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TJo i #2257 (P>0.05) , HARFRAK R 4% 250 ) 22 ik
FHES HPE MENWTBEETL HE(P<
0.05),4 FZEM DO B 5 T H k2= (P<0.05) ;
FZ0 pH W3 H TR Z(P<0.05) , 41

Fim THREE(P<0.05) s 2210 SD 2 T HAh 2=
5 (P<0.05); EZHINH,-N B &5 & THEBMEZE
(P<0.05) ; & Z=1) COD,, Il TP . 3 & T4 Z (P<
0.05) ;4251 Chl.a B ZE KT HAB =15 (P<0.05)

®1 THBEIEAREERFHETE

Tab.1 Seasonal variations of major environment factors in Qiandao Lake

IREREE K A FES = %%
Environmental factors Spring Summer Autumn Winter

K WT/°C 15.06+2.15" 23.65+2.72° 22.45+2.13" 14.05+3.04"
HifR4E DO/(mg/L) 9.94+0.88" 6.52+1.36 6.15¢1.11" 8.83+0.86"
pH 9.09+0.33" 8.60+0.73" 7.72+0.01° 7.98+0.20"
%W SD/m 4.30+1.19 3.21+0.46 4.50+0.45" 6.13+0.90"
A TN/(mg/LL) 1.02+0.07° 1.04+0.09° 0.85+0.19° 0.94+0.09°
TR ER 0 NO—N/(mg/L) 0.78+0.07° 0.68+0.13" 0.46+0.35" 0.70+0.04*
%A NH,-N/(mg/L) 0.08+0.05" 0.20+0.05" 0.15+0.08* 0.04+0.01"
AR ER 20 NO,=N/(mg/L) 0.014+0.007" 0.012+0.004" 0.00620.002¢ 0.00720.004*
kR R ER TR AL COD,, A(mg/L) 1.50+0.19® 1.99+0.20° 1.55+0.31" 0.92+0.53"
S5 TP/(mg/L) 0.020+0.008*" 0.034+0.011* 0.024+0.005" 0.016+0.006"
M4 2 a Chlal(png/L) 3.81+1.06° 4.87+1.22° 4.25+1.58" 1.4620.02"

T R e B AN R PR 2252 0.3 (P <0.05) .

Notes: Peer data without the same letter indicate significant difference (P <0.05).
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Fig. 2 Species composition of phytoplankton in different seasons of Qiandao Lake
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Fig. 3 Species composition of phytoplankton in each lake area of Qiandao Lake
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Tab.2 Dominant species and dominance degree of phytoplankton in different seasons

e ] ; o
M #4F Dominant species Winter ﬁ fg S iir Aijﬁm éﬁi ;7;

W] Cyanophyta
FORF-245E Merismopedia punctata - 0.032 - - Cyal
WIYARS 2235 Lyngbya limnetica - - - 0.053 Cya2
H 223 Aphanizomenon sp. - - 0.083 0.324 Cya3
YL TE Raphidiopsis curvata - - 0.084 0.060 Cyad
M/ NEEERTE Aphanocapsa delicatissima - - - 0.080 Cya5
AW Pseudoanabaena sp. 0.158 0.523 0.414 0.170 Cya6
U223 Leptolyngbya sp. - - 0.036 0.183 Cya7
WP T2 Aphanizomenon issatschenkoi - - 0.041 0.030 Cya8
TR Anabeana sp. 0.182 0.036 0.033 - Cya9

Tk 1] Bacillariophyta

J/NSEEE Achnanthes exigua - 0.093 - - Bacl
WKL I BEWE Aulacoseira granulata 0.155 - - - Bac2
ORI BE BEA AR AR P Aulacoseira granulata var. angustissima — 0.185 - - - Bac3
INREE Cyclotella sp. - 0.026 - - Bac4
FHFT# Synedra sp. - 0.048 0.036 - Bac5
HAEWHE Melosira sp. 0.065 - - - Bac6

£} Chlorophyta
WO HFEE Scenedesmus bijuga - - 0.023 - Chll
BICLFHESE Ankistrodesmus angustus - 0.021 - - Chl2

2.3 FHEEYVIGEENHTT

T 5 W90 Uit AL ) A X AR ) B T Ry (404.21+
116.59) x10* cells/L, 4 4 A= 4 & 4 (0.84+0.22)
mg/Lo A AF %5 B FE 5 i R PR A AR A A
o 1] e A i (83.56% ) 5 A= W i e 1 9
REB G Pl , Hh s m
(52.26%) FE#ETTIRZ(34.93%)

N 3 FroN , P A ) A % B (H=33.029,
df=3,P<0.001)7EFTT M fF1E R E LT, ZHIL
BN R R D E S T RN, K
T ERTAE, BEAEESE EEMKELL
W A X DL ARSI AR N R L ik
3 95.37%; 4 2, BE BN LA 5 (48.14%) .
TR AR Wi (H=30.316, df=3, P<<0.001)7F Z=
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BT R X [ (158.48+33.13)%10* cells/L] . 4=
Wy 5 511X (0.3220.09 mg/L) 5 A T 0 i)
X (0.97+0.16 mg/L) 1 P4 It # X (1.63+0.20 mg/
L), & 51 1% (0.39+0.07 mg/L) 5 2K T 74 46
X o % EEAE 45 W0 DX 28 DA B A A, PR X
A LR O, AR DX DL A A
A
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Tab.3 Changes in phytoplankton biological density, biomass and diversity index in different seasons

Margalefﬂigg

. He Wy % B - Shannon ZFEPEFEEL  Pielou 5 55X v
EEat] S . Y A . B
Seas Biological density Biomass/(mg/L) Shannon diversity Pielou evenness Marealef richnes
eason /(X104 Cells/L) lomass/{img; index index arga .e ricnness
index

% 2 Spring 206.63+74.93" 0.64+0.17* 1.67+0.06" 0.63+0.04* 3.49+0.19°

X 7% Summer 592.88+127.11* 1.54+0.35* 2.06+0.11° 0.65+0.03* 4.09+0.20"
7 Autumn 648.46+217.99" 0.76+0.24* 1.93+0.05° 0.63+0.01* 3.90+0.34*
A-Z% Winter 35.81+£5.95° 0.12+0.02" 1.65+0.08" 0.67+0.02* 3.58+0.33"
e s A TR AT AR ) b 2R 25 57 1 35 (P<0.05) o
Notes: Peer data without the same letter indicate significant difference (P<0.05).

F4 AEETFHFEVEILAGFEFS
Tab.4 Percentage of density and biomass of different phytoplankton phyla in different seasons %
A HE W) Density/(x10* cells/L) ¥y ik Biomass/(mg/L)
Species HZE Spring HZ Summer FAZE Autumn & ZE Winter HZE Spring HZ Summer FKZE Autumn 242 Winter

317 Cyanophyta 63.86 79.17 95.37 41.79 36.11 50.43 74.09 12.21
L] Chlorophyta 11.37 13.02 2.51 9.54 11.69 10.14 5.65 11.61
fil: 3] Bacillariophyta 24.17 7.49 1.98 48.14 46.20 36.70 17.51 71.39
4:%:1"] Chrysophyta 0.03 0 0.01 0.01 0.11 0 0.01 0
F38417] Pyrrophyta 0.33 0.07 0.09 0.22 4.81 1.63 2.53 4.18
3 1] Euglenophyta 0.04 0.08 0.01 0.04 0.48 0.42 0.09 0.30
[ 1] Cryptophyta 0.20 0.02 0.03 0.20 0.59 0.02 0.12 0.31
#1] Xanthophyta 0 0.14 0 0 0 0.66 0 0

— —_
o] (=) [SS)
T T 1

¥ Density/(x 106 cells/L)
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Fig. 4 Biological density and biomass of phytoplankton in each lake area of Qiandao Lake

2.4 EFHFEVSHEENHZT
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Shannon ZHEMEIEEE KERZEH TH A%

(F3) 5 X5 B4 B0 F 5 48 B 4E 2 {8 20 3l

4 0.65+0.01,3.780.17 , 7£ 2= 5 F1H X ] 24 C

E Pt

2.5 FFEMENEREFRHEXES T

2.5.1 VA SINERY Spearman AEDSHMT
AHSCAE AT 7 < I AR 00 26 i B A A )

5 WT .NH,-N 2 COD,, & 8 & 1E M6 ; A= ) 5%
f£ 5 DO.SD.ORP & & % i A1 5¢ , AE ¥ i 5 SD
SPC & i Z M AHC . Shannon ZFEVEFEEL S WT.
NH,-N &2 i 3 1EAHSE, 5 DO & I 3 i 56 454
FEFRES SD 5 1 25 IE AR OG5 R B S MR A
FIC A TR S A S S TP L
EHNEGERS),

x5 FHEEYREFEERSHMESHERE TR Spearman 18X 1

Tab.5 Spearman correlation between the environmental factors with diversity index and biological density and

biomass of phytoplankton

KABE N+ A AW it Shannon ZFEPEFE %L Pielou ¥5) FEFR AL Margalef 3= 57 Ji $5 54
Environmental factors  Biological Density ~ Biomass  Shannon diversity index  Pielou evenness index ~ Margalef richness index
Kk WT 0.888" 0.797" 0.720" -0.259 0.308
Fifi4E DO -0.720" -0.508 -0.608" 0.049 -0.140
HIAE SD -0.692" -0.811" -0.538 0.580 -0.427
FALIL 7 ORP -0.678" -0.563 -0.336 0.434 0.063
LS SPC -0.458 -0.601" -0.098 0.203 0.308
A NH,-N 0.762" 0.769" 0.643" -0.378 0.315
S TP 0.235 0.307 0.407 -0.327 0.248
LR EL COD,,, 0.825" 0.958" 0.497 -0.559 0.252

e 2R P<0.05, 2257 35 50 FR P<0.01, Z 50 B %

Notes: * indicates significant difference (P<0.05) ; ## indicates highly significant difference(P<0.01).

2.5.2 TRIAEY) ST RDA 204

XF T By 1) 17 b 7 e A ) 0 35 E A7 25
XF A3 (DCA ) | 25 5% R HE 7 Al e KA /N T
3, L RDA 208 £ RDA HEFy il o, 4 —
I — A RFAE 235310 08 0.621 8 410174 2, Fif P
AL R T R 5 PR 22 TH) 80.65% FAH G
WT . NH,-N HINO, -N X LRl 9 S ma AR
H &2 B FEHIE(P<0.05) . WKl S AR, U/ Bk
#  (Aphanocapsa  delicatissima) w2
(Aphanizomenon sp.) 55 K HB 43 Wh W ] P28 TR
I B XU M % (Scenedesmus bijuga) #5 WT Fl
NH,-N 2 1F 4 3¢ 5 %5 /D it 72 3 (Achnanthes
exigua) |} K243 (Merismopedia punctata) 55
5 NO, -N2IEM X,

3 e

3.1 FERBFFEYEEENFERSTK

A G AL W B IE VAR ) 8 1] 240 Fl, 21
LR REBEANE B A, L 5 B 91.18%,
RS Dy s A AR — 0 W R
T 17 B S LT — L0 DL/ NS L
FR AR INGEEREE /N FEEE NIABE (Cyclotella

sp.) A , RULIHBIAFE—E B/ ML . A BTN
NI AT RES T WSS o 32 T MR A G, B
RS FRBESE BN R . AHOCHY
PRI SIS R B, S 1) A A 2 R AR iy
Kot b | /N BRGNS 5 B e IR 2
PEMTREASHAT A A LE R M, RAB A THUN
TUBEIBCR AN A, SRS 22 O X/ N B
AR T T OB R 28 1 i sh 4, LR ek
A A R EUNYEIBCR AN (R
e/ INEIAARL S X K A SR AL B — R L, T 8 )
JESE-HEFRBLNN , AR E SRR KRR, /)
PRFRBBESEAA SR Y R AR, X E SRR Ak
REREGE  NITESEP B TR PRI 72
SE-HE IR WAL PHT R
GRS BRI 2 LI/ N By
o AR EFRKMA AGE L R AT
SEWE , PRI LU i AN e S R ANy
o ABTEH, T E TR RARERAY & B
BT R IR S IR ER PR B R, R IR
BSOS bl R, SESHT R AT REAN 2
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Fig.5 RDA diagram of dominant species of phytoplankton and environment factors
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PO R R I, AR S SRk R
BB IR AN SRR, AE TR SR KRS R
U PG e = S A= 1 R /R B M| B b R T
TGP A E SN S  OZ ENR K S . 2021
—2022 4 KT KRR  TE 2 PV BE A1
WA ST, s K %08 . itk ,20204E7 A
TSI T HEE DRI EE — ik JLfLt it
T P A 75 5% f R I M, BRK 2021 ,2022 AT fi i
o R AR 7T, (R BE R 0 A= K R A
I 2020 4E T 2T, HOW SR MCEENTT
K, A0 AT e BOK M b i 3 S5 B2 1 . H
T B W S AR ) R P R S B
PR AR BT AR, RS B R U R 22 | Bl
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3.2 TEBEFFEVEREEFHXER
TRV 4l A 55 0 05 TR - () A 7 25 DD AR R
% . RDAZ5H /8 WT NH,-N F1NO,-N 2521
TR 1Y F A, 5 2010 4 19 BF
REERMILEAER B M2ZESR . PIRFR T,
W R 2 52 0 3 S A SR e 7 0 A i G BE R 3R
AKIRAE R BEIE EH A B B LN R H g ot
P55 W SIS LR A T O B T 1) 9% M OB 2 T 3 2 Y A
BLISAECIREE > S AWML PYOay /i RN N N
BRAE WT E W FIEMC, X 5SS &k
IR O s iR 11 ) ELBE 35 (Melosira sp.) JRLIE
5 ¥ (Aulacoseira granulata) EEHWT & L ENA
KX HEEB SRR A G, AT NO,-N,
NH,-N 5 R 3 A AE B 35 IR AH G X2 A
NH,-N & [Ffb i BEAERE B D TCHL AL, BEA ) 9k
P ORI, A NH,-N 2 i i a2 A KB
Spearman 73 145 R K B, A7 & 5 SD 2 i 3%
AHOG , 32 PR Sy e 2 B 1 3 in 23 A AROK AR 1 35
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dynamics in relation to some physicochemical parameters

Temporal and spatial changes of phytoplankton communities and their
relationship with environmental factors in Qiandao Lake

TONG Lu"?, LIU Dan'?, DUAN Jiaoyang'*, HU Zhongjun'?, PAN Jiayong’, LU Xiaoli’, CUI Shuaikang’,
LIU Qigen'?

(1. Centre for Research on Environmental Ecology and Fish Nutrition of the Ministry of Agriculture and Rural Affairs , Shanghai
Ocean University, Shanghai 201306, China; 2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture
and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China; 3. Hangzhou Qiandao Lake Group Co. Lid,
Hangzhou 311700, Zhejiang, China)

Abstract: The dynamic changes of phytoplankton community and its relationship with major environmental
factors are important for understanding the changes of lake and reservoir water environment and carrying out
water environmental quality assessment. In this study, a monthly survey of phytoplankton and water
environmental factors in Qiandao Lake was conducted from 2021 to 2022, and the characteristics of
phytoplankton community structure, spatial and temporal distribution pattern and main environmental driving
factors were analyzed, in order to provide important basic data for understanding the latest water environment
changes and ecosystem evolution in Qiandao Lake. The results showed that a total of 240 species belonging to
8 phyla were identified, with Chlorophyta (51. 67%) , Bacillariophyta (21. 67%) and Cyanophyta (17. 84%)
as the main species, and Cyanophyta and Bacillariophyta as the main dominant species. The average annual
biological density from 2021 to 2022 was (404.21+116.59) x10* cells/L, and the average annual biomass
was (0. 84+0.22) mg/L., showing significant spatio-temporal differences in both biological density and
biomass. Cyanophyta had the highest biological density and biomass of phytoplankton. Shannon diversity
index showed significant seasonal differences, but no significant spatial differences, and there was no spatio-
temporal difference in other indices. Spearman correlation analysis showed that phytoplankton density and
biomass were significantly positively correlated with water temperature, ammonia nitrogen and permanganate
index, and negatively correlated with transparency. RDA analysis showed that water temperature, ammonia
nitrogen and nitrite were the main environmental factors affecting the distribution of phytoplankton dominant
species in Qiandao Lake.

Key words: Qiandao Lake; phytoplankton; environmental factors; community structure; correlation analysis
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