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Abstract

Humans exhibit population level handedness for the right hand; however, the evo-
lution of this behavioral phenotype is poorly understood. Here, we compared the later-
ality of a simple task (grooming) and a complex task (tool use) to investigate whether
increasing task difficulty elicited individual hand preference among a group of captive
bonobos (Pan paniscus). Subjects were 17 bonobos housed at the Columbus Zoo and
Aquarium. Laterality of grooming was recorded using group scans; tool use was record-
ed using all-occurrence sampling. Grooming was characterized as unimanual or biman-
ual, and both tasks were scored as right-handed or left-handed. Most individuals did not
exhibit significant hand preference for unimanual or bimanual (asymmetrical hand use)
grooming, although 1 individual was lateralized for each. For the 8 subjects who en-
gaged in termite fishing enough for statistical testing, 7 individuals exhibited significant
laterality and strong individual hand preference. Four subjects preferred their left hand,
3 preferred their right, and 1 had no preference. Grooming, a simple behavior, was not
lateralized in this group, yet a more complex behavior revealed a strong individual hand
preference, and these results are congruent with other recent findings that demonstrate

complex tasks elicit hand preference in bonobos. ©2017 S. Karger AG, Basel
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Introduction

While there is some variation across cultures, Homo sapiens shows a species-
wide bias for the right hand with approximately 90% of individuals exhibiting right-
handedness [Marchant et al., 1995; Corballis, 2003; Cavanagh et al., 2016]. This be-
havioral phenotype is most evident during complex tasks, such as tool use [Fagot and
Vauclair, 1991; Annett, 2002; Cavanagh et al., 2016]. Right hand bias has long been
associated with hemispheric specialization in the human brain, specifically the left
hemisphere, which controls right hand manual functions [Calvin, 1983]. This in-
ferred relationship with brain lateralization has prompted many hypotheses for the
origins of potentially unique human behaviors including the evolution of bipedalism
[Kimura, 1979], throwing [Calvin, 1983], tool use [Kimura, 1979], language [Corbal-
lis, 2003; Vauclair, 2004], and bimanual coordinated actions [Byrne and Byrne, 1991;
Fagot and Vauclair, 1991]. These hypotheses and others are explored in greater detail
in Cashmore et al. [2008], McGrew and Marchant [1997] and Papademetriou et al.
[2005].

In addition to the selective pressure(s) that may have driven manual lateraliza-
tion, the prehistory of this phenotype is of particular interest. Recent investigations
of Neanderthals have suggested that individuals from Regourdou, El Sidrén, and
Krapina were predominately right-handed based on directional analysis of tooth stri-
ations, particularly incisors [Volpato et al., 2012; Estalrrich and Rosas, 2013; Fiore et
al., 2015]. Fiore etal. [2015] argue that a similar analysis of all European Neanderthals
produces a frequency of 90% of individuals exhibiting right-handedness, congruent
with the distribution in extant humans. Data from the archaeological record also sug-
gest that handedness may have been present in humans prior to 2 million years ago
[Cashmore et al., 2008; Cashmore, 2009; Uomini, 2009; Frayer et al., 2016]. Com-
bined, these data further support the notion that population-level handedness evolved
prior to the evolution of modern humans.

Comparative studies on manual laterality in other animals, particularly pri-
mates, can also contribute to understanding the evolution of human handedness.
Nonhuman primates are ideal models because of their phylogenetic proximity to hu-
mans as well as their shared cognitive capacities [Byrne, 2016]. Following the “pos-
tural origins theory” of McNeilage et al. [1987], research on hand use in nonhuman
primates intensified (see reviews in Cashmore et al. [2008], Hopkins [2006], Hopkins
and Cantalupo [2005], McGrew and Marchant [1997] and Papademetriou et al.
[2005]), producing complex and sometimes contradictory findings regarding pri-
mate species’ laterality. Indeed, differences in methods and interpretation of results
have become a central issue in studying handedness within Primates [Marchant and
McGrew, 2013].

Laterality studies use different terminology, which impacts the ability to com-
pare findings across different studies. In the present study, we use the framework
outlined by Marchant and McGrew [1994, 2013]. Laterality can be assessed within an
individual and across individuals as well as within a behavior/task or across tasks. We
use the term hand preference to describe significant bias within a subject for a par-
ticular task and task specialization to describe hand bias across individuals within a
single task. Manual specialization describes consistent hand bias within an individu-
al across different tasks. Finally, we reserve the term handedness to describe consis-
tent directional bias across individuals and across many tasks (e.g., as in H. sapiens).
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Table 1. Comparative chimpanzee laterality data

Task Captive  Site n AH LH RH Source
or wild
Grooming Captive Bastrop & Yerkes 200 76 59 65  Hopkins et al., 2007
Wwild Gombe 34 2 14 18 Marchant and McGrew, 1996
Mabhale 41 34 2 5 McGrew and Marchant, 2001
Tai 15 10 0 5 Boesch, 1991
Termite Wwild Fongoli 27 2 16 9  Bogartetal, 2012
fishing )
Gombe 17 1 12 4 Lonsdorf and Hopkins, 2005
15 4 6 5 McGrew and Marchant, 1992
36 9 16 11 McGrew and Marchant, 1996
Goualougo 89 4 39 46 Sanz et al.,, 2016

n, number of subjects with enough bouts/scans for statistical testing; AH, number of subjects that were
ambipreferent; LH, number of subjects with left hand preference; RH, number of subjects with right hand

preference

For this study, we compared manual laterality in 2 different tasks: grooming and
tool use. We investigated the laterality of grooming for several reasons. First, groom-
ing is observed in all primate species and occurs at relatively high frequencies as a
result of the behavior’s social function [McKenna, 1978], and occurs in both the wild
and captivity. Additionally, social grooming may involve one or both hands. Several
studies have highlighted the necessity of distinguishing between unimanual and bi-
manual tasks in laterality research (e.g., Hopkins [1995], McGrew and Marchant
[1997]). Indeed, if coordinated bimanual actions were a main selective pressure that
produced human population-level handedness, it is of critical importance to study
these tasks separately. Bimanual tasks are generally considered to be more difficult
than unimanual tasks [Hopkins, 1995]. Additionally, tasks that require an asymmet-
rical use of both hands in complementary roles are considered more difficult than
bimanual symmetrical tasks (see Hopkins [1995] and Leca et al. [2011]). Therefore,
bimanual asymmetrical grooming can be considered a more complex task than bi-
manual symmetrical or unimanual grooming. Additionally, to our knowledge, no
studies to date have intensively examined the laterality of grooming in either captive
or wild bonobos. However, there are 4 publications of manual laterality of groom-
ing in captive and wild chimpanzees [Boesch, 1991; Marchant and McGrew, 1996;
McGrew and Marchant, 2001; Hopkins et al., 2007].

One study examined the laterality of grooming among captive chimpanzees [Hop-
kins et al., 2007]. Researchers examined both unimanual and bimanual asymmetrical
grooming. Based on individual z-scores, individuals were relatively evenly distributed
in overall hand preference (Table 1). When examining unimanual and bimanual asym-
metrical grooming separately, there was no significant difference in hand preference
for unimanual grooming; however, there was a small yet significant bias toward right-
handedness for bimanual asymmetrical grooming. Among wild chimpanzees, the man-
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ual laterality of grooming has been studied at 3 different field sites (Table 1). Of the 3
sites it was only at Gombe that a majority of subjects, 32 of 34 individuals, consistently
used either their left or right hand [Marchant and McGrew, 1996]. At both Mahale and
Tai more than half of the individuals were ambipreferent, yet the greater number of
right-handed individuals was interpreted as evidence for a right hand bias despite no
significant differences between right- and left-handed individuals. This suggests that
wild chimpanzees do not exhibit task specialization during social grooming.

A considerably broader domain of behavior encompasses tool use. Tool use is
closely scrutinized given its cultural variation among wild chimpanzees [Whiten et
al., 1999] and has also been invoked as a potential selective pressure for human hand-
edness [Kimura, 1979]. In contrast to their sister species, wild bonobos are not known
to use tools in food-processing tasks [Furuichi et al., 2011; Koops et al., 2015]; how-
ever, their capacity to use tools in captivity is well documented [Gruber et al., 2010;
Chapelain et al., 2011; Boose et al., 2013; Bardo et al., 2015]. Thus, studies of tool use
laterality in bonobos have focused on captive individuals. Harrison and Nystrom
[2008] investigated the laterality of tool use of bonobos at 3 European zoos. Tool use
elicited hand preference in some (but not all) individuals in either direction (left and
right). However, it is unclear which specific tool use tasks elicited hand preference in
some individuals and not others in this study because tool use is broadly defined.
Chapelain et al. [2011] examined laterality in a bimanual task, the tube task, among
zoo-housed bonobos as well as bonobos at the Lola Ya Bonobo Sanctuary, Demo-
cratic Republic of Congo. This task is commonly used to test for manual laterality
across various primate species [Hopkins, 1995]. An individual holds a tube (e.g., a
short segment of PVC pipe which has been baited with a preferred food like peanut
butter) in one hand; the fingers of the other hand reach inside the tube to remove the
food. Thus, the hand used to extract the food item is used for the analysis of hand
preference. With a combined sample size of 77 individuals, Chapelain et al. [2011]
found marked individual hand preference for the tube task but no group-level bias
(task specialization). In a separate study, Hopkins et al. [2015] examined the lateral-
ity using the tube test at 3 US zoos. Sixteen individuals were right-handed, 4 were
ambilateral, and 11 were left-handed for the tube task based on handedness index
(HI) scores. Bardo et al. [2015] investigated the effect of the body posture and the
complexity of the task on manual abilities in 3 separate tasks, including the tube task,
ina group of zoo-living bonobos. Independently of body posture, during the tube task
4 bonobos were left-handed, 3 were right-handed, and 1 did not have a preference.
These studies highlight that captive bonobos exhibit strong hand preference for this
bimanual complex task but do not show task specialization.

Captive and sanctuary bonobos also exhibit marked laterality in tool use tasks.
Neufuss et al. [2017] studied the laterality of nut cracking among the sanctuary bonobos
at Lola Ya Bonobo. Of the 15 individuals with 10 or more bouts, 10 exhibited right hand
preference, and 5 exhibited left hand preference. This is described by the authors as
“group-level bias” and qualifies as task specialization per the framework introduced
earlier. Bardo et al. [2015] examined manual laterality in a food extraction task among
a group of zoo-housed bonobos. Food was placed inside a central cavity of a log sus-
pended at different heights to investigate the effects of posture. This task is meant to be
analogous to termite fishing that is common in some communities of P. troglodytes.
Seven individuals were right-handed, and 1 individual was left-handed. Thus, this
group of bonobos exhibited significant task specialization, biased toward the right hand.
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The literature focusing on the laterality of tool use among both captive and wild
chimpanzees is more abundant (for example, see Humle and Matsuzawa [2009],
Marchant [2015] and McGrew and Marchant [1997]). Patterns of laterality in wild
chimpanzees who “fish” for termites are relevant to the present study. Three field sites
have produced data on termite fishing laterality: Fongoli, Senegal; Gombe, Tanzania;
and the Goualougo Triangle, Republic of Congo (Table 1). Bogart et al. [2012] report
on the laterality of termite fishing among the Fongoli chimpanzees. According to the
authors, the Fongoli chimpanzees show “a trend toward (left) population-level later-
ality” [Bogart et al., 2012]. Three studies have investigated termite fishing laterality at
Gombe: Lonsdorf and Hopkins [2005] and McGrew and Marchant [1992, 1996].
Both studies of McGrew and Marchant [1992, 1996] found that the Gombe chimpan-
zees demonstrated strong hand preference with trends toward group bias toward the
left hand. Lonsdorf and Hopkins [2005] suggested that left hand preference was more
prevalent than right hand preference (task specialization) among the Kasekela com-
munity. Central chimpanzees (P. troglodytes troglodytes) in the Goualougo Triangle
exhibited strong individual hand preference when termite fishing; however, there was
no significant overall population-level bias [Sanz et al., 2016]. Collectively, these data
suggest that termite fishing elicits strong hand preference. Whereas Western and
Central chimpanzees did not exhibit population-level bias, Eastern chimpanzees at
Gombe trend toward left hand preference and thus potential task specialization for
termite fishing.

The aim of this study was to test for departures from ambilaterality for a simple
and a complex behavior. We consider grooming to be a simple or “low-level” task in
that it occurs routinely and is not cognitively demanding, whereas tool use constitutes
a considerably more complex behavior [Fagot and Vauclair, 1991]. In grooming, uni-
manual actions are less complex than bimanual tasks, especially bimanual asymmet-
rical hand use [Hopkins, 1995]. Previous research has highlighted that grooming
elicited hand preference among captive chimpanzees [Hopkins et al., 2007] as well as
in some wild individuals [Marchant and McGrew, 1996]. Among captive bonobos,
we predicted that bimanual asymmetrical grooming would elicit hand preference
given its increased complexity, whereas unimanual grooming would not [Fagot and
Vauclair, 1991; Hopkins, 1995; Leca et al., 2011]. Based on tool use data from captive
bonobos [Chapelain et al., 2011; Hopkins et al., 2011; Bardo et al., 2015; Hopkins et
al., 2015] and wild chimpanzees [McGrew and Marchant 1992, 1996; Lonsdorf and
Hopkins, 2005; Bogart et al., 2012; Sanz et al., 2016], we anticipated significant indi-
vidual hand preference for tool use. While Bardo et al. [2015] found task specializa-
tion in a food extraction task among captive bonobos, this group bias has only been
demonstrated in some studies of wild chimpanzees. Our tool use task more closely
resembled chimpanzee termite fishing; therefore, we predicted that task specializa-
tion would not occur in this group of bonobos for this task.

Methods

Subjects

Study subjects were 17 bonobos housed at the Columbus Zoo and Aquarium (Powell, OH,
USA). Four subjects were wild born, and 13 were captive born. Sex, age, and kinship are displayed
for individuals that provided enough data for analysis in Table 2. Bonobos are exhibited in an
outdoor exhibit and 2 indoor enclosures (see Boose et al. [2013] and Brand and Marchant [2015]

214 Folia Primatol 2017;88:210-222 Brand/Marchant/Boose/White/Rood/Meinelt
DOI: 10.1159/000477804



Table 2. Study subjects

Individual Sex Age! Origin Offspring?
Ana Neema F 20 Captive-born Bila Isia, Gilda
Bila Isia M 11 Captive-born

Donnie M 19 Captive-born

Gander M 9 Captive-born

Gilda F 6 Captive-born

Jimmy M 33 Wild-born Donnie

Jo-T F 10 Captive-born

Lady F 30 Wild-born Jo-T

Lola F 8 Captive-born

Maiko M 28 Captive-born

Susie F 30 Wild-born Donnie, Lola
Toby M 33 Wild-born Lola

Unga F 19 Captive-born Gander

! Age as of August 2012. 2 Offspring included only if they also had enough bouts or scans for
statistical testing.

for exhibit descriptions and dimensions). Individuals form temporary parties that last for 1 or 2
days without compositional changes. These parties range in size from 2 to 9 individuals based
primarily on bonobo preferences rather than keeper decisions. This management style emulates
the fission-fusion social structure exhibited by wild bonobos [Kano, 1992].

Grooming Data

Data on grooming were collected during 128 h of observation between May and August
2012. We considered a grooming bout a period of investigation using the mouth or hands and
considered a bout complete after a pause of 30 s. Laterality was assessed using scan sampling at
5-min intervals during a 15-min sample [Altmann, 1974]. If an individual was socially grooming
during the scan, the hand laterality was recorded. For this study we employed scan sampling due
to frequent changes in hand use during grooming within a bout. For this analysis, we considered
only social grooming bouts.

Following Hopkins et al. [2007], hand use during grooming was categorized in 1 of 6 ways:
none, unimanual-right, unimanual-left, bimanual-right, bimanual-left, and bimanual symmetri-
cal. None was recorded when the focal subject was grooming orally rather than manually. Uni-
manual events described instances of grooming that involved a single hand (left or right) groom-
ing the recipient; in these observations the other hand was not used (idle) or was used as a sup-
port. Bimanual grooming designated grooming events during which both hands were in contact
with the recipient. Bimanual grooming could be asymmetrical or symmetrical (e.g., Leca et al.
[2011]). Asymmetrical bimanual grooming events involved one hand that was actively grooming,
i.e,, labeled the “dominant” hand (searching through hair, picking at skin) while the other hand
was used to press hair down or keep hair in place. Symmetrical grooming events occurred when
both hands were actively used in a similar fashion to groom the recipient.

Tool Use Data

Tool use data were collected between June and August 2011. The bonobos were slowly ha-
bituated to an artificial termite mound. A full description of the habituation process can be found
in Boose et al. [2013]. The mound featured 8 holes formed by PVC pipe that were filled daily with
mashed fruit, mashed vegetables, honey, or peanut butter. The bonobos were not provided with
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any raw materials to fashion tools. Rather, they exploited available sticks and other vegetation in
their enclosure. All tool use was recorded using a video camera and scored at a later time. We
stress that while this behavior is ethologically similar to termite fishing that is well documented
in chimpanzees, the tool use behavior reported in this study should be treated as an analog to
termite fishing, rather than an identical behavioral pattern.

A tool use bout was defined as the time during which an individual continuously fished or
attempted to extract bait [Boose et al., 2013]. When an individual departed to a distance of 1 m
or more of the mound, or stopped tool use behaviors for more than 30 s but remained within
1 m or more of the mound, the bout was scored as finished [Boose et al., 2013]. While other re-
search on manual laterality has analyzed data at the unitlevel, e.g., a single insertion and withdraw
of a probe, these cannot be considered statistically independent of one another, whereas bouts
are independent with respect to hand use [McGrew and Marchant, 1992].

Bouts were coded according to the number of units for each hand following McGrew and
Marchant [1992]. If the number of left hand units exceeded the number of right-hand units, the
bout was considered left-handed. If the number of right hand units exceeded the number of left
hand units, the bout was considered right-handed. Finally, if the number of units were equal for
both hands the bout was coded as a tie.

Data Analysis

We determined statistically significant deviations from ambilaterality for unimanual
grooming, bimanual asymmetrical grooming, and tool use per individual using 2-tailed bino-
mial tests, with a level of significance of 0.05. We also include HI scores, which reflect the direc-
tion of hand use [Hopkins, 1999]. HI scores are calculated by subtracting the number of left hand
responses from the number of right hand responses and dividing this value by the total number
of responses for both hands ([R - L]/[R + L]). HI scores range from -1 to 1; negative values reflect
a left side bias, and positive values reflect a right side bias. We also calculated the absolute value
of HI (ABS-HI) scores, which reflect the strength of laterality [Hopkins, 1999]. These values range
from 0 to 1, with 0 indicating weak laterality, and 1 indicating strong laterality. We include these
statistics for comparison with other studies; however, we strongly note that these statistics are
insensitive to sample size unlike binomial tests. As such, we do not calculate HI scores, ABS-HI
values, or conduct binomial tests for individuals with <10 bouts or scans. Additionally, grooming
scans that were labelled none or bimanual symmetrical were excluded from analyses due to lack
of hand use (none) or the inability to distinguish the preferred hand during bimanual symmetri-
cal events. If the number of bouts coded as ties exceeded either left or right hand use during tool
use, we considered that individual to exhibit no hand preference, regardless of the HI value, ABS-
HI value, or the p value.

We tested for significant variation among HI scores across individuals within a task using
repeated G tests of goodness of fit [Sokal and Rohlf, 2011]. We also tested for task specialization
using HI scores for each task using 1-sample Wilcoxon signed rank tests. Finally, we compared
HI scores across individuals and the 3 tasks using nonparametric correlations. Binomial tests,
correlations, and Wilcoxon signed rank tests were run using the software SAS®, version 9.4 (Cary,
NC, USA) while G tests were run using BIOMstat, version 3.3 (E. Setauket, NY, USA).

Results

Laterality of Grooming

We recorded hand use for 12 of the 17 bonobos during grooming for 632 scans.
Of these scans, 159 occurred during self-directed grooming and were excluded from
analysis. In order to assess bias in hand use, we also excluded 141 scans that did not
involve hand use (none) or when the dominant hand could not be determined (bi-
manual symmetrical hand use). Table 3 presents hand use data for social grooming.
HI scores ranged from -0.52 to 0.08 for unimanual grooming (n = 9), with only 1 fe-
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Table 3. Laterality of social grooming

Individual Unimanual Bimanual

n LH RH HI ABS- p hand n LH RH HI ABS- p hand

(scans) HI pref- (scans) HI pref-

erence erence

Ana Neema 4 4 0 - - - - 29 15 14 -0.03 0.03 099 A
Bila Isia 16 12 4 -0.50 0.50 0.08 A 10 5 5 0 0 0.99 A
Donnie 14 8 6 -0.14 0.14 0.79 A 22 10 12 0.09 0.09 0.83 A
Gander 16 10 6 -025 025 045 A 12 4 8 0.33 033 038 A
Jimmy 11 6 5 -0.09 0.09 099 A 8 5 3 - - - -
Jo-T 15 7 8 0.07 0.07 099 A 2 2 0 - - - -
Lady 3 03 - - - - 5 4 1 - - - -
Lola 13 6 7 0.08 0.08 099 A 10 6 4 -020 020 075 A
Maiko 9 6 3 - - - - 10 6 4 -0.20 020 0.75 A
Susie 16 8 8 0 0 099 A 27 7 20 0.48 0.48 0.02 R
Toby 14 7 7 0 0 099 A 0 0 0 - - - -
Unga 25 19 6 -0.52 0.52 0.01 L 33 17 16 -0.03 0.03 099 A

-, not enough scans to determine hand preference; A, ambilateral hand preference; ABS-HI, absolute handedness
index; HI, handedness index; L, left hand preference; LH, left hand dominant during grooming; p, p value from
2-tailed binomial test; R, right hand preference; RH, right hand dominant during grooming.

male (Unga) exhibiting a significant left hand preference during unimanual groom-
ing (HI = -0.52, ABS-HI = 0.52, p < 0.01). For bimanual asymmetrical grooming, HI
scores ranged from -0.20 to 0.48 (n = 8). One female (Susie) exhibited right hand
preference during bimanual asymmetrical grooming (HI = 0.48, ABS-HI = 0.48, p <
0.05) whereas the remaining individuals did not. There was no significant heteroge-
neity in HI scores for either unimanual (G =7.902, df = 8, p = 0.44) or bimanual asym-
metrical grooming (G = 7.832, df = 7, p = 0.35). Accordingly, individuals did not ex-
hibit task specialization for either unimanual (Wilcoxon signed rank test, n =9, p =
0.11) or bimanual asymmetrical grooming (n = 8, p = 0.94).

Laterality of Tool Use

We recorded and analyzed 1,122 bouts of tool use over the study period. As ex-
plored in greater detail elsewhere, the 4 wild-born individuals did not use the artificial
termite mound [Boose et al., 2013]. Of the 9 individuals who did use the mound, we
excluded 1 individual due to a low number of bouts (Donnie, # = 3). One individual
(Gilda) had more ambipreferent bouts than either left or right bouts. The remaining
7 individuals exhibited strong hand preference with ABS-HI values ranging from 0.49
to 1 (Table 4). Four individuals exhibited significant left hand preference, and 3 indi-
viduals exhibited significant right hand preference. Strong hand preference for both
hands resulted in significant heterogeneity (G = 501.6, df = 7, p < 0.001); however,
there was no significant group bias (Wilcoxon signed rank test, n = 8, p = 0.2).

Comparison of Tasks
Only 1 individual exhibited significant hand preference across more than 1 task,
Unga. She preferred using her left hand for both unimanual grooming and tool use.
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Table 4. Laterality of tool use

Individual n AH LH RH HI ABS-HI p Hand
(bouts) preference
Ana Neema 68 0 68 0 -1.00 1.00 <0.0001 L
Bila Isia 47 6 32 9 -0.56 0.56 <0.01 L
Donnie 6 3 2 1 - - - -
Gander 65 12 48 5 -0.81 0.81 <0.0001 L
Gilda 311 167 136 8 -0.89 0.89 <0.0001 A
Jo-T 168 23 37 108 0.49 0.49 <0.0001 R
Lola 236 65 20 151 0.77 0.77 <0.0001 R
Maiko 59 12 9 38 0.62 0.62 <0.0001 R
Unga 51 5 45 1 -0.96 0.96 <0.0001 L

-, not enough bouts for statistical testing; ABS-HI, absolute handedness index; A, ambilat-
eral hand preference; AH, the number of insertions using the left hand equaled the number of
insertions using the right hand; HI, handedness index; L, left hand preference; LH, a greater num-
ber of insertions were completed using the left hand than the right hand in a bout; p, p value from
2-tailed binomial test; R, right hand preference; RH, a greater number of insertions were com-
pleted using the right hand than the left hand in a bout.

When comparing the direction of laterality across tasks, regardless of significant hand
preference, unimanual grooming versus bimanual grooming and bimanual groom-
ing versus tool use were both nonsignificant. However, HI scores for unimanual
grooming versus tool use were significantly correlated (n =5, p = 0.03).

Discussion

Studies of laterality among nonhuman primates are of critical importance to elu-
cidating the evolution of human right-handedness. Our cumulative knowledge is
largely drawn from chimpanzees (e.g., Corp and Byrne [2004], Hopkins et al. [2007],
McGrew and Marchant [2001]) although the number of studies focusing on bonobos
(e.g., Bardo et al. [2015], Chapelain et al. [2011], Harrison and Nystrom [2008], Hop-
kins et al. [2011, 2015], Neufuss et al. [2017], Shafer [1997]) and other taxa (e.g., ca-
puchins [Lilak and Phillips, 2008], snub-nosed monkeys [Zhao et al., 2010]) are in-
creasing. The present study confirms our prediction that a complex task (termite
fishing) would elicit hand preference among captive bonobos whereas a simpler task
(grooming) would not. These results also support our original hypothesis that tool
use would not elicit task specialization, only hand preference.

Our analysis of grooming did not reveal significant hand preference among this
group of captive bonobos. One individual exhibited left hand bias during unimanual
grooming, and another exhibited right hand bias during bimanual asymmetrical
grooming. This bias may be an artifact of small sample size. What is apparent from
Table 3 is that whether we examine unimanual or bimanual asymmetrical grooming,
these bonobos are ambipreferent for grooming. We did not detect the effect observed
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in Hopkins et al. [2007], where bimanual asymmetrical grooming elicited small but
significant task specialization with right hand bias. Our study involved a smaller
number of subjects, and thus the absence of the effect may be the product of not
enough data points or small sample size. Perhaps grooming requires some manual
dexterity and fine motor manipulation, but it is not complex enough to drive the evo-
lution of role differentiation between the 2 hands (e.g., Corp and Byrne [2004]). Our
study did not reveal marked laterality; nonetheless, this research highlights the need
to investigate unimanual and bimanual asymmetrical grooming across different pri-
mate species.

Bonobos are only rarely observed using tools in the wild [White et al., 2008];
however, when presented in captivity with opportunities to perform tool use tasks
that are similar to those observed in some well-studied chimpanzee communities, the
nature of the tasks elicits hand preference in bonobos [Bardo et al., 2015; Neufuss et
al., 2017]. Whatever factors mitigate against the frequent occurrence of tool use in
wild bonobos [Furuichi et al., 2015; Koops et al., 2015], these factors do not impede
a consistent shared manual response in captive bonobos.

This study highlights that termite fishing elicited strong hand preference among
captive bonobos. Laterality was statistically significant in the 8 individuals who used
the termite mound with enough bouts for statistical testing. These individuals used
their preferred hand during >75% of all fishing bouts. Indeed, 1 individual, Ana
Neema, never fished with her right hand (n = 68). These findings are consistent with
other recent studies that investigated laterality in the tube task [Chapelain et al., 2011;
Hopkins et al., 2011; Bardo et al., 2015; Hopkins et al., 2015]. These studies found
strong hand preference although a proportion of individuals were ambipreferent.
Also concordant with these studies is the lack of a population bias possibly because
this tool use task is not difficult enough. The bonobos in this study did not exhibit
task specialization for artificial termite fishing unlike the findings of Bardo et al.
[2015] although both studies demonstrated strong individual hand preference for this
task. While similar, the tasks in this study and that of Bardo et al. [2015] were slight-
ly different. This study used a terrestrial artificial termite mound whereas Bardo et al.
[2015] used logs suspended at different heights. This difference may explain why the
present study did not reveal task specialization. Additionally, there may be a group
effect between these 2 studies; hand preference may be expressed differently despite
both groups of bonobos executing similar tasks.

There is considerable discussion regarding the relationship between age and lat-
erality. Previous research on captive bonobos has yielded conflicting results. Shafer
[1997] described stronger laterality in adult compared to younger individuals. Cha-
pelain et al. [2011] found no effect of age on the strength of laterality, yet there was a
significant effect of age on the direction of laterality. Adults exhibited greater right
hand use than nonadults. The authors consider this observation and the occurrence
of an age effect in other taxa as support for the maturational hypothesis [Geschwind
and Galaburda, 1985]. That is, the slower maturation of the left hemisphere results in
an increased use of the right hand as individuals age. Hopkins et al. [2011] found a
similar effect; adults exhibited significantly higher HI scores than subadults (reflect-
ing right hand preference). While small, our tool use sample consisted of 3 adults, 4
adolescents, and 1 juvenile. Only 1 adult, Maiko, was determined to exhibit right hand
preference while the other 2 adults exhibited left hand preference. Adolescents were
equally divided in hand preference: 2 right and 2 left. The juvenile (Gilda) did not
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show hand preference during tool use. Our findings are of interest in that these bono-
bos had never been provided the opportunity to execute this motor action prior to
this study. Thus, it appears that experience or practice is not necessary to elicit hand
preference in complex tasks. Further studies could explore this question of novelty
that is uniquely suited to be answered by studying captive primates. As noted by Cha-
pelain et al. [2011], longitudinal data on a variety of tasks, especially tool use tasks,
are needed to adequately address whether age has an effect on the strength or direc-
tion of laterality.

Few studies have investigated manual laterality among wild bonobos. Two pub-
lished abstracts are available on the subject [Ingmanson, 1998, 2005]. Bonobos at
Wamba, Democratic Republic of Congo, were reported to consistently use either
their right or left hand when peeling sugar cane but there was no group bias. Further
study of laterality in wild bonobos is critical, especially of complex bimanual feeding
actions that elicit hand preference among chimpanzees [Corp and Byrne, 2004].

Collectively, this study contributes to the understanding of manual laterality in
one of our closest living relatives. Using our framework, these data (and that of oth-
ers) support the hypothesis that certain tasks, such as nut cracking or the tube task,
elicit strong hand preference among captive bonobos [Chapelain et al., 2011; Bardo
etal,, 2015; Neufuss etal., 2017]. Currently available data also demonstrate that bono-
bos may exhibit task specialization in some contexts (e.g., nut cracking [Neufuss et
al., 2017] and food extraction tasks with probes [Bardo et al., 2015]). However, man-
ual specialization or handedness has yet to be demonstrated in this species.

Acknowledgments

We wish to thank Jessica Linek, Karen Huebel, Kelly Vineyard, and the entire Congo Expe-
dition staff at the Columbus Zoo and Aquarium for their support of this project and for con-
structing the artificial termite mound. We also thank Stephany Harris, Drew Enigk, Mary Fisher,
Ashley Thoerner, Nicole Thoerner, and Patrick Hoehn for assistance with video recording. We
thank 2 anonymous reviewers whose comments greatly improved this paper. This research was
approved by the Columbus Zoo and Aquarium and the University of Oregon Institutional Ani-
mal Care and Use Committee. Funding for this project was provided by the Rebecca Jeanne An-
drew Memorial Award and the College of Arts and Science Dean’s Scholar Award, Miami Uni-
versity, as well as the College of Arts and Sciences, University of Oregon.

Disclosure Statement

The authors have no conflicts of interest to declare.

References

Altmann J (1974). Observational study of behavior: sampling methods. Behaviour 49: 227-267.

Annett M (2002). Handedness and Brain Asymmetry: The Right Shift Theory. Hove, Psychology Press.

Bardo A, Pouydebat E, Meunier H (2015). Do bimanual coordination, tool use, and body posture contrib-
ute equally to hand preferences in bonobos? Journal of Human Evolution 82: 159-169.

Boesch C (1991). Handedness in wild chimpanzees. International Journal of Primatology 12: 541-558.

Bogart SL, Pruetz JD, Ormiston LK, Russell JL, Meguerditchian A, Hopkins WD (2012). Termite fishing
laterality in the Fongoli savanna chimpanzees (Pan troglodytes verus): further evidence of a left hand
preference. American Journal of Physical Anthropology 149: 591-598.

220 Folia Primatol 2017;88:210-222 Brand/Marchant/Boose/White/Rood/Meinelt
DOI: 10.1159/000477804



Boose KJ, White FJ, Meinelt A (2013). Sex differences in tool use acquisition in bonobos (Pan paniscus).
American Journal of Primatology 75: 917-926.

Brand CM, Marchant LF (2015). Hair plucking in captive bonobos (Pan paniscus). Applied Animal Behav-
iour Science 171: 192-196.

Byrne RW (2016). Evolving Insight. Oxford, Oxford University Press.

Byrne RW, Byrne JM (1991). Hand preferences in the skilled gathering tasks of mountain gorillas (Go-
rilla g. berengei). Cortex 27: 521-546.

Calvin WH (1983). A stone’s throw and its launch window: timing precision and its implication for lan-
guage and hominids brain. Journal of Theoretical Biology 104: 121-135.

Cashmore L (2009). Can hominin “handedness” be accurately assessed? Annals of Human Biology 36:
624-641.

Cashmore L, Uomini N, Chapelain A (2008). The evolution of handedness in humans and great apes:
a review and current issues. Journal of Anthropological Sciences 86: 7-35.

Cavanagh T, Berbesque JC, Wood B, Marlowe F (2016). Hadza handedness: lateralized behaviors in a
contemporary hunter-gatherer population. Evolution and Human Behavior 37: 202-209.

Chapelain AS, Hogervost E, Mbonzo P, Hopkins WD (2011). Hand preferences for bimanual coordina-
tion in 77 bonobos (Pan paniscus): replication and extension. International Journal of Primatology
32:491-510.

Corballis MC (2003). From mouth to hand: gesture, speech and the evolution of right-handedness. Behav-
ioral and Brain Sciences 26: 199-260.

Corp N, Byrne RW (2004). Sex differences in chimpanzee handedness. American Journal of Physical An-
thropology 123: 62-68.

Estalrrich A, Rosas A (2013). Handedness in Neanderthals from El Sidrén (Asturias, Spain): evidence
from instrumental striations with ontogenetic inferences. PLoS One 8: €62797.

FagotJ, Vauclair ] (1991). Manual laterality in nonhuman primates: a distinction between handedness and
manual specialization. Psychological Bulletin 109: 76-89.

Fiore I, Bondioli L, Radov¢i¢ J, Frayer DW (2015). Handedness in the Krapina Neanderthals: a re-evalu-
ation. Paleo Anthropology 2015: 19-36.

Frayer DW, Clarke R], Fiore I, Blumenschine R], Pérez-Pérez A, Martinez LM, Estebaranz F, Holloway R,
Bondioli L (2016). OH-65: The earliest evidence for right-handedness in the fossil record. Journal of
Human Evolution 100: 65-72.

Furuichi T, Sanz C, Koops K, Sakamaki T, Ryu H, Tokuyama N, Morgan D (2015). Why do wild bonobos
not use tools like chimpanzees? Behaviour 152: 425-460.

Geschwind N, Galaburda AM (1985). Cerebral lateralization. Biological mechanisms, associations and
pathology: a hypothesis and a program for research. Archives of Neurology 42: 428-654.

Gruber T, Clay Z, Zuberbiihler K (2010) A comparison of bonobo and chimpanzee tool use: evidence for
a female bias in the Pan lineage. Animal Behaviour 80: 1023-1033.

Harrison RM, Nystrom P (2008). Handedness in captive bonobos (Pan paniscus). Folia Primatologica 79:
253-268.

Hopkins WD (1995). Hand preferences for a coordinated bimanual task in 110 chimpanzees (Pan troglo-
dytes): cross-sectional analysis. Journal of Comparative Psychology 109: 291-297.

Hopkins WD (1999). On the other hand: statistical issues in the assessment and interpretation of hand
preference data in nonhuman primates. International Journal of Primatology 20: 851-866.

Hopkins WD (2006). Comparative and familial analysis of handedness in great apes. Psychological Bul-
letin 132: 538-559.

Hopkins WD, Cantalupo C (2005). Individual and setting differences in the hand preferences of chimpan-
zees (Pan troglodytes): a critical analysis and some alternative explanations. Laterality 10: 65-80.

Hopkins WD, Phillips KA, Bania A, Calcutt SE, Gardner M, Russell ], Schaeffer J, Lonsdorf EV, Ross SR,
Schapiro SJ (2011). Hand preferences for coordinated bimanual actions in 777 great apes: implica-
tions for the evolution of handedness in hominins. Journal of Human Evolution 60: 605-611.

Hopkins WD, Russell JL, Remkus M, Freeman H, Shapiro SJ (2007). Handedness and grooming in Pan
troglodytes: comparative analysis between findings in captive and wild individuals. International
Journal of Primatology 28: 1315-1326.

Hopkins WD, Schaeffer J, Russell JL, Bogart SL, Meguerditchian A, Coulon O (2015). A comparative as-
sessment of handedness and its potential neuroanatomical correlates in chimpanzees (Pan troglo-
dytes) and bonobos (Pan paniscus). Behaviour 152: 461-492.

Humle T, Matsuzawa T (2009). Laterality in hand use across four tool-use behaviours among the wild
chimpanzees of Bossou, Guinea, West Africa. American Journal of Primatology 71: 40-48.

Ingmanson EJ (1998). Right and left hand use preferences in a power grip task among Pan paniscus at
Wamba, Zaire. American Journal of Physical Anthropology 26: 125.

Ingmanson EJ (2005). Hand-use preferences among Pan paniscus (bonobos) at Wamba, Democratic Re-
public of Congo. American Journal of Primatology 66: 69-70.

Grooming and Tool Use Laterality in Bonobos Folia Primatol 2017;88:210-222 221
DOI: 10.1159/000477804



Kano T (1992). The Last Ape: Pygmy Chimpanzee Behavior and Ecology. Stanford, Stanford University
Press.

Kimura D (1979). Neuromotor mechanisms in the evolution of human communication. In Neurobiology
of Social Communication in Primates: An Evolutionary Perspective (Steklis HD, Raleigh MJ, eds.),
pp 197-220. New York, Academic Press.

Koops K, Furuichi T, Hashimoto C (2015). Chimpanzees and bonobos differ in intrinsic motivation for
tool use. Scientific Reports 5: 11356.

Leca JB, Gunst N, Huffman M (2011). Complexity in object manipulation by Japanese macaques (Macaca
fuscata): a cross-sectional analysis of manual coordination in stone handling patterns. Journal of
Comparative Psychology 125: 61-71.

Lilak AL, Phillips KA (2008). Consistency of hand preference across low-level and high-level tasks in ca-
puchin monkeys (Cebus apella). American Journal of Primatology 70: 254-260.

Lonsdorf EV, Hopkins WD (2005). Wild chimpanzees show population-level handedness for tool use.
Proceedings of the National Academy of Sciences 102: 12634-12638.

Marchant LF (2015). Laterality of hand function. In Mahale Chimpanzees: 50 Years of Research (Naka-
mura M, Hosaka K, Itoh N, Zamma K, eds.), pp 556-567. Cambridge, Cambridge University Press.

Marchant LF, McGrew WC (1994). An ethological perspective on human handedness. In The Ethological
Roots of Culture (Gardner RA, Chiarelli B, Plooij FC, eds.), pp 375-384. New York, Springer.

Marchant LF, McGrew WC (1996). Laterality of limb function in wild chimpanzees of Gombe National
Park: comprehensive study of spontaneous activities. Journal of Human Evolution 30: 427-443.

Marchant LF, McGrew WC (2013). Handedness is more than laterality: lessons from chimpanzees. In The
Evolution of Human Handedness (McGrew WC, Marchant LF, Schiefenhével W, eds.). Annals of the
New York Academy of Sciences 1288: 1-8.

Marchant LF, McGrew WC, Eibl-Eisbesfeldt I (1995). Is human handedness universal? Ethological analy-
ses from three traditional societies. Ethology 101: 239-258.

McGrew WC, Marchant LF (1992). Chimpanzees, tools, and termites: hand preference or handedness?
Current Anthropology 33: 114-119.

McGrew WC, Marchant LF (1996). On which side of the apes? Ethological study of laterality of hand use.
In Great Ape Societies (McGrew WC, Marchant LF, Nishida T, eds.), pp 255-271. Cambridge, Cam-
bridge University Press.

McGrew WC, Marchant LF (1997). On the other hand: current issues in and meta-analysis of the behav-
ioral laterality of hand function in nonhuman primates. Yearbook of Physical Anthropology 40: 201-
232.

McGrew WC, Marchant LF (2001). Ethological study on manual laterality in the chimpanzees of the Ma-
hale Mountains, Tanzania. Behaviour 138: 329-358.

McKenna JJ (1978). Biosocial functions of grooming behavior among the common Indian langur monkey
(Presbytis entellus). American Journal of Physical Anthropology 48: 503-509.

McNeilage PF, Studdert-Kennedy MG, Lindblom B (1987). Primate handedness reconsidered. Behav-
ioral and Brain Sciences 10: 247-303.

Neufuss J, Humle T, Cremaschi A, Kivell TA (2017). Nut-cracking behaviour in wild-born, rehabilitated
bonobos (Pan paniscus): a comprehensive study of hand-preference, hand grips and efficiency.
American Journal of Primatology 79: 1-16.

Papademetriou E, Sheu CF, Michel GF (2005). A meta-analysis of primate hand preferences, particularly
for reaching. Journal of Comparative Psychology 119: 33-48.

Sanz CM, Morgan DB, Hopkins WD (2016). Lateralization and performance asymmetries in the termite
fishing of wild chimpanzees in the Goualougo Triangle, Republic of Congo. American Journal of
Primatology 78: 1190-1200.

Shafer DD (1997). Hand preference behaviors shared by two groups of captive bonobos. Primates 38:
303-313.

Sokal RR, Rohlf FJ (2011). Biometry. New York, Freeman.

Uomini NT (2009). The prehistory of handedness: archaeological data and comparative ethology. Journal
of Human Evolution 57: 411-419.

Vauclair J (2004). Lateralization of communicative signals in nonhuman primates and the hypothesis of
the gestural origin of language. Interaction Studies 5: 365-386.

Volpato V, Macchiarelli R, Guatelli-Steinberg D, Fiore I, Bondioli L, Frayer DW (2012). Hand to mouth
in a Neandertal: right-handedness in Regourdou 1. PLoS One 7: 43949.

White FJ, Waller MT, Cobden AK, Malone NM (2008). Lomako bonobo population dynamics, habitat
productivity, and the question of tool use. American Journal of Physical Anthropology 46: 222.
Whiten A, Goodall ], McGew WC, Nishida T, Reynolds V, Sugiyama Y, Tutin CEG, Wrangham RW,

Boesch C (1999). Cultures in chimpanzees. Nature 399: 682-685.

Zhao DP, Gao X, Li BG (2010). Hand preference for spontaneously unimanual and bimanual coordinated
tasks in wild Sichuan snub-nosed monkeys: implication for hemispheric specialization. Behavioral
Brain Research 208: 85-89.

222 Folia Primatol 2017;88:210-222 Brand/Marchant/Boose/White/Rood/Meinelt
DOI: 10.1159/000477804



Copyright of Folia Primatologicais the property of Karger AG and its content may not be
copied or emailed to multiple sites or posted to alistserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.



