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Table S1. Pairwise PERMANOVA (Adonis) analysis of fungal community dissimilarity across different water layers in the tropical Indian Ocean and western Pacific Ocean.
	PERMANOVA (adonis) Analysis

	Factor
	R2
	P-Value

	Surface and Mesopelagic
	0.093
	0.001

	Surface and Bathypelagic
	0.032
	0.002

	Surface and Sediment
	0.023
	0.009

	Mesopelagic and Bathypelagic
	0.156
	0.014

	Mesopelagic and Sediment
	0.598
	0.002

	Bathypelagic and Sediment
	0.228
	0.033


Note: Pairwise PERMANOVA (Adonis) was performed based on Bray–Curtis dissimilarity. R² represents the proportion of variance explained. P-value < 0.05 is considered statistically significant and is shown in bold.
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Figure S1. Simpson diversity index of surface fungal communities in relation to geographic (longitude, latitude) and environmental (SST, salinity, chlorophyll a, nitrate, and phosphate) variables. Panels: (a) longitude, (b) latitude, (c) SST, (d) salinity, (e) chlorophyll a, (f) nitrate, and (g) phosphate. Solid lines indicate fitted generalized additive models (GAMs), and shaded areas represent 95% confidence intervals. R² and p-values are shown in each panel. Statistical significance was assessed at p < 0.05. 
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Figure S2. Pielou's evenness of surface fungal communities in relation to geographic (longitude, latitude) and environmental (SST, salinity, chlorophyll a, nitrate, and phosphate) variables. Panels: (a) longitude, (b) latitude, (c) SST, (d) salinity, (e) chlorophyll a, (f) nitrate, and (g) phosphate. Solid lines indicate fitted generalized additive models (GAMs), and shaded areas represent 95% confidence intervals. R² and p-values are shown in each panel. Statistical significance was assessed at p < 0.05. 

Supplementary Material
1. Additional_file1_in_situ_metadata.xlsx: In situ measured environmental metadata for all 113 samples, including sampling coordinates (longitude and latitude), sampling depth, sea surface temperature (SST), nitrate (NO₃⁻), salinity, chlorophyll a (Chl a), phosphate (PO₄³) concentrations, and sample IDs.
2. Additional_file2_decadal_average_environmental_metadata.csv: Long-term averaged environmental metadata for all 113 samples, including sampling coordinates (longitude and latitude), sampling depth, sea surface temperature (SST), nitrate (NO₃⁻), salinity, chlorophyll a (Chl a), phosphate (PO₄³) concentrations, and sample IDs.
3. Additional_file3_custom_28S_fungal_database.fasta: Custom-curated 28S rDNA reference database for fungal taxonomic annotation.
4. Additional_file4_analysis_code.docx: Complete bioinformatics analysis code used in this study.
5. Additional_file5_all_OTUs_taxonomy_raw.csv: Preliminary taxonomic annotation and abundance table for all 116527 OTUs. OTUs with total read counts ≤ 3 were excluded.
6. Additional_file6_fungal_OTUs_taxonomy_raw.csv: Taxonomic annotation and abundance table for the 46938 fungal OTUs. OTUs with total read counts ≤ 3 were excluded.
7. Additional_file7_bioinformatics_processing_summary.csv: Summary table of bioinformatics processing results for all samples, including read counts for each processing step (filtering, dereplication, clustering, and annotation).
8. Additional_file8_relative_abundance_fungal_phyla_by_water_layer.csv: Relative abundances of fungal phyla within each water layer.
9. Additional_file9_relative_abundance_fungal_genus_by_water_layer.csv: Relative abundances of fungal genus within each water layer.
10. Additional_file10_alpha_diversity_by_sample.csv: Alpha diversity indices for individual samples.
11. Additional_file11_FUNGuild_predictions.csv: FUNGuild predictions for all fungal OTUs. The table includes OTU identifiers, trophic mode, functional guild, growth morphology, and confidence ranking for each predicted functional assignment, as inferred using FUNGuild based on the 28S rRNA sequence data.
12. Additional_file12_relative_abundance_fungal_functional_guilds_by_water_layer.csv: Relative abundance of predicted fungal functional guilds across different water layers. The table summarizes the proportional composition of functional guilds in surface, mesopelagic, bathypelagic, and sediment communities, providing the numerical data underlying the functional guild distribution shown in Figure 10.
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