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Analysis of phytoplankton community assembly mechanisms and key driving factors in Lake
Hulun and its adjacent water bodies
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(Hulunbuir Sub-station of Inner Mongolia Environmental Monitoring Station,,Hulunbuir 021008,,P.R.China.)

Abstract: Abstract: Lake ecosystems in cold and arid regions are sensitive to climate change and human disturbances, and the
dynamics of their phytoplankton communities serve as important indicators characterizing changes in the aquatic ecological
environment. Lake Hulun, a typical shallow lake in the arid and semi-arid regions of northern China, has exhibited eutrophication
characteristics following the implementation of the "River Diversion to Lake" project. Therefore, exploring the assembly
mechanism of its phytoplankton community and the key environmental driving factors is of great significance for lake ecological
restoration and algal bloom prevention and control. From spring to summer of 2024 to 2025, a systematic ecological investigation
was conducted at 25 sites in the main lake area and main inflow waters of Lake Hulun, aiming to analyze the seasonal succession
patterns, taxonomic beta diversity characteristics of phytoplankton communities, and their coupling relationships with

environmental factors. The results indicated that the phytoplankton community structure in Lake Hulun displayed significant
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seasonal succession: in spring, Chlorophyta and Cyanophyta were the dominant groups; in summer, Cyanophyta became the
absolute dominant group, with Microcystis aeruginosa and Anabeana circinalis as the dominant species. The annual average
phytoplankton cell density was 2.42x10° cells/L, and the seasonal distribution showed that the density in summer (2.95-3.20x10°
cells/L) was significantly higher than that in spring (1.68-1.76x10° cells/L). Although species richness was relatively higher in
summer, the Shannon-Wiener diversity index of the community was significantly lower than that in spring. Canonical
Correspondence Analysis (CCA) showed that the spring community was mainly affected by total phosphorus (TP), turbidity
(Turb), and chemical oxygen demand (CODc;), while the summer community was mainly driven by factors such as water
temperature (WT), total nitrogen (TN), five-day biochemical oxygen demand (BOD?5), and chlorophyll a (Chl-a). Decomposition
of taxonomic beta diversity revealed that the taxonomic beta diversity between seasons and years was dominated by the turnover
component, indicating that species replacement is the core process in the assembly of the phytoplankton community in Lake
Hulun, reflecting strong environmental filtering effects and habitat heterogeneity. This study demonstrates that environmental
filtering is the core driving force affecting the seasonal dynamics of the phytoplankton community in Lake Hulun from two
dimensions: species composition and community assembly mechanism. The research results not only identified the key regulatory
factors in the eutrophication process of Lake Hulun but also provided an important scientific basis for the aquatic ecological
health assessment, cyanobacterial bloom early warning, and ecological restoration practices of this lake and similar cold and arid
lakes in northern China.
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Fig.1 Location of sampling sites in Lake Hulun and adjacent water bodies
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Fig. 2 The relative abundance of the main groups of phytoplankton in Lake Hulun and its adjacent water bodies in the spring and

summer of 2024 (a) and the spring and summer of 2025 (b), as well as the diversity index analysis results in 2024 (c) and 2025 (d)
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Fig.3 Analysis of the differences in physical and chemical factors of water bodies in Lake Hulun and its adjacent water bodies (a)

in spring and summer 2024 and (b) in spring and summer 2025
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Appended Tab. 1 Dominant species of phytoplankton and their dominance in Lake Hulun during the spring and summer of 2024

Il DL b 2024 FHEF 2024 FEHEF
TEEE  EMREFIVEE Nitzschia acicularis 0.043 —
SENI A% Asterionella formosa 0.028 —
Mg JE/NFAE Cyclotella meneghiniana 0.328 0.063
Wik H 5% % Melosira granulata — 0.206
TR B AR AR U AR T Melosira granulata var. angustissima f. spiralis — 0.033
WUk B AR A5 Fh Melosira granulata var. angustissima — 0.033
5% PIMIEIEE Oscillatoria amphibia — 0.037
Je47 8 Oscillatoria animalis — 0.112
KA 423 Aphanizomenon flos-aquae 0.082 0.150
[#] % F JiE 35 Anabaena azotica — 0.031
%l £ )23 Anabeana circinalis 0.092 0.313
VKA1 Dolichospermum planctonica — 0.088
PF Ui AU3 Dolichospermum planctonica 0.145 —
FAM W £23 Aphanizomenon gracile — 0.164
4li/F-2435 Merismopedia minima — 0.213
4ll-NpeEREE Aphanocapsa elachista — 0.321
ISR Microcystis aeruginosa — 0.595
1 EFEEE Microcystis ichthyoblabe — 0.038
2 W AR Microcystis smithii — 0.073
HICIU#EEE Microcystis wesenbergii 0.057 0.242
FFLESAEEREE Microcystis natans — 0.295
ShiE A4 AT Actinastrum fluviatile 0.282 —
U -1 Crucigenia quadrata 0.186 —
U 25 Crucigenia tetrapedia 0.044 —
E 5% Crucigeniella rectangularis 0.025 —
223 Planctonema lauterbornii 0.052 0.031
Fa  YITFEE Cryptomonas ovata — 0.021

RN IR AEAR R AR A
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Appended Tab.2 Dominant Species of Phytoplankton and Their Dominance in spring, summer, Lake Hulun.

il R 2025 FEFE 2025 fEEF
Tk EFEZEIZ#E Nitzschia acicularis 0.401 —
JENEAT#: Asterionella formosa 0.067 —
g2 /N3 Cyclotella meneghiniana 0.077 0.031
Wk B4 # Melosira granulata 0.024 0.022
IRBE/NAEE Cyclotella ocellata — 0.041
J&/NEEREE Aulacoseira pusilla — 0.154
WFORL B4 T B A8 R e 38 B Melosira granulata var. angustissima f. spiralis — 0.022
W ZREETE Oscillatoria chlorina 0.024 —
B2 Merismopedia convoluta — 0.040
Wil Ei7% Oscillatoria amphibia — 0.034
PR IF 223 Planktolyngbya circumcreta — 0.023
% i £ #E Anabeana circinalis — 0.345
4i/NF44E Merismopedia minima — 0.142
SREE BEILLTYESE Ankistrodesmus angustus 0.025 —
Y-+ Crucigenia quadrata 0.057 0.058
FHHIPUE#E Tetrastrum staurogeniaeforme 0.023 —
JE423% Planctonema lauterbornii 0.022 0.070
SeBk# Pandorina morum 0.031 —
“faftAR T Pediastrum duplex — 0.098
VU7 Crucigenia tetrapedia — 0.137
BT # Crucigeniella rectangularis — 0.069
VUM Scenedesmus quadricauda — 0.067
WA Actinastrum fluviatile 0.033 —
Bt SBWEREEE Chroomonas acuta — 0.049
YIFFEE Cryptomonas ovata — 0.022
W&l k& Cryptomonas erosa — 0.052

RN R A ZETT AEAF



