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Fig.1 Location of the sampling sites in Tangpu reservoir
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Fig.2 Dynamics of precipitation in Tangpu reservoir
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Fig.3 Dynamics of daily water supply and hydraulic

retention time in Tangpu reservoir
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FEE DL 1R TP AL I A =047 1 A5 HiAlh 25 5 4
KEREB r=0.750 WA E, n="72), Hi, Ki
(WT) 5 & 46 R 3 38 50 (CODy, ) L BEK B (WS) | 28
K (EVAP) A C R B0 & . 500 8 3 15 A7 ¢, 7K iR
SARARE Ry 7.5~30.6°C , Hi 3 59 F ¥ K IR B AR
(8.0°C) , 8 J1 - F-H 7K i 5 155 (30.0°C) ; CODw, B 5
WT % B E AN, 8 548K a(Chl-a) . BAH HLAK
(TOC) B & 2 1E A G, w4 2 #6848 $ & 4 28 1k
1.3~3.2 mg/L. AR B g s fpith 4. 72 7 J 5
) i U s R R £ AL (N O, -ND 5 A (TN L fil§ 115 £h
A (NO;-N) 5 Hi B £ (SOT) LK AL (WL 5 K Sy i
P BT ) CHRT) (4 AH 5 28 550t # A% 5 , 1) 528 A il =5
EAHSG,

2.2 iREEYIThEE B T

3 A X7 T K PR R A SR AR B RE AT S L 2t
o PRI Y 7 17,117 F, 23] (Chlorophyta)
TR 22 (48 Fi) , H Uk & ik % 1] (Bacillariophy-
ta) A1 3 ] (Cyanophyta) . 23 % S 34 Fh A0 20 Ff,
HATTEMB D, M EHYER 9.37 X
10° 4~/L, 4 4F K (1.01~36.50) X 10° 4~ /L, K 1H
F (B4 0 A 3 T W ST i F 5 ) 1 AR R
Wi s Hrp, T S 40 B % R LD S5 B R (3,09 X
10" A~/1) .8 H&eAk(2.33X10° 4~/L) .,

% 4 = Pearson 10X RE B &

Tab.1 Pearson correlation coefficient matrix of hydrological and water quality parameters in Tangpu reservoir

1R WT CODwa TN SOT NO;-N Chl-a TOC WL WS EVAP HRT
WT 1.000
CODwn  0.766" * 1.000

TN —0.452* % —0.438* " 1.000

SO -0.675"* —0.524"* 0.708" " 1.000
NO;3;-N  -0.571** -0.554*" 0.940"* 0.825"* 1.000

Chl-a 0.529**  0.781" * -0.141 -0.210 -0.310"* 1.000

TOC 0.530**  0.810"* -0.396"* —0.313** —0.500"* 0.748* "~ 1.000

WL 0.095 0.153 0.543**  0.498**  0.491** 0.332*" 0.172 1.000

WS 0.775**  0.670"* —0.323"* —0.425"* —0.349"* 0.388**  0.417** —0.060 1.000

EVAP  0.823** 0.744" " -0.144 -0.382"* -0.267* 0.604** 0.530"* 0.366°* 0.733**  1.000

HRT -0.360** —-0.245* 0.603** 0.622"* 0.576""* 0.045 -0.092  0.823** -0.614"* -0.120 1.000

TE " FORTE 0.01 KGRI b 3 A ¢ 5 © FARTE 0.05 7K COUIID b 5 35 A0 56 5 #1156 R BT 0.750 BRI B R .

Note: ** denotes significant correlation at 0.01 level (bilateral) ; * denotes significant correlation at 0.05 level (bilateral) ; Values greater

than 0.750 are in bold.
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e C.D.F.J.Lo, . MP.P.S2.X2; & H 72 lif 4y
AT RESSBEIL 15 41 (5% 2), FEXFX 15 AT

REFF 09 FE G =F B E AT LA 5% W T K PR R AR )
Iy i 20 2B 1 TR 0 A LA X 2 8 > 15 %l ife)
WAL A R A1 -3 AL CHP
kBN 15,4 A M P IIBEREIIE . D+ S2 Thfig
BER R KA, C+ D+ S2 T RE S B 8 W & JF
AR AT 2 Ml 85.28% 35 A P+S1 IhfE
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Pz, 2 12 A . MP+X2 DIfEREINIE . P I fERETF
TEAE ) R i B o L2/, H UL C+P Ui
HENF(79.55%).,

i b K FE R DI RE R R R oy C+ P~
C+D+S82>C+P+Sl—>L,+P>F+]+S1>P+
S2—>D—>MP+S2—>C+MP+X2—~>C+P, MizHK
Vg L3 T e A AN = B 3 A8 28 4k (B ) e mT LA
BB

x2 FHAKEREZHEMAE IR
Tab.2  Dominant phytoplankton functional groups in Tangpu reservoir per month
e LEOERO)
1 2 3 4 5 6 7 8 9 10 11 12
A 0.029 0.041
C 0.538 0.273 0.227 0.341 0.182 0.079 0.039 0.187 0.180
D 0.151 0.083 0.064 0.537 0.048 0.037 0.044
F 0.024 0.348 0.091
H1 0.027 0.025
J 0.035 0.247 0.148 0.040 0.024
K 0.049
Lo 0.040 0.266
M 0.059 0.052 0.022
MP 0.043 0.184 0.210
P 0.268 0.696 0.702 0.059 0.291 0.515 0.026 0.155 0.085 0.615
S1 0.335 0.113
S2 0.360 0.213 0.086 0.163 0.030
X2 0.086 0.026 0.061 0.054 0.032 0.081 0.141 0.123 0.191 0.059
Y 0.033 0.024
AR iy AR — B AR L G A O e AR 10 A
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Fig.4 Relative abundance dynamics of dominant functional

groups in Tangpu reservoir
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The red arrow represents the environmental factors that had
significant influence through Monte Carlo replacement test, the
green arrow represents different phytoplankton functional groups,
and the black circle represents the sampling points, in which the
number represents the month and the letters are the short form of
sampling point (Sj: Shuangjiangxi, Wh: Wanghuaxi, Tt: Tuotan,
Kz: Kuzhong. Zy: Zhaiyang, Qs: Qvshuikou)

Fig.5 RDA ordination of phytoplankton functional

groups with environmental variables
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2012 AE P K B Bis R 2O 7 1) 117 Fif
5 7 A A A 45 A HE (2010 4F 7 17,105 #2011 4F
71115 B0 ZZ WA/ . EHLY DURE 3 20 IE B =R
100 3 AR Y A0 N % A 5 H IR B B R R
FELL T MEAT B (Fragilaria crotoneisis) | B8 4k
5 (Achnanthidium catenatwm ) VA R £ 2
# (Pseudanabaena limnetica) NILHEFISE, H 7K
FEIOKAE o Dy 48 M 0 25 S B, 0 T K PR B A A 2R A
R VA REE RN 22 1R 0 Ol 3 0 B S K A (B il B 4
2016),

MG K PRI I A Y I RE S B R R & &
L2 -3 AL C+P DraeRE b7 4o xf L 3. D fig
BECF P A AR AP LS AR KAEE M s
Fr B K KR i 0 55 O AR 2% 7R B9 ik 3 O 3 (Pa-
disak et al, 2009; da Silva et al, 2005; & #F 4,
2013) , Horp BRI AR AL C v A A55R VA 4% B (Awl-
acoseira ambigua) P YR 4L H A FURL T4 B 36 H Bk
ARFW(Au. granulata var. angustissima ) ¥ 45Uk 15
Bl P M P AR AP IR E AR A (Au. granulata var. an-
gustissima f. spiralis) A B E . &2 REE
55 s K RAR L KA TE BT 43 2 T G 3 RN 55 016 L ik ik
Z AT B 2 R K AR S 2 AT B R UM ) C
AP I fg oK AR BBE M oAl A D BE R
RDA 73 Hréf R s . e C M P 5 B A Pl
(TOO) KR (W FA e, dE— 2R B UIHEd C Al
P OIGIR Blk ff =  52 1 5 L I 2 S H P BB 4H C
AP R A KT

F 4 -5 /KRB & . LS R R e 1A
REBEE (P, limnetica) % 22 R W e AR FR K S1 M
S2 PIRELH I b K BEAE I 5 AL R T P
REZH A My A AL, ST A S2 Ty e #F X 55 6 52,
X o) AR L 3 I RS R KA . AR K SO 23 BT L
R 973 7K P8 g T 1 A3 L e T 2D K R AR E L B
A il B TR R R R AT SR S2 ) REHE B A
B AT RERE 5 LA, i T 35 22 K I ik AR X A
DATiE: 3 0 A3 R 2K 1) 350 20 DI REAHE A6 G 21y R B0
M7 7 PL st A, an C Dy RE A A 9 8 IR 2558 3 (Ac.
catenatum ) TE 4 2= 7 K AL B K48 .4 A D I
BERE Pt vh R B 2281 #T 88 (Synedra acus) BAF B F+
A R B P U BEREAE 5 A AR #
.

BB MK ER BT R AR i K, B 1 ¥
LA BRI ST Re 4, 6 A DLk
(Chroococcus sp.) AT L, e S E#. L,
HA @& M 52 5878 97 KK (Huszar et al, 20033
Lopes et al,2005; # # 5, 2014) , 1 LA 22 4R ¥ 3 0
TRERAY ST A S2 ThRERE I3 BIAE 7 A AN 8 H BEH
TR ReRE . T IRe AR 7 - 8 H L H T hk
B LA 32 FE AN (Scenedesmus sp.) HACFTE RIS
MAEIZ Bl A & BT I 2R R H P i s 3 S
B, 2004 TR G TR UF H& 8 37 A 1Y KKK,
WK 7 - 8 AR 3l KRR &2, 7 A
) TC.NH, -N #1 CODy, &% 8 ¥ 85,8 A1 TP,
TN #l Fe & 8K THMHA hm . FEMERILR
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ART JIIREHM A K EM., F e 2 7 HILH
J B v B IR A L A W Y A BN IR 2 IR B B
KK, Hox e = 80, 7 H B TC f1 TOC & & A
BT HAb A iy s B B A KRR G 12,
PR A ) PO REZH F AR K, EBARER A
H BN BE3E (Oocystis solitaria) ZF 4R 3 T R 285 55
AP UIREALTE 6 H M 8 A ML AT RERE

K Z= DL BB Wk B2 (Chroomonas acuta ) N F B
FRERFIAEHY X2 DB AE 9 — 11 A ¥y 5 # i
X2 ThRe 4 BA B 0y ot B4l 25 58 J A b %5
X AR G R 3 AR R O TP R R
IKIK A (Padisak et al,2009), k2, ¥ 7K JE b W
/N - 10 H RHKIT . 11 H R FK D . B it
KPR KRR E PRl H X2 I RRA A K
A, NEEL4L MP R 10 - 11 A LB Thee it =%
RIS BB (Oscillatoria sp.) %5 224K W5 ¥, 78
JK T3 s B I ) A G B B K AR R MP D RE AL R AR
B —E M H 53 5h . iBE 4 DI REA S2 FuifiE
HCorHlh o H.10 A .11 A I #IhReRE
32 FHEEWINEBENXBRNETF

T U AFL W) L RE 28 A 5 KA AR B0 R AR AR X N
FREE OCIRA A KB ) R A IR IR S Y B R T
K S 75 55 PR TR 3R AR 23 5 e K A4 rb PR AR ) 1 )
RE B R (H 7K 5, 2015)

RDA HEJ¥ 75, 7K I 2 52 ) 77 Ui AEL 4 D) RE 7 e
B E MBS . TR IEA ) B T S D) Be i 2= 1 T
Borbra] LU kLT o AR e 32 m Ll ik
AL AACRFI IS C.P LI RE R B L P 0 & 4E A8
PIRERE . R — RS HAR A IR B DLAE 7 A
Tk i A R, B R R ) A s IR,
T 7K R AR A6 25 2 R AR RS 70 3 R 22 IR0 8 Dy 4
X I A Ao 14 9 S K A HG b K e R e G B 1Y 9K B ]
Tl THERRRBAC & RS 7S B K
ZEH K IR T s e T 22RO BT R R
BT, BRAIRAN 38 5 =i 0 B R B O, R K B of
il 5 A5 K A G 0 kT B T e T G L
T BB FRICE (NP, SIS I K B0 R K IE
IRAE DA (017 X T3 3 Ui o 26 DA B A o
0 285 5 43 AT AT 5 KU 0 A R 2 B e B Ui 2R R
T 250 d B R B R T 5 B 3R 45 (2016) A SE R
B, 7K 2 BIK 3 7 7 SR SR 35 I T T O U0 A ) ) R
2 R A OB ER B A T

RDA HEJy 45 5 3 W], 7K 7 ¥ B A ) 2 5% e 7 i
) Sy R R 2= 74 T8 2 1 55 R EK B IR -, AR K

P — A EE S SH KA BA THEA .
JK 3 i B I (] SR I KA A e AR T R K AR
B VR iR AR K 0 R AR S A KR 2
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Seasonal Succession of Phytoplankton Functional Groups and

Key Driving Factors in Tangpu Reservoir
ZHANG Jun-fang', HU Xiao-hong®, MA Pei-ming', CHEN Wei', HU Ju-xiang'

(1.Key Laboratory of Ecological Impacts of Hydraulic-Projects and Restoration of Aquatic Ecosystem
of Ministry of Water Resources, Institute of Hydroecology, Ministry of Water Resources
and Chinese Academy of Sciences, Wuhan 430079,P.R.China;
2.River and Lake Protection and Construction Safety Center, Changjiang Water Resources

Commission, Wuhan 430010,P.R.China)

Abstract: Tangpu reservoir is located at the junction of Shaoxing City and Shangyu City in Zhejiang Prov-
ince. It is a lake-like reservoir with a long hydraulic retention time and slow water exchange that provides
important ecological services including water supply, flood control and water quality improvement. In this
study, a systematic investigation of phytoplankton and water quality variables in Tangpu reservoir was car-
ried out monthly at six sampling sites in 2012. The objectives were to characterize seasonal succession of
phytoplankton functional groups in Tangpu reservoir and identify the factors driving succession. Phyto-
plankton were categorized by functional group (FG) and the spatiotemporal distribution of the phytoplank-
ton community and its relationship with the environmental variables were analyzed by redundancy analysis
(RDA). The study provides data supporting water quality protection and ecosystem management in Tang-
pu reservoir. A total of 117 phytoplankton species from 7 phyla were identified during the investigation,
dominated by Chlorophyta (48 species), Bacillariophyta (34 species) and Cyanophyta (20 species). The
monthly average cell density of phytoplankton was 9.37 X 10°cells/L and was highest in May (3.09 X
107 cells/L) and lowest in August (2.33 X 10°cells/L). In May, blooms of diatoms and filamentous cya-
nobacteria occurred. There were 24 phytoplankton functional groups identified in Tangpu reservoir, with 9
functional groups dominant over the entire year (C, D, F, J, Lo, MP, P, S2, X2) and 15 functional
groups dominant in different months, with the following seasonal succession; C+P—>C+D+S2—>C+P—+
Sl—Ly+P—>F+]+S1—>P+ S2—>D—>MP+S2—>C+ MP + X2—>C—+P. RDA indicated that phytoplankton
functional groups followed a seasonal regularity, but spatial heterogeneity was not obvious. Water temper-
ature (WT), hydraulic retention time (HRT) and chemical oxygen demand (CODy,) were the environ-
mental variables most significantly affecting the phytoplankton functional groups.

Key words: Tangpu reservoir; phytoplankton functional groups; seasonal succession; environmental fac-

tors



