
123

Chapter Six

A comparative multimodal perspective on the evol-
utionary origins of tool use and handedness 

Words, Bones, Genes, Tools: DFG Center for Advanced Studies

 
 
1      Department of Anthropology, University of Victoria, Victoria BC, Canada. 

Ammie K. Kalan1

© 2023, Kerns Verlag / https://doi.org/10.51315/9783935751384.006 
Cite this article: Kalan, A. K.. 2023. A comparative multimodal perspective on the evolution-
ary origins of tool use and handedness, ed. by F. A. Karakostis, G. Jäger, pp. 123–142. 
Tübingen: Kerns Verlag. ISBN: 978-3-935751-38-4.

Abstract  

Laterality and the evolution of handedness have been of significant scholarly 
investigation across a wide variety of disciplines, including animal behaviour, 
neurobiology, developmental psychology, archaeology, and language evolution. 
Despite the longstanding array of attention, there remains no clear consensus on 
how and why laterality, and by extension handedness, evolved. Here I review 
comparative research on handedness in nonhuman primates to draw attention to 
the leading theories in the evolution of laterality as they relate to tool use and lan-
guage origins. In doing so, I aim to provide an overview of our current understand-
ing of the factors influencing handedness and the potential insight further study of 
nonhuman primates, particularly wild great apes, could contribute to ongoing dis-
cussions. Moreover, drawing on recent studies in both human knapping and 
chimpanzee stone tool use behaviour, I advocate for a multimodal approach to 
investigations of handedness, one where sound is integrated into existing para-
digms examining laterality in tool use behaviour. Such a perspective has the 
potential to reveal novel insights into the auditory information that may have aided 
our hominin ancestors at the advent of their lithic technical revolution.

INTRODUCTION 

Contemporary human populations exhibit a population-level right-
handed bias for manual actions. Although there is some variability across 
cultures and the type of action (for excellent recent reviews see 
McManus 2019; Prieur et al. 2019), the overwhelming predominance of 
right-handedness among humans remains a complex and multifaceted 
trait with significant implications for the evolution of brain lateralization, 
particularly with regards to left hemispheric specialization for language 
(Stout et al. 2008). Both the language production and perception centers 
of the brain are predominantly found in the left hemisphere of the human 
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brain although, again, there is variability (Fitch and Braccini 2013; 
McManus 2019; Prieur et al. 2019; Stout and Chaminade 2012). Since 
brain imaging techniques, including recent scanning advancements, are 
considerably more invasive than observations of hand-use, handedness 
remains one of the principal means by which researchers can have easy 
access to investigations of laterality. It is therefore unsurprising that 
much of the handedness research on nonhumans has been in mice where 
invasive brain imaging techniques are often applied (McManus 2019; 
Warren 1980). However, there similarly exists a large body of literature 
on handedness in nonhuman primates, albeit invasive techniques are 
more difficult to apply to primates due to increased ethical concerns, par-
ticularly with regards to wild populations.  

The cumulative research on laterality and handedness suggests that 
genetic, environmental, as well as social and cultural influences likely 
contribute to the development and persistence of right-handedness 
among humans (McManus 2019). However, there is still a lack of clear 
consensus on the relative importance of these factors and exactly how 
they might interact with one another (McManus 2019; Prieur et al. 2019). 
Therefore, a comparative approach permits the investigation of the evo-
lutionary selection pressures that may have helped shape laterality and 
population-level handedness. More specifically, ancestral and living 
hominids can provide insight into the original contexts and benefits asso-
ciated with population-level handedness and how this came to be so 
tightly linked with hemispheric laterality (Cashmore, Uomini, and Chap-
elain 2008). However, as noted by previous scholars, comparisons across 
and within species are often hindered by inconsistent application of 
methods and terminology (e.g., Cashmore, Uomini, and Chapelain 2008; 
McGrew and Marchant 1997).  

In the present chapter, I aim to provide a brief overview of compara-
tive research on handedness of nonhuman primates, with a central focus 
on great apes, and how they fare in comparison to contemporary humans. 
In doing so my intention is twofold: 1) highlight the gaps in our knowl-
edge with regards to the evolution of population-level handedness, and 2) 
present opportunities for future research directions by proposing an inte-
grated multimodal framework for investigating handedness (and by 
extension laterality) in the tool-use behaviour of humans and nonhumans 
alike. Importantly, the term laterality can refer to the dominance of one 
side of the body or brain but in the current chapter, I am primarily con-
cerned with motor lateralization and refer to brain lateralization 
explicitly in the text where relevant. With regards to motor lateralization, 
I clearly differentiate whether I am referring to individual-level or pop-
ulation-level laterality in hand use (i.e., handedness). I also use the term 
hand preference to specify intra-individual hand-use patterns which is 
altogether quite different from a population-level bias (Cashmore, 
Uomini, and Chapelain 2008; McGrew and Marchant 1992). Population-
level handedness is where the same hand preference is consistently 
observed across individuals within a specified population or group. 
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THE EVOLUTION OF HANDEDNESS 

Many primatologists have been captivated with the concept of popula-
tion-level handedness given the obvious insights it might provide regard-
ing the evolution of universal right-handedness amongst humans 
(Cashmore, Uomini, and Chapelain 2008; Fitch and Braccini 2013; 
Hopkins 1996). McGrew and Marchant (1997) provided a thorough 
review of primate laterality studies on both strepsirrhines and hap-
lorrhines which clearly demonstrated that the majority of studies avail-
able at that time suffered from methodological and/or statistical 
constraints, thereby prohibiting robust species-wide inferences. In the 
studies they were able to assess, McGrew and Marchant (1997) over-
whelmingly found little evidence for population-level lateralization in 
nonhuman primates although chimpanzees showed some tendency for a 
right-handed population-level bias in captivity. The lack of standardized 
methods and analyses, as well as the fact that the majority of handedness 
research involved captive populations, clearly contributed to the incon-
sistent and variable findings of laterality and handedness. A more recent 
review by Fitch and Braccini (2013) on the evolution of handedness, still 
echoes the early concerns highlighted by McGrew and Marchant (1997) 
regarding small sample sizes and weak statistical effects, to conclude that 
there is only tenuous evidence for laterality and handedness in nonhuman 
primates. Therefore, handedness continues to draw great research interest 
due to the often contradictory and inconsistent results of previous studies 
(Fitch and Braccini 2013).   

One of the leading hypotheses for the evolution of motor lateraliza-
tion is the “postural origins” hypothesis whereby the right hand is postu-
lated to have been the dominant grasping hand during locomotory and 
positional behaviours of an ancestral arboreal primate. With increasing 
terrestriality in the evolution of primates, the right hand would have been 
subsequently co-opted as the flexible gripping hand, where bimanual 
actions and object manipulation would have become more frequent 
(MacNeilage, Studdert-Kennedy, and Lindblom 1987). The hypothesis 
might then predict that left-handed bias is the ancestral condition (more 
likely to be found in the basal strepsirrhines) and right-handed bias the 
derived condition yet recent studies, including phylogenetic comparisons 
of a large number of primate species, do not support this (Caspar et al. 
2021).  However, a recent cross-species comparison did find that prima-
rily arboreal primate species tend to have a left-hand population-level 
bias whilst species that are primarily terrestrial (i.e., the African apes, 
baboons, macaques, as well as humans) tend to have a right-hand popula-
tion-level bias, therefore, a species’ ecology was important to consider 
(Meguerditchian, Vauclair, and Hopkins 2013). Overall then, terrestrial-
ity is likely to have played a significant role in the evolution of right-
handed population bias in primates. 

Relevant to discussions on the adaptive utility of laterality is the ‘task 
complexity’ hypothesis originally developed by Fagot and Vauclair 
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(1991). The authors distinguished between low and high-level tasks 
whereby the latter were more cognitively taxing and involving precise 
and/or novel movements and are therefore more likely to be associated 
with hand preferences and ultimately, population-level handedness 
(Fagot and Vauclair 1991; but see McGrew and Marchant 1997 for rea-
sons why the novel aspect can be difficult to operationalize). In contrast, 
low-level tasks were considered to be more routine, familiar tasks (e.g., 
reaching for food). Task complexity explained some, but not all, of the 
variation in results across the primate studies reviewed by McGrew and 
Marchant (1997). More recently, however, task complexity has gained 
support in a number of primate studies comparing unimanual versus 
bimanual actions, where only the latter demonstrates consistent lateral-
ization in hand-use (reviewed in Meguerditchian, Vauclair, and Hopkins 
2013).  

Additional theories for the evolution of laterality and handedness 
stress the significance of social interaction in shaping patterns of hand-
use (Ghirlanda, Frasnelli, and Vallortigara 2009), and the evolution of 
bipedalism (Westergaard, Kuhn, and Suomi 1998) or tool use (Stout and 
Chaminade 2012). In particular, theories involving tool use integrate 
aspects central to the postural (e.g., freeing up the hands) and task com-
plexity hypotheses (e.g., complex object manipulation) for the emer-
gence and adaptive significance of handedness. I will therefore primarily 
focus on tool-use-related studies for the remainder of this chapter. 

POPULATION-LEVEL HANDEDNESS IN CAPTIVE NONHUMAN PRI-
MATES 

Since McGrew and Marchant’s (1997) formidable review, research on 
nonhuman handedness has attempted to address many of the concerns 
plaguing the earlier studies they examined by using larger sample sizes, 
variable types of tasks, studies done on wild populations (see next sec-
tion), and by applying more stringent and comparable methods for anal-
yses of data. For example, using a large sample size of chimpanzees, 
Hopkins and colleagues have consistently found that captive chimpan-
zees show a population-level right-hand bias for unimanual (e.g., reach-
ing for food) and bimanual coordination tasks (e.g., tool use or solving 
the ‘tube task’ described below), as well as for communicative, manual 
gestures (Hopkins, Mareno, and Schapiro 2019; Hopkins, Russell, 
Freeman, et al. 2005; Hopkins, Russell, Hook, et al. 2005). However, 
many studies fail to find population-level biases in ape hand-use, includ-
ing chimpanzees, even when employing similar methods (Brand et al. 
2017; Lambert 2012; Motes-Rodrigo, Hernandez-Aguilar, and Laska 
2019; Prieur et al. 2018) 

The significance of the corpus of captive research on primate handed-
ness lies in its rich set of cross-species experiments whereby a standard-
ized set of tasks and methods permits robust inferences. For example, a 
comparison of 777 captive great apes, including gorillas, bonobos, chim-
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panzees and orangutans found population-level right-hand bias in all 
apes for a bimanual coordinated task, excluding the orangutan (Hopkins 
et al. 2011). Instead, orangutans showed a left-hand population bias, con-
sistent with at least one previous study (Brésard and Bresson 1983) but 
not a more recent study where a population-level bias in orangutans was 
not found (O’Malley and McGrew 2006). The strength of these captive 
experiments, however, is in testing the nonhuman primates with the same 
‘tube task’, facilitating cross-species comparisons. Originally designed 
by Hopkins (1995) as a bimanual coordinated task, a tube containing 
food is provided where one hand grasps or stabilizes the tube while the 
other extracts the food item, hence necessitating the use of both hands. 
Longitudinal studies of captive populations are also noteworthy for dem-
onstrating some degree of heritability of handedness in chimpanzees, as 
well as performance asymmetries, whereby right-handed individuals 
were more efficient in solving a tool-use task with their right hand than 
their left (Hopkins, Mareno, and Schapiro 2019). Handedness heritability 
in primates has also been suggested for the unimanual reaching actions of 
a troop of captive Japanese macaques that showed a left-handed popula-
tion bias (Kubota 1990). However, these studies are generally limited in 
sample size compared to the strong evidence for heritability in human 
handedness (McManus 2019; Warren 1980). 

The majority of captive studies on ape handedness have been over-
whelmingly focused on bimanual coordination and tool use tasks and did 
not consider the potential role or influence of communication on hand 
preference. More recently, however, researchers have investigated later-
ality for both communicative and non-communicative actions. For exam-
ple, investigations of handedness for communicative gestures have 
shown a population-level right-hand bias in baboons, gorillas, chimpan-
zees and bonobos (reviewed in Meguerditchian, Vauclair, and Hopkins 
2013). Other studies report right-hand population-level bias for gestures 
involving tool use only (Prieur et al. 2018) and another study investigat-
ing the gestural repertoire of wild chimpanzees found no population-
level bias but an individual-level right-hand bias for gestures involving 
object manipulation (Hobaiter and Byrne 2013). Therefore, the inclusion 
of an object into the communicative action may be a significant factor in 
driving lateralization.  

Recent studies analyzing gestural laterality in-depth have provided 
further insight into mediating factors, such as features of the target of the 
actions being done. More specifically, whether actions are directed at an 
inanimate (e.g., an object), rather than an animate target (e.g., a conspe-
cific or human), has been shown to influence hand preference. For exam-
ple, one study found that young children demonstrate a right-hand bias 
only towards actions directed at inanimate rather than animate targets 
(Forrester et al. 2013). It is argued by Forrester and colleagues (2013) 
that this is in line with what is reported for tool-use tasks in wild chim-
panzees where a right-hand population-level bias has been shown for 
some tool-use tasks (but see next section). However, animate targets are 
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likely to be highly relevant for communicative gestures, where a right-
hand population bias has been observed in multiple species. Therefore, 
this target distinction cannot account for all the variation we observe in 
primate handedness, particularly if we include human infants and tod-
dlers who have also shown a right-hand population-level bias for ges-
tures in other studies (Cochet and Vauclair 2010). Additionally, for com-
municative gestures, whether the conspecific is in the left or right visual 
field of the signaller can further influence hand preference (Prieur et al. 
2017). Overall then, despite the decades of research on primate handed-
ness, we still lack a consensus regarding if, and to what degree, species 
exhibit population-level handedness, and if yes, how specialized this is 
for a particular task or type of action, whether communicative or not.  

Generally speaking, captive studies are powerful due to their clear 
experimental design and standardized tasks, but they also lack natural 
socio-ecological contexts to provide insight into the evolutionary drivers 
of handedness (McGrew and Marchant 1997). These studies have been 
further criticized for the influence of captive rearing environments and 
the effects of learning (McGrew and Marchant 1997; Palmer 2003; 
Warren 1980; see also Hopkins and Cantalupo 2005). However, these 
latter concerns seem generally unfounded given that nonhuman primates 
in the wild have also exhibited population-level biases suggesting hand-
edness is not unique to captive settings. For example, some studies on 
wild chimpanzees report population-level right-handedness for certain 
tool-use tasks similar to captive studies (e.g., Lonsdorf and Hopkins 
2005) although there is considerable variability in these findings (see 
next section). It is therefore prudent to find parsimony between captive 
and wild studies with regards to handedness when possible. 

A WILD PERSPECTIVE ON HANDEDNESS: WHY IT MATTERS 

While research on captive primates provides much-needed experimental 
control, research in the field gives us the behavioural contexts in which 
primates naturally exhibit handedness and have evolved to do so.  Of par-
ticular relevance here, are the variety of tool-use behaviours wild pri-
mates show in foraging but also socio-communicative contexts. Much of 
the tool-use repertoire of wild primates has been shown to be socially 
influenced, and even cultural (Sanz, Call, and Boesch 2013), therefore 
there are stark ontogenetic differences in behaviours that are part and par-
cel of a species evolved repertoire in comparison to artificial tasks that 
they might be trained to do in captivity. We know for humans how devel-
opmental and environmental factors can be critical to establishing pop-
ulation-level handedness, including social and cultural influences, even 
from a young age (McManus 2019). Hence, data on wild primate popula-
tions provides a critical and necessary perspective for our understanding 
of the origins and development of population-level handedness within 
the Primate order. It is also worth noting that the majority of handedness 
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studies in wild nonhuman primates are on chimpanzees; therefore, much 
of the rest of this chapter focusses on chimpanzees. 

Some of the first studies on laterality in wild primates were conducted 
via behavioural observations of wild chimpanzees using tools. Here we 
find an often convoluted stream of research findings where for the same 
population of wild chimpanzees early studies may have failed to find 
population-level handedness but later studies, with the inclusion of more 
behaviours and/or more individuals, would confirm population-level 
handedness (e.g., the chimpanzee nut cracking studies described below). 
Importantly, hand preference, whereby individuals demonstrate the con-
sistent use of either the left or right hand for a task, has been consistently 
observed in chimpanzees in both captive and wild contexts from even the 
earliest investigations of handedness (e.g., Finch 1941; Boesch 1991). 
However, individuals may differ in their preferred hand across tasks, and 
most importantly, results for population-level handedness have been 
inconsistent as described in the following section.  

The Bossou chimpanzees of Guinea and the Mahale chimpanzees of 
Tanzania have arguably provided the most in-depth studies in wild chim-
panzee handedness, given the number of behaviours investigated and the 
longitudinal nature of their datasets. Other populations, such as Taï, 
Gombe and Goualougo, have also contributed significant works on hand-
edness in wild chimpanzees, especially for tool use behaviours. Overall, 
these studies provide mixed results. With regards to nut-cracking beha-
viour, whereby chimpanzees use wooden or stone tools to crack open 
various species of nuts in the wild (Boesch and Boesch 1981), we have 
inconsistent findings on handedness. Studies on the Bossou chimpanzees 
where they crack open nuts with not only hammer tools but also employ 
moveable anvils have found individual-level hand preferences for hold-
ing the hammer but no significant population-level bias for the left or 
right hand (Humle and Matsuzawa 2009; Sugiyama et al. 1993). Simi-
larly, there was no population-level hand bias found for nut cracking in 
the Taï chimpanzees of Côte d’Ivoire (Fig. 1) (Boesch 1991). However, a 
later study conducted by Lonsdorf and Hopkins (2005) where nut-crack-
ing data was pooled from two populations (Taï: Boesch 1991; Bossou: 
Biro et al. 2003) found support for a population-level right-hand bias, 
implying that a larger sample size of individuals was necessary for 
detecting a population-level bias. However, it is then debatable to what 
degree combining two distinct chimpanzee communities represents a nat-
urally occurring population-level phenomenon. Notably, this study also 
found evidence for heritability in hand preferences when examining 
mother-offspring hand use (Lonsdorf and Hopkins 2005).  

Besides nut cracking, termite fishing is perhaps the best-studied tool 
use behaviour in wild chimpanzees. Termite fishing is a behaviour that 
exhibits clear cultural variation among different populations but can be 
generally described as chimpanzees using herbaceous vegetation or stick 
tools by inserting them into termite nests to collect the insects for eating 
(Boesch et al. 2020). Lonsdorf and Hopkins (2005) reported a left-
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handed population bias for termite fishing in the Gombe chimpanzees, 
for which McGrew and Marchant (1992) had also documented a trend 
toward a left-hand bias at the population-level. Similarly, the Fongoli 
chimpanzees of Senegal show a trend toward population-level left hand-
edness for termite fishing (Bogart et al. 2012). However, the Goualougo 
chimpanzees of Central Africa do not show a clear population-level hand 
bias despite strong hand preferences at the individual level, as well as 
documented performance asymmetries. For example, chimpanzees with 
a right-hand preference had a faster stick tool insertion time than those 
with a left-hand preference (Sanz, Morgan, and Hopkins 2016). McGrew 
and Marchant (1999) also reported that lateralized individuals were more 
efficient at gathering termites compared to individuals that did not show 
a clear hand preference. 

A number of other chimpanzee tool use behaviours have also been 
investigated with regards to handedness. Bossou chimpanzees have 
shown population-level right-hand bias for an extractive foraging beha-
viour called ant dipping where herbaceous stalks or sticks are used as 
tools to collect army ants for eating (Humle and Matsuzawa 2009).  No 
significant population-level bias was found for other tool use behaviours, 
namely algae scooping and pestle pounding (Humle and Matsuzawa 
2009). There was also no population-level hand bias found for aimed 
throwing (of various naturally occurring objects) using a long-term data-
set of the Mahale chimpanzees despite some clear hand preferences at the 
individual level (Nishida, McGrew, and Marchant 2012). The Taï chim-
panzees had clear individual-level hand preferences for wadge dipping, 
where individuals use one hand to repeatedly dip chewed-up wadges of a 
particular fruit into water, but again showed no population-level hand 
bias (Boesch 1991).  Combined, these studies provide mixed support for 
the task complexity hypothesis given that nut cracking is arguably con-

Fig. 1.   
An adult female Taï chimpan-
zee nut cracking with a stone 
hammer as her daughter 
watches. Credit: Liran Samuni/ 
Taï Chimpanzee Project. 
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sidered the most complex behaviour and clearly involves bimanual 
coordinated actions of all the tool use behaviours investigated in the wild.  

Research on the handedness of wild monkey species is relatively rare, 
despite baboons and macaques being highly terrestrial and generally easy 
to observe and identify. One notable study by Leca and colleagues (2010) 
on the stone handling behaviour of free-ranging Japanese macaques com-
pared unimanual and bimanual actions during stone manipulation and 
found lateralization for the more complex bimanual actions only (note no 
population-level handedness was found when looking across multiple 
tasks). These results lend additional support to the task complexity 
hypothesis although additional studies of other wild populations are des-
perately needed. Handedness research in the wild may be complicated by 
observational conditions but also the lack of individuals engaging with 
the exact same behaviour frequently enough to calculate robust handed-
ness indices within a population, let alone across. Still, this is where a 
complementary perspective, combining both captive and field work, can 
be fruitful for constructing larger frameworks in which to investigate the 
evolution of handedness.  

TOOL USE, LANGUAGE & LATERALITY COME HAND IN HAND 

Functionally, it has been suggested that laterality likely conveyed an evo-
lutionary benefit whereby hemispheric specialization via co-evolution 
mechanisms for tool use and language, facilitated by handedness and per-
formance asymmetries, would permit faster and more efficient cognitive 
processing (Hopkins, Mareno, and Schapiro 2019; Prieur et al. 2019; 
Stout et al. 2008). Such an evolutionary pathway would have become 
particularly important for tasks involving complex bimanual actions and 
enhanced dexterity, especially for a bipedal primate (MacNeilage, 
Studdert-Kennedy, and Lindblom 1987; Meguerditchian, Vauclair, and 
Hopkins 2013; Prieur et al. 2019; Westergaard, Kuhn, and Suomi 1998). 
Tool use and tool manufacture (the latter for hominins only) have there-
fore been of significant focus when it comes to theories of the evolution 
of handedness (Gabrić, Banda, and Karavanić 2018; Stout and 
Chaminade 2012). Generally speaking, current theories for how laterality 
and handedness may have evolved in our species coincide on themes of 
a tool-using biped whose social and ecological environment would have 
favoured intentional communication with conspecifics. The strongest 
evidence for this evolutionary scenario comes from neuroanatomical 
studies which show similar brain asymmetries for hand motor tasks (e.g., 
tool use) and communicative actions, such as gestures (for detailed 
reviews see Hopkins, Mareno, and Schapiro 2019; McManus 2019; 
Prieur et al. 2019; Stout and Chaminade 2012). Such an evolutionary sce-
nario therefore links the emergence of left hemispheric specialization in 
the primate lineage with the emergence of bipedalism and tool use, as 
primers for language to evolve by co-opting the pre-existing neuro-archi-
tecture of a left hemisphere specialization. Details and the order of emer-
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gence are still up for debate, but many (though definitely not all) scholars 
can agree that these traits appear to be highly interconnected and linked 
in their neurobiological origins and development.  

Unlike tool use and bipedalism, language does not leave behind 
archaeological evidence that can be examined and dated to reconstruct 
evolutionary histories. It is therefore not a coincidence that the origins of 
language have perplexed scholars for centuries, and continue to do so 
(Corballis 2017; Fitch 2010).  The search for the origins of language 
among nonhuman primates has generally favoured a gestural origin 
given that gestures, particularly well studied in the great apes, have con-
sistently demonstrated clear communicative intent, greater control, 
increased flexibility and innovation relative to a limited vocal repertoire 
(Arbib, Liebal, and Pika 2008; Call and Tomasello 2007; Christiansen 
and Kirby 2003;  Fröhlich et al. 2019; Liebal et al. 2013; Pika et al. 
2005). Yet others would argue that the framework used to evaluate ges-
tures has typically not been applied to vocalizations therefore the bias 
towards gestures is partly a result of methodological discrepancies 
(Townsend et al. 2017; but see also Fischer 2017). However, the gestural 
theory for language origins also has strong support from disciplines other 
than primatology, namely neuroscience. The discovery of mirror neurons 
in the F5 brain region of monkeys, a homologue of Broca’s area, one of 
the critical language centers in the human brain, has lent strong support 
for gestural motor theories of language origins (Rizzolatti and Arbib 
1998). As mentioned previously, this research supports that the neurobio-
logical substrates responsible for motor coordination were co-opted for 
the evolution of language within the primate lineage (Arbib, Liebal, and 
Pika 2008; Corballis 2003; Kohler et al. 2002; Rizzolatti and Arbib 
1998). Importantly, mirror neurons are activated not just when an indi-
vidual performs an action, but also when watching others perform that 
action (Arbib 2005; Kohler et al. 2002). This suggests mirror neurons 
may facilitate social learning mechanisms such as imitation, a cognitive 
skill argued to be necessary for developing uniquely human traits such as 
language (Arbib 2005; Corballis 2017) and cumulative culture (Henrich 
and Tennie 2017). Importantly, the gestural theory of language evolution 
has some overlapping neurobiological support with the technological or 
tool-use hypothesis for language evolution, although slight differences 
are also recognized (for a detailed review see Stout and Chaminade 
2012). 

More recently, a multimodal origin for language evolution has 
become increasingly supported in the literature, again primarily via 
detailed studies of great ape communication, given that auditory, orofa-
cial and gestural signals are often combined with one another by both 
humans and nonhuman primates (Arbib, Liebal, and Pika 2008; Fröhlich 
et al. 2019; Liebal et al. 2013; Taglialatela et al. 2015).  Studies on multi-
modal communication, particularly in chimpanzees, have revealed sig-
nificant associations with both motor coordination and sound processing. 
For example, a study on captive chimpanzees found that individuals who 
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combined vocalizations and orofacial movements to produce attention-
getting sounds had a higher deposition of gray matter in brain regions 
associated with motor control, compared to individuals that did not pro-
duce these signals (Bianchi et al. 2016). Similarly, other researchers have 
proposed that oropharyngeal motor coordination, such as lip-smacking in 
primates, creates rhythmic sound utterances that may have provided the 
ancestral basis for human speech (Bergman 2013; Ghazanfar and Taka-
hashi 2014). These slight movements of the mouth, tongue and larynx are 
thereby argued to have facilitated the transition in language evolution 
from a primarily gestural mode to the acoustic channel (Corballis 2017). 
Despite the clear relevance to theories of language evolution, multimodal 
investigations of primate communication remain relatively understudied 
with researchers usually focussing on a single modality (Slocombe, 
Waller, and Liebal 2011).  

Similarly understudied yet relevant to the multimodal origins of lan-
guage evolution are the incidental sounds produced by manual actions 
that can potentially serve as sources of information to both producers and 
listeners. Previous scholars have remarked that incidental sounds, pro-
duced by chewing or locomotion (Larsson 2014; MacNeilage 1998), or 
by the manual acts of using tools (Larsson 2015), all rely on motor 
coordination and likely stimulate mirror neurons. Moreover, mirror neu-
rons can be activated by simply hearing these incidental sounds alone 
(Kohler et al. 2002). In sum, there is some evidence to suggest that tool-
use sounds which necessitate manual dexterity are linked to the neuro-
biological substrates of language perception and production in humans 
(Arbib 2005; Bianchi et al. 2016; Corballis 2003; Larsson 2015; Rizzo-
latti and Arbib 1998). However, other neurobiological studies do not 
show an overlap between motor control brain regions involved in object 
manipulation with language area homologs (Becker et al. 2022; Fitch and 
Braccini 2013). Nevertheless, the incidental sounds and the role of audi-
tory (non-vocal) signals have generally not been factored into these 
studies and are usually ignored for their relevance to both tool use and 
communication. I suggest that these auditory signals need to be 
examined in greater detail, particularly for their ability to provide critical 
information not only to the tool user or producer, but also to any 
bystander or listener. In this sense, they may play a role in the learning 
and transmission of manual actions such as tool use or manufacture, and 
importantly, provide a pathway that intimately connects auditory chan-
nels of perception and processing with hand-eye motor coordination and 
left-hemispheric specialization, potentially significant for language 
origin theories. 

THE (NEGLECTED) ROLE OF IMPACT SOUNDS 

Auditory, non-vocal signals, have been of little interest to most primatol-
ogists concerned with communication other than recognizing that pri-
mates often produce displays whereby objects may be incorporated to 



Kalan

134 Words, Bones, Genes, Tools: DFG Center for Advanced Studies

some extent to produce sound. Lameira and colleagues (2012) describe 
an instrumental gesture-call in orangutans, as a call that can “modify oro-
laryngeal acoustic production, with or without tools” which, while tech-
nically non-vocal is still produced by the animal. Similarly, chimpanzee 
buttress drumming (Arcadi, Robert, and Boesch 1998) or leaf clipping 
(Kalan and Boesch 2018), are sounds that are produced by the animals 
interacting with an object in their environment and are therefore also 
non-vocal. Although interesting behaviours for animal communication, 
in the present context I am particularly concerned with sounds produced 
by nonhuman primates as they interact with stone tools, given the 
obvious parallels and implications for hominin lithic technology and its 
evolution.    

The sound produced when a stone makes contact with another object 
can be referred to as an impact sound. Impact sounds are significant in 
that their acoustic properties will be dependent upon, and characteristic 
of, both the material properties of the impactor and the object being 
impacted (Kalan et al. 2019). We are surrounded by impact sounds in our 
daily lives, from the musical instruments we hear or play to the mechan-
ical noise of machines and vehicles. Although archaeologists have long 
remarked on the potential importance of impact sounds while making 
stone tools (i.e., flint knapping), the sounds themselves have rarely been 
featured in thorough investigations until recently. Researchers have sug-
gested that the knapping sound may provide information regarding the 
accuracy of the strike or quality of the knapping material (cf. Patten 2009 
in Smith et al. 2021). In a one-of-a-kind study, a controlled hammer 
machine was used to impact various lithic materials and demonstrated 
significant differences in sound duration, pitch and loudness (DeForest 
and Lyman 2022), suggesting ancient knappers would have been able to 
use impact sounds to assess lithic quality. Additionally, knapping sounds 
may offer information such as the size of the flake, or the level of expert-
ise of the knapper (Smith et al. 2021). In their recent study, Smith and 
colleagues (2021) trained musicians to process the sounds produced by 
human flint-knappers and found significant differences in pitch and 
octaves produced due to raw material and knapper skill-level, but no dif-
ferences in sound could be attributed to flake size (Smith et al. 2021). Of 
course, we cannot directly observe the ancestral hominins who first start-
ed to make and use stone tools and instead must rely on staged, experi-
mental settings with contemporary humans. Here, a comparative 
approach can once again be of value given that a number of nonhuman 
primate species use stone tools naturally in the wild, including one of our 
closest living relatives, the chimpanzee (for knapping experiments done 
with nonhuman great apes see Motes-Rodrigo and Tennie chapter in this 
book).  

Although chimpanzees do not make stone tools, they do use stone 
tools, for both cracking open nuts (Boesch and Boesch 1981) and for a 
unique communicative behaviour where they repeatedly throw stones at 
particular trees, referred to as accumulative stone throwing (AST) (Kühl 
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et al. 2016). I recently investigated the impact sounds produced by AST, 
namely the sounds of stones hitting the trees being used as AST sites by 
the chimpanzees. I found that the tree species used for AST had a res-
onant timbre (i.e., a longer lasting, lower frequency sound), in compari-
son to other trees widely available but not used for this behaviour (Kalan 
et al. 2019). Were the chimpanzees drawn back to these particular AST 
trees just because they found the sounds they produced to be pleasant to 
the ear? Unfortunately, we do not know and this remains to be investi-
gated. Similarly, this research has reignited my interest in the sounds pro-
duced by nut-cracking chimpanzees that I personally observed in the Taï 
forest of Côte d’Ivoire (Fig. 2). Are chimpanzees paying attention to nut-
cracking impact sounds? If so, what kind of information are they extrac-
ting and potentially using? One way in which we might begin to address 
these questions is by incorporating the sounds produced during stone tool 
use into the robust frameworks of handedness and laterality research 
described in this chapter. Specifically, we can make predictions regarding 
the degree of laterality expected if sounds are produced. For example, we 
may predict that tool use behaviours that produce impact sounds may be 
more likely to activate a left hemispheric specialization (i.e., ‘language 
areas of the brain’, Stout and Chaminade 2012), and therefore present a 
greater likelihood to observe population-level right-handedness. Most 
importantly, such a prediction allows us to compare patterns in both 
humans and nonhuman primates using the same framework, given that 
instructions in the form of speech or gestures would not be necessary. 
Impact sounds themselves can be acoustically described via spectral and 
temporal properties of the sound signal (Kalan et al. 2019), and acoustic 
patterns can be characterized in relation to the fine-grained manual 
actions of the tool use behaviour. Sounds themselves could also be mod-

Fig. 2.  
Spectrogram of the impact 
sounds produced by a nut 
cracking chimpanzee in the Taï 
forest of Côte d’Ivoire. The 
audio signal has been 
extracted from a remote cam-
era trap (Bushnell Trophy Cam) 
video which has a sampling 
rate of 11kHz and 24 bits/s. 
Credit: MPI-EVA/PanAf/TCP.
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ified or altered, either artificially or by introducing novel materials. 
Importantly, the auditory component of tool use should only be consid-
ered alongside the significant haptic and visual-motor sensory compo-
nents of tool use. For example, analyses of grip type and grasping style, 
along with the fine-grained hand movements required to achieve a par-
ticular task, which are suggested to affect hand preference, specialization 
and handedness (Hopkins, Cantalupo, and Wesley 2002; Lambert 2012). 
For example, in humans, the dominant hand for right-handed individuals 
demonstrates greater grip strength (Incel et al. 2002; but see Bardo et al. 
2021 for a recent review on the topic). Trade-offs between power and 
precision grips are significant for the evolution of hominin technology 
given their influence over the control of manual actions involved in pro-
cesses like tool manufacture and tool use (Karakostis et al. 2018). Tem-
poral integration of grip variation alongside sounds could therefore pro-
vide insight into potential mechanisms by which auditory signals medi-
ate, or provide feedback, during processes such as knapping or other 
stone tool use behaviours in humans and nonhumans alike (Fig. 3).  

CONCLUSION 

Current research leaves us with mixed results and a lack of consensus on 
the origins of handedness, particularly given the growing number of 
intrinsic and extrinsic factors that appear to influence population- and 
individual-level handedness. Therefore, by adopting a broad, multimodal 
perspective we may gain new insights to help clarify the evolutionary 
relationships between manual dexterity for complex tasks, tool use, 
handedness and the emergence of language in humans. To achieve this, 
future comparative research will benefit from bridging the gap between 
communication research and tool use research when it comes to ques-
tions regarding handedness and hand-use. In particular, a focus on the 
common auditory component to both communication and tool use could 

Fig. 3.  
Diagram illustrating multisen-
sory components relevant to 
tool use and the evolution of 
handedness, particularly the 
auditory information available 
via tool use impact sounds. 
Tool-use impact sounds are 
expected to be processed in 
the auditory cortex of the brain 
and integrated with visual and 
haptic sensory information, to 
subsequently guide variations 
in hand-use and specialization 
via adjustments in grip, force 
and accuracy for the task. 
Credit: chimpanzee drawing in 
the center by William B. 
Snyder. 
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provide a fruitful way forward. There is always the possibility that there 
is not much to be gained by listening to the impact sounds of tools (i.e., 
little to no information added beyond the visual and haptic senses). Yet 
given the ease with which observers of human knapping experiments, or 
observers of wild chimpanzee nut cracking, can attune their ears to the 
slight variations in the sounds produced when a stone strikes another 
object (Boesch and Boesch 1981), it is definitely an area of investigation 
that deserves more attention. Research on the evolution of handedness 
will further benefit from a greater focus on comparative studies conduct-
ed using natural observations and behaviours, especially for wild nonhu-
man primates, rather than relying primarily on captive experiments 
which currently dominate the literature on this topic. 
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