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Abstract: In 2022, frequent cyanobacterial blooms occurred in Lake Hulun, covering nearly the entire lake surface, degrading
aquatic landscapes, and posing serious threats to ecosystem health. To investigate the drivers of these large-scale blooms, water
samples were collected from surface, middle, and bottom layers at 13 sampling sites during spring, summer, and autumn of
2022. Cyanobacterial species composition, cell density, biomass, and key water quality indicators were analyzed. A total of 22
cyanobacterial species were identified, with 10 dominant groups observed over the study period. Microcystisspp. remained the
dominant genus across all seasons. Cyanobacterial density and biomass varied significantly by season and depth. Summer

values peaked at 2.58%10° cells/L and 3.30x102 mg/L, respectively, one to two orders of magnitude higher than those in spring
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and autumn. Spatially, the highest density and biomass occurred in the bottom layer in spring, but shifted to the surface in
summer and autumn. Correlation and redundancy analyses revealed seasonal differences in influencing factors, identifying
water temperature, nitrogen and phosphorus concentrations, dissolved oxygen, and pH as key environmental drivers of bloom
dynamics. For management, we recommend moderate nutrient control with a dual nitrogen-phosphorus reduction strategy,
along with enhanced bloom prediction, early warning, and emergency response capabilities. These measures are essential for
mitigating bloom risks in eutrophic lakes such as Lake Hulun and may inform future cyanobacterial bloom control strategies
in similar ecosystems.
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Fig.1 Location of the study area and sampling points
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JEREEEIE TN, SRR GOEEENE TP, SR 98 IR e Ak E NHs-N20, Sy T 80/ SR8 iR
%, FES B0 AT 0T, JRENLA X R AL . (R SRR B R A 4% 2K R £ S50 HT (Y ST 6600,
USA)JFEALME pH. B RE(DO). KiER(WT)FIEE B (SAL).
1.4 BUEALIE

WHED=

B TE KRR g S 2 D R A R E R,

e = pxV x N x10° (1)

X p WEEHE: V AR N OVESEFRE,

()P 35 Ff

TR A (Y, y20.02 WIRHHE, AR
Y=ﬂXR @
P=n/N ®)

Aoy NIRAEE, F N | RIEE IS, PO i Rl A AR o A A BOR ( LE

N RS R, N T A .

1.5 Gt o4

Xof K AR AR B AT IEAS 0 A RN J7 22 5 A B, 38 B DR 3 7 22 e M LU A R 2= K S AR A . AN
Z T RN [ P R RN P 2 B R AR A i i 22 S R . R Pearson AH G 2 45040 A i V88 R /K T b 2 [
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2.1 MRS IRIMEREFELEURE

WA, KB4 RF TN. NH3-N. TP. WT. pH. DO 1 SAL(K 2)EZET AU E R EFE. TN K
EARKIE RN 0.38~3.37 mg/L, “FIMEN 1.59mg/L, EEmTHEKFIZE, KEGTH. JKE; NH:-NK
FEAAIE N 0.27~3.64 mg/L, “FHIMEN 0.94mg/L, EERHTEKHTE, TERTE. KE; TPIRED
WIEEN 0.07~1.02 mg/L, “FMEHN 021 mg/L, FEFEETEMKFE, RKEGTR. F2; WT ZHIEH
9 3.20~24.10°C, “FHMEN 14.29°C, HFERTHEKMZE, RESTH. JKE: pH BWIEHEH 8.90~9.75,
EEAN 9.19, FBEETEMKFE, REETH. JKZ: DO RELITEHEH 6.50~14.62 mg/L, “FIMH
91018 mg/L, KEHTHEMKME, ERAERZERK, EFEREHRK: SAL BIEHEHN 0.50~0.75%0,
FIIMEN 0.66%0, FZEET EKBZE.
2.2 SRR M E T ALAFE
2.2 1 Ab sk LREREER, LK I 19 )8 22 MEEE, b 01 R (Pseudanabaena) . V4L
#EJE (Limnothrix)~ V248 8 (Merismopedia)~ FRIKiE)& (Aphanocapsa) K i F i )& (Microcystis )/ TEBEA A &
A . ST EE (B 3), FF(14 FH=FKZF4 F)>FEZF=A12 iy, AEE LREE 4), HFD
FE(1HE 3.38 F>FEME 3.08 F>REMH 2.46 F); EEEREIME 9.85 Fn>rh Z(MH 9.54 Fh)
>REFE 9.15 ) KERZEEYME 3.46 B> RZFIME 3.38 Fi > EFUME 2.77 F).



AN 2y win L 1] &N ot al (RN L R Y T R ] KA Wiert i

NN Ndmpt

[ B0 - R na R Rl L LY e T LT B o R i

E
L'_!} 3
I} -
=
—
=0

#

Kl 22022 4547 H . BEEFRIAFEAKZ A H 7 ET A (ERAR KNS FRMEZR B EME, P<0.05)
Fig.2 Seasonal distribution of environmental factors in different water layers of Lake Hulun in spring, summer and autumn of 2022

(Superscripted capital and lowercase letters indicate significant differences, P<0.05)
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Fig.3 Temporal variation of total density and biomass of cyanobacteria in Lake Hulun in spring, summer and autumn of
2022(Superscripted capital and lowercase letters indicate significant differences, P<0.05)

2.2.2 IR E & VAR = A Z TR R D A P A B ST I B 1.05X10° cells/L, W 1140 il % FE d K
PIE N 9.24 X 108 cells/L, 5 A 4125 FE 1) 88.00%. M E] KB (1 3), HZ(2.58X10° cells/L)>H =
(1.59 X 108 cells/L) > K Z%(3.71 X 107 cells/L) . M= 1] L3RFE (K 4), HRIR/ZE(3.70 X 10° cells/L) > 12 (3.64
X 10 cells/L) >R Z(3.24 X 10° cells/L); B ZFERZ(1.62 X 10° cells/L)>H1)Z(5.87 X 108 cells/L) > JKJZ(3.64
X108 cells/L); FKZERJZ(1.32X 107 cells/L) > & /Z(1.29 X 107 cells/L) > H1Z(1.10 X 107 cells/L)
2.2.3 A4 F VR A F IR E Y A= NIMEN 4.54 X102 mg/L, W ITAEMEIIER 1.15X10?
mg/L, e EYIE R 25.33%. MBS RE (B 3), HZE(3.30X10% mg/L)>H2%(9.38 mg/L) > #kZ=(4.19



mg/L). WNEIA LRE (K 4), HEEKE(B.98 mg/L)>%Z(2.85mg/L)> 1 EQR2.54 mg/L); EERKE(1.67X
102 mg/L)>H1 2 (97.41 mg/L) > K JZ(66.53 mg/L); FKZEERZ(1.72 mg/L)> 2 (1.32 mg/L)> K Z(1.16
mg/L).
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Fig.4 Vertical distribution of species, density and biomass of cyanobacteria in Lake Hulun in spring, summer and autumn of
2022(Superscripted capital and lowercase letters indicate significant differences, P<0.05)
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Tabl The dominant species of cyanobacteria in Lake Hulun in spring, summer and autumn of 2022

L - s

e I % 5% W
1 9 8% 5 J& (Microcystis) 0.377 0.529 0.380
2 A8 7 1 22 3 (Planktolyngbya circumcreta) — — 0.231
3 Rl FG 9% £2. 38 (Planktothrix agardhii) — — 0.045
4 W2 e 1% £2 3 (Planktothrix spiroides) — 0.034 —
5 115 f8ji2. 7% J& (Pseudanabaena) — 0.066 —
6 JK HK: 35 (Dolichospermum flos-aquae) — 0.309 —
7 Kaxk % )& (Aphanocapsa) 0.179 — —
8 o R i 9% (Rhabdogloea smithii) 0.085 — —
9 V%435 J& (Merismopedia) — 0.016 —
10 TR 24 38 J& (Aphanizomenon) — 0.027 —

e =7 RFMRHE y<0.02.
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2.3.1 EEmMBTE LS KRG AT 18] Pearson FH 5 40 AT X A 5 15 752 41 I 25 B 5 /K B 45
PRI R RZATH (B 5). ERER, HEEEMMEES WT. pH. TP Al NH3-N 288 3 M 1EAH (P
<0.05, P<<0.01), {HF&ERE R (Aphanocapsa)’5 TP M pH 2% B 3 M 61 AH5(P<0.05)(E 5a); B =i
%S WT. pH. DO. TP. TN 1 NHs-N 28 E M IEAHX(P<0.05, P<0.01), 5 SAL 2R EF
PEFAHIR(P<<0.05, P<<0.01)(¥ 5b); MEMHBEMEHES WT. pH fl DO EK T # M EAH L (P<0.05,
P<0.01), 5 TN EMHREFAHHIP<0.05), HERIRTLE (derosakkonema funiforme)5 DO AR 23
LU 9 (P<<0.05)(& 5¢).
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Fig.5 The correlation between dominant groups of cyanobacteria and environmental factors in Lake Hulun in spring, summer and

autumn of 2022 (a. Spring; b. summer; ¢. Autumn; * represents P<<0.05; ** represents P<<0.01)

2.3.2 BHR®HAmMIE E B KAAEIREY RDA 547 HERH AR ESKEIERN X REA RDA
BEAT 43 BT (DCA 25 R K58 — B3 /N T 3.0), AR UL 6. #725 RDA 55 1. 2 Hliof i e 950 5 7K i 48 4
(il FE AL B 94.44%, KW BEAL A 5K AL 7 10AR & FE LU - TREE & (Microcystis) FEERIEIR
(Aphanocapsa) 5 [ R BE(Rhabdogloea smithii) FE 52K T4 TN, TP. DO. SAL il pH. ®ZE RDA
1. 2 Fx IR FN SRR FE AR R R R IA R 97.05%, KUK BB S KA EER T A RS R
U o TEEBE 8 (Microcystis)~ K7 JE& (Dolichospermum flos-aquae)~ W 2275 J& (Aphanizomenon) R 1275
J& (Pseudanabaena)~ 7 %2 J& (Planktothrix spiroides) V-3 5 J& (Merismopedia) £ E 521 [K T4 TN. DO,
pH. WT. NH3-N F1 SAL. #kZ& RDA 3 1. 2 Bl WA 35 A0 5 K PR AR IR A B 220k 5] 98.78%, KWW
AR E KRB RN F AR RT. WP E Microcystis) B [T 22 3 (Planktothrix agardhii)F13R
BV B 22 JE(Planktolyngbya circumcreta)lt) 32 E W KT TN. TP. NHs-N #1 DO.
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Fig.6 RDA ordination diagram of cyanobacteria dominant groups and environmental factors in spring, summer and autumn
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376 5 T A S U SR A T K AR I 132019 48) I 2 & BRI 5 S R 2R B0 (18 ) 4 O 55 11 (3.94% 105
cells/L)FIA V) &= 34{A(2.42 mg/L). KB b 7R 487 X TP pH #1 DO % 2019 443 7 &1 3.40 £+
1.02 5K 1.17 f%, 2019 4 TP KEAILIEEN 0.05~0.30 mg/L, ¥HMEN 0.16 mg/L; pH Z{LTEE K
8.84~9.52, M7 9.18; DO & BTN 5.00~12.47 mg/L, HME A 11.91 mg/L. BHME, B
TREE T R 2 B0 B B ) A K A AR P Sy, T A A R K230

18 8 ) 2 J8 (Pseudanabaena) « ¥ 2235 J& (Limnothrix) « V- 34 5% J& (Merismopedia) - F2 XK 8 J& (Aphanocapsa)
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F—O7 T, R EEREE T A, X R TEASAOCE B THUE S S SR, BRI B AN R I
R P (N e SR MR S 5 ) (i 52 P27
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o AR E — KR AS TR I SR 0 S R 7 R ) o 26 B B T2 A8 1b 5 300 IR 88 4 1 10 e A DA S
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(VS PR, A BT BRSO AT, AT R B ol A 0 AR AR A BIB2IB3Y 3 AN 2= ) i V5 4 ff 5
[EREFSHEF>KENEE, HSKIEEL 8. I, Pearson HIZCHER RDA /445 KH, WT 5
BB EEEAHLLR.

AR E R RIRE R N F BN, EERRKEARKEN, LA AN, SEUAMEIRET . AT
FE MK RN E S DO B R FH LMK, 52 EEBAXS _L 500E IHE H 55 &1 o 38 2 i
VIR SR DR (R T 45 SR — B pH R KRR R 1) LR SR W PST. K AR pHL X W VAR 400 A P 4 2
O PR e 2 0 AR B R B R RO o W A B R B b B BRI T ), pH B R T TE AL 2R
(RSN R Y R, 3 — S ML) 3E — 254 F 1 W X COo 7R A T80 BE DY 1 F 103t 22 1201310, 3g8 5 0
HIKAK pH>8.0 B, X HEHEAE K BA(RHIERE. AP IEE S pH BEZFMLLR, THEZEFE(H
BIME R 9.23), 5 TR T LRI NE S CT B FT4h B — 5.

KA U 7R Eh R W R K S R I Y T A, R B AR S R S BRI A A DY



WA R RERNVLEGR. YBESREN, A% b7 e RACH g 55, iR
W) W R T A 1) BN A AR SR P8 R R R AR KARM AT AT K B e iR 2 — 0 MRS B e nt, WA
EERAEM ST, MRS > ZAAE K. Pearson MMM ER, BEFWEHES TN M TP 223
PEIEAHIR R R AWFAR =ANZEFTIRACH TP IR EIME 73514 0.307 mg/L+ 0.169 mg/L 1 0.187 mg/L, TN
WFEHIME 9 1.082 mg/L+ 1.838 mg/L A 1.059 mg/L, ik 33 B W i A= K (9K B (TP WK EEAE 0.05~0.2 mg/L
R EAKSEENT, KT 0.1 mg/L i, WEAKSBOVEAR; TN KEETE 1.5~10 mg/L 5 P EE R
AR, ),

RS IEFL, SEFRBMNTEN, KENE (K. SLRMRGES 8RR K
B E BN IRAN R 3R . AT, FEFRATATIARIRF S, BRORGE AL, A5 A A x5 8 AR K R 5 ) A J
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FERE B B A BN T B R I EOKAER B I E . 20 e 70 EAR, JRERIBIAE S R LR
WD, (EAEVF 2 R R 8 R AR K (¥ B AR R B o ORI P (1 A IR B i o R
R KAR 3], HE AR A KO R 2V A R B B, gl DA B BARRCR . R, 5 EEA
R, RER T 1 2R R W A1 i 22 38 0 S A A P B K A, A AR I R 2 BRI S el . (R,
I 963 TP Y0 W 758 /K LT 42 ol A 1 6 4% AR A B
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QIR T I BEK LTI TR 5 B 2 kk B R

AR AAT AR it KA BB AL, KT WA W K A B R R 5 AN e o I A B PR AR T
WEKE RS, 2 BEARIPAC M B K BN AR A LR S S S A BB I BE G, WE E E AR
& A BN AT TS5 1, R AT B EE W EIA 13 AR R b, it —2P
s K B R AR R X IR R A A IFEE R N LB m B R E D — K. ). BRI
R S 7K A B T T AR TN, [ B % 0 9 S A B AR BN, S O 000 T4 R 2 Ak B ) ik
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TEVLA MR, A TS T — 4R I B0 T B8 TC 1k 4 THT S IR AR I 88 K AR I K AR (e . N T
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4 25ip

102022 4FF5 . BARKZTRIL A2 8 22 FRERE, TRIAHE 10 F, FLh R EE (Microcystis) AN
W LA, EFENHBE SIS 0.529.

2)2022 W A B EAVEYRAZ RSN LA EEEELER, HE RS (2.58%10° cells/L)
A E(3.30%10° mg/L)YBRBEKMEL 1~2 MUEH: BEEERENEYEHRTKEHRK, EF
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