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Fig.1 Location of the sampling sites in the three

experimental sub lakes in the western district of West Lake
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Tab.1 Species composition of phytoplankton in the three experimental sub lakes, 2009 —2013

e 5 P i

7% 1] ( Bacillariophyta)
Woki H AW Melosira granulata
NI Cyclotella sp.
T %3 Stephanodiscus sp.
BAKE M B Tabellaria fenestrata
TEIR Gk Fragilaria crotomensis
HLEMEFT 3 F. brevistriata
A S MEHT L F. virescens
L EFTIE Synedra affinis
WL EFT#E S, amphicephala
FEREFT#E S, wina
REFFFEES. acus
D™ FT5E S, vaucheriae
PR BT AT EE /N SL ARl S, vaucheriae var. capitellaia
KUEREMATEE S. amphicephala
SEN T Asterionella formosa
RATBLHE Gyrosigma acuminatum + +
AR B Cymbella lunata
IE T ¥ Stauroneis acuta
BELFETHE S, anceps
BEETIEE S, phoeicenteroa
Hi 4 P B3 Pinnularia aerginosa
FE RIS P brevicostala
H X PECBE P nobilis
[6] Wi PIBCEE P, interrupta " +
LPIGEE P. gibba
[RIGRScsE P, gentilis
J5 /N B Navicula exigua
FRIRFITEBE N, bacillum
WERFIE#E N. amphibola
R SHTEBE N, sclonfellii "
MEFLFHEE N. pupula
Bl SHE 3 N. verecunda
WMEFHEEE N. viridula ¥ .
FHESHE# N. cari
YL FHEEE N, cuspidate . .
PR3KSHEBEMTRAS R N, cuspidata cotbiggtt
BIRFHEEE N. rotaeana .
TS KB 3 N. radiosa
ZArSHEEE N. cincta
PR FHIEEE N, anglica
I8 XYL JiE 38 Amphora ovalis
/M3 Cymbella perpusilla
M/ C. gracilis ¥ .
PAI & ¥ C. delicatula
RIS HE C. cistula
AR S #E C. tumida
NS EE C. cuspidate
B A M Cymbella cymbiformis + .
AT A B C. hustedtii
HUBEMF L #E C. aspera
PP #E A C. naviculiformis
A ¥ C. parva
TGS WE C. cymbiformis .
R EE C. cuspidate

FrR] 54 35 Gomphonema intricalum + +
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+ o+ o+ o+
+ o+ o+ o+ o+ + o+ o+ + o+ o+ o+ o+ o+ o+
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+ +

% ?r*&?;ﬁ G. angustatum

2545 FHe P G. constrictum

B5 95 St B SRS A G, constrictum var.

JE5E S G, abbreviatum

LT Y G, gracile

Jit B DR JE 3 Cocconeis placentula + 4

IS BEEE Rhoicosphenia curvata

W 2k 7T 3 Achnanthes orenulata N

i v 7 S0 Epithemia zebra +

LI ZE I Nitzschiaceae sublinearis +

22 3 Nitzschia denticula

FEE I 2 3 Cymatopleura solea

W I I 2k 3 C. elliptica

W6 15 % 2% B 45 4 A8 Fh C. elliptica var.

ML XN ZE #E Surirella robusta

LRI XEEWE S, linenris

UL REEEE S. ovata

BT WS R BUE RN S, ovata var.

7 M Gomphonema angustatum
435517 ( Chlorophyta)

A Chlamydomonas sp.

#L3E Gonium sp.

SEFRSE Pandorina morum

ZSFK#: Eudorina elegans

SEMI A EE Volvox aurens

Bl Z ¥ Golenkinia paucispina

Z1EPE G, radiata .

B/ Charaeium substrietum

i 5 FE ¥ Schroederia robusta

WETESTEHE S. spiralis

WZEE S HEE S. nitzschioides

HAB/INEREE Chlorella pyrenoidsa

W[l /NER B Ch. ellipsoidea

K| THU 8 Chodatell alongiseta

=MV EE Tetraedron trigonum 4

TN T minimum

H 9 # Selenastrum bibraianum

EMTE £ 435 Ankistrodesmus acicularis

PRI 2T 4k A. falcatus

LA DU Trenbaria triappendicula i

TEBREE Planktosphaeria gelotinosa

MR BREEEE Oocystis elliptica

4 L Actinastrum hantzschii

TR B Pediastrum duplex

TR IELT AN R P. duplex var.

S L P boryanum

B B A SR P, boryanum var.

PSR EE P, simplex

A 8RR ELFLAS R P, simplex var.

WU 3R P biradiatum

U ff1 45 8 P. clathratum

FEFF LA FE P. integrum

2 e Scenedesmus arcuatus

PUEMEEE S, quadricauda

TIEMEEE S. dimorphus + .

WEMEE S, cavinatus

WOAFHESE S, bijuga - +

5 AW S, denticulatus + .

+ o+ o+ | N
n:

+ o+ o+ o+ o+

+ o+ o+ o+ o+
+ o+ o+ o+ o+

+ 4+ + + 4+ o+
+ 4+ o+ o+

+ o+ o+ + + + o+ o+ + + + + + o+ o+
+
+ + o+ 4+ + o+ +

+
+ o+ + + o+ + A+ o+ + o+

+ o+ o+ o+ o+ o+ o+ o+ o+ o+

+

+ 4+ o+ o+




2017 % 5 PR R SR, AN V0 55 3 AL A 2 9 3 VLK AR 40 R R o B

skl Continued

Raliiee7| TR B ST

JNHEM 3 S javanicum N
FWrE Westella botryoides

fE2E MU B 3 Tetrastrum elegans
VU ¥ Crucigenia quadrata
+FPE Crucigenia sp.
P53 C. tetrapedia

/7S R Coelastrum microporum

+ o+ o+ +

+
+ o+ o+ o+

23R C. sphaericum

Wi Binuclearia tectorum

YA 223 Ulothrix tenerrina
LIt U. variabilis
Akt er e U, implexa

BRI 223 U, acqualis
NEWHMIHE Microspora floccose
HEAHHE Stigeoclonium aestivale +
= [k 4 Spirogyra nords

K544 Chlorogonium elongatum +
IR Preromonas aculeata

WRIE S Gonatozygon monotaenium +
2141351 H 3 Closterium gracile

WK H #E C. tumidum

TR T A #E C. moniliferum

TG B Tetmemcerus brebissonii +

+ o+ o+ o+ o+
+ + o4+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+ o+

+ o+ o+ o+

+ + o+ 4+ o+

B E M B8 Staurastrum margaritaceum

LN S. gracile

[B %3 Cosmarium circulare

XUJEEEE: C. geminatum

JE R 8 C. pachydermum

B o7 3 DU 8 Arthrodesmus incus

SEIE T8 Spondylosium pygmaeum + 4 +
#5517 ( Euglenophyta)

KB m#R#E Phacus longicauda N

KB AR IE A RE Ph. longicauda var. insecta + +

*ﬂ E }ffHH %%ﬁ Ph. tortus

ZUY R EE Ph. pyrum

WE4S Ji #R 348 Ph. peteloti

11 B i #3385 Ph.  lismorensis .

R AR Ph. acuminatus 4

H i AR ¥ Ph. hystrix +

HIE AR Ph. suecicus .

JEARE Euglena caudata

AR EE E. proxima

REMF E. oxyuris

Gy ¥ E. mutabilis

RIS E. intermedia

TR E. deses

ZILHLEE E. polymorpha

LT #HE E. sanguinea

IR I Tracgelomonas margaritifera +

LR Tr. abrupta .

RNEREE Tr. incerta +

B P IR Strombomonas ensifera +

TIE 53223 Heteronema discomorphum

+ o+ o+ o+

+ o+ o+ +

+ o+ o+ 4+ o+ o+ 4+
+ 4+ + + + o+
+

IO HEEE Anisonema prosgeobium
7% ( Cyanophyta)
IRAETYAEHEE Microcystis flos-aquae
HSR Y EERE M. aerginosa
ATEMBERE M. incerta + .
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{45k Chroococcus sp. + + +
AEERTE Gloeocapsa sp. + i +
FitFIE Gloeothece sp. + . N
REWEFRE: Coelosphaerium dubium + + ¥
WINF-24 35 Merismopedia tenuissima + + +
ARIRE28: M. glauca + N +
FRAEZS3L 8 Raphidiopsis sinensia + + n
[% % A )R 3% Anabaena azotica + + +
IRE IR EE A, spiroides N +
i EE A circinalis i +
KAZUiE s Spirulina maxima + + +
E B3 Oscillatoria princeps + + +
JNBiEE O. tenuis + . +
ENNEEE 0. formosa +

INFEFE Ph. tenue +

B3 17 ( Cryptophyta)
REHE B2 Chroomonas acuta + +
ki [ #E Cryptomonas erosa + 4
FA3% 17 ( Pyrrophyta)

R ¥ Gymnodinium aerucyinosum ¥ +

S B Glenodinium gymnodinium + N

Z W ¥ Peridinium sp. + +

AW 3 Ceratium hirundinella + 4

JG 183 Massartia campylops
%717 ( Chrysophyta)
11§ 3% Mallomonas sp. + + +
[5] {21 4k &8 Dinobryon cylindricum
rIEERERE D, divergens
#3517 ( Xanthophyta)

SR B W Ophiocytium capitatum + +
T EEEn EiEEdy }
. | HEusn B st '
=]
2 40 | NN = .
Z Oman Ry
<
%«Tg NEZX 1
) -
2 % Ly
sz |H E D =
=5 E E E
52 20 HH B | £
ok 2 i
e = -
] i : i
3 i ' E
2 10 HH it
n E -]
0
M W Y|M W Y[M W Y[M W vY|M W Y[M W Y[M W Y|M W Y
2009-09 2010-09 2011-06 2011-09 | 2012-06 2012-09 | 2013-06 2013-09
5 X R B

Lake areas and time
(M350, W R Y I8 5TE)
B2 2009 -2013 F£ 7 EFHKIE 3 NMEEXIBHFFEDFHRERR
(M Maojiabu Lake, W Wuguitan Lake, Y: Yuhuwan Lake)

Fig.2 Percentage composition of the phytoplankton community in the three experimental sub lakes, 2009 —2013
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Fig.3 Spatial and temporal changes in phytoplankton
cell density in the three experimental sub lakes in the
western district of West Lake, 2009 —2013
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Fig.4 Variation of phytoplankton diversity indices in the

three experimental sub lakes in the western district
of West Lake, 2009 —-2013
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Fig.5 Variation of TN and TP in the three experimental sub lakes in the western district of West Lake, 2009 —2013
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Response of Phytoplankton Community to Restoration of Submerged
Macrophytes in West Lake, Hangzhou

DAI Zhi-gang' , LIN Qing-wei'*, YI Ke-lang'*, ZENG Lei'?,
HU Sheng-hua', LIU Bi-yun', HE Feng', WU Zhen-bin'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072,P. R. China;
2. University of Chinese Academy of Sciences, Beijing 100049 ,P. R. China)

Abstract ; Eutrophication of water bodies has been attracting attention globally. Phytoplankton is affected by the de-
gree of eutrophication and phytoplankton community structure is affected by submerged macrophytes. This study e-
valuated the effect of restoring submerged macrophytes on the phytoplankton community in West Lake, Hangzhou.
Variations in phytoplankton community species composition, biomass, biodiversity indices, and changes in the
physicochemical parameters of the water body were investigated before and after restoration of submerged macro-
phytes in the western lake district, including Maojiabu Lake, Wuguitan Lake and Yuhuwan Lake, during five-years
of monitoring from 2009 to 2013. Samples were collected at three sites located near the centers of the three lakes.
The Margalef diversity index and Shannon-Weiner diversity index were used to assess the trophic status, and total
nitrogen (TN) and total phosphorus ( TP) concentrations were measured to indicate the nutrient level. A total of
156 phytoplankton species, belonging to 8 phyla and 78 genera, were recorded during the study and no significant
differences in phytoplankton community structure were observed among the three lake districts (P >0.05). The
dominant species of phytoplankton gradually shifted from Chlamydomonas globosa and Chlamydomonas microsphaera
( Chlorophyta) , and Microcystis aeruginosa and Microcystis incerta ( Cyanophyta) to Chlorella pyrenoidosa , Ulothrix
teneriima and Ulothrix variabilis ( Chlorophyta) and Melosira granulata and Cyclotella stelliger ( Bacillariophyta) .
The Margalef and Shannon-Weiner diversity indices fluctuated from 0.632 to 3.396 and from 0. 581 to 4.438, re-
spectively, indicating that water quality in the western area of West Lake was moderately eutrophic and that it im-
proved significantly (P <0.05) after the demonstration project. TN and TP concentration ranges were, respective-
ly, 0.92 —=5.26 mg/L and 0. 005 - 0. 108 mg/L.. Analysis of water quality parameters indicates that the annual
variation of phytoplankton density in Maojiabu Lake and Wuguitan Lake was positively correlated with TN
(P <0.05). Our findings prove that water quality in West Lake improved after submerged vegetation was restored
and demonstrate that macrophyte restoration is an effective means of managing eutrophication.

Key words: West Lake ( Hangzhou) ; phytoplankton; community succession; biodiversity index



