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Supplementary table 1. Alpha diversity analysis showing effect of host species and sampling locations assessed by Kruskal-Wallis test (KW). 
A. Shannon Index
	Variable 
	Groups 
	Median
	95% CI range
	KW p-value

	Host species
	M. fuliginosus
	6.32
	3.76-7.32
	0.150

	
	M. macrodactylus
	3.61
	2.49-6.24
	

	
	R. ferrumequinum
	3.25
	2.98-5.92
	

	Locations
	Beppu cave

	3.13
	2.43-3.72
	0.083

	
	Muikaichi tunnel
	5.96
	4.61-7.40
	

	
	Yamane tunnel
	6.12
	3.25-6.99
	


B. Chao1 
	Variable 
	Groups 
	Median
	95% CI range
	KW p-value

	Host species
	M. fuliginosus
	1085.7
	418.3-1798.5
	0.340

	
	M. macrodactylus
	700
	468.5-910
	

	
	R. ferrumequinum
	557.5
	387.8-719.9
	

	Locations
	Beppu cave

	405.4
	352.3-689.5
	0.2

	
	Muikaichi tunnel
	815.0
	634.0-1600
	

	
	Yamane tunnel
	801.6
	423.7-1530.8
	


C. Faith PD
	Variable 
	Groups 
	Median 
	95% CI range
	KW p-value

	Host species
	M. fuliginosus
	24.9
	20.81-29.65
	0.058

	
	M. macrodactylus
	18.8
	16.13-32.69
	

	
	R. ferrumequinum
	13.8
	8.56-23.61
	

	Locations
	Beppu cave

	13.8
	5.57-20.3
	0.048

	
	Muikaichi tunnel
	21.9
	12.7-33.5
	

	
	Yamane tunnel
	23.7
	19.5-29.6
	













Supplementary table 2. PERMANOVA analysis on Bray-Curtis dissimilarity on host species and location variables and their interaction in shaping the gut microbial composition. 
	Variable 
	p-value
	R2

	Species 
	0.002
	0.150

	Location 
	0.001
	0.132

	Species:Location (Interaction)
	0.014
	0.052

	Within-location analyses

	Yamane tunnel

	Species 
	0.002
	0.191

	Muikaichi tunnel

	Species 
	0.1
	0.402

	Beppu cave

	
	0.4
	0.318






Supplementary File 1: Script code used for microbial correlation analysis
conda install -c bioconda -c conda-forge fastspar
fastspar --iterations 100 --exclude_iterations 10 --otu_table genera_input_for_sparcc_filteredasv_prev30.tsv --correlation median_correlation.tsv --covariance median_covariance.tsv
mkdir bootstrap_counts
fastspar_bootstrap --otu_table genera_input_for_sparcc_filteredasv_prev30.tsv --number 1000 --prefix bootstrap_counts/data
mkdir bootstrap_correlation
parallel fastspar --otu_table {} --correlation bootstrap_correlation/cor_bat_{/} --covariance bootstrap_correlation/cov_bat_{/} -i 1000 ::: bootstrap_counts/*
fastspar_pvalues --otu_table genera_input_for_sparcc_filteredasv_prev30.tsv --correlation median_correlation.tsv --prefix bootstrap_correlation/cor_bat_data_ --permutations 1000 --outfile pvalues.tsv
####
library(tidyverse)
library(igraph)

cor <- read.delim("median_correlation.tsv", row.names = 1, check.names = FALSE)
p   <- read.delim("pvalues.tsv",    row.names = 1, check.names = FALSE)
threshold_cor <- 0.6
threshold_p   <- 0.05

edges <- cor %>%
  rownames_to_column("Taxon1") %>%
  pivot_longer(-Taxon1, names_to = "Taxon2", values_to = "Correlation") %>%
  mutate(Pvalue = p %>% rownames_to_column("Taxon1") %>%
           pivot_longer(-Taxon1, names_to="Taxon2") %>% 
           pull(value)) %>%
  filter(Taxon1 != Taxon2,
         abs(Correlation) > threshold_cor,
         Pvalue < threshold_p)

edges <- edges %>% 
  filter(Taxon1 < Taxon2)

g <- graph_from_data_frame(edges, directed = FALSE)
V(g)$degree <- degree(g)
E(g)$color <- ifelse(E(g)$Correlation > 0, "red", "blue")

plot(
  g,
  vertex.size = sqrt(V(g)$degree) * 3,
  vertex.label.cex = 0.7,
  edge.width = abs(E(g)$Correlation) * 5,
  layout = layout_with_fr
)

#prepare for export to cytoscape
nodes <- data.frame(Taxon = V(g)$name)
nodes$Degree <- degree(g)
write.table(nodes, "Cytoscape_nodes.tsv", sep="\t", row.names = FALSE, quote = FALSE)
edges$Type <- ifelse(edges$Correlation > 0, "Positive", "Negative")
write.table(edges, "Cytoscape_edges.tsv", sep="\t", row.names = FALSE, quote = FALSE)
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Supplementary Fig. 4 Principal coordinates analysis (PCoA) of Bray—Curtis beta diversity showing pairwise comparisons
of how host species shape gut microbiota structure.
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Supplementary Fig. S Principal Component analysis (PCA) of the predicted functional pathways showed no significant effects of environmental

location on the gut microbial function (p = 0.412).
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Supplementary Fig. 6 Full gel electrophoresis image of DNA of pathogenic species detected by nested PCR 1n gut samples of Yamaguchi
bats.
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Supplementary Fig. 7 Microbial co-occurrence networks of the three sampling locations inferred using SparCC, || > 0.6, p < 0.05. The
networks 1llustrate interactions between individual genera. Node size 1s proportional to degree (number of correlations). Red nodes show core
bacteria, while blue nodes show detected pathogens. Red edges indicated positive correlations while blue edges indicate negative correlations,

and correlations of core bacteria and detected pathogens are highlighted.
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Supplementary Fig. 1 Venn diagrams showing the distribution of amplicon sequence variants across (A) bat species and (B) sampling locations.
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Supplementary Fig. 2 Stacked bar plots of the relative abundance of bacteria faceted by sampling locations. (A) Phylum level (B) Family
level (C) Genus level.
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Supplementary Fig. 3 Alpha diversity of the bat gut microbiota on male and female bats (A) Shannon (B) Chaol (C) Faith PD.

There was no significant variation in the alpha diversity between the two sexes.




