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[bookmark: OLE_LINK12]Figure S1  Shannon rarefaction curves of gut microbiota for each sample from five sampling locations (a) and in four seasons of SKSK (b). The horizontal axis denotes the amount of sequencing data for each sample, and the vertical axis denotes the Shannon-Wiener index. When the curve tends to be flat, it indicates that the amount of sequencing data is leveling off, and more data will not have a significant impact on the diversity index. The sample ID for five sampling locations and four seasons (spring, summer, autumn, and winter) of SKSK are shown in Table S3. 
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[bookmark: OLE_LINK4]Figure S2  Boxplot showing the Good’s coverage index of gut microbiota across five sampling locations (a) and four seasons of SKSK (b). The coverage values range approximately from 0.995 to 0.999, reflecting high sequencing depth and satisfactory sample representativeness for each microbial community.
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Figure S3  Box-plot of Alpha diversity indices of gut microbiota across sampling locations and seasons. (a) Shannon-Wiener index for five sampling locations; (b) Shannon-Wiener index for four seasons of SKSK; (c) Pielou’s evenness index for five sampling locations; (d) Pielou’s evenness index for four seasons of SKSK. In each panel, the abscissa is the group, and the ordinate is the value of Shannon-Wiener index (shannon) and Pielou’s evenness index (pielou_e), respectively. Asterisks indicate pairwise significance (***P < 0.001, **P < 0.01, *P < 0.05).
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Figure S4  Heatmap of Spearman correlation analysis between gut microbiota at the phylum level and environmental factors across five sampling locations (a) and four seasons of SKSK (b). The vertical axis represents environmental factor information. The horizontal axis represents species information. And the value corresponding to the heatmap is the Spearman correlation coefficient r, which is between -1 and 1, r<0 indicates a negative correlation, r> 0 indicates a positive correlation, and * denotes P<0.05, ** denotes P<0.01. TEMP, DO, COND, TD, PI, TP, and TN represent water temperature, dissolved oxygen, conductivity, turbidity degree, permanganate index, total phosphorus, and total nitrogen, respectively.
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[bookmark: OLE_LINK10]Figure S5  Heatmap of Spearman correlation analysis between gut microbiota at the genus level and environmental factors across five sampling locations (a) and four seasons of SKSK (b). The vertical axis represents environmental factor information. The horizontal axis represents species information. And the value corresponding to the heatmap is the Spearman correlation coefficient r, which is between -1 and 1, r<0 indicates a negative correlation, r> 0 indicates a positive correlation, and * denotes P<0.05, ** denotes P<0.01. TEMP, DO, COND, TD, PI, TP, and TN represent water temperature, dissolved oxygen, conductivity, turbidity degree, permanganate index, total phosphorus, and total nitrogen, respectively.
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[bookmark: OLE_LINK26][bookmark: OLE_LINK22][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK3]Figure S6  Correlation between geographic distances and gut microbiota differences between populations for C. zillii. (a) Correlation between geographic distances and phylum-level Schoener overlap index of gut microbiota between populations. The slope of the linear regression is (-2.675e-05) ± (1.564e-04), and the intercept is 0.4931 ± 0.1385. The correlation (y = -2.675e-05x + 0.4931, R2 = 0.0036) was not significant (P = 0.8684). (b) Correlation between geographic distances and genus-level Schoener overlap index of gut microbiota between populations. The slope of the linear regression is (-5.878e-05) ± (7.956e-05), and the intercept is 0.4938 ± 0.0705. The correlation (y = -5.878e-05x + 0.4938, R2 = 0.0639) was not significant (P = 0.4811). (c) Correlation between geographic distances and Bray-Curtis distance between populations. The slope of the linear regression is (1.578e-04) ± (8.782e-05), and the intercept is 0.7049 ± 0.0777. The correlation (y = 1.578e-04x + 0.7049, R2 = 0.2876) was not significant (P = 0.11). Values of Mantel’s correlation test are provided at the top of the panel.
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Figure S7  Assessing the adequacy of the neutral community model (NCM) for community assembly across different habitats. The solid red lines depict the optimal fit of the neutral community model, while the pink shaded area indicates the 95% confidence interval of the model predictions. OTUs falling within the predicted range are displayed in blue, while those occurring more (red) or less (green) than predicted by the NCM are shown in different colors. R2 indicates the model's goodness of fit, whereas Nm is the result of multiplying community size by migration periods. 
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Figure S8  Assessing the adequacy of the neutral community model (NCM) for community assembly across different seasons (a: spring; b: summer; c: autumn; d: winter; e: all seasons). The solid red lines depict the optimal fit of the neutral community model, while the pink shaded area indicates the 95% confidence interval of the model predictions. OTUs falling within the predicted range are displayed in blue, while those occurring more (red) or less (green) than predicted by the NCM are shown in different colors. R2 indicates the model's goodness of fit, whereas Nm is the result of multiplying community size by migration periods. 

image5.jpeg
'
[t}

uouueys

Group




image6.jpeg
©
uouueys

Group




image7.jpeg
Ak

0.7-

'
<
o

Group




image8.jpeg
0.8

0.7

0 0.6

pielou_

0.5

0.4

0.3





image9.jpeg
04

0.2

-0.2
0.4

Caldisericota
Zixibacteria
Latescibacterota
MBNT15

Hydrogenedentes

| | Armatimonadota

Thermotogota

Deferribacterota
SAR324_clade.Marine_group_B.
Deferrisomatota

Crenarchaeota
Campilobacterota

Halobacterota

Patescibacteria

Deinococcota

Nitrospirota
_H_ Gemmatimonadota
Euryarchaeota
Myxococcota
Spirochaetota
Dependentiae
Bdellovibrionota
Acidobacteriota
Planctomycetota
Desulfobacterota
Chloroflexi
Verrucomicrobiota
Actinobacteriota
Bacteroidota
Cyanobacteria
Fusobacteriota
irmicutes
Proteobacteria




image10.jpeg
Synergistota
NB1.j
Modulibacteria

Fibrobacterota

Sva0485

MBNT15
SAR324_clade.Marine_group_B.
Cloacimonadota

n Deinococcota
Thermoplasmatota

Nitrospirota
Spirochaetota
Wws4
Campylobacterota
Crenarchaeota

Gemmatimonadota
Dependentiae
| Armatimonadota
| Sumerlaeota
Bdellovibrionota
Planctomycetota
Acidobacteriota
Myxococcota
Patescibacteria
Halobacterota
Chloroflexi
Euryarchaeota

Verrucomicrobiota
Bacteroidota
Cyanobacteria

Proteobacteria
Firmicutes

... . Fusobacteriota




image11.jpeg
06
04

02

0

=]

|| Listeria
Hyphomicrobium
. . Faecalibacterium
LD29

Nocardia

. Gordonia
Sphingomonas
Cyanobium_PCC.6307
Nocardioides
Vagococcus
Bacteroides
Methylocystis
Bradyrhizobium
Lactococcus
Turicibacter

. Terrimicrobium
Streptomyces
Phreatobacter
Legionella

| IMCC26207
Paraclostridium
| | Plesiomonas
|| Fukuns?
Micromonospora
Mycobacterium
Clostridium_sensu_stricto_1
Streptococcus
Enterovibrio
Macrococcus
Clostridium_sensu_stricto_4
Bacillus
Chloroplast
Romboutsia

D Cetobacterium
. Ralstonia





image12.jpeg
o = o
o o o o

COND

a o
Y

o
=

— oz
arFF

o

| Clost

-0.2
-0.4
-0.6

X.Eubacterium._brachy_group
Actinomyces
Clostridium_sensu_stricto_13
Arsenicicoccus

Terrabacter

Methylocystis

Halomonas

Bradyrhizobium
Streptococcus

Micropruina

Mycobacterium
Cloacibacterium

Paeniclostridium
Propioniciclava
Lactococcus
Microvirga
Micromonospora
Plesiomonas
Microbacterium
Desulfomonile
Methanobacterium
Cyanobium_PCC.6307
LD29
Christensenellaceae_R.7_group
Enterovibrio
Pseudomonas
Chryseobacterium
Stenotrophomonas

| Ralstonia

Romboutsia
Allorhizobium.Neorhizobium.Pararhizobium.Rhizobium
unidentified_Chloroplast

m_sensu_stricto_1

Cetobacterium





image13.jpeg
Schoener overlap index

087 R2=10.0036
P=0.8684 . R
0.6- .
[ ]

&

0.4
[ ]
[ ]
0.2 o
0.0 T T 1
0 500 1000 1500

Geographic distance (km)




image14.jpeg
Schoener overlap index

0.67 R* =0.0639
P=04811
[ )
[ ]

0.51

\
0.44

° ®

[ ]
0.3 T T 1
0 500 1000 1500

Geographic distance (km)




image15.jpeg
Bray-Curtis distance

R*=0.2876
P=0.11

500 1000 1500
Geographic distance (km)




image16.tiff
Neutral Community Models Across Habitats
Nm = metacommunity size x migration rate | Values shown in top-left comer

All Habitats DJ NDJ
Neural Community hodel Neutral Community Model Netral Communiy Model
100 100 100
Nm=005 , = o Nm=0.14

1.062

s e o $o75 o7
2 . 2 H
S Classification H semmm———acmmse o Classification 3 —— Classification
£ o AbovePrediion & o AbovePredicion & o Above Preciction

0m|  emmeowens 05 s 050
3 —ry * e pozcin 8 * Nawapen 8 D ——
5 —_— o Boowrredion & o BoowPredoion £ + Below Preccton
3 m—ts o 3 5
I ] i
L PR—x 8oz 8oz

- e .
o o o0
s 4w o 4 s PR o4
Logyo(Mean Relative Abundance) Lognp(Mean Relative Abundance) Logig(Mean Relative Abundance)
apH SKsK xJ
Neutal Communiy Model Neural Community Model Neutal Communiy Model
100 120 100
Nm =0.18 Nm =0.15 Nm =0.13
R?=-1.349 R?=-1.084 R?=-0.837

2075|  cmm— 5078 o7
I3 3 I3
g g g
§ H H
H Glassification H cem—— e Classification H « e+ Classification
H o Ao Predoion & o AoovePredicton it + Above Prediston
£ 050 L as0 4 050
8 o Neura Preciion 8 o NeualPredoion & o Neutal Preciction
& o BoowPredcion £ o Bolowprediion £ o Below Pradicion
£ H £
g g g
S o 8oz S oz

0m 000 000

5 4 3 2 s 4 3 2 50 45 40 35 30
Logyo(Mean Relative Abundance) Logu(Mean Relative Abundance) LogigfMean Relative Abundance)




image17.jpeg
1.00

o <}
@ ~
<) a

Occurrence Frequency
o
N
B

0.00

R?=0.506
Nm =602.3

Neutral Community Model: Spring

@ @  Classification

-4 -3
Logw(Mean Relative Abundance)

® Above Prediction
® Neutral Prediction

© Below Prediction

-1




image18.jpeg
Neutral Community Model: Summer

1.00 L]
R?=0.529 o °
Nm = 575.4 °
0.75
c
o
]
o
2
Y050
@
o
<
e
=
3 0.25
8 . ° Classification
: b ° . -.. ® Above Prediction
0.00 ® Neutral Prediction
© Below Prediction

-5 -4 -3 -2 -1
Logw(Mean Relative Abundance)




image19.jpeg
o o
> ©

Occurrence Frequency
)
©

0.0

R?=0.743
Nm = 805.1

Neutral Community Model: Autumn

Log(Mean Relative Abundance)

Classification

® Above Prediction

® Neutral Prediction

© Below Prediction

=1




image20.jpeg
1.00

o =)
o ~
S a

Occurrence Frequency
=
Ny
B

0.00

R?=0.662
Nm = 828.1

Neutral Community Model: Winter

-4 -3
Logw(Mean Relative Abundance)

Classification
® Above Prediction
® Neutral Prediction

© Below Prediction





image21.jpeg
1.00

=) o
o ~
=] o

Occurrence Frequency
o
N
X

0.00

R?=0.704
Nm = 698.4

Neutral Community Model — All Seasons

-4
Logw(Mean Relative Abundance)

-2

. Classification

® Above Prediction
® Neutral Prediction

© Below Prediction





image1.jpeg
shannon

[te)

[

* * * )2
)
- 0J1
—— 5
3 3 3 - X1
- XJ2
- 1J3
x4
—g 8 8 —— 115
J1
2 w2
3
e
-
x x x -
-
——
o SKSK4
o~ SKSKS
o o o Qi
o QD2
® @ oam
e Qi
* * ¥
a a s
B ® ®
v v v
b + SER
a a N
a N IN
T T T T
10000 20000 30000 40000

Number of Sequences





image2.jpeg
shannon

SKSK19
SKSK20

FRACEEREEHE 424 bibadtd bibey

PHEEEE REEEEEIREEE FEEEd 414

T T T T T
0 10000 20000 30000 40000 50000
Number of Sequences




image3.jpeg
0.999

0.998

ge

I0.997

S_covera

good

0.996

0.995





image4.jpeg
1.000

0.999

0.998

0.997

goods_coverage

0.996

0.995





