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Additional program and packages

Select fastqs were cleaned with repair.sh from bbmap'. Fastqs were demultiplexed with either
demultiplex? or barcode-splitter® depending on barcode format. Sequences were translated and
aligned with transeq and transalign from EMBOSS* and identity was assessed using BLAST®.
General data processing, statistical analyses, and visualization in R were accomplished with the
following packages: tidyverse®, cowplot’, ggtree®, RColorBrewer?, statix'?, and reshape2!'!,
genefilter'?, seqinr!'?, ape!, phytools', RVAideMemoire'®, broom!”, and zoo!8. Data processing
in python was accomplished with pandas!®, numpy?°, and Biopython?!.
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Figure S1. Phylogeny of newly identified ASVs belonging to co-diversified lineage
Bacteroidaceae 3 (Bt3 in Figure 4). Inset (A) at upper left shows topology of the original co-
diversified clades identified in Moeller ef al.® with branches color-coded to denote host species.
The three major clades from this inset tree (Clades 1-3) are highlighted and labelled in the
phylogeny that includes newly identified gyrB-ASVs (B). An additional mixed-host clade is also
labeled (Clade 4). Lineages and terminal tips are color-coded to indicate the host-species source
of an ASV, and dashed lines correspond to ASVs identified in captive apes. Nodes with
bootstrap support >50 are indicated.
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Figure S2. Proportions of host-restricted and mixed-hosted ASVs in 16S and gyrB datasets
across all samples and within captive apes.
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Figure S3. Relationship between ASVs abundance and sample occupancy. Generalized
Additive Model showing the relationship between abundance and sample occupancy of 16S-
ASVs observed in up to 200 host samples classified according to status as host-restricted (df =
5.95, 2= 0.65), mixed-host (df = 6.74, r*= 0.59), or unique-to-captive apes (df = 7.87, 2= 0.36)
with shaded areas representing 95% confidence intervals.
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Figure S4. Proportions of host-restricted, mixed-host, and unique-to-captive-apes 16S-
ASVs assigned to bacterial phyla. n = the total numbers of 16S-ASVs assigned to each
category. Differences in the number of Bacteroidetes and Firmicutes 16S-ASVs designated as
host-restricted and mixed-host contribute to 67% to the total Chi-square score [X? = 255.93 (df =

16, n = 2,042), p < .0001].
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Figure S5. Distribution of (A) host-restricted, (B) mixed-host, and (C) unique-to-captive-
apes 16S-ASVs across zoo enclosures. ASVs are color-coded according to their presence in
single or multiple host-species and/or zoo sites. (Note that all zoos maintain host species in
separate enclosures, therefore ASVs observed in a single enclosure are, by default, observed in a

single host species and zoo site.)
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Figure S6. Comparisons of the proportions of shared 16S-ASVs (Serenson s
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Figure S7. Alpha diversity of wild ape, captive ape, non-industrialized human, and
industrialized human samples, measured by observed 16S-ASVs. (A) in all phyla, and (B-E)
in the major phyla present in the gut microbiome. FDR-adjusted p-values of Kruskal-Wallis
ranked sum tests between wild apes (n = 377) and captive apes (n = 77) are shown for all phyla
(df=1,H= .4, p=1), Actinobacteria (df = 1, H=192.4, p = 4.710e-43), Bacteroidetes (df = 1,
H=14.5, p =6.900e-04), Firmicutes (df =1, H=17.9, p = 1.185e-04) , and Proteobacteria (df =
1, H= 1.5, p=1). Boxes display the median and IQR (25" & 75™ percentiles) and whiskers
represent the minimum and maximum values within 1.5xIQR of the upper and lower quartiles
for each sample group.
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Figure S8

Figure S8. Gut microbiome composition of captive great apes, wild great apes, and humans
visualized by non-metric multidimensional scaling (NMDS). Ordination based on (A) Jaccard
distances (PERMANOVA, df = 8, F =25.9, p = .001, »* = .22; betadisper, df = 8, F = 50.0, p =
.001), (B) weighted UniFrac distances (PERMANOVA, df =8, F = 68.2, p = .001, 1 = .43;
betadisper, df = 8, FF'=23.2, p =.001), and (C) unweighted UniFrac distances (PERMANOVA,

df =8, F=102.6, p = .001, 7> = .53; betadisper, df = 8, F = 81.8, p = .001)
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Figure S9. Average relative abundances of ASVs showing depletion in captive apes. (A)
Average relative abundances of microbial genera that are concurrently depleted in captive great
ape species relative to wild great ape species. (B) Average relative abundances of host-
restricted 16S-ASVs, mixed-hosted 16S-ASVs, and unique-to-captive apes 16S-ASVs, within
genera depleted in captive apes.
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Figure S10. Average relative abundances of ASVs across hosts species according to
geographic site. (A) Average relative abundances of bacterial phyla across captive apes, wild
apes and humans sorted according to geographic site. (B) Average relative abundances of
bacterial genera enriched in captive great ape species relative to wild great ape species. (C)
Average relative abundances of bacterial species depleted in captive great ape species relative to

wild great ape species.



