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Community structure and environmental driving factors of phytoplankton in Lake Chagan
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Abstract: Phytoplankton regulate material cycling and energy flow in lake ecosystems located in cold regions. Their community structure is more
sensitive to climate change and human disturbance than that in lakes at mid-to-low latitudes. This study investigated the spatiotemporal patterns a
nd main drivers of phytoplankton community structure in cold-region lakes. Phytoplankton and water quality samples were collected from Lake C
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hagan in 2024. Field sampling occurred in January, May, July, and September, representing winter, spring, summer, and autumn, respectively. All s
amples were processed through laboratory analysis. Results showed that Lake Chagan was mesotrophic in spring, summer, and winter (34.20<TLI
<47.16), but eutrophic in autumn (48.85<TLI<59.56). A total of 175 phytoplankton species from 8 phyla were identified. Bacillariophyta contribute
d the most to phytoplankton biomass, while Cyanophyta had the highest cell density. Twelve dominant species from 5 phyla were recorded. The
absolutely dominant species with the highest dominance value changed with seasons: Synedra acus (Bacillariophyta) in spring, Tiibonema ulothrich
oides (Xanthophyta) in summer, Dolichospernum spiroides (Cyanophyta) in autumn, and Synedra acus var. angustissima (Bacillariophyta) in winter.
The Shannon-Wiener diversity index, Simpson diversity index, Pielou evenness index, and Margalef richness index all remained at low levels ove
rall. This indicated poor community stability in response to extemal and intemal environmental changes. Pearson correlation analysis, redundancy a
nalysis (RDA), and Mantel tests confirmed that WT, TP, TN, NH4N, NOs-N, and DO were key factors regulating phytoplankton cell density in
Lake Chagan. WT, TN, TP, and NOs-N mainly determined phytoplankton dominance. TN, NH4"N, and DO dominated the temporal variation of
phytoplankton community structure. Low water temperature, ice-induced low light, and reduced hydrodynamic mixing in winter and spring favored
the absolute dominance of Bacillariophyta. Elevated TN and NOs-N concentrations in summer and autumn promoted the absolute dominance of
Xanthophyta and Cyanophyta. To prevent year-round absolute dominance of Cyanophyta in Lake Chagan, extemal inputs of TN and NOs-N sho
uld be reduced in summer and autumn. This management strategy can alleviate ecological risks from climate warming, This study clarifies the me
chanisms driving phytoplankton community variation in northem cold-region lakes and provides scientific support for aquatic ecological managemen
t of Lake Chagan and similar cold-region lakes.
Keywords:Phytoplankton; Community structure;Driving factors; Temporal and spatial characteristics; Lake Chagan
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Tab.1 The Weight of the Calculation of the Eutrophication Index of Lake Chagan
ki 4 Chl-a TP N SD CODwn
. 72 1.00 0.13 0.69 0.20 0.29
wj 043 0.05 0.30 0.09 0.13
2 1.00 0.14 0.24 0.92 0.71
7 7

wj 0.33 0.05 0.08 031 0.24
9 FIZI_ 1.00 0.26 0.99 0.99 0.67
W 0.26 0.07 0.25 0.25 0.17
1 FIZI_ 1 0.71 0.67 0.69 0.69
W 0.27 0.19 0.18 0.18 0.18
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DCA Ji#fr; HdfmEid 50 RisBEfdas, I RDA SRIUUHIAIHEY ST TR0, i ey
AL SR,

NS KRB SHU SRR SRR, A0 R B “linkET” F2FPER4,  JiH] mantel test()
PREGERE T Spearman ARSI Mantel £245 74T .

2 £5R
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211 RS T &R B, K LIUEIKRELAE I EA R 2R (R 2) » WAkl
F3.04~2721 C, HEKRRERTER. K &F, FRAREZNLREER, SZKRERN 324016 C;
DO ¥#KREEFN SD LTS /514 7.88 ~ 10.08 mg/L F120.88 ~40.6 cm, 47% DO WREFHHEX 9.5240.56 mg/L, SD ik
1%20.88 cm;  Chl-a VREEAEIGHDN 044 ~16.77 pg/L, KEEREIMARESTA B BFK9.50+727 ug/L; TNIK
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AKITEABERRERRME; TN/TP ZMLTEREN 511 ~23.59, FEREERTE. K. 4%, RSNKELEEEER.
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Tab.2 Seasonal variation of water environment parameters in Lake Chagan (mean +standard deviation)

WEZH HF H= hE X5
WT/C 17.25+037° 27.06+0.15 16.34-+0.23 3.20+0.16°
pH 8.87+0.02° 8.90+0.067° 9.04+0.082 889+0.13b
DO /(mg/L) 834 +008° 85340.65° 9.19+0.269 9524056
1 [(ppm) 450.10+19.01° 4586-+38.72 377.83+127.7%° 512.3445.68°
R /(psu) 0.76+0.02° 045+0.04° 0424003 0.82+0.06"
SD /(cm) 26.62+33° 3212+165" 3856+2.04° 2342120
Chl-a/(nglL) 2174108 1.03+059° 950+7.272 3314265
TN /(mg/L) 0.95+0,03® 1.03+0.26* 0.8240.24° 0.71+0.08°
TP (mglL) 0.05+0,01¢ 0.0740.02 0.10+0.022 0.09+0.02%
NO3-N/(mg/L) 0.0740.02° 0.25+0.13" 0.0840.03° 014+002°
NH.*N /(mg/L) 0.08+0.02¢ 0.1740.09° 0.1940.03° 0.06+0,03°
CODwn /(mg/L) 550+0.38° 6.24+3.14° 6.21+0.48" 5.72+0.77°
TSS /(mg/L) 106.80+26.262 95.2+24.16" 98.8+24.12" 49247.03
DOC /(mg/L) 12.19-+092° 10.07-+2.60° 8194202 1115+15*
TN/TP 19.00+384° 14.70-+5.400 8.20+2.10° 7.89+20°
i IC 16.26+2.78" 24.85+1.76° 1694+323 -14.49+2.20°
Bk (mmid) 003+0.10 2.98+9.30° 1914335 0.0240.08%
#9% (mm/d) 543+1.26° 35441970 181+1.16° 156-£0.04°

RPEATFRANRNE R B3, BEKT p=0.05.
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Fig.2 Spatial and temporal distribution of eutrophication index of Lake Chagan
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Fig.3 Seasonal variation in phytoplankton species diversity (a) and taxonomic abundance (b) across Lake Chagan
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Tab.3 Dominant species and dominance index of phytoplankton in Lake Chagan in 2024

et HE CES es &=
W] FkA=KAEE Dolichospermum flos-aquae — 0043 0035 —
Cyanophyta i K-F5 Dolichospermum spiroides — 0082 0301 —
|51 Oscillatoria princeps — — 0.057 —
T FPHRETFTEE Synedra ulna 003 — — —
Bacillariophyta 415 Synedra acus 0.14 — 002 —
MRIRSE4 Nitzschia fusiformis 0.029 — — —
JEATEERSA R Synedra acus var.angustissima — — — 0257
T {1142 #5443 Tribonema ulothrichoides — 032 — —
Xanthophyta
SR XU Pediastrum biradiatum — 0033 — —
Chlorophyta SRR Pediastrum simplex — 0035 — —
SRR Pediastrum duplex — 0023 — —
PR AT Euglena caudata — — 0022 —
Euglenophyta

RN Y<0.02.

2.2. 3 A A A F RO M B A BRI R (Bl5a) | wEEdE (BI5b) FlilEs
Vg (B 50 FOULHERERZER. EEYERETHE=ASY, BUEN 1247~ 14818 mg/lL, REEAEYE
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Fig.5 Spatial distribution of hiomass across all four seasons in Lake Chagan (a), with diatoms (b) and cyanobacteria () highlighted
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2.4.1 FAHEHAHERIT SRR T AR KH Pearson AHMHRFTE TIAHAX RS ACRAFAE. (R
JE. ST PSR K Chl-a) SHSERTHISUE, 45FRaE 8 . H2F (B 8a) , Chla5 WT MINOy-N 2E#IE
R (p<0.05) . 5 SD BEEEFAK <005 , MERES WT 2REZIEHE (005 . 5 SD E2REMMHK
(p<0.05) , TEEITS WT. NOs-N 1 SD ZEF AL p=<0.05) , #5150, M TNTP 253 flis
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