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How did vocal behavior “take over” 
the gestural communication system?

Abstract: In this commentary, I argue (i) that there are some peripheral homolo-
gies between the monkey and the human vocalization systems; (ii) that complex 
vocal learning can be achieved without need of a voluntary hand grasping cir-
cuit; and (iii) that in the monkey there are rudimentary circuits that can convey 
auditory information into Broca’s region, via the “ventral pathway” but also via 
the arcuate or the superior longitudinal fasciculi.
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1 Introduction
I will focus my commentary in two specific issues: one has to do with the argu-
ments of (dis)continuity of the human and non-human vocalization systems, and 
the participation of hand grasping and vocalization mechanisms in early com-
munication; and the second relates to the evolution of the neural circuitry in-
volved in vocalizations in humans and non-human primates.

2 �Hand control and vocalizations
Like other exponents of the mirror neuron hypothesis, Arbib emphasizes a dis-
continuity between human speech and primate vocalizations, and that the ar
ticulatory systems involved in speech rather derive from the mirror neuron cir-
cuits involved in gestural communication. He proposes an “expanding spiral” 
of  coevolution between gestures and vocalizations that contributed to the in-
creasing richness of communication, but places strong emphasis on the notion 
that an open-ended communication system originated in the gestural domain 
(protosigns), while being replaced by speech (protospeech and speech) only 
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when the cortico-bulbar tract innervating hypoglossal motor neurons became 
functional.

However, many other processes had to take place concomitantly with the de-
velopment of the corticobulbar tract. Modern speech requires a complex combi-
nation of peripheral modifications like the descent of the larynx (which is also 
present in other species; Fitch and Reby 2001), deformation of the mouth cavity 
and innervation of the tongue and vocal cords, among other things. Like in the 
origin of many complex adaptations, many of these modifications may have orig-
inally appeared in response to different selective processes, but converged and 
were co-opted for the development of speech.

I believe no one argues against homology in the peripheral organs in-
volved  in  speech and primate vocalizations. Tongue, lips, larynx and vocal 
folds are clearly homologous, not only among primates but in other mammals 
as  well. Moreover,  some brainstem central pattern generators that coordinate 
communicative, rhythmic movements of these organs may also be homolo-
gous  with those involved in human speech. Monkey lip smacking is indepen-
dent of throat movements and has a frequency of about five cycles per second, 
the  same frequency that is observed in human speech, which is also much  
faster than the chewing cycle (Ghazanfar et al. 2012). In addition, the devel
opmental trajectory of this behavior is strikingly similar to that of human 
speech  and different from that of chewing patterns, with slower, variable 
mouth  movements in early stages, which progresses into faster and more ste
reotyped patterns during development (Morrill et al. 2012). Remarkably, the 5 Hz 
frequency of speech coincides with phase-locked theta band activity (5–7 Hz) 
observed in the human auditory cortex during speech perception (Howard 
and  Poeppel 2012). The articulatory organization of speech patterns, partly 
based on the above mentioned 5 Hz vocal oscillations, is much faster than that 
of manual and body gestures, and allows the vocalizer to generate highly com-
plex messages in a brief time, a capacity that is much less obvious in hand  
signing.

Therefore, at least some aspects of vocal articulation display interesting sim-
ilarities between humans and monkeys. Note that this does not preclude the co-
option of additional systems or motor programs like ingestive behaviors, or hand 
manipulation, to subserve the emerging new vocal system (Ferrari et al. 2003). As 
mentioned, this is what would be expected in the evolution of a complex innova-
tion like speech. As the neural circuits controlling vocal behavior developed, they 
became much more flexible than signing mechanisms, transmitting more com-
plex information in a shorter time, and allowing communication at a larger dis-
tance without need of sight. Thus, they rapidly became superior than gestures as 
communication channels.
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Secondly, Arbib correctly claims that a mirror neuron system may be re-
quired, but is not sufficient for the development of complex imitation, which is 
crucial for language learning and, in general, for our social behavior. In fact, 
monkeys and apes are not considered particularly good imitators (Whiten et al. 
1996; Tennie et al. 2012; but see Horowitz 2003 and Taglialatela et al. 2012). On the 
contrary, songbirds and many other species of birds are able to imitate sounds 
and actions (Zentall 2006; Bolhuis et al. 2010). Unlike monkeys, songbirds dis-
play a segmented, hierarchically organized song structure and have been pro-
posed to be able to learn syntactically recursive utterances (Gentner et al. 2006). 
However, they seem not to be able to generalize this learning to structurally simi-
lar sequences composed of different sounds (van Heijnningen et al. 2009; see also 
Beckers et al. 2012), implying that they are not able to grasp recursion as an ab-
stract property. Nonetheless, children initially use phonetic clues to recognize 
structural patterns that later become assimilated as abstract rules (Mehler et al. 
2006), suggesting that there is a stage in syntactic learning in which they also use 
sound patterns and memory to recognize structural regularities. Perhaps more 
striking for our purposes are the vocal and gestural imitative capacities of mam-
mals like dogs (gestural imitation; Huber et al. 2009; Zentall 2006) and cetaceans 
(gestural and vocal; Herman 2002; Abramson et al. 2012). There are even reports 
of human voice imitation by belugas (Ridgway et al. 2012) and elephants (Stoeger 
et al. 2012). Certainly, there is the possibility that a mirror neuron system partici-
pates in these instances of imitation (Bonini and Ferrari 2011), although it is clear 
that these mammals are devoid of grasping abilities (with the possible exception 
of the elephant’s trunk).

The above impinges on Arbib’s proposal that a specific protosign stage took 
place before (and was possibly required for) the advent of protospeech and 
speech, which then “took over” the hand-based signing system. Hand-signing 
languages are usually claimed to support this view. However, these instances may 
as well reflect the fact that our brain is immensely plastic and that human com-
munication is truly opportunistic, just like the case of Christy Brown, born with 
cerebral palsy, who learned to paint and write with his only controllable limb 
(this has been popularized in the movie “My Left Foot”). In my view, it is not clear 
what characteristics would the hypothetical protosign stage have had before the 
advent of speech, and to what extent it developed beyond simple pantomiming. 
Likewise, there are no convincing evolutionary relicts of the protosign stage dur-
ing normal human development, which would be expected if this was a major 
transition in human evolution.

It is likely that vocalizations, and gestural communication in the form of 
pantomimes and other mechanisms like pointing to call attention, intimately 
co-evolved in early humans. But for the same reason, it seems to me difficult to 
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separate a hand signing first, vocal signing second, sequence. Vocal plasticity 
was possibly critical in establishing mother-child bonds, and therefore was high-
ly dependent on early social interactions. In later life, it became useful for making 
within-group alliances (Aboitiz et al. 2006, 2010). In this context, vocal imitations 
of sounds, like onomatopoeias, were possibly supported by mirror system cir-
cuits, and may have been an important factor in the acquisition of early meanings 
(Aboitiz 2012; Assaneo et al. 2011). Likewise, early signs, in the form of panto-
mimes and as ritualized cues to generate shared attention, were also probably 
very important in the development of a primitive semantics, making reference to 
objects or events in the near environment. The point that I am making here is that 
human communication has always been multimodal, with a continuous and 
strong interaction between gesture and voice.

3 �Cortical control over the vocal apparatus

A central contention of the mirror neuron hypothesis concerns the notorious 
overlap of grasping mirror neurons and language circuits. Most grasping mirror 
neurons have been observed in the premotor area F5 (Brodmann’s area 6v) and 
the rostral inferior parietal area; and “oral” mirror neurons (recognizing facial 
gestures like lip-smacking and feeding behaviors) are found in the lateral aspect 
of F5 (Belmalih et al. 2009; Gerbella et al. 2011; Rizzolatti and Craighero 2004), 
near the location of area 44 (see below). This has been confirmed by fMRI studies 
showing activation of areas F5, 45 and 46 in the frontal lobe, and in areas PFG and 
AIP of the parietal lobe, during grasping and imitation actions in both monkeys 
and humans (Nelissen et al. 2005, 2011). In these studies, projections to area F5 
were described as originating in parietal areas PFG and AIP, which receive input 
from the superior temporal sulcus (STS), while input to area 45 was considered to 
originate directly in the ventral bank of the STS and from the lateral intraparietal 
area.

This circuit shows an important overlap with the language-related circuits 
which involve among other regions the superior temporal lobe, the STS and the 
ventrolateral prefrontal cortex (VLPFC), including areas 44 and 45, which is con-
sidered to represent the core of Broca’s region (Hickok and Poeppel 2007). Fur-
thermore, a participation of inferior parietal regions in language was also sug-
gested, based on early fMRI findings indicating activation of inferoparietal areas 
PG and PFG during verbal working memory tasks (see Aboitiz and García 1997). 
Some sudies supported this proposal by evidencing a direct inferoparietal projec-
tion from the inferior parietal lobe (IPL) to areas 44 and 45 in both the monkey 
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and the human (Catani and ffytche 2005; Petrides and Pandya 2009; Frey et al. 
2008; Dick and Tremblay 2012). Projections from the IPL to the VLPFC are pro-
posed to run mainly via the superior longitudinal fasciculus (SLF), while the pro-
jections from the (posterior) superior temporal lobe are considered to correspond 
to the arcuate fasciculus (Frey et al. 2008). Interestingly, in the monkey many 
fibers from the arcuate fasciculus run into dorsal prefrontal regions and are in-
volved in the spatial processing of sound sources, while the pathway directed to 
Broca’s region becomes more prominent in the human (Frey et al. 2008; Petrides 
and Pandya 2009; Yeterian et al. 2012).

Supporting our original contention (Aboitiz and García 1997), the role of the 
inferior parietal lobe in verbal working memory and in conduction aphasia has 
been highlighted in several recent studies (Hickok and Poeppel 2007; Buchsbaum 
et al. 2011). However, perhaps more than a phonological storage compartment, 
recent interpretations consider the role of parietal regions in working memory as 
generating sensory-directed action plans that contribute to the stability of the 
phonological motor program, which would be consistent with mirror-neuron ac-
tivity (Buchsbaum and D’Esposito 2008, 2011; Aboitiz 2012).

In addition to this “dorsal” language circuit, there is a “ventral” projec-
tion  reaching the VLPFC via the internal capsule from the anterior superior 
temporal gyrus, the STS and the middle temporal gyrus, conveying multimodal 
auditory and visual information (Belin and Zatorre 2000). This projection also 
fits  a “ventral” mirror neuron circuit involved in action recognition (Arbib 
2010).  The dorsal and ventral pathways for language are widely considered to 
have different functions, the dorsal being associated to articulatory processes 
and sequential processing, while the ventral is more involved in lexical-semantic 
aspects (Hickok and Poeppel 2007; Frey et al. 2008). We initially proposed 
that  the  ventral pathway was more conserved in evolution, being a distinct 
tract already in the macaque, while the dorsal pathway had undergone a funda-
mental development in human evolution (Aboitiz et al. 2006). This proposal 
soon became confirmed by comparative tractographic studies (Rilling et al. 2008, 
2011).

There are, nonetheless, a few anatomical discrepancies between authors 
regarding the homologies between certain brain regions, particularly Broca’s 
region, and the specific termination of some projections, namely the IPL connec-
tion with the ventral frontal cortex (see Aboitiz 2012 and Dick and Trembley 2012 
for full discussion). It has been widely claimed that F5 in the monkey represents 
the homologue of human’s Broca’s region (Rizzolatti and Craighero 2004). How-
ever, area F5 most likely corresponds to the premotor area 6 ventralis, while areas 
45 and 44 (Broca’s region sensu stricto) are distinguishable as separate from area 
6v/F5 both in the human and in the macaque (Petrides et al. 2005; Belmalih et al. 
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2009). In the monkey, area 44 has been considered an ourburst of the anterior 
area 6v/F5, and is involved in communicative and ingestive orofacial movements 
(Petrides et al. 2005). Hand and mouth mirror neurons have been described in 
area F5, near the border with area 44, but evidence of mirror neurons in area 44 is 
yet to come. The second point refers to the site of termination of inferior parietal 
areas, mainly PG and PFG, into the inferior frontal cortex. While some authors 
emphasize their projection to areas 44 and 45 (Petrides and Pandya 2009; Preuss 
and Goldman-Rakic 1991), others have focused on the termination into the pre-
motor region 6v/F5 (Belmalih et al. 2009; Gerbella et al. 2010). Despite these dis-
agreements, the overall evidence points to a strong inferior parietal projection to 
the ventral premotor and/or ventrolateral prefrontal cortices. These two regions 
are involved in aspects of orofacial control, and participate in both speech pro-
duction and speech perception (Dick and Tremblay 2012), suggesting an inferior 
parietal role in speech control.

Thus, beside the ventral projection between anterior temporal regions and 
the VLPFC, a rudimentary dorsal projection conveying auditory information to 
the VLPFC may have already existed in the monkey. This may have been direct 
via the arcuate fasciculus, and/or indirect, relying in the IPL. This is supported 
by  tract-tracing studies (Petrides and Pandya 2009; Yeterian et al. 2012), and 
also by functional analyses indicating activation of posterior temporal, ventrolat-
eral prefrontal, and parietal regions with presentation of conspecific vocaliza-
tions in the macaque (Gil-da-Costa et al. 2006). Furthermore, a recent report indi-
cates the presence of neurons controlling voluntary vocalizations in the macaque 
ventral premotor cortex (Coudé et al. 2011). This may work in parallel with the 
descending projection from the medial cortex, controlling emotional vocaliza-
tions (Jürgens and Alipour 2002). Further studies are strongly required on this 
line.

I have proposed that the amplification of a dorsal auditory pathway to the 
VLPFC, including both a direct projection via the arcuate fasciculus and an indi-
rect component via the IPL, was a key event in human evolution. As the ability of 
vocal learning developed, the primitive dorsal auditory-vocal circuit started to 
expand, recruiting neighboring circuits involved in other aspects like gestures 
and also hand control. Specifically, I suggested that the IPL was recruited to sup-
port working memory for vocalizations, by specifying motor goals based on sen-
sory (acoustic) information. Together with the amplification of a cortical projec-
tion to brainstem vocal motor neurons, this innovation marked the beginnings of 
plastic vocalizations in our lineage, with an expanded working memory capacity 
and the appearance of the so-called phonological loop, which allowed speakers 
to learn increasingly complex vocal utterances that became of the utmost social 
relevance in establishing social bonds (Aboitiz and García 1997; Aboitiz et al. 
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2006, 2012; Aboitiz 2012). Consistent with this proposal, a recent study indicates 
that monkeys display limited auditory short-term memory, and they are conse-
quently unable to transfer this short-term information into long-term auditory 
memory (Scott et al. 2012).

4 Final comment
To me, the mirror neuron hypothesis does not provide a clear answer to the fol-
lowing question: How did speech “take over” gestural communication? That is, 
how did auditory-vocal circuits come to dominate a robust gesture-dedicated 
circuit, out of nearly nothing? The possibility of a continuity between some as-
pects of monkey vocalization and human speech, and the existence of a rudimen-
tary dorsal auditory-vocal pathway in the monkey might help to make this point 
clearer.
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