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Abstract: In recent years, the proportion of Dolichospermum (formerly known as Anabaena) has increased trends in Lake Taihu.
In order to estimate the spatial differences and driving factors of long-term trends of Dolichospermum in Lake Taihu, we studied the
long-term trends of Dolichospermum biomass in different areas of Lake Taihu in spring from 2005 to 2019, and investigated the
effects of both spring and winter meteorological conditions (temperature, duration of sunshine, windspeed and rainfall) and nutri-
ent levels (total nitrogen and total phosphorus). The monitoring data of Lake Taihu showed that spring Dolichospermum increased
from 2005 to 2019, which mainly occurred in Zhushan Lake, followed by the Lake Center, Meiliang Bay, South Lake. The analy-
sis of partial least squares path modeling ( PLS-PM) showed that the main driving factors of the changes in the biomass of Dolicho-
spermum in different areas were different. In the Lake Center, the biomass of Dolichospermum in spring was mainly affected by win-

ter climatic conditions ( temperature, windspeed and sunshine) , and secondly by spring nutrients and spring climatic conditions. In
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Meiliang Bay, Zhushan Lake, and South Lake, the biomass of Dolichospermum in spring was mainly affected by spring climatic
conditions. In Meiliang Bay and Zhushan Lake, spring windspeed and sunshine duration were significant factors influenced the bio-
mass of Dolichospermum in spring. In South Lake, the main driving factors for the biomass of Dolichospermum in spring were the
sunshine and the temperature in spring. This study conducted the temporal and spatial distribution characteristics and influencing
factors of nitrogen-fixing cyanobacteria in Lake Taihu from a long-term sequence perspective, and provided a theoretical basis for
the prevention and control of algal blooms and eutrophication in different areas of Lake Taihu.
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Fig.1 Distribution of sampling sites in Lake Taihu
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Fig.2 Long-term trends of meteorological factors (air temperature, sunshine duration, wind speed
and rainfall) in Lake Taihu in winter from 2005 to 2019 (The solid line represents the long-term
trends of annual mean values estimated by generalized additive models (GAM) , and the shaded area

represents the standard error of the estimate, >, :adjusted r square of GAM; % ; P<0.01; * : P<0.05)

adj

18F 700F
r2=0.24 r2=0.14
17 600
) <
£ 16} 3 5000
| Py
I 15F & 400F
m
141 300
13t 1 1 1 1 1 L L 200t 1 Il Il 1 L 1
2006 2008 2010 2012 2014 2016 20184F 2006 2008 2010 2012 2014 2016 20184
3.5F 500
r2=0.74"
400]
2 3.0r g
z 3.0 E
= 1 300
K 2.5 &
200
2.0k L L L L 100 L L 1 L

1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 20184 2006 2008 2010 2012 2014 2016 20184

Pl 3 2005— 2019 AEAFZE M il  H BRI XU FIREE R 401 AR Al e 3 ( SRR3R SCRT gAY
(GAM) At F i RT3 W52 XU AT A BR IR 2. ity AR IEJR Y 175 s  P<O.01; % ; P<0.05)
Fig.3 Long-term trends of meteorological factors (air temperature, sunshine duration, wind speed

and rainfall) in Lake Taihu in spring from 2005 to 2019 (The solid line represents the long-term
trends of annual mean values estimated by generalized additive models (GAM) , and the shaded area

represents the standard error of the estimate, >, :adjusted r square of GAM; % ; P<0.01; * : P<0.05)

adj



732 J. Lake Sci.(#:aF3) ,2022,34(3)

R, 44 0.188 me/L,2005— 2008 4F TP vk FE RS T, 2008 4F LS 5 F R34 B 011X 4 2
TP ¥ i 0.114 mg/L,2005— 2019 4E Tl § A5 fLa% (P>0.05) (& 4).

ok MR r2=0.96" sk WO #2=0.59"
35t 2 4.0
=0 &n
E a4t £ 35t
B B
3t o 3.00
2 C 1 1 1 1 1 1 1 25- 1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 2018 4F 2006 2008 2010 2012 2014 2016 20184
= , 4.0 —
8.0 U 12,028 MBI 72,2030
- g
ED 70F g
" gof Eﬁ
) :

5~O- 1 1 1 1 1 1 1 1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 20184 2006 2008 2010 2012 2014 2016 20184
0.18 R
B r2=-0.05
30.16
—~ on
5 E0.14
) &
& 012
&

=
=
=

1 1 1 1 1 1 1 1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 20184 2006 2008 2010 2012 2014 2016 20184F:
AL r2=0.53" FATRIBX

025 30'14
= Do1
£ 020 =

& #£0.10
pi] pie]

o

=

Wi
o
=)
&

1 1 1 1 1 1 1 1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 20184F 2006 2008 2010 2012 2014 2016 20184

P 4 2005— 2019 4F4 R MWIAN [A1H1 DRV (TN BV (TP ) 3 B2 A R0 AE fl ke 3 (S U3 CnTim
BRI BT K BUR AR IR 2.l AR IEJF Y 15+ :P<0.01; % :P<0.05)
Fig.4 Long-term trends of total nitrogen and total phosphorus concentrations in different areas of
Lake Taihu in winter from 2005 to 2019 (The solid line represents the long-term trends of annual
mean values estimated by generalized additive models (GAM) , and the shaded area is the
standard error of the estimate, ri‘j :adjusted r square of GAM; #* . P<0.01; * . P<0.05)

RIS ) ) X R 2 A R e B R R A S A7 R 25 5. 2005 — 2019 AFFR 2= M IR0 400 X 221113
DA B BRI TN e BE 3 5t 0 35 T [ e 35 (P<0.01) . MERETE 7 %= TN WM 6.8 mg/L TR 24 2.3 mg/L; 18]
DX AR TN WRBEIN 5.5 me/L FEIR A 2.5 mg/L 7647 s Il W48 2 TN MR JEE Ry, 3X 15 4R (] TN 23 5y
6.1 mg/L; BITRIHIX 77 3= TN ¥k BMA L TR (A 7E 2010 4R H B RE (18 5)

I 4 AN X TP YR AR 23 [A] 22 5. 2005 — 2019 4RA5 2 4 AN X TP e B2 A KM AR i 34 24 0 i
FAMCRA, Pl AR 2 TP WP AR T s (181 5).
2.3 KRR MR KAAEER L GIEUERE

BT, RS DR R AR E Y i 2 15 AR A LG (1 6) . AW R B 11 &



& TE . KK Ia3E B (Dolichospermum) % 4% K 2 2h & T AL R IR ) B F 733

RS r2=0.85™ 5oL WX r2=0.55"
6.0 .
a a T
2s0r 2 4.0
® 40} = 33F
pic] pac)
3.0} 3.0
1 1 1 1 1 I 2.5k 1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 20184F 2006 2008 2010 2012 2014 2016 20184
9.0F 2 P e 3 Py
L r2=0.70 PRI r2=0.48
80k 4.0
2 2
o L on
E £
® 6.0F et
pac) pac)
t 501 )
4'0_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 20184F 2006 2008 2010 2012 2014 2016 20184
ry=0.12 MRS 0.14L LXK r2=-0.06
2 S
D 50.12
) £
2 &
5 2 0.10
0.08
1 1 1 1 1 1 1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 20184F 2006 2008 2010 2012 2014 2016 20184
o030k U 72,2018 011 g BIX 0.07
- )
§0.25- ?0.09 /\
£ 200 1‘5 0.07F
pac] >
0.15F 0.05F
1 1 1 1 1 1
2006 2008 2010 2012 2014 2016 20184F 2006 2008 2010 2012 2014 2016 2018¢|;

& 5 2005 — 2019 475 A A [ X B 2 (TN) \‘J@Q(TP)kﬁ;ﬁ*%%%(;&éﬂti@”XTﬁM‘%m
TR, BT I R A T ARR R 22 g IEJG 7  #% 0 P<O.015 % P<0.05)
Fig.5 Long-term trends of total nitrogen and total phosphorus concentrations in different areas of
Lake Taihu in spring from 2005 to 2019 (The solid line represents the long-term trends of
annual mean values estimated by generalized additive models (GAM) , and the shaded area

is the standard error of the estimate, 2, :adjusted r square of GAM; % ; P<0.01; * ; P<0.05)

adj

R W Wy i e 2, LU0 (X 2005 — 2019 ARG XK 70 3 A ) fet A BN IR (2 =031,
P<0.05) ,*F#{E 0.09 mg/L,2016 4F KA AR Y I B i R AH 0.47 mg/L(1&] 6) , I H. o5 D545 3 1 Lo il
Sy 80% (BRI ) 5 .00 IX 7 2 AL A it A 2011 — 2018 4FFFLENE NN, 2005 — 2019 AEF5 K ALHEF- 2 = 1)
0 011 mg/T, o5 D55 B 1) -3 E il 249 2 329% (BFIET I ) 5 3 2 A2 1l it I A0 A i A b T 34, 2005 —
2019 AFF-H A M40 0.15 mg/L, I HAE 2016 AFiA S i K AR, A W00 1 mg/L Ze Ay, o5 D38 i o 9 EL 49K
T 60% (FE L) . FEARIIX 2005 — 2019 43 F= KAl 2 A= Myt fre ik, 294 0.05 mg/L.
2.4 FEEFKARENET LT

TERW), B K ALBEAE Y a2 B4 R E TP BT A B0 AN TR A2 2 A 4 s ] e 5 .
T 10 DX L AT R R X RS RU AL GOF {55354 0.53.0.40.,0.46 1 0.36 (151 7) , BERYLL 5 i B2 4K



734 J. Lake Sci.(#:aF3) ,2022,34(3)

L WO r2,=0.03
0.4} 03l
g 0.3} ~
20 > 0.2
£ s £
o B
R =
] ] 0.1}
0.1} #
op | | | o | | |
2006 2010 2014 20184F 2006 2010 2014 20184F
1.0F Ml rey=0.02 03k FITRIIX Tay=0-13
0.8
= Q L
5 0.6F S 02
) s
g 04} 531*
3 = 0.1f
} Eul
Bl 0.2F
(s | | 1 Us | | |
2006 2010 2014 2018 4F 2006 2010 2014 2018 4F

Pl 6 2005 — 2019 475 = R WA [] ) DX 6 A 1 ik ) U1 AR P 35 (S AR SCRT s Y
T RIS, B X BORAGTTAR DR 22 . rly BCIERS I 175 %% :P<0.01, % :P<0.05)
Fig.6 Long-term trends of Dolichospermum biomass in different areas of Lake Taihu in spring
from 2005 to 2019 ( The solid line represents the long-term trends of annual mean values
estimated by generalized additive models (GAM) , and the shaded area represents the
standard error of the estimate, rilj :adjusted r square of GAM; #x . P<0.01; = . P<0.05)

U HORAE. RS KA 2R TR AR R, RO R 8 R (18] Ta) s WO X
FRABE Y it EE 2 TR B, YOS E TR (& Th) 5 1L ) R 3 DX R 32 3]
BB URAEE I B B I & AP I ) e B2 (] Te, d).

TEMFGEI X, F TSR AIAR 8 Atk ( H BRI XU R U L ) 707 2 K L e A 0y k) K BB A
ferh & EEAR I (R a) , B8 SR B A FE R MR F TR RE 0 50X, FFE K
WAL R A TR R (A NG R | H BRI ) S0, [R) I s 32 4 28 UM A 1 (R 20 XU TRLEE)
SR (B ITD) 5 21l 2 KA b Wt RS2 B A (R L H I ) AN AR (&
Z A | H IR ) ey (PR T e ) 5 i 8 100 DX 2 90 3 A e Ik T 2 SO A 1 (R Rl 2 i )
AT A (NG (KT .

354t

ARBEZEH 2005 — 2019 AR KM X AG FRFE AN A W 2030 i et , ARG 17 S Bl R e /K TR
KW TR FFIVE FR KX 7 3 1 L A 0 A 00 A A A 4 DA 2 [ 22 5 B R ). 45 2R S 7 oK)
N[5 ) DX T AR R 2 K AL B AR W R A T R B B, DU O A B IR R B A A2 L ), LR A R
FTRI X A X I (] 6).

AN IR DX A A Wy S ) IR N R AT AR 22 5 (P T) . ORI R 8 R R KR , 8 SR
YUK PR WA % D102 I 43 A1 LA 038 10 3 i S Bk ), 3ok ] 2 SO A A e A A 9 2
BN PR AR 23 [ 22 5 B I P A0 DX, Hh TR BRI, A2 B TR AR 30, KR4 T R



& TE . KK Ia3E B (Dolichospermum) % 4% K 2 2h & T AL R IR ) B F 735

DRI R AR BE S K T D635, e 2 A0 8 0 R DIE 38 5 & 2 1 B vl 2 T R 2 o 46 2 ol 20 9 1) A
KB A PSR T K AR AR AR AT R R, R AR K A B R . 0 X TN 9
BEFRERMOKE(FS)  FEERESHEFRMABEAEYREOME(ET) , FEWOXFEFRAEEY
T (1] 6) . 335 LA A5 ) S50 RIORIN 45 SR — 3 RO 760 8 2 Wy Bk A B R 3 5 TN R 35 F i
SRR W0 XL IR ERACT IR AR Y DI, i LABE 2 A A 5 32 B8 FR BRI i 24, AR 2 L k) 45
T DX AR AN IR TS T 77T 14 T B DI, 35 T 8 AR R B e B DX TR W B W R, % SR K 4R
PR I, SR T S U R AR T 1) T2 2 DN 2 A AR iy KU A 1) R B e 2 e it T
KA K (HHE Ma, e, d) . ZEHPREHIX , F 2 TN/TP %5 28 575K B STk e K (HE a) |, 5
HEFE TR TN E T KA YR AR RO, 5 AR DA EE, % 2358 R 3k 1 ik 22 K T4 Uiy
TR, 3T AR R O AR T DX FR i, JU R TN MR A LT LA X R R o W (6] 5) - [l 2 2=
AUGEE PR MR T T X 2 I AL A W B 0 e T R e PR R S A RO T, 2 W A B R W R
ALY R WSR2 PO 7S SR O MR BRI KA i 5 SR b e el R
SR AAE T SR B R K TR FR WA R R A R B T AR A W L A
T ] LA, AN [ ) DX o SRR R T BB A 7 22 5, S O [R] DX 8 FR R 0 4 Z= KAl A )

(a) MRS T GOF=0.53 (b) BB IX e GOF=0.40
ST AR T
-0.20
-0.66 4 ool y &_0.43
P HERKIIE A= BB

HFAKT -0.03 e EHFK 0.01 Y

-0.63 * 1_0.50 4 0.35 -0.61 * 7_0_42 4 -0.16
< -

#F =3 K5 BE
ST B BT SR [ BEIRKF
-0.25 0466
(c) &1L s GOF=0.46 (d) FEHBIIX GOF=0.36
& =
0.35 R T SR F

-0.14
-0.24 A -0.06
A N

4% HERERE A7 BEKHH
HIAT A NS 0.02 1

~035 N
-0.58 "2 o004 4oos 038 A doo
o - W -0.46
> -

FE HE KE j&é
AEEF —Pp— BIRKF- S AT - BIKF-

0.13 -0.40

P 7 i e/ "SR R AR SR (PLS-PM) Wiy 5 & 2 UM AR A T E TR K BT URFM BT E IR K
X AR R AR A W e 1 B AR (LT Sk 3R S TE ARG s £ A 3K FRR U G, B AR BTk X6 RN
Fig.7 The effect paths of winter meteorological factors, winter nutrients, spring meteorological factors,
spring nutrients on the spring Dolichospermum as determined by partial least squares path modeling
(PLS-PM) (The blue arrow indicates a positive correlation; the red arrow indicates a

negative correlation, and the numbers represent the relative contribution)



736 J. Lake Sci.(#:aF3) ,2022,34(3)

I TTHRASTF].

BSETFORTA X 0 o T 45 S W ST 4500 5 FRATT A T 14 M1 5 AR — B0, B UM 2% 1k R s i A I A
WAL, Rl B (AR B A SR A R A A R R Z K At st 26 iy d A Al th A BRGS0 R R WA
O DX ) 2% 23 i A P 22 2 L W 0 i 0 0 X 35 2 R A 38 1 YR RS e TR 3. &2 RS fE T LA ) R i 4%
RN T KR Y 00, & T AR & 2 1 X P 37 U 0 T 6 4 A R 0 2 A 1 7 2 B
W, 2 T 5 W 7 25 17 A L 0 T 2 P R 28 A . KT 2 ML R0 (34 AR e 7 T T, 2 DRI 52 o /K 30 o Lk
VEL, 7R IR X 0B B BE A 20 em Z2 A7, DRI ' IR i R L 4 2 R 2 U D R 0 R R A 2 T IR
Z RIS R TR, KW 15 AR A TR K I R M ([ 3) , B A XU 2 D TR 0T,
B PRI R B, AT A3 /K T 5635 46 1, 5 B 2 BEVE 454 2 2B A8 A 3 A 7 IR A 0 P IR
B SEAE A R R EY ORI LB, AR RE RN E K AR RS
AR I 5 B B 22, 3 T B A R Ry R 46 288 15 K IR (2005 — 2019 4R 27 M5 TR (5.6+0.87) °C) Hig
B TR AR R TR A I 1 A TR LA X B P A S A K, A 7 B 2 M R A% 1 R Bk
BEH IR B AR TR AT LU M A R 1 FR KT, DT S 45 28 1) 7 R vk 1, fie
LMK AR RO R MRS T AR R Y, AT SR 30t B S R LA 1 I e b A
WL E TR AL AT B B KA T L AR SO R B R A — R R LS F s 5 E R T 6, X T Ak
S R EER 18 TR E IR0, PR Y 2 — RS2 0 P 3 B 2 e A X R R KPR A AN URR.
KW SRR AT 8, A% 45 0k 1 7 AR A R 9 R 1 B R N R BT R, 2 TP W KT
0.059 mg/L 5}, JE24 A K o R A1 15t R W vl 3 T > . 4 40 Ak 3 2 A A R I, RO LT
WA KR L 2 B L 2 A AT L K A6 R PR R AT R, K A i R
AR S, O ELZE R KA 28 fb 55 8 FR R VR AT 2 R 5 22 M, AR SO R BT 7 FR R K
1o AT AL R R IX. , R A R R A A A Uy 2 1 ) B

FENEOP ST N P N IR e DR a7/ B i o S S e ) 11 (S I N i S o 23 =1 S o N i A 2 P
X, & BRMEEMN HEEERIKENERRGEAM AR M A Y A 0 £ 00 N F 1 76 22
AR R X, P E SRR R, SRR F R E R R A AW EEEmE . -
IRGE S B SRS AR I (45 1) 52 ) A [R) 39 DX AR B R AiE A R T
SO Bt R A IR G TR S A AT T K8 A A RRAT R SERAE KB £ ) A BT =
M Fa K IR F F e OB 5T b 4 T e B 8.

4 B3R
B T ~ T UL HS B ( DOI: 10.18307/2022.0303) .

5 S 3k

[ 1] Jia XL, Zhou Y, Yan JL et al. Sustainable development of an ecological-economic system in the Taihu Lake city cluster
based on emergy analysis. Acta Ecologica Sinica, 2019, 39(17) ; 6487-6499. DOI. 10.5846/s1xb201801050028. [ T7/)»
SR, TR, EEDRAE. JETRRIE 43 HT 00 PR ORI I T R AE S AT R G AT RS R AT, AR E A, 2019, 39(17)
6487-6499.

[ 2] Qin BQ, Zhu GW, Gao G et al. A drinking water crisis in Lake Taihu, China; Linkage to climatic variability and lake
management. Environmental Management, 2010, 45(1) ; 105-112. DOI. 10.1007/s500267-009-9393-6.

[ 3] Shang ZT, Ren J, Qin MR et al. Relationships between climatic change and cyanobacterial bloom in Taihu Lake. Chinese
Journal of Ecology, 2010, 29(1) ; 55-61. DOI; 10.13292/j.1000-4890.2010.0047. [ FgJk &, {E4d, ZHH RS, KA
SRR R IR, EEERE, 2010, 29(1) : 55-61.]

[ 47 Qin BQ. Shallow lake limnology and control of eutrophication in Lake Taihu. J Lake Sei, 2020, 32(5) : 1229-1243. DOI.;
10.18307/2020.0501. [ Z&{F138. HoKHITAMIA 5 AW & H AR RTIL. AR, 2020, 32(5) : 1229-1243.]

[ 5] DaiXL, Qian PQ, Ye L et al. Changes in nitrogen and phosphorus concentrations in Lake Taihu, 1985-2015. J Lake Sci,
2016, 28(5) : 935-943. DOI: 10.18307/2016.0502. [ #§ 75 0R, £B 0 EL, mh i, A1k A 0 B e o g AR B 34



S

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

T K# ¥k 3038 & (Dolichospermum) 2 % & ¥k sh A T A IR BT 737

(1985—2015 4F) . AR, 2016, 28(5) : 935-943.]

Gorham T, Jia YY, Shum CK et al. Ten-year survey of cyanobacterial blooms in Ohio’s waterbodies using satellite remote
sensing. Harmful Algae, 2017, 66: 13-19. DOI; 10.1016/].hal.2017.04.013.

Yang LY, Yang XY, Ren LM et al. Mechanism and control strategy of cyanobacterial bloom in Lake Tathu. J Lake Sci,
2019, 31(1) ; 18-27. DOIL: 10.18307/2019.0102. [ AU, MKWF, (T0n S 55, AW iE BEK A B A ML A5 2 il X
. OIARE, 2019, 31(1) . 18-27.]

Liu X, Lu XH, Chen YW. The effects of temperature and nutrient ratios on Microcystis blooms in Lake Taihu, China; An
11-year investigation. Harmful Algae, 2011, 10(3) : 337-343. DOI; 10.1016/j.hal.2010.12.002.

Zhang M, Shi XL, Yang Z et al. Characteristics and driving factors of the long-term shifts between Microcystis and Dolicho-
spermum in Lake Taihu and Lake Chaohu. J Lake Sci, 2021, 33(4) ; 1051-1061. DOI; 10.18307/2021.0408. [ 5k, &
AN, BRRAE. RN S iR (Microcysiis ) 5K B ( Dolichospermum ) H& I 748 A B UK K5~ WIIAA}
2021, 33(4): 1051-1061.]

Zhang SP, Jia NN, Wang HB et al. Isolation and algicidal characteristics of one novel algicidal bacterium on Anabaena eu-
compacta. J Lake Sci, 2018, 30(5) : 1343-1350. DOI; 10.18307/2018.0516. [ 3K, TIfif, T4, —pkpm
01 B R AN TR 1953 79 S B R . WAL, 2018, 30(5) : 1343-1350. ]

Ren XX, Jiang H, Leng X et al. Ecological significance and industrial application of extracellular polysaccharides from cy-
anobacteria; A review. Chinese Journal of Ecology, 2013, 32(3) . 762-771. DOI. 10.13292/j.1000-4890.2013.0099.
[ERRIK, 5, ¥IRAF. BN A2 I A 2 B ST N . AR A2 2Rk, 2013, 32(3) @ 762-771.]
Chang FY, Pan XJ, Kang LJ et al. A study on the growth and some physiological characteristics of Anabaena spiroides iso-
lated from Lake Erhai. Acta Hydrobiologica Sinica, 2009, 33(3) : 385-390. DOI. 10.3724/SP.J.0000.2009.30385. [ #
BB, WL, RRENGAAE. T IR0 0 o A A BRI 2B ST KA AR W24l , 2009, 33(3) : 385-390. ]
Gan NQ, Wei N, Song LR. Recent progress in research of the biological function of microcystins. J Lake Sci, 2017, 29
(1): 1-8. DOI: 10.18307/2017.0101. [ HFg3F, B:&, RAR. R BAER AW ARV T . WhnFE, 2017,
29(1): 1-8.]

Liu GF, Han SQ, Liu XZ et al. The environmental effects of algae bloom cluster: Impact on the antioxidant enzyme activi-
ties of water hyacinth ( Eichharnia crassipes). J Lake Sci, 2016, 28(1) ; 31-39. DOI; 10.18307/2016.0104. [ X1 [# %%,
AR, X2 AE. BEAR RN : XHEIFHEYI K BT (Eichharnia crassipes ) $T 8 ARG ML 2. 1A
%, 2016, 28(1) : 31-39.]

Liu Y, Xu Y, Xiao P et al. Genetic analysis on Dolichospermum ( Cyanobacteria; sensu Anabaena) populations based on
the culture-independent clone libraries revealed the dominant genotypes existing in Lake Taihu, China. Harmful Algae,
2014, 31. 76-81. DOI. 10.1016/j.hal.2013.09.012.

Wang ZC, Li Z], Li DH. A niche model to predict Microcystis bloom decline in Chaohu Lake, China. Chinese Journal of
Oceanology and Limnology, 2012, 30(4) : 587-594. DOI. 10.1007/s00343-012-1254-0.

Jia XH, Shi DJ, Shi MH et al. Formation of cyanobacterial blooms in Lake Chaohu and the photosynthesis of dominant spe-
cies hypothesis. Acta Ecologica Sinica, 2011, 31(11) ; 2968-2977. [ BT{E4:, MisEdt, 4205, MM BUK AT K,
SRR S AR FOE S MUL” . A35A4R, 2011, 31(11) : 2968-2977.]

Deng DG, Xie P, Zhou Q et al. Studies on temporal and spatial variations of phytoplankton in Lake Chaohu. Journal of
Integrative Plant Biology, 2007, 49(4) ; 409-418. DOI; 10.1111/}.1744-7909.2007.00390.x.

Deng JM, Tang XM, Qin BQ et al. Decreasing nitrogen loading and climate change promotes the occurrence of nitrogen-fix-
ing cyanobacteria in a restored city lake. Hydrobiologia, 2020, 847 (13): 2963-2975. DOI. 10.1007/s10750-020-
04299-7.

Xu H, Qin BQ, Zhu GW. Nutrient limitation of cyanobacterial growth in different regions of Lake Taihu in summer. China
Environmental Science, 2012, 32(12) : 2230-2236. [ VFiff, Z{A5, K H. KA FEW X B =ik A K08 7
FRA#&1FETE. T EFERE, 2012, 32(12) : 2230-2236. ]

Deng JM, Salmaso N, Jeppesen E et al. The relative importance of weather and nutrients determining phytoplankton assem-
blages differs between seasons in large Lake Taihu, China. Aquatic Sciences, 2019, 81(3) . 1-14. DOI; 10.1007/s00027-
019-0645-0.

Li W, Qin BQ. Dynamics of spatiotemporal heterogeneity of cyanobacterial blooms in large eutrophic Lake Taihu, China.



738

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

J. Lake Sci. (#:a#+3) ,2022,34(3)

Hydrobiologia, 2019, 833(1): 81-93. DOI. 10.1007/s10750-019-3883-1.

Qin BQ. The changing environment of Lake Taihu and its ecosystem responses. Journal of Freshwater Ecology, 2015, 30
(1): 1-3. DOI: 10.1080/02705060.2014.992053.

Zhang YL, Liu XH, Qin BQ et al. Aquatic vegetation in response to increased eutrophication and degraded light climate in
eastern Lake Taihu: Implications for lake ecological restoration. Scientific Reports, 2016, 6. 23867. DOI. 10. 1038/
srep23867.

Qin BQ, Xu PZ, Wu QL et al. Environmental issues of Lake Taihu, China. Hydrobiologia, 2007, 581(1) . 3-14. DOI.;
10.1007/s10750-006-0521-5.

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

Wang WW, Jiang X, Wang SH et al. Calculation of environmental dredging depth of contaminated sediments in Zhushan
Bay of Taihu Lake. China Environmental Science, 2011, 31(6) ; 1013-1018. [ =525, 268, THAZE. K2 LSS
QR PRIORBIR TR M HESE. o E PRIERL 7, 2011, 31(6) : 1013-1018. ]

Xue YG, Liu F, Sun M et al. Community structure and influencing factors of bacterioplankton in spring in Zhushan Bay,
Lake Taihu. Environmental Science, 2018, 39(3) : 1151-1158. DOI; 10.13227/j.hjkx.201707164. [ BEARRI, XIE, Fh
HISE. KWLV R PR A A R 4 S R R . PR R, 2018, 39(3) ¢ 1151-1158. ]

Liu FX, Jiang Y, Wang JL et al. Assessment of water quality in the estuarine area ( west of Wangyu River) of Gonghu
Bay, Taihu Lake, China. Acta Agriculturae Shanghai, 2019, 35(3) . 50-57. [ XI4&>%, g, TR Kb s
CREBEIRT LAY ) F2 240 10 XK BURSLITAY. Rl =4z, 2019, 35(3) : 50-57.]

Ma TT, Fan YM, Li KY et al. Ecological health assessment of main estuaries of Lake Taihu based on phytoplankton index
of biotic integrity. Journal of Ecology and Rural Environment, 2021, 37(4) ; 501-508. [ DLl JuV R, 29 a4, X
TR 56 MR ) R S B O AR ST RS SR BB 2l 2021, 37(4) @ 501-508. ]

Li LH, Wu JB, Lu XL et al. A preliminary study on the seasonal succession of aquatic plants in east Taihu Lake and their
algae-inhibiting effects. Journal of Zhejiang Agricultural Sciences, 2016, 57(2) ;. 288-291, 293. [ Z=2R & | a5k, kS
MREE . ZR IR A AR A 2 R B SBRAON RN ER. WLl R4, 2016, 57(2) : 288-291, 293.]

Yao C, Hu XZ, Jiang X et al. Macrophytes restoration and its effects on eutrophication control in rehabilitated lakeshore
zone of Gonghu Bay, Lake Taihu. J Lake Sci, 2021, 33(6) : 1626-1638. DOI: 10.18307/2021.0602. [ #k#%, &/~ oi,
LRI W T N WA K AR A RO B LR E SR A WAL, 2021, 33(6) : 1626-1638. ]

Xie J, Wu DY, Chen XC et al. Relationship between aquatic vegetation and water quality in littoral zones of Lake Dianchi
and Lake Erhai. Environmental Science & Technology, 2013, 36(2) : 55-59. [ 7%, Sefii, MREHI4E. E b HH 5
A K AERBCRIL K BT R BESY. FRERL 2 S HOR, 2013, 36(2) : 55-59. ]

Hu HJ, Wei YX eds. Chinese freshwater algae—systems, classification and ecology. Beijing: Science Press, 2006. [ ]
B, BELL. PEPOKEER—FREG SR RES. JUat: Blesdibii, 2006. ]

Qian KM, Liu X, Chen YW. A review on methods of cell enumeration and quantification of freshwater phytoplankton. J
Lake Sci, 2015, (5): 767-775. DOIL; 10.18307/2015.0502. [ 4&Zs#y, XI&, BRI, KRS €&
% WARE, 2015, (5) @ 767-775.]

Deng JM, Qin BQ, Wang BW. Quick implementing of generalized additive models using R and its application in blue-
green algal bloom forecasting. Chinese Journal of Ecology, 2015, 34(3) . 835-842. DOI. 10.13292/j.1000-4890.2015.
O113. [XSAB], ZRf15, FEWHSE. |7 SCATBEERIAE R o O S 0 B W K SR B0 43 A7 o o 1. AR 328 2R,
2015, 34(3) . 835-842.]

Maindonald J. Generalized additive models: An introduction with R. Journal of Statistical Software, 2006, 16( Book Re-
view 3) : 1-2. DOI; 10.18637/jss.v016.h03.

Zuur AF | leno EN, Elphick CS. A protocol for data exploration to avoid common statistical problems. Methods in Ecology
and Evolution, 2010, 1(1) . 3-14. DOI. 10.1111/j.2041-210x.2009.00001.x.

Sanchez G ed. PLS path modeling with R. Berkeley: Trowchez Editions, 2013, 383. 2013.

Henseler J, Sarstedt M. Goodness-of-fit indices for partial least squares path modeling. Computational Statistics, 2013, 28
(2): 565-580. DOI: 10.1007/s00180-012-0317-1.

Paerl HW, Xu H, Hall NS et al. Controlling cyanobacterial blooms in hypertrophic Lake Taihu, China: Will nitrogen re-



S

[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

T K# ¥k 3038 & (Dolichospermum) 2 % & ¥k sh A T A IR BT 739

ductions cause replacement of non-N, fixing by N, fixing taxa?. PLoS One, 2014, 9(11) ; e113123. DOI.; 10.1371/jour-
nal.pone.0113123.

Shan K, Song LR, Chen W et al. Analysis of environmental drivers influencing interspecific variations and associations a-
mong bloom-forming cyanobacteria in large, shallow eutrophic lakes. Harmful Algae, 2019, 84. 84-94. DOI; 10.1016/].
hal.2019.02.002.

Paerl HW, Huisman J. Blooms like it hot. Science, 2008, 320(5872) ; 57-58. DOI; 10.1126/science.1155398.

Mur LR, Schreurs H. Light as a selective factor in the distribution of phytoplankton species. Water Science and Technology ,
1995, 32(4): 25-34. DOI; 10.1016/0273-1223(95) 00676-1.

Zhang YL, Qin BQ, Hu WP et al. Temporal-spatial variations of euphotic depth of typical lake regions in Lake Taihu and
its ecological environmental significance. Science in China; Series D, 2006, 49(4) . 431-442. DOI 10.1007/s11430-006-
0431-4.

Tan X, Kong FX, Zhang M et al. Recruitment of phytoplankton from winter sediment of Lake Taihu; A laboratory simula-
tion. Journal of Freshwater Ecology, 2009, 24(2) . 339-341. DOI. 10.1080/02705060.2009.9664302.

Lehman PW, Boyer G, Satchwell M ez al. The influence of environmental conditions on the seasonal variation of Microcystis
cell density and microcystins concentration in San Francisco Estuary. Hydrobiologia, 2008, 600( 1) . 187-204. DOI. 10.
1007/510750-007-9231-x.

Paerl HW, Hall NS, Calandrino ES. Controlling harmful cyanobacterial blooms in a world experiencing anthropogenic and
climatic-induced change. Science of the Total Environment, 2011, 409(10) : 1739-1745. DOI. 10.1016/].scitotenv.2011.
02.001.

Deng JM, Zhang W, Qin BQ et al. Winter climate shapes spring phytoplankton development in non-ice-covered lakes:
Subtropical Lake Taihu as an example. Water Resources Research, 2020, 56(9). DOI; 10.1029/2019wr026680.

Wu TF, Timo H, Qin BQ et al. In-situ erosion of cohesive sediment in a large shallow lake experiencing long-term decline
in wind speed. Journal of Hydrology, 2016, 539. 254-264. DOI. 10.1016/j.jhydrol.2016.05.021.

Deng JM, Paerl HW, Qin BQ et al. Climatically-modulated decline in wind speed may strongly affect eutrophication in
shallow lakes. Science of the Total Environment, 2018, 645: 1361-1370. DOI: 10.1016/].scitotenv.2018.07.208.

Tang CY, Li YP, Jiang P et al. A coupled modeling approach to predict water quality in Lake Taihu, China: Linkage to
climate change projections. Journal of Freshwater Ecology, 2015, 30(1) . 59-73. DOI. 10.1080/02705060.2014.999360.
Zhu GW, Zhong CN, Qin BQ 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. [ &) f#,
EDe, Z0maE. 2005— 2017 EJLAAHIAK RTS8 3R o FUEFR R BGE M R R, BAFLE, 2018, 30(2)
279-295. ]

Wu YL, Xu H, Yang GJ et al. Developing the critical phosphorus threshold for spring algal growth in Lake Taihu, China.
China Environmental Science, 2013, 33(9) . 1622-1629. [ Z2MEwN, 71, MRS, KINHFESEL KB EFREL
FR{EAFFE. TP EAEER:, 2013, 33(9) @ 1622-1629. ]

Xu H, Zhu GW, Qin BQ et al. Influence of nitrogen-phosphorus ratio on dominance of bloom-forming cyanobacteria ( Mi-
crocystis aeruginosa) . China Environmental Science, 2011, 31(10) ; 1676-1683. [ {FifF, &RJ ", A%, A# XS
HKARE BRI B . P IEERERRSE, 2011, 31(10) ; 1676-1683. ]



SFa - = -
it e st e
1
—~ L T+ !
ST T e
£t == o I —
zZ 1 = L | '
S 4 guny T - R
4+ ! —_
3+ IZI - E i
1 3_ . | |
= P — - : —_— —
2 1 1 1 - 2k ! ! ! —+
MEETS WO IX 2 m i X MRS WL X 2] BB X
K7 ° 0.30| 77 N
1
0.25F !
. 0.25-
]
—_ | N S
E . & . |
£ 0.15¢ — - |Eo1sf __ _ o
L 0.10F Q .
R — : ; % =
_ln_ ! ! + 0.05p _‘n_ ! ! 1
R LXK I R R X MRS LK 2] RE R X

BFPE T 2005— 2019 44 AN I XS (TN) i (TP) 23 A iR 0
Attached Fig. I Distribution of total nitrogen (TN) and total phosphorus (TP)
in different areas of Lake Taihu in winter and spring from 2005 to 2019

0.7 071 WX rai=—0.07
0.6 0.6
0.5F 0.5
9] 04+ o) 0.4
Sost So3
0.2+ 0.2
0.1+ 0.1
O 1 1 1 O, 1 1 1
2006 2010 2014 20184 2006 2010 2014 20184F
0.6F i LOF - 2
it s MK Ta=—0.08
0sl r2=0.15
’ 0.8F
041
QO \ o 0.6F
anr A
0.4
0.2+
ol ) j w \//
Us ! ! ! (V] 1 1 1
2006 2010 2014 20184 2006 2010 2014 20184F

BFIET IT 2005— 2019 475 2= K W) AN [l 8] DX A8 o 0 35l 3 LE 51 ( D/ C) AR Al 4 (S A3 SCnThm
B (GAM) fl T H A R R 3, BT5E X BOR AN THIBRIE IR 22, iy RGBS 15 1 P<0.01; # :P<0.05)
Attached Fig. II Long-term trends of Dolichospermum predominant dominant cyanobacteria (D/C) in different
areas of Lake Taihu in spring from 2005 to 2019 ( The solid line represents the long-term trends of annual
mean values estimated by generalized additive models (GAM) , and the shaded area represents the standard

error of the estimate, erj :adjusted r square of GAM; #x . P<0.01; = . P<0.05)
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Attached Fig. [ll The effect paths of winter sunshine duration, rainfall, air temperature and wind
speed on the winter meteorological factors; Winter total nitrogen and total phosphorus on the
winter nutrient; Spring sunshine duration, rainfall, air temperature and wind speed on
the spring meteorological factors; spring total nitrogen and total phosphorus on the
spring nutrient as determined by partial least squares path modeling ( PLS-PM)

(The blue arrow indicates a positive correlation; the red arrow indicates a

negative correlation, and the numbers represent the relative contribution)





