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1.2 FHFEIHRESERE

TEZKTA 0.5 m ARSRAKEE 1 L, L BVINA 1S
mL -5 FCHLYK ( Lugol” siodine ) [& 7€ , #it B 48 h
2 JE I P W e e 46 28 50 mL, I A 4% F S 7K K
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PRAF o BURE L 0. 1 mlL, {58 FiT 3 it A 400 3 BHE A
10 x40 1519 2. 4455 (OLYMPUS, CX21) F #:47#f
KU E R
1.3 KEHRESSH
FRA B AR R Qg R & L) (GB /
T127639—2007 ) #47. KEFKZ (0.5 m) KEE,
KRR LT B N , pH R R I € , 1 32
FHERBE M 2 , K FEZS 0. 45 pm JE BT U8 )5, T
KB 81 43 B AR ( Skalar) il 5E % 7735 (NO, ~-N |
NO, " -N .NH, “-N . DIP . DIN . N/P.Si0,>" -Si . TN ,
TP) , A2y A (COD ) HIBE: i il 1 B0 0
M2 i) DIN € BF > NH, *-N NO, ~-N F1 NO, "-N
{EZF1,N/P SRS SR
1.4 HESH
TR AR W) B W) R 2 AR AR R T SR
Shannon-Wiener 8% (H') " 75 31E AN
H = - iilpilogzpi (1)
P H ORISR ZARIERE R S S HERE i T Y 2k
SEG P NS RS SRS B T
PEFFR Y)Y AR N
Y=f xP, (2)
AP Y R f, WA R AMARTERAE S0
BERIARR s P, S5 § A ST BRSO [
fH,25 Y>0.02 W], RIS L8 Fh,
Pielou #5150 (J) AR N
J' =H'/log,S (3)
o H PR ZAEPEAR R0 S ke i P ORI R
2.
Bt 1 Excel #EATHALHL, 5% Origin 8.0 43
B ik R A4 A1 141, BEAL & dls ] SPSS 17. 0 k4
one-way ANOVA 741, @3 /KN P <0.05, 47
M) 5 2R 58 R 1 56 R, S kAT 5 TE R0
FEAGFR L3 (DCA) , 45 R B, 5 — Rl
POy 2. 254, 4 DRI /N T 3, ik
£ RDA St i ie e ) S5 3R 58 71 ¢ &2 . DCA
FIRDA i fH R 3. 6.1 5¢ 5%, H F2/F 1 vegan 5L
W

2 4
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WEFEIAIA], A R AF 0 B K 3R 58 A8 0 77 A
FRS AR 1 R CREAOR bR E) , AT
TR K B A R AE — 2R 3] AR, 7
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8.9 H /KA FRE#EH,3 4 KA 22 A
Ko IRUELBEFEALREFAE 8 ~ 10 Z[H],2017 4 4%
JERX RN R USEAE 3 4F AW i, 2016
SEEZE R AR /N, 2017 AR GHLAR)

T AR, RERR AR AE 2017 4F 7 H A1 2018 4
9 AuepEim . [FICABETEAH E, 2018 4E 8 F &
FRERWR IR . LA, 2018 8 H, B K&t i
F 5 X3, H S BRSO

F1 20162018 EREFEFI =W
Tab.1 Changes of environmental factors from 2016 to 2018

. 2016 2017 2018
845 Index
7 H Jul 8 H Aug 9 H Sep 7 H Jul 8 H Aug 9 H Sep 7 H Jul 8 H Aug 9 H Sep
TN/ (mg/L) 0.336 £0.048  0.323 £0.0839  0.108 £0.016° 0.530 £0.087° 0.527 £0.052¢0 0.512 +0.153°)  0.799 £0.188> 1.146 £0.216* 0.550 +0.118°
TP/ (mg/L) 0.064 +0.0212¢ 0,067 £0.0102> 0.085 +0.003*  0.058 £0.015" 0,045 +0.003<' 0.024 £0.002f  0.059 +0.013" 0.077 £0.014%> 0.041 +0.017¢

NH, *-N/(mg/L)  0.051 £0.016> 0.073 £0.012>  0.047 £0.022"4 0.021 +0.006°! 0.007 +0.002¢  0.007 £0.002¢

0.188 +0.067*  0.027 £0.008°! 0.059 =0.018"

NO; ~-N/(mg/L)  0.132 0.016" 0.067 +0.033¢! 0.033 £0.018° 0.031 +0.007°¢ 0.023 0.002¢ 0.054 £0.039¢!  0.063 +0.017°! 0.290 +0.129* 0. 185 x0.085"

NO, ~-N/(mg/L)  0.000 +0.002" 0.007 +0.002" 0.013 +0.007" 0.001 +0.000"
0.192 +£0.026> 0.147 £0.036"4 0.093 +0.033°¢ 0.054 +0.0119  0.033 +0.003¢ 0.064 £0.038¢
0.030 £0.000"  0.020 £0.001"<4 0.008 +£0.001¢  0.023 £0.003Pd 0.015 £0.003% 0.006 +0.003
Si0;2-Si/(mg/L) 0.895 +0.189% 0.656 +0.317¢4 0.727 £0.050°¢ 1.922 +0. 1832

DIN/ (mg/L)
DIP/ (mg/L)

0.008 £0.002>  0.104 £0.054* 0.082 +0.019*
0.259 +0.081>  0.421 £0.158* 0.326 +0.095"
0.017 £0.006¢% 0.024 £0.014*  0.009 +0.006°
0.744 +£0.292¢0 0,832 £0. 1427 1.219 0. 280"

0.003 £0.001"  0.003 +0.001"

0.547 0. 1049 0.532 +0.022¢

CODy,/ (mg/L) 3,000 +0.288%0¢ 2,223 0. 150 2,669 +0.713> 3,844 +0.323* 3,538 +0.214%> 3,374 £0.299°> 3,476 £0.640°> 2.140 +1.005°! 1.926 +0.6724
T/°C 33.190 +£0.940* 32.580 +0.580* 25.000 0. 100e 33.150 +£0.350* 31.250 +1.030" 26.300 £0.800¢ 30.700 +0.700" 29.560 £0.555¢ 28.940 +0. 167¢

S 9.100 +£0.700% 9.225 £0.315%> 8.475 +0.425 8.801 +0.0112>¢ 8,702 +0.004> 8.085 £1.649> 9,175 +1.0082> 10.319 +1.555* 7.356 +1.001¢

N/P 5.506 +1.148% 4,769 +0.505° 1.267 +0.143" 9.242 +0.942° 11.693 +0.395" 21,378 +4.881% 13.397 +0.329" 14.923 +0.232" 14.202 +3.191"

T F AT A A 1 EARFR 225 0.3 (P <0.05)

Notes; Different superscripts in the same line indicate statistical significance( P <0.05)

2.2 FHEEVHMHESABE
2.2.1 FFIAEPIFR SS90

2016 4F & 2=, iz ik WAL e R iE R ) 6 4>
738 AFh, Hod DUfdE ¥ 1] ( Bacillariophyta ) ft
Z A 19 Tl i oy Ho ] e 38 50% , LU 2 i T
( Cyanophyta)8 Ff1(21% ) . %¢ 3] ( Chlorophyta) 7
F(18% ) R ] ( Euglenophyta) 2 i (5% ) |
B 17 ( Dinophyta ) 1 Ff (3%) F1 & ¥ []
( Cryptophyta) 1 #1(3% ), 2017 4L PR 6 ] 55
it G BET] 14 TP (25% ) 230 13 #(24% ) , i
BEIT12 Fh(22% ) ,#RBETT 11 R (20% ), HIBETT 3
(5% ), BaBEl] 2 F (4% ) . 2018 4EILUEE P
HERE 7 17796 B, iEBET] 37 P (38% ) (LR #ET]
20 A (219% ) HEBEN] 16 Bl (17% ) BRBETT 15 Fh
(16% ) H#ETT3 Bl (3% ) (F@¥e1] 3 Fh (3% ) Fil
L2 (2% ) . 2016—2018 4F, % N\ T
FR PR A ) Rh B AR R N, RhRIE I 1] E 2 h
T ] O] R TR BE ], L R ]

R FEARHE . o, 5 2016 4EH 2017 4EAH
[ ,2018 4¢3 45 3] ( Chrysophyta) .
2.2.2 IR (BP0

2016—2018 4 7 {iff 1 ) AL H R AL 3 i 45 2R
WE£2(Y>0.02), 2016 454 4 MMLHIE, 7 4
N/INREEE ( Cyclotella) , H5E ¥ @ ( Melosira ) , /)N
Bk J@ ( Chlorella ) F1 1 F& ¥ J& ( Microcystis ) o
2017 AEAH T AL R, o H S BRI B R
( Cocconeis) AR J@ ( Chroococcus ) . /NERFEJE .
et | PR JR ( Coelosphaerium) | & B 5 &
( Trachelomonas ) F [ 3 J& ( Cryptomonas ) , 2018
ERHFA S AR, 30N R AR
( Rhabdoderma) fi1= 3 @ . B BR & ( Volvox ) Fll
TR & ( Microcystis ) o T3P @ % 2L 3 4F ik
Pm Rl 2016 4E 8 FM12018 49 H L #E
R (Y =0.946 ~0.987) ., Bifigesssh,2016—
2018 A PR AE DL m B A A G
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Fig.2 Interannual variation of phytoplankton species
=2 2016—2018 FFHFEYRBENEE
Tab.2 Dominance of phytoplankton dominant genera 2016 —2018
'] Phyl %G 2016 2017 2018
5
! v e 7HJul 8 HAug9 H Sep 7 H Jul 8 HAug 9 H Sep 7 H Jul 8 H Aug 9 H Sep
INAEESE Cyclotella 0.108 - - - - - 0.337 - -
TEWE] DI #EJE Cocconeis - - - 0.119 - - - - -
Bacillariophyta HA4% % 8 Melosira 0.59 - - - - - - - _
W 4538 Rhabdoderma - - - - - - - 0.026 -
IR %8 Chroococcus - - - - - 0.022 - - -
e ]/ Micractinium - - - - - - 0.242 - -
%381 Chloroph:
#RUT] Chlorophyta VI3 Volvox - - - - - - 0.212 - -
/NEREJE Chlorella 0.227 - - - 0.04 - - - -
B T e R R Microcystis - 0.987 966 - 0.694 0.584 0.053  0.953  0.946
Wi #:] Cyanophyta )
WEER & Coelosphaerium - - - - 0.048 - - - -
#0] Euglenophyta #ERREEJE Trachelomonas - - - 0.696 - 0.034 - - -
[%3% ] Cryptophyta (&% )& Cryptomonas - - - 0.025 - - - - -

R/ = FRIRI LA V<0. 02 2R
Notes: The“ -

2.3 FFEWEE

e 3 froR, 2016 4E 5 Z 2 e dE ) F B2
50.78 x 10* ~5 957.52 x 10* 4A~/L, F3418 K
2230.33 x 10* 4~/L; 2017 44 5. 35 x 10* ~
25.67 x 10* 4~/L, SEH {8 M 12. 88 x 10* 4~/L;
2018 4F>ky 474.87 x 10" ~1 026. 94 x 10* 4~/L, -
PIE R 659. 61 x 10* 4~/L, 2016—2018 4F I ¥jf
YR FEEY A 8 J1,2017 4R ek W) +
JE/INT 2016 4FF1 2018 4F, [ A [ £
ZIA)EE e HE ) 1Y) =F B2 343K B AR 8 25 K OF (P <
0.01) o AR 43 FIAEy 0 I e A ) 3 B BG A3 dn
B3 s, 3 AR, B4F 8 RN 9 H i e F B i
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in the table indicates that the phytoplankton dominance Y<0.02, not dominant genera

K ,2016 4EF1 2018 4F 7 F RE#E Bk, T 2017
T HREEE R BAKRE, N 2016 45
2018 4 B R (R T 8 ) 1 F I8 B
KA 97.88% (68.18% H177.23% (% 4) .

®3 FAEARMERFHREDEETE( x10° ©/L)
Tab.3 Changes of phytoplankton abundance in
different months and years( x 10* cells/L)

H 1 Month 2016 2017 2018
7 H Il 50.78 £30.35 7.64 £5.02 474.87 £250.26
8 H Aug 5957.52£3298.22 25.67 +12.46 1026.94 £772.75
9 H Sep  682.677 £298.682  5.35+4.94 477.03 £207.29
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100% — m ¥ [] Dinophyta

Al B4 ¥ Chrysophyta
80% B %# ] Chlorophyta

1ox O#R#[] Euglenophyta
22: O%&E#E ] Bacillariophyta
40% O &[] Cryptophyta
30% BYE%I] Cyanophyta

20%
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0

7H 8H 9H 7H 8H 9H 7H 8H 9H
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Bf Al Time
B3 AEAGMERZHFEYEERLLS

Fig.3 Proportion of phytoplankton abundance in different months and years

BIEYEEE S
Percentage of phytoplanton abundance

R4 FHEWRBEMERE( x 10° /L)
Tab.4 Abundance of phytoplankton dominant species( x 10* cells/L)

- G 2016 2017 2018
] Fhylum e 7H Jul 8 A Aug9 H Sep 7 Jul 8 A Aug 9 A Sep 7 A Jul 8 H Aug 9 A Sep
INAEE Cyclotella 0.108 - - - - - 0.337 - -
TERE] ORI EJE Cocconeis - - - 0.119 - - - - -
Bacillariophyta HHEWEE Melosira 0.59 - - - - - - - -
P45 )8 Rhabdoderma - - - - - - - 0.026 -
o3R8 Chroococcus - - - - - 0.022 - - -
s ThPEsE |/ Micractinium - - - - - - 0.242 - -
BT Chlorophyta IR Volvox - - - - - - 0.212 - -
INERFEJE Chlorella 0.227 - - - 0.04 - - - -
N ‘ THHEEE )R Microcystis - 0.987  0.966 - 0.694 0.584 0.053 0.953 0.946
IETT Cyanophyta Bk E Coelosphaerium - - - - 0.048 - - - -
HL%:] Euglenophyta FE#R%EJE Trachelomonas - - - 0. 696 - 0.034 - - -
(&1 Cryptophyta [& ¥ )8 Cryptomonas - - - 0.025 - - - - -
T =" FRARMHAE (Y<0.02) (77 F B2
Notes:“ —” indicates the abundance of phytoplankton which is not a dominant genus
2.4 FHEYVEHEESHAE H'A T W R B B4R 7 H L Z 51 8
e 5 R ,2016—2018 AEFRWAEYIN H' 9y A9 A KIE T/, &4 ATHL HRL T ¥I7E 2017 45
B3 0. 136 ~ 1. 809 1. 56 ~ 2. 549 F1 0. 494 ~ AR, 3 2018 4ETF F, H 5 F 2016 4F,3

2.182;2016—2018 4FJF Wf A W (9 J' 40 5 D AR HORL T RMAS ETRES
0.029 ~0.412.0.468 ~0.919 0. 16 ~ 0.569,

x5 FIFEYOTEY . SEEEY H S ERERS
Tab.5 The variety of phytoplankton species number, H' and J’

§ 2016 2017 2018
Z%4 Parameter
7HJul 8 H Aug 9 H Sep 7HJul 8 H Aug 9 H Sep 7H Jul 8 H Aug 9 H Sep
FP%L Species 21 27 10 16 28 17 63 39 22
H 1. 809 0.136 0.639 2.549 1.56 1.612 2.182 1.41 0.494
J' 0.412 0.029 0.192 0.919 0.468 0.569 0.527 0.385 0.160
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SR L, P AL R I E Y e AR S B
SEHEIIG D B #2016 4F 1 2018 4F 77 Jif H
Y S ER AR E A R, {5 2017 A2 {2
(E6). BEFEHIMmE, 5 2016 41 2018 4FAH L,

2017 4 N/ ffi K, VWA 7 E BRI, B
2017 429 1, N/P 535 & FHALA B, (LI I
R I B
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Fig.6 The relationship of abundance with temperature, saliniity and N/P
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Mro EHET7 22 MK R (VIF) /NT 10 19 52 i A
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1) 13 AL Jm B8 % B I 6 WA S I 1 iR 47
RDA 401, 15.8] RDAL Fl RDA2 i BRI 50 51
21.58% H145.57% ,( W& 7 FirRo

M RDA E[ ] DLE H,2016 4FE 7 H &S
FURRTCHIL B 19 52 M 25 A, O B 1) 10 3 e Ry /N B
P CELBEPERI/ IR . 2017 4R 7 AR EY K
T, T RERRBE DR B R I K, 2018 4E 7
A E@B RIS &, 7 AR AR,
P3P 3= B R /NI BE e TR . ST T
[B), BEAE 8 HFNO H, A FR ki) 52 ) 72 B2 157
5P A P Aol 2 v €0 R R I B O R S 1 K
{HAEASFAEAY , 8 VA 2 5 A0 5% i 2 5 R A A
[F], Horfr, 2017 4F 8 A 2 &k 5% o 72 B o K
UEAR,2017 49 J, 7K A4 1 78 77 A X EL 3T
B8, G O B e AR W) B 9 5 e /D, T TR 6 1Y

SEMARR , BU B APl R BR e (U BREE, I8 A

B B
3 g

3.1 EHEYHEE ST

TEA YR 25 oy, 3k % B IR AR 4 109 i, L
XTG4 R 2017 AF XA IR K 388 A5 BT 4319 103
P I, ABESEH,2016—2018 4F K 25 37 i
FZREVER T N, YL 4 1L R ) A 25 R 4
ZETE N R, S R B W R R L BT
W1, B2 2 1A TR AR RV S A AL B T2 S b
VERIL, AR B ], W T RNSRIE T F,
R ITERR S b e X3 R A R
2018 4F, B4 W T IR BE A A, R R B o
T, A THY B, T B S DR N IR I K T
WIRELT, MU BE /N K BV T, A BE o A B, £ i e
XF KGR T4 B Rk BRI R A 1%
FEZK BT AR L S 238 K pH DL RO N T4
9 SR IR K BRI 2 v Yok (AR S BLA R
(R 1 P, Sl B, 22 4 1L A T IR AE

http: //www. shhydxxb. com



764 A PN 29 &

2

1
§ a 16-Aug
= — 16-Sep ¢
a Ohssosessessassssssssnssnsssssssess TBsen 17
=
&= NO,-N

-1

-2

-4 =)

RDA1 45.57%

a. e PE Microcystis ; b. JiEEK#EE Coelosphaerium; c. {aERE: Chroococcus; d. /NIRYEE Cyclotella ; e. YRTE3E Cocconeis ; f. H 55 Melosira; g.
PEPREE Trachelomonas; h. {13 Micractinium; 1. F ¥ Volvox ; j. /NBRFE Chlorella; k. [a 3 Cryptophyta; 1. ¥g 553 Rhabdoderma; 16-
Jul,16-Aug,16-Sep {03 2016 47 H .8 H .9 H; 17-Jul,17-Aug,17-Sep, {0 % 2017 47 H .8 H .9 H; 18-Jul,18-Aug, 18-Sep {3

20187 H 8 HI9H

B7 FHEEMSRERFHITRIN
Fig.7 Biplot of RDA of phytoplankton and environmental factors

BABEBE LU

AR, P 2% R R, BUINTE 0L
Jieke Wy O B B 22 b I B 4% B ( Skeletonema
costatum ) . IE K i ¥ ( Coscinodiscus
Jonesianus) > MiAEABFTE T IF AR YA Rl
FEIROK SR AR ER 2R, X Al RE 2t T
LIk BE A, AR T 3h B2 , T WA
WSBOKIEREE AT . P A B, Tl e s 3 22
3AE N FE— R, x5 WANG % R
AR B S S AR DL BF ST IR, B2 2016 4F,
2017 F1 2018 4F (- L HFh B 2 A4k, X 7]
AEJE F T /K M8 77 SR A5 B4, K s A5 30 0 o
AWFIER BT, T B 25 52 T A ) 0 OGS AR
F L KB T3 AR B0 AT 5 7K 148 5 SRR B X 1 fE
SO TR U R )RR SR S A

TER PR YIS A R AT R S FE R, R
PRI 2R AR I 37 D ) ) o I, 2 e A A 1) 72
tbo ABFFERN] Y N 2R S A2
RGeS E H Y S AR A 4 R B R,
2016—2018 K7, i 5 DX W Al W) A S EOA i 1
o, H' SR S 9 1 A B B R B
THH o SRE— LA PP e B Y (5B 5 T e,
SRR, X RV S5 H A2 A
2017 4 LI AR YU RE 7% A U R e, AR A8

http: //www. shhydxxb. com

RGN, AE 2018 AR A XU KR, FT fiE
Jek T R R SCR i, 5 50K o S 1 g 7Kt
A RPIFSE DX 8 IR Eh 254 7 AR T B RS,
THCRE S R R B A K™ o AR, 1R
Bra RS AR LB S, I Z R A BT
e HAUHER (Rlde B ) USRS A T K, i B o
I 2016—2018 47 =4 111 N LR AR S XS A
UGN SR
3.2 WEENFEEN

FEABEIEH, R e e RV, R Bk,
Forp et B o5 oL H, 1 T RERE O
R RE TEG , W T O YA K A TR Y K A
WA I, e e 2 7= LR35 R, A 5 W i
BRI o PRI, PR S s P LA A
T AE ) o £, DT ECH A AR Tl e
FREWD

PR — PR B, R 5, WO LR
IRVR AR S M ROK AR R . AN ABESER I, 2
g AAIRLIE VB FRER FIOE IR 5iR JBE 25 BRI 25 1R 15 1L
PERA RN, 7 H Gl B R R SO 2 3 K
KA, 8 AM O A K, MO T2
BT B AR S W L T R R AR AR W)
o DLW IE A B, T B A I ol e AE ik
FHRER T R W B TE R ik



54 B W8, A NN IR R PR U A R v R SRR TR R 765

IS SRR T, ol i A K A H o X gl Y i
R R, S WSS A RE ) o T A 2, e B
BRI BOEREE T, B A KR R R RAR Y (B4
BF5E 0 S B KA B SR B 0 1 50, S
mg/L Fl 0. 02 mg/L, 3t ] fig Bk 4, 7 5 3
DT RS RAE I Tk — A, YA AR B R R
Tl B AR AT, B T A ) K A ol e o A
A, T v A R R B e D) 2 O o ke e A
Ko AFFEHT, 2016 AR i F B oK, B9 X
SR AIE b, K AR R 1) R R R 0 A AR A
TEERAER FEA K, 2017 4F KIRE SRR
THENF I, B0, R R B, R L B
T, P A K A2 B FR R R , A R R
X5 KIM 5 Bk ge— 20, 76 R UL T
AW LS A A TR R i e 2R K. b, 1k
PEPF 0] B8 5 ek IR AR 1) Wk AR AR B A
S, WS R RESE IGO0, 7R ARG IR T 35 4 S A ge
HUT 2018 4F, et 1 T, Wl RS CHLA
TR A %, THLE S B e A KDY
i, B AT RESZ &5 KU R IR, 7K R 7 37 26 A B
BT S Ak, OO & T B S A K,
NSRS RS N e D AIE Sl S
TRAARA 5 R 50 ) fE 5 [ R
3.3 EMEYMBESEEMSTERFHXR
TR BETE 45 M 5) % R BE IR T (S i, 9
FLASTR] 4 B0 555 DR X 357 308 AR 00 108 95 445 #0114 52
FPAE2E 5. RDA [0 HT4s R4, I Al R 6 F it
PR R &5 M PR A A TR 25 A ) B 2R
3.3.1  RERRERXIVEWRAR PV 45 40 ) 52
AWFFEEY, BT R R I LA K
&z —, GERREE 5 17 U A8 W0 0 G 72 1R AE
HASTEIR St $BA B B ARG E . Horp fE
JOE B RE B A R, R R A LRSS
PR A o EABEST b RERAEE S T
TEARE R R R e 3 85, I F P S /N ER B L O
T RS 7 A0y, BERR SR & A i, R
FRERKR, OISR, BLAh, WA &, %
AR R R 5 e v = R B I 2 BR A OC , RE R R Uk
JE AN T A K, X 5 TANG 255 [l ik
SEIR 3, PRI G P RE R PR b ik e oK i
TEA TR A WL K2 SRR SR B
TR AR S A R, A KR8 AN, A ST
FW] REBESET IS , T LAY WA 9 4, T AR Bk

PRH AR BT R, JF WA S B8 01, 5 1 T ek
FUERER 0 45 PH ey 7 R i 0, P 5 i i
S L A A W B PR e R R OUE , DT et 8 2 BR K
PRI L AR AL R R 3 4F K, it
PR AR T B AN W TR, ek B RPN RS 2, W)
T DRIV ) B — LA T A Tl 0 A ) ) DRSS o
3.3.2  EASERER XTI IR YRR I8 S5 4 1 5 )

SRS TR AR 76 4 0 1) A iy ek i b Ay AR
HEEMMA O, © YR SRR R b E e,
— SO e VA BR Fh V0 BRI — Tl 7E—
Fiy o J3 0 1B P T AR e A KR B e i
ARHFFE A BFAE 8 H 9 H AR EL XTI A 5
i A, JHE P 0 o8 () IV 18R 46 5L TE A 56, HLAH
AR, W HAD R T A g ). X5/ ER
25OV RIFE 1 fol A T A VTS TR AP ok S B 5
G R EE R — 3 oAb, K E
B, (AR AR ok 8 K T ARl T T A5
MEEIOE AR RS, Il [Fa, K AR
D AR B 5T A e AL A R AL 45 1 i iR
TR . L, FEARHIESE b, B L IR TR B A
PERRBESF R 3 2 5 WA IR h 2 TAH G .
3.3.3  JCHUBSE AN RO I AR B VR 45 A8 1 52
M)

AR AA R TG AL A T ML RO TR VA A K
HEEE FRIAE N 25 A S TE LR WO DL AL
BRI o PR LB, T EA R S
ANFRE | ELAE S BT /N ERE B E AR G, HoAR
KM, Rl AE 2016 4F 7 HF12018 427
ToHLBE R 2 Z i 3 X AP LG AT RE R K
TET A, e gk hb TR S, FE K AR ik T
ETRRAS A K e Y 2K R e LR R
BT, NI | ELBE B T /N ER R
g 3 PR W A R R KR A, B I
R 8 A9 H e R A, A3 TC ML
A RS T, S R, X 5xrmatT
RIS IO 2 1 AR G I IF 45 R AN
[], P RS PR hy oAt AL ZR AR T, (K AR 19 5 3% £6
S5 ) PRES R e A AR AL, AR O ML AN 2 T e
AR Y BRI o

H RDA Z5 5L 0] S0, PR 5% K 7 X P2 i e 2
SRR IR S 67.15% , VLW BRI BE 3 B2 s
FRERAN I HAL P R 52 m . Hh Wk SCR A4 46
PRI, 255 M P A A ) AL BRI = B . 2018 4R

http: //www. shhydxxb. com



766 (S R T E Sy N4

¥k

29 %

7 B G WK SCRM, 5 B0 52 IX 5 57
A R B AL, P A KR . [ 4F,
TEA I T T DX AR R AT AR B
X PRI IRV BEAT R, AR 19 A 2 AU
WAL, P TP AL R v 1) I 1) R A

Z5 Lk ,2016—2018 4F 5 7, 7K AR A= 45
S R, Bl N R W 2 — 03 b el e i 5=
JETT K, B Ui AL DL B M i 22 Jn Ak, K AR e S
RG22, Wy b 22 FEPE R 57 BE R W7 92 a7, 3K 46
B P T8 B R B A AN W 2 IR A
BREBHRE LSRN T4 R 4
ST VDR AR 2SR A 22 B A 4, ) AR R T D
FeRATHE MBS, I A WA K 5 PR AR P A
Vi BEAT RGN S, PRAIE IR T K A A 25 R G f B
J&o TR, it o A S LR B Y A A 1B 2 T A
St T AT

S 3Lk

(1] mhgidly, BRIEAE. b7 Loy v e N iR WKk i A 25

BER BRI [T]. KB, 2014, 33(12) : 794-
799.
YE W J, CHEN Y Q. Ecological restoration and effective
assessment of an artificial lagoon in City Beach of Jinshan
District in Shanghai[ J]. Fisheries Science, 2014, 33(12) ;
794-799.

(2] WESR, BRIEEDT, i, %5 BUNIS BATImKIE IRk

RIS o3 A S R B SRR LT ] ST, 2011, 29
(3):3647.
GAO S Q, CHEN J F, JIN HY, et al. Characteristics of
nutrients and eutrophication in the Hangzhou Bay and its
adjacent waters[ J]. Journal of Marine Sciences, 2011, 29
(3):3647.

(3] TEsF, BOHBE, WA, BUIN I &8 FR A SO R
ZRAERIEM R[], K740k, 2001, 25(6) : 512-
517.

ZHANG S Y, JUN J B, DAI X J. Studies on eutrophication
and phytoplankton diversity in Hangzhou Bay[ J]. Journal of
Fisheries of China, 2001, 25(6) : 512-517.

(4] RIC, BIRZE, RIH, 55 T R WRF IR A 454 &

IREREARIAY[T]. R R %4, 2019, 28(1):
3748.
ZHANG Z, HU Z J, SHI X H, et al. Community structures
and functional groups of phytoplankton in Qiandao Lake[ J].
Journal of Shanghai Ocean University, 2019, 28 (1) . 37-
48.

[5] PROKOPKIN I G, MOOIJ W M, JANSE J H, et al. A general
one-dimensional vertical ecosystem model of Lake Shira

Khakasia ) ; parametrization and

( Russia, Description,

http: //www. shhydxxb. com

[10]

[11]

[12]

[13]

[14]

analysis[ J]. Aquatic Ecology, 2010, 44(3) . 585-618.
skH sy, 2R, BRORAR. RIIKAEREEE AR BRI
HF a2 s AR AE LT ], A= &% 4k, 2016, 36 (14) .
4337-4345.

ZHANG Y H, LI W F, CHEN Q W. Spatial-temporal
variance of the intensity of algal bloom and related
environmental and ecological factors in Lake Taihu[ J]. Acta
Ecologica Sinica, 2016, 36(14) . 4337-4345.

BTG, PhEMR, FE, S5 K OEREX W
FAERKMMARWET]. WA, 2018, 30(2) : 385-
393.

ZHAO Q H, SUN G D, WANG J J, et al. Coupling effect of
water temperature and light energy on the algal growth in
Lake Taihu[ J]. Journal of Lake Sciences, 2018, 30(2) .
385-393.

KRR, FART-, WEFHE, % PSR U A
HEMARELT]. BIIETERER, 2019, 28(5) : 680-
688.

ZHANG J L, WANG Y P, LIN D Q, et al. Characteristics of
community structure of phytoplankton of Xinzhou waters in
Anqing[ J]. Journal of Shanghai Ocean University, 2019, 28
(5): 680-688.

KA IT, IF, AR/NE, SE. DU AR AT R A T
R A AR AR T ] s S H E BB,
2013, 29(5): 112-118.

ZHANG J F, SHEN F, YU X L, et al. Variations of
phytoplankton absorption properties in winter and summer in
Hangzhou Bay adjacent coastal ocean [ J]. Geography and
Geo-Information Science, 2013, 29(5) . 112-118.

JElgE, AR, WUCAR, 4. 2005—2008 AEATMIE A
PEDCIRWEAE 4 0 A R AE B AR L) ] 2 T 5T,
2010, 28(2) : 28-35.

ZHOU Y, ZHAO C J, GAO Y S, et al

Variation and

distribution  characteristics of phytoplankton in ecology-
monitoring area of Hangzhouwan Bay from 2005 to 2008[ J].
Journal of Marine Sciences, 2010, 28(2) . 28-35.

SRMELL, RN BUME A WA PR AR ) 2 R T
FLI]. WL A AR (B RRRARRD , 2006, 25(3) -
327-330.

CAl'Y H, ZHANG H B. Diversity of marine phytoplankton in
ecology-monitoring area of Hangzhou Bay [ J]. Journal of
Zhejiang Ocean University ( Natural Science) , 2006, 25(3) .
327-330.

WEWE. PEEESIM]. L. B b, 2003.
GUO Y J. Flora algarum marinarum sinicarum[ M ]. Beijing:
Science Press, 2003.

SHANNON C E, WEAVER W. The mathematical theory of
communication[ J]. Physics Today, 1950, 3(9) : 31.

N, RABRE, KRR, 55, 2004 4R4 T R IL TR s et
YL T]. WEEEEAR, 2007, 29(5) : 132-145.

SUN J, SONG S Q, LE F F, et al. Phytoplankton in northern
South China Sea in the of 2004 [ J ].

winter



B W8, A NN IR R PR U A R v R SRR TR R 767

[17]

(18]

[20]

[21]

[22]

[24]

ActaOceanologicaSinica, 2007, 29(5) ; 132-145.

PIELOU E C. An introduction to mathematical ecology[ M ].
New York : Hans Publishers, 1969, 7-12.

OKSANEN J, BLANCHET G F, FRIENDLY M, et al.
vegan: Ordination methods, diversity analysis and other
functions for community and vegetation ecologists. Version 2.
53 [ R].
Computing, 2018.

X5, XVGTHT, A, 5. FONEAEDBREX SBEEX
TR A LR (] ARSI, 2019, 38(2) .
412-419.

LIU Q, LIU M M, YANG N, et al. Comparative analysis of

Vienna, Austria; R Project for Statistical

phytoplankton community structure in bioremediation area and
non-remediation area of Hangzhou Bay[ J]. Chinese Journal
of Ecology, 2019, 38(2): 412419.

BE, B, IE. BN IR 2R RS 5
BHEFIRRLI]. WBEESIA, 2005, 21(4) : 10-13.
LI G Y, LU J, HE Y J. Relation between diversity of
phytoplankton and environmental factors in the JiaozhouBay
[J]. Marine Geology Letters, 2005, 21(4) . 10-13.
M, BUKAS, ELEY, % BUNE KR B Y i
TRETWTFE ], AR AL, 2008, 27 (s1) : 57-
60.

QIN M L, WEI Y J, WANG X B, et al. Studies on
community structure of phytoplankton in Hangzhou Bay in dry
season[ J|. Marine Environmental Science, 2008, 27 (sl) :
57-60.

MPREE, B, IME, A5 UL D S SR UK BT
P RBTENB [T]. B e K225, 2019, 28(6):
902-910.

LIN Q Y, BAI K Q, SUN B, et al. Water pollution and
potential risk in closed aquaculture area of Yangtze River

Estuary[ J]. Journal of Shanghai Ocean University, 2019, 28

(6) : 902:910.
. IR TTA A0 PR 3 XAk B 8% 1 5 AT Y

[D]. Ma/REE: IR, 2013.

MA C X. Silica-scaled Chrysophytes in five national wetland
reserve of Heilongjiang province [ D ]. Harbin; Northeast
Forestry University, 2013.

ISP, SIS, B, % UM EE RS S
PR A STV AT ST [ 0], BRI 24 2441,
2015, 24(2) : 265-271.

LIU S H, ZHANG H J, XIANG L Y, et al. Study on the
plankton  ecological ~ community  characteristics  in
eutrophication areas of Hangzhou Bay in spring[ J]. Journal
of Shanghai Ocean University, 2015, 24(2) . 265-271.
WANG P F, WANG Y X, WANG C, et al. Ecological
characteristics and environmental factors of phytoplankton
during different seasons and in different parts of Taihu Lake
[J].
Hydrobiologie, 2015, 187(1) : 3342.

SRR, BUMTETE T R PR B E TR (] SRR

Fundamental and Applied Limnology/Archivfiir

[25]

[26]

[27]

[28]

[29]

[31]

[32]

[33]

F5HR, 2017, 40(sl) : 305-309.

HU Z D. Study on the status of plankton in the development
zone of the South Bank of Hangzhou Bay[J]. Environmental
Science & Technology, 2017, 40(sl) : 305-309.

CLOERN ] E. Turbidity as a control on phytoplankton biomass
and productivity in estuaries. Continental Shelf Research,
1987, 7(11/12) . 1367-1381.

ALVAREZ-BORREGO S. New phytoplankton production as a
tool to estimate the vertical component of water exchange
between the Gulf of California and the Pacific[ J].
Marinas, 2012, 38(1A) : 89-99.

DUBLE, S, WIAETE, 4. AR ESRCRIEER A )
FIENSGIRBOT R [T]. G 50, 2005, 5
(2): 8791.

KUANG Q J, MA P M, HU Z Y, et al. Study on the

Ciencias

evaluation and treatment of lake eutrophication by means of
algae biology[ J]. Journal of Safety and Environment, 2005,
5(2): 8791.

P4, U, MG E IRIIBITRE R SRR AR )
TRt B AT (1], 8R4, 2009, 37(2) .
773-776, 7182.

LIR Q, WANG M S, SUN M, et al. Analysis of constitution
features and species diversity index of indicator algae in
Chichenglake[ J]. Journal of Anhui Agricultural Sciences,
2009, 37(2) : 773-776, 782.

VPR, ARRE IR R A TR AR i WP [ D .
T TTRIR2, 2014,

XU H P. Study of effect of nitrogen and phosphorous on
colony of Microcystis[ D]. Wuxi: Jiangnan University, 2014.
BRI, BRI, SR T TR Y R A R
FAELT]. BIIETERES4R, 2019, 28(5) : 689-698.
SHANGGUAN X X, XUE J Z, WU H X. Ecological features
of phytoplankton community in the Yangtze RiverEstuary[ J].
Journal of Shanghai Ocean University, 2019, 28 (5) . 689-
698.

BERG K, SKULBERG O M, SKULBERG R, et al. Observations
of toxic blue-green algae ( Cyanobacteria ) in some
Scandinavian lakes[ J].
27(3) . 440452.
LB, B, IR KRS IR ST R Sk
WLT]. PR R 5 B0, 2010, 2(1) : 14.

KONG F X, CAO H S, TAN X. Development of research on

Actaveterinaria Scandinavica, 1986,

recruitment of bloom-forming cyanobacteria and blooms
forecast [ J ].
2010, 2(1): 14.

TANG C Y, SUN B, YU K F. Environmental triggers of a

Environmental Monitoring and Forewarning,

Microcystis ( Cyanophyceae) bloom in an artificial lagoon of
Hangzhou Bay, China[J]. Marine Pollution Bulletin,2018,
135.776-782.

LURLING M, VAN OOSTERHOUT F, FAASSEN E. Eutrophication
and warming boost cyanobacterial biomass and microcystins

[J]. Toxins, 2017, 9(2) : 64.

http: //www. shhydxxb. com



768 Eo W W R E % 29 1%
[35] OUM M, WANG Y, CAI W M. Physiological and biochemical £, 1989(3): 11-13, 29.
changes in Microcystis aeruginosa Qutz. in phosphorus YANG Y X, CHEN R S. Structural characteristics and
Limitation [ J]. Journal of Integrative Plant Biology, 2005, application of diatomite[ J]. Jiangsu Chemical Industry, 1989
47(6) : 692-702. (3):11-13, 29.
[36] ALEOH, Roroe. 5 E/KAIY nad f b R R AE D 5T [44]  FAk. PAC S T A0 IR BE A FHK rh i 2 1o 8 8 5 )
[M]. dbxt: Blef Rk, 2011; 43. HEREMWIFELD]. TN AR IR, 2014
KONG F X, SONG L R. Study on the process of WANG L. Study on influencing factors of Microcystis
cyanobacteria bloom and environmental characteristics[ M ]. aeruginosa removal in water by enhanced coagulationwith PAC
Beijing: Science Press, 2011, 43. combining diatomite [ D ]. Guangzhou: South China
[37]  VFEETE, BREZE, JAME, 4%, ZUBEMR BT R MWK AT 0 University of Technology, 2014.
( Microcystis flos-aquae) BERARK 2w [T]. WAL, [45] YANG S L, WANG J, CONG W, et al. Utilization of nitrite
2014, 26(2) ; 213-220. as a nitrogen source by Botryococcus braunii [ J ].
XU H P, YANG G J, ZHOU ], et al. Effect of nitrogen and Biotechnology Letters, 2004, 26(17) : 239-243.
phosphorus concentration on colony growth of Microcystis flos- [46] BETDE, sipds:, skisa. TasHeEh x4 st i e e Fnpd 2
aquae in Lake Taihu[ J]. Journal of Lake Sciences, 2014, Mg K s Ar iy sgm [ J]. PRk, 2010, 33
26(2): 213-220. (9): 8691.
[38] i, KM, ZMA5R, & A XK BLHIE L CHEN W M, DAI S G, ZHANG Q M. Effects of nitrite on
sz J]. P EREERE, 2011, 31(10) ; 1676-1683. the growth and competition of Microcystis aeruginosa and
XU H, ZHU G W, QIN B Q, et al. Influence of nitrogen- Scendesmus  quadricauda [ J ]. Journal of Chongqing
phosphorus ratio on dominance of bloom-forming cyanobacteria University, 2010, 33(9) : 86-91.
( Microcystis aeruginosa) [ J]. China Environmental Science, [47] CODD G A. Cyanobacterial toxins, the perception of water
2011, 31(10) ; 1676-1683. quality, and the prioritisation of eutrophication control [ J].
[39] KIM H S, HWANG S J, SHIN J K, et al. Effects of limiting Ecological Engineering, 2000, 16(1) : 51-60.
nutrients and N: P ratios on the phytoplankton growth in a (48] BRIESE. JEIT D285 KR TTHL R LA IEL ). B0
shallow hypertrophic reservoir [ J ]. Hydrobiologia, 2007, gz, 2001, 20(3) : 319-322.
589(1) . 317. ZHANG X P. Chemical characteristics of inorganic nitrogen
[40] SCHEFFER M, RINALDI S, GRAGNANI A, et al. On the in Maluan Bay, Xiamen[J]. Journal of Oceanography in
dominance of filamentous cyanobacteria in shallow, turbid Taiwan Strait, 2001, 20(3) . 319-322.
lakes[J]. Ecology, 1997, 78(1) : 272-282. [49] JHIEAE, E&0, R, & = mEHEFIFIHEY R &4
[41] YANG D F, ZHANG J, LU J B, et al. Examination of M RESHBERTFHRERLT]. F#E T R¥¥R,
silicate limitation of primary production in Jiaozhou Bay, 2018, 27(4) : 522-530.
China[ J]. Chinese Journal of Oceanology and Limnology, TANG Y F, WANG J H, CHENG H, et al. Community
2002, 20(3) : 208-225. structure of phytoplankton and its relationship with
[42] REYNOLDS C S. The ecology of freshwater Phytoplankton environmental factors of Sansha Bay in spring[ J]. Journal of
[M]. Cambridge: Cambridge University Press, 1984. Shanghai Ocean University, 2018, 27(4) . 522-530.
[(43] #TH, BRog=. LB LRSSHRAIE R [ T]. 71958

http: //www. shhydxxb. com



54 B W8, A NN IR R PR U A R v R SRR TR R 769

Relationship between summer phytoplankton community succession and
environment factors in the artificial lagoon of Hangzhou bay

YANG Na'?, DUAN Yuanliang'*, BAO Yanlin'*, LIU Qiao'*, HE Peimin'*?, SUN Bin'?*”

(1. College of Marine Ecology and Environment, Shanghai Ocean University ,Shanghai 201306, China; 2. Institute of Marine
Sciences, Shanghai Ocean University, Shanghai 201306, China; 3. National Demonsiration Center for Experimental Fisheries
Science Education ,Shanghai Ocean University, Shanghai 201306, China)

Abstract ; Jinshan City Beach is an artificial lagoon in Hangzhou Bay of the East China Sea, which is the first
coast national AAAA level scenic spot in Shanghai. In order to control the water quality of Jinshan City Beach
based on the complex physical oceanographic properties of lagoons, ecological restoration has been carried out
in recent years. From 2016 to 2018, the relationship between phytoplankton community succession and
environmental factors in this artificial lagoon was investigated for three consecutive summers. The results
showed that the number of phytoplankton species increased in summer from 2016 to 2018 (109 species of 7
phyla) , the species of Bacillariophyta, Cyanophyta and Chlorophyta were dominant. A total of 13 dominant
genera were found. The more dominant genera were Microcystis, Trachelomonas, Melosira and Cyclotella.
Among them, Microcystis was the most dominant genus in summer, the overlap of other dominant genera was
small. From 2016 to 2018, the abundance of phytoplankton varies greatly, ranging from 50. 78 x 10* —
5957.52 x 10* cells/L, 5.35 x 10* = 25. 67 x 10" cells/L to 474. 87 x 10" - 1026. 94 x 10* cells/L
respectively, of which Microcystis abundance was the largest, accounting for 97. 88% , 68. 18% , and
77.23% , respectively. During the survey, the diversity index ( H') and evenness index ( J') of
phytoplankton increased and then decreased, but generally showed an upward trend, while the dominance of
the first dominant genus generally decreased, which indicated that after ecological restoration, the
phytoplankton community in Jinshan artificial lagoon was in a positive succession, and the ecological risk
tended to decrease. RDA result showed that total nitrogen, total phosphorus, ammonium, nitrite, soluble
reactive phosphorus and silicate were important environmental factors affecting phytoplankton community.
Among them, silicate, nitrite, ammonium and soluble reactive phosphorus are more relevant to the
phytoplankton community of the lagoon.

Key words: artificial lagoon; phytoplankton; community structure; environmental factors; redundancy

analysis
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