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complex cognitive machinery is not needed for vocal coop-
eration to occur. Consistent with this idea, the temporal 
structure of marmoset vocal exchanges can be described in 
terms of coupled oscillator dynamics, similar to quantitative 
descriptions of human conversations. We propose a simple 
neural circuit mechanism that may account for these dynam-
ics and, at its core, involves vocalization-induced reductions 
of arousal. Such a mechanism may underlie the evolution of 
vocal turn taking in both marmoset monkeys and humans. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Humans orchestrate behavior through spoken lan-
guage, gestures and, more often than not, a combination 
of speech and gestures. The evolutionary origins for this 
uniquely human form of communication are mysterious 
for many reasons. Primarily, there are few ways to recon-
struct what ancestral vocalizations sounded like and how 
they were used. Moreover, soft tissues such as the brain 
and parts of the vocal apparatus do not fossilize. Relatedly, 
the dynamic social behavior that may have driven the evo-
lution of more sophisticated communication is also diffi-
cult to reconstruct from the archaeological record. That 
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 Abstract 

 One pragmatic underlying successful vocal communication 
is the ability to take turns. Taking turns – a form of coopera-
tion – facilitates the transmission of signals by reducing the 
amount of their overlap. This allows vocalizations to be better 
heard. Until recently, non-human primates were not thought 
of as particularly cooperative, especially in the vocal domain. 
We recently demonstrated that common marmosets  (Calli-
thrix jacchus) , a small New World primate species, take turns 
when they exchange vocalizations with both related and un-
related conspecifics. As the common marmoset is distantly 
related to humans (and there is no documented evidence 
that Old World primates exhibit vocal turn taking), we argue 
that this ability arose as an instance of convergent evolution, 
and is part of a suite of prosocial behavioral tendencies. Such 
behaviors seem to be, at least in part, the outcome of the co-
operative breeding strategy adopted by both humans and 
marmosets. Importantly, this suite of shared behaviors oc-
curs without correspondence in encephalization. Marmoset 
vocal turn taking demonstrates that a large brain size and 
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said, we can infer from indirect evidence that early homi-
nids were quite social. For example, evidence of hominid 
fire use dates to at least one million years ago [Berna et al., 
2012] and evidence for a group of humans using fire in the 
form of a hearth has recently been pegged to at least 
300,000 years ago [Shahack-Gross et al., 2014]. Whether 
our hominid ancestors gestured or spoke to one another 
(or did both) in order to light the hearth is an open ques-
tion. Yet necessary and foundational to any instance of 
successful cooperative communication – no matter the 
modality or sophistication – is the capacity to take turns.

  Cooperative Communication: Turn Taking in 

Humans and Marmoset Monkeys 

 One way to enhance signal quality during communi-
cation is to prevent interference through taking turns. By 
pausing after transmission, a sender allows signals from 
other individuals to transpire and be heard before anoth-
er signal is emitted. The elimination of overlap via turn 
taking increases the likelihood of the signal being heard 
accurately. As a consequence, an exchange of signals be-
tween two or more individuals has a structure. A success-
ful instance of human vocal turn taking, for example, 
would involve person 1 speaking while person 2 attends, 
followed by a response from person 2, be it a statement or 
an indication for person 1 to continue speaking. The im-
position of such structure during communication is a key 
feature of human social development [Jasnow and Feld-
stein, 1986; Jaffe et al., 2001]. Mothers will use pauses to 
establish rhythmicity in vocal, gestural and gaze-driven 
interactions with their infant [Jaffe et al., 2001]. The es-
tablishment of this rhythmicity has been demonstrated to 
result in measurable gains in word learning [Yu and 
Smith, 2012]. Thus, we can envision the imposition of 
structure as a scaffold upon which a developing child can 
build mature communication strategies. Of course, not all 
conversations in humans adhere to a strict turn taking 
rule. Face-to-face conversations between familiar indi-
viduals tend to be rapid speech exchanges with a substan-
tial amount of overlap [O’Conaill et al., 1993]. However, 
between unfamiliar individuals or in unfamiliar contexts, 
or when individuals are out of view of one another, con-
versational exchanges solely via speech signals become 
more regulated, falling back onto basic turn taking behav-
ior [O’Conaill et al., 1993; Sellen, 1995]. Thus, in general 
and throughout human development, turn taking is a 
foundational principle upon which more flexible com-
munication can occur. 

  Given its central importance in everyday human social 
interactions, it is natural to ask how vocal turn taking, a 
form of cooperation, evolved. It has been argued that hu-
man cooperative vocal communication is unique and, es-
sentially, evolved in three steps (put forth most cogently 
by Tomasello [2008], but see also Hewes [1973] and Riz-
zolatti and Arbib [1998] for similar scenarios). First, ape-
like ancestors used manual gestures to point and direct 
the attention of others. Second, later ancestors with pro-
social tendencies used manual gestures to mediate shared 
intentionality. Finally, and most mysteriously, a transi-
tion from primarily gestural to primarily vocal forms of 
cooperative communication came about, perhaps in or-
der to express shared intentionality more efficiently. Typ-
ically, no primates other than humans are thought to ex-
hibit cooperative vocal communication, the implication 
being that communication via turn taking requires a big 
brain and complex cognitive mechanisms. 

  Conversely, we hypothesize that vocal turn taking 
could have evolved through a voluble and prosocial an-
cestor without the prior scaffolding of manual gestures or 
big brains. To test this hypothesis, we studied the vocal 
exchanges of a small New World primate found in South 
America: the common marmoset  (Callithrix jacchus)  
[Takahashi et al., 2013]. Marmosets are part of the Cal-
latrichinae subfamily of the Cebidae family of New World 
primates. The common marmoset is approximately 20 
cm tall, weighs an average of 400 g, and exhibits no sexu-
al dimorphism in body size ( fig. 1 a). Marmosets display 
little evidence of shared intentionality and they do not 
produce manual gestures. Like humans, they are coop-
erative breeders and voluble. Marmosets are among the 
very few primate species that form pair bonds and exhib-
it biparental and alloparental care of infants [Zahed et al., 
2008]. These cooperative care behaviors are thought to 
scaffold prosocial motivational and cognitive processes, 
such as attentional biases toward monitoring others, the 
ability to coordinate actions, increased social tolerance 
and increased responsiveness to others’ signals [Snowdon 
and Cronin, 2007; Burkart and van Schaik, 2010]. Besides 
humans, and perhaps to some extent in bonobos [Hare et 
al., 2007], this suite of prosocial behaviors is not typically 
seen in other primate species. 

  When out of visual contact, marmoset monkeys and 
other callitrichid primates will participate in vocal ex-
changes with conspecifics [Ghazanfar et al., 2001, 2002; 
Miller and Wang, 2006; Chen et al., 2009]. In the labora-
tory and in the wild, marmosets typically use ‘phees’, a 
high-pitched vocalization that can be monosyllabic or 
multisyllabic, as their contact call ( fig. 1 b, c) [Bezerra and 
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Souto, 2008]. A phee call contains information about sex, 
identity and social group [Norcross and Newman, 1993; 
Miller et al., 2010]. As for humans, marmoset conversa-
tions occur spontaneously with another conspecific re-
gardless of pair-bonding status or relatedness. Marmoset 
vocal exchanges can last as long as 40 min and have a 
temporal structure that is strikingly similar to the turn 
taking rules used by humans [Stivers et al., 2009; Taka-
hashi et al., 2013]. First, there are rarely if ever overlap-
ping calls (i.e. no interruptions and thus, no interference). 
Second, there is a consistent silent interval between utter-
ances across two individuals ( fig. 1 b, c). The similarities 
do not stop there. 

  In humans, dynamical system models incorporating 
coupled oscillator-like mechanisms are thought to ac-
count for the temporal structure of conversational turn 
taking and other social interactions [Chapple 1970; Oul-
lier et al., 2008; Schmidt and Morr, 2010]. In the vocal 
domain, such mechanisms have two basic features: (1) 
periodic coupling in the timing of utterances across two 
interacting individuals ( fig.  1 d) and (2) entrainment, 
where if the timing of one individual’s vocal output quick-
ens or slows, the other’s follows suit. The vocal exchanges 
of marmoset monkeys share both of these features [Taka-
hashi et al., 2013]. Thus, marmoset vocal communica-
tion, like human speech communication, can be modeled 
as loosely coupled oscillators. As a mechanistic descrip-
tion of vocal turn taking, coupled oscillators are advanta-
geous since they are consistent with the data from speech 
processing that brain oscillations are critical to temporal 
structure [Giraud and Poeppel, 2012; Hasson et al., 2012] 
and its evolution [Ghazanfar and Takahashi, 2014]. Fur-
ther, such oscillations do not necessarily require any 
higher-order cognitive capacities to operate [Takahashi 
et al., 2013]. In other words, a coupled oscillator can oc-
cur without the involvement of a big brain, something 
worth considering given the marmoset monkey’s small 
encephalization quotient compared to great apes and hu-
mans [Jerison, 1973] ( fig. 2 ). 

  A schematic of how two marmosets can be coupled to 
each other via vocalizations is illustrated in  figure 3 . Con-
sider first, a marmoset producing spontaneous vocaliza-
tions by itself with no conspecific responding ( fig.  3 a). 
According to the model, preceding a vocalization, this 
marmoset experiences a drive (perhaps an increase in 
arousal due to social isolation) to produce a call. As the 
call is emitted, the sender hears its own signal and this 
auditory feedback inhibits the drive to continue vocaliz-
ing. Once the vocalization ends, the inhibition on the 
drive to vocalize is released and then, after some refrac-
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  Fig. 1.   a  A pair of common marmosets with two infants. (Copy-
right, Francesco Veronesi; used under Creative Commons li-
cense.)  b ,  c  Waveform and spectrogram of an example phee call 
exchange. Used with permission from Takahashi et al. [2013].
 d  Schematic of a cross-correlation plot demonstrating the tempo-
ral structure underlying turn taking in marmosets and humans. 
Note the difference in timescales, whereby the first peak of the 
cross-correlation is at 10 s for marmosets and 0.2 s for humans. 
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tory period, the marmoset produces another call. Thus, 
we have a simple oscillatory mechanism. Critically, the 
inhibitory influence of the auditory input on the drive to 
vocalize provides a natural mechanism for two marmo-
sets to begin a vocal exchange and to vocally couple with 
each other and thereby cooperate at a systems level 
( fig. 3 b). A receiver marmoset out of sight from the send-
er hears the sender’s phee call which inhibits its own drive 
to vocalize, preventing overlapping calls. Once the call 
ends, the drive to vocalize in the receiver is disinhibited 
and can hit threshold, whereby another call is initiated 
and the conversation continues. We now have a coupled 
oscillator. Since phee calls contain socially salient indexi-
cal information about the sender – and turn taking pre-
vents signal degradation caused by overlap – cooperation 
and social interactions are facilitated and reinforced. 
Overall, this model is consistent with the affective- and 

a

b

Vocalization

Drive Audition

Vocalization

DriveAudition

Vocalization

Drive Audition

5 cm

1 cm

  Fig. 2.  A schematic demonstrating the variety of brain sizes in the 
primate order. To date, marmosets and humans are the only two 
primate species demonstrated to vocally cooperate via an extended 
series of vocalizations with any other conspecific. (Photographs 

used under Creative Commons license; photographers as follows: 
marmoset by Simon Harris; chimpanzee by S.B.J.; rhesus macaque 
by Stacey Osburn; capuchin by Dave Spangenburg; squirrel mon-
key by Tracy Lynn.) 

  Fig. 3.   a  An oscillator model of marmoset vocal communication 
while a marmoset is alone.  b  By introducing a second marmoset, 
the vocalization of the first can alter the activity of the second, 
thereby creating a coupled oscillator. 
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arousal-based theories of primate communication put 
forth by Owren et al. [2010] and Rendall et al. [2009]. 

  There is one major difference between human and 
marmoset monkey vocal exchanges: timescale. Across 
two individuals, the average human silent interval be-
tween utterances is approximately 240 ms, with a very 
large amount of variance [Stivers et al., 2009]. In marmo-
sets, this interval is much longer, approximately 3–5 s 
[Takahashi et al., 2013]. This difference in timing can be 
explained in terms of ‘units of perception’ [Ghazanfar et 
al., 2001]. Since humans employ words as symbolic units 
of meaning, our minimal unit of perception in a conver-
sation is on the order of a word or syllable [Chandrase-
karan et al., 2009; Lerner et al., 2011]. Marmosets, on the 
other hand, may use the entire call, which may be multi-
syllabic and on the order of approximately 3–5 s [Taka-
hashi et al., 2013]. This is consistent with what is known 
about the units of perception in the contact calling behav-
ior of the closely related cotton-top tamarin [Ghazanfar 
et al., 2001]. The proposed model in  figure 3  can work on 
either of these time scales. 

  It is clear that many species of animals exchange vocal-
izations, but these usually take the form of a single ‘call-
and-response’ as opposed to an extended sequence of vocal 
interactions. For example, naked mole-rats [Yosida et al., 
2007], squirrel monkeys [Masataka and Biben, 1987], Japa-
nese macaques [Sugiura, 1998], large-billed crows [Kondo 
et al., 2010], bottlenose dolphins [Nakahara and Miyazaki, 
2011] and some anurans [Zelick and Narins, 1985; Grafe, 
1996] are all capable of simple call-and-response behaviors. 
However, there are some instances of extended, coordinat-
ed vocal exchanges as well. The chorusing behaviors of an-
urans and insects are the result of competitive coordination 
between neighboring males in an attempt to attract females 
[Greenfield, 1994]. Another form of vocal coordination, 
duetting, occurs between pair-bonded songbirds [Logue et 
al., 2008] and gibbons [Mitani, 1985]. Like the vocal ex-
changes of the marmoset monkey, these too indicate that a 
high-level cognitive capacity is not necessary for vocal turn 
taking. However, unlike marmosets and humans, these 
types of vocal coordination occur within the limited con-
texts of competitive interactions or pair bonds. This inabil-
ity to flexibly use vocal turn taking across conspecifics, re-
gardless of pair-bonding status or relatedness, stands in 
stark contrast to the cooperative vocal behavior in marmo-
sets and humans, who frequently initiate and sustain vocal 
exchanges with any conspecific [Takahashi et al., 2013]. 
The frequency of vocal interactions with nonrelated and 
nonpair-bonded individuals may be key to understanding 
the neural circuitry underlying vocal turn taking. 

  Why Do Humans and Marmoset Monkeys Exhibit 

Vocal Turn Taking? 

 Despite the stark contrasts in brain size, marmoset 
monkeys and humans can vocally cooperate with any 
conspecific regardless of pair-bonding status or related-
ness. In other primates, vocal cooperation is restricted to 
certain types of conspecifics and is rarely cooperative. As 
some 40 million years have passed since the Old World 
and New World primate lineage split [Steiper and Young, 
2006], we argue that vocal cooperation arose as an in-
stance of convergent evolution of behavior, but perhaps 
through the activation of a shared (homologous) neuro-
nal network. To unpack this argument, we will first exam-
ine the mechanisms driving convergent evolution in gen-
eral, then examine which pressures are shared between 
marmosets and humans. Finally, we will argue that neu-
romodulatory changes to a common neural circuit could 
serve as a viable explanation for the convergent evolution 
of vocal cooperative behavior in marmosets and humans. 

  Natural selection acts on the behavior of an individual, 
not on isolated neural structures [Padberg et al., 2007]. 
Evolutionary changes to organisms occur as parallel pro-
cesses, involving the interplay between the environment, 
an individual’s musculoskeletal structures and the brain 
[Krubitzer and Kaas, 2005]. In fact, given similar pres-
sures, identical cortical areas can emerge by virtue of the 
constrained nature of cortical development [Krubitzer 
and Kaas, 2005; Padberg et al., 2007]. For instance, corti-
cal areas 2 and 5, associated with motor planning and co-
ordination, are very well developed in macaques, an Old 
World monkey, as well as in  Cebus  monkeys, a New 
World monkey. In other New World primates, however, 
areas 2 and 5 are either absent or poorly developed [Pad-
berg et al., 2005]. The reason for this becomes apparent 
when we consider that, of the New World primates,  Cebus  
monkeys are the only species known to use a precision 
grip – a grip that is common among Old World monkeys 
and apes (including humans) [Padberg et al., 2007]. Such 
a grip alters the mechanics of the hand, facilitating object 
manipulation through an increase in the possible number 
of digit configurations. In the context of homologous 
neurodevelopmental trajectories, convergent evolution 
of biomechanics results in a constrained and predictable 
change in neural circuitry. Through this process, we see 
the emergence of identical cortical areas, in this case areas 
2 and 5, across two species separated by a common ances-
tor 40 million years ago. It is possible that similar pro-
cesses may be at play in marmosets and humans whereby 
they exhibit homologous neurodevelopmental trajecto-
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ries that are influenced by convergent features of their 
socioecological environment – specifically, prosociality 
and volubility.

  Cooperative breeding, a prosocial behavior, is only 
found in about 3% of mammals [Hrdy, 2005]. Of those 
mammals, callitrichids are the only non-human primates 
known to exhibit this strategy [Hrdy, 2005; Burkart et al., 
2009]. For marmosets, the rearing of infants is greatly re-
liant on a concerted effort among the breeding female, 
breeding male, nonbreeding siblings and occasionally 
other familiar but unrelated group members [Goldizen, 
1990; Hrdy, 2005; Burkart and van Schaik, 2010]. Mar-
moset caregivers actively and frequently provision food 
for offspring [Yamamoto and Lopes, 2004; Burkart and 
van Schaik, 2010]. In contrast, infants of other New World 
monkeys, such as capuchins, rarely receive nonmaternal 
care, and other group members seldom share food with 
them. Moreover, marmosets forage while carrying in-
fants, and often compete to carry infants [Santos et al., 
1997; Snowdon and Cronin, 2007]. The result of this for-
aging experience is gains in social learning by infant mar-
mosets. Infant marmosets are highly unlikely to consume 
novel food items when away from adults unless the in-
fants observed an adult eating the same food [Yamamoto 
and Lopes, 2004; Voelkl et al., 2006; Vitale and Queyras, 
2010]. In contrast, capuchin infants do not exhibit any 
similar social learning preference: they are just as likely to 
consume novel foods when they are away or with adults 
[Fragaszy et al., 1997]. This cooperative breeding frame-
work, in which nonparents within a social group sponta-
neously care for offspring other than their own has been 
argued to drive uniquely human cognition [Burkart et al., 
2009]. Experimentally, there is support for the notion that 
cooperative breeding leads to gains in social cognition 
[Burkart and van Schaik, 2010]. When compared to their 
larger, independently breeding sister taxa Cebidae (which 
include squirrel monkeys and capuchin monkeys), mar-
mosets exhibit greater socio-cognitive performance and 
much greater evidence of prosociality [Burkart and van 
Schaik, 2010]. 

  Typically, benefits in socio-cognitive performance are 
thought to be the result of an increase in the size of the 
brain, specifically the neocortex [Dunbar, 2009]. This is 
not the case with the marmoset monkey. Marmoset brains 
are approximately 4 times smaller than the closely re-
lated New World squirrel monkeys and 6 times smaller 
than those of capuchin monkeys ( fig.  2 ) [Herculano-
Houzel et al., 2007]. However, in marmoset monkeys, se-
lective pressures on body size may have led to a more ef-
ficient brain. Despite their small overall brain size relative 

to other primates, marmosets possess three times as many 
cortical areas as rats that exhibit a similar body size. To 
put it another way, a marmoset brain is five times larger 
than the brain of a rat; the brain of a marmoset is 2.7% of 
its body size (similar to humans) [Stephan et al., 1980], 
while the brain of the rat is less than 1% of its own body 
weight [Donkelaar and Nicholson, 1998]. Thus, these 
prosocial behaviors and, by extension, cooperative vocal 
communication must be mediated by the particular form 
and/or modulation of neural circuits that are not simply 
a consequence of increasing brain size. 

  Indeed, differential neuromodulatory influences on 
identical neural networks can result in very different be-
havioral outcomes [Katz, 2011; Marder, 2012]. Take for 
instance maternal behavior in rats. In female rats, the me-
dial preoptic area (MPOA) is critical for the appearance 
of maternal behavior, especially when activated by the 
hormone estrogen [Numan, 1994]. A lesion to the MPOA 
of a lactating female rat will cease any maternal behavior 
[Gray and Brooks, 1984]. In the wild and in the labora-
tory, male rats do not readily exhibit maternal care to 
their pups; however, following the elimination of testos-
terone (via castration) and exposure to newborn pups, 
male rats begin to exhibit maternal care [Bridges et al., 
1974]. Importantly, this normally latent male ‘maternal’ 
behavior is also mediated by the MPOA, as lesions to the 
MPOA will result in the termination of the maternal be-
havior [Rosenblatt et al., 1996]. Therefore, the only dif-
ference between male and female rats in regards to ma-
ternal care may be the presence of testosterone at the 
MPOA. What this tells us is that, in the course of evolu-
tion, it is easier to modify existing neural pathways rather 
than create new ones. In light of this, we suggest that the 
variety of ways in which vocalizations are exchanged in 
primates – from the unrestricted nature of human and 
marmoset vocal cooperation to the restricted duetting
of gibbons and the calls and responses of squirrel mon-
keys – suggests that a shared neural connectivity homol-
ogy may exist but is activated in different ways and/or to 
different degrees. This inconsistent utilization across 
closely related species perhaps implies variation in neu-
romodulatory action on the very same or similar circuit 
[Donaldson and Young, 2008; Katz, 2011; Marder, 2012]. 
Below, we conclude with a discussion of the possible neu-
romechanical underpinnings of vocal cooperation. 

  There is a large overlap in structures considered to un-
derlie social behavior (and vocal behavior, in particular) 
as well as those underlying motivation and emotional 
arousal [Cardinal et al., 2002; Syal and Finlay, 2011]. The 
shared neural architecture enables a pathway in which 
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social interaction is ‘rewarded’ via the attachment of mo-
tivational value through arousal levels [Syal and Finlay, 
2011]. That is, fluctuating arousal levels could be a driving 
factor in vocal turn taking. As turn taking is inherently 
rhythmic, it is not unreasonable to consider that this be-
havior exapted onto currently existing rhythmic mecha-
nisms, such as respiration, heart rate or rhythmic fluctua-
tions in neuroendocrine levels. Changes in these rhyth-
mic mechanisms alter the autonomic nervous system, 
leading to changes in arousal [Kayaba et al., 2003; Shahid 
et al., 2012]. While many neuromodulators likely contrib-
ute to the production of a vocalization, here is one illus-
trative example. Orexin is a neuropeptide released by the 
hypothalamus and involved in the autonomic modula-
tion of breathing and heart rate [Nattie and Li, 2012]. 
Orexin knockout mice possess a lower basal blood pres-
sure compared to wild types [Kayaba et al., 2003] and in-
tracerebroventricular injection of orexin results in an in-
crease in heart rate and blood pressure [Samson et al., 
1999], as well as respiration [Zhang et al., 2005]. Intrigu-
ingly, neurotoxic lesions and chemical blocking of re-
gions of the hypothalamus dense in orexin neurons re-
sults in a reduction of vocalizations, as well as a lowering 
of blood pressure and pulse during contextual fear re-
sponses [Furlong and Carrive, 2007; Chen et al., 2014]. As 
orexin is secreted in the brain, there are projections and 
receptors sensitive to this peptide throughout. In the rat, 
projections from the arcuate nucleus of the hypothalamus 
to anterior cingulate cortex (ACC) are known to exhibit 
orexigenic and anorexigenic phenotypes [Kampe et al., 
2009]. The ACC is one particular neural area in which vo-
cal production and arousal intertwine. In cats, rats and 
monkeys, electrical stimulation of the ACC produces
vocalizations [Devinsky et al., 1995; Paus, 2001]. These 
evoked vocalizations express an internal emotional state 
[Lewin and Whitty, 1960; Paus, 2001] and, thus, we can 
consider it one of the ‘drives’ to vocalize ( fig. 3 a). Impor-
tantly, the human ACC is involved in speech production 
[Sörös et al., 2006]. 

  Is there evidence for a role of arousal on speech pro-
duction in humans? Due to the presumption that speech 
is a purely neocortical-based phenomenon, it is typically 
argued that human communication is a behavior dis-
tanced from the state-governed vocalizations emitted by 
our non-human primate relatives [Rendall et al., 2009; 
Owren et al., 2010]. This is a puzzling notion, especially 
if one takes into consideration the clinical psychology lit-
erature demonstrating a relationship between autonomic 
dysfunction and language production. For example, one 
characteristic symptom of anxiety disorders and mania 

are episodes of rapid speaking, often termed ‘pressured 
speech’ [van Kammen and Murphy, 1975; Willson et al., 
2005; Pereira et al., 2014]. Manic episodes usually entail a 
measurable change in autonomic sensitivity [Henry et al., 
2010], suggesting that a dysfunctional autonomic system 
underlies mania [McMeekin, 2002; Latalova et al., 2010; 
Levy, 2013]. Indeed, those with affective disorders often 
demonstrate an enlargement of the third ventricle, sug-
gesting dysfunction to the hypothalamic nuclei govern-
ing autonomic processes [Bhadoria et al., 2003]. Separate 
from the clinical literature, speech motor coordination is 
influenced by fluctuations in the autonomic nervous sys-
tem in both adults and children [Kleinow and Smith, 
2006]. Further, an increase in arousal is often accompa-
nied by measureable changes in vocal prosody [Wiethoff 
et al., 2008]. Changes in affect are indicated by changes to 
the fundamental frequency of the voice [McRoberts et al., 
1995]. Decelerations in heart rate have also been demon-
strated after speech production in typical humans [Peters 
and Hulstijn, 1984]. Thus, human vocal communication, 
including speech, is greatly influenced by the autonomic 
system and fluctuating levels of arousal. 

  We propose that vocalization-induced reductions of 
arousal evolved into the mechanism underlying turn tak-
ing in marmosets, and perhaps humans as well. In the 
marmoset monkey, auditory contact through phee calls 
has been shown to cause a reduction in cortisol levels 
[Rukstalis and French, 2005]. Unmodulated arousal is 
known to be damaging and even fatal to primates [Uno et 
al., 1989]. Thus, modulating arousal levels and coopera-
tive behaviors are intertwined: both producing and hear-
ing vocalizations reduces arousal levels ( fig. 3 ) [Rukstalis 
and French, 2005]. Consistent with this idea, it has been 
posited that human conversations play the same role as 
social grooming seen in apes and monkeys [Dunbar, 
1998], suggesting that, in a sense, humans and marmosets 
have achieved ‘grooming at a distance’ [Takahashi et al., 
2013].

  Conclusion 

 Underlying any mode of cooperative communication 
is the ability to take turns. Here, we have examined an 
example of convergent evolution of vocal turn taking in 
the marmoset monkey and human. As cooperative com-
munication, sociality and arousal levels are fundamen-
tally intertwined, we propose that the vocal turn taking 
mechanism was scaffolded upon a preexisting arousal-
regulation mechanism. In our view, evolutionary pres-
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sures leading to an arousal-based coupled oscillatory 
mechanism for vocal turn taking sets the groundwork 
for more complex communication to arise by enhancing 
signal quality. Such a mechanism stands in stark con-
trast to the traditional argument that cooperative vocal 
communication arose after being scaffolded onto man-
ual gestures. Of course, there are many ways to coopera-
tively communicate, but it does not seem likely that our 
human ancestors progressed linearly from gesture-
based communication to vocalized speech [Aboitiz, 
2013]. 

  Future Directions 

 As vocal cooperation may be regulated by arousal, 
future studies would benefit from simultaneous physi-
ological measurements of the autonomic state during 
vocal cooperation such as (but not limited to) respira-
tion, heart rate and pupil dilation. Furthermore, since 
neuromodulators may play a critical role in the differen-

tial emergence of this behavior, cross-species histologi-
cal maps of neuromodulator-specific receptor density 
would be invaluable in achieving a comparative perspec-
tive – one that would allow us to really test our hypoth-
eses with regard to the differential modulation of ho-
mologous circuits. Finally, combined with physiological 
recordings of neuronal activity, measuring ambient 
neuromodulator levels during vocal cooperation would 
be critical in understanding the moment-to-moment 
fluctuations of neurochemicals and their effect on be-
havior. 
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