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Supplementary Figure 1. Rarefaction curves showing the number of ASVs recovered as a function of sequencing depth (number of reads). All samples reached a plateau, indicating sufficient sequencing depth for downstream analyses.
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Supplementary Figure 2. Boxplots showing the Shannon and Richness indices of different bacterial groups at lakes of different altitudes. (a) and (b) show Shannon and Richness indices at low-altitude lakes; (c) and (d) show Shannon and Richness indices at mid-altitude lakes; (e) and (f) show Shannon and Richness indices at high-altitude lakes. Pairwise comparisons between bacterial groups within each altitude were performed using Wilcoxon rank-sum tests with Benjamini–Hochberg correction. Significance levels are indicated as: ns, p ≥ 0.05;*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Supplementary Figure 3. The top 10 bacterial phyla by relative abundance. (a) displays the relative abundance distribution of each phylum across different samples; (b) compares the relative abundances of these phyla among different bacterial groups. Pairwise comparisons between bacterial groups within each altitude were performed using Wilcoxon rank-sum tests with Benjamini–Hochberg correction. Significance levels are indicated as: ns, p ≥ 0.05;*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Supplementary Figure 4. Boxplots showing the relative abundance of the top 15 bacterial genera. Pairwise comparisons between bacterial groups within each altitude were performed using Wilcoxon rank-sum tests with Benjamini–Hochberg correction. Significance levels are indicated as: ns, p ≥ 0.05;*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Supplementary Figure 5. Boxplots showing the Shannon index (a) and Richness index (b) of ZA samples from different altitudes, with results of Wilcoxon rank-sum tests corrected by the Benjamini–Hochberg method indicated. Significance levels are indicated: ns, p ≥ 0.05; **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Supplementary Figure 6. Boxplots showing the Shannon index (a), Richness index (b), and Modified Stochasticity Ratio (MST) (c) of FL and PA samples from different altitudes, with results of Wilcoxon rank-sum tests corrected by the Benjamini–Hochberg method indicated. Significance levels are indicated: ns, p ≥ 0.05; *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Non-metric multidimensional scaling (NMDS) analysis based on Bray–Curtis distances was performed for FL and PA communities from different altitudes, and the PERMANOVA results are displayed on the plot (d).
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Supplementary Figure 7. The heatmap shows the relative abundances of 27 core ASVs across different samples, with colors indicating relative abundance values. Differences in the relative abundances of each ASV among altitudes were assessed using the Kruskal–Wallis test with Bonferroni correction, and significance levels are indicated: *p < 0.05, **p < 0.01, ***p < 0.001.
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