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Abstract; Water quality oriented fishery is one of the measures to control ecological disasters such as water bloom outbreak
in China, but the subsequent results are quite uncertain. In Xin’anjiang Reservoir ( Qiandao Lake) of Zhejiang Province,
the implementation of water quality oriented fishery has brought certain positive effects on the water quality improvement and
fishery production. However, the structural effects of such anthropogenic interventions on ecosystem self-organization has
remained a significant challenge. In this study, we collected the ecological and fishery resources data of Qiandao Lake from
2008 to 2010 to construct the Ecopath model, dividing the ecosystem of 2010 into 17 functional groups. The ecosystem

structure and functional status of Qiandao Lake in 2010 was compared with those in 2004 and 2016 based on our analysis of
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the Ecopath model, in order to explore the effects of stocking silver and bighead carp. The results showed that the ecosystem
of Qiandao Lake in three typical years all mainly consisted of four integrated trophic levels with a typical pyramidal-shape
energy flow, and the flow to detritus accounts for a large proportion in the total nutrient flow, thus it can be seen that the
energy of trophic levels I and II was not fully utilized. Except for silver carp and bighead carp, the overall fish stock
decreased gradually, while the biomass of phytoplankton and detritus increased simultaneously. The primary production and
scale of the system improved to some extent, but the total energy transfer efficiency of the system was not high compared to
other reservoirs. In terms of some parameters closely related to system maturity, resilience and stability, the total primary
production/total respiration ( TPP/TR) increased, and Finn's cycling index and Finn’s mean path length decreased
gradually, accompanied with relatively low connectance index and system omnivory index in all three typical years (CI=
0.223, 0.219, 0.263, respectively; SOl =0.087, 0.102, 0.131, respectively ). The results indicated that long term
stocking of silver carp and bighead carp had resulted in a significant change in the food web of Qiandao Lake, and the
overall decline of fish resources might lead to over nutrition in the lake. The ecosystem trophic interactions were not complex
enough, and the maturity and stability were reduced. As a fresh water body developed from the reservoir, the relationship
between food webs in Qiandao Lake is relatively simple. Therefore, it is necessary to carry out restoration work to avoid too

much human interference, and a more systematic restoration measure based on ecological principles is needed in the future.

Key Words: Ecopath model; ecological restoration; Qiandao Lake ecosystem; trophic level; energy flow characteristics
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Table 1 Function Groups of Qiandao Lake Ecosystem
2004 4F 2010 4F 2016 4
a5 Winedlg Rk dS inedlgRr de5 Inedis R
Number ~ Group name Number ~ Group name Number ~ Group name
1 18 Elopichthys bambusa 1 S2T A Culter mongolicus 1 5 Siniperca chuatsi
2 A Culter 2 SWEGA Culter alburnus 2 KB Lepomis gibbosus
3 i Aristichthys nobilis 3 8 Aristichthys nobilis 3 #if1 Culter
4 fi Hypophthalmichthys molitrix 4 fift Hypophthalmichthys molitrix 4 Bl Pelteobagrus fulvidraco
5 KHRAESE Sinibrama macrops 5 KHERAESS Sinibrama macrops 5 Bt Pseudolaubuca sinensis
6 4 Cyprinus carpio 6 4 Cyprinus carpio 6 fify Parabramis pekinensis
7 B4 Pseudolaubuca sinensis 7 B4 Pseudolaubuca sinensis 7 % %% Hemiculter leucisculus
8 fifl Xenocyprina 8 %%k Hemiculter leucisculus 8 fifl Xenocyprina
9 HE a2 Other fish 9 fifl Xenocyprina 9 #8 Cyprinus carpio
10 R Shrimp 10 HE 2 Other fish 10 ) Carassius auratus
11 ARSI Molluscs 11 IF#E2 Shrimp and crab 11 8§ Aristichthys nobilis
12 /NBURATIEH) Meiobenthos 12 ARSI Molluscs 12 #F Shrimp
13 1731 %) Zooplankton 13 HEEMISI%) Meiobenthos 13 % Hypophthalmichihys molitrix
14 LY Phytoplankton 14 B Zooplankton 14 A8 Ctenopharyngodon idellus
15 JKAEAH) Benthic producer 15 TEUFHEY) Phytoplankton 15 JEMTSI#) Macrobenthos
16 HHLIEE Detritus 16 KA A5 %) Hydrophyte 16 T4 Zooplankton
17 HHLEEE Detritus 17 TFUFAEY) Phytoplankton
18 HHLVEE Detritus
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Table 2 Basic parameters and output of Qiandao Lake ecosystem model in 2010
o wggp | EUECEME WRERCEME OESEE gﬁgfj” .
214, Group AR Biomass/ P/B 0B MR EE Catch and
Trophic level (k) Pr.oductlon/ Co'nsuptlon/ Ec?l?glcal migration/
Biomass/a Biomass/a efficiency (Vkn?)
Z2 8 Culter mongolicus 3.39 0.63 0.98 3.62 0.704 0.367
SAMEEN Culter alburnus 3.48 0.32 1.05 3.83 0.831 0.206
1% Aristichthys nobilis 2.9 3.78 1.299 7.53 0.93 1.341
#§% Hypophthalmichthys molitrix 2.1 291 1.503 10.19 0.95 1.006
KAR4E# Sinibrama macrops 2.39 0.21 1.75 14.7 0.89 0.151
i Cyprinus carpio 3.02 0.05 1.035 3.55 0.79 0.052
B Pseudolaubuca sinensis 3.06 0.42 1.17 3.97 0.73 0.047
24 Hemiculter leucisculus 2.12 0.68 1.16 3.8 0.76 0.040
il Xenocypcris 2.02 0.60 1.36 14.7 0.83 0.426
HE 02 Other fish 2.69 0.10 1.198 12 0.90 0.054
WRAEZ Shrimp and crab 2.33 0.23 3.09 41.2 0.95 0.227
ARSI Molluses 2 0.52 1.33 10.64 0.95 0.23
HEIEWIZhY Meiobenthos 2.1 2.25 4.03 201.5 0.95 /
I3 Zooplankton 2 16.40 15.81 316.2 0.294 /
IFUEAEY) Phytoplankton 1 35.01 200.75 / 0.53 /
JKAEREY) Hydrophyte 1 0.36 80.00 / 0.5 /
AL Detritus 1 37.15 / / 0.26 /
£3 INERNEURAEYETR
Table 3 Comparison of biomass of functional groups in three typical years
2004 4F 2010 4F 2016 4F
LY B LY B LY B
4, Group Biomass/ || 4144 Group Biomass/ || 4144 Group Biomass/
(t/km?) (t/km?) (t/km?)
8% Elopichthys bambusa 0.0385 || ZE A Culter mongolicus 0.532 || fifi Culter 0.07
#if Culter 1.958 || FMEL Culter alburnus 0.236 || #Fifh Pelteobagrus fulvidraco 0.07
15 Aristichthys nobilis 4.82 85 Aristichthys nobilis 3.78 8 Aristichthys nobilis 11.11
#i% Hypophthalmichthys molitrix 1.52 #i% Hypophthalmichthys molitrix 2.91 % Hypophthalmichthys molitrix 8.18
KR4S Sinibrama macrops 2.92 KR4S Sinibrama macrops 0.196 || #i Parabramis pekinensis 0.13
8 Cyprinus carpio 0.21 i Cyprinus carpio 0.06 8 Cyprinus carpio 0.04
Bt Pseudolaubuca sinensis 0.47 Pt Pseudolaubuca sinensis 0.47 BAh Pseudolaubuca sinensis 0.06
il Xenocyprina 1.489 fifl Xenocyprina 0.64 fifl Xenocyprina 0.06
Hg 2K Other fish 0.35 2:2% Hemiculter leucisculus 0.72 225 Hemiculter leucisculus 0.03
K Shrimp 0.87 WA Shrimp and crab 0.21 WF Shrimp 0.05
ARSI Molluses 0.65 ARSI Molluscs 0.567 || #ifa Crenopharyngodon idellus 0.02
JNBUREAIEhY) Meiobenthos 9.50 HEEMIZIY Meiobenthos 2.25 JEAZI Macrobenthos 0.543
T3 Zooplankton 10.30 || 7RUFBI Zooplankton 16.40 || #3814 Zooplankton 11.56
FFUFHIY Phytoplankton 20.44 || FIEHEY) Phytoplankton 35.01 FFUFHIY Phytoplankton 45.62
JKAEHIY) Benthic producer 3.83 JKAEHIY) Hydrophyte 0.36
HHLEEIE Detritus 6.68 HHLEEIE Detritus 37.15 || FHLIF)E Detritus 51.18
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4ER 5921 t km™ a™' 2016 4E4 8826 t km ™ a™', 23 Wl i BVRERL Y 53.3% .54.6% F1 64.3% .,

|2.005 | 1.890 | 0.2391 | 0.0160 [ 0.000172 0
. 3740 It 81.896 jnil 1.7090 v 0.0846 \ 0.00845 VI 0 VI
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1602 2043 0.8137 004485 0.000472 0
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FEHIRIE
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Fig.1 Energy flows between trophic levels of Qiandao Lake ecosystem in 2010

x4 TEHINERESREEREFRERST
Table 4 Energy flow by aggregated trophic levels of Qiandao Lake ecosystem in three typical years
A EFRMBER 4> i Energy flow by aggregated trophic levels/(t km™2 a™!)

HIRE

Trophic 2004 4F 2010 4F _ 2016 4
- o 8 B it iR i ikt iR i it
Flow to detritus Total flow Flow to detritus Total flow Flow to detritus Total flow

v 0.506 2.000 0.384 1.105 0.077 0.331
il 9.42 29.46 37.60 53.70 16.24 42.21
I 1544 2285 2565 3738 2502 3683

I 1929 4214 3318 7059 6308 9991
41t Sum 3483 6531 5921 10851 8826 13716

2.2 RGLHER ISR

MR 5 AL, 2010 4F AR RGEAEA ™ I RS SR S il 1 4R 2004 A5 A7 8RR BE 38, 2016 4F ]
MAE 2010 AEAGFEAE EARTFIA B, 2004 4E RGEHY A TS 108 4440.0 tkm ™ 2™t F] 2010 AEFFEA 73411 t km
a” JHEINT 65 %,2016 AEWR 10244 + km™ a™", RIRSERY 2.3 45 SEHRI A ST G A 7R T 7 R
F1,2010 4EH12016 4E43 514 7059 t km™ a™' F19991 t km™ a™" , BGWE 5351~ 67% F1 137 % ; £ S FE N 1% {E
F,2004 4FEF] 2010 4FF1 2016 4F (R BUEZ AR K 2R 50 1) L I 38 7 0] DURAEAE 8 R G0 AUEL , 2004 47 (1)
fE] 16041.0 t km™ a™' 2010 4FH1 2016 4F 043554 20112.6 t km™ a™' F124698.2 t km™ a™' | R ELRFEEHE K AY
R
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Table 5 The total system parameters of Qiandao Lake ecosystem in three typical years

BRI Parameter 2004 4F 2010 4F 2016 4F
B AER Sum of all consumption/ (t km™2 a™!) 5336.244 5733.298 5047.776
SRS Sum of all exports/(t km ™2 a™!) 3087.157 5425.390 8453.850
SR B Sum of all respiratory flows/(t km™2 a™!) 1130.893 1623.460 1536.946
WATEE B9 B & Sum of all flows into detritus/(t km™2 a™!) 6487.187 7330.43 9659.694
ARG R Total system throughput/(t km™2 a™') 16041.00 20112.58 24698.27
SE 5 Sum of all production 4440.0 7341.1 10243.5
AR T34 57 9% Mean trophic level of the catch 2.600 2.575 2.315
LB ) A2 77 Caleulated total net primary production/ (t km™2 a™!) 4218.050 7058.526 9990.779
B A P/ BRI Total primary production/total respiration 3.730 4.348 6.509
JA AR R/ 4 Wt Total primary production/total biomass 74.050 109.472 128.738
S A/ M B Total biomass/total throughput 0.004 0.003 0.003
SEYER (R2EMEJE ) Total biomass ( excluding detritus) /(t/km?) 56.962 64.478 77.605
AR HI Connectance index 0.276 0.219 0.263
ARG EHE L System omnivory index 0.096 0.100 0.131

3 5 RIRRES H— e n] DU A A RS VT RFE N S5, RSB e rR R BRI & ( TPP/TR) 18
AR PE ST B 3.73 .4.35 F1 6.51 KT | HiEWi i . S8 80U 2 AE B R A B MY SRt 5k 5
A REE RN LR RA A BB e ORI TH 8 I A 150 X PR 80T LU fE— e R B
e AR RGNSV RN E T, THMASRS 3 MEM R E(C) A« E(sol)
HZEARKR, FEZ BRI B L WA B R i

Finn [AGFAEEOAN Finn [P A K B S REBVE &GRS M EEB DY . sk 6 fix,
TS A RS 2004 4F 2010 4EH01 2016 4 Finn [KIGIRFE 5L (FCL) 43514 26.27% . 11.13% F1 5.27% , Finn
G AR B (FMPL) y 3.803 ,2.853 1 2.472 , ITHE A1 A BUE AR KRR/

x6 TRHESRESEINTEMHMESITIEYN

Table 6 The network indexes of Qiandao Lake ecosystem in three typical years

R Indexes 2004 4 2010 4E 2016 4F

Finn OG5 (R E 40 ) Finn's cycling index 26.27 11.13 5.27

Finn EFH 42K Finn's mean path length 3.803 2.853 2.472
3 itig

31 AEBRGEMEE

M AT DLUSZE 2010 4F T S A S R G A E IR Y RE TR OLAE J7 TR RRAIE . 2010 4R T 5 i)
R N Tk B S fA 2 A, R 2B SRR W) 09 A= 4 s BB A AIG , V7 WiAEL 00 RN A MILREE T8 B A 0 1 A st
K, BEEEFRGIEFRRER /A0 LR ) 4 735 | Hs MRS RN e R LR ZE IR K, B UL T
MRS T I A B A 1 1710 350%, LU K Christensen 25P¢ 1F 1993 4E 45 Z M ER RGHAR T AR R
GV LR (9.2%) o sk BET B T H0 R BE R AL 16 B ZE A BRG B WA

H: 25 R G A A T RGBS — S, — AV S A S R G A E ke AP
i, Ecopath BiFY M Odum #2&H 1 24 4 LLRAFAE S R G5 DI RERAIE 5 bR Hp 42 00 T — 2Lt &
W BHG TR R ARG R H L PR SRR RGN R E BB S RT 1, Ko a s
I PP AE AT IR AR R R MR RGP KRR AT 17 T WA S R S 2010 4EAY TPP/TR
h 4.35, KTHAE 2004 4FAY(E, 5 1999 41 2000 4= FIAE (53714 2.07 1 1.99) A FLARTE R iz e Hh H: pl it
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BEIREAR . 5 ENAMEE KRR G, 2010 46 T 55 109 TPP/TR & T B EE 1Y Wyra 7K J28 ( HC7E S2 6 ¥l 45 P
Jiti 5 PG 1.053) 2V R =K FEAY 1,899 K F EL VY Traipu 7K FEAY 6.3 AbF AR A & R B B, BR
WZ AN, T8RS R S0H) C1FN SOT B3 3120 0.219 F10.100, 4 H T =1 /K 2 (0.371 F10.205) ", K ( 0.
21 F10.04) P FIENEE Y Bakreswar 7K (0.18 F1 0. 11) "' 45331, F 80 HH HLAE £ 0 9 25 4 AR £ 4L 224
PET A B 26, AT, 2010 4FA4: 25 RS0 FCL AT FMPL 23514 10.62% £ 2.843 , 5 [A] 2 H & /K A
LAk, FCIARE AR RGNS &, S RENREM WKE TR C, B EHR B —
AN RGEE AR E MBI R AR S R GG, XHE SR AR AR R R B Y
TEIH Y R AR Y A — R PUFSE T — G258 . b n] WL, 530 2010 R 8 R G fase P 2=,
A2 5 2 BN AL 2 ) TR SR
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