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Fig. 1 Sample sites of the Weishui Reservior
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Tab. 1 Functional groups of Ecopath model of the Weishui Reser voir
G Uige Y 2H B G YiReH Y B
number group species composition number group species composition
1 ¥ Sniperca #i% Siniperca chuatsi 12 JFUEBIY zooplankton  JE/E ) Protozoan
2 12k Culter SMMEf Culter alburnus # 1 Rotifer
Z21i7 il Culter mongolicus K ffi2% Cladocera
3 #Fifa Pelteobagrus fulvidraco ##jifa Pelteobagrus fulvidraco 1 12 Copepoda
4 # % Hemiculter leucisculus # %% Hemiculter leucisculus 13 VRIFHEY) phytoplankton ## Cyanophyta
5  fiil Xenocypris 5 2 fifl Xenocypris davidi £ Chiorophyta
6  fE common carp fifl Cyprinus carpio fik 3 Bacillariophyta
7  fill crucian carp fill Carassius auratus #L3 Euglenophyta
8 i bighead carp fij§ Aristichthys nobilis FH 3% Pyrrophyta
9  fi% sliver carp fit Hypophthal michthys molitrix 43 Chrysophyta
10 FEM: A herbivorous fishes . ffi Ctenopharyngodon idella [ Cryptophyta
11 JEHNIZHY meiobenthos 3£ Oligochaeta H#E Xanthophyta
¥4 %)) . Chironomidae larvae 14 RFRHE SFR A
heterotrophic bacteria heterotrophic bacteria
15 3 ditritus A HLFEJE organic ditritus
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Tab. 2 Diet composition matrix for the Weishui Reservoir Ecopath model
YifE4 group 2% predator
1 2 3 4 5 6 7 8 9 10 11 12

i Siniperca 0.018

#if13% Culter 0.077

i §i {1 Pelteobagrus fulvidraco  0.012

4% % Hemiculter leucisculus 0.048

fifl Xenocypris 0.091

fil common carp 0.052 0.016

#l crucian carp 0.043 0.010 0.038

fif§ bighead carp 0.396 0.517

fi% sliver carp 0.261  0.409

i PE£8.2% herbivorous fishes

JEM 3% meiobenthos 0.359 0.087 0.120  0.050 0.005

777 3h1%) zooplankton 0.061 0.146 0016 0.161 0191 0426 0213 01 0.060 0.01
AR Y phytoplankton 0.119 0.318 0553 0275 0314 019 0.625 03 0250 0.75
S IR0 heterotrophic bacteria 0.107 0.017 0.093 0.050 0.042 0.027 0.014 0.100

)8 detritus 0.050 0.316 0432 0338 0.394 0403 0.351 0.148 0.6 0.585 0.24
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Fig. 2 Ecopath flow diagram in the Weishui Reservoir
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Tab. 3 Input and output (bold) parameters of the Ecopath model of the Weishui Reservoir

Uihedd BRK Al (Ukme) AR R e RSB A Rny e

Group trophic level B P/B Q/B M EE P/Q
#i% Siniperca 3.336 0.036 1.390 9.770 0.127 0.142
fifi2%& Culter 3.329 0.250 1.300 7.620 0.083 0.171
W Fif Pelteobagrus fulvidraco 2.492 0.118 1.130 9.250 0.032 0.122
# %% Hemiculter leucisculus 2.240 0.154 0.989 10.134 0.600 0.098
fifl Xenocypris 2.016 0.677 2.140 15.845 0.022 0.135
fi#l common carp 2.291 0.090 1.099 6.835 0.493 0.161
fill crucian carp 2.246 0.076 2.773 9.135 0.359 0.304
fij§ bighead carp 2.430 16.577 1.228 6.150 0.055 0.200
fi% sliver carp 2.215 2.117 0.935 7.225 0.440 0.129
A PE 4628 herbivorous fishes 2.101 0.056 1.470 11.464 0.000 0.128
JE A 3% mei obenthos 2.066 0.622 4.05011416" 195 g5l 16" 0.494 0.021
77U 304 zooplankton 2.010 44.874 18.840/11:16" 376 g35!1118]" 0.265 0.050
PRWEAY phytoplankton 1.000 73.731 24210011161 — 0.714 —
SEFEUNH heterotrophic bacteria 1.000 4,153 — — — —
)5 detritus 1.000 67.027 — — 0.247 —

T B R SR * FR B R IR T 275 SOk

Note: Bold represent the output parameters of the model. * represent the data were collected from references.
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35.37 55.29 0.684 0.00848 0.000044 0.000001 0.000000 0.000
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Fig. 3 Materials flows between trophic levels in the Weishui Reservior ecosystem
R4 BWASEHNTHMNHHSHNBREST
Tab. 4 Sensitivity of the estimated parameter s when input parametersvalue were varied
Uined A5 5h W UEE sensitivity of group
group change 1 2 3 4 5 6 7 8 9 10 11 12 13
i Siniperca HE I 50% 0.04 0.02 0.01 0.09 0.04 0.01 034
/b 50% -0.04 0.02 -0.01 -0.09 -0.04 -0.01 -0.34
#A25 Culter HE I 50% —0.03 0.30 015 0.05 002 0.20
/b 50% 0.08 -0.30 -0.15 -0.05 -0.02 -0.20
o M 50% -0.01 0.10 0.08
Pelteobagrus .
fUlvidrano /> 50% 0.03 -0.10 -0.08
% %% Hemiculter H N 50% -0.20 0.03
leucisculus W 50% 0.60 —0.03
i Xenocypris 41 50% —-0.01
/> 50% 0.02
#f common carp 1 50% -0.16 0.01
87> 50% 0.49 -0.01
# crucian carp 41 50% -0.12 0.01
ik /> 50% 0.36 -0.01

(F74L to be continued)
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(3% 4 Tab. 4 continued)
Uitiedl 55 WIRE A AURIE sensitivity of group
group change 1 2 3 4 6 7 8 9 10 1 12 13
fif bighead carp 4T 50% —0.02 0.03
Wb 50% 0.05 -0.03
fif sliver carp 14 50% —0.14
/> 50% 0.42
B K Jm 50% 022
herbivorous fishes W/ 50% 0.67
A S R4 50% -0.08 0.00
meiobenthos I/ 50% 0.25 0.00
s 4 n 50% -0.02 0.36
zooplankton Wb 50% 0.06 -0.36
Y 34 50% 024
phytoplankton W/ 50% 071
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FFR40 T heterotrophic bacteria

Y phytoplankton

detritus

1% Siniperca

fifiJ& Culters
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Fig. 4 Mixed trophic impact analysis of groups in the Weishui Reservoir ecosystem
Blue and red colors in the graph indicate positive and negative correlation effects, respectively,
and deeper color indicates stronger correlation effect.
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o # Xenocypris: #) crucian carp
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Fig. 5 Overlapping niche maps of fish functional groups in the Weishui Reservoir
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Fig. 6 Overall impact and keystoneness index (KS) values® in Ecopath model of the Weishui Reservoir



780

Hh K R

% 28 %

x5

BKKEESRELEHESE

Tab.5 Summary statistics of the ecosystem attributes of the Weishui Reservior

ZH0 parameter

RYUIRA state of the ecosystem

1 2

BHFERH[t/(km?-a)] sum of all consumption 17166.770 18720.200
S [t/ (kmP-a)] sum of all exports 5048.143 11742.700
S 2/ [t/(km?-a)] sum of all respiratory flows 12802.100 6107.610
R JE AR [t/(km?-a)] sum of all flows into detritus 9237.850 16475.770
R Y MR [t/(km?-a)] total system throughput 44254.860 53046.270
Sk P [t/ (km?2-a)] sum of all production 18722.980 19019.000
BRI 77 B[t/ (km?-Q)] calculated total net primary production 17850.200 17850.280
B H AT SR total primary production/total respiration (TPP/TR) 1.394 2.923
RS e B [t/ (kmP-a)] net system production 5048.106 11742.670
WG A 77 L AR Wy total primary production/total biomass (TPP/TB) 128.072 46.116
MY MR R total biomass/total throughput (TB/TP) 0.003 0.007
S i (R JE 3 1) total biomass (excluding detritus) 139.376 387.069
248 %0 connectance index (Cl) 0.351 0.343
R MEHE L system omnivory index (SOI) 0.099 0.113
Finn’ s fi§ ¥ 48 % Finn's cycling index 11.35 11.38

AT {5 Ecopath pedigree 0.740 0.000
LA B t measure of fit, t* 3.649 0.000
A ZFEPEFE %0 Shannon diversity index 1.108 1.103

VE: 1 FROR AR AOK R A S R GRS, 2 FROREE . GFHCRA B H A B A I O AOK AR B RGUIRES.
Note: 1 represents the current state of the Weishui Reservoir ecosystem; 2 represents the state of the ecosystem of the Weishui Reservoir
when the silver carp and bighead carp discharges reach their ecological capacity.

22 feikokEEE, HBHESEE

7E 2020 4 7 H 3| 2021 4 1 H Wik K B Hall
DR A O A ST M K K AR 2 A,
S5 R R W B HT e OK PR L A A ok
2.117 t/(km?-a)F1 16.577 t/(km?-a), HRIEILA HYE

HKAKFEEYHRE R, IR YK K % | 8 47
x6

Feak, VEMEE . B BB PR IR I TR R |
RN . AR Y ST — o B R,
i 3o SRR A BT S B AT X R A PR, AN i
B AR 2 TE AR A . M A0 A R
i3t 30.169 t/(km?-a). 236.217 t/(km?a), FiEzh
YIThREA EE>1, MK P15 (£ 6). Ml

B, HESTNEEE IR

Tab. 6 Thecalculation process of the ecological capacity of silver carp and bighead carp

% N R IR ST 767 [ . R - 5 I ST Al 7
G Sh el T T il S e U
S > ) mass-balance - 2 ; mass-balance
multiplier group [t/(km*-&)] biomass change multiplier group [t/(km?-&)] biomass change
0.050 fif§ bighead carp 17.405 ) 14.000 fif§ bighead carp 232.072 .
5t ol 9023 -4 balance g o 20,639 V- balance
fi sliver carp . fi sliver carp .
0.100 % bighead carp 18.234 14250  fj bighead carp 236.217
i ol 5320 V-5 balance g o 20169 V-5 balance
i sliver carp . i sliver carp .
0.500 fiff bighead carp 24.865 T4 balance 14.375 i bighead carp 238.289 IS Y e
fi% sliver carp 3.176 fi% sliver carp 30.433 EE {#=1.0034
10.000 i bighead carp 165.766 T4 balance 14.500  fi bighead carp 240.361 e LG il
fif sliver carp 21.171 fi sliver carp 30.698 EE {4=1.0103

T BT R R L sE | g4yt

Note: Figuresin bold indicate the calculated ecological capacity of silver carp and bighead carp.
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DA M o MK K G . 0 1 A S A AN i 43 S R
30.169 t/(km?-a) . 236.217 t/(km?-a).

3 ifit

WATA 7K 55 P B IR K AR BN [ 0 T 458
AR, HAESRGEEME TR, EEREN
B ERPESFSHE I ES R G 5 TR,
XFR L3 T2 F A SR T & 1 A A AR AR 5
N Bl iR K AR S b Y n] R & R R L
X[ZS_ZB] .

AN ESER— e BT LRI T EKAES
R P MBHBFIECR, WELESMNES
e, DR I B e e Rl Pk
WAKOK FE BT M EE . Sikl, 5 2F S
L E SRR R AR & 5%, X RGE . 6
BORBAAMTES LR, #iBKEE . BF00 208
e KAk, DU A U K AR R X 28 4% 1 A 425 i
B TR T o MOCEERh R B B R R A &
B, il SRR AN SCHERR, & T DAZEME K K A
25 3E G AR A o |G R T A S A A R A
S, ARBE T R ST TAE R T o X R R 4 i
JEBE A BT IA, SR R %) A 4 7 Bh X Rk
MR TIRed] EE 2K, #2842 shx)
BRI EE (H WK, FELTFYREH
A A, FEIFS I BE (E A8 AR R o R
A= YD) RE A VT U S A ) AR A B X VR YA A 1
SR I R, VR ITE AR 4 R ATG 20 4 A= ) i AR AR B XoF
HASMN EE kK, BUEEM RS S
RN BT AE BB M AOK EAE S R T £ TIRedl Z
() 52 ) () (R B, 0y i S fie | o AR S A AR B
BEE T A

MAEZS R G E R TF 8T, SR gd =&/
BEIY B (TPPITR) . RS 48 5U(FCl) . 1% 35 5K
(Cl). RG24 B8 555 FE S 41 (SOl) ) j& Ecopath
I v S At S A 25 R BRI R R e g 214
i g ST M KK PR AR S T AR A, & BRE KK R
FCI G348 %k, CI #8%k. SOI #5414 %10 11.35.,
0.351, 0.099, FCI fE¥ 455K F 2016 4F T i
Ecopath # % (5.27)" 5 2013 4F 4 v 3] /K Ji

Ecopath #%1(6.73)1%8 x5 W Mgk /K BEARER T T
SR04 VDAL K R AR A R G A A T R A ) T A
B, Cl8EUIR AT 2016 4FT 5 1) Ecopath 15
#1(0.263)M 5 2013 44 VbIT K% Ecopath #5171
(0.277) 5 e BT &L T T 5% W) % 4 vb 1] K )%,
WarKoKPE 15 ASThRELL 2 8] HAT %5 5 % D) i Bk
4R, AT FCIEARFEEL. Cl 48451, MikoK
J# SOl +8 ¥ =5 T 2013 4 Y] /K 2 Ecopath 45 %Y
(0.087)°, W& KT 2016 4E T &5i] Ecopath 5%
(0.131)™M I K K A A R G R AR 4 b
WKFEESRGEE S, BT HMAESRERL,
A1 3AEIUE 2 I K K B AR 25 R G0 L A
B HE 0% U B 5 ) 3R 48 R Y B R T R
SR B (TPP/TR), TPPITR KT 183223 1, )
ARG WK K R TPPITR (B K
1.394, FHE:T T 8 W14 25 £ 58(6.509) ML) K 470
WK P 25 2 52 (6.735) MO H 35 1, Ui ME koK
JEAE T T 5 A S R G DL R S UK RS R
ST R I, AT R T B B B

AAIFGT 32 B I F EWE BB AR ST 1A MK
EREBRGPEE . B AS R E, Wi IR
T K K JE A 2 TR e i | BRI RE ZH A LR W)
EBHUE, B E KK R GE | B AR S
g R4 51k 30.169 t/(km?-a) | 236.217 t/(km?-a) .
TR AU L A B | S ) B R PR IR 25 A o AT A S 3
TR AR 2SR A el AR 7 B 1) E LK i
Mace?8 i Y T LI AR 25 8 gl i 0 — 2 3 B Rk
AP HRZE = 1 (MSY), BLRF B AR a2 i3 o A KR
B o YEKOKE BRIFR N 37 km?, $5 8 okl $54
PR (MSY)BIE, 15210 K K BB i %) 38 B
4 563.127 t, 4370.015 t, [Ft, HAijifEK K% i |
SR RAT B AN R, A TR & HE K AR SRR
K, EWE B JE T A 2 A A B e ) e A AR,
B 8% 6 A B S P B A A 1 2
(EAAFAE—E AL, W ER T RS R RN
AT R B sh A5 A8 Al s AR RS E . LY
SR, 33 T X 2 A A5 2R 4t i A 3 1 A 5L
i P AS B Ah 0 £ S g 2 LR UHERfR A %
WY o
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Analysis of ecological system characteristics and ecological capacity of
Hypophthalmichthys molitrix and Aristichthys nobilis in the Weishui
Reservoir based on Ecopath model

FAN Zeyu', BAI Xuelan®, XU Juchen®, WANG Xiaoning®, LYU Yabing*, HOU Jie* % HE Xugang" 2

1. College of Fisheries, Huazhong Agricultural University, Wuhan, 430070, Ching;
2. Engineering Research Center for Green Development of Bulk Aquatic Biological Industry in the Yangtze River
Economic Zone, Ministry of Education, Wuhan, 430070, China

Abstract: To explore the current status of the Weishui Reservoir ecosystem and the ecological capacity of Hy-
pophthal michthys molitrix and Aristichthys nobilis, we used data from the fishery resource survey in July 2020
(summer), September 2020 (autumn), and January 2021 (winter) to establish an Ecopath model. The Ecopath
model of the Weishui Reservoir consisted of 15 functional groups, and the fractional trophic levels ranged from 1
to 3.336. The keystones were Siniperca chuatsi and Culters, and the results indicated that their two niches, which
included Hypophthalmichthys molitrix, Aristichthys nobilis, and Hemiculter leucisculus highly overlapped. The
Finn cycling index (FCI), system connectance index (Cl), and omnivory index (SOI) of the Weishui Reservoir
were 11.35, 0.351, and 0.099, respectively, indicating that the Weishui Reservoir had a higher material recycling
ratio than other lake and reservoir ecosystems, and that its functional groups had more closely and complexly
connected relationships. The total system throughput (TST) of the ecosystem of the Weishui Reservoir was
44254.860 t/(km?-a), and the ratio of the total primary production to the total respiration (TPP/TR) was 1.394,
indicating that the overall scale of the system was appropriate and was approaching a mature development stage.
The biomasses of Hypophthalmichthys molitrix and Aristichthys nobilis in the Weishui Reservoir were 2.117 t/(km?*-a)
and 16.577 t/(km?a), respectively, and their ecological capacities were 30.169 t/(km?a) and 236.217 t/(km?a), respec-
tively.

Key words: Ecopath model; Hypophthalmichthys molitrix; Aristichthys nobilis;, ecosystem status; ecological
capacity; reservoir
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