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Abstract: Phytoplankton play a key role in maintaining the stability and function of ecosystems. However, there is still limited
research on the structure of phytoplankton communities in lake ice during the ice-covered period and their relationship with
environmental factors. To reveal the characteristics of phytoplankton communities in lake ice and their influencing factors, a
sampling survey was conducted in February 2023 on the phytoplankton and physicochemical indicators in the ice of Dong Juye
Lake, Wuliangsuhai, Hasuhai, and Chagannaoer. The results showed that: (1) A total of 132 species of phytoplankton were
identified in the ice layers of Wuliangsuhai, Dong Juye Lake, Chagannaoer, and Hasuhai. In Dong Juye Lake, 26 species of
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phytoplankton were identified, with Chlorella sp. as the dominant species; in Wuliangsuhai, 80 species were identified, with
Zygnema sp. as the dominant species; in Hasuhai, 54 species were identified, with Microcystis sp. as the dominant species; and
in Chagannaoer, 34 species were identified, with Anabaena as the dominant species. (2) The ecosystem in Dong Juye Lake ice
was relatively simple with low biodiversity; the ecosystem in Wuliangsuhai ice was rich with high biodiversity; the biodiversity
in Hasuhai and Chagannaoer ice was at an intermediate level. The similarity of algae species between different lakes showed
significant differences. The highest similarity was found between Wuliangsuhai and Hasuhai, while the greatest difference was
observed between Dong Juye Lake and Wuliangsuhai, with Chagannaoer showing some uniqueness. The density of phytoplankton
in lake ice showed a significant positive correlation with total nitrogen, ice temperature, and salinity, and a significant negative
correlation with pH and chlorophyll a concentration.
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Fig. 2 Distribution of Phytoplankton Numbers in Ice
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Tab. 1 The Coexisting Phytoplankton Species in Lake Ice and Their Roles
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Tab. 2 The Environmental Indication Significance of Unique Algal Species in Different Lakes
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Fig. 3 Comparison of Taxonomic Richness and Phylum Composition of Ice Phytoplankton in Different Lakes
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Fig. 4 Algal Classification in Different Lake Ice Layers
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Tab. 3 Distribution of Dominant Species and Their Relative Abundance of Ice Phytoplankton in Different Lakes

BRE T y Ea y EA T
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_, INERTEJE sp. EALEEJE sp. Ry [R5 22 38
Lz (Chlorella sp.) 7531 (Ceratium sp.) 6.29 (Asterionella sp.) 6.07
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Fig. 5 Ice Radar chart of phytoplankton diversity index in different lake ice
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Fig. 6 Comparison of Ice Layer Biodiversity in Different Lakes
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Tab. 4 Similarity Index of Algae in Different Lake Ice
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Fig. 7 The Relationship Between the Density of Phytoplankton in Lake Ice and Environmental Factors
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Fig. 8 Distribution Characteristics of Environmental Factors in Ice Layers of Different Lakes
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Tab. 4 Average Values of Environmental Factors in Different Ice Layers



A Bk UKIREC) %) ER(mg/L) EBi(mgL) MR a(ngl)  BRE

K2 -6.30 0.34 2.40 0.10 0.24 9.42

KRR K2 -5.80 0.26 2.89 0.10 1.45 9.56
K2 -3.90 0.15 3.89 0.09 0.64 9.59

K2 -8.50 0.32 0.83 0.05 0.13 9.70

ERF T G -6.20 0.21 0.53 0.04 2.84 9.72
KR = -4.00 0.15 0.49 0.03 0.63 9.80

X K2 -6.00 0.36 2.56 0.68 0.95 9.37

L s .

K2 -3.60 0.29 0.38 0.10 1.24 9.68

KLZ -10.20 0.28 1.14 0.58 0.85 10.27
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K2 -4.90 0.16 0.37 0.24 2.12 10.28
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Fig. 9 Redundancy Analysis Diagram of Ice-associated Phytoplankton and Environmental Factors

AR JE ST R 1 R 2 RFAEAE 23 0.57 F100.32, BT IS IE T [FIARRE T 89.73 % IUK s )
BAUAE R ANEREEJE sp SR ER a R R F IEAK (n=7, p<0.05), SEFEAUKIERREEFMK (n=7,
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p<0.05). JEFEE sp. GHERE a IR, BBREREEEEMK (n=7, p<0.05), S5EREE MK
(n=7, p<0.05). FJIRIFZESIMMEREEEEHKX (n=7, p<0.05), 5B EKREREEMHX

(n=7, p<0.05),

5 ZEZWEHA 1 AN 2 AFAEME B0 0.11 A1 0.09, PR FHLFIMERE T 20.57%KI0K P 0
TAS B INBRER sp. MZ2EE sp.. BREREMDFMMER sp. 58 5K EMIKIR 2 T #E X
(n=20, p<0.05), TiHUKMAF KGR EE MM (n=20, p<0.05). MR sp.. MEEE sp. AR
R sp. 54K a 2EREIEMIE (n=20, p<0.05). FPRESTEEERZEILER sp. 5 2hE S5 EAHX
(n=20, p<0.05), SEHE R EFEFME (n=20, p<0.05). [ KIFLEBEINFLER sp. 5RBKEEER
EIEML (n=20, p<0.05), {H5REKEKEEEZE MK (n=20, p<0.05).

A FURN 1 AN 2 MRRIEE Y B9 0.51 R 0.33, FTEBUIIME R THLMRE T 85.02% KA iR I ft I
TUEE, BRERES SERE. SEHKEMEEEREEEHK (n=6, P<0.05), M4 a MR
BERERENAKX (n=6, P<0.05). MMIEEEE sp MM TEEIE sp. 54 E a FIRRTRE £ 2E EMX (n=6,
p<0.05), H5EFKEREZENME (=6, P<0.05). /NEREJE sp. SUKIEA SRR E IEAX (n=6, P
<0.05), FLEE sp. SUKREEZE ML (n=6, P<0.05).

BEFRUR S 1A 2 FEAE(E 08 0.49 K1 0.22, FRikIASE R TLLRIMERE T 71.26% 110K iz it iE )
BEE . BEEREESR sp.. BANEERR sp.. HBVFRLZEM/NRER sp. S EBHREMNR a IKEER
ZIEHE (n=5, p<0.05), BHEEE sp. 5 RBEFIME a WEEEE MK (n=5, p<0.05), AR
HEEMKRE R E LA, 5aEMNREE 2 EZE MG, B REBRES BERENRMYE 2 EEIE
SR, SUKEAEERE 25 K.

2.2.3 REWFHFEES SR T 648 XA

Bl 10 JRoR T ASSAA VKR R i i % S 2 AR R 2 A DS . ZRR vk b 2
M) STRIE (-0.756, p<0.05). WZRE a IRFE (-0.515) RLEBERE (-0440) EHAHX, M5
fE (05560 EE (0.339) FIPKIE R IEAIG: oK Z I EY % SIRME (-0.402) FlLa® (-0.527)
BAHAMK, MEHE (0.145) BIEMIG: K FEFFEYEESREKRE (0356). SBEKE (-0.425)
A% a R (-0.231) EHAR, ME5HE (0309 RIEMX. LREEKEZFHEYEE SRR
(-0.160) FLEBEME (-0.141) EHAHC, MHIKEMBEIE (0377) 2IEMIE: KD EFRHEY %S
R (0341, S (-0.140) FIUKIE (03000 MM, 15EME (0.216) 2IEMHZ; IKFNEEF
WAH B SWRIE (0.357) RIMF4EER a RIEAMS, S5EBEAMC. BETE/RIK LEFIRENEES
MR a (0483) EIEMKE, MHEBE (0.892) Efitisx; KhEFWFHENEESHEE a IkE
(0.620). BEEIRE (0.522) FUSBEKE (0.329) RIEM>%, MS5EHE (-0.608) Rk, KTEF
WY BEE S5HE (-0.466). VKR (-0.935, p<0.05) FIEZHNEE (-0.712) EHMK. s RiEK EEFIT
MY EERE (0415) 2IEMSE, MEMHEEE a (-0.839, p<0.05) 2EREFAMIE; KT EFHHEYE
E5EE (0.388) FERBLE (0.394) RIEAHIE, HihEEAMHk.

2.3 kFE S IEK SRR A M R A B ML

PUAN A TE UK BIA AR DK B R VKOK R i i A F B R IR A FAE R EER (R 5). dRikE
W TS FEE, FIFEYBEIRE R, YR FEMMA S TR R B0 T oK A 00 R R
FIRA R FE =B Z iMm R, SERESMEL, EEThEMTE. XRS5 EREEARE TS
1 FH LAY 75 SR AR IRFPEAR 74 91, Rk, R JE B T AR/ B3R B o), Wi B A0 IR B A/
IKFESRGHIT B —, G/NFREARSAM, RABEEIREE, BEF DG SRR
Ko ARG A0S, FLU e )W F B s e vk s AN A kG A8 v T 30, vk B Eak #)
125 F, BoRHEBENEDZREERES RGBT . MRTMNYMEERZET oL@ 2548, JF
UKEHANIIN A 74 B EVE (PREEEE) M F SFHUM R EE MR E R T HBVE AW, AT RR b
KR KRS AR, KFTUKETERER, HIKFARERN SIKER 172, SEuKE R 5 Em b,
EVKE MK R 2 74 Bl ARILH HAS RGN TTERFAERS 2,
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