered comprehensively, scheme 3 was the best, that was, breeding and releasing of
mandarin fish, yellow catfish, common carp, crucian carp, silver carp, and bighead carp with annual dis-
charge numbers of 800,19 000, 9 000, 11 000, 41 000 and 148 000, respectively. The annual maximum
sustainable output could reach 1.2 t, 3.8 t, 18.8 t, 5.6 t, 162.8 t and 591.2 t, respectively. The total out-
put value, total profit value and unit output value were 30.418 million yuan, 25.622 million yuan, and
1.281 million yuan/km”, respectively, the annual net removal of total nitrogen and total phosphorus could
reach above 46.73 t and 13.21 t, and the TPP/TR, CI, SOI and Shannon diversity index were 4.616,
0.302, 0.117 and 1.597, respectively. The above results show that the Ecopath model can be flexibly used to
scientifically formulate large-water ecological fishery schemes according to the corresponding fishery manage-
ment objectives.

Keywords Weishui Reservoir; Ecopath model; ecological capacity ; ecological fishery ; multi-trophic

enhancement and release plan
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