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Abstract. Cyanobacteria cells migrate into sediment due to a decrease in buoyancy, leading to increased sediment pollution. Some
of cyanobacteria cells can overwinter as vegetative cells at low temperature and dark condition, and serve as a “seed bank” that can
revive into the water column to form pelagic blooms as temperature rise and wind-wave disturbance. To study the spatial-temporal
variations of benthic cyanobacteria and their environmental factors, an eight-year field investigation of the cyanobacteria in sediment
was carried out in Lake Chaohu. The results showed that chlorophyll-a( Chl.a) content of sediment increased firstly and then de-
creased from 2016-2023 with the peak in 2019-2020. Chl.a content of water and sediment both decreased from west to east in
space. The high Chl.a content of sediment occurred in March and November was related to the sink and dormancy of Microcystis and
Dolichospermum , while the low Chl.a content occurred in July and August due to the cyanobacteria cells recruitment. Stepwise re-
gression analysis showed that the total nitrogen in sediments, wind speed, total phosphorus in sediment, and water temperature
were important influencing factors of Chl.a content of sediment. These results revealed the spatial and temporal distribution of cya-
nobacteria in the bottom of Lake Chaohu, which have important scientific significance for the control of lake internal pollution and
cyanobacteria blooms.
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Fig.1 Distribution of sampling sites in Lake Chaohu
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Fig.3 Long-term fluctuation of Chl.a concentration in water in Lake Chaohu
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Fig.4 Long-term fluctuation of Chl.a content in sediment in Lake Chaohu

7

{AChLa/(ng/L)
. 63.61~73.88
B 55.20~63:60

JEJEChLa/(uglg)
. 1.25~128

1 48.30~55.19~ 20124

1 42.66~48.29 18121

1 38.04-42.65 B 115117

(34.26-38.03 =11

G116-34.5 L1i~1.12
0 9 km 28623115 0 9 km 108110
— 2861 L= —

&5 HLIKAAFCYE Chla (173 (8] 5345 4% Jry

Fig.5 Spatial distribution pattern of Chl.a in water and sediment in Lake Chaohu

JEA BFRAKHE TR KSR L, BT T UL, R P M T L R I B IR S I
AR Z2 AR A, AT ARSI K AR e AR W A A AR 2 G e 0 4, ELRH R 18] 77 £ 35 W) 0 0 21 s, 2=
WO 5 O (LR T Ik B IR £ 90% LA L) | T B 24 (ol i (AR T ik B R A A Y
80% LA 1) ", F bk AT L AR A A A A A TR S KA P P AR R R W
o AWVFTEIH AL, SRV R Y TR 11 RN 3 AT WY A Y e AR AR, FRATT RN 7 SR
B0 4 DL S O 4% SRt e B, 10 R 3 LK U W A R U Bk dme e DAL, AT AR 11 VR
BRI AT A5 ol v ) R ORHI R 0 O, T 2— 3 3k b ) KA o SO i T BN DL WS, 75



1678 J. Lake Sci.(#:aF3) ,2024,36(6)

—— /K Chla JiKJEChla
421 AR
2.0 10
18

154 48
= x = =
E;( 16 % ﬁM L5+ %‘

) i) —16
< = & =
N7 Q,, N n.,
= 14 & 2 i
o Lor &0 14 &
= o R LOF &
ged 1, & = &

/\/\ ,\/\/ I

05 1 1 1 1 1 1 1 1 1 1 1 1 O 05 1 1 1 1 1 1 1 1 1 1 0

1 2345678 9101112f 1 23456 7891011124

i [l

2.0 8 14

1.5} 112
= 46 = [E N
= 15t T = {10 =
i z B S

1 il

il S 18 2
S 14 & % 10F Y
= 10} = J6 Z
) B K&
= ] ls &
& 12 & = =

0.5 \A 05r M 12

1 1 1 1 1 1 1 1 1 1 1 O 1 1 1 1 O

1 2345678 9101112f 1 23456 78 9101112f

6 HLHIKIA SRV Chla (y4E N ARk 34

Fig.6 Intra-annual variations of Chl.a in water and sediment in Lake Chaohu

JEEVE e E W A I BOR B . A7 = A UL (] T 22 A A2 90 B AL, I 90 v 0 A B T 0 i i SR
I LR E KT, VR R A Y R 188 TR, EE R R R E S R AR R it
S, B AW IREBOR , S BURYE Y i B 2 5 B s 1807 2K Ak b o BB IR B A T, R UL %
THIRIE 2, (A5 e i 8 A W ek SOM AR [l T

FET KA WA 04 SR A A I S LA, RS B A S RO T AR AR T K R I STk 2 D R 2T
o 1 I B, 52 AN R R BT 4 R 22 S (0 S i, 75 B I 208 0 AR o8 4 — B0 o i) 2 S0 14 5 9 X1 B0
Gy A B, U6 0 B R A9 B IR AR HAR, AR S Ll A A KR P A Y N T
196 0 33 P 9GRS 08 et L 9 2R SR 7 2 W AT SR T RB AR R . (EL kT R U0 i
REROR S AP BT 2K A TS 0, SR IS e, B A, AR 2= 77 16 52 AR S 3l Jim BT ik A K AT,
TR AT AU o PRHIEG , X0 G 0 8 A 3 B A 00 S F L0 A AT, 00 G 0 1 988 2 A1 2 22 14 DX I, M) i
077 AT BR 0T T A 55 G LA e AR S Rk 3 K A 10 e A R AT A B A

4 Zig

1) SEWIR IR B8 5 B AR 2016— 2023 AR BT Ja T gL (a3, Horh 2019— 2020 4R I B IE A

2) SRR A BEAE A3 ) 23 A b5 R AR T e AR R, S e o P 1] AR B D R R

3) LR i ZE N AR AT N 23] 32 e S A A R DTARBR A2, 1L R 3 F s B, i
GEERFN TEBEL S, 78 A BEIR .

4) RV KGH IR R B LI E AT BE 2 5 e LTI U i B s AR MY BRI T



M 3R R AR IE B R A A AR R e B T 1679

5 S 3k

(1]

(2]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Burford MA, Carey CC, Hamilton DP et al. Perspective: Advancing the research agenda for improving understanding of cyanobacteria in a
future of global change. Harmful Algae, 2020, 91: 101601. DOI; 10.1016/].hal.2019.04.004.

Ho JC, Michalak AM, Pahlevan N. Widespread global increase in intense lake phytoplankton blooms since the 1980s. Nature, 2019, 574
667-670. DOI; 10.1038/s41586-019-1648-7.

Hhe N BRI [ A A5 IR AR, 2020 45 [ A SRR LA, 2021,

Oliver RL. Floating and sinking in gas-vacuolate cyanobacterial. Journal of Phycology, 1994, 30(2): 161-173. DOI. 10.1111/j.0022-
3646.1994.00161.x.

Ding Y, Gan NQ, Liu J et al. Survival, recovery and microcystin release of Microcystis aeruginosa in cold or dark condition. Chinese Journal
of Oceanology and Limnology, 2017, 35(2) : 313-323. DOI: 10.1007/s00343-016-5215-x.

Wang YY, Chen FZ. Decomposition and phosphorus release from four different size fractions of Microcystis spp. taken from Lake Taihu, Chi-
na. Journal of Environmental Sciences: China, 2008, 20(7) : 891-896. DOI. 10.1016/s1001-0742(08)62143-9.

Li DM, Yu Y, Zhang M et al. Temporal-spatial changes in community structure and abundance of microcystin-producing cyanobacteria in
surface sediments of Lake Taihu. Acta Scientiae Circumstantiae, 2012, 32(11) ; 2827-2835. [ Z= Ky, T, kR4 KMEEIKET
PERE IR R SR RN RE R R I s A Al FRBERLEAAH, 2012, 32(11)  2827-2835. ]

Du X, Xun F, Wang YR et al. Effects of algal-detritus accumulation on the mineralization characteristics of lake sediment. J Lake Sci,
2020, 32(6) : 1671-1682. DOI: 10.18307/2020.0609. [ k5%, &L, T, W HrE s HAWIATURYO (LA I 3200, WA
B2, 2020, 32(6) ; 1671-1682.]

Borges H, Wood SA, Puddick J ez al. Intracellular, environmental and biotic interactions influence recruitment of benthic Microcystis( Cya-
nophyceae) in a shallow eutrophic lake. Journal of Plankion Research, 2016, 38(5) : 1289-1301. DOI. 10.1093/plankt/fbw046.

Kong FX, Gao G. Hypothesis on cyanobacteria bloom-forming mechanism in large shallow eutrophic lakes. Acta Ecologica Sinica, 2005, 25
(3): 589-595. [FLEM, mit. KREIEKE EFRALHIA T BTV B . LA, 2005, 25(3) : 589-595. ]

Zhu MY, Paerl HW, Zhu GW et al. The role of tropical cyclones in stimulating cyanobacterial ( Microcystis spp.) blooms in hypertrophic
Lake Taihu, China. Harmful Algae, 2014, 39 310-321. DOI; 10.1016/j.hal.2014.09.003.

Yang Z, Zhang M, Shi XL et al. Nutrient reduction magnifies the impact of extreme weather on cyanobacterial bloom formation in large shal-
low Lake Taihu( China). Water Research, 2016, 103 302-310. DOI: 10.1016/j.watres.2016.07.047.

Zhang M, Kong FX. The process, spatial and temporal distributions and mitigation strategies of the eutrophication of Lake Chaohu( 1984—
2013). J Lake Sci, 2015, 27(5) : 791-798. DOI: 10.18307/2015.0505. [ 5K, FLZH. 15 S FRL I RR (25 (004 5 iR PSR mg
(1984—2013 4E). MIARIY:, 2015, 27(5) : 791-798.]

SARN, FEVEBE. WA EE SR A RN 58 2 WL dbat: hEIREERRE T AR, 1990.

Zhang M, Yang Z, Yu Y et al. Interannual and seasonal shift between Microcystis and Dolichospermum ; A 7-year investigation in Lake Cha-
ohu, China. Water, 2020, 12(7) : 1978. DOI: 10.3390/w12071978.

F . WA K SRS R —— A e 5 I E Ty i dEat: RlEiist, 2014,

Yan R, Kong FX, Han XB. Analysis of the recruitment of the winter survival algae on the sediments of Lake Taihu by fluorometry. J Lake
Sci, 2004, 16(2) : 163-168. DOI: 10.18307/2004.0210. [ =%, FLEFH, #h/Nk. KWIRIERZMAHIBE DB ZO I
ST, WIARNE, 2004, 16(2) : 163-168.]

Stal LJ, Moezelaar R. Fermentation in cyanobacterial. FEMS Microbiology Reviews, 1997, 21(2) . 179-211. DOI. 10.1111/].1574-6976.
1997.th00350.x.

Zhang M, Kong FX, Shi XL et al. Differences in responses to darkness between Microcystis aeruginosa and Chlorella pyrenoidosa. Journal of
Freshwater Ecology, 2007, 22(1): 93-99. DOI; 10.1080/02705060.2007.9664149.

Wang CB, Feng B, Tian CC et al. Quantitative study on the survivability of Microcystis colonies in lake sediments. Journal of Applied Phy-
cology, 2018, 30(1) : 495-506. DOI; 10.1007/s10811-017-1246-8.

Sejnohova L, Marsdalek B. Microcystis. In: Whitton BA ed. Ecology of Cyanobacteria II. Dordrecht; Springer Netherlands, 2012 195-228.
DOI: 10.1007/978-94-007-3855-3_7.

Bormans M, Savar V, Legrand B et al. Cyanobacteria and cyanotoxins in estuarine water and sediment. Aquatic Ecology, 2020, 54(2) .
625-640. DOI: 10.1007/510452-020-09764-y.

Tsujimura S, Tsukada H, Nakahara H et al. Seasonal variations of Microcystis populations in sediments of Lake Biwa, Japan. Hydrobiologia ,
2000, 434(1): 183-192. DOI: 10.1023/A; 1004077225916.

Ji J, Kong FX, Yu Y et al. Spatial variations of the over-winter cyanobacterial in Lake Taihu. J Lake Sci, 2009, 21(4) . 490-494. DOI.
10.18307/2009.0406. [ i, FLEH, TrEAE. KA T2 MM RO, BAFRLY, 2009, 21(4) : 490-494.



1680

[25]

[26]

[27]

[29]

[30]

[32]

[33]

[34]

J. Lake Sci. (#:a#+3) ,2024,36(6)

Latour D, Giraudet H. Factors influencing the spatio-temporal distribution of benthic Microcystis aeruginosa colonies ( Cyanobacteria) in the
hypertrophic Grangent Reservoir( Loire, France). Comptes Rendus Biologies, 2004, 327(8) : 753-761. DOI; 10.1016/j.crvi.2004.07.003.
Wang YP, Xu WW, Han C et al. Distribution of nitrogen and phosphorus in Lake Chaohu sediments and pollution evaluation. Environmental
Science, 2021, 42(2) ; 699-711. DOI; 10.13227/j.hjkx.202006216. [ EHi V-, #efith, whiBLs. SOMUTRY AR 6 05 B 0. 371
Bikleg, 2021, 42(2) : 699-711.]

Zhang M, Shi XL, Yang Z et al. The variation of water quality from 2012 to 2018 in Lake Chaohu and the mitigating strategy on cyanobacte-
rial blooms. J Lake Sci, 2020, 32(1) : 11-20. DOI; 10.18307,/2020.0102. [ 5kEE, /il , PHARZE. 2012— 2018 4= S /K Fi ARtk i 3
SRHTRIE S A WA, 2020, 32(1)  11-20.]

Zhang YH, Hu YM, Peng ZL et al. Fast-changing wind waves and their environmental effects in Lake Chaohu. J Lake Sci, 2022, 34(3) :
985-993. DOI: 10.18307/2022.0322. [ 5KAG#E, WHH L, #ILsea. SEIPE A f KUR & R FREEROM. WIAREY:, 2022, 34(3) -
985-993. ]

Verspagen JMH, Snelder EOFM, Visser PM et al. Recruitment of benthic Microcystis ( Cyanophyceae) to the water column: Internal buoy-
ancy changes or resuspension? Journal of Phycology, 2004, 40(2) : 260-270. DOI. 10.1111/].1529-8817.2004.03174.x.

Shi XL, Fan F, Zhang M et al. The contribution of benthic cyanobacteria to the cyanobacterial biomass in water column in the center of
western Lake Chaohu. J Lake Sci, 2020, 32(5) : 1446-1453. DOI; 10.18307/2020.0505. [ S2/Nui, YW, 5K EEZE. SPGHL0ETR 5
BEXT KGR AE A TR, WAL, 2020, 32(5) : 1446-1453.]

Zhang M, Shi XL, Yang Z et al. Characteristics and driving factors of the long-term shifts between Microcystis and Dolichospermum in Lake
Taihu and Lake Chaohu. J Lake Sci, 2021, 33(4) ; 1051-1061. DOI: 10.18307/2021.0408. [ 3K, st/INiR, FHARSE. ARSI P
PEBE (Microcystis ) 5K I3 ( Dolichospermum ) B B ARk B IR B A . #1IAKLF, 2021, 33(4) : 1051-1061. ]

Hansson LA, Rudstam LG, Johnson TB et al. Patterns in algal recruitment from sediment to water in a dimictic, eutrophic lake. Canadian
Journal of Fisheries and Aquatic Sciences, 1994, 51(12) . 2825-2833. DOI: 10.1139/{94-281.

Stahl-Delbanco A, Hansson LA. Effects of bioturbation on recruitment of algal cells from the “seed bank” of lake sediments. Limnology and
Oceanography, 2002, 47(6) : 1836-1843. DOI: 10.4319/10.2002.47.6.1836.

Verspagen JMH, Snelder EOFM, Visser PM et al. Benthic-pelagic coupling in the population dynamics of the harmful cyanobacterium Mi-
crocystis. Freshwater Biology, 2005, 50(5) . 854-867. DOI. 10.1111/}.1365-2427.2005.01368.x.

Thle T, Jihnichen S, Benndorf J. Wax and wane of Microcystis ( Cyanophyceae) and microcystins in lake sediments: A case study in

Quitzdorf Reservoir( Germany) . Journal of Phycology, 2005, 41(3) : 479-488. DOI. 10.1111/j.1529-8817.2005.00071.x.





