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Tab. 1 Functional groups and main species based on Ecopath
model in Zhangze Reservoir

ETRS hagdH YR ZH R
Number Group Species composition
1 51 Channa argus 518 Channa argus
2 LI 4E R B Chanodichthys 218851 Chanodichthys
erythropterus erythropterus
3 KR Protosalanx KR Protosalanx
hyalocranius hyalocranius
4 8 Cyprinus carpio i Cyprinus carpio
5 il Carassius auratus fifl Carassius auratus
6 fiff Aristichys nobilis fif§ Aristichys nobilis
7 i Hypophthalmichthys % Hypophthalmichthys
molitrix molitrix
8 Wit Ctenopharyngodon %8 Ctenopharyngodon
idella idella
9 HAth a2 Other fishes  FERE K Rhodeus
ocellatus
& Hemiculter leucisculus
F BRI I Rhinogobius
giurinus
Z 4 Pseudorasbora parva
Vet Misgurnus
anguillicaudatus
10 BRI Molluscs h FH 2
Cipangopaludina
chinensis
RIEWE Physaacuta
11 W2 Shrimp 75 1N 1 ¥R Exopalaemon
modestus
H AJAUF Macrobrachium
nipponense
7, [IREEUR Procambarus
clarkii
12 HoAh AR SN Y Other iR UM Turbellaria sp.
benthos &M Clitellata
E Hi % Insecta
13 s Zooplankton  JRAEB¥IProtozoa
& HiRotifer
¥ fa 2 Cladocera
¢ £ ZCopepoda
14 KA HE YY) Large 14 Cyanophyta
phytoplankton
15 /AL R ) Small £ Chlorophyta
phytoplankton T #:Bacillariophyta
#1## Buglenophyta
i #Pyrrophyta
4 ¥ Chrysophyta
16 % 8 Detritus 5 Detrius
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Tab.2 Diet composition matrix of the Zhangze Reservoir Ecopath model
2 #li £ % Predator
HhfieAiGroup 1 2 3 4 5 6 7 8 9 10 11 12 13
1 S8 Channa argus
2 &R B Chanodichthys erythropterus
3 K#Rf Protosalanx hyalocranius
4 8 Cyprinus carpio 0.012 0.040
5 fillCarassius auratus 0.281 0.196
6 ffAristichys nobilis 0.030
7 i Hypophthalmichthys molitrix 0.054 0.020
8 Wil Ctenopharyngodon idella
9 HAt 1 2Other fishes 0.181 0.240 0.273
10 K ARZ) P Molluscs 0.192 0.219 0.086 0.014 0.001
11 %FZ4Shrimp 0.110 0.104 0.106 0.059 0.101
12 HAR AR Z 4 Other benthos 0.076 0.058 0.048 0.669
13 ¥Fii#3I¥)Zooplankton 0.260 0.151 0.158 0.196 0.720 0.213 0.013 0.800 0.100
14 KA fE ) Large phytoplankton 0.060 0.469 0.030
15 /NEFF L PSmall phytoplankton 0.008 0.030 0.041 0.350 0.125 0.156 0.020 0.064 0.170 0.100 0.680
16 14 /8 Detritus 0.086 0.080 0.251 0.598 0.291 0.095 0.162 0.980 0.253 0.800 0.200 0.800 0.320
&3 EFEKEEcopathtERIhEEA B ESH
Tab. 3 Input and output parameters of Ecopath model in the Zhangze Reservoir
Thfiedl RO AWE e Wl ESER AR
Group Trophiclevel B (tkm) A¥EPB  AEWMEQB  HMMEEE WHHEPQ
548 Channa arguse 3.28 2.00 1.50 6.60 0.05 0.23
2115 JR il Chanodichthys erythropterus 3.29 2.50 1.09 6.10 0.03 0.18
KR Protosalanx hyalocranius 3.04 8.65 2.00 7.09 0.32 0.28
1 Cyprinus carpio 2.41 14.42 0.97 3.55 0.66 0.27
W Carassius auratus 2.44 20.19 2.05 7.09 0.47 0.29
il Aristichys nobilis 2.72 43.00 1.07 6.90 0.66 0.16
i Hypophthalmichthys molitrix 2.21 43.00 1.13 8.00 0.64 0.14
L {8 Ctenopharyngodon idella 2.00 2.00 2.39 6.20 0.21 0.39
HoAh f1 25 Other fishes 2.75 12.00 2.50 1.07 0.86 2.34
AR Molluscs 2.00 12.00 2.00 16.00 0.93 0.13
WR 2 Shrimp 2.80 9.00 3.09 44.00 0.97 0.07
HAh AT B ¥ Other benthos 2.10 2.50 7.95 225.00 0.98 0.04
I B Zooplankton 2.00 36.46 25.00 376.84 0.78 0.07
KELF e fE Y Large phytoplankton 1.00 29.41 159.98 0.04
/N A ) Small phytoplankton 1.00 86.73 159.98 — 0.69 —
1% JE Detritus 1.00 35.00 — — 0.28 —
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TENRIAE 3, M A DI REH 2 IR, HAK
2R Sk PRI AN AN B AN ER AR S P S R
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REHREE ST REDRARBEYE
BARAERT TS RGBT RO K ThRE 4, 1E
Ecopath 84 i fi fit 1 370 53 #r S BREA 175 9%, ATt
7t R F Libralato "2 H A5 7 E5 50 Hr i PR /K R
REREFN(E 3)e ARATRG T IFIEEIY, KRN
R S ) A i, 5 0 AT R AR S 0 0 B A 0 A2 26 R
GER NI, B AT A 2 B AR, RT DAAE B K

Ecopathfi ! oz i, i HEAT /£ S A B H.
ERREEERMEEEUME  EHEK
EAEE A EE R EE(E 4), — 42 IREE N
S IR S B BE, B — SR W R e o, R
PR S Y, T N R B
B IhRELH 2 T AR T R A Bh ) o
EFEKEESRAAONELE RN, el
BEELEFE] —IVEHRL. EERFELWMEN
53531 t/(km’-a), H s 3R 2 T AIT 4046 10 BE LA
524K 2R, o A R R 170,41 %F128.08%, 75
BRPERBEMILE FRRR LG 5). WN&EF
I RE B BCRE (£ 6), @I TS S EE RN
R RGN RE B LL61(46.00%) K T E &R

x4 SREHAMESHHFREST

Tab. 4 Sensitivity analysis of parameter changes to output parameters

T REZH U Sensitivity of group

2y el Group %3] Change 2 3 4 5 6 7 8 9 10 11 12 13 14 15
L i Hns0% —0.02 0.01 0.04 0.01 0.04 0.05 0.03 0.03
Channa argus W50%  0.05 ~0.01 —0.04 ~0.01 ~0.04 —0.05 ~0.03 —0.03
AN Y] H4m50% -0.01 0.02 0.04 0.06 0.03
Chanodichthys erythropterus 1,500, 0.03 ~0.02 ~0.04 0.06 0.03
K HINn50% -0.11 0.28 0.28 0.12
Protosalanx hyalocranius A 50% 032 028 -0.28 —0.12
il H50% -0.22 0.09 0.05 0.07
Cyprinus carpio > 50% 0.66 ~0.09 ~0.05 ~0.07
] HIN50% -0.16 0.02 0.06 0.07 0.01
Carassius auratus W50% 0.47 ~0.02 ~0.06 —0.07 ~0.01
fif§ HIN50% -0.22 0.12
Aristichys nobilis A 50% 0.66 012
fife HIN50% -0.21 0.04 0.02
Hypophthalmichthys molitrix A 50% 0.64 20.04 —0.02
Fifh HN50% -0.07
Ctenopharyngodon idella H50% 021
HoApth 2 HIn50% -0.29 0.22
Other fishes b 50% 0.86 022
BARENY) HIn50% -0.31
Molluses W 50% 0.93
IES HIN50% -0.32 0.07
Shrimp P 50% 0.97 ~0.07
HoAth AL B HIn50% -0.33 0.03
Other benthos A 50% 0.98 —0.03
I HIn50% -0.26 0.34
Zooplankton WA 50% 0.78 034
KEVFHEAREY) H150% -0.01
Large phytoplankton H50% 0.04
N R ) HIn50% -0.23
Small phytoplankton A 50% 0.69
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Fig. 2 Mixed trophic impact in functional groups of Zhangze Reservoir ecosystem
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Fig. 3 Keystoneness index (KS;) in Ecopath model of the Zhangze Reservoir
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Fig. 4 Food web of the Zhangze Reservoir
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E ARG ES BT EFEKEEAS R
G A MR N53531.34 t/km', AT EER . IR
JE &4 R 915839.9H119111.939 t/km’, 435 5 2454
TE29.6%F135.7%, A4 HIH K HE &2 1534.7%.

RS BFKREESRGREERNSH
Tab. 5 Distribution of energy flows at aggregated trophic level in
the Zhangze Reservoir ecosystem

ey BORTCL R

! Consump- fiith®  JEE TRE RE
tionby  Export Flowto Respiration Throughput

predators detritus

VI 0.000 0.000 0.000 0.000 0.000
A% 0.000 0.109 0.841 1.189 2.139

Trophic
level

v 2.139 3.187 15.16 19.72 40.21
111 40.21 38.63 388.0 300.9 767.7
I 767.7 48.81 9890 4324 15030
I 15030 13843 8818 0.000 37691

il Total 15840 13934 19112 4646 53531

* 6 TREIEFRPEINGESHUHE
Tab. 6 Transfer efficiencies in different trophic levels (%)

=4 Trophic level (TL)

HiRSource nom v
YR E 7= # Producer 5355 8.562 16.11
1 J8 Detritus 5.676 13.34 10.63
SBETAL flows 5.432 10.27 14.24 5.086
ok B [ BE L LL
Proportion of total flow originating 46%

from detritus

WIRLE = AL A% From primary

HHAWKEM L, EEKEAS RSN SR EROR,
ARG K. BIEKELESRAPICHEE A
0.267, & T A1 (0.188) A1 T- 8411 (0.263)", E1IE
T e 7KK FE(0.3)°; SOIHE % 490.149, & Tk 7k
JZ (0.1 )"V 1 B (0.119)57, 5 B 5 H: b /K FE AH
bb, EE K AR S R G Th RE A R) B 245 7 B AR N R %,
H WM SR = % . 1B EE K EFinn’ s 34
FEBO11.12%, &5 T T 5 35(5.27%)", (A6 T A3
(18.3%)" VR HLWI(15.51%)" 7, 1 BH v 36 K P 2B 2
RO FE AR 2, A S Z BN R R T
o BYIHA B SR E R HE 3.999, 1T
TR /N T 55 780(6.509) T Fn 4 v T (6.735)™,
T Ll (2.8)! A T L (1.339)° 14 X e A2 R
I TPP/TRAEZE KT 1, Ui B #ATS b T A LA 1 R
EMBGER 7).
2.2 GEFKEM, BHESEERNESRSGR
A

i, BHESS=E TEA 3 O LA I
WAERRG EEGEER MBS E LT, B
Ecopath 4 A fi% | i 1) A= 470 5 4 I 38 0, T DA
Y. RN TG — 0 AR B R 1, 4
BT 161.5 tkm®. 8 19 2E Y BT 70.3 tkm i,
T DR H AR E R F B L, B A
P, BPEE . A B AR SR EGR 8). EIFEIKESF
fif . AR SR E AT KW, SEAESEREGLOY
k)™, A T 9 7K K P i . 2 5 %5 5 (30.169 Fil

2,[20]

236.217 t/km') ",

producers 5.040% & G2k pe= A Z Y = :
ﬁiEE{{%{%FFOm detritus 9.249% —JE:\ —Ebil&\ﬁiiﬁil&\%«ﬁﬁ,‘]fﬂfuﬂ IKJﬁ
. 0 S 5, S
B Total transfer FE AR R RN W RSN, EEE K RS RS
P 9.040% VN \ vl — N
efficiencies ’ SR IR S B A RS 2 DL/ LA
|48.81 |38.63 |3.187 [0.109 10.000
#w 2808 [T 00751 000399 o 0.000
| ?f)]f)y'ztptf’if I 0.0543 [ 0.103 v 0.132 v 0.0509 VI
5269 J4324 3009 Jo7 T 189 —J0.000
8818
L 35.70
D
R AL
19112 9890 15.16 0.841 0.000
|§ﬁﬁl"|"1 |cxports
LRI (% TST (%
M fe ij:()[ %) N consumption %) predation
B i " TE

Jopogs|REE

flow from __|res ration flow from
detritus P detritus

Kl 5 EEKELES RGNS

Fig. 5 The trophic flows of ecosystem in the Zhangze Reservior ecosystem [t/ (km2~a)]



1560 K A& E ¥ wR 48 4
* 7T EFKEREMKEESREGNRAFTESH
Tab. 7 General properties of the Zhangze Reservoir ecosystem
¥ EROKE KB YAOKE DM TR il S
Parameter Zhangze Taihu Weishui Wuli Qiandao  Dingshan Jinsha
Reservior Lake Reservior Lake Lake Lake River
3l #E R Sum of all consumption (t/km”) 15839.90 167609  8624.42  3456.15  5047.78  965.02  5717.47
%y H B Sum of all exports (t/km”) 13933.94  15299.5  9414.69  680.604  8453.85  900.50  8901.75
AT & Sum of all respiratory flows (t/km’) 4645.56 46356  2593.19 201051  1536.95  827.79  1552.08
AW MNESum of all flows into detritus (Vkm®)  19111.94 295495 11561.05 2981.99  9659.69  1405.19  11076.4
A% M R Total system throughput (km®) 53531.34 662455  32193.34 913225 2469827  4098.50  27247.7
MR (tkm) 19770.48 205353 1245696  3447.93  10243.53  2374.84  10753.0
HRIZRE P S (Vkm) 18579.50 149032  12007.88  2691.11  9990.779  1487.18  8901.74
RMWIRAE = B/ A E Total primary 3.999 4215 4.63 1.339 6.509 2.80 6.735
production/Total respiration (TPP/TR)
RSk 45 16 B Connectance index 0.267 0.188 0.30 0.277 0.263 0.19 0.277
R4 4 & 15 % System omnivory index 0.149 0.041 0.11 0.119 0.131 0.07 0.087
Finn’s#§ 45 £ Finn’s cycling index (%) 11.12 18.3 11.35 15.51 5.27 1.89 8.4
Finn’s*7}3 4% £ £ Finn’s mean path length 2.881 3.323 / 3.393 2.472 2.37 2.606

# 8 EFKEEE, BESENEITE
Tab. 8 Ecological capacity assessment of Aristichys nobilis and
Hypophthalmichthys molitrix in the Zhangze Reservior

WM s AvE WYE Y
Species of Increase factor of Biomazss Catclzl ERETR
proliferation biomass (tkm)  (tkm)  ZZEEE
fik 1 43 30 0.851
Hypophthalm 2 86 60 0.909
ichthys
molitrix 3 129 90 0.968
3.756 161.5 112.68 1
4 172 120 >1
1 43 30 0.851
1 1.5 64.5 45 0.968
Aristichthys 1.947 83.7 58.41 1
nobilis
2 86 60 >1

o, Bt A e R R /NI s (] 6)
BEELE, SRAEREMINEEAESEELRES, £
B RGN AT B PR B (TPP/TR) 2 /M i
() B A, % A= 4 08 A 25 45 F i) TPP/TRAE M 3.999
FAR 223,525, fif 28 W 8k A A5 25 S TPP/TRAE M
3.999[% K 523.849, RGELIBH(CHRGF A BFEEL
(SODFE AR FE AR, FCIHE UM FMPLAE 5 th 36 A
REFREA T 7). YRR ESEERN, &S
F G R N54008.42 t/(km va), MIEFER . AT
Wi, A H BRI R LA S 2 i 16787.9
5270.051. 13309.45F11864.02 t/(km’-a). 41k 5|
EAREN, EA ARG AR ]N53657.73 t(km-a),
SUHAERE. RILE . SRR A LS
B0 IN16120.73 . 4826.671. 13752.8341118957.5t/
(km*-a). PRIk, 380 B AR R RO E R, RS
RGN Re EHURA Friskb, Ge s H H 8 prie

e, TR AE S ZR 48 1) 52 2 AN A S AN K

g

AR, VB KEE AN R R B 10 | B Rk,
i 1 Ecopath#% 84 43 MT 5 36 K B A2 745 R G &Y
ZER. BEEVRENAFIE, A S RGBS HE TR
o EEE KPR B AS T 2 (Pedigreedis #0)740.538,
15 MorissetteZ “ 4} 11 1504 Ecopath/i &Y (P¥&
790.16—0.68)AH L, 2 R B A S FE B A . K
ThRELH 3 R B . BREAN 2% 2B 78 RGN S,
BB 43 B 2 B S AR 6 1) AR ) 2 R AU VR B )
1) AR 75 RO A R A B K, R AR = T AR A L B AR )
BRI AR S AR AR R 5K, PR3N
W EE W 1) 7 A S T AR D ) A S RIUR AL R i i
Ko TRAE IR 53 BT 22 B 1 F /K P H o K 2 7
TR A 7= A 7 AR B AE P B 5 P A i, SXof /N 2R i A
W= HE A RS B R (R VR R B, % SR B
W35 7 AR RORE o K KR B T Ui AR A R A 3R
20224 B ZE TN 23Kk % N 2.181 mg/L, $:20194
(0.82 mg/L)*". 20104(1.87 mg/L)""'8A & F+ &5, TP
TR %2 20104E(0.18 mg/L). 20194E(0.097 mg/L)
I8N 22.0.038 mg/L; 200945 15 138 7K 2 V7 Ui 1 40 1
VR LEL R R I - i R Y 20194F DL 1R B i,
20224 B IE B A R IOR, 5201954
bl VR A ) AR R T o, L R R )
PRFFh, AL R A W EK B RS . K EA S
RS 1 BB 18 TR B EERS5.43%, S
BB N.04%, BEAL T ARAE 2 R (10%), Ui
BZKEERE BRI H R R B B oS . HY
CLA B 75 R A AR 25 R G AT X LE, VK PR A
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B ARG E 77 2 18] B e A RO D IS AL R Y ik
TR EAKF, ARG SR ER KR, RAMMBE
K, THRELH A1 e 25 FE B A B35 . I 204E PR /K i
K FH T i i 11 7 2082 ) S TR AL, TR R R i Ui
v, AT TR, TPP/TRAEIZ K F1, 54T A ik
IR BB

Ecopathf& 8 B | 0] AT AR 25 R G0 38 AR RFAIE Jo
BEAT VR, 10 R8 il B8 U5 B A AR 0 S K
Y5 o AW FLIE I Ecopath 5 714 X i 138 /K 2 i L 6§ 11
A AN B R T DTA N, A 9, s FE B K R
i . AR A A GRS 51 9161.5F170.3 vkm®, B
s i bR ASE A2 A A G B 1) — 2 RIA Bk AT
Rz MR L 0 1 2 B 4 80,75
35.15 tkm’, BEAS R BERO I 2R KR s, 1R
IR RS G TR A R 20 043 vkm', % T TH
H RT3 7K R i 1) AR e AN R I, A TR R AR
AZE RGN RS R BCR, 8500 2 1 i K] RF4:
FEETHRAYE.

PEA H bR 0 A 25 25 5 0 3 B TR S A R

¢ ARG R SRR B R
[ B 25 S v By R Y E R
% M % % M
5k

4L

1k

7 & Throughplut [x10* t/(km?-a)]

0

43 80.7497 86 129 161.4994

fii A= & Hypophthalmichthys molitrix biomass (t/km?)

WS HERIE RIS, B ERIEAE S RFE R FREEA
IR . AR LT BIUIR, 33 K e o fi 655 £ 2E 4
Iy B IN3. 756 F11.635(5 LA B A S R & . X ik
R BRI G, AR RS S BE B R 1) R
JBHIRER YA BT N %, 1 R G E M R G A=
BTG, PR, D L SR A R R
SEE, ESRENTIRREDR AT, e F
PR AT i, S R YR A 77 WG
R N ES, COEAAAR, SO A 14 i, wi B 4
BRAGEMEEAK, W15 AT & & AR
J& o SEA BUBNE AT AR B8 IR AN AT, i i 1K
ABREE, MFIE I ESRER WK,
I M A4 2 6 1R 38 0 %ot R R W A A 7 A SR R
WE /KA TT DAAE — S R A5 2P0, tmT DA s
IR 7= DI R RCR

fe B 2 75 () 8 SR AE AN TRl K AR P . R[] S 56 2%
PR 2T 7= AR B RO A BT AN (), - 5 R i s
fif . BRI AE AT 7 5, BARTE RN AT RE S 4]
WE R K AR, B LEAS [FI I [8] (0 A 245 R G0 R I R A

6 - ARG SUEIHRE R oA R
U EMIR R e R R
7]

] ] ]

5k

4L

& Throughplut [x10* t/(km?-a)]

35.1525 43 64.5 70.3
i A= 7 Aristichthys nobilis biomass (t/km?)

Ko fif. SEAVEAMNERKELSRGIEA BN

Fig. 6 Effects of Hypophthalmichthys molitrix and Aristichthys nobilis biomass on the basic ecosystem properties in the Zhangze Reservoir
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Fig. 7 Effects of Hypophthalmichthys molitrix and Aristichthys nobilis biomass on stability and maturity in the Zhangze Reservoir ecosys-

tem
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ECOLOGICAL SYSTEM CHARACTERISTICS AND ECOLOGICAL CAPACITY
OF HYPOPHTHALMICHTHYS MOLITRIX AND ARISTICHTHY'S NOBILIS IN
THE ZHANGZE RESERVOIR BASED ON ECOPATH MODEL

LIU Zi-Meng, FENG Min-Quan, YANG Rui-Jing and LIU Guo-Guo
(State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi’an University of Technology, Xi’an 710048, China)

Abstract: Ecopath is a modeling tool utilized for analyzing the structure and function of marine and freshwater ecosys-
tems, providing an effective means to assess the structure and energy flow within food webs across various ecosystems.
Numerous scholars have employed the Ecopath model to establish ecosystem models for oceans, ponds, lakes, estua-
ries, and reservoirs, aiming to explore ecosystem structure, function and energy flow characteristics, as well as assess
the phylogenetic status and maturity. Additionally, the model has been applied to study the ecological capacity of target
species in marine ecosystems such as Wangjiadao Islands and Daya Bay, aiding in the evaluation of breeding and
releasing activities. However, the use of the Ecopath model to study the ecological capacity of target species in inland
lake reservoir ecosystems, particularly during breeding and releasing activities, requires further investigation. To eluci-
date the fundamental characteristics of the Zhangze Reservoir ecosystem, estimate the ecological capacity of filter-feed-
ing fish species such as silver carp and bighead, and explore the impact of silver carp proliferation and release on the
ecosystem, this study employed the Ecopath with Ecosim 6.6.5 (EwE) software package for modeling and analysis. The
Ecopath model of Zhangze Reservoir was constructed based on fishery resource survey data from 2022 to 2023, divid-
ing the ecosystem into 16 functional groups based on ecological niches and feeding characteristics of organisms. The
results showed that the trophic level of each functional group ranged from 1 to 3.31. The energy conversion efficiency
of primary producers and detritus stood at 9.04% and 9.25%, respectively, with the total energy conversion efficiency
of the ecosystem at 9.04%. Moreover, the total flow of each trophic level exhibited an inverse proportion to its trophic
level, conforming to the ecological energy pyramid law. The total annual flow of the Zhangze Reservoir ecosystem was
measured at 53531.34 t/kmz, with a system linkage index (CI) of 0.267, system omnivorous index (SOI) of 0.149,
Finnish circulation index (FCI) of 11.12%, and the Finnish average track length (FMPL) of 2.881. The degree of
connectivity among ecosystem functional groups was relatively close, yet the food web structure lacked complexity,
generally indicating an immature stage. The ecological carrying capacities of silver carp and bighead carp were esti-
mated at 161.5 and 70.3 t/km’, respectively, representing 3.549 and 1.947 times the current biomass, suggesting signifi-
cant potential for fishery biomass growth. During the process of silver carp and bighead carp reaching their ecological
carrying capacities, the total primary production and total respiration values of the Zhangze Reservoir ecosystem
decreased by 0.47 and 0.15, respectively. Additionally, the system connection index (CI) and Finn average path length
(FMPL) increased slightly, indicating improved energy use efficiency and a tendency towards increased ecosystem
complexity and maturity. Considering adjustments to the biomass of silver carp and bighead carp to reach the maxi-
mum sustainable yield of 80.75 and 35.15 t/km’, respectively, may enhance silver carp production and improve ecosys-
tem maturity. The above results provide insight into the development status of the Zhangze Reservoir ecosystem and
offer valuable guidance for fishery enhancement management strategies.

Key words: Ecosystem; Ecological capacity; Ecopath model
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