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Temporal dynamics and assembly mechanisms of riverine planktonic eukaryotic

microbial communities under flood season disturbance
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Abstract: Flood disturbances are key drivers in river ecosystems, yet their specific impacts on the assembly mechanisms of
planktonic eukaryotic microbial communities remain unclear. Four representative sites were established along the Laoguan
River in Nanyang City, southwestern Henan Province, to represent gradients of human disturbance. Surface water samples
were collected during pre- and post-flood periods across two consecutive years. Environmental variables, including
hydrological and physicochemical parameters such as nutrients, conductivity, and chlorophyll a, were measured to evaluate
their influence on community patterns. Microbial DNA was extracted from filtered water samples, and the V4 region of the
18S rRNA gene was sequenced on the Illumina MiSeq platform. After quality control, sequences were clustered into
operational taxonomic units (OTUs) at 97% similarity and normalized to ensure comparability. Based on relative abundance
thresholds, planktonic eukaryotic microorganisms were classified into dominant and rare ecological groups, enabling
investigation of community assembly mechanisms under flood disturbance. Our findings indicate that flood disturbances,

through changes in hydrological conditions and physicochemical parameters, induced phase transitions in community
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assembly mechanisms. After the disturbance, stochastic processes initially dominated community assembly, as indicated by
a significant increase in the normalized stochasticity ratio (NST). However, environmental filtering gradually intensified and
progressively steered the community toward deterministic processes. These transitions were accompanied by a marked
reduction in alpha diversity ( a-diversity) immediately after flooding, reflecting the strong disruption of community stability.
Subsequent recovery during pre-flood periods highlighted the resilience of planktonic eukaryotic microorganisms. The
temporal sequence of these processes underscores the complexity of microbial responses to natural disturbances, suggesting
that community assembly is not fixed but highly dynamic. The response strategies of taxa with varying abundance patterns
showed notable differences. Dominant taxa managed to maintain their ecological roles by responding consistently to
environmental factors, which explained up to 70% of the variation. This was particularly clear in their steady reactions to
changes in conductivity and nitrate-nitrogen ( NO;-N) levels, indicating strong environmental filtering and stable adaptation
strategies. Conditionally rare taxa ( CRT) were more sensitive to nutrient variations, making them reliable indicators of
environmental variation. Their temporal heterogeneity suggested a potential role in signaling ecological shifts. In contrast,
absolutely rare taxa ( ART) demonstrated high stochasticity ( NST values reaching 100% ) and substantial unexplained
variation (up to 90% ), reflecting the unpredictability in their community dynamics. The weak environmental responses of
ART suggest that micro-scale processes such as dormancy, microbial interactions, and viral lysis may underlie their
assembly, emphasizing their contribution to maintaining community plasticity under disturbance regimes. Together, these
results provide the first comprehensive evidence that flood disturbances trigger stage-dependent shifts in microbial
community diversity and assembly processes, offering novel insights into how river ecosystems respond and adapt to

hydrological perturbations.

Key Words; flood disturbance; planktonic eukaryotic microorganisms; community assembly mechanisms; temporal

dynamics; environmental filtering
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Fig.1 Location of sampling sites in main stream of Laoguan River
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Table 1 Differences in a-diversity indices of planktonic eukaryotic microorganisms between two consecutive periods
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PRI SR T WEAT (R REV& 25K IR (1] G 2% D00 2%, WAL 1 0 i ) 194 A 2 A3 AR AR B 5 R, 90 2 4 7K
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B K A BREE 26 PR R Yl B AR 5 RV AE | AT 3 BURCE MR v B R 1) — B, BAh, BIFER
R IR ) S T e PRS0, 3R W BRBERE B T REAS 2 AR ) I 0 (AR A 0 AL o ik — 5 SRR FE i i AR
BRG, AR ERREE  FEAD AT 322 BIREHLT BN ABE R U8 1) £ SR

£3 ET Mantel REHRERF ZEEFSFHRERMEDFFNAXEDN

Table 3 Mantel test-based analysis of the correlations between environmental factors, spatial factors, and planktonic eukaryotic

microbial communities

PSS PEFA2ens FA A2 MRS
AR All taxa Dominant taxa CRT ART
Factors . » . » . » r »
35 K F Environmental factors
5L Temperature 0.196  0.001***  0.194  0.001***  0.260  0.001***  0.182  0.002**
FRTAEE pH 0.172  0.002** 0.183  0.001***  0.105  0.015* 0.074  0.050"
15 Conductivity 0272 0.001***  0.279  0.001***  0.146  0.010*" 0.179  0.002**
Ak L Oxidizing-reduction potential 0.204  0.002** 0.203  0.002** 0.184  0.001*** 0.183 0.002 **
4 Dissolved oxygen 0.179  0.002** 0.191  0.001*** 0.188  0.001*** 0.247 0.001 ***
A Total nitrogen 0.094  0.084 0.088  0.093 0.197  0.001***  0.108  0.024*
% NH}-N 0.073  0.148 0.066  0.162 0.156  0.006** 0.082  0.073
S Total phosphorus 0.037  0.262 0.029  0.300 0.106  0.038* 0.045  0.175
fili%l NO3-N 0.115  0.031" 0.106  0.036* 0.208  0.001***  0.100  0.027*
k275 5 Chemical oxygen demand 0.114  0.058 0.109  0.062 0.186  0.003** 0.097  0.054
4% a Chlorophyll a 0.155  0.008 ** 0.169  0.006** 0.175  0.003** 0.095  0.036*
23 [6] [T Spatial factors
23 @] [ F 1 PCNM1 0.117  0.012* 0.116  0.011* 0.082  0.037* 0.024  0.267
23 [ [ F- 2 PCNM2 0.081  0.029* 0.073  0.041° 0.063  0.065 0.033  0.175

r {H37~ Pearson FHIC R EL, P (HE /R BEMEKTFE, # :P<0.05; %% . P<0.01; # %% . P<0.001; PCNM ; Z1 35 B £ AL AR AT Principal coordinates

of neighbor matrices

I £ B2, TETAL F ML 2 R L ) 8 00 B B PR AE « TR o0 8, WAL S 7 2 S R VR A 7 s B2 )
[GIHERS | FRBE 1 A B WG R . 7 [R) LE AS SRR ML I TR A MR L JEE A7 7 S 5 25 50, ART JLT-5¢ 4232 T A8
I (NST B 153K 100% ) , TG HSEFERN CRT T2 5 H S0 A4 SR AN i A T, X — B2 s
TSI T B I B ot A SCHIE Bl A o 107 A0 IS WL e S0 ), B Bk 8 7 a4 A A, 2 WA R
VR AL AR L A 1 B kR AR X — A T RE R VR K AT I SR LA > — (2 e LRI R I
VEFR B AR T S0 A 2 HE SR, (F ALt o R ER 50 0 7 e P IV 3 P T i o St o, T S5 R Ak
BRI,

3.3 R[EFERBEMM LR 2 5

IR I AR SRR A S A 30 A R E R VR A AL A e R 2 7 X F AN T8
TERFA 1O A5 A RUBR S0 17 S ) AR 25 00 A3 I — A I, B0 DR SR AR RV A8 S v i P 2 D
TR [ 2B 18] 14 [ 3R P e 6 P o P A A W 25 5, 62 S5 T i S ke 1 00 o 1 A 25 5 Wi R B 503 2 e )
ERyZERE

DA RE VR P T B PR e B R | PR PR X L R S A B A RERE 1. Mantel 4}H7 3%
W], A 5 S AR =N I 2 2 L IE A OG (P<0.05) |, TR, 801 COD 3 B Hh B i i A 61, R
B SIS o S S A PR S TR T — B M S B, R A R e B, D A T IR AR P B
BT IO SR 20 R R 2 98 T T R B e A R R SR I SRR IR A M P
BRI M KRS R ORI B & B T B R, R ZUR COD 50 H KRR B B AR MR ], 2
TR AV WL 4 ] R 2 S A O S A 1) S R R
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Fig.7 Mantel correlation heatmaps revealing environmental effects on microeukaryotic community distribution across different periods

T:ﬁg;pH:@WE;COHd:EEAEJ“%;ORP:ﬁ/ﬂﬁﬁﬁfﬂg“;DO:%%%;TNWE%;NHZ-N:ﬁﬁ;TP:E\@é;NO;-N:Eéﬁ;COD:w%ﬁﬁg?C

http ; //www.ecologica.cn

a:MagE a

Chl



10820 xR 45 4

ZNFFRAE BT VE A 2 R B SR BB R, X e 53 A ZURT COD AR fb 55 R SRR,
R AETEAPE 31 )5 22 90 538 B I ] S B 1 (r>0.497 , P=0.001) 3% Rhoxd BRES 28 Ak B SRR HE 22 I, S5 10T
B RBETRE LI AR RN BB SRR A SR I R T R VR T A i A S R, L BE S
Xof A8 AR AR AR H PR S e

4 0 A ISR R B 5 T 2B AR RN (R A EERAAE . SR BEAILPE AR i NST (B 7E S 2o B L &2
ALK E] 100% , 17 H PRI 0 W 32 55 , A MR 1948 5 LU =38 90% , X P 2R IR T ART BYRRIRAE S
P ARBRIRAS 5 3 A7 A LR EE U /N, S ECE T 225 Z BIRENLEAS R > R AR I 7AE 5 L 55
1, 2 R WL G N R B W Ty 2 R BE FE A BE 252 ART A SIOUL R | an A= 9y 100 (%) AH B4 FH AN 25 1
(% S VAR

4 Zit

ABEFEAE R T IS ) 7 U FAZ S E RIS O P Sh R AL, ISR i3 sh 5|
K T REFAENLE BB BOVE AR AL R BRI SIS IBENLE T S T e A, Bl n PR DB AR I A i | J2 2L
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I HEFFAE R ML, PR BT RERE AT Ik 70% ; 25 VA A7 2R SR B L0 035 97 0728 10 A0 g B2 SRS, R B 1 RS 48 7
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