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Abstract Aquatic fungi play an essential role in maintaining the biogeochemical cycles and functional stability of
lake ecosystems. To elucidate the seasonal dynamics of aquatic fungal communities in alpine lakes and the environmen-
tal factors shaping them, water samples from the littoral zone of Nam Co Lake in August 2020 ( summer) , May 2021

(spring) , and October 2021 (autumn) were collected and the communities were analyzed by using ITS1 amplicon se-
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quencing. A total of 5793 OTUs (17 phyla, 869 genera) were detected in spring, 7 227 OTUs (18 phyla, 892 gene-
ra) in summer, and 1 558 OTUs (10 phyla, 188 genera) in autumn, indicating pronounced seasonal variations in
community diversity and dominant taxa. Ascomycota dominated in spring and summer (78. 10% and 78. 79% ),
whereas Chytridiomycota (37.17% ) became dominant in autumn. Redundancy analysis ( RDA) revealed that water
temperature (R*> =0.376, P=0.001), pH (R*> =0.147, P=0.038) , and total nitrogen (R*> =0.263, P =0.019)
were the primary environmental factors shaping community structure, whereas a-diversity was significantly correlated
with total phosphorus and total nitrogen (P <0.05). The neutral community model suggested that stochastic processes
dominated in spring (R* =77.4% , Nm =11,736) but weakened in summer and autumn (R* =14.7% and 8% , re-
spectively) , with a relatively low overall goodness of fit (R* =19.1% ). Checkerboard score analysis ( SES >2) fur-
ther demonstrated that deterministic processes exerted a predominant influence on community assembly. Overall,
aquatic fungal communities in the littoral zone of Nam Co Lake exhibited pronounced seasonal dynamics. Their struc-
ture and diversity were primarily driven by environmental factors and jointly regulated by deterministic and stochastic
processes, with environmental filtering playing a dominant role in community assembly. These findings offer new in-
sights into the seasonal variations, environmental regulation, and assembly mechanisms of aquatic fungal communities

in alpine lakes, thereby advancing our understanding of microbial community formation and ecosystem function in

high-altitude aquatic environments.
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Fig.1 Sampling sites in Nam Co lake
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Fig.2 Physical and chemical parameters of Sampling sites from various seasons at Nam Co Lake
A: pH;B: JKIIREE (WT) ;C. B AMERA (TDS) ;D: HS3 (EC) ;E: #hE (Salt) ;F: #%A (NH; -N) ¥R G. BB
(TP) B H: B (TN) WE, HOREIFRR I, RELARERE, BSFRREFEEN, P <0.05, + = P<0.01,
% % % P<0.001, % % * % P<0.0001,ns /R LRELR, K678
A: pH;B. Water temperature ( WT) ;C: Total dissolved solids ( TDS) ; D: Electrical conductivity (EC) ; E: Salinity (Salt) ;

F: Ammonium nitrogen (NH, -N) concentration;G; Total phosphorus (TP) concentration;H: Total nitrogen (TN) concentration.

Bars represent means,and error bars indicate standard deviations. Significant differences are indicated as follows, * P <0.05, * =*

P<0.01, * % *P<0.001, * * * % P<0.000 1,ns = not significant. same as figure 6,7,8
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Fig.3  Overview of the composition of fungal communities in Nam Co Lake
A AN RIZE T RIZCT T DA AR R 2041 s B A RIS I LR K PO A . B PR FOR AR R B ] 2l

A ; Relative abundance of fungi at the phylum level in different seasons; B ; Relative abundance of fungi at the genus level in different

seasons. Each color represents a different fungal phylum or genus
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0.019) LA}z pH(R* =0. 147, P = 0. 038) A5,
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4 #ARSE/KMEER TOP 10 THEKFHEBESR
Fig.4 Top 10 phylum and genus level differences among groups in the fungal community of Nam Co Lake
A ELE TOP10 [TJ7K V-1 V-3 AR RS 42 B2 L4 B ELTE TOP10 J& 7K (1 -S540 X F B2 U8 . R [R)/INE R R A2 2871 (R A7 A
WBFH VIS (P <0.05)
A : Average relative abundance of the top 10 fungal phyla;B: Average relative abundance of the top 10 fungal genera. Different little

letters indicate significant differences among seasons (P <0.05)

5 TRSHT(RDA)IMEERXMALE Top 10 KFEFEHER M
Fig.5 Redundancy analysis (RDA) of the effect of environmental factors on the Top 10 aquatic fungal community in Nam Co Lake
A FCH T KT ITUAR T B SRR K TR TR T . Wik R R T, s Fom AR BT I R A
A:RDA at the phylum level of fungi; B:RDA at the genus level of fungi. Arrows represent environmental factors, and points represent

samples from different seasons
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Fig.6 The a-diversity indexes of aquatic fungi in different seasons in Nam Co Lake
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Fig.7 Temporal analysis of aquatic fungi community composition during different seasons in Nam Co Lake
A RFERIR B AR TR AT 85—l B 22 54 s B AR B AR IR EC B 2 A 20 A 185 € G AR B A IR EL R A 2 i 23
S5 922 e D L BEDLARMAR R PEAL BIAL PR T X PeoAl MY HEEEM: . AR/NE FRAERA R I H Z A7 0 P2

A ; Differences in fungal communities along the first principal coordinate ( PCoAl) ;B:PCoA plot of fungal communities; C; Differ-

ences in fungal communities along the second principal coordinate ( PCoA2) ;D Relative importance of physicochemical factors for

PCoAl evaluated by the random forest model. Different litfle letters indicate significant differences among groups

PAREER H KRR B 2R 5 A
F Spearman AH K41 i 78 (18] 8) , Shannon £
FEPEFE RS TN 48 i 3 1EAH 5, Simpson Z2FE4%:
BH5 TP TN 258 #F 1EAH, Chaol 544 ACE
/B E NH, -N 28 BFIEME, 5 TP TN £
ARG, R HIBEAILARARASE RS PF-Ak 2 Ak PR %o
T4 A KR TR B T B TE] SR Y 5 e ([T
TD) , ANAGE K A BT B s 1] S JSME i WT L TDS |
NH, -N,pH. EC. Salt 3t [5] 3K 5Jj, H WT. TDS,
NH," -Nit2 =5/

2.4 KEEFEBEWEIS

ASBIFFERE FH PP R I BT R 475 40 B T 1Y
TESEMM A /K A FL A RIS AL R ) B L RO o 1
R, R AR AL S AT A S (1 9) I L
PERRAEREZ (R =77.4% ) e h 8, HIKEE %
(R*=14.7%) ,#ZF(R* =8% ) &5, HEHEIE
KB BE3 (Nm) (Nm =11 736) B m TEZE
(Nm =887) FI#kZ=(Nm =99) , £IHFR YR HUE
BERIEER, SR, BT BRI R L
RIS MR (R =19. 1% ,Nm =609) ,



4 #8 23

B8 MAHEKEEE « ZHMESELRTFHEIEST
Fig.8 Correlation analysis of fungal adiversity index with physicochemical factors in Nam Co Lake
A BRFRAENT B E RN ; CAKFHI AT D - SIARAR G AT
A Correlation analysis in spring; B Correlation analysis in summer;

C: Correlation analysis in autumn;D; Overall correlation analysis

9 MAFEKEEFEPERFEISN
Fig.9 Neutral Community Model ( NCM) analysis of aquatic fungi community in Nam Co Lake

A TR E R PR B R Z KRBT PR C o Bk K R B P AL D s SR R B o AT [ b i S 3RoR o
PR RS UG, 2R AR LA RIR T 95% 815 X 18] (GEid 1 000 1K bootstrap AR A3Aii1) , i BUMER& T sl AR T rh e %
BT 9 OTU IARFBE SR, R PR AR I RGP DU RE s N B REA TR ITA OTU (98 T B2 s m: B2 THT (K0 36
Nm: JTCHEF AL (N) 5iE B2 (m) A3

A Neutral model of fungal communities in spring; B: Neutral model in summer; C: Neutral model in autumn; D; Overall neutral model. The
blue solid line represents the best fit to the neutral community model ,and the black dashed lines indicate the 95% confidence intervals (esti-
mated by 1 000 bootstraps) . OTUs occurring more or less frequently than predicted by the neutral model are shown in different colors. R? re-
presents the overall goodness of fit of the neutral model; N is the total abundance of all OTUs in each sample; m is the immigration rate at the

community level; and Nm is the product of metacommunity size (N) and immigration rate (m)
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Table 1 Checkerboard score ( C-score) analysis of

aquatic fungi community in Nam Co Lake
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