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Description

This supplementary file lists evidence of vocal learning in species not traditionally considered to
display vocal learning abilities, namely primates and rodents. It offers a more complete (yet not
exhaustive) list of species we find relevant in the study of vocal learning. This list is summarized
in Box 3 in the main paper [1].

Abbreviations: BA, Brodmann’s area; VLC, Vocal learning continuum hypothesis.

1 New world monkeys

Marmosets use different proportions of affiliative call types depending on social distance, in a
way that arousal levels alone cannot predict [2]. They also control loudness relative to distance,
which they assess from the loudness of their vocalizing conspecifics [3]. There are also aspects of
marmoset calls that convey gender and identity [4]. Marmoset calls change during the transition
from infancy into adulthood. Even though part of this change is explained by growth, but also
parental feedback, much like in humans [5]. They do this not through imitation but rather through
the experience-dependent increase in the control of the vocal apparatus that allows them to more
consistently produce low entropy (adult-like) calls [6]. Indeed, limiting parent feedback disrupts
this development [7].

Other features of the vocalizations are unaffected by experience, but instead by growth [8]. It
has recently been shown that adult marmosets also spectrally modify their calls to avoid clashing
with interfering sounds [9], and another study shows call structure variation between different
populations [10]. Moreover, recent work shows that marmoset calls, not unlike human speech, are
made up of several small units, instead of longer discrete ones [11].

Marmosets engage in vocal turn-taking [12, 13], in a way similar to humans [14]. If evidence
described in this section is taken into account, there seems to be a connection between turn-taking
and vocal learning, reflected mainly in humans and non-great apes (though it is possible that other
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primate orders will reveal interesting in this regard as well). Recent work highlights the importance
of turn-taking behavior in the emergence of controlled vocalizations. The auditory input that
“participating” individuals receive from one another leads to changes in their own vocalizations,
and the reciprocation and continuation of the exchange ultimately shapes vocal behavior [15–17].

Another species of marmoset, the pygmy marmosets (Cebuella pygmea), has also been studied.
Similarly to the common marmoset, they are also turn-takers [18]. They display within-subspecies
vocal differences [19]. Individuals with different call structure converge when paired, with long
lasting effects [20]. Pygmy marmosets also change call structure under new social environments [21].

Cotton-top tamarins (Saguinus oedipus) change several aspects of their vocalizations in when
noise is present in their environment. [22].

2 Old world monkeys

Diana monkey (Cercopithecus diana) show call convergence in social interactions [23]. Campbell’s
monkey (Cercopithecus campbelli), also a turn-taking species [24] display an impressive repertoire
for several different situations, with non-random transition probabilities when sequencing their
calls [25].

Rhesus monkey (Macaca mulatta) can learn to vocalize in response to (experimenter) visual
cues [26]. They also have a juvenile period of volitional vocal control, which seems to disappear
when adulthood is reached [27].

Japanese monkeys (Macaca fuscata) match acoustic features of their calls to those of the calls
they are “replying” to in interactions with conspecifics [28]. Olive baboons (Papio anubis) adapt
their vocalizations with respect to their environment, with longer, lower frequency calls in closed
habitats [29]. Mandrills (Mandrillus sphinx ) approximate their calls to closer-related conspecifics
[30].

3 Apes

Chimpanzees show call convergence: after being moved to a new place, food calls of a chimpanzee
population changed towards those of the resident group [31]. This was shown again in wild chim-
panzees [32]. This seems to occur even within a group [33]. They also produce grooming-related
calls consistent with social learning and not with associative behavior [34]. There are also reports
of modification of food call structure according to tree size, with smaller trees (of the same fruit, i.e.
this is not a label for a tree type) corresponding to higher pitch size [35]. Chimpanzees are also more
likely to produce attention-getting vocalizations if human experimenters and food are present [36].
Interestingly, chimpanzees that produce attention-getting sounds (e.g. raspberries) have greater
gray matter density compared to individuals who don’t, specifically in ventrolateral prefrontal cor-
tex and the left dorsal premotor cortex (roughly corresponding to BA 44 in humans) [37]. This
lends support to the idea that these calls — which are voiceless, and therefore are not subserved
by vocal fold control — are due to some form of vocal learning, as opposed to innate.

Orang-utans, even those belong to the same subspecies and therefore presumably having the
same genetic makeup, sometimes employ different calls in similar situations, so much so that dif-
ferent populations will have a different number of calls in their repertoire. The repertoire size is
correlated with the amount of social interactions within each population [38, 39]. There are also
cases of acquisition of new sounds. An orang-utan in captivity has been reported to acquire a
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human-like whistle, which it had the capacity to modulate [40]. Whistles are completely absent
from known (non-human) repertoires, and later more orang-utans were shown to also have learned
whistling from conspecifics [41]. There is also evidence for the learning of a voiced call, likely from
humans [42], which is more remarkable in a sense, since this should require forebrain projections
which orang-utans supposedly lack. This case is not isolated, as another voiced call was later re-
ported in a different individual [43]. A very recent study shows that orangutans are capable of
producing sound using a membranophone, which requires vocal fold vibration. Moreover, they do
so by producing species-atypical vocalizations, and continue to alter the vocalizations to enhance
the output through the membranophone [44].

Orangutans also employ what came to be known as “instrumental gesture calls”: they make use
of their hands or objects such as leaves to lower the maximum frequency of calls, resulting in size
exaggeration. This is a way of exerting vocal control by circumventing the lack of direct control of
the larynx they might have, and seems to be a volitional behavior [45,46]. Gorillas (Gorilla gorilla)
have been shown to produce “raspberries” in some populations but crucially not in others, with
no known ecological factors that cause this. In other words, some form of vocal tradition, akin to
a dialect, had to be learned and transmitted [47]. There is also a study reporting the volitional
production of several “breathing related-behaviors”, involving dynamic coordination of breathing,
larynx, tongue and lips [48]. In gibbons (Hylobates agilis agilis), mother-daughter vocal interactions
help the development of species-specific vocalizations [49].

4 Rodents

Rodents is perhaps too broad a category, but is too understudied an order (in terms of number of
species) to make bold claims about which families definitely are or are not vocal learners.

The mouse (Mus musculus) shows features that may qualify it as a vocal learner, produces
complex (ultrasonic) vocalizations, comprising different syllable types and patterning thereof, and
also a striking similarity to birdsong when adjusted to the human freq range [50]. There is also
variation in syllable type which distinguishes individuals [50]. Whether their songs are innate or
learned is a matter of debate (this was, indeed, what sparked the idea of VLC, since it would be hard
to be categorical). Cross fostering experiments between strains that produce different patterns of
vocalizations yielded individuals whose vocalizations had aspects of both [51], suggesting that calls
are innate. However, sub-strains seem to match each other’s pitch under certain conditions [52].
Deafening experiments reached the conclusion that mouse song is innate [53]. However, there is
work showing mouse require feedback to maintain certain features of their song [54], and of changes
in song across development [55].

Alston’s singing mice, (Scotinomys teguina), engage in vocal bouts, containing sonic and ultra-
sonic vocalizations, which due to their length and patterning have been deemed worthy of being
called song [56]. Recent results show moreover the involvement of a certain degree of cortical
control, important for social, turn taking vocal interactions [57].

The common degu (Octodon degus), which has some 15 distinct calls in its repertoire [58],
can be trained to vocalize in order to obtain food. Interestingly, they have been shown to, after
such training, building nested structures with objects, something they do not do without vocal
training [59]. This suggests that external experience, perhaps at a certain developmental stage,
even if usually absent in normal circumstances, can promote abilities that would suffice to classify
a species as vocal learner, or at the very least not rule out the ability. Also, degus exposed to
shocks vocalize differently depending on whether they are being observer by a close individual or
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a stranger [60], which highlights aspects of social learning in the patterns of vocalization in this
species.

The African mole rat (Fukomys micklemi), a social subterranean species, has an expanded vocal
repertoire when compared to other, solitary species (for example, the silvery mole-rat (Heliophobius
argenteocinereus), among others) [61]. While this is not evidence of vocal learning beyond doubt,
the fact the major difference between these species is how social they are plausibly suggests there
social factors are responsible for the large and diverse repertoire of the African mole rat.
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