W5 44 5 4 1 KESFREZ Vol.44, No.4
2023 4F 7H Journal of Hydroecology Jul. 2023

DOI:10.15928/j.1674-3075.202204010095

IR EET ISR EREF o5

Fom L Eet L RERLEDS R B DA LK 0 0 Rk R

(LK ARFRFR, B FIN 4340255 2. KT AFRHAES S KL FIH 2 FH TEF R P8, 4 #FIN 434025)

FE KR AL X A S P B R A S R0, 8 1K B A S — IR A B 5 R
AT HIAR SRR AR BE HB TR IE BB 5 A RFE AL, T-2020 45 4 H 322021 4 3 H XK 18 3 SOK IR 4T T8 H %
FEHES M. 453N, P72 B ) S G 18 Fh (s , R ZEAR AT NHE I8 % (Rhabdogloea sp.) ~ 3 KTl 2L i
(Microcystis wesenbergii) FUER )& ¥ J& (Pseudanabaena sp.) . —4EIEJE 8 2 48 RE (NMDS) 2 M i 7, K1 5 i A=
YIEZEVALHIE,5.6.8 TS A EE S, N 6.88~15.50 mg/L, (5 S AW E () 24.0%~43.8% ; K- Z= A1l
WK, 290.13~0.29 mg/L, 5 BRI A LMD B 1 0.5%~2.8%. 3B A5 [A 20T B, AR S A T L B R B A
T AR 5 T W R ) LN, SRR T TR AR ARG 70.0% . 5RO FRIR AL OR T MBI 5 W AR R
RE RN T R W v AR, T U e TRl R o Y B L A S, AR D P 4 ) 4 i 5 )

TSI AR AR R e B B B U4 RO K I B K S iR I S K dfe

REEIR A W B A IR T
FE DS :Q948.11 XERFRERD: A

BE & A BRN NSO DL 2 BE it 2 i P R & ,
KRBT TR 7K P 2 R /K e, HOR AR THIAR
A1 26 0 45 28 I [R] 35 2 PR 38 4 4 %5 (Huisman et al,
2018) o IKHER A AL SR ARG, 38 ] BT 2 Fh
FETFE R VIR KA A L B AR KSR 8 T il A 77
M2 25 RN it JE (Jeff et al,2019) , BN 47K
AR R G I ) 3 AP . K AR ) R
IR 2R Z R (20200 B FT R W, AU AR IR AL E 9%
£ E RN A RS A TE T B DL S R S AR
A BB IS K SO GAFAE LR T B K AR
TR o FHAECT HAREESS , R 0 vy i 2 A B 5 PR 52
77 (Nalewajko et al,2001) , 3X tH & &F4F 5 25 45 Hb 5 75
IRAERTUR (P B B R s Be b, KR AR L B S8 7R 3R
B2 gl ISR R E B . — oA AR A
TR T 0.20 mg/L B F & ST 0.02 mg/L I 5 5k
BE IR KR R A 5 SR K B R E 2R B v (B AR,
1995) 5 H U LU I I AR BB o W8 388 T TR I ARk (1
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BE,2014) . B TR FRERZ A0, AR XUE
Bee W 52 FH 7K A7 55 7K SR RS 3R s e VR e R A AR
KARVETE ) BB N 1. WA KR R E T
ot F2 5 e IR DIMI 5% , B R IAN B RITFE (Ostro-
vsky et al,2020) . FEACERM T, W 5B B &
RFELE ) FIRBIKIAERZ , BONMIHRZ L H
BECF4F%5,2011; Shi et al,2017) « FEEIRAALTTK
BECE , RUH  BE SRR S AR, 25 B3 kb
B 38 0 W ¥ ) AC 2 B (Fitch & Moore, 2007; Reich-
waldt & Ghadouani,2012; Bakker & Hilt,2016) .

I 2 T A2 T A i b X AR 25 1l I Hb
BRGNS E KPR PR FIR R X, 3R
17 3% 5 7K S AR b VB T e SR B L IS A AR T K 2
Dhie, FAESAE R R T DCP R A s A ke,
Mo A B DT 5 K VT A A 7 2 4 B B AR (AR JfE
.,2015) . {HH 20 40 80 FAXAKIT 46, t T Rl N 7+
B, KT JE U6 O A 75 R 88 2038 M7 T AR 2 1
RG] B A EE,2015) , Nz B3 Tl k. T
FEAE BRI 2 A VG SR, K51 K T 2R AL , K3
AT LR K IV K E 5V K (IR AR 2 5 8,
2009) . 2006—2011 4F ) 7K 53 i I £ 4 o, K1 2%
HIK BNV 2 R 2014) 5 R 2015-2016 4
KISz 7 vA A SRR TRE L 1H 2017-2018 45 1 7
BoR, KWK AT b T8 & FRAIRE (B HE 55,2020 .
A B A SR B, KT K AR AR A Bk S 4H R T T B EL
W& iR E MR 2 GRRER 45 ,20210) , PRI
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FEAAEY a8 EIHES (RS ,2020) , H i 5 (£
B2 5 4 A 35 b A (B A6 220200 , Kl £ i
F R ) PR VI GRS 55, 20210) o

H A, IS w5t 2 & TR i i 7%
SERYLH R S FE SR EE R T 10 0% & i 2 06 T 0
TN LI E T T AT T X
AR , o3 A i Ah 2R A RN ZE T B A, I B UK B
T T 2 TV A 1 O B A 5 IR T, VP A R K A
A RS 5 DL KT R I b DA YA R B PR LR
W KB PR R 2 AR E o

1 5%

1.1 R

AR08 58 = R 7 TR IR B
=IAE FRAR (30°22°~30°307 N, 112°17°~112°30° E) ,
AT AN 122~150 km?, 2 28 4 K 29 310 km, 5z KK
6.1 m, FHIKIE 2.1 m, FEZR N 2.71 12 m?, J& T #4
R 2R KSR, AARZR, 2 T 5-9 3, FEL
Hh AR IR AN I K 7 A . HIEAS B AR 4
A AR X B 58, 7 S X B A, DY R 3R 2, 229
A (E D

E1 K#RERD]

Fig.1 Location of the sampling sites in Changhu Lake
1.2 HERESLIE

AR AT AR L 1 5 AN SRAE £, 2330l el 1
FEl (STD (b Sk (S2) VR Z 1 (S3) e 1 28 (S4) A1
[1(S5), F 2020 4F 4 H % 2021 43 A% H & WK%
IKAE, B UCRFERT[A] B 9:00-11:00. 337 FH 2 251
IKJF AT AN 5 K IR AT AR (DO, R 2.5 LAY
MU R /K 2R KTH T 0.5 m AR /KFE , FEANFE R4
BRAEIKAE 1.5 L FH T /KA 2 b R 0 5 R AL )
THE, VIR AR I3 P 1.5% FR TR % & = BV
SE o KDL US B R R AN I 5 4
b K OGO FEER 1T G A 7K K B e AR
MR D

FE b7 F] 5256 = 05, 7 REBEAT /K 4k 24 4 bl 5
AL FE S (TN S (TP) FIH- 43 2% a & & (Chl-a) 25
(B B%,2002; TR 25,2008) o K517 U7 AR MDA B i
H A48 h UL I, B Il W4 % 40 mL, HL 0.1 mL b
AR B TR A T AU , 48 F Olympus A2 4 it
(400> AT 458 5 1HE, BEANFE i vH BT A5 21 (1 12 i
TEYIIAE 500 L b RIS & A&
B I ISR (B 2 A4 K,1995; Hillebrand et
al,1999; FHIE FIER EN 02,2006) o
1.3 #HELE

K H Bray—Curtis AL 22 7P 73 T (ANOSIMD
A g A B R 2 4 R (NMIDS) 43 AT 7 A Y VK
AR . T A S IR R T R R,
WA B S T R B AT 1g ek AR TELL , FI
B0 22 70 B A 53 B, 077 18 52 e WA B 1 S IR AR A
FEURHE 7128 HH RO PR 58 A8 B ) e 45 4 7 R (SEMD
SR TC S5 FH R R 7 A 4%, i 5 5 K6 56 (Chi—
square) « DL & 5 FEE 458 $ (GFD 0L & 1 & 400 B 45 %k
(AGFD FHIE AL Z 1135 77 AR (RMSEA) & Z 4t Ah B
AR, K A Excel 2007, Origin 2018+ ArcGIS 10.6+
PRIMER 5.SPSS 20 f1 Amos 22 4¢ 1142 .

2 BEREHS

21 HEETF

KRB A 72 H AL L 2. Hd, H 2
PR B 7 H B (467.20 mm) , 1 5% (10.60 mm) .
S E4AFHEES BT, 8 A A& H (20.63+
04DC, 2 5 2 FEi#aH . BB 5 EAM
Ko A HFFE T 1%, 227 HIA 43 E 99.92 kPa, 2 J5 £
gt FTF, 12 Hikg{h 102.65 kPa. I 28 H FEI %
950.70~223.20 h, 8 H i, 12 H & di . PN &
s, Kl KA 7-8 H b T s A7 (32.05~32.22 m) , 11
DO ¥ NI {E 7-9 A #: (3.98~6.06 mg/L) , HAth A 173
N 7.36~10.96 mg/L. Chl-a & &4 6 H i, N
(118.01+51.03) pg/L, 11 H H# A%, 1% (5.19+0.91) pg/L.
TN & RmATFWEAE, 1E6 H Fisi, 9(4.49+0.27) mg/L,
3 HEAK,200.53+0.15) mg/L. TP & &4 i, N
(119.05£24.21) pg/L, 10 H & X 2 H B AK (6.30~
19.83 pg/L) .
2.2 HEHME
221 FrEA Rk WEIAAILEE HIEE 18RO, K
Hh B K ¥ J& (Chroococcus sp.) ¥ I 8 J& (Rhabdo-
gloea sp) KN WA, 5-11 H M E0 % F
BN 2M A AT 12 A Z2IREE3 ARUD E 5~TRGR D,
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Fig.2 Monthly changes in environmental factors in Changhu Lake from 2020 to 2021
®1 2020-2021 FKHERERR
Tab.1 Species list of cyanobacteria in Changhu Lake from 2020 to 2021
. o N K
ETRE GUES
4 5 6 7 8 9 10 11 12 1 2 3
1 KAUEEJE Dolichospermum sp. + + + + + + +
2 YA B8 T35 Anabaenopsis circularis + + + + +
3 R 228 8 Aphanizomenon sp. + + + + + +
4 FaEREER Aphanocapsa sp. + + + + +
5 EERELE Chroococcus sp. + + + + + + + + + + + +
6 HiEREEJE Gloeocapsa sp. + + +
7 RIEKFEJE Gomphosphaeria sp. + + + T + + +
8 YN/INT-ZL5E Merismopedia minima + + + + + + + + +
9 HEEFEBE Microcystis aeruginosa +
10 TR EEBE Microcystis botrys + +
11 RNEMEFEBE Microcystis incerta +
12 HIRFUFESE Microcystis wesenbergii + + + + + + + + + +
13 i )& Oscillatoria sp. + + + + + + + +
14 AR5 )E Pseudanabaena sp. + + + + + + + + + + +
15 2R3k 8 Raphidiopsis sp. + + + + + + +
16 W Jk: 5 )& Rhabdogloea sp. + + + + + + + + + + + +
17 INEEE Snowella sp. + + +
18 WEJie s & Spirulina sp. + + + + n

IR I o
Note: "+" represents detected.
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A A ], A R T B T AR R (3D .
5 H W7 B B, 1 13.12%106 AN/L, X Y B R
i, 1N 0.38X100~0.87x10° AN/L. K i 3= 2 5 3 AR
AT R I I8 B IR TSE (Mlicrocystis wesenbergii)
FIER AR 2 8 (Pseudanabaena sp.) ¥ 5 J& 15 4 F
A1 A RS, 50 AIE 80.8% 1 68.9%:; 15 IR 4 /&
1E 6 HECE, R 34.7%:; Fo R A 35 DL IR 3 o5
5 N 39.9%~94.4%.

ST IR 4 IR 2 IR AT e e B 3 SR At WA
100 N § 14.0

*®
—
=
i
-1

=)
=]
T

0

MR

AR %
Relative abundance
=
S
T

=2
(=)}
R JE10° L

Cyanobacteria abundance

-=

o
T

B3 2020-2021 FRMERFHEFEENATH
Fig.3 Monthly changes in cyanobacteria abundance

composition in Changhu Lake from 2020 to 2021

222 A E VRS TR A A AR W) i R
AP B 7E 5.6.2 B, 73909 35.41.33.89
35.80 mg/L, 11 FHHUK, XN 7.11 mg/L(E 4) . W
AV A R e REH RIER R, 5.6.8 A 15
HAEYE S LR A 24.0%~43.8%, & ZE Y] R
1%, 12 0.5%~2.8%.
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Fig.4 Monthly changes in phytoplankton biomass
composition in Changhu Lake from 2020 to 2021

K 4R T & 2 4 R (NMDS) 73 8 i 5 4=
YIEARE, Wi 2 5 (Stress) 9 0.01, 35 B —4E NMDS
BA B MAROE (K 5) . NMDS 45 3 5w, 155
AW EAE 5.6 F18 H i » ik 6.88~15.50 mg/L, 4%

AIRIF A » N 0.13~0.29 mg/L. Bray—Curtis 73 #7 Fl
ANOSIM F3 #1327 , 1 980 5 358 A2 400 = A2 AN [R) 2= 715 [
TEAE i 3% 22 7 (P<0.01,Global R=1),

Stress: 0.01 ; 0‘.1 - g
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Fig.5 Two—dimensional non—metric multidimen-
sional scaling(NMDS)analysis of cyanobacteria
biomass in Changhu Lake from 2020 to 2021

23 EESHERTFHXE

FI 25 22 76 8] JH 3 A 5 5 000 1 8 A2 0 B
BB AR RTINS R, AR AU B
B R EAA AR A S R A B R RE Y (GR2), IR
BT IE A YR AR 70.0%, H AP AR AN R
Be LV E RN BN i 2 (P<0.001)

R2 KEREYEZRTOFEE

Tab.2 Stepwise regression model of cyanobacteria

biomass in Changhu Lake

MURARE  mEERE AR BRMELREL P
A (R? 4 = 0.700, P<0.001)
e 108.833 32.080 0.001
gt 0.465 0.134 0.583 0.001
A -3.394 0.996 -0.572 0.001
Py -1.923 0.717 -0.270 0.010
R R -0.059 0.022 -0.288 0.011
pray 0.339 0.133 0.222 0.014

BT FIRZ D B AR R G 4G 1 PR 455 A B b R G
¥4 77 FEAR A (SEMD , 155 284 1 B AR AL S5 13O0 10 F
% (GFD F140 & 1 8 48 FE 45 2 (AGFD 43 73l 24 0.989
F10.944., % B BT A6 3 (1) 45 1 5 FEAR 2 LA R 4F 1)
B (K 6). il SEMI R AT A, KA B S
WA B 1A (R 20 RO IR Hoh AU VR AT
ST W R A B () R B R AR SR AR
Y 2 T 3 A ) 4y SO0 W R AR ) e A
sm . WEEMESSEMERAREEEM
K, MHSE BRI & 2R E MR R
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Fig.6 Structural equation model (SEM) predicting
effects of primary environmental factors on

cyanobacteria biomass in Changhu Lake
3 itip
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{1 R T N S [ SN X e Y s b YN
Ll R B N A P i o P M R R B I R
BIRKHEEEFN 5 WT & 8 IR 7K 44 (Tan et al,2010;
Gao et al,2018) , ¥ I 8 J& — M = AR KT 1k /KA G
IEEIFNELENL,2006) . EFHPE—E R FRm 7K
USEE R Gy E Y  E AR e s AN
TR S5 A ERAS B (IR AEEE,2007) o ASHIF T A, KB iE
AR BA R RS, SRR AR S SN
59.2%~95.2%, JUH & B IR FEHEAE 7-12 H P33 5 L
1% 62.2%, F BRI I A VR 25 i A T 2 , K BUIR
DA SR o 1245 5 Ho A AT H T T b XA T8
S5 TN BH I B 9 2 R — B (B MR, 20165 5K IR
55,2020 ;s FEOX — IR, 7] §E5 b X KA
R E SRR A RO 55,2019,
32 BRNEEFREATERKHEERBE

KA ENFT AN E. 5.6.8 HI
WEEAYER S, U 5-0 H SRRy S A E K
U 35.7%~43.8%. -5 KW AR I 2 45 AR T,
W (5 D055 0 S 4 B IR A BT B T CER A, 2016) .
WA KA & B FRAARE (AR, 1995),2020 42 4-9 H
KA T8 B R RES, Iz 5 A F<E% 23.3TC,
X R R W K R AR T R U A A
(Zhang et al, 2016) ; JSAUEHL G L AE A A0 0
BB IR A A I RS (CEE RS S, 2018) .
AT b, K i 3 AR v ) WA S R 35 B T R R v D R 7K
'E B IR LR IR B B 45

3.3 AEIMEEFIHH R A KRR EE R

AR TR, AR U S | B R A AR
FUE K AR EERE R T i
R 7 TR v T A B T N R T S 1 AR )
B, 5 R EAE (011 X UE Ll B 7T 45 R — 3
Al T A AR I BT R b TS R
AL RN, T3 B T B T 2 BOE B R R
B, %45 b A] A AR OB AR AR B 25 A T B E K
A% S LR B %2 19 A2 A7 B3 U (Shi et al,2017) 5 ik
A Al T AT IG N K A ()3 B I T L 9 55 7K A4 1) 2
) VR & A K AR #4495 |2 (Kraemer et al,2015) , {# 15
KAV il S B 2 FRAIR (5K AK,2015) , 32 17 4100 i)
R AR GR AT, 2022) o 5T B U6
EE , [ WY 5 PR 38 e 1 5 7K A4 VR S R FE B K AR
J2 I B A /K A m 7R Ot iR 2 2 T A U R L 1Y
i 223 [R] A0 2644 , A A 05 3 45 K (Richardson et al,
2019;Stockwell et al,2020) . K] 7 H i A &5
5.6.8 H M L ] R AWAK , iX 5 1% H 1) 9 P 7 2 ) A1
Ko AHAFET RIS , AW IE b 1) 45 4 77 R 43 #
TN, VS I AR YR B R UG, R ] R
S g T o 3 0 T KA R B R, R
AR 1B IR AR (B A B AN N NS B
b AR RIAE R A G VR A 1 P A R R i A
ROSE, HE 551 BT A AR K 2 32 /E H (Reich-
waldt & Ghadouani,2012)
3.4 IMEEFREIEAEMK ISR KE XU

W EK R R A TR 2 M R R A RIVEH] .
PRHESE (20190 N B 5 H 1 BUR 3L 1 B A2 PRy
fIE LA K AN G 37 38 VIR K OUR S R 645 % I
FRATERMS R . Bk, VPG IE SR XS 72 2
AELEE T WOKBUBRRHES , PR Kl K ik
rh R SR B S IR B R e (B R AR 2R i 11,2000;
X7V 20145 B R E,2020) , AU B EIR, K
WZ B A BT & EFRE, A& EKERENRE
FrEEAl . MIHSERHEE , KRR 2K A
T AR AR 5 R AR S B il =l T
FEEAIS , IX SE AR AIE YR i A AT R SR AR B i
THAMFA . H =R A R A AT T R
IKHEIE R AR R T, iR B T K I e Sk e A2
TR RIAE F Gl B 25,2018) , KEAMNEE 77 Eh B4
Tk N, BRI AL T & 8 FRAOIRES s 1l
Ah 5 B AT K AR v AR ) R I 0.025 mg/L
(Frau, 2023) 8 Chl-a ¥ & # 1d 30 wg/L (Liao et al,
2021;Li et al,2022) F 9y 1 3 /K 4 KU 1) B840 T i
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b, K1 511 H I8 35 F= FE AT Chl-a & &%) T Bk
BIAE, AT LA 7R AR AN K38 2 R W K AR 1
AU o

HT, AERAE R EE S KSR R
I 2 T M PR Bk il . KV R R i X R 2 A AR
ARG B AR (B S, 2007) , IX B —
TP 3 T — T B A T — P A 4 T AN R U RR A
() ) 580 Tl T 7R SR B A , A 02 DX I ) W e /K A T
M5 1) (B e S5, 2019) s IX B4 TR HLE 72X
16678 A 15 S5 T o] Ji S K AR B P 4 T R Bk
o ASCHE T AL KR T, PO KL R
e X W B S TR AN K R R IR S

SE ik

TR MR EL B 55 2016, WAL KNI AR AES
L B3], AR, 28(4):825-834.

A7 55 R, 28 5 i, R K AL 25,2015, G KM B B IR AR B
ZEARK(2012-2013 £E)[J]. WIARL 2, 27(5):853-864.
B B EN 0, 2006, TR KR — RGP R AR

[M]. JE3 R AL

AT, T R, S, 2022, KT IR AR 2R B VR 25 1
23 (A% R S H A A VRN (0], B R, 43(8):3998-4007.

S ARNNL1995. H EIEFREE M. bR Rk

2=k A, 25 3 8)),2000. KIH1/KI5 B v 0 A M. bRl RHE H
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PRI K BIRAR, 30(4):18-22.
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R, B S, AR AR, 22021 a. RS KK AR M £ ke
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SCRBRRDS[T]. AR R 224, (1):21-31.
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BV, k15, 105 R 55,2007 VL RIS [R 2R BUEE TR
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Seasonal Dynamics and Driving Forces of Cyanobacteria Populations
in Changhu Lake, Hubei Province

LI Tao', ZHANG Ye-fei', WANG Hai-yan', XIONG Qin-xue"?, ZHANG Lu',
XI Xiao-jie', CHEN Ru', LIU Zhang-yong"?, ZHU Jian-giang"*, YANG Jun"*

(1. College of Agriculture, Yangtze University, Jingzhou 434025, P.R. China;
2. Engineering Research Center of Ecology and Agricultural Use of Wetland,
Ministry of Education, Yangtze University, Jingzhou 434025, P.R. China)

Abstract : The Changhu Lake wetland ecosystem is critical for regulating the ecological balance of
the middle Yangtze River, and plays an important role in maintaining ecological stability in the
Hanjiang and Yangtze River basins. In this study, we analyzed the seasonal dynamics of cyanobacte-
ria populations and its relationship with environmental factors in Changhu Lake. Our objectives
were to evaluate the risk of cyanobacteria bloom occurrence and provide scientific data to support
the prevention and control of cyanobacteria blooms and eutrophication in lakes of the middle Yang-
tze River region. From April 2020 to March 2021, water samples were collected monthly at five
sampling sites in Changhu Lake for phytoplankton identification and measurements of biomass and
density. Physicochemical parameters of Changhu Lake were determined as samples were collected,
and included WT, DO, TN, TP, Chl—-a. A total of 18 cyanobacteria species (genera) were identified
during the study period and the dominant species were Rhabdogloea sp., Microcystis wesenbergii
and Pseudanabaena sp. Nonmetric multidimensional scaling (NMDS) analysis showed an obvious
seasonal variation of cyanobacteria biomass in Changhu Lake, with the highest biomass (6.88—15.50
mg/L) recorded in May, June, and August and the lowest (0.13—0.29 mg/L) in winter and early
spring, accounting for 24.0%-43.8% and 0.5%-2.8% of the total phytoplankton biomass. Stepwise
regression analysis indicated that air temperature, air pressure, precipitation, TP and DO were the
primary environmental factors affecting cyanobacteria biomass, explaining 70.0% of the total bio-
mass variance. The structural equation model (SEM) demonstrated the relationship of environmental
factors and cyanobacterial biomass, and indicated that the rise of air temperature and dissolved oxy-
gen boosted the growth of cyanobacteria species, while air pressure, precipitation and TP had the
opposite effect. To summarize, environmental factors directly and indirectly affect cyanobacteria bio-
mass by altering limnological conditions.

Key words: Changhu Lake; cyanobacteria; population dynamics; environmental factors



