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Consonants and vowels are processed differently and they seem to have distinct 
neural representations (Caramazza et al. 2000). Böe et al. (2017) insist that 
vowel-like systems must be inferred to the last common ancestor of Baboons 
and humans, 25mya. Unlike vowels, however, consonants appear to be a later 
innovation in the communication systems of Hominids. Primates, including 
chimpanzees and orangutans, employ a repertoire of voiceless calls (so-called 
raspberries), which show homology with voiceless consonants (Lameira et al. 
2014). During the course of human evolution, smaller orofacial cavities, 
increased neuro-cognitive abilities, and more precise motor control of the 
articulators led to greater phonetic variation, particularly among consonants, 
which have become phonologized in many ways in different language families. 
In comparison to vowels, there are over three times as many consonant 
phonemes in the world’s languages. Their number and diversity ranges greatly, 
from 6 in Rotokas to over 90 in !Xu (Maddieson 1984); compare vowel systems 
which range in size from 2 to 14. Why are there are so many more consonants in 
the world’s languages? 

 The answer to this question is complex, with factors involving a need 
for increased number of lexical contrasts in order to accommodate a growing 
vocabulary throughout the evolution of language, and the greater possibility for 
consonants rather than vowels to increase the number of contrastive sounds in a 
language through secondary articulations. Two strands of evidence support this 
conclusion. First, comparing a database of proto-language reconstructions 
(Marsico et al, accepted; n=100) with modern languages in UPSID (Maddieson 
1984), Marsico (1999) notes an increase in the number of consonants in modern 
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phonological inventories (even though there are no great differences between 
reconstructed and synchronic inventories). Second, in a large sample of 
phonological inventories described with a rich distinctive feature set (Moran, 
2012; n=1672), consonants are more often reported as marginal or borrowed 
than vowels (Moran et al, 2014). Both observations are in line with the need to 
increase vocabulary through the expansion of speech sound inventories via both 
vertical and horizontal transmission of languages. 

Here we test whether six languages families (Arawakan (language 
sample n=38), Austronesian (83), Bantu (114), Indo-European (58), Pama-
Nyungan (134), and Tupi-Guarani (30); references to phylogenetic tree sets 
below) show larger rates of change for consonant inventory size as compared to 
vowel inventory size using phylogenetic comparative methods. Our results 
suggest that within the reconstructable timescale of language families in our 
sample, rates of change are in fact larger for consonants in some families, but 
not all. Ancestral state estimates of vowel and consonant inventory sizes are 
generally closer to the mean of the range rather than expert reconstructions of 
proto-languages, which warrants a closer evaluation using directional models of 
feature change. We also compare the fit of evolutionary models for continuous 
and discrete features to see which best accounts for phonological change. 

Figure 1: Box plots of the ranges of vowel and consonant inventory size in the 
language samples used for phylogenetic ancestral state estimations. P gives 
proto-language reconstruction from Marsico (1999). R gives ancestral state 
estimation. * indicates whether the rate of change of vowels or consonants is 
faster.
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