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Fig.1 Location of the 17 medium and large reservoirs in Hangzhou
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(TP) . % W] FE (SD) # = %f B2 #h 45 %k (COD,,)
(Habib & Tippet, 1997 ; E 7545 2011) ,
HHEAXT .

TLI(Y) =1§1 Wj - TLI(j)

A TLI(Y) - ZRaE R IREIERG W - 5 )

FPS S FRRS RO AL TLI() - 55 7 Fp
SR E TR EL

KHEE 0 ~ 100 X8 FR R P47 50 g TLI
(X) <30 BIEFR,0<TLI( X) <50 FhEFE,
TLI( YY) >50 R ErE e, Hirp,50 < TLI( Y) <60 K

BEEESR,60 <TLI( Y ) <70 M EESR,TL
(X)>70 HEEEESR, ER-ERRET,HE
(BB R Hog SR By o
1.5 HESH

R Excel 2003 X A £t #4758 120 B,
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[ 2257 . AR A SPSS 19.0 Giit#kff, ik
BUKiE . pH DO TN TP .SD ,COD & & . Al i M |
ATV PERE K i B N E] S5 BRAG R 7 R 28R a 7
TerE W) % B S A I AT e e AR S, R
Canoco for Windows 4. 5 54 k47 i3 X L 2 #ir
( Abrantes et al,2006) ., §f 1k %% 2= BF ) B0 R AE
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HEAT log(x + 1) Feffe (4185855 ,2012)
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2.1 FhEAER

15 4 YORFErh LU e IR YY) 85 b, SRR 7
1] o, 2] ( Chlorophyta) 52 22, 45 29 Ff, 15 &
B 34. 1% 3 i3] ( Bacillariophyta ) Hiyk ,26 Fifr,
5 29.4% ;¥ 3] ( Cyanophyta) 15 Ff, 517. 6% ; £
B1] (Euglenophyta) 6 F1, (5 7. 1% ; B %1] ( Crypto-
phyta) \FH%E[ ] (Pyrrophyta) 81713104 3 F, &5
4.0% , PR FERRI IR LK, A7 76
AR A e 7K AU 46 Bl (3R 1)

WM 3 X b B K 2 PR AR ) b 26 DA e A ik

BN T o TEFTAH K IEREAS R 247 B AR ) A
Ttk /Iy 4 Bk 3 ( Chroococcus minutus ) . VY F& #} ¥
( Scenedesmus quadricauda) | B4 3% B % ( Pediastrum
pimplex ) ¥ J& /N1 3 ( Cyclotella meneghiniana ) | ]
2% /NEEE ( Cyclotella bodanica ) . Bk H. 4% % ( Melo-
dira granulata) A% F1 3 ( Synedra acus) P AREFF
¥ (Synedra ulna) . 1 B W5 #T 3 ( Fragilaria interme-
dia) . B FF ¥& (Asterionella formosa) . 4 /N #+ & ¥
( Navicula gracilis) . 93 4 8L ¥ ( Gyrosigma acumina-
tum) WL ZEEPE ( Nitzschia frustulum ) |5 157 5 5% 5
( Dinobryon divergens) . ffi F ¥ ( Ceratium hirundinel-
la) .

R1 17 EKERZFFEDFE

Tab.1 Distribution of phytoplankton taxa in sampled reservoirs

Ko B SR B BB S Bl ] FHEET] FECE I
il 2 20 20 0 3 2 1 48
AR U 5 23 23 1 2 3 2 59
=8/ 2 20 18 1 3 2 1 47
PG 5 19 23 3 1 2 2 55
B 13 26 23 5 3 3 3 76
B 6 19 23 1 1 3 2 55
Ay 7K. 13 21 23 3 1 1 3 65
WAL 8 14 18 2 1 1 3 47
B 0 1 22 20 0 2 1 0 46
Fey el 5 21 20 3 1 2 3 55
A 4 22 23 3 3 2 2 59
B 9 22 21 2 2 2 1 59
H L 7 17 24 2 2 3 1 56
K 8 19 21 3 3 2 2 58
BT 9 15 20 1 2 2 2 51
Hil 13 16 21 3 1 2 3 59
S 12 19 24 5 3 1 3 67
Rt 15 29 26 6 3 3 3 85

2.2 REE

IR PEFR R ) A0 M T R BB A 1 T
MR a FRILR 20 IS RN F/K 0 m T
Al AKHH SR 1. 48 x 10° ~12.20 x 10° 4~/L, #
JKIAH 0. 168 x 10° ~4. 89 x 10° 4~/L, - 41 iy 25
BEVERE 1.27 x 10° ~6.55 x 10° 4A~/L, FKMFE
K PE TR P B 3 K T s B SR kbR e 10° 4/L
(45 Al 0B 3 B, 19905 XI{gE R, 1999 ) 5 13d B M 77
WAL YA M 2 R, 45 /K B FE KK i ¥ B 423K
FEEFRMAKT MKW, B K O ZIL %
B 7KL KW I T LY 0 7K 2R 11 7 i A ) 5%
FE A T 10° A/L, e s B e F K 0 T
TIN5 A B 98 285 A4 5 B o B2 R RN ' R VLK
AN, IITE10° AS/LLAE K % FEAE 1.8 x 10* ~
61.8 x 10" A~/Lo = /K ] i 3 2 5 LU s v, 17 A

JKPEHA 10 9 7K P 1Y) i 8 LR T 50% |, Al 7K 3
3 2 JEIK P e il 50%

FIKPEM R a & R ARSI F KR T
Rk CBR 1820 ™ MU K A1) o Sk
LREK a TN 4.35 ~33.60 pg/L AR I3 KT
HRL AU 5 B KRR (LA Y 7K 2
HERT 10 pe/L, C2R B FH L & I7 W0 K1
(XUFRERE, 1999) 5 i KIS LA DY IS 7K 28 2% 3R a
FHRAT 10 peg/L,

2.3 BUEFEEFKRESEN

AR5 Ml 3R 7K P 85 Jo s o ( GB3838-2002 ) , #i
PHHLIX 17 JER P RUR A S JBEAR KON T ~ T
K15 29. 4% , Jp R L BRI IR 5K R
LTI ;2 KK IV 2, o5 11, 8% , 73 53] 2
LR FIILIE K% 5 FoAx 10 KRR B V 26845 V
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B, EEUE B AR &, AR K SRR 17
IR 12 88 ) U 3 T8 T I AR v (L, 7 JE
1 VKBRS, & LK R TN S, 4R
(k%] 3.322 mg/L(F£3) .
RIWEEEEFTRESIRE (R 4) , FKIA 2 JE
IR FFE TR, 2 B AL R R, 13 K
PEAL T H B FRRAS s A LR 1L 2 JA K 2 ] Ak
TR B IR WKW 195 1L RN & B LK AL
TR E TS LKA FROEFTRRE, KA

x2 17T EKENEHFENRZE MER 2 RERERE

IKPEBIAL T EFRIRZS o A5 7K SR KU A ZK 301 14

LREE ISR B A AL AL R AR AL IR AN K

2.4 RES

PR HLAL R 1 A A ) IR 36 17 7K BEA T 2R
Ko AR 20 17 JEARFETY 3 26, 4 1 2K
KPR BT V5 A I BRI L 5 g 7K
P, BT TR L X, K A, w A
TR BERAR 25 2 K EAL AL 4575 LA s A T1K
JE I E B SRR B 1 2 KR 5 2 3 KR AL
vh ) CARNC VTN E 1RSSR N L e )
EfaEatt

Tab.2 Cyanophyta density, Cyanophyta density percentage, phytoplankton density

and chlorophyll a content in sampled reservoirs

KR WM E/ x10° 4~ - L™ WA G/ % IR x10° A~ - 7' g a i/ /pg - L7
FoKI AUk Py UK Ak P UK Ak P UK Ak P
Hil 20.77  1.38 11.10  67.68 28.05 47.86  30.69  4.92  17.80 5.95 1.49 3.72
RIS 26.52  6.02  16.30  21.78  64.87 43.32 121.78 9.28  65.50  10.68 2.6l 6.65
=R 8.55 1.50 5.00 57.97 12.78  35.37  14.75 11.74  13.20 5.40 5.59 5.49
FE5 33.54  2.00 17.80  47.75 10.16  28.96  70.24  19.68  45.00 7.76 7.91 7.83
B 35.20  2.23  18.71  56.22 10.40  33.35  62.61 21.28  41.95 8.30 2.85 5.58
He S 11.30  0.53 5.90 48.21  6.75  27.48  23.44  7.85  15.60 6.39 3.13 4.76
EN 24,30 2.20 13.30  71.34 60.45 65.89  34.06 3.64  37.70 6.53 1.63 4.08
B 47.35 1.86  32.19  59.68 11.06 35.37  79.34 16.84  48.39 9.78 7.93 8.86
B i 15.95  0.18 8.10 67.56  9.68  38.62  23.61 1.86  12.70 4.35 1.36 2.86
H LB 72.85  0.92  36.90  61.10 14.89 37.99 119.24 6.18  62.70  20.05  3.99  12.02
Peralls 20.28  0.65 15.00 26.53  8.66  17.60 110.36 7.5l 58.90 19.85  6.54  13.19
3K 12.44  3.39 6.17 37.70  32.98  35.36  32.96 10.28 21.62  15.69  3.76 9.72
WA 2.99 0.38 1.07 12,20 22.59  17.40  24.47 1.68  13.08 15.26  1.95 8.60
K IE 43,80  2.75  23.30  71.42 18.82 45.13  61.32 14.61  38.00  10.50  4.12 7.31
BT 24.50  2.13  13.30  64.05 48.96  56.51 38.25  4.35  37.97 4.70 1.74 3.22
Py 17.69  6.18  24.39  29.71 12.63 21.17  59.55 48.93 54.24  15.03 15.29 15.16
H1l 60.34  2.59  31.46 72.06 5.76  38.91  83.75 44.93 64.34  33.60 23.10  28.35
=3 17 BEXKEMNETZEELXRF
Tab.3 Main physical and chemical parameters of the water body in sampled reservoirs
K pH WT/°C SD/m DO/mg - L~! COD/mg - 17!
Ll 7.89 +£0.38 21.9£8.5 2.31 +1.64 9.36 £1.77 1.14 £0.41
B 8.24 +0.82 22.2£10.0 2.44 +1.38 8.65 +1.06 1.62 £0.51
R U 8.35+0.82 22.5 +8.1 1.42 £0.82 9.62£2.94 1.41 £0.58
FE5 8.30 +0.97 20.9 8.5 1.56 £0.90 9.41 £1.17 1.39 £0.46
BEIL 7.77 £0.27 22.9 £5.7 4.28 £1.69 8.02 +0.92 1.64 £0.26
A 8.07 +0.32 18.7 +10.4 2.81 +0.85 10.01 +1.88 1.79 £0.59
5N 8.12 £0.91 20.9 £13.2 1.98 £0.98 10.96 +2.25 2.16 +0.87
B 8.84 +0.98 24.6 £10.9 1.72 £0.32 10.31 £0.59 1.91 £0.82
B 7.68 £0.52 20.1£9.8 5.00 +3.39 9.07 £1.65 0.99 +0.41
H L 8.23 +0.48 20.1£10.2 2.20 +0.58 10.76 +2.58 1.78 £0.60
A 8.33 +0.34 20.6 £11.5 1.28 £0.53 11.98 +2.52 1.76 £0.75
43 IKIL 8.34 +0.58 21.9£7.5 1.30 £0.58 10.08 +1.91 1.74 £0.43
RN 7.57 £0.22 19.1+6.5 0.66 0. 19 7.48 £1.27 2.23£0.19
LR 7.89 £0.69 20.2 £10.1 1.22 £0.65 9.94 £0.44 1.95 £0.63
JK P 7.95 +0.60 21.4+9.6 1.60 +0.58 9.69 +0.84 2.18 +0.79
Py 8.11 £0.56 20.4 £7.9 1.68 £0.42 10.25 +1.97 2.01 £0.43
Fil 8.13 +0.35 20.5+9.8 0.55+0.22 9.82 +3.28 3.87 £0.75
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&FER3 Tab.3 continued
K TN/mg - L! NH;-N/mg « L7! TP/mg - L! DP/mg - L~! DSi/mg + L~!
#il 0.461 +0.353 - 0.015 +0.008 0.010 £0.007 3.11 £2.13
BHIR 0.162 £0. 125 - 0.017 £0.003 0.014 £0.001 3.04 +2.26
TR U8 0.321 £0.291 - 0.019 £0.010 0.018 £0.003 3.93+2.53
T 0.850 +0.438 - 0.019 +0.005 0.017 +£0.001 3.27 £2.23
L 0.958 +0.403 0.020 £0.017 0.018 £0.012 - 4.86 £2.76
(=i 2.218 £0.167 0.078 £0.021 0.017 0. 006 0.009 £0.001 5.43 +2.88
PN 3.035 £0.332 0. 135 £0.063 0.022 +£0.010 - 6.96 +3.49
B 1.290 +0.445 0.039 +0.005 0.029 +0.005 - 5.17+1.68
i 0% 2.473 £0.710 0.042 £0.014 0.023 +£0.010 - 9.43 +0.66
Il 1.720 £0.202 0.077 £0.025 0.030 £0.008 0.023 £0.013 8.94 +2.88
=AW 1.810 +1.048 0.102 £0.015 0.035 £0.015 0.015 £0.005 5.64+£2.19
3K 2.083 £0.554 0.065 +0.025 0.033 +0.013 0.014 +0.004 4.69 £2.08
[N 2.193 £0.458 0.279 £0.172 0.127 £0.026 0.071 £0.022 7.78 +1.33
HLH 2.063 £0.517 0.085 £0.021 0.016 £0. 005 0.011 £0.005 7.94 £2.11
KV 1.577 +0. 164 0.080 +0.041 0.023 +0.001 0.012 +£0.003 12.40 +4.32
Iyl 1.489 +0.304 0.094 +0.039 0.040 £0.012 0.019 £0.007 6.09 +3.49
=il 3.322 £1.351 0.418 £0.227 0.087 +£0.031 0.026 £0.013 8.63 +£0.56
=T FRORME TR
Note: “ — " means below the detection line.

x4 17 EKERHKREFRESIEN
Tab.4 Trophic states of the 17 medium and large

reservoirs in Hangzhou

K FK B 7k B
TLI(S,) IR TLI(S) R
Bl L1 28.85 WEFR 26.65 WEFR
HIR 29.07 ESR 32.85 s
R 0 35.77 g SR 31.36 g
MR 37.09 TR 37.15 SR
HHL 35.58 CRpES 31.87 g
RIS b 39.37 TR 36.78 HETR
B 41.80 g SR 38.85 g
Bk 42.50 g 36.52 g
B I 32.17 hEgR 32.45 g
HFiE  43.87 R 40.11 g R
AW 44.57 hETR 42.51 HETR
43K 49.43 R 40.41 g
AL 50.25 REEE 50.39 REEESR
HR 38.53 LR 41.54 CRECS
KB 43.93 R 39.37 hE g
i 43.62 R 45.17 g SR
L 55.21 RERESR 59.01 RERER

W 7 LLUBRIK 7 3L 10 K P, 5 8 FR LR L
552 JOKPER AR HLER 1 KRR, AR IA A 45
T B E R L X BT R X, & E TR
i EA TER e A, 3k 5 [ A At ot [X 1) BF 9 4
Kbl ( FBAMESE ,2005) ,

3 g

3.1 BUMHEEX 17 BE7K EE YR e M B R 45 1E
TEMEFAHE M X N R 32 775 G /K AT AL R 41

SRR A B 0 2 AR R, F R LSRR Y
FEBERN G 3, B 2R LR SR A W e Ak iy 32,
FKZ= AR ZEARL, 4 2= B2 i A ) o 26 A BR R AR 2D
(Grover & Chrzanowski, 2006 ; [ 7. 4 25,2011 ; Enio
et al ,2012) . A0 3 X R UK P26 A 37 D A A0 o 28
HRBEEALF X — A, B3 (FK) 17
JEIK A 16 A8 1) 5 e 5 VB B 20% L) F LA 10
JRE ) A3 LU B R T 50% 5 2 F= (RliK 3 ) DA 88 R
BN E, HERRE BT 25, X — 4R 58k
FEE (2003 ) Xof T AR 48 K b BUAE AR K PR 1 I i AL 4
WEIEEARL . IR AE ) 55 T R i 8 A 17 JE K
JEPZRARE(P>0.05), HIFEER a IREE S
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Fig.2 Dendrogram of the 17 reservoirs based on

clustering analysis of physical and chemical factors
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Tab.5 Codes of phytoplankton species for canonical correlation analysis ( CCA)
% GilES £k P oK
Cyl [ [CEEE Oscillatoria agardhii Ba5 REFFEE Synedra acus
Cy2 W48 Merismopedia tenuissima Ba6 SEFFEE Asterionella formosa
Cy3 IKAE R 2235 Aphanizomeno flos-aquae Chl DU Scenedesmus quadricauda
Cy4 % fa R Anabaena circrinalis Ch2 /NERSE Chlorella vulgaris
Cy5 M S e 5 Microystis aeruginosa Ch3 PRSI R BE Pediastrum pimplex
Bal WUk AR Melodira granulata Crl R WA Chroomonas acuta
Ba2 HEJE /N3 Cyclotella meneghiniana Eul R ER#E Phacus acuminatus
Ba3 WM/NHEBE Navicula gracilis Pyl A Ceratium hirundinella
Ba4 RRIMERT 3 Fragilaria intermedia Chrl Sy EFEYE Dinobryon divergens

®6 MEETFSHEI2 MEFHAEX R

Tab.6 Correlation coefficients between environmental factors and the first two ordination axes

SP1 SP2 EN1 EN2 TP TN COD NH;-N  pp WT pH DSi DO  HRT
SP1 1
SP2 0.064 1

ENI  0.876* 0.000 1
EN2  0.000 0.959* 0.000 1

TP -0.35

T™ -0.618* 0.111 -0.706* 0.115 0.609 " 1
SD 0.217 -0.684* 0.248 -0.713"-0.687" -0.332

5 0.732* -0.405 0.764 " 1

COD  -0.390 0.644* -0.446" 0.671" 0.839" 0.674*-0.711" 1

NH;-N -0.336 0.690* -0.383 0.719*

0.905 0.696"-0.6280.931" 1

DP  -0.055 0.560* -0.063 0.584* 0.746" 0.248 -0.55470.560 " 0.654 " 1
WT  -0.100 0.453* -0.114 0.473" 0.464" 0.199 -0.44170.564 " 0.436" 0.031 1

pH 0.113  0.117 0.129 0.122
DSi  -0.346 0.111

HRT  0.300

-0.153 0.342

-0.395 0.116 0.536* 0.805~"
DO -0.389 -0.117 -0.444* -0.122 0.074 0.405
-0.159 -0.470"-0.494 " 0.379

-0.025 -0.180 -0.260 -0.032 -0.208 —0.177 0.400 1
-0.1300.560 * 0.588 * 0.282 0.178 -0.275 1
-0.246 0.134 0.018 -0.193 0.302 0.526* 0.295 1

-0.242 -0.320-0.527 % 0.053 -0.066-0.442=0.438" 1

TH: " P<0.05. SPL:WFHE 4l 15SP2 . i HE Pl 2 ENT . BRSE X4l el 15 EN2  BRE DX -k ol 25 TP Sl s TN VR SD B W B2
CODy,, : Fb27505 SURE ; NH3 -N B0 DP: AR s W KR DSi: i) il DO < P8 40 HRT: 2K 7 s B Al

Note: * P <0.05. SPI; species ordination axis 1; SP2: species ordination axis 2; EN1: environmental variables ordination axis 1; EN2 . environ-

mental variables ordination axis 2; TP total phosphorus; TN: total nitrogen; SD: water transparency; COD,;, : chemical oxygen demand based on Mn

method ; NH;-N: ammonia nitrogen; DP: soluble phosphorus; WT: water temperature; DSi: soluble silica; DO dissloved oxygen; HRT: hydraulic re-
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Phytoplankton Communities and Their Relationship with Environmental Factors
in 17 Medium and Large Reservoirs in Hangzhou

SHENG Hai-yan" , YAO Jia-mei’ , LIU Ming-liang”, HE Jian-bo’
HAN Yi-cai®, YU Zuo-ming’, ZHANG Yin-long'

(1. Nanjing Forestry University, Nanjing 210037, P. R. China;
2. Hangzhou Institute of Environmental Protection Science, Hangzhou 310014, P. R. China)

Abstract: The reservoir has gradually taken on the role of drinking water supply instead of flood control, irrigation
and power generation for the serious water pollution of rivers and lakes. The deterioration of water quality in the
Qiantang River and the Tiaoxi River in Hongzhou area threatens the drinking water supply in the region. Decision-
making departments consider reservoir water as a feasible and safe water resource of water supply for this area. Sev-
enteen reservoirs along the Qiantang River and the Tiaoxi River were selected according to the distribution of water
resources in Hangzhou. Our study investigated the phytoplankton community of the 17 medium and large reservoirs,
analyzed the relationship between phytoplankton and nutrient status of the water body and provided basic informa-
tion and data for water resources protection and drinking water safety. The phytoplankton samples were selected
during flood season ( August) and dry season ( December) in 2008 and 2009. Qualitative phytoplankton samples
were taken with 25 pum plankton nets from different directions and at different depth. 1L samples for quantitative a-
nalysis were collected 0.5 m below the surface, then concentrated and identified after settling. Physical and chemi-
cal factors were measured including the water temperature ( WT) , water transparence (SD) , pH, dissolved oxygen
(DO), chemical oxygen demand ( COD,, ), total nitrogen (TN) , ammonia nitrogen ( NH,-N) , total phosphorus
(TP) , soluble phosphorus ( DP) and soluble silica ( DSi). Chlorophyll a was determined by spectrophotometry. A
total of 85 species of phytoplankton in 7 phyla were collected and the species were dominated by Chlorophyta (29) ,
followed by Bacillariophyta (26), Cyanophyta (15), Euglenophyta (6), Cryptophyta(3), Pyrrophyta (3) and
Chrysophyta (3). Phytoplankton density averaged 1.27 x 10° —=6.55 x 10° cells/L and was the highest in summer
(12.2 x 10° cells/L) and the lowest in winter (0. 168 x 10° cells/L). Annual average chlorophyll a concentration
varied between 2. 86 pg/L and 28. 35 pg/L, with a maximum value of 33. 60 wg/L and minimum value of
1.36 pg/L. Phytoplankton density and chlorophyll a concentration in the wet (flood) season were higher than in
the dry season, higher in the lower reaches than the upper reaches, higher in the lowlands than the highlands and
all were closely related to reservoir nutrient levels. In most of the reservoirs Cyanophyta species dominated during
flood season and Bacillariophyta dominated during the dry season. Differences in chlorophyll a concentration among
the 17 reservoirs were significant, but differences in phytoplankton density were not significant. Analysis of trophic
state index (TLI) and phytoplankton density indicate that the 17 reservoirs in the Hangzhou area are mesotrophic to
slightly eutrophic. Canonical correspondence analysis (CCA) shows that nutrients and transparency were the prima-
ry environmental factors affecting phytoplankton community structure. There was also a significant correlation of
phytoplankton density and chlorophyll a concentration with total phosphorous concentration (r=0.527,P <0.05;
r=0.586,P <0.05).

Key words : phytoplankton; community structure; environmental factors; reservoir; canonical correlation analysis

(CCA) ; trophic state index (TLI)



