




Fig. S2. Phylogeny of languages relating to the indigenous subsample of recordings under the differing assumptions of (A) equal branch lengths, (B) Nee’s,
(C) Grafen’s and (D) Pagel’s methods of assigning branch lengths.
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Fig. S3. Alternate version of Fig. 2 that also visualizes the frequency of NA codings using gray slices. Because of complications involved in modeling NA values (SI
Methods), NA values were treated as 0s for the phylogenetically corrected column. For comparison, the global distribution of presence, absence, and NA values
without correcting for phylogeny is also shown. Note that features 15–18 have one or more regions where presence does not outnumber absence and NA codings
combined, but presence still outnumbers absence in all regions. Presence also still outnumbers both absence and NA codings combined on a global level.

Savage et al. www.pnas.org/cgi/content/short/1414495112 10 of 16

www.pnas.org/cgi/content/short/1414495112


Fig. S4. A histogram showing LR values from the phylogenetic comparative analysis of all possible pairwise relationships between the 32 candidate musical features.
Of the 496 possible pairwise relationships, 25 are not shown because they were dependent by definition. LR values greater than 9.49 are significant (SI Methods).
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Table S2. Numbers of pairwise relationships that passed our criteria of regional consistency and global significance for each of the 32
features

Positive relationships Negative relationships

Feature
No. of regionally

consistent relationships
No. of globally

significant relationships
No. of regionally

consistent relationships
No. of globally

significant relationships

Dance accompaniment 4 9 0 5
Group performance 4 9 0 1
Motivic patterns 3 8 0 2
Phrase repetition 2 8 0 3
Few durational values (<5) 2 5 0 1
Isochronous beat 1 8 0 1
Syllabic singing 1 7 0 9
Percussion use 1 6 0 2
Idiophone use 1 5 0 4
Membranophone use 1 3 0 4
Metrical hierarchy 0 6 0 0
Vocable (nonlexical syllable) use 0 5 0 1
Vocal embellishment 0 4 0 8
(Nonvocal) instrument use 0 4 0 1
Pentatonic (five-note) scale 0 3 0 2
Loud volume 0 3 0 1
Aerophone use 0 2 0 3
Small intervals (<750 cents) 0 2 0 1
Short phrases (<9 s) 0 2 0 0
Sex segregation 0 1 0 5
Word use 0 1 0 4
High register 0 1 0 4
Discrete pitches 0 1 0 3
Modal register (chest voice) 0 1 0 2
Voice use 0 1 0 2
Male performers 0 1 0 2
Dissonant homophony 0 0 0 1
Two- or three-beat subdivisions 0 0 0 0
Two-beat subdivisions 0 0 0 0
≤7 scale degrees 0 0 0 0
Descending/arched contour 0 0 0 0
Nonequidistant scale 0 0 0 0
Total 10 pairs 53 pairs 0 pairs 36 pairs

Positive relationships indicate cases where one feature is more likely to occur when the other is present, while negative relationships indicate that one feature is less
likely to occur when the other is present. The total number of pairwise relationships is equal to half of the sum of all relationships for each feature.
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Table S3. Interrater reliability for the 32 features

Feature % agreement Kappa

Aerophone use 96.7 0.905
Instrument use 96.7 0.870
Voice use 93.3 0.850
Discrete pitches 93.3 0.714
Word use 93.3 0.441
Chest voice 93.3 NA
Metrical hierarchy 90.0 0.603
Dissonant homophony 90.0 0.571
Pentatonic scale 90.0 0.500
≤7 scale degrees 90.0 −0.043
Nonequidistant scale 90.0 NA
Sex segregation 86.7 0.767
Group performance 86.7 0.426
Isochronous beat 86.7 0.259
Syllabic singing 83.3 0.578
Two- or three-beat subdivisions 83.3 NA
Loud volume 80.0 0.585
Percussion use 80.0 0.532
Vocal embellishment 80.0 0.508
Short phrases 80.0 0.260
Two-beat subdivisions 76.7 0.452
Membranophone use 76.7 0.386
Motivic patterns 73.3 0.172
Idiophone use 70.0 0.363
High register 66.7 0.282
Small intervals 66.7 0.189
Descending/arched contour 66.7 NA
Phrase repetition 63.3 0.127
Vocable use 63.3 0.086
Few durational values 60.0 −0.017
Male performers 56.7 0.649
Dance accompaniment NA NA
Average 80.8 0.445

The data are based on codings of 30 randomly-selected recordings by
P.E.S. and E.S. (SI Materials).
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Table S4. Pearson correlation coefficients from correlations
between parameter estimates from the alternative phylogenetic
comparative analyses

A) Pairwise relationships Equal Grafen Nee Pagel

Equal 0.969 0.976 0.983
Grafen 0.935 0.979 0.970
Nee 0.961 0.969 0.978
Pagel 0.964 0.958 0.978

B) Long-term frequency
Equal 0.990 0.986 0.993
Grafen 0.990 0.996 0.998
Nee 0.971 0.993 0.994
Pagel 0.990 0.996 0.990

C) Phylogenetic mean
Equal 0.995 0.991 0.991
Grafen 0.996 0.999 0.996
Nee 0.986 0.998 0.998
Pagel 0.990 0.997 0.998

D) Full vs. indigenous
Long-term frequency 0.989 0.988 0.975 0.991
Phylogenetic mean 0.987 0.990 0.992 0.990
Conditional 0.918 0.926 0.928 0.921

(A–C) Comparison of results using different branch-length assumptions
for A) Pairwise relationship LR values, B) long-term frequency estimates,
and C) phylogenetically weighted mean frequency estimates. Upper triang-
les in italics in A–C represent results using the full sample (n = 304; i.e.,
including 103 recordings with evidence of horizontal transmission) and the
lower triangles represent results using the indigenous subsample (n = 201).
(D) Comparison of results using full sample vs. indigenous sample. See SI
Methods for full details and Fig. S2 for visualizations of branch lengths under
the assumptions of equal branch length and the transformation methods of
Grafen, Nee, and Pagel.
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Table S5. Comparison of results using long-term frequency and phylogenetically weighted mean models for
phylogenetic comparative analysis of candidate features

Long-term frequency Phylogenetically weighted mean

Feature Long-term frequency Likelihood ratio Alpha

Two- or three-beat subdivisions 0.992 2.512 0.995
Nonequidistant scale 0.981 4.711 0.927
≤7 scale degrees 0.964 7.026 0.995
Chest voice 0.929 5.097 0.976
Discrete pitches 0.904 0.360 0.990
Motivic patterns 0.902 22.58 0.836
Descending/arched contour 0.894 10.133 0.960
Word use 0.865 16.142 0.636
Small intervals 0.861 11.895 0.854
Isochronous beat 0.850 11.659 0.764
Two-beat subdivisions 0.838 6.545 0.805
Short phrases 0.811 19.297 0.827
Instrument use 0.790 12.836 0.796
Male performers 0.785 21.728 0.852
Metrical hierarchy 0.775 6.926 0.675
Sex segregation 0.773 4.077 0.803
Phrase repetition 0.765 14.813 0.676
Group performance 0.741 5.747 0.699
Voice use 0.726 23.538 0.838
Few durational values 0.716 20.748 0.747
Percussion use 0.707 3.890 0.616
Vocal embellishment 0.605 2.067 0.680
Syllabic singing 0.509 0.009 0.459
Vocable use 0.421 2.013 0.559
Loud volume 0.394 6.052 0.441
Membranophone use 0.394 1.956 0.204
High register 0.351 8.612 0.419
Idiophone use 0.327 4.261 0.480
Dance accompaniment 0.325 6.446 0.215
Dissonant homophony 0.308 1.408 0.186
Aerophone use 0.260 18.043 0.407
Pentatonic scale 0.198 12.937 0.202

Bold values indicate values that were significantly greater than 0.5 (LR > 3.84; SI Methods).

Other Supporting Information Files

Dataset S1 (XLS)
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