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Speech acquisition in humans is based (1) on the perception of an external
auditory target (e.g. adult vocalisations), and (2) the gradual modification of selfemitted vocalisations to match this acoustic target (figure 1) (Kuhl & Meltzoff,
1996). When hearing is severely impaired and auditory feedback is lacking (e.g.
in deaf infants), normal adult vocalisations cannot be acquired (Oller & Eilers,
1988). Instead, the vocal development of deaf infants shows variations such as
reduced inventories for consonants, vowels and syllables, reduced articulation
space, and atypical temporal and coordinative sound production (Hudgins &
Numbers, 1942; Brannon, 1966; Clement & Koopmans-van Beinum, 1995;
VanDam et al., 2015). Although speech and spoken language acquisition are
uniquely human traits, the disrupting effect of lacking auditory feedback is not as
rare in the animal kingdom. All species that are capable of vocal learning, i.e. able
to acquire novel vocalisations through auditory input, should be impacted by a
disruption of sensory input or auditory feedback (figure 1). Significant variations
of normal adult vocalisations are expected to occur in any vocal learning species
that is deprived of auditory feedback during development (as has been shown in
songbirds (e.g. Konishi, 1965; Konishi, 2004)).
Bats have been highlighted as promising mammalian model organisms for the
study of vocal learning (Knörnschild, 2014; Vernes & Wilkinson, 2019).
Especially for the pale spear-nosed bat, Phyllostomus discolor, several indications
of vocal learning have previously been published (Esser & Schmidt, 1989; Esser,
1994). Moreover, adult P. discolor have been shown to possess a rich vocal
repertoire (Lattenkamp et al., 2019) and to be flexible in the spectro-temporal
domain of their vocalisations (Lattenkamp et al., 2018). In order to provide further
evidence for the vocal learning capacity of P. discolor, we investigated the impact
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of auditory input and feedback on their vocal development. Complementing
previous isolation studies in this species (i.e. exclusive disruption of external
auditory input), which focused on the effects on a single vocalisation type (Esser,
1994), we have now investigated the effect of deafening (i.e. disruption of
auditory input and feedback) on their full vocal repertoire. Comparisons between
the vocalisations of severely hearing-impaired and normal-hearing pups and adult
bats allow us to assess the impact of auditory feedback on the vocal development
of this species. The hearing impairment led to a significant increase in vocal
activity and call amplitude as well as an increase in several other spectro-temporal
call parameters. These results present an important contribution to the discussion
of the status of P. discolor as a vocal learner and the role of this species for the
study of vocal learning. This work serves as a basis for further research using the
pale spear-nosed bat as a mammalian animal model for vocal learning and
contributes to comparative studies on hearing impairment across species.
Figure 1. Schematic of an auditory feedback loop underlying speech acquisition and vocal learning.

In a functional auditory feedback loop the auditory target, e.g. an adult vocalisation (dotted arrow), is
perceived and memorised. The self-emitted vocalisation of the target sound is then perceived again
(black arrow) and compared to the memorised target. While isolation studies solely prevent the
perception of external auditory targets, the disruption of the auditory feedback loop by deafening
(black lightning symbol) also disrupts the perception of self-emitted vocalisations and thus the
possibility for adjustment towards an internal target.
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