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Abstract: Phytoplankton, as the primary producers in lake ecosystems, influence material cycling and energy flow within water
bodies. Their community structure and dynamic changes directly reflect the nutrient status and ecological health of the water
body. To comprehensively understand phytoplankton variations and influencing factors in tailwater lakes of northern arid-cold

regions, the representative Lake Daihai was selected as the study site. Water and sediment samples were collected across all four

*2025-11-26 YShi; 2026-01-14 U f& i fi.

ER AR ETIH (U2443225). M5 EEXEHETRI (2025YFHHO176). W5 HIG X H AR SRS
(2024QN05005) A ¥ .

** lfEE; E-mail: imaushixiaohong@163.com.



seasons in 2024 to systematically analyse phytoplankton community structure and its response to environmental factors. Results
indicate that during the study period, water body total nitrogen (TN) and total phosphorus (TP) concentrations exceeded Class V
and Class IV water standards, respectively, while sediment TN and TP contents surpassed the national sediment average. A total
of 95 phytoplankton species belonging to 8 phyla were identified, dominated by Chlorophyta, Cyanobacteria, and Diatomeae.
Phytoplankton cell density, biomass, and Chl.a concentration peaked in winter. Ten dominant species across 5 phyla were
identified, primarily from Chlorophyta and Diatomeae, with Microcystis and Chromomonas serving as key dominant species
throughout the year. Results from Shannon diversity index, Pielou evenness index, Margalef richness index, and Simpson
dominance index indicated higher phytoplankton community diversity and greater ecosystem stability in spring and summer
compared to autumn and winter. Phytoplankton communities in Lake Daihai exhibited low spatial heterogeneity, suggesting that
diversity and richness are primarily influenced by seasonal variations. Statistical analysis indicates that water temperature (WT),
pH, dissolved oxygen (DO), total nitrogen (TN), and dissolved inorganic phosphorus (DIP) are key factors influencing
phytoplankton community structure. Multi-year surveys reveal that the dominant phytoplankton species in Lake Daihai have
shifted from diatoms and green algae to cyanobacteria and cryptophytes. This study uncovers the key mechanisms driving
seasonal succession in phytoplankton communities of northern cold-arid lakes, providing a scientific basis for ecological
management and conservation of Lake Daihai.
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Fig. 1 Overview of the study area and monitoring sites
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Fig. 2 Spatial and Temporal Variations in Phytoplankton Species Richness Across Phyla
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Tab. 2 Spatial Variation in Phytoplankton Cell Density and Biomass
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Fig. 3 Seasonal Variations in Phytoplankton Cell Density, Biomass, and Proportions of Phyla
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Fig. 4 Seasonal variation in phytoplankton diversity index
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Fig. 5 Correlation Analysis of Phytoplankton Cell Density Across Algal Phyla with Environmental Factors
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Attached Tab.I Spatial Variation of Water and Sediment Parameters in Daihai Lake (Mean+SD)

B8 55 a5 wE &%
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SAL/(mg/L) 14.18:40.06° 15.7840.57 13.36:1.36¢ 18.7510.35

pH 9.15:40.03 9.59:40.01° 9.0340.09¢ 9.1840.1°

sz;é TN/(mg/L) 3.36:40.32 4.3840.342 3.46:40.27 3.560.42°

i, NHz*-N/(mg/L) 0.3440.1¢ 0.4840.23 0.19:40.03¢ 0.6540.19°

’T’é NOs-N/(mg/L) 1.4640.27 1.81:40.34? 1.34:40.30 1.3640.63

fj% DON/(mg/L) 1.5740.59 2.0940 52 1.9340.41% 1.560.67

%Z TP/(mg/L) 0.16:40.06% 0.14:40.04% 0.1940.15° 0.1120.03
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PP/(mg/L) 0.08:40.06" 0.04:0.04 0.1240.15° 0.04:0.02°
TN/(mg/kg) 2683454392342  2436.324505%  2675.024344.04°  2444.74+4341.13%
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% TP/(mg/kg) 869.25+115.33? 900.1321102 896.45:89.23° 844.26291.012
;%E Ex-P/(mg/kg) 251431.28° 237.77435.28° 220.86:426.53 253.94431.08°
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Ca-P/(mg/kg) 702.85:432.63 678.15451.78° 652.86:453.942 654.33442.53
IP/(mg/kg) 720.2423.822 654.33241.13 666.98:46.69" 687.86436.59
OP/(mg/kg) 149.05+108.872 2458413855  229.48+108.242 156.4+109.68°
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Attached Tab.II Spatial Variation of Water and Sediment Parameters in Daihai Lake (Mean+SD)

Mz I (58K ESRRYS R EE L (FHESREE)
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DH1

DH2 DH3 DH4 DH5 DH6 DH7
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DO/(mg/L) 10.5745.452 10.6645.832 11.13#4.722 11.09+4.762 10.1145.282 10.88+4.692 10.8644.282
SAL/(mg/L) 15.3442 232 15.2742 452 15.76+42.062 15.714.942 15.0343.122 15.76+42.052 15.7742.152
7K pH 0.2740.232 9.2240.282 9.2240.242 9.2440.232 9.2440.242 9.2640.212 9.2240.242
%x TN/(mg/L) 3.640.362 3.5940.492 3.740.772 3.8340.52 3.8240.52 3.740.52 3.640.622
ﬁ NH4*-N/(mg/L) 0.4240.22 0.3940.242 0.4540.252 0.4540.222 0.3540.142 0.4640.32 0.3840.282
5 NOs-N/(mg/L) 1.48+0.29° 1.4540.46° 1.2540.33° 1.55:40).44P 1.320.69° 1.660.29° 1.7740.382
1%% DON/(mg/L) 1.740.45P 1.7540.42° 240.66° 1.8340.62° 2.1640.45% 1.5940.66° 1.4640.68°
?E TP/(mg/L) 0.2140.182 0.1140.03? 0.240.092 0.1340.022 0.1340.07¢ 0.1440.032 0.1140.05%
DIP/(mg/L) 0.0340.012 0.03#0.022 0.0440.022 0.0440.012 0.0340.012 0.0440.022 0.0440.022
DTP/(mg/L) 0.080.02% 0.0720.02° 0.140.032 0.0840.03% 0.0740.02° 0.0920.03% 0.070.02°
DOP/(mg/L) 0.0540.032 0.0440.032 0.0640.022 0.0440.022 0.030.022 0.0540.032 0.0340.02¢
PP/(mg/L) 0.1340.192 0.0440.042 0.140.092 0.0540.032 0.0740.072 0.0640.042 0.0440.05%
TN/(mg/kg) 2452.464369.65° 2285.374157.57° 2403.324451.24° 2309.944343.12° 2658.874192.19° 3204.38+114.062 2604.814293.78°
IEF-N/(mg/kg) 261.15423.98° 291.19443.22% 285.15434.46" 302.47449.68" 355.85444.78a° 429.71+05.512 414.9463.362
. WAEF-N/(mg/kg) 33.6644.06° 36.8142.71% 37.1542.73%® 38.62+41.82% 38.842.05% 36.07+42.04% 34.2942.89%
YJJ:: SAEF-N/(mg/kg) 38.0944.272 39.8145.26% 421244182 54.01424.312 37.3+12.442 52430.162 47.62415.842
ig SOEF-N/(mg/kg) 765.2+133.662 751.44472.228 742.59482.96° 747.02+27.91° 698.36+187.532 920.01+168.392 831.55+156.69?
% TP/(mg/kg) 848.85+102"¢ 887.45428.612¢ 999.37459.862 784.53436.24° 817.98+113.09° 954.35491.61% 850.14467.88"
%ﬁ Ex-P/(mg/kg) 246.77+10.612 249.34424.992 235.19440.852 242.91431.16° 237.77424.52 219.75461.392 254.49424 278
# Fe/Al-P/(mg/kg) 300.49427.152 317.78434.382 353.51453.312 313.17436.572 305.1429.42 339.68+15.752 363.88433.122
Ca-P/(mg/kg) 641.54436.46° 699.69443.32% 643.6429.57° 681.68442.88% 721.82447.132 637.94450.74° 678.08441.73%
IP/(mg/kg) 652.86437.132 697.12432.782 679.11443.482 695.57426.382 705.35435.912 668.3469? 678.08459.762
OP/(mg/kg) 195.99+137.53%¢ 190.33436.4%¢ 320.27458.96° 88.95458.84°¢ 112.62479.28b° 286.05+151.89% 172.06+116.217%¢
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Attached Tab.III Phytoplankton dominant species and degree of dominance
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Attached Tab.IV Sediment-water interface and ice-water interface fluxes
‘ FmEEME (mg/(m2d))
Vi) B (7]
SRP NH4*-N NOs-N TN
2021.1 0.43~1.66 -0.77~-4.71 1.13~1.18 -
2021.5 0.6~3.60 0.52~1.14 -2.28~-4.69 -
2022.9 -1.39~0.88 3.72~3.06 -11.64~4.35 -
TURPI-7K 2023.1 -1.20~0.53 -1.89~-1.7 3.97~2.23 -
FTH 2023.6 -0.01~0.24 3.65~1.31 -0.22~6.45 -
2023.10 - 0.29 -0.8 1.61
2024.1 - 0.31 -0.51 2.22
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Attached Fig. IIT Historical data collected for various indicators of Lake Daihai



