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Human speech is marked by a signalefunction decoupling, the capacity to produce sounds that can fulﬁl
a variety of functions, in contrast to nonverbal vocalizations such as laughter, cries and screams, which
are functionally more rigid. It has been argued that this decoupling provides an essential foundation for
the emergence of language, in both ontogeny and phylogeny. Although language has a deep evolutionary
history, whether this capacity for vocal functional ﬂexibility also exists in the vocal systems of nonhuman
animals has been much overlooked. Reasons are multiple. Here, we propose to diagnose the problems
that have thus far hindered progress on understanding the evolutionary basis of functional ﬂexibility, an
issue which can shed broader light on the evolution of language. In particular, we aim to clarify what
vocal functional ﬂexibility is, why it matters, why we believe it should be investigated in nonhuman
animals and how this could be best achieved.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of The Association for the Study of Animal
Behaviour. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

The evolution of speech and language is a rich and vibrant
research area. While a central debate in this ﬁeld is the modality
within which these communicative capacities originated (i.e. vocal
versus gestural communication, see Pollick & de Waal, 2007), we do
not take a position on this debate in this paper. Instead, we contend
that regardless of the modality within which language originated
and the modalities available to language users today, language is a
primarily vocal form of communication in humans. Therefore, it is
important to understand the phylogenetic precursors to human
vocal communication to fully understand the origins of language.
Many comparative approaches have involved looking for phylogenetic precursors of linguistic capabilities within the vocal
communication system of nonhuman primates due to their close
evolutionary relationship with humans. This includes evidence for
€ et al., 2017; Fitch et al., 2016; Lameira &
vocal control (Boe
Shumaker, 2019), displacement in time between vocalization and
the event the call pertains to (Lameira & Call, 2018), the ability to
combine signals into longer sequences (Suzuki & Zuberbühler,
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2019; Zuberbühler, 2018, 2020), reference to external events
(Seyfarth et al., 1980; Seyfarth et al., 1980; Sievers & Gruber, 2016),
intentional signal production (Byrne et al., 2017; Graham et al.,
2020; Schel et al., 2013; Townsend et al., 2017) and adjustment to
conspeciﬁcs’ attentional and epistemic states (Crockford et al.,
2012, 2017). Further, this includes the uncovering of basic laws
that may apply to all animal communicative systems (Fedurek et al.,
2017; Gustison et al., 2016; Heesen et al., 2019), although we note
that some authors express a more sceptical view of the relevance of
primate vocal behaviour to human language due to the underlying
motivations to communicate in humans and other primates
(Rendall & Owren, 2002).
By contrast, a series of works examining speech development in
human infancy have encouraged comparative researchers to look at
the phylogenetic distribution of prelinguistic vocal capacities that
precede many of the general vocal capabilities mentioned above
(Locke, 2009; Oller et al., 2016; Oller, Caskey, et al., 2019; Oller,
Griebel, et al., 2019). A particularly important example is ‘functional ﬂexibility’, or the capacity to produce sounds that are not tied
to the fulﬁlment of one particular function but instead can be used
in a multitude of ways to fulﬁl different functions on different
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occasions. There are several documented cases of different call
types being used in the same context across different populations
and individuals of all great ape species. These could plausibly
indicate some degree of ﬂexibility in call function (bonobos, Pan
paniscus: Hopkins & Savage-Rumbaugh, 1991; gorillas, Gorilla
gorilla: Robbins et al., 2016; chimpanzees, Pan troglodytes: Watts,
2016; orang-utans, Pongo abelii: Wich et al., 2012). However, the
variety of functional ﬂexibility required for speech and language
development depend on such ﬂexibility within rather than between individuals (Oller et al., 2013). Further, many of the aforementioned ape sounds are unvoiced whereas infants’ protophones
(ﬂexibly produced vocalizations including growls, squeaks and
vocants, that is, vowel-like sounds) are voiced sounds (Oller, 2000),
questioning their phylogenetic relevance. As precursors to the ﬁrst
fully formed canonical speech sounds, protophones are argued to
provide the raw material for spoken language and are deﬁned as
nonreﬂexive voiced sounds with or without supraglottal articulation (Oller, 2000). Vocal functional ﬂexibility has been suggested to
be already evident in the protophone vocalizations (see Oller et al.,
2013 supplementary movies for examples) of infants as young as 1
month old (Jhang & Oller, 2017). This may even be observed in
preterm infants who regularly produce protophones without
exogenous stimulation suggesting ﬂexibility in vocal production
(Oller, Caskey, et al., 2019). Oller and colleagues have suggested that
vocal functional ﬂexibility could constitute a phylogenetic point of
divergence between human vocal communication and that of other
animal species (Oller et al., 2013), which appear to depend on more
functionally ﬁxed vocal systems. For example, the phenomenon of
‘functionally referential’ calls, acoustically distinct call variants
associated with speciﬁc external events and responses in conspeciﬁcs, has been routinely highlighted as a parallel between words
and animal calls (Gifford et al., 2003; Kirchhof & Hammerschmidt,
2006; Seyfarth et al., 1980; Slocombe & Zuberbühler, 2005;
Townsend & Manser, 2013). However, compared to human speech,
such calls would be classiﬁed as functionally ﬁxed rather than
functionally ﬂexible.
Besides tentative lines of evidence from studies in bonobos and
chimpanzees, the closest extant relatives of humans (Clay et al.,
2015; Dezecache et al., 2021), there have been no other investigations, to our knowledge, of this capacity in nonhuman animal vocal communication. Oller, Griebel, et al. (2019) also
investigated evidence for protophones, a functionally ﬂexible signal
type identiﬁed in human infants, in captive bonobos. The authors
found that bonobo infants spontaneously produced vocalizations
that were not laughs or screams and that showed rudimentary
acoustic similarities with human infant protophones. By comparison, these calls were produced much less often than in human
infants and were not used during vocal exchanges between infants
and mothers as they were in humans. While the acoustic analysis
was mainly descriptive, this study nevertheless suggests that
nonhuman animals possess call types that are candidates for
exhibiting functional ﬂexibility. This supports our contention that
searching for functional ﬂexibility in nonhuman animal vocal
communication is indeed worthwhile. Functional ﬂexibility has
been studied mostly in apes; other species not only of the primate
order but beyond that order have been little studied.
The reasons for the apparent gap in understanding the evolutionary basis for functional ﬂexibility in part stem from a strong
historical bias in the literature towards functional reference in
animal communication (Rendall, 2021). In this literature, researchers have tended to extensively search for evidence for signals
that are tightly correlated with a particular referent within the
external world. In the textbook example, vervet monkeys, Chlorocebus pygerythrus, produce acoustically distinct alarm calls
depending on the predator type they observe (Seyfarth et al., 1980).

Indeed, in Macedonia and Evans's (1993) classical framework to
study mammalian vocalizations (for a review see Townsend &
Manser, 2013), animal calls only qualify as functionally referential, and thereby word-like, if there is a tight association between
call type and its eliciting context. Nevertheless, given the importance of producing functionally ﬂexible signals in human communication, understanding the evolutionary origins of this capacity
seems to be an important endeavour that has, until now, been
grossly overlooked. To stimulate further discussion and comparative research in this area, we here raise awareness of this issue. We
explain what vocal functional ﬂexibility is (and what it is not), why
it matters and how it can be investigated in nonhuman species.
VOCAL FUNCTIONAL FLEXIBILITY: WHAT IT IS
Vocal functional ﬂexibility is broadly deﬁned as the capacity to
produce sounds that can be used to fulﬁl any or multiple functions
(Oller et al., 2013). As functionally ﬂexible sounds do not have just
one speciﬁc function, their function depends on how they are used
at that given moment. Consider the following utterance (taken
from Oller et al., 2013, p. 6318): ‘the train has arrived’. Imagine this
utterance is made in three circumstances, each corresponding to a
particular illocutionary force (i.e. the act performed in producing a
signal, such as greeting, warning or threatening, see Oller & Griebel,
2014). In one of these circumstances (a ‘positive’ one), the utterance
is made by the speaker as she expresses great joy in seeing the train
is arriving. In a second utterance (a ‘negative’ one), the behaviour of
the speaker suggests a negative emotional state as the train is late.
The utterance the ‘train has arrived’ comes to be produced in circumstances in which the speaker expresses her annoyance. One
could imagine a third circumstance (a ‘neutral’ circumstance) over
which the utterance is produced as a simple statement of the arrival
of the train. Across all these utterances, the syntactic structure is
equivalent and so is the lexical meaning (there is mention of a train
arriving). By contrast, the illocutionary force and the perlocutionary
effects (i.e. how receivers react to the signal) are different. In fact,
the vocal unit ‘the train has arrived’ can in principle be produced to
express anything (provided there is mutual acknowledgment in a
given linguistic community), with any corresponding effect in receivers depending on the circumstances. It is a vocal unit marked by
functional ﬂexibility (i.e. the independence between the vocal unit
and its function). Functionally ﬂexible vocal units correspond to
sounds that allow for a systematic variation in illocution and perlocution, whereby any illocutionary force (and the corresponding
perlocutionary effect) can be produced.
When addressing the question of how early this capacity
emerges in human ontogeny, it is obviously not easy to access the
illocutionary force or perlocutionary effect of vocal units produced
by nonverbal organisms, such as preverbal human infants. Therefore, one strategy has been to presuppose that infants produce
vocalizations to communicate or express their affective state to
caregivers and to stimulate reactions from them. In this regard, the
illocutionary force of preverbal infant vocalizations could be
assessed via the expression of their present affect. Such affective
states refer to broad categories that do not necessarily specify more
speciﬁc emotional states (i.e. fear), and may vary in associated
arousal according to the dimension theory of affect (Weierich et al.,
2010). Mothers have been shown to respond differently to the same
infant protophone type on different occasions depending on the
affective state expressed by the protophone on a particular occasion (Oller et al., 2013). Under this classiﬁcation, one early form of
evidence of vocal functional ﬂexibility could be the decoupling
between infants’ affective state and their vocal production, and the
systematic use of affect expression to elicit different responses on
different occasions. We propose to call the decoupling between
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vocal behaviour and affective state ‘affective decoupling’. There is
already some evidence for this, as outlined below.
At birth, preterm infants produce a number of calls, some of
them being qualiﬁed as cries and laughter, others as vocants,
squeals and growls which are types of protophone (Oller et al.,
2013; Oller, Caskey, et al., 2019). Interestingly, protophones are
altogether ﬁve times more frequently produced than cries around
birth time suggesting an important communicative function for
these vocalizations (Oller, Caskey, et al., 2019; Oller, Griebel, et al.,
2019). By 1 month of age infants produce cries mostly in situations that are deemed as negatively valenced for the infant, as
evidenced by the infant's facial patterns of behaviour. Laughter
appears also to be affectively biased towards positive valence, only
(or mostly) produced in situations deemed positive by human
coders and interpreted as such by caregivers (Oller et al., 2013;
Oller, Caskey, et al., 2019). In other words, laughter and cries by
young human infants express ﬁxed and mutually exclusive information: positive and negative states respectively. Correspondingly,
infant laughs and cries systematically elicit different types of responses by caretakers. In particular, human caregivers respond
with ‘encouraging’ behaviours in response to laughs and show
behaviours that attempt to ‘change’ the situation in response to
cries (Oller et al., 2013). These calls are each attached to a speciﬁc
affective and physiological dimension and consistently produce a
ﬁxed type of behavioural response in receivers. However, by
adulthood the acoustic characteristics of laughs and cries overlap
with one another (Erickson et al., 2009) suggesting context may
also be needed to disambiguate their meaning. By contrast, according to Oller and colleagues, infants produce protophones in
various contexts to express positive, negative or neutral states.
Correspondingly, these vocalizations systematically elicit different
responses from caregivers depending on the affective state
expressed. As such, unlike more functionally ﬁxed calls like cries
and laughter, infant protophones do not appear to be tied to a
speciﬁc affective state or a singular illocutionary force. Importantly,
positive, neutral and negative protophones are all reliably identiﬁed as protophones rather than cries or laughs (Jhang & Oller, 2017;
Oller et al., 2013). Therefore, while there may be acoustic variation
in protophones that depends on valence, at the level of the call type
they are nevertheless a coherent yet functionally ﬂexible call type
that shows affective decoupling. Indeed, this is an important point,
since human adults also produce acoustically different versions of
the same word on different occasions depending on factors such as
emotional state, but at the level of the overall word rather than
acoustically distinct word variant, the word is still functionally
ﬂexible.
VOCAL FUNCTIONAL FLEXIBILITY: WHY IT MATTERS
To understand the evolutionary origins of language, comparative
psychologists typically search for language-like features in the
communication systems of nonhuman animals (Fitch, 2005; 2018;
Fitch et al., 2005). Indeed, we have learnt a great deal about animal
communication and language origins by adopting this approach.
However, this approach may overlook other important processes,
such as development (Eaton et al., 2018). Within a human lifetime,
linguistic characteristics emerge directly from early communicative
behaviours (Chater & Christiansen, 2010; Locke, 2009). Therefore,
looking for mature linguistic capacities may be unhelpful if the more
basic processes upon which these capacities rely are not present.
Instead, looking at the initial ontogenetic stages of a complex capacity, such as language, can enable us to reconstruct its basis, understand how its components interact and establish how it could
have evolved. For example, asking which phonemes of mature human language are shared with nonhuman animals is unlikely to lead
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to any insightful comparisons because most nonhuman animals do
not produce fully formed syllables (Engesser et al., 2015). However,
comparing the extent to which the infrastructure (i.e. high levels of
vocal motor control) required to develop such sounds is shared
might be a more fruitful approach (Hockett & Hockett,1960; Lameira
et al., 2014; Oller, 2000). Therefore, we need to compare not just
overall features of vocal communication in humans and other animals, but compare how those features develop (Griebel et al., 2016;
Oller et al., 2016). In other areas related to biology, this kind of
evolutionaryedevelopmental approach has been widely adopted to
elucidate the origins of complex phenotypes (Müller, 2007). Similarly, in psychology authors increasingly agree on the importance of
combining comparative and developmental approaches (Bard &
Leavens, 2014; Nielsen & Haun, 2016) . Here, we also argue that
this evo-devo perspective is also essential for understanding the
evolutionary origins of language.
A central question to further elucidate the evolutionary origins of
language, then, is what are the relevant features of developing
communication systems that provide insights into the evolutionary
origins? Several authors have reached this conclusion and have even
attempted to identify these prelinguistic capacities in nonhuman
animals. This includes articulatory homologies, that is, similarities in
how sounds are articulated with the vocal apparatus between
humans and great apes (Lameira et al., 2014), as well as babbling in
pygmy marmosets, Cebuella pygmaea (Snowdon & Elowson, 2001)
and in the subsong of avian species such as zebra ﬁnches, Taeniopygia
guttata (Aronov et al., 2008). While acknowledging the importance
of such phenomena in human vocal development, Oller et al. (2013)
argued that a more foundational characteristic for the development
of language is vocal functional ﬂexibility. This, it is argued, provides a
foundation upon which most other important linguistic capacities
are built and which would not be possible if vocalizations were
functionally ﬁxed. Put simply, the argument is that if calls are functionally ﬁxed, they will show little variability in form and function.
However, most language-related vocal capacities presuppose ﬂexibility in form and function in order for those capacities to emerge. In
primatology it has also been argued that vocal ﬂexibility plays an
important role in language evolution. Primatologists have claimed,
for example, that vocal ﬂexibility is a capacity that likely emerged
within the context of cooperative breeding which may favour the
ability to ﬂexibly negotiate social interactions (Lemasson et al., 2011;
Zuberbühler, 2011).
By the third month of life, human infants have a vocal repertoire
of functionally ﬂexible sounds (protophones) and more functionally ﬁxed sounds such as laughter and cries (Oller et al., 2013). Since
protophones are the apparently only functionally ﬂexible vocalizations in the human infant's vocal repertoire and are also the
precursors to speech sounds (Oller et al., 1999), this supports the
notion that vocal functional ﬂexibility could provide a foundation
for language to develop upon. Unlike functionally ﬁxed vocal signals, which have necessarily limited functions, functionally ﬂexible
vocal signals can be adapted to be used for a range of purposes to
provide a foundation for more elaborate patterns of communication to emerge. In classical ethology, animal calls, were considered
‘ﬁxed signals’ naturally selected to fulﬁl a particular function
(Seyfarth et al., 2010). Although, more recent studies on call types
traditionally thought to be functionally ﬁxed such as vervet monkey alarm calls (Seyfarth et al., 1980) have shown such calls are
more ﬂexibly produced across contexts than previously thought
(see Price et al., 2015). Nevertheless, contextual ﬂexibility is not
tantamount to functional ﬂexibility as discussed in the following
section. However, there are very few studies designed to specifically test this, and a key next step is to examine whether
nonhuman primates and other animals (particularly early in
development) also show signs of vocal functional ﬂexibility.
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The study of vocal functional ﬂexibility is also interesting in and
of itself, independent of its relationship to language. Classical
evolutionary animal communication theory is centred around the
idea that a reliable relationship between signal form and function is
required in order for signals to be able to evolve (Maynard Smith &
Harper, 1995, 2003). From this perspective, functionally ﬂexible
calls are puzzling: how could a signal that is in some sense functionally unreliable evolve? It is possible that such pragmatic forms
of communication are more efﬁcient, but this may only be possible
in a community of conspeciﬁcs with sufﬁciently sophisticated
cognitive abilities for making inferences about a signaller's illocution. In such circumstances, a single call is needed to achieve a wide
range of functions rather than a specialized call for each function.
Indeed, the requisite cognitive abilities are widely known to be
present in many animal species including both primates and birds
(see Seyfarth & Cheney, 2015 for a review). Other beneﬁts could
include the ability to adapt communicative behaviours to local
circumstances that may vary in both space and time which may be
relevant to a wide range of species whose social environment and
ecology are spatially and or temporally variable. Vocal functional
ﬂexibility thus matters not only for its ability to provide crucial new
insights into language evolution, but also for its ability to expand
the horizons of classical evolutionary animal communication
theory.
HOW CAN THE EVOLUTION OF VOCAL FUNCTIONAL
FLEXIBILITY BE INVESTIGATED?
To best situate the likely phylogenetic historical point of emergence of this capacity it is essential to search for this capacity in
nonhuman animals. As noted previously, we are aware of two
pieces of tentative research so far (Clay et al., 2015; Dezecache et al.,
2021) both in great ape species (chimpanzees and bonobos). Our
question is, why hasn't there been more research on this capacity in
animals, considering the visibility of the original study in human
infants (Oller et al., 2013)? In part, this may be related to the fact
that even in the human infant literature, this topic has been studied
systematically by a relatively small selection of researchers. In
addition, animal communication research has traditionally focused
on ﬁnding which contexts calls are mostly associated with in order
to infer their meaning rather than contextual ﬂexibility in vocal
production (Maynard Smith & Harper, 1995, 2003). Indeed, it has
been commonly assumed that animal calls are innate and inﬂexible
(see Nieder & Mooney, 2020). Here, we envision three primary
reasons that may have hindered progress on this question: (1) a
lack of conceptual clarity in the framework and/or misconceptions
from the animal behaviour community; (2) a lack of a clear protocol
to be used in comparative research; (3) pending conceptual issues
with the framework. We review below these strands of reasons and
hope they will then be clariﬁed.

a variety of functions. Although vocal functional ﬂexibility does
require vocal contextual ﬂexibility, they are not equivalent. For
instance, Guinea baboons, Papio papio, produce grunts in a diversity
of contexts (Maciej et al., 2013) including foraging and travelling
but also in afﬁliative, infant handling and greeting situations.
However, whether these calls are expressed differently on different
occasions (i.e. affective decoupling) and achieve different functions
systematically depending on how they are expressed, has not yet
been shown. To determine whether this is the case, research would
be required to disambiguate whether Guinea baboons’ grunts are
expressed differently on different occasions (i.e. with different
accompanying communicative cues) and whether they systematically fulﬁl different functions depending on how they are
expressed. An important alternative is that the same call may
perform the same function in different contexts. For example, a call
may refer to the presence of a predator, but the actual referent may
differ between contexts, with context providing the necessary information for listeners to infer the identity of the predator
(Scarantino & Clay, 2015).
Within animal vocal communication, adult baboon grunts
(Maciej et al., 2013; Rendall et al., 1999), adult vervet monkey alarm
calls (Price et al., 2015), adult Japanese macaque, Macaca fuscata
yakui, coo calls (Koda, 2004), adult and juvenile mangabey, Cercocebus torquatus atys, grunts (Range & Fischer, 2004), adult bonobo
high hoots (Schamberg et al., 2016), adult chimpanzee grunts
(Slocombe & Zuberbühler, 2010), close calls in banded mongooses,
Mungos mungo (Jansen et al., 2012), rumble, snort and trumpet calls
in Asian elephants, Elephas maximus (Stoeger & Baotic, 2021) and
domestic dog, Canis familiaris, growls (Taylor et al., 2009), are all
produced in a variety of contexts that have no apparent link with
each other. This is indicative of vocal contextual ﬂexibility. Such
patterns are also not limited to these species and are also present in
many other phylogenetic groups including squirrels, meerkats and
a range of bird species including warblers and sparrows (see
Seyfarth et al., 2010 for a review). However, it might well be that a
‘supra’ context (that would encompass several contexts) can
explain why a given vocal unit is used across contexts (e.g. vervet
monkeys’ terrestrial alarm calls may all be given in the supra
context ‘threat’), with the contextually ﬂexible vocal unit having a
single particular function (e.g. warning conspeciﬁcs). There surely
are examples in which no ‘supra context’ can be found, a situation
that may allow for speculation (but no ﬁrm conclusion) that the
vocal unit in question qualiﬁes as functionally ﬂexible. In fact,
rationalizing at the level of the ‘context’ of vocal production cannot
give us information about the way in which a vocal unit is used,
and, a fortiori, cannot tell us whether a given vocal unit can fulﬁl a
variety of functions on different occasions. Based on the range of
species that appear to show contextually ﬂexibly vocal communication, we are inclined to believe vocal functional ﬂexibility is a
widespread phenomenon in animal communication, but this is a
mere hypothesis that awaits empirical conﬁrmation.

Unclarity and Misconceptions
One frequent reaction to the framework of vocal functional
ﬂexibility is that it is a trivial phenomenon because many animals
are already known to produce single vocal units in a great diversity
of contexts. For example, lilac-crowned amazons, Amazona ﬁnschi,
produce song notes across a wide variety of behavioural contexts
(Montes-Medina et al., 2016). However, although the two concepts
(i.e. contextual ﬂexibility and functional ﬂexibility) are understandably confusable, the production of certain vocal units in a
variety of contexts is distinct from vocal functional ﬂexibility.
Functional ﬂexibility is the notion that certain vocal units can express different information on different occasions and thereby fulﬁl

A Protocol to Examine Vocal Functional Flexibility in Nonhuman
Animals
How are we to determine an animal's illocutionary force when
they produce vocal signals? How can we recognize whether they
induce consistent behavioural effects in receivers? The original
study (i.e. Oller et al., 2013) suffered less from these problems:
infants’ illocutionary force could be determined by their likely affective state upon vocalizing as seen by their facial behaviour. This
could be judged by human coders, who are (or at least are biologically prepared to be) caregivers in their lifetime. Similarly, the effects on receivers could be appropriately determined by human

D. Taylor et al. / Animal Behaviour 186 (2022) 93e100

coders (i.e. whether the caregiver consoled the infant, played with
them, etc.). In nonhuman animals, Oller et al. (2013) proposed using
facial action coding systems to delve into the affective states animals are in when they produce calls. Facial action coding systems
have been developed for a number of mammal species (Caeiro et al.,
2013, 2017; Julle-Daniere et al., 2015; Parr et al., 2007; Wathan
et al., 2015). This solution might not be practical, however, as it
requires understanding the muscular conﬁguration associated with
various affective states in nonhuman animals (Mielke et al., 2020).
Also, facial conﬁguration may require a fully mature muscular
system, which hampers its use in young animals. As it stands,
general facial conﬁgurations (rather than a speciﬁc conﬁguration of
muscular action units) known to be speciﬁcally used in positive
contexts (e.g. the open-mouth face of play in a variety of mammal
species including primates, dogs, foxes, bears and hyaenas, see
Palagi et al., 2016) or negative ones (e.g. or the bared-teeth displays
in many mammal species including canines and primates, see
Rogers & Kaplan, 2002) may be used. Since facial expressions may
not always reliably indicate affective state (Fridlund & Russell,
2006), we also recommend using other signals of affect, such as
piloerection and postural behaviour and a focus on circumstances
that are clearly appetitive or aversive for the animal. In captivity,
other markers may be used insofar as they can help delve into the
valence of the state animals are in when producing calls. For
example, a growing body of research is adopting noninvasive
techniques for identifying physiological markers of affective state
such as infrared thermal imaging (e.g. Ioannou et al., 2015).
A more comprehensive approach to infer contextual information from interactive animal behaviour can be achieved by means of
behavioural classiﬁers that single out the individuals, identify and
track them over time, estimate their poses and classify their behaviours automatically from video footage. One such approach has
recently been implemented using deep learning (Marks et al.,
2020). In further steps, this approach would allow unsupervised
classiﬁcation of interactive animal behaviour, avoiding any biases
towards a predicted behavioural repertoire. Hence, to determine
the relevant units of functional ﬂexibility, while ﬁltering out the
stochastic ones, one can conduct an algorithmic search for repeated
co-occurrences of a vocal signal (sender) and sequences of behavioural units exhibited by the sender (illocutionary force) and by the
recipient (perlocutionary effect).
Regarding receiver responses, a focus on infantemother dyads
(besides its immediate relevance to the original study in humans)
may help to clarify the consistency between infants’ likely affective
state/s (as a proxy for illocutionary force) and maternal reaction.
Herein, the mother could respond proactively (taking part in the
activity of the infant to continue it), protectively (intervening to
withdraw the infant from an activity or withdraw from her own
activity with the infant), empathically (responding by soothing the
infant or containing its distress) or neutrally (no intervention). In
natural circumstances and in certain species, it may happen that
mothers do not always react strongly to the infant's vocal production, especially at certain time points in development, such as
during the weaning conﬂict phase (Weary et al., 2008). For these
cases, or among species that spend less time with mothers early in
development due to species-typical sociality, it may be useful to
look at variation in behavioural responses to the same call type on
different occasions from more distanced kin or nonkin. Importantly, such individuals may be more motivated to respond to a
subject's calls, making it more likely that if functionally ﬂexibility is
present, it will be revealed by observations.
Finally, as functionally ﬂexible vocal units can be used to fulﬁl
a variety of functions, there may be individual variation in how
and when vocalizations are produced to elicit different responses
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in receivers. It might indeed be that one infant chimpanzee
primarily uses grunts to attract its mother in negative situations,
while another primarily uses it in play contexts. Interindividual
variability in call functional use may then provide crucial insights
into vocal functional ﬂexibility. In natural circumstances, it is
difﬁcult to establish whether a given signal is more often used
with one particular function because this might simply reﬂect
the distribution of situations to which the animal is exposed to.
However, variation in how a call is used within rather than between subjects provides the most convincing evidence of functional ﬂexibility.
Pending Conceptual Issues
Although utterances of functionally ﬂexible vocal units are
acoustically similar enough to one another to be grouped together,
such sounds may still be perceived differently by receivers. For
example, human infant protophones produced in positive, neutral
and negative circumstances may in fact constitute three distinct
vocal units rather than a single call type being used in different
ways. When considering the example ‘the train is arriving’, it appears that this sequence of words under various illocutionary forces
would still have more in common than with a minimally different
sequence of words (e.g. ‘the plane is arriving’). This is not solely by
virtue of a similar syntactic structure or lexical meaning, but also by
virtue of similar acoustical features and acoustical constraints,
regardless of what is perceived by receivers. Similarly, previous
studies into functional ﬂexibility in chimpanzees (Dezecache et al.,
2021) and bonobos (Clay et al., 2015) found systematic acoustic
variation within call types that ﬂexibly expressed different affective
states on different occasions. Importantly, a recent study on infant
chimpanzee call acoustics (Dezecache et al., 2021) showed that the
call types were spontaneously grouped into distinct categories by
machine learning (see also Taylor et al., 2021). This suggests that
despite systematic acoustic variation within call types, functionally
ﬂexible call types in the infant chimpanzee vocal repertoire
nevertheless represent a single coherent unit of communication. In
fact, responses from receivers are expected to be consistent with
the illocutionary force of the signaller, which may correspond to
changes in motivational and or emotional state that are encoded
into call acoustics as predicted by Morton's (1977) motivational
structural rules. Indeed, Morton's (1977) predictions have been
empirically shown to predict vocal structure between call types in
humans and nonhuman animals (see Briefer, 2012 for a full review).
A focus on broad vocal categories, which may sound (and appear)
overall more similar to one another than to other calls of the
repertoire, may therefore be the basis for the delineation of vocal
units within a repertoire, and their subsequent qualiﬁcation as
functionally ﬂexible or not. Indeed, analyses of human infant protophones have been conducted at the level of the call type, rather
than acoustically distinct protophone variants that relate to affective state (Jhang & Oller, 2017; Oller et al., 2013). Acoustic analyses
can support this decision. For example, if an apparently functionally
ﬂexible vocal unit shows signiﬁcantly different acoustic properties
on different occasions depending on the illocutionary force, cluster
analyses and distance metrics can be used to ascertain the extent to
which these calls are similar to or different from each other and
other call types (see Taylor et al., 2021). In particular, the use of
‘fuzzy’ cluster analysis may be useful, as this technique is able to
quantify acoustic gradedness within a vocal repertoire and has
been recently successfully applied in this way among nonhuman
primates (e.g. Wadewitz et al., 2015; Taylor et al., 2021). Additionally, similarities and differences in the kinds of behavioural
responses that a call elicits depending on the illocutionary force
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might be informative. In some cases, this can be assessed through
playback experiments, although note that this will not be feasible
for all species and call types, especially for those whose communication occurs largely in a dyadic context.
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Summary
Acknowledgments
Overall, we suggest three key challenges in the exploration of
vocal functional ﬂexibility in nonhuman animals. First, vocal
functional ﬂexibility has suffered from conceptual unclarity and
misconceptions in the animal communication literature. In particular, it is important to acknowledge that functional ﬂexibility does
not correspond to contextual ﬂexibility, but instead refers to when
the effect of a communicative act depends on what the signaller
does with the signal (i.e. the illocutionary force), which is typically
achieved through accompanying behavioural cues produced by the
communicator. Second, there are limited methodological guidelines on how to evaluate vocal functional ﬂexibility in nonhuman
subjects. We suggest the use of reliable behavioural indicators of
affect, possibly supported by automated classiﬁcation, could help in
this regard. On the receiver side it may be beneﬁcial to focus on
receivers with a motivation to respond to subjects’ calls, such as
mothers and kin. Finally, there are outstanding conceptual issues,
such as how to interpret systematic acoustic variation in calls that
may in turn have implications for whether functional ﬂexibility is
present or not. We advocate the use of cluster analyses and distance
metrics to show the relationships between call types within a
repertoire and evaluating whether seemingly functionally ﬂexible
units are coherent communicative units.
CONCLUSION
In this article, our aim was to invite our colleagues working in
the ﬁeld of animal communication, and speciﬁcally those interested
in comparative approaches to language evolution, to systematically
look for signs of functional ﬂexibility in the vocal repertoire of their
species of interest. This capacity, we believe, is foundational to
speech in humans as it is one of the earliest speech-related capacities found in ontogeny. In addition, it is an interesting phenomenon on its own terms, raising novel questions for classical
animal communication theory to contend with.
Importantly, we clarify here how and why vocal functional
ﬂexibility does not equate with vocal contextual ﬂexibility, the
latter being a fairly widespread phenomenon in animal communication. Vocal functional ﬂexibility requires looking at transient
states that relate to changes in functionality and that may reveal
ﬂexibility in the functional use of particular vocal units on different
communicative occasions. Although this is particularly challenging
in nonhuman animals, we believe we urgently need to develop
ways in which this can be approached. Such investigation will
inevitably be fruitful, as it will lead to a better understanding of the
phylogenetic distribution of vocal functionally ﬂexibility, a capacity
that is undeniably central to speech as we know it.
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