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Fig.1 Location of the five sampling sites
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in Qiandao Lake

1.2 #H#mRESE

2010 4F 1 H % 2010 42 12 A, Z A 1E T 5 ¥
S ASRAE RUHAT R IR iR AR . ST .S4 1S9
FOPYIKRBE 5 29 (45 #1154 m, 4% 0.5.4 .8 12,
16 .20 25 30 35 40 45 50 m /R RE&E 7 8 Fl12 4~
IKIZBIRE . S3 F S8 i s P HAI K IR 43301 o 43 Fi
46 m SrRIREE T NAKZRKFEEHITIRG . BEIA
[F KB KRR BOR &K 1 LR R S8 JS 57
BRI A -8R0 (15% ) AR IR AR (4% ) Ffaly 8] 52
W, e W AEE N TR IS A A R, S
HRCHP ERRK S : R I R AR M ER K
BR) (FERW, 1991) #EfT R R4, IF it Ak i
TR Y A %% 8 A0 AR W& (Hillebrand et al, 1999)

SRAE LTI S R AF B[R] RS KA 0 7 7K
(T) A (DO) (pH LS BB (SD) |, S =
K i 2 (TN, HJ 636-2012) . i (TP, GB 11893-
89) iR ER & (NO; -N, HJ/T 346-2007 ) . . fif§ B £
Z (NO, -N, GB 7493-87) . & & & ( TAN, HJ 535-
2009) | &R FR £ $8 5 (COD,,, , HI/T 1322003 I}
23:% a(Chl-a) A M ik R 3h ( Si07-Si, MS/GWDC-SI-
03-2008) .

1.3 HEHH

iz ] Shannon-Wiener 22 FEP: 35 %50 (H') . Pielou
KIS EAEE(T) Margalef £ 55 BEFREL(R) LA KA H
JEFREL(Y) THEEIF We AR W RE V& 7 E ( Lampitt et al,
1993 ; Belaoussoff et al, 2003) ,i+& /A

H =-Y (n/N) In (n;/N) (1)
J=H'/In S (2)
R=(S-1)/In N (3)
Y=n/Nxf (4)

o n, T RSB NV TR R A
B S RERL R MBS, R R TE
FEA BRI . ASSORARHE ¥ >0. 02 iy E
NPT,

K HIZFEATC XS HE 2 H0k: 56 ( Friedman 4656 )
SAMTIFIEL 0.5 m Fl 4 m oK 2% RE A ) e 4y
JERAE U A (S1,S4 FIS9) [a] i 22 57, [A) BE R H]
Friedman 5555387 %5 BE F A Py s AR 112840 A 43
FTE S D uli s[RI 25 5% o R WA 2R 7 2203 B ik 1)
R AR R 2 R AR B 2R A R 22
o TR R 2 U N 5 22 5k AT PRIM-
ER #7826 (CA) F 248 RUEE (MDS) 73 #r, >R
FHFE 77 2 % (Stress ) fi 3 MDS (1 #0448 B2, 1
ANOSIM AF{RUT: 73 v A6 35 AN [R) 3 5 248 Y ] 22 5 1)
FHVE,IENH] SIMPER ARARIME A 43 b6 43 B 77 i A 40)
WU Xof A 7 IS DA AR R R 288 2R [ A S 1 1) - 28 T
B3 B TTIR A = 5% m WA E SRy FEZEAFAERR R
(ZRIEE  2012), % Canoco for Windows 4.5
PEIF R B XS W 53 A ( CCA ) DIAR IR BE IR 5 X 7
T AEP) o3 AT A2, e F T CCA HEFF IRl o %%
wli ARHE AR, CCA [ CA F1 MDS 3 5 % 4 b £ 48
FIEL 7 (45 pH) 547 log B d (£ 55 (4,
2015) , J5 2 F43HrHh L Bray-Curtis A Ve BE 25
E{EL IS

2 HBRE5HH

2010 4F 1 - 12 H F 5 W1 45 R AE L BAL I 7 F
BIEWE 1,
2.1 ARG FREWARK

A S ) ek TR e 2R 223 A, SRR Tkl
[T ( Chlorophyta ) . fif: #: "] ( Bacillariophyta ) | ¥ ¥ ]
(Cyanophyta) | & %2 '] ( Cryptophyta) , #R % '] ( Eu-
glennophyta) . #% 3 | ] ( Xanthophyta ) . 1 ] ( Pyrro-
phyta) FI45: %] ( Chrysophyta) o FEIFHEY) LAZREE ]
Ym0, 396 B, i 43.05% 5 Hk ot



48 #38% % 5

X E X F

% x 2017 49 A

x1 2010 FTFRHMEREREAEFTYE

Tab.1 Spatial variations in physicochemical properties of Qiandao Lake in 2010 ( Average value)

XFfE SD/ T/ DO/ CODy,,/ TN/ NO; -N/ TAN/ NO, -N/ TP/ Si03 -Si/ Chl-a/
) ; pH
= m C mg - L~ mg - L~! mg - L~ mg - L7} mg - L~! mg + L~} mg - L~ mg - L7} ;_Lg-L_]
SI 2.983 17.227 8.061 6.748 1.043 1.226 1.009 0.082 0.016 0.026 6.028 2.615
S3 4.167 15.713 7.878  7.267 0.949 0.941 0. 806 0.083 0.007 0.015 4.639 3.437
S4  4.542 15.881 7.807 7.640 0.897 0.942 0.828 0.075 0.007 0.013 5.143 2.282
S8 6.383 15.210 7.826  7.790 0.838 0.888 0.767 0.090 0.006 0.013 4.118 2.115
S9 7.508 13.985 7.747  7.700 0.81 0.877 0.793 0.076 0.004 0.010 3.908 1.572
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Fig.2 Phytoplankton community composition at each
sampling station in Qiandao Lake
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The cluster elements are named according to station number and sea-
son. Station information is used for non-metric multidimensional scaling
(MDS) displayed in Fig. 4
Fig.3 Dendrogram of phytoplankton communities
of Qiandao Lake in 2010

Stress: 11
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Fig. 4 Non-metric multidimensional scaling ( MDS)
scatterplot based on phytoplankton community
density in Qiandao Lake in 2010
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Fig.5 Percentage composition of phytoplankton

Biomass

community density and biomass at each

sampling station of Qiandao Lake
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Tab.2 Seasonal changes of phytoplankton density, biomass and diversity index in Qiandao Lake

- B/ KW/ Shannon Pielou Margalef
0 10* 4~ - L mg - L~ R Y5 iR Fw ERE
HE 261.86 +91.86" 0.72 £0.21% 1.80 +0. 16" 0.60 +0.04* 22.86 £10.11"
H7 333.24 +48.79° 0.88 £0.09* 3.30 £1.20° 1.06 £0.40* 48.61 +15.36*
&= 203.05 +32.26° 0.42 +0.08" 2.14 +0.10* 0.65 +0.03* 15.89 +5.37%
A% 39.55 +9.68" 0.13 £0.02° 1.95+0.11° 0.67 +£0.03" 7.56 +1.53°¢

T SR P EAR T BRI 2R 22 52 3

Note: Values in the same line with different superscripts mean a significant difference.

WE(F =1.325,P =0.277) LAY &
(F=0.975,P =0.432) 7Ll 5 7] JC . % 22 5+, {H 1
FAEW AR (L . F =5. 123, P <0.05;4F
i F =7.175,P <0.001) , =15 Fll o i X 4 B
(F=0.787,P =0.660) fll 4 ¥ & (F =0.830,P =
0.620) AL HAF M . ZH B ER, HFEZK 3 HF
TR E R TR, YR F R TR
P BFERERTAF(ERL),

2.3.2 NEEWELSA T RINFIEREE
AP TE BRI 6, S9 3l ki 8 m /KJZ ¥
BERWIELE 4 m /K JZMEA I, oAl 2 Al A
BRICZ AN, 3 A ul o B 10 T B AR A SRy B A
— 8 B R TRAIE TN, S JEAE 0 ~4 m KR 5
SIS ,4 ~25 m KJE T RERBEROR,25 ~30 m K
JETKEGA2 (18 6a) o FEOKERIG AN, Bk 16 m (=
20 m) ~30 m /KJZEIEY R T R 2R
ZAh, H P T A MU S R A SEAR A 2] 530

~ 50 m 7KJZ SO Ui fUE EEFIAE Y YRS T IR R 5%
B3 M, 0.5 m /K JZ % & ( Friedman £ 535
X*=0.500,df=2,P =0.779) FE Y& (X* =5. 167,
df=2,P =0.076) i g3 [A] ¥ o . 2 22 7,4 m 7K JZ IR
W (%) X° =3.167,df =2, P =0. 205 ; 4 Wit .
X*=1.167,df=2,P =0.558)
2.4 ZHFMEMFETHKEZEEZL
RTINS &) BE 8 ARAE 3l 23 (F $4 <0. 753, P
1>0.05) FIZEd5[a] (F #] <1.245,P ] >0.05)
AR ENZS , WEB KL EAEMN(F ¥ <
1.035,P ¥ >0.05), & EHRMAEWA(F =
37.448,P <0.001) } &+ (F =18.521,P <0. 001 )
F¥FEW S EWZS, HFEELEEMN(F =
9.571,P <0.001), F&EHEE 20 % m T HA
3FEEERERTAE(ELL),
2.5 FHFEYERNEERFHXR
AH A A R B, T 5 W0 VAR ) 9% FE AR )
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Fig. 6 Vertical distribution of phytoplankton density (a) and biomass (b) in Qiandao Lake
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Tab.3 Correlation between standing crop of phytoplankton and environmental factors in Qiandao Lake

KKFEY IR S Si07-Si BFEMK(F£3) .

Y E/mg L
Biomass
0.2 0.4 0.6 0.8

(b)

TRMFHFEREE (a) NEYME (D) HEEZML

B Pty SD T pH DO CODy, Chl-a Si03-Si

Gk -0.365"" 0.543%** 0.265* -0.454%** 0.366** 0.335** 0.210

AEL7/Rny -0.366"* 0.563*** 0.409* * —0.453*** 0.326* 0.322* 0.294*
""" R8P <0.001, Rl B 225 " 3R P <0.01, i 225 " 4R P<0.05, %R

extremely significant difference (P <0.001) ;

(BXT_L 43 BT (CCA) Hif P A~ HE 7y il 19 e AR
éz\jﬂb@ 0.228 F1 0. 077, JLfig B¢ 1 I i A8 4 K dhs
42.6% 1) JF Z{H. T ( - 0. 785) . DO (0. 644 ) .
NO;-N (0. 538 ), COD,, ( - 0.356 )., TAN
( =0.391) .Chl-a( -0.278) EZ 5Tk 755 — )%
&, pH(0.530) .Si07-Si(0.376) FE 5Tk T45 —HF
JEHL AT R SRR B A S
75.4% (E 7)

ZRBEN TR RPIR S AL (BL) OBURHIFSE Scenedes-
mus bijuga(B2) JPFEREE Oocystis (B3 ) F s 1] i0 0
H AR #E Chroococcu limneticus (A3) 5 T IEF L . 5
DO HAHNG, BB TR R E (D) 5 T ﬁ*ﬁﬂ@
55 DO TEAHSC s BEBE T TR /N R (C2) Sk
KA 223 (A1) 55 SD BLIEAR G ; JBT T3 Sy”e'
dra acus ( C4) . 55 & Wi #T 3 Fragilaria crotomensis
(C5) Ja/hih 7o (C6) 5 Si07-Si BEIERI.

3 g

E R EY MR ST

N A RS T R e e o s S AN U N
B, FEUEE 13 FPOL R, 200 UL A A /)N A
PRI NI e WEAT EE AR R R IR SR,
HORRESE M JE /N B, AR AR AL [R] B
FELEAE QNSO B BE B 7S 8 b K A R 22 Rk A
0 [ B HE AR RS U0 B T 5 W T A S B

3.1

** highly significant difference (P <0.01);

* significant difference (P <0.05).

<
—

-1.0

-1.0 1.0
Al JKAETR 223 Aphanizomenon flos-aquae; A2 . /KA Ana-
baena flos-aquae; A3 .14 R Chroococcu limneticus; B ; FIRZS 2
W Coelastrum reticulatum ; B2 ; XS M #E Scenedesmus bijuga; B3 ; Pl 4E
W Oocystis; Cl A JE /N Cyclotella meneghiniana; C2 . M /N 35
Cyclotella atomus; C3 ; J5Uki T 5% B AR B 25 Ffr Melosira granulate var.
angustissima; C4 J%1FF 3 Synedra acus; C5: 55 i% Wit 3 Fragilaria
crotomensis; C6 ;55 /NH5E 3 Achnanthes exigua; D1 2R EE Chro-
omonas acuta
E7 THZFEFEYSHEETFH CCAHF
Fig.7 CCA ordination biplot of phytoplankton species

and environmental variables in Qiandao Lake
T E /N Ry, (BN R R BE S AN LT i
WAESEE IR SR E IR INA, BRI R 2 LU/
BN T, M REE KRS IR R B R B 5, 2R LU
6] FRBUAL 72 &8 RN, JU5E R LR A
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(R A IS (o R 35 TR 22 B AN B 4 ) AL
T3 Hb, Gl AR, 2 S O S B/ B AR T[]
(Voros et al, 2007) , 4 B 22 H B
INEIEEIBILTR , IRAE— MR IN Sy , 7T BB i TRl 3l
PRl S Aok P A el AN R A AU/ N i
FE HT B ES /NS R B R i T 2
W7 S I 1] X — [B) T, 5 S ST 7 S 2F ) i
(7840 5 2R 2H RS Ak 2 8] B A SR 20 B BE Ak |
SR ER T #2821 OE A 50 3 R R L 3R A
IR AR /DA N BB Je 3 A 1 43 A , S0 f i fl 5 35 2%
KR, A e AW 210 9T 521 5 Al
WIETEARE , — i, TSA S e —1 5% -
FRBLWIA, PR BN AL i A ) o I A 2
THA—FhIE R B ; 73— J7 10, M DU 307 sh 4 4
RO, 2012) K F , Toie AL HFh 4 ik &
AW IR B 78 53 AR UE W AE 78 26 B 6 I i
I R AR BT RUEERI AR EOR )
T A Wy M DN AR T T I 1) A P ) 0 A T R
B, T &% 1) R 5% 2 1) PR 0 Sh ) e 91, B AR v T R
SRR AUNEIRIERERIEy/IN N gy d R Llil)a
BidAL Y 3 BiZc 4 (Oranich, 2015) Al 48 H i T 5
i) S 0 1% 2 X8 A 0 % AL A v, i R P T R
ASCXF 4 1) T AR %) Ak B, 5 A4 ) i VL TR (39. 22 =+
2.71) g/m’ (AN EEGRE S /K 2 10 m 31530, ok
PR 3.9 g/m’ ), IR HOHE T 5 WA 8 28/ B4R 1A
St 2 2 s AT IESE i A 7848 . (HEESE/E
KA 2, B T SR 2R AN TR Bl
Py, PRI 56 4 220 X S 2 TR 1) 2 i A 2 A 2 WL
o MK AR TR 22 B KA IR 388 S AR PE R 26 2
B IAEA TR 2R Y ARK IR 2R 19 R, S5 1Y 17
E AT BEXT X SE e e 3] 1 S e i, DA H: B
TEBESEMCR 5/ B A2 B PR An 2R 4
WrRETT BIIESE A 3h AR A A 0B, BEEH i A A T
T B K B

HI RS R AT, B AR M E R
BHh—K, KU T B Y R AR E RS T
AR ZEIRE Jry o R 2RV LU e (A tfg JE /N B
B /NI EESE) O L R S AR I RR RS
IKAE R 22 B2 HoA e . (HARRE WA Bl 2t e
TR S BN, AT RE S SO uli A T K T i
THIX, K GARX /N HOH S SR Eh & B 565 %)
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Spatial and Seasonal Distribution of Phytoplankton in Qiandao Lake and
Relationship with Environmental Factors

HU Zhong-jun', MO Dan-mei' , ZHOU Xiao-yu”, REN Li-ping’, WANG Jin-peng’,
HE Guang-xi’, CHEN Lai-sheng’, LIU Qi-gen'

(1. Key Laboratory of Aquatic Genetic Resource and Aquacultural Ecosystem Certificated of
Agriculture, Shanghai Ocean University, Shanghai 201306,P. R. China;
2. Nanjing Institute of Environmental Sciences, MEP, Nanjing 210042 ,P. R. China;
3. Hangzhou Qiandao Lake Group Co. Lid, Hangzhou 311700,P. R. China)

Abstract: Phytoplankton is a good indicator of changes in the water environment of rivers, lakes and reservoirs. In
this study, we characterized the phytoplankton community structure and its relationship to environmental factors in
Qiandao Lake, based on monthly sampling in 2010 and multivariate statistical analysis. The study will help to un-
derstand of the changes in water quality in Qiandao Lake and provide data to support conservation and management
of aquatic resources. Qiandao Lake, originally named Xin'anjiang Reservoir is in the mountain region of western of
Zhejiang Province, near the border of Anhui Province, and is an important water resource of QQiantang River. Five
sampling sites were located on Qiandao Lake: S1, in the river section of upper Qiandao Lake; S3 and S4, in the
transition zone between riverine and open water sections; S8 and S9, in the open lake area of lower Qiandao Lake.
From January to December of 2010, composite water samples from different layers were collected monthly at each
sampling site for phytoplankton identification, counting, density and biomass calculation. Environmental parameters
were measured in situ and water samples collected for lab, including water temperature (T), dissolved oxygen
(DO), pH, diaphaneity (SD) ,total nitrogen (TN) , total phosphorus (TP) , nitrate nitrogen (NO,-N) | nitrite
nitrogen (NO,-N) , total ammonia nitrogen (TAN), permanganate Index (COD,, ), Chl-a and silicates ( SiO;" -
Si). A total of 223 species belonging to 8 phyla were identified, with absolute dominance by Chlorophyta, Bacillar-
iophyta and Cyanophyta in terms of species number, density and biomass. Species number, density and biomass
did not differ significantly among sampling stations. Total density and biomass of the phytoplankton community was
also similar among the five stations, but varied significantly with season. Vertical distribution of phytoplankton den-
sity and biomass peaked at depths of 4 —8 m and then decreased. No significant spatial and seasonal variations were
observed in Shannon-Wiener diversity and Pielou evenness indices, but differences in the Margalef species richness
index were significant. Cluster analysis (CA) and non-metric multidimensional scaling (MDS) analysis show that
the species composition of phytoplankton communities varied seasonally but not spatially. The seasonal species com-
position of phytoplankton communities clustered into three groups: spring cluster (SC) , winter cluster (WC) and
summer-autumn cluster (SAC). The SC was characterized by Melosira granulata , Melosira granulata var. angusti-
ssima and Chroomonas acuta, the WC by Anabaena flos-aquae, M. Granulata var. angustissima and a species of
the genus Fragilaria, and the SAC by Coelastrum reticulatum , A. flos-aquae and Cyclotella meneghiniana. There
was a significant positive correlation of phytoplankton density and biomass with WT, pH, COD,,, and Chl-a, and of
biomass with SiO; ™ -Si, but significant negative correlations with SD and DO. Canonical correspondence analysis
(CCA) shows that WT, DO, pH and nitrate nitrogen were the key environmental factors responsible for differences
in spatial and seasonal distribution of phytoplankton in Qiandao Lake.

Keywords: phytoplankton; community structure; spatial and seasonal distribution; environmental factors; Xinan-

jiang Reservoir



