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Understanding the origins and evolution of human speech benefits from a
multidisciplinary and comparative approach. Research on animal models has
already provided some valuable insight into the biological underpinnings of vocal
communication. One important focus in the field of animal communication is
sound production. The current literature on this topic hosts a great number of
studies on avian species and our closer relatives, non-human primates. However,
many pinniped species have been reported to have wide vocal repertoires, often
producing call types in specific behavioral contexts (Ralls et al., 1985; Mathevon
etal., 2017; Charrier et al., 2009). In fact, the vocal abilities of pinnipeds are better
than was historically believed (Ravignani et al., 2016). Moreover, pinnipeds are
phylogenetically closer to humans than the well-studied birds (O’Leary et al,
2013) and share some anatomical similarities to the human vocal apparatus (Fitch,
2000). Here, we: (i) report on longitudinal data on vocal ontogeny in harbor seal
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pups, (ii) complement the bioacoustic findings with results from a large
anatomical data set of larynges, and (iii) critically compare our findings with
available literature on harbor seal sound production. Taken together, they suggest
that phocids are good candidates for animal models in future research on the
evolution of human speech. In harbor seals (Phoca vitulina), young pups produce
mother attraction calls which play an important role in parent-offspring
recognition. Female reproductive success relies almost entirely on the accurate
identification of offspring within the colony after foraging trips (Insley et al.,
2003). Studies conducted on harbor seal mother attraction calls found that these
calls are individually distinctive (Renouf, 1984; Perry & Renouf, 1988) and that
mothers can recognize the calls of their offspring shortly after birth (Renouf,
1985). It is still uncertain which call parameters are used by the mother to
recognize the pup and whether she regularly needs to update her acoustic template
of the pup vocalisations. In fact, previous studies on the ontogeny of mother
attraction calls have shown that this call type changes in acoustic (Khan et al.,
2006; Sauvé et al., 2015) and temporal structure (Ravignani et al., 2018), with
potential for vocal production learning. Using longitudinal call data, we found
that many call features covary with age and sex, but not with body length. Our
findings also further provide evidence for the importance of the fundamental
frequency and its modulation as individualised call parameters that could play an
important role in successful parent-offspring recognition. As pups grow, the
development of the anatomical structures making up the vocal tract will impose
constraints on the acoustic signals produced. The acoustic allometry framework
suggests that vocal tract length is constrained by body size, but vocal fold length
is not (confirmed in seals using anatomical data; Ravignani et al. 2017). In light
of the source-filter theory, acoustic parameters shaped by the filter such as
formants would then be better at conveying body size information than the
fundamental frequency, a source parameter (Fant, 1960). Our anatomical
measurements of harbor seal vocal tract and larynx indicate that neither vocal tract
nor vocal fold length correlate with body size. Body size may be a fundamental
driver of acoustic signals (Martin et al., 2017), but future allometry studies will
shed more light on which call features accurately encode size information and
how these interact with vocal development, plasticity and learning.
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