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Phytoplankton community structure of Lake Wushan stocked densely with planktivorous
filter-feeding bighead and silver carp, middle and lower reaches of the Yangtze River”

ZHANG Jiamin, GAO Jian™, YANG Chen, ZHANG Zehui, PAN Chao, LIAO Mingjun, ZHAO Yijun,

WANG Heyun & YANG Yuhui

( Key Laboratory of Ecological Remediation of Lakes and Rivers and Algal Utilization of Hubei Province, School of Civil and
Environment, Hubei University of Technology, Wuhan 430068, P.R.China)

Abstract: Lake Wushan is a highly eutrophic, shallow lake connected to the Yangtze River, and a national wetland park. In order
to study phytoplankton structural characteristics in the lake stocked densely with silver carp ( Hypophthalmichthys molitrix) and big-
head carp (Aristichihys nobilis) , we conducted a field survey on the phytoplankton community and lake trophic status from Septem-
ber 2017 to August 2018. Trophic status indices ( TLI) showed the water quality was between mesotrophic and heavy eutrophic
state. A total of 100 phytoplankton species ( genera) belonging seven phyla were identified; twenty-three dominant species inclu-
ding nine species of Cyanophyta, eight species of Chlorophyta and both three species of Bacillariophyta and of Cryptophyta were ob-
served. The dominant groups were Cyanophyta in summer and autumn, Chlorophyta and Cryptophyta in winter and spring. The phy-
toplankton size distribution had a trend biased toward miniaturization. Microcystis sp., Merismopedia tenuissima, Chlorella chloro-
phylla, Chlorella sp., and Cyclotella sp. were the predominant species in our 2017-2018 annual survey. The peak biomass ap-
peared in June, reaching 34.77 mg/1., and the peak abundance appeared in July, reaching 341.46x10° cells/I.. Both of redundan-
cy analyses and linear correlation analyses showed that total phosphorus, temperature and pH were positively correlated with phyto-
plankton abundance and biomass, and total phosphorus and temperature were also positively correlated with the biomass and abun-
dance of Cyanophyta and the dominant genus. Our results showed that the abundance and biomass of phytoplankton were high, in-

dicating high risks of cyanobacterial water blooms in summer months. Nitrogen was at least as important as phosphorus in limiting
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phytoplankton production in Wuhan lakes.
Keywords: Lake Wushan; phytoplankton; community structure; bighead carp; silver carp
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Tab.1 Chemical characteristics of the three main estuary of Lake Wushan from August, 2017 to May, 2018

i AR AT A a = A
it

TN/(mg/L)  TP/(mg/L)  TN/(mg/L)  TP/(mg/L)  TN/(mg/L)  TP/(mg/L)
2017 48 A 15.17 1.56 10.39 0.89 1.03 0.18
2017 11 A 16.17 1.32 5.73 0.44 2.73 0.22
201842 H 11.46 1.31 11.78 0.81 3.02 0.30
2018 4E 5 H 2.47 0.58 0.95 0.31 0.51 0.27

I L W A A £ T R RN B (3R 2) 5 IR DUAE AR R 29 7E 1300~ 2000 v/a, Ho A2y 7 20% | B2 5
70% (£ 2) , Hofth G545 ( Cyprinus carpio) t ( Parabramis pekinensis) 8 ( Carassius auratus) %5 . ( Mylo-
pharyngodon piceus) fi1( Culters) | % ffi ( Ctenopharyngodon idella) |75 ( Pelteobagrus fulvidraco) 885 ( Rho-
deus sinensis Gunther) . %a2%( Hemicculter Leuciclus) %5.
222 Rl 2014 — 2018 4Rt B 5E it
Tab.2 Fish catch in Lake Wushan from 2014 to 2018
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e B 204.90 B 191.21 B 168.50 B 136.32
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Fig.2 Spatial-temporal change of physicochemical parameters in Lake Wushan
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Fig.3 Temporal(a) and spatial(b) cluster analysis of phytoplankton dominant species in Lake Wushan
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Fig.4 Variations of phytoplankton abundance and biomass in Lake Wushan
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Tab.4 Correlation analysis between phytoplankton abundance, biomass and environmental factors

in Lake Wushan(n=284)

IEEEX In TN In TP In WT In DO In pH In SD In TLI
In( VR P L) -0.235 0.694* 0.619* 0.209 0.757* -0.765 " 0.770 **
In (V7 AL S AR 1) -0.221 0.669* 0.703 * 0.314 0.869 ** -0.842 ™ 0.831"
NG ARES D) -0.140 0.787* 0.500 -0.733* 0.108 -0.604 0.848 **
INE- S TRES: ) -0.130 0.368 0.280 0.528 0.741* -0.540 0.480
In( kSR -0.335 0.440 0.534 0.307 0.740 ** -0.799 ** 0.735*
In( BEHET 14 08) -0.051 0.889 ** 0.836 ** -0.648 0.247 -0.561 0.724*
In( G301 W) -0.240 0.592* 0.590 * 0.372 0.825 ** -0.647 " 0.629*
In(EERE 1A Pt ) -0.299 0.459 0.563 0.274 0.730 ** -0.826 0.752 "

* FRAE 0.05 7K (UM |- SN, o FRAE 0.01 KT RUM) 1 58 FAHE s In(X) Fmd X B SR, 2P RO
LIESS S

AL TCARSHT (RDA) XVFHAAE Y A& U 3)m i F R AR i S EREE R 7 22 (8] (4 56 R AT 04, 6T F 2
e, ERL A 1 A 2 RROE(E 502 0.361 1 0.095, BT P4l B 1 45.6% BT R & 3R i)
FEARA (18] Sa) . Rl 1 A 2 B4 R DX 1A SR 23 1 86.6% i 74.9% , Ml R 2y L AE Ak
oy 88.4% AT PN P A5 PR E R 7 AR SCHE . RDA S5 20 1 ) B R A 46 R W], TP YR 2 A WT
XA 2 BE AR A R f O, 3k PR LA 1 36.0% (18] Sa) . TP Rl WT 5 i 814 04w (21~ Z6)
FJE BRUE] 29 210 FIfEET] 213 214 BEIEASE 10 TN Y B2 550 e 1 VT A D038 2 BE X 1 A e, i W]
5& IR F R 2 G OE. TN TP pH WT DO F1 SD 5%l 1 475G & %000 4 -0.33,0.81,0.38.,0.76
~0.39 FI-0.53 7 S5 2 AOMIEHE R ESH M 0.08 ,~0.07 .~0.53 . ~0.04 . ~0.49 Al 0.39.

ST AW, R 1 A4 2 R (R 2 0.346 10114 RPN ILARRE T 46.0% (4977l A
Y& R R R4 (B Sh) . FR 004 1 FnAl 2 (A 5 SR R T AH O 1 43 00 91.4% 1 77.7% ,
R LR 88.4% , RUTHTPI BB YA -5 BRI 5 AR OGP . RDA S5 20 A6 0 i ) B 6 A6
BB, WT R TP ¥ B XF IR ) AR Wyt AR iR oK, S P B LB 1 36.0% ([&] Sb). WT TP Al pH
BN USE (21~ 76) Yy BIEASC, SR EE1] 29 210 211 FifiEdel] 213 214 BEIERISE; 1M TN ¥
FES BT I LS R A Y S ORSE. B A 3 4 S SOk 5. TR A D R EE RN AR W)
7 5B R T I EC R ST A AR L. TN TP ,pH \WT DO F1 SD 5% 1 A2 R 54510 0.33,-0.77,



TRAESCF A B ORI AA ) 2 09 KT b T Kol 31T A A B R 25 A A AR 1779

-0.62.-0.87.0.12 11 0.69, 1fij 5%k 2 AYAH M R 505518 -0.02 ,0.16 ,-0.47 .0.12 . -0.70 F1 0.27.

M RDA =JolE (18] 5) /] LU H A e 75 DU 200 A W 8., 52 2= A4 FRRE D7 o A il 2 ), e 2 2
BT A A TR At — DU BR (R ) 8 =4 . KRR R 7 200 A 7 2 BHE . 3
VR ZAETT (0 22 AR SR T AR Sk IO RE I 26 1, SR W 22 P MR S iy, i B 1] e [ T RTBE B 1 17 10
HAL AR 4 A 1R D5 2 BE AR A frm.

v
o + Og, — T
— I ce . O 1-21 %F%(2017-09-2017-11) + 0 e
o a. FRE @ 2242 K F(2017-12-2018-02) | b. Bt
° 43~63 7 7(2018-03-2018-05) |
& | A 64~84 KL %(2018-06-2018-08) * = ®
i % : “
‘e 0 * )
]
2
P g2

2 (9.5%)
#h2 (11.4%)

Al (36.1%) ) ' 1 (34.6%)

S LR AR ) PR AL BERER AR S TCAR 70 Hr (RDA) = It
Fig.5 Redundancy analysis (RDA) triplot ( phytoplankton, environmental variables
and sampling sites) in Lake Wushan

3 it

BT R K AR 5 K LA B BT, 2 TS 961 7K 2 25 AR 9 1 DRt
VAR AT L AR A G 5 SR VT A o, S R3804 R A e T B S AT 11 R ) 3-8
BRI 25 (B 2) (L ABE PR EoRUF, 31l TN(1.34~3.14 mg/L) (TP (0.17~1.05 mg/L) ,Chl.a
Ve i (WA 1k 125.08 g/ L) USSR JEE AR Wy ik B TR R B L B K M 50 8 FR AP AT R
A A B TR A N L SO 8 S R e, K A R K e 2 R
AU 1 12 YORAEICSERE H 23 RIS FD L] 7 39.19% ST 7 34.9% | 5L ARk e T ] £
oAt 2 FLARHE R & BRI VRIRE ST TR 3Fh 22 BRSO 8. AE VT o T L 25 FR K P
AR E7E R g PSS ik S SUE S IES IR AR SUIRINTS RS & RSt RN LT TR
DA Ui AT AR 0 Tl L IR LA B 58 A R PR /R
OIS, HL o 2 B DU AP I A 10 IR 7 D3 S B AR S . 5 E o s a0 A b,
WA S ARV A B G DA B 1 25 Ml 15 33k 9 2L A S 48 1 10361 2 B AR AE. R 177, AL
R Y LR LWV E R 0.41X10° ~341.46X 107 cells/L 22 [A] , WE{H £ 28322 5§ KF- 18]
(6.41x10° cells/L) ™7 FE1IH(102x10° cells/L) 5yt 32 BEwe 48 (2 /N T35 1035 ( 726X 10° cells/1) 12
ST IR = VAT (£ 800X 10° cells/L) ' KRR , 3 LW (T L3 SL001 149 080 4 R A Ok
S TR AL H T Chla e B4R A IR AT (ELRMAE Il R o BT 1 B SR 1

RDA 47 2 WL AG WT TP A pH 5000 V7 A 09 HR R 3 i 9 O ST . R 2 5
7 A S T AN PR 22— A (2 M R R A K T L 2 i LA 9 245 M 2
S LY KRR B 7 AP 25 17 B T PR DA 5 W R T S LAV K, O T 7 ff
28% (VE PR P T 32% B A S . SRV LT (6— 8 1) PRIPRYD LA ST TR A/ 8
W 2 IR A FE T B S LK B K 9 2 BB, K BRI 5 th 42 W BT S P R A ) 2 2



1780 J. Lake Sci. (#38#3) ,2020,32(6)

B M PR S 2R A AT (1 3a) AL RDA 4347 (161 5) Al 3 2 1, L) W A e v 4 1 28
A EAT WS A 5 A, 25 /LT e I 2o 5 R W 8 140 = B8 R A P i 1 0 S v, D IR A O L SR
H BRI R I ROl U, T SRR R RGE IR E 25~ 35°C Y ISC LR HZE K
SZFIRE Y ABT P K AR 4 SR — B (R R A O SRR A S R — B, gk ]
ANEREE—FRRETE 1A G O R HRl , nTRESZ B Z A7 45 I 3R I R2 M. /N BROE A i B B AR 1 2219 2 A A
SR LA A 5 VAR 0 T I 4 B ) R OK AR, T /N A 4K S o 3 SR, 53¢ ] e 3L
TE 103 R B3R SR BRI A ZR il R o (3 5 B e s R

T T SRR B3, LA R TR WA A A A A3 A (9 BRLAR TR 7). A 5 Pl vl ) 18 A A ) T 0 9
ZRUEANRE S A LR, O 8 b R A SR D W A A P 00 AL A % 04 e SR R TR AL 1) W e 2 A
M S R 5 R O L LRI G S N T A B R IR A B — i S S AR OE Y X TR
Heiid , RDA Zp B WL TN 55 7 A 4 A 4 52 SR SC ELRH OGP AS S35, Hh LSRR OC B4y J5 PR ] B DA DA ik
L) TN 3 B2 DRSNS B HE AT Hh B W 5 34 2 ) AR A A 24y AN [R5, (] I it B8 T v 7 e i e 2 A
KM [ e 2 UK PR R B . e — SR 5T vt S B TN 3 5 R DAL 0 A S M ok
PR AP U R VBT BRAE D AR , bl T B R B 1 eI AR oA S B8 e R e 28 A W V(7 A T
FEATREAL. TN, AR G W BE A A S AL L8 i 45 A A, A R A TR e Ay T S
o IR T B AT s WAV P (10 TR 28 b 5 SRR I L 5 A vk P ARG 17 S RUBK AR e . pHL X7
WERE A RE TS AT 2 B, 2 pH>8.0 I, 1 e A A Ay T2 B AR AR [, 9 TS at — R 0 1 A B
PEARRE AT A MR pH A R P A R AL R P9 . SRR S A 5 /K 1 pHL AR St m]
BB 2 1 TR R PR 2 0 T SRR 17 K B0 (L RO A pH (A (LTS

WA AR, 7 AR R v A A S A B X L T R 5 O S £ SR A5 R B B (A e R
R 301 i) L L R 1 £ 206 SRR (29 21% ) B (2 70% ), HCrh BEILAF BE 200 12.6 g/m’ B2 33.8 o/
m’, U AL 327, — RN 3 SR R L T AR A PR A R IR ST S R A L
IKAEWEBER FE ARG T SR R E FRACWIA T, B S B0 P 2 R PR A AR AT A A e BT LA
B EEAY Y TR R F R UE ST S 1 T o U B ORLAT DL T R UKL
AT R B UR R /K AR B AR IR 39 R 1 100 56 [ 3 32 000 2 45 Rt 8 /% EE S 1 SN 1 e dim
13.0% " JC i 3 X 53, R WIER 1L A0 b T B2 0L £ VA A b B, BRI A 2018 4F 5 TR A A
DL g it , 42 BE QARG (HE AN 2017 — 2018 45 JAIAF I 40 ) I B ATt B UL A 7K A L i S SR AR A
KT BRR . 2R R 5 K P B RIS R W1, 2 5 5 ) LU AEAE 4.6 AOTE LT, BB i 35 WA I Ui A
W R R A B (R IF OR IR I 3 88 A e S AR 7 v BT ol ) L 091 B A i A 0 sl B 1 P VS UK R
KNSR . AE 1998 1 1999 4F , T- By S Bk T 2 YR TRTRR I 1 Sk A, HRIE 5 , e S5 1 4 i 1
U0 AT R L R D T 2016 4 T ) FE KR = K SR E AL 1.5 om (19K e e )
£, ALY 866.7 hm’ Bk S LGN 1.1, WIAAEE BE2) 2.9 o/ B, AR Wik 2y 3.27 g/m’ T H5 T I 100 5% | S5 4=

24 82.85 g/m”, 25 LR WY LR B OIS G o W K A T A 9 B K 49 i LA P R 2 g

SRLL 0 SRR S R R, SRR A R LT3 R RIHAR S L5 & T N 2 B S BT 5
S0 VAT AL TR E MR A7 KB PCR-DGGE PR IMT , 18 J2 i i T 14 T R S 6, L R A ) R B
B B UESE T S B 0 £ U B AR K AR PR 32 R DR T DR, SR X B 2
5 REAL 7 0 AR A0 ) Bt R A ) B4 SR PR SR K F H IR A 7R AR 22 4 D3, (ELJR X 214 | 5 7 9 % P AR B — 5
T B IR AT A 200 T 8 AR PR b A e B A I, L S5 ) 20 AT ) 2 L L 88 S A K T R AR A i —
AR Z T RAIE.

4 &g

1) LR BRI 7 VB SRR IR B BT W) F2 B Ay S b, SRS ) i L 98 7K 5 8 SR AR B AL T o
JE— T E SRR
2) il ) B Rk i e 1O SR e 22 AR o, & AR Zo o e T RIRE B 1 T L5 22 HLAC 42



RAEBLE A8k BEIRTACH TR RIT P TR S AL B R AR AT 1781

15, Bk D FAE foe R A 6 S AT W T 0 Folc o8 — P R AR /N 2R SR T TR/ BR O — A S R BT TR/
It — A, W B PR AR A O o 2 B /N

3) UL W) P U R = N AR W A R Z MR B A R A R SR AR B XUBS: B . RDA IR PEAR
SKRIIHTAE R WIS P AR - AR A i) 228 SR OTE I W, WA L N AR i) R B AN A
S TEAR DG, WA AR A DR R Pl 1 5 D . el H RGOS Qe BR R LT,
i ) TR P U AR o A R A ) B AT R R

5 &% 3k

[ 1] LiLX, Zha M. Thinking on further perfecting and upgrading drainage system in ‘ Sanhu’ areas of Wuxue. Water Conservan-
¢y Construction and Management, 2017, 37(4) : 65-771. [ ZE W4, &l 2T —F 5 Mkad 2ol =7 s X
HEWF R 855 KR B 543, 2017, 37(4) : 65-77.]

[ 2] Jian YX, Wang JB, He GQ et al. A comparative study of aquatic plant diversity of Haikou, Taibai, and Lake Wushan in
Hubei Province of China. Acta Ecologica Sinica, 2000, 21(11) . 1815-1824. [ fajsk %, T sk, faTE P, WIb& i
FU R 5 L K A A 2 FEPE RS LU 9T A28 2%4ik, 2000, 21(11) : 1815-1824.]

[ 3] Peng YH, Ni LY, Jian YX et al. A comparative study on aquatic plant diversity in six lakes of Dongting-Poyang district in
China. Acta Botanica Yunnanica, 2004, 26(2) : 191-198. [ S2WuE, iR, i A 2L4E. B IHE E 7SS A K A=A
ZREPER LLEBTTE. ZRAEMIITE, 2004, 26(2) : 191-198.]

[ 4] Xie P ed. Silver carp, bighead carp and algae bloom control. Beijing: Science Press, 2003. [ §{°F-. fif @ 5 #aISK e
il st BleF st 2003.]

[ 5] LiLC. Study of fish culture manipulation on Nanwan Reservoir eutrophication water quality. Journal of Hydroecology ,
2010, 3(4): 70-72. DOI; 10.15928/].1674-3075.2010.04.016. [ ZEFKFF. B V25 7K 2 89 50 3 Lo A9 %of 7K I3 41 428 #4 BF
7. KA FE, 2010, 3(4):70-72.]

[ 6] Wang SB, Qu YF, Xu ZR et al. Algal bloom control in eutrophic lakes and reservoirs based on biomanipulation. Water Re-
sources Protection, 2016, 32(5) : 1-4. [ FAL, JH=T7, HERE. T WIS I 001 2 W s 1) o k.
KBRS, 2016, 32(5) : 1-4.]

[ 7] LiuQG, Zhang Z. Controlling the nuisance algae by silver and bighead carps in eutrophic lakes: disputes and consensus. J
Lake Sci, 2016, 28(3) . 463-475. DOI. 10.18307/2016.0301. [ XHAR, K. & & FEALWIIA b (1) B | 5 4 38 n] 131 .
PRSI WAL, 2016, 28(3) @ 463-475. ]

[ 8] Ministry of Environmental Protection of the People’s Republic of China, Editorial Board of Water and Wastewater Monito-
ring and Analysis Methods eds. Water and Wastewater Monitoring and Analysis Methods: 4th edition. Beijing: China Envi-
ronmental Science Press, 2002. [ [¥ G HEE {47 & m R FNE K SIS0 75786 ) e 2. KRB K M 3 BT 05 i« 26
4R Jbt: A EERERLE H R, 2002. ]

[ 9] HuHJ, Wei YX eds. Chinese freshwater algae—system, classification and ecology. Beijing: Science Press, 2006. [ %1
¥, BRELL. PEVRAK R —RGE, R RADS. duat: B, 2006. ]

[10] Zhang ZS, Huang XF eds. Research methods of freshwater plankton. Beijing: Science Press, 1995. [ #5235, #fE K. IR%
KPR IR D5k, AEat: BhE M RRAL, 1995, ]

[11] Wang MC, Liu XQ. Evaluate method and classification standard on lake eutrophication. Environmental Monitoring in Chi-
na, 2002, 18(5) : 47-49. [ EWIR, XIHF. 10 E B AL Jr i Kook Gbnife. b E BRE I, 2002, 18(5)
47-49. ]

[12] The Ministry of Water Resources of the People’s Republic of China ed. China Water Resource Bulletin. Beijing: China Wa-
ter & Power Press, 2005. [ i A RILFIEKFIES. A EKGEIRAH. dbaT: b AR AL, 2005. ]

[13] Mcnaughton SJ. Relationships among functional properties of Californian Grassland. Nature, 1967, 216(5111) ; 168-169.
DOI: 10.1038/216168b0.

[14] Fott B ed. Luo DA translated. Phycology. Shanghai: Shanghai Scientific and Technical Publishers, 1980, 422-428. [ B.
i (FEST) . Wb, g, i LR R I ARAL, 1980: 422-428.]

[15] Liu LF, Zhou XH, Gao J et al. Phytoplankton community structure and trophic status evaluation in Dajiuhu wetland of
Shennongjia Alpine. J Lake Sci, 2018, 30(2) : 417-430. DOI; 10. 18307/2018.0213. [ XIbkid, FEscHe, mfss. sk
T IUHI N TR WA R R R IE B B SRS TR AR, 2018, 30(2) : 417-430. ]



1782

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

J. Lake Sci.(#a#F3) ,2020,32(6)

Leps J, Smilauer P eds. Multivariate analysis of ecological data using CANOCO. London: Cambridge Univiversity
Press, 2003.

Liu JK ed. Advanced Hydrobiology. Beijing: Science Press, 1999 331-333. [ Xt Fl. Wk EAW2f. dbat: Blogh
Bk, 1999 331-333.]

He YF, Li HC, Zhu Y] et al. Status and spatial-temporal variations of eutrophication in Lake Changhu, Hubei Province. J
Lake Sci, 2015, 27(5) : 853-864. DOI. 10.18307/2015.0511. [ faf 58 JX\, Z=R A%, AR A, WL W1 &E & IR
Stz 234k (2012— 2013 4F) . WIARLY, 2015, 27(5) : 853-864.]

Lu L, Wu YX, Zhang WH. Distribution and succession pattern of phytoplankton communities in a small urban lake ,Sand
Lake in Wuhan City, China. Acta Ecologica Sinica, 2017, 37(18) ; 5993-6004. DOI; 10.5846/stxh201606211215. [ £
L RIRGE, odE S RTINS PR A P R R A A R SO L R —— AR o . AR SR, 2017, 37
(18) : 5993-6004. ]

Xiong L, Liu DY, Wang JL. Phytoplankton community structure in Lake Taiping of Anhui Province. J Lake Sci, 2016, 28
(5) : 1066-1077. DOI: 10.18307/2016.0517. [ A%, XI&ME, ERAF. LHROCT- I REE L. WA
2016, 28(5) : 1066-1077.]

Yang LB, Han XY, Sun P et al. Canonical correspondence analysis of algae community and its environmental factors in the
Lake Chaohu, China. Journal of Agro-Environment Science, 2011, 30(5) ; 952-958. [ #uiky, #hi/NBE, PhEEZE. i)
BEIE A BT R - X N AT AL FRBE R4, 2011, 30(5) : 952-958. ]

Zhang YG, Xie JL, Li SC. The analysis on the structure of phytoplankton community in Qingshan Lake of Nanchang City.
Journal of Jiangxi Normal University;: Natural Science, 2018, 42(5) : 64-70. [ 5K3%A%, 4k, 2557, METHIL
WAL RV S5 AL B 20 BT TP MR R 22 4 B SRR, 2018, 42(5) : 64-70. ]

Cai LL, Zhu GW, Zhu MY et al. Succession of phytoplankton structure and its relationship with algae bloom in littoral zone
of Meiliang Bay, Taihu Lake. Ecological Science, 2012, 31(4) : 345-351. [ ZEIKHE, 4] , AR AF [RI%E. AW HE L 725 151
FEAF I WA I REVR R O S KRR I R AR, 2012, 31(4) « 345-351. ]

Gao Y, Pan JZ, Li Y et al. Spatial-temporal distribution of phytoplankton and environmental factors in the north part of Lake
Gehu( Jiangsu) after muti-treatment. J Lake Sci, 2015, 27(4) . 649-656. DOIL. 10.18307/2015.0413. [ &3, &4kfir, Z=
T ARSI I PRI A ST AU, WIITRIZE, 2015, 27(4) ; 649-656.]

Wang LQ, Xu L, Lu ZY et al. Dynamic of phytoplankton abundance and the relationship with environmental factors in di-
anshan lake , Shanghai. Environmental Science, 2011, 32(10) ; 2868-2874. DOI; 10.13227/j.hjkx.2011.10.007. [ E£§§
U, YRR, R AR E LT R A B T SO S IR R G R. BREFRLE, 2011, 32(10) : 2868-2874. ]
Rhee GY, Gotham 1J. The effect of environmental factors on phytoplankton growth: temperature and the interactions of tem-
perature with nutrient limitation. Limnology and Oceanography, 1981, 26 (4):. 635-648. DOI. 10.4319/1l0.1981.26.
4.0635.

Elliott JA, Jones ID, Thackeray S]. Testing the sensitivity of phytoplankton communities to changes in water temperature
and nutrient load, in a temperate lake. Hydrobiologia, 2006, 559(1) . 401-411. DOI. 10.1007/s10750-005-1233-y.
Edwards KF, Thomas MK, Klausmeier CA et al. Phytoplankton growth and the interaction of light and temperature ; a syn-
thesis at the species and community level. Limnology and Oceanography, 2016, 61 (4) . 1232-1244. DOI. 10.1002/
Ino.10282.

Dong ZW, Zhao XY, Chen LH et al. Phytoplankton community changes during wetland restoration in Jinghe Estuary, Lake
Ebinur, Xinjiang. J Lake Sci, 2011, 23(3) : 395-400. DOI; 10.18307/2011.0312. [ # [F&;, #X e, MRANIESE. Biim
SEEWRE T H IR AR I ST 0 B P PR R R L A AR, 2011, 23(3) ¢ 395-400. ]

Chen L], Wu ZC, Hu ZJ et al. Phytoplankton community structure in Mingzhu Lake of Chongming Island, Shanghai. Chi-
nese Journal of Applied Ecology, 2011, 22(6) : 1599-1605. [ B 74, SRATHD, §1 4255, b iipa 0] 18 W RIS 17 i Ad
YIREVE LS. R AE 25, 2011, 22(6) : 1599-1605. ]

Chen Q, Zhang C,Recknagel F et al. Adaptation and multiple parameter optimization of the simulation model SALMO as
prerequisite for scenario analysis on a shallow eutrophic Lake. Ecological Modelling , 2014, 273(7) : 109-116. DOI; 10.
1016/j.ecolmodel.2013.11.006.

Wu AQ, Guo N, Qin XB. Seasonal variation of phytoplankton functional groups and their relationship with environmental
factors in a typical cold regions wetland. Acta Scientiae Circumstantiate, 2015, 35(5) . 1341-1349. DOI. 10.13671/].
hjkxxb.2014.0729. [ 22 0%, 377, WE Y. FEXMANE I E ATV DI RERF 1 AL (L L S BRI 2 & SREERE



RS A8k R FA A 00 KT b T Kl 0I5 a5 A B R 25 A A AE 1783

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

2245, 2015, 35(5) ¢ 1341-1349. ]

Nalewajko C, Murphy TP. Effects of temperature, and availability of nitrogen and phosphorus on the abundance of Anabae-
na and Microcystis in Lake Biwa, Japan: an experimental approach. Limnology, 2001, 2 (1). 45-48. DOI. 10.
1007/s102010170015.

Robarts RD, Zohary T. Temperature effects on photosynthetic capacity, respiration, and growth rates of bloom-forming cya-
nobacteria. New Zealand Journal of Marine and Freshwater Research, 1987, 21(3) : 391-399. DOI; 10.1080/00288330.
1987.9516235.

Sgndergaard M, Lauridsen TL, Johansson LS et al. Nitrogen or phosphorus limitation in lakes and its impact on phyto-
plankton biomass and submerged macrophyte cover. Hydrobiologia, 2017, 795(1) . 35-48.

Zhu GW, Qin BQ, Zhang JL et al. Variation and driving factors of nutrients and chlorophyll-a concentrations in northern
region of Lake Taihu, China, 2005-2017. J Lake Sci, 2018, 30(2) : 279-295. DOI. 10.18307/2018.0201. [ &4,
ZHA5, SRIBARAE. 2005— 2017 FEJLERARWIAK AT 54 R a RS FR A2 ML OB R . WipFRE, 2018, 30(2) .
279-295. ]

Bi JB, Zheng J, Shen YF et al. Spatial-temporal characteristics of chlorophyll-a concentration and its relationship with en-
vironmental factors in the inlets of South Taihu Lake. Journal of Hydroecology, 2012, 33(6) ; 7-13. [ KeRit#, R, it
EREE. BRI MR o 2B KL SR I F IR, KAESEAGE, 2012, 33(6) : 7-13.]

Wang YP, You WH, Hu XQ et al. Seasonal dynamics of Cyanophyta and related affecting factors in Dianshan Lake. Chi-
nese Journal of Ecology, 2010, 29(12) ; 2477-2485. DOI; 10.13292/j.1000 -4890.2010.0371. [ {F358%, bSO, 1%
T T T B B L m T AR 4eR, 2010, 29(12) : 2477-2485. ]

Xu H, Paerl HW, Qin B et al. Nitrogen and phosphorus inputs control phytoplankton growth in eutrophic Lake Taihu, Chi-
na. Limnology and Oceanography, 2010, 55(1) . 420-432. DOI: 10.4319/10.2010.55.1.0420.

Zhang Y, Ma XF, Guo FF et al. Community structures of phytoplankton and their relationships with environmental factors
in the Jinshahe Reservoir, Hubei Province. J Lake Sci, 2015, 27(5) : 902-910. DOI; 10.18307/2015.0517. [ k=, &
TR, HRCER Wb e v I K R TR U R W R K A5 A MO SR IR I T R SR AL WA B, 2015, 27(5) .
902-910. ]

Xu H, Qin BQ, Zhu GW. Nutrient limitation of cyanobacterial growth in different regions of LakeTaihu in summer. China
Environmental Science, 2012, 32(12) : 2230-2236. [ {1, ZE{AM, A7 5. KIMAR X E E=i 54K a5tk
RIS, EPREARL:, 2012, 32(12) : 2230-2236. ]

Yang LB, Han XY, Sun P et al. Canonical correspondence analysis of algae community and its environmental factors in the
Lake Chaohu. Journal of Agro-Environment Science, 2011, 30(5) : 952-958. [ b, /N, PNEESE. HLIHI982440 W
R T IR R B A FRE R, 2011, 30(5) ; 952.958.]

Ni DS, Jiang XZ. Food problems for bighead and silver carp. Current Zoology, 1954, 6(1) . 59-71. DOI: ir.ihb.ac.cn/
handle/152342/7412. [ f5iiE &, #5440 . TREERNSEMY BORHR)EL. Zh454H, 1954, 6(1): 59-71.]

Liu ES, Bao CH, Cao P et al. Analysis of food composition and the changes of fish catch of silver carp and bighead carp.
Reservoir Fisheries, 2007, 27(4) : 72-74. [ XUEAL, SRAEFN, E¥EAE. AMISE 01 00 & W0 4R S it g)e AR fL IR IR 434
KA, 2007, 27(4) : 72-74.]

Wang Y, Xu DP, Wang XL et al. Feeding differences of silver carp and bighead carp in the northern part of Taihu Lake ;
based on stable carbon and nitrogen isotope analysis. Journal of Dalian Ocean University, 2017, 32(5) : 598-602. [ T 4%,
WYL, E/AREE. FETBRETEE RO ZR BORR A AW AL 0 DX fie O 22 . K K 2441, 2017, 32
(5): 598-602. ]

Zhang JM. Study on plankton community structure and food web structure in Lake Wushan of Hubei Province[ Disserta-
tion]. Wuhan: Hubei University of Technology, 2019. [ 5kfEfg. 110 1L WA 77 I A 90 e % 465 40 I B ) ) &8 ¥ F 5%
[ZEhig ], B BTl R, 2019.]

Liu QG, Chen LQ, Chen Y. Correlation between biomass reduction of silver carp and bighead carp and the occurrence of
algal blooms in Lake Qiandaohu. Transactions of Oceanology and Limnology, 2007, (1) 117-124. [ X HAR, B&74Fr,
FRIZAE. Tk ek R 5 R RO T WA SCPE A PRI 4R, 2007, (1) . 117-124.]

Feng CQ, Xu DP, Chen Y] et al. Effects of silver carp and bighead carp on phytoplankton community in the waters of the
Three Kingdoms City, Taihu Lake. Journal of Dalian Ocean University, 2018, 33(5) : 118-125. [ VAR, 1AM, Bk
KRR SR O X ] = R SR K SR A A . R R 2, 2018, 33(5) : 118-125.]





