EAa2% B Wl B % U R Vol.42, No.1
2021 % 2 A PROGRESS IN FISHERY SCIENCES Feb., 2021

DOI: 10.19663/j.issn2095-9869.20191226002 http://www.yykxjz.cn/

JEICIE, MEEA, HHEE, REDF, Ak, BMSEE, W, HEOE A DX K K R KA R E SR K R IR B R T
ol Bk e, 2021, 42(1): 18-28

Shi QX, Hao GJ, Ye T, Wu QF, Gao S, Sheng PC, Zhou D, Ye XP. Research on eutrophication and its driving factors in reservoirs of
the Quzhou area. Progress in Fishery Sciences, 2021, 42(1): 18-28

o 0 b X 3 ol K 3T K BE KRB E AR K
RIBHEFHR

v MEA o £ REF' B OR'
@Hﬂgﬁil }% H:ﬁ}l [j«'—"%’ 7. 1O

(1. WL TRIKIKT=WRFEIT AR AT F IR 7K U M et R 57 4 o okt S 8
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WE  IHEKENT AL AKEAKEXREREERUATMEERSGEF, KFEELT 2018 £ KR
WA, AT FEiE B AESD) . R IRAKE(S2). T B AE(S3). hE Z K ESHF 46
A EE(S5) 5 A B A EAKE G HRMAT, HFRAMKEMN . E RS2 KIS E F 3 A
KEERNATEGRFAEXE R, BREDT, *HRE a(Chl-a) s 54 E R AR IEITNER
#T—3, RWSL, 2/ S3 KEHNFER, UNREEER, SSHEEEER, KFHKAK
B8 TR MUAKT BE G TR A (P<0.05). 5 AMAKEF, S5 HAMRH, HAaAKEH AR
%Zu A B MR, Chl-a 5E#4(DO). %W Z(SD). #(Cu). K8 (TP), & A(TN),
8 5 BR #h 45 B (CODMn) 8y 4 = AT, 44 R A48 3U(TLD 5 A B (T). SD. Cu. TP, TN #y4H
x M EAT, 1% 2| A . Chl-a=19.793 CODMn-32.065 TP—33.004, TLI =1.062 CODMn + 18.468 TP—0.06
SD +0.450 T+1.765 TN+33.886, 4 &K M4, R 224 %, CODMn, TP, SD., T#1 TN
ERMBNTKEXKKREEFMMNEZERTF, 4, &. T RL a2 ERKERKE TR
WHEERHHET, KEREREKESEARANETHEMNEIERRE, T pH, BHEAZKEE
ERMENER, TUENKEEERNKTHIETET.

KA d K AKE; BERMN; W EF; M ERS0; BMHHBK
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WAE (2018 AFrpEAESHERIAMR) , El  SREVEERIPIN, RE&HGNFAN . A fRkE
TE TR 107 MRACKE)H, s IRk & MR RIS, 2014), ENAMIFFE R, R, B
61.7%, BEFEEIREE 23.4%, PEEERRE  FEFRLE LA SRR R (Smith, 1982;
di5.6%, KR EFRCGER E YRR EEKR  FEES, 2017), EYHEBGE—EWER, KET.
Bz — o EEROKR BT O B MO, A2 ERAE(DO) . pH SE/K AR HAL PR 17l 8 o BR ] R 2R

* WiV A BRI S0 H (2017C02026) % B [This work was supported by Key Project of Science and Technology Plan
of Zhejiang Province (2017C02026)]. Jifii0¥if, E-mail: shizhuhuan@163.com

O WiHEE : &, #7585, E-mail: yxp900@sina.com

Wk H 193: 2019-12-26, W& ki H 3#1: 2020-01-18



CAR Y

IRIRS iR L B S W O SN = R ) & & eI R R 7 19

(Dodds et al, 2002; KEi7r, 2017), toh, B EFRIMK
AEFEAE AR 5 BEIS I R I T, B 4w A TR
MIWSCRTI SR . S E E R R E ARG, TR
SR KA A 1) EE 42 B A A7 )5 (Radway et al, 2001),
BERT UL, 37 X K AR B 8 R A KT 152 A ]
2

WL KIEMNRZ , AR, HOKIE & EFHRIKF
HoR, MEE(TP)RUAE(TN) R RIS M E R 17
JAE R H AR K K AR SR AR ) TR R ) TR 2R (T
45 2014), WiiLE EEHUKKES, H 15 FEKEK
R E SR A S R (B4, 2010), M T b ik
WA PEES, BN b 1, &b 0 By 2 KU
X5 K3, TSRO BBV L, A2 A
B, VAR, WMTIKERZE, AHEEBE
ftk ., EWE. &, IR . RIS 2 E YRR, B
TN T K A 2 H e B3R5 55 ZFh D) RE , A2
X AR UK PE | LR /K 2 S5 R AT T 7K 5 W I 43
e /RS = = v e SO N T S O A N
2012; #h D4 2003), HXFF/KER EFIMKFE K
HK TR o R 7R3 B 0F 9 A iR, TR UL B i
TR | K 7= IR A K IR A K A I 9% o AR5

X 2018 AEMEMN T HEEE K . B ILEAKE . DT
FIK EE | 4B e 287K R 4 UK 2R 5 AN 7K 2R 7K S5t ) i
BT, EEREE . BA . M E a(Chl-a). BHE
(SD) . i 5 FR Eh P85 (CODMn) 25 5L 1 S BTN 7K FE 7K
PRI & B TR . RS, JETFAHSEPE T . 5
ST AR M, KR . pH. A 5K
AR R LA e i 4 e 3R 5 KR R 3R A KT (]
ARV P Y-SR W N SN (W S
S HR B K F BT, A A R0 7 R sl el K sk
JE KA B B SR AR R A AR A

1 #R5R%®
1.1 HEmXE

HRAE € 2018 A7 H 7 b K 3K 5 W TS 41 )
VEHC 5 AN M T E B D K 3K AT R A T,
B L K (ST) . B LR K PE(S2) . W1 1 7K &
(S3). fEbE ZE/K I (S A4 &K PE(S5). Forfr, ¥
T2 FUKEE A L 8K 2 S B SR B0 K 38, I 1K
Ab.Bel 227K PE RN 4 B 7K P oK 7= SR K88, /K R AR
BRI 1,

Fz1 BN S BEKEKTEZEKRFR
Tab.1 Hydrological regime of five reservoirs in the Quzhou area
K fir e PR AKPEETTH
Reservoirs Location Cap a.tc1ty Ef 3 Average Average4 3 Running pattern of reservoirs
reservoir (10°m”)  depth (m) pondage (10°m’)
IR K E 28.82729°N 206700 230 8480 Y
Huangtankou reservoir (S1) 118.89349°E Electricity generation
SR LR 29.13630°N 17100 137.12 7000 K,
Tongshanyuan reservoir (S2) 118.93901°E Electricity generation
Wi+ 117K % 28.95493°N 1518 102.8 700 KHL . KPR
Shizikou reservoir (S3) 118.54416°E Electricity generation and aquaculture
T el 28K 28.78537°N 230 7.5 180 A HBEWE . K0
Huayuanlong reservoir (S4) 118.60125°E Farm irrigation and aquaculture
LK 29.12027°N 338 91 286 B KSR

Jincanglong reservoir (S5) 119.02147°E

Electricity generation and aquaculture

SR g 4% RN K B R /INTEA TR0, 1L DK
VB 4N S, BEEE CORIE . B KPR . Bk 22
IKEERN G K A E 3 Al s, 2018 4E, 4
WTERZE@4 A BT H) &0 A& 1 H)
AT K T RE SR BE o R JH Ruttner SRIK 28 R EEKER
JZIKEE(10~50 cm), BEASSRAESCRFEKEE 4 G HR
CIFIBRM, 1 AR EIEII) . AKFEREESS, 1M
AGRERVEY pH<1, FHTAEBENE; 1 JHh0aT R i 55

pH N 1~2, T EA . AR RRERFEEONE ; 1Rk
FR B M , T Chl-a il 5 1 fUIMASER 457 pH<2,
T EALEILE Cu. Zn, Pb Al Cd BIE . FiRK
FEW IR 2 IS, A TR PR IR AR This S22, T
TIE2EE o

1.2 HFmathllE

KR pH. % EESEUE WA HQ40D £
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AT 52 A (2 ) B I e, 325 BH 2R P [ 48 7 B0
G e 5 G (TP) R FH Ak 7 2 910 90 ik 4 R e o0 OB B
PAAE 5 EVA(TN)R F B 2o 8 R S0 T i 25 41530001
BEVEINAE ;5 = R 15 £ (CODMn) R i A 125 0 5
Chl-a >R FH P94 03 66 Bk € 5 Cu. Zn., Pb
M Cd R LB A 55 8 TR B R ATl e, &5 A
PRUfEfR 22517 F4l Cu. Zn., Pb F1 Cd KRR, 43510K
0.08. 0.2, 0.01 1 0.002 pug/L., TERAN/pHrE g,
BAFMYEE 3 AT, PATEE R X bR i 22
<5%; [E#f, TP, TN, CODMn, Chl-a, Cu. Zn,
Pb il Cd 2R AR ERE i R4 BT s 5 -

1.3 HiELE

JRUREIE L Bxcel 2010 #1486 f5, R SPSS
13.0 B4 T B H 28 7 22 739 B (One-way ANOVA), If
F Duncan’s ¥ 46E#1T ZE LT, BEKFE P
9 0.05, K Origin 8.0 fE] .

1.4 FHhAE

AW IE B IEE A B TR EEIEMN KR & B 57
AR - (FP A8 W B3, 2001), PEAY 8 #5 A Chl-a.,
SAE(TN), EBE(TP) . &4 R 5 48 50(CODMn) f135 B
JE(SD). LR EFRESIECTRE AN

TLI(Z):Zm: W, x TLI(i)

A, TLI) MER A B IRIRESIR L TLIG) A
| PSR E SRS W RS T RS E SRR
SRRBEARAE, HatE A0y

2
W = rli

I Zrl%
I

A, r NS NS Chl-a IAHERE, m
Rkt ) EESHH S, HPEKER) Chl-a 5 H A
SR BRI R By Beor WL 2.

Fz2 HEMBCKE)IFHS,SHES Chl-a
R EXR(E AR, 1995)

Tab.2 The correlation between Chl-a and other
parameters of lakes/reservoirs in China

ZH
) Chl-a TP TN SD CODMn
Parameter
rij 1 0.84 0.82 -0.83 0.83
ri,-2 1 0.7056  0.6724 0.6889 0.6889

K REFOREIREOT R AN
TLI(Chl-a)=10(2.5+1.086 InChl-a)
TLI(TP)=10(9.436+1.624 InTP)
TLI(TN)=10(5.453+1.694 InTN)
TLI(SD)=10(5.118-1.94 InSD)
TLI(CODMn)=10(0.109+2.661 InCODMn)

K 0~100 Y — 51 14 250 7 X K B & 8 R4k
REIEAT 9, TLI(Y)<30 HFEFE, 30<TLIY)<50
JHE SR, TLI)>S50 A& EFR. Hf, S0<TLI(Y)<60
FIF RS, 60<TLIY) <70 X EEH,
TLIY)>70 A EE R EFE. F—EFRET, TLIY)
i, SRR,

2 HBRE5HH

2.1 KEKRFEBUSHTANE

SAKIEKE . pH. A . BEWHE . Cu. Zn,
Pb Fll Cd ZEfb#a# L 3% 3. KISk . pH. I f#
SRNIE A BE 4303 R 22.5°C .8.39.7.17 mg/L 1 1.10 m,

*3 BKEKFEUSY

Tab.3 Physical and chemical characters of the reservoirs (Mean+SD)

TRE A H KR 1L K R WiF- 11K % VAR VINER SO KE

Sampling site Huangt?nkou Tongshgnyuan Shizi}(ou Huayuaplong Jincanglong

reservoir (S1) reservoir (S2) reservoir (S3) reservoir (S4) reservoir (S5)
7K Water temperature ('C) 21.3+4.51 21.7+4.49 22.1+4.81 23.7£6.17 23.845.42
pH 7.75+0.53 8.66=1.10 8.68+0.41 8.38+0.74 8.46+1.23
#i45 DO (mg/L) 7.39+1.29 7.23+1.08 7.29+0.99 7.76+0.95 6.19+1.88
# & Transparency (m) 1.34+0.73 1.59+0.38 1.56+0.16 0.65+0.16 0.38+0.08
Cu (pg/L) 0.72+0.57 0.50+0.31 1.24+0.54 0.61+0.51 1.36+0.61
Zn (pg/L) 0.57+0.53 1.00+0.04 1.75+1.20 0.50+0.12 3.25+1.53
Pb (ng/L) 0.16+0.13 0.10+0.02 0.04+0.01 0.17+0.09 0.09+0.01

Cd (pg/L) 0.010+0.008 0.008+0.002 0.103+0.008 0.015+0.010 0.005+0.002
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LW B, KiE. pH FIEMALSETE 5 NKE
8] JC @ 5 P 25 5(P>0.05), 2 W 7 A [a) X sl 7K 2
7K . pH. ¥R A SRR S 5= RN, K
FESE EERE . EIEAE ST, S2, S3 5 S4. S5
Z ) FETE R 25 5 (P<0.05), i R BB I K 4k 5
K= SR K BOKARAE B R LA —E 2R,
MoK #E 4@ ICEAE, Cu. Zn, Pb Al Cd “FHy
SR 0.89, 1.41, 0.11 #10.028 pg/L, £ 4L
WoR, BREIKPEKIRIE] Pb JG i P22 F(P>0.05)4h,

JKEEH Cd 1 o 3 5 T 4 7K R KA (P<0.05)
B IK S IKAR AR 2515 45 HAL S 80 Ak L an 18] 1
fis o IWEL T RTRUE H, Sk KRR g i ca . 5
JEFN Pb % 0 0 35 1 225 AR 1R(P>0.05) o Ak A K
. Cu. Zn f1 Cd ¥ B —@EMZET741k, Fr Cd 4h,
VIR E R TS, S5KIE pH 2L FEN
7.63~9.06, K FfwmbE, MRS %D I
o HE:RE, N 9.06, BEHEHTLEP<0.05), H
FRIREAG, HAKEKERBHER R, BRE6H

HAESIRAE 5 DAFRUKERATE—EmN 2R, R ERXEGR, X 0T REREE UK pH fEE R R Y
S5 /KJEH Cu. Zn Fi¥ i m T S1. S4(P<0.05), 83 JRE(CKREZ, 2015),
@ ®) @),
30 90+ T
o 0
= E12l
%‘ 25 T 8.4 g
i
&
20+ 78| 7.0t
T 5% HE wE 4% 5% HE #E 43
Spring Summer Autumn Winter Spring  Summer Autumn Winter Spring SumI_Izsr Autumn  Winter
Z=75 Season Z=75 Season 277 Season
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S 4t
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= &S 2t
w13+ i £
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K1 25K R BAL S bt 2 1 A2 AL O ML
Fig.1 Seasonal variations of physical and chemical characters in the reservoirs
PR ARG R A e
22 KEKIEERRS MR & 3), BARESR. RERLRATRDDRNS
THER(P>0.05); FF. B AR AAEE A TR
SAUKESHE . SR MERBEEEERIES &25:P<0.05), Wik, KEKET SRR GREE—E
B meE 2 fros . KRR ERE. BREE R, X 5L 52016) 5T S AT —
#9 S5 S, AP 0.818 A 2.851 mg/L, BEM  m xfHORIFAKICE IR B, R ABLST A

T HABA K FE(P<0.05); S1 EWE ., MAS YR,
S35 0.040 1 0.469 mg/L. kMR ERFERS S5
i, 4 10.6 mg/L, &3 & T AN K ; S2 fAIX,
HJ1.82mg/L. WERRB(CVE, BB, BEES
KRS S R B, B3 35%~119%, $R7R457K
JE K A g R R e T RE A2 B[R] 219 A5

AN TR 2545 45 7K PR AR R v ) 3R 3k A B 4 AR iR

S2) 5K A FEA KR (S3 . S4 Fl S5 KMAR S . FERAR
EFRECE AR F B = AR e A, Hodr, S 5E
O K I i 2P0 0.147 mg/L, BE ST
BEMATE; BRmBRERRAE Rk 42 ESTH.
B2 WK FRAE KA . SR S B
F N ETTEARIE(P>0.05) 0 X ] RE S5 /K R FRAE K 82
PSRN YN S L E P
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T . T R U, 2007). MRIEIKEER, S5k

“l s coows B 4AF Chl-a FHIS EHGE, 4 14925 mg/m®, @&

THAKEE(P<0.05); S1HAE, K 2.75 mg/m’, IR

2 N KBS, KPR Chla frit kSRS

£ % FEHEFT 56 8 TR AT R (6 4), S1. S2 1S3 9K

2 a§ PEFRIRE, S4 BEHEIIRE, S5 B ETRE.

¢ : : ¢ § PRI SRR B P RS L T K FRA K
% e i

0 PN LN GAN éé& éé& *ETE% (== ?&F’Ij(;m\*ﬁ ﬁ%XT%ﬂ(E‘:Fﬂ(/MKEH ;:u?%

7K Reservoir
B2 AR ME SRR 5 A
Fig.2 The contents of nutrient indicators in the reservoirs
AR R 26 57 W35 (P<0.05) . T[]

Different letters represent significant difference (P<0.05).
The same as below
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Fig.3 Seasonal variation of nutrient indicators in the reservoirs

2.3 KEEEFNLITEMHN

IR Chl-a i & 8= K AR A 7 ) K w8 IRk

ARSI AN, 53R BR(GE 5), S5 EFRIRASTREL
(TLDH i, A 73.34, kB HEEERKE, BEm
T HALK 2 (P<0.05); ST #fk, & 35.86, S1. S2 Al
S3 BB IR, S4 MR EESR, S5 NEEEE
Ko WRTRI KIS G, K= FRBH K I & 3 5%
A K 2 i T B K B, R PR 45 R 5T
Chl-a &I E EFREM LR —T. %88
REFEIRLEBHIE T 28R, v LIREh A
S M WK AR B SR AR, SR TR B R WS T
MoK a8 FRAK I 25 ik (BG5R %, 2013), 1H
M T 5% R 2 Rl AR, Wi B R A
A% P, 7R N T 3R /K 2R K R Y H o BR B
W, AT RICR I Chl-a £ R K PR KR 1 & 8 3R AR K1)
PRAHE TR bR, 25 E SR KT B AR s, R
LR A8 TR ST BOE AT HE— 25 e o3 B, DT e
JB A5 3R A

2.4 IKIRIRFNEFIFTKEKEEEFN KT
2.4.1 A8# M 5HF Pearson K AR R T

SR A8 7K R B B R 7 X6 7K 2R K A 3 AR KOS R
M 6 WLIAEH, Chl-afEHE KK E & FRLKF
(Y HEEFEFR, 5 TP, TN il CODMn [a) ¥ 5 4% i % 1F
HSE(P<0.01), X500 (2017) 78 45 A0 — 2L,

x4 FBKEKKCH-aZERETEFRUKTF

Tab.4 The contents of Chl-a in the reservoirs and their eutrophication levels

i H Items

KA Sampling site

S1 S2 S3 S4 S5
Chl-a (mg/m?) 2.75+1.27° 5.86+3.47° 8.63+3.40° 15.82+6.64° 149.25+94.06°
W E KR HhE IR HESE HETR HER B E
Trophic state level Medium nutrient Medium nutrient Medium nutrient Eutrophic Supereutrophication

T : Chl-a & HRAE 0.1~2.0 mg/m’ Z i), KERFFEFRE; 1 2.0~10.0 mg/m’ Z[a], KEKTEFIRE; 4 10.0~
100.0 mg/m’ Z 8], /KEAEHEEFIRE; KT 100.0 mg/m’, KN EEFRRE

Note: When the content of Chl-a is 0.1~2.0 mg/m’, the water is in a state of poor nutrition; the content of Chl-a is 2.0~
10 mg/m3, the water is in a state of medium nutrient level; the content of Chl-a is 10~100 mg/m3, the water is in a state of
eutrophic level, when the content of Chl-a is over 100.0 mg/m®, the water is in the supereutrophication state
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RS5 BREEFNRTSEEREEFUKTE
Tab.5 The TLI in the reservoirs and their eutrophication levels (Mean+SD)

SKAE 5 Sampling site

i H Items

S1 S2 S3 sS4 85
TLI 35.86+3.79° 38.32+6.04° 40.59+4.64¢ 51.89+8.84° 73.34+4.80°
CEEE( 7SS HE R HE R FEFR RIEEE L EET

Trophic state level Medium nutrient Medium nutrient Medium nutrient Mild eutrophication ~ Severe eutrophication

d: TLIY)<30 HFE S, 30<TLIY)<50 Mg, TLIY)>50 NEEF R, Hf 50<TLIY)<60 NiEE & EFR,
60<TLI(Y) <70 NP EREEFE, TLIX)>70 NEHE & EF

Note: When TLI is lower than 30, the water is in a state of poor nutrition; when TLI is 30~50, the water is in a state of
medium nutrient level; when TLI is 50~60, the water is in a state of mild eutrophication; when TLI is 60~70, the water is in a
state of moderate eutrophication; when TLI is over 70, the water is in a state of severe eutrophication

®6 Chl-aRGEAEFRNTHEHSEKREFEIELXER

Tab.6 The correlations between Chl-a, TLI and water environmental factors

IIZ::ES pH DO SD Cu Zn Pb Cd TP TN  CODMn Chl-a  TLI
T 1 0217 -0.164 0.012 0.096 0.289" —0.047 -0.074  0.073  0252° 0.213 0.172  0.281"
pH 1 0.068 0.181  0.047 0.132 -0.065 0.183 -0.067  0.177 -0.108 —0.020  0.033
Do 1 0.114 -0.019 -0.166  0.104 0.086 —0.301" —-0.220 —0.370"" —0.333" —0.208
SD 1 -0.266" —0.056 —0.129 0.174 —0.601"" —0.443"" —0.614"" -0.535"" —0.723"
Cu 1 0.282° 0.101 03717 03527 04707 0315 0314 0.380"
Zn 1 0.124 03377 02517 0.386 0.182 0.147  0.205
Pb 1 0.034 -0.025  0.042 -0.052 -0.047 —0.030
cd 1 —0.154  0.050 -0.173 -0.115 -0.126
TP 1 0.578" 0775  0.694™ 0.843"
TN 1 0.688"  0.696" 0.718"
CODMn 1 0.956" 0.859”
Chl-a 1 0.785"
TLI 1

TE: **FRIRTE 0.01 KF I B EARDG, *FRIRTE 0.05 K F 1 EH ARG

Note: **: Significant correlation at 0.01 level (2-tailed), *: Significant correlation at 0.05 level (2-tailed)

KA E RIS ESKEREEERMZE 242 RS R DHORS K FF X

XFRZ%EY], WA, Chl-a ity SD. DO [H M B
TUAHIE(P<0.01), FRBIKMIBIRE | A SR
JERC KR B B SR B E AR AR, T DAE A KR & 5
FAL T e, SR 100, T DO FEK M i) 7 i
— BT B H, DO ME N &R R, 5
L5575 R H A N F (TKITAE, 2006)

LA BB BOL I EZ LA Chl-a, TN TP,
CODMn 1 SD AE NP Z8GHAT , AT BT R
TLI B& 175 LR B M OCSNP<0.01), S5E4LE
Cu Z[A] 5 B35 IEAH S (P<0.05), (H5 HAbH 48 TR
[ AH MR 55 . & B IR T BB i K AR A S R G xd
Cu TR . FfLRATE ., ok, TLI S5/KHEM R
FEIEAAXK(P<0.05), FWIKIRAE X KA E E SRR
SHAEEZ L,

IK IR S B SR AR FE ), >R 3 B3 0 B i
(Principal component analysis, PCA) #f 17 4 #F
KMO(Kaiser-Meyer-Olkin) i 45 Fl Bartletts’s 3K & 45 55
(Bartlett-test of sphericity)%f 3 .7~ , KMO {54 0.688,
Bartlett BRE K K AHFEAE R K 0 (P<0.05), /K5 A -+
Z I BA B AR e, AT LA T R AT o

P FRFEECR T 1 A, SRR 4 > sy,
PC1.PC2 1 PC3 FHAE{E Jy 22 R STk (E A H 61.2%,
B IR bR 7> R BERE WK 7, PC1 X EJr 219 5T
BN 34.8%, J& FEZ MK, Chl-a, TP, TN
CODMn HA R IIERAT, 43510 0.901., 0.852,
0.827 11 0.942, SD HAK AN, H-0.678,
5 TLI rie iy 5 PP A —32, Bk, 55 1 &
B4 R T 7K AR B B IR K T B R R . PC2 X Ty
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2 R 42 4%

x7 ERPHPMEEHEER
Tab.7 The calculated results of PCA

HiH B0 ERS H2 B 83 ERUr
Items CP1 CP2 CP3

HEE 4.174 1.828 1.341
Eigenvalue

TR 34.781 15.236 11.178
Contribution rate (%)

B TR 34.781 50.017 61.195
Cumulative

contribution rate (%)

T 0.263 0.306 —0.601
pH —-0.022 0.530 —0.398
DO -0.404 0.113 0.412
SD —-0.678 0.290 -0.336
Cu 0.490 0.483 0.381
Zn 0.356 0.637 —-0.045
Pb 0.015 0.133 0.545
Cd —-0.073 0.747 0.287
TP 0.852 -0.152 0.068
™N 0.827 0.246 —-0.025
CODMn 0.942 -0.197 —0.055
Chl-a 0.901 —0.142 —0.062

ZWTTERRE N 15.2%, pH. Cu. Zn 1 Cd HAE R
FIEZ T, 48510 0.530, 0.483. 0.637 £10.747, %f
2 B BT K EL I T pH DL R 4R T
% Cu. Zn fl Cd X /KRR . PC2 XF B 2219 51
BRE0 11.2%, DO 1 Pb HA B & M IE 8T, 43310
0.412 F10.545, T HAK SRS, H-0.601, 5
3 MO FERM T AKFHALNT T, DO LI R4
J&ICE Pb XK A R

3 itig
31 8. BEEHMKEEE LN

B S D TSN s [ BTN R = 5 s
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BIRTF 7, B EZMRGIE R, X 5EHERAKR
5% 3 32 B Wi BRI 10 57 45 TR (CE AR 4%, 2003)FH—2 .
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R, RSN b DX I K IR K AR B TR
il AR TP R R RIS Z A L, XK KR s
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ZIKREFEEIHE R KR
Tab.8 The correlations between Chl-a, TLI and TN/TP

TN/TP Chl-a TLI

TN/TP 1 ~0.257* ~0.364%*

Chl-a 1 0.785%*
TLI 1
*FIRTE 0.01 K EWEMC, *Famde 0.05 KF E

BFEMRK
*#*: Correlation is a significant at the 0.01 level(2-tailed),
*: Correlation is a significant at the 0.05 level(2-tailed)

S1 S2 S3 S4
7K Reservoir

Kl 4 AIKIZERE TN/TP 7345 15
Fig.4 The rate of TN and TP in reservoirs
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FHRE (F KL, 2012; Kim et al, 2008), 8 K7k FEK
MOE SRR E BRI . HR, K= SR Bl i R K
AIREE AR . BEE SRR ORI S, 2014; AT,
2018), —ERE LR KEEEFRILKT. ETA
BEEFRERN T B EFREM S ECRK IR R B L, Xt
5 MAFEPKEHATRIE AP, SR BRE S), S,
S2.S3 il S4 AKPER K —, KR E B FRAKFEAL;
S5 i —2K, EEFRMKFR R, XEKEER
LR 2 5 M 2 A — B, (HA5 3R ARG, S3. S4
1SS ¥R E SR K, {H S3 Fl S4 IKE KRS E



CAR Y

IRIRS iR L B S W O SN = R ) & & eI R R 7 25

FRAKFERBAL, HY5 S1. S2 ZFHEFH U /K I R h—
2, HEW B R K R T Y AT e 2 B G
(Hypophthal michthys molitrix) . #(H. nobilis) . {#i#3l
YRR AR ECRATRUN), 52 BKIRIE SR
TCER P (EATRON)H5s (R B A, 2011), B, 1E
K FREE AN T R K AR B B AT L

Dendrogtam using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine
CASE ¢ 5 10 15 20 25
Label Num + + + + + +
S17
S24
S3 { |
S4- I

$——————————————-

Bl 5 ANTRIK ] 3R 26 B

Fig.5 Cluster analysis on reservoirs
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Fig.6 Seasonal variation of TLI in reservoirs

AR, B R, KT pH TR, WA A
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BRI N R . BRI, pHL IR EASSEIK
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SRR B AR R I, REEAKIR pHL WA AR
oS, XTI HK ERR S SR A B R
X, AN, HHKEPEZFP], CODMn 5 Chl-a Fi1 TLI #
5 IEA K (P<0.05), HIESH 1 FM09 £
¥, 78 CODMn YENA WLE A5 Yed8 bR, Al Lk
W AEH T Chl-a sgmmse s Wi, AT s2m AKAR &
BIRAKTF.

KR E EFRMAAKES RGP ESBTRE 5
AT A EEHER W, XS ER, Cu 5
TLI 2 8] & 2. % [EAH54(P<0.05), H Cu. Zn fll Cd #J
KBS 2 ERr ) EE TN T, X5 & ESE
(2014) KT 50 M = JEK PR R BB T 45 2R — 3, TR
Yoxd E 4 T B0 1w AR AR AT g il i R A
FEJFH(FEELE, 1997). H—HH, SHE7T K
T4 B W TF AT A 1T R LLBURE 9 W% B S A T SR BT A
IR, B K PR 43 @ 1) — MV E R AP o MoKk rh
KL AR pH SEEEAUET, SEUKRPES
Ja& ) R I R RDK AR, X 5 b4k AESE (1987) %
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Research on Eutrophication and Its Driving Factors in
Reservoirs of the Quzhou Area

SHI Qinxuanl, HAO Guijiel, YE Tingz, wuU Qifangl, GAO Shengl,
SHENG Pengcheng', ZHOU Dan', YE Xueping'"”

(1. Key Laboratory of Healthy Freshwater Aquaculture, Ministry of Agriculture and Rural Affairs, Key Laboratory of Fish Health
and Nutrition of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001;
2. Quzhou Aquatic Technology Extension Sation, Quzhou 324000)

Abstract In the Quzhou area, there are five important reservoirs: Huangtankou (S1), Tongshanyuan
(S2), Shizikou (S3), Huayuanlong (S4), and Jincanglong (S5). To ascertain the eutrophication level and
the main driving factors in reservoirs in the Quzhou area, we analyzed the water quality in 2018 to
determine the relationship between eutrophication and environmental factors. The comprehensive trophic
level index (TLI) method showed that reservoirs S1, S2, and S3 were mesotrophic, S4 was lightly
eutrophic, and S5 was highly eutrophic, which concurred with the relative chlorophyll a (Chl-a)
concentrations. To improve the comprehensive development and utilization of the reservoirs, industry,
such as aquaculture, was developed in Quzhou. Results showed that eutrophication in aquacultural areas
was significantly higher than that in breeding and releasing areas. Furthermore, we analyzed how water
quality was affected by aquaculture using a cluster analysis. Results showed that effectively managed
aquaculture may not be the main contributing factor for eutrophication. Based on the N/P ratio, we found
nitrogen limitation occurred in S5, whereas phosphorous limitation occurred in the other reservoirs.
Therefore, we should focus on controlling phosphorous and nitrogen. The regression equation among
Chl-a, TLI, and the correlated environmental factors was expressed using multiple linear stepwise
regression as follows: Chl-a = 19.793 CODMn-32.065 TP-33.004, TLI = 1.062 CODMn +18.468
TP-0.06 SD + 0.450 T + 1.765 TN + 33.886, where TP, SD, T, and TN stand for total phosphorous,
transparency, temperature, and total nitrogen respectively. Combined with a correlation and principal
component analysis (PCA), it was concluded that CODMn, TP, SD, T, and TN were the main factors
influencing reservoir eutrophication in the Quzhou area, among which nitrogen and phosphorous and
organic compounds were the impact factors, and water temperature was the main cause of seasonal
change. However, pH and DO were a consequence of eutrophication, and could be indicators of the
eutrophication level. pH and DO increased with increasing eutrophication, but in highly eutrophic water,
algal overgrowth can cause a rapid decrease in DO in the water.

Key words Fishery reservoir; Eutrophication; Driven factors; Correlation; PCA; Quzhou area
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