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ABSTRACT

Objective: The objective of the current study was to investigate the lateral dominance for a bimanually coordi-
nated natural feeding behavior in semi-wild chimpanzees.

Methods: Strychnos spp. fruit consumption behaviors in semi-wild chimpanzees as an ecologically comparable
feeding behavior to those found in cerebral lateralization studies of non-primate species was investigated. Video
recordings of 33 chimpanzees were assessed while they consumed hard-shelled strychnos fruits. Statistical and
descriptive measures of hand dominance to highlight lateralized patterns were explored.

Results: Statistical evaluation of feeding bouts revealed a group-level right-handed bias for bimanual coordinated
feeding actions, however, few individuals were statistically lateralized. Descriptive analyses revealed that the major-
ity of individuals were lateralized and possessed a right-handed bias for strychnos feeding behavior.

Conclusions: The results provided empirical evidence in support of an early evolutionary delineation of function
for the right and left hemispheres. The present findings suggest that great apes express an intermediate stage
along the phylogenetic trajectory of human manual lateralization. Am J Phys Anthropol 159:85–92, 2016. VC 2015

Wiley Periodicals, Inc.

Whether any non-human animal expresses lateral
biases in motor action akin to that of Homo sapiens is a
growing debate. It is commonly reported that the human
population exhibits approximately 90% right-handedness
(e.g., McManus, 2002). Moreover, the majority of individ-
uals within this population (95%) have language-
processing regions situated in the left hemisphere of the
brain (Foundas et al., 1995). However, a causal relation-
ship between language function and human handedness
appears too simplistic.

In addition to evolutionary links with language
(Annett, 2002), human right-handedness has demon-
strated links with tool use (e.g., Greenfield, 1991; Breuer
et al., 2005), coordinated bimanual actions (Wundrum,
1986; Hopkins et al., 2003) and gesture (Corballis, 2002;
Meguerditchian et al., 2010; Hobaiter and Byrne, 2013).
Human right-handedness may precipitate from a divi-
sion of labor between the left and right hemispheres dat-
ing back 500 million years ago. A growing body of
evidence across a range of species suggests that the
right hemisphere emerged dominant for processing novel
and urgent stimuli (e.g., approach–avoidance behavior).
The left hemisphere, in turn, became dominant for exe-
cuting top–down behaviors related to routine sequences
of actions (e.g., feeding behavior) (Vallortigara and Rog-
ers, 2005; MacNeilage et al., 2009; Rogers et al., 2013).
For instance, studies report right hemisphere/left visual
field dominance for monitoring conspecifics, for example
in fish (Sovrano et al., 2001), toads (Robins et al., 1998)
lizards (Deckel, 1995; Hews and Worthington, 2001),
pigeons (Nagy et al., 2010), chicks (e.g., Vallortigara and
Andrew, 1991; Vallortigara, 1992), beluga whales (Kare-
nina et al., 2010), and gorillas (Quaresmini et al., 2014).
Conversely, studies report left hemisphere/right motor

action dominant behaviors during prey capture in fish
and toads, during foraging and manipulating food items
in birds (Alonso, 1998) and for object manipulation in
birds (Rutldige and Hunt, 2003), monkeys (e.g., Wester-
gaard and Suomi, 1996), and apes (e.g., Hopkins, 2007;
Forrester et al., 2013). Hemispheric specialization of
function may have provided advantages such as
increased neural capacity through the enabling of paral-
lel processing. In turn, non-replication of function across
both hemispheres would deter the simultaneous incom-
patible responses (e.g., Vallortigara, 2000; Rogers, 2002).
Based on such evidence, it is unlikely that human right-
handedness is a species unique trait. Human population-
level right-handedness is more likely to have been inher-
ited from a last common ancestor that exhibited left
hemisphere dominance for structured sequences of
actions (Forrester et al., 2013).
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Great apes represent a functional model to study the
evolution of handedness and human cognition, not only
because of their phylogenetic proximity to humans, but
also because they display clear anatomical human-like
features, like the morphology and manipulative skills of
hands (Byrne et al., 2001). Historically, captive and wild
non-human primate studies of hand dominance revealed
no clear evidence of species-level manual lateralization
(e.g., Finch, 1941; Marchant and Steklis, 1986; Parnell,
2001; Fletcher and Weghorst, 2005; Marchant and
McGrew, 2007). However, the processes for controlling
experimental parameters (e.g., terminology, behavioral
tasks, rearing histories, analysis procedures) varied
across laboratories, potentially contributing to disparate
findings (e.g., McGrew and Marchant, 1997; Palmer,
2002, 2003; Cashmore et al., 2008; Hopkins, 2013a, b;
Marchant and McGrew, 2013). Moreover, self-report and
survey methods for testing human hand dominance (e.g.,
Edinburgh Handedness Inventory; Oldfield, 1971)
inhibit direct cross-species comparisons. A recent set of
studies employed identical experimental parameters
across humans and non-human primates to investigate
unimanual dominance during spontaneous object manip-
ulation in great apes and children. These studies
reported population-level right manual biases in gorillas
and chimpanzees (e.g., Forrester et al., 2011; Forrester
et al., 2012) that were similar in pattern (but not equal
in strength) to that reported in children (Forrester et al.,
2013). More research taking such an approach is war-
ranted to provide further clarity on the similarities and
differences across species.

Studies that have focused on the context of subsist-
ence tool use in captive apes have also reported
population-level right-handedness in great apes (see for
a review, Hopkins, 2007). These experimental investiga-
tions employed the “tube task” whereby subjects
obtained a food reward from inside a plastic tube by
gripping the tube with one hand and using the fingers
to extract the reward from inside the tube. The task
requires coordinated bimanual actions, which, com-
pared with unimanual actions, is considered to be a
more sensitive measure of hand dominance (e.g., Hop-
kins, 2006; Vauclair and Meguerditchian, 2007). Bima-
nual actions tend to minimize postural factors, as the
individual must adopt a bipedal or seated posture in
order to maintain the freedom of both hands (Roney
and King, 1993). Population-level right-handedness has
since been replicated across multiple investigations
employing bimanual coordinated actions (e.g., Hopkins
et al., 2005; Hopkins, 2006; Hopkins et al., 2011;
Meguerditchian et al., 2010; Meguerditchian et al.,
2012). Moreover, the robust pattern has been consistent
in apes across a variety of rearing histories, suggesting
that exposure to humans does not significantly impact
population-level right-handedness (Hopkins et al.,
2004; Llorente et al., 2011). The findings support the
evolutionary position that sequences of coordinated
bimanual actions are dominantly controlled by left
hemisphere processing.

Non-human primate studies have rarely considered
lateral motor dominance in natural behaviors. This is an
important omission because natural behaviors are likely
to be the conditions under which hemispheric specializa-
tion for motor dominance evolved. Therefore, the investi-
gation of lateral biases of natural behaviors provides a
necessary element of ecological validity. A few studies
have investigated the influence of cerebral lateralization

on motor action during approach-avoidance behaviors.
These studies have reported a left visual orienting pref-
erence (right hemisphere dominance) during aggressive
encounters in gelada baboons (Casperd and Dunbar,
1996), in a zoo-housed group of mangabeys during spon-
taneous approach behaviors (Baraud et al., 2009), and
during conspecific monitoring in both gorillas and chim-
panzees (Quaresmini et al., 2014). These findings sug-
gest that urgent environmental stimuli requiring
approach-avoidance behaviors, are dominantly processed
by the right hemisphere (Vallortigara and Rogers, 2005;
MacNeilage et al., 2009). However, there is a paucity of
empirical evidence from cross-species studies that focus
on natural behaviors comprised of routine sequences of
motor actions.

Natural food preparation and feeding sequences of
apes provide an excellent opportunity to investigate the
evolution of human cerebral lateralization. To date,
reported findings have been inconsistent. Some studies
have found hand biases only at the individual level in
wild chimpanzees for food consumption (e.g., Sugiyama
et al., 1993) and anvil use (McGrew et al., 1999), while
others report no lateral bias for non-tool using feeding
behaviors (e.g., Marchant and McGrew, 1996; Parnell,
2001). Studies focusing on sustenance tool use or object
manipulation in wild apes have also failed to reveal any
evidence of population-level lateral biases (Boesch, 1991;
Matsuzawa and Yamakoshi, 1996; McGrew and March-
ant, 1996). However, the vast array of observed behav-
iors, coding criteria, and assessment parameters make
direct comparisons difficult across species and laborato-
ries. Additionally, only a few investigations have eval-
uated bimanually coordinated sequences of actions. Of
these studies, one investigation demonstrated a right-
handed population-level preference for nettle processing
in mountain gorillas (Byrne and Byrne, 1991). Two fur-
ther studies of captive gorillas also noted a population-
level right-hand preference for bimanual foraging behav-
iors (Meguerditchian et al., 2010, but see Lambert, 2012)
and in bimanually coordinated honey-dipping and nettle
processing (e.g., Tabiowo and Forrester, 2013). Although
chimpanzee termite fishing has historically been consid-
ered a population-level left-handed biased motor activity
(e.g., McGrew and Marchant, 1992; Lonsdorf and Hop-
kins, 2005), recent evidence suggests that during termite
fishing, the less demanding action (dipping) is directed
by the nondominant left hand, so that the more demand-
ing range of actions (e.g., bridging termites to the
mouth, grasp termites outside the mound) can be con-
ducted by the dominant right hand (Bogart et al., 2012).
These investigations point to an emergent pattern in
context-specific natural behaviors that requires further
exploration.

The current study investigated the bimanual feeding
behaviors of Strychnos spinosa fruit consumption in
semi-wild chimpanzees. We focus on the bimanual
sequences of actions during the extraction of fruit for
ingestion, once the shell of the fruit had already been
weakened, in order to control for the variety of methods
used to chimpanzees to open strychnos fruits (e.g., biting
the fruit or striking the fruit against rocks and trees:
Rawlings et al., 2014). Based on previous cross-species
evidence of left hemisphere dominance for routine
sequences of motor actions, we predicted a right-hand
population-level bias for this naturally occurring feeding
behavior in semi-wild chimpanzees.
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MATERIALS AND METHODS

Subjects

Subjects were 33 chimpanzees (12 males, 21 females)
housed in three stable multimale–multifemale colonies at
Chimfunshi Wildlife Orphanage, Zambia. Ages of chim-
panzees were based on time of final collection (mean-
5 18.25 years; range 5 5–31). Subjects consisted of a
sampling of individuals from three separate colonies that
were housed in three large outdoor enclosures (25–77 hec-
tares), with the largest colony living in the largest enclo-
sure and the smallest colony living in the smallest
enclosure. Each enclosure contained naturally developed
forests, fruit groves, and grassland in a miombo forest.
Enclosures were separated by walls, trees, and fencing
preventing intergroup interaction. Each colony comprised
a mixture of wild-born chimpanzees and chimpanzees
born at the sanctuary. At the time of final data collection,
Colony 1 comprised 46 chimpanzees (14 males, 32
females; 15 immature, 31 adolescent/adult), Colony 2
comprised 25 chimpanzees (12 males, 13 females; 9
immature, 16 adolescent/adult), and Colony 3 comprised
11 chimpanzees (8 males, 3 females; 2 immature, 9 ado-
lescent/adult). For a detailed description of the colony
demographics from 2007 see Rawlings et al., 2014.

Strychnos spinosa (Loganiaceae)

The S. spinosa (Loganiaceae) is a spherical fruit com-
monly eaten by large primates and typically ranging in
size from 5 to 12 cm in diameter. Strychnos fruits are
consumed by wild chimpanzees throughout Africa,
including Senegal (Bertolani and Pruetz, 2011), Tanza-
nia (McGrew et al., 1999), Ivory Coast (Matsuzawa and
Yamakoshi, 1996), Uganda (Tweheyo et al., 2004), and
Guinea (Matsuzawa and Yamakoshi, 1996). They are
deep yellow to yellow-brown when ripe and have a
smooth exterior and hard woody rind, 3–4 mm thick
(Sitrit et al., 2003). The inside of a ripe fruit is a sweet–
sour edible pulp that can be scooped or sucked, but the
seeds are toxic (Philippe et al., 2004) and are spat out.
To access the edible fruit, an individual must first find a
way through the tough woody exterior. Some chimpan-
zees use a “cup hold” grip (Marzkem and Wullstein,
1996) and employ an overarm action to smash the fruit
against an anvil, or against another fruit (Rawlings
et al., 2014). This produces a crack or weakness in the
fruit, which is further compromised by the canines and/
or the fingers of the individual to split the fruit. The
present study considered only the flesh extraction and
ingestion regardless of fruit-opening strategy.

Data collection

The following research was compiled in line with all
protocols and adhered to the legal requirements of the
country in which the research was conducted. As the
study was of a non-invasive observational nature,
approval by the institutional animal care committee was
not required. The data collection at Chimfunshi was
based on observational methods, approved by the Uni-
versity of Portsmouth Psychology Research Ethics Com-
mittee and, thus, complies with all regulations regarding
the ethical treatment of research subjects including the
American Association of Physical Anthropologists Code
of Ethics, as it pertains to extant human and nonhuman
subjects.

The strychnos fruits were bought from local farmers and
they were given to the chimpanzees 0–7 times per week
during the main feeding times (between 13:30 and 14:30
pm). Video recordings of 9 strychnos feeding sessions were
collected over a 2-month period in 2007 (June–August), 10
sessions from a single month in 2011 (August), 10 sessions
from a single month in 2012 (August), and 37 sessions
over a 3-month period in 2013 (July–September). An
opportunity sampling method was adopted with the objec-
tive of recording as many subjects as possible (Rawlings
et al., 2014). Thus, the data set is comprised of coded
behaviors from individuals who were visibly observable
during periods of data collection. Over the entire data col-
lection periods (2007, 2011, 2012, 2013), 23 subjects were
recorded over more than 1 year, with a mean of 1.94 sepa-
rate years (SD 5 0.72) across all subjects.

Data coding

Bimanual actions were defined in line with Meguer-
ditchian et al. (2010) such that one hand holds an object
(nondominant hand) while the opposite hand performs
any manipulations of the object and brings it to the
mouth in the case of feeding (dominant hand) (Fig. 1).
Bimanual actions consisted of a sequence of actions
related to manipulating foods for ingestion that began
with holding and/or manipulating the fruit and bringing
it to the mouth to further manipulate with the teeth or
hands for ingestion. When considering these sequences
of bimanual actions, there is a clear distinction of hand
dominance: one hand manipulates the fruit (dominant)
while the other maintains its stability (nondominant).

Analyses

For measures of handedness, we calculated the fre-
quency of dominant hand actions for bouts. Bouts began
when one hand reached for an object for manipulation.
Once the item was gathered, only the first manipulative
action was coded for hand dominance. A bout ended when
the focal animal released the object. There is on-going dis-
cussion in the literature regarding whether events or
bouts represent the most valid measure for evaluating
hand dominance (McGrew and Marchant, 1997; Hopkins
et al., 2001). While some purport a statistical bias may
result from the dependence of the data between each
hand use response (e.g., pseudo-replication; see Hurlburt,

Fig. 1. Bimanual coordinated feeding behavior by a chim-
panzee (Kambo) at Chimfunshi.
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1984; Palmer, 2003), others have demonstrated a high
correlation between analyses of bouts and events, sug-
gesting they are equally valid measures of handedness
(e.g., Hopkins et al., 2005; Hopkins, 2013a, b). The pres-
ent study employed bouts rather than events (e.g., Llor-
ente et al., 2011), as they are commensurate with studies
that have been previously investigated naturalistic man-
ual behaviors (e.g., Forrester et al., 2011, 2012, 2013;
Tabiowo and Forrester 2013). Bimanual actions were
coded by three researchers, demonstrating an intercoder
reliability, Kappa 5 0.95, based on a random sampling of
65 action bouts. To analyze bouts, we employed a range of
statistical and descriptive measures to illustrate patterns
of lateral biases.

For bimanual hand actions, we calculated individual
frequencies and proportions of bouts (see Table 1). Pro-
portions were assessed to equalize the weighting that
each subject contributed to the data set. Proportions
were calculated by dividing the frequency of left and
right hand actions by the total frequency of actions,
respectively. Subjects with less than five bouts were
excluded from analysis. To reveal individual patterns of
hand dominance, we calculated the z-scores, binomial
approximations of the z-scores and the individuals’
strength of handedness using Handedness Index (HI)
scores (Table 1). The direction of hand preference for
each subject was calculated using z-scores such that
chimpanzees were left handed when z�21.96, right
handed when z� 1.96 and ambiguously handed when

21.96< z< 1.96. HI scores were calculated for each sub-
ject to establish the degree of hand asymmetry, using
the formula [HI 5 (R 2 L)/(R 1 L)], with R and L being
the frequency counts for right- and left hand dominance
in bimanual actions. HI values vary on a continuum
between 21.0 and 11.0, where the sign indicates the
direction of hand preferences. Positive values reflect a
right hand preference while negative values reflect a left
hand preference. When R 5 L, the HI is taken to be zero.
Mean Handedness Index scores (MHI) were calculated
for group analyses. Absolute Handedness was also calcu-
lated for strength of handedness not considering direc-
tion of laterality (ABHI). One-sample t-tests were used
to evaluate group-level handedness using HI scores.
Additionally, paired-sample t-tests were employed to test
for significant differences in the frequencies and propor-
tions of left- and right-handed dominant bouts of fruit
opening. A Mann–Whitney U test was used to evaluate
similarity of HI scores of left and right lateralized indi-
viduals. All statistical tests were two-tailed with alpha
less than 0.05.

RESULTS

A total of 327 bimanual bouts of fruit opening were
recorded by 33 individuals, of which 37.92% (n 5 124)
were left hand dominant and 62.08% (n 5 203) were
right hand dominant. Binomial tests of individual bouts
revealed that 26 individuals were not statistically

TABLE 1. Frequencies, proportions, HI scores, laterality and hand classification, binomial p and z values for bouts

Subject Sex
Left

(freq)
Right
(freq)

Total
(freq)

Left
(prop)

Right
(prop) HIscore

Lateralized
ABHI�0.33 Handclassa z-ratio

P value
two-tail

Debbie Female 4 1 5 0.80 0.20 20.60 Y L 20.32 0.375
Doug Male 1 4 5 0.20 0.80 0.60 Y R 20.32 0.375
Genny Female 4 1 5 0.80 0.20 20.60 Y L 20.32 0.375
Girly Female 1 4 5 0.20 0.80 0.60 Y R 20.32 0.375
Jack Male 2 3 5 0.40 0.60 0.20 N A 0 1.000
Kit Male 2 3 5 0.40 0.60 0.20 N A 0 1.000
Mary Female 1 4 5 0.20 0.80 0.60 Y R 20.32 0.375
Toni Female 1 4 5 0.20 0.80 0.60 Y R 20.32 0.375
Ingrid Female 0 6 6 0.00 1.00 1.00 Y R 21.87 0.031b

Tilly Female 1 5 6 0.17 0.83 0.67 Y R 20.78 0.219
Donna Female 5 1 6 0.83 0.17 20.67 Y L 20.78 0.219
Tara Male 2 4 6 0.33 0.67 0.33 Y R 0.49 0.688
Miracle Female 5 2 7 0.71 0.29 20.43 Y L 20.11 0.453
Commando Male 0 7 7 0.00 1.00 1.00 Y R 2.14 0.016b

Violet Female 3 6 9 0.33 0.67 0.33 Y R 0.02 0.508
Trixie Female 8 1 9 0.89 0.11 20.78 Y L 21.76 0.039b

Goliath Male 3 7 10 0.30 0.70 0.40 Y R 0.95 0.342
Boo Boo Male 4 6 10 0.40 0.60 0.20 N A 0.32 0.759
Lionel Male 8 2 10 0.80 0.20 20.60 Y L 1.58 0.114
Bob Male 2 9 11 0.18 0.82 0.64 Y R 1.81 0.070
Misha Female 7 5 12 0.58 0.42 20.17 N A 20.29 0.772
Little Judy Female 7 5 12 0.58 0.42 20.17 N A 20.29 0.772
Renate Female 3 10 13 0.23 0.77 0.54 Y R 1.66 0.097
Bobby Male 1 12 13 0.08 0.92 0.85 Y R 2.77 0.006b

Masya Female 10 3 13 0.77 0.23 20.54 Y L 21.66 0.097
Sinkie Male 3 11 14 0.21 0.79 0.57 Y R 1.87 0.061
Carol Female 5 9 14 0.36 0.64 0.29 N A 0.80 0.424
Kambo Female 7 7 14 0.50 0.50 0.00 N A 0 1.000
Tess Female 5 10 15 0.33 0.67 0.33 Y R 1.03 0.303
Dora Female 1 15 16 0.06 0.94 0.88 Y R 3.25 0.001b

BJ Female 9 8 17 0.53 0.47 20.06 N A 0 1.000
Zsabu Male 2 16 18 0.11 0.89 0.78 Y R 3.06 0.002b

Little Jane Female 7 12 19 0.37 0.63 0.26 N A 0.92 0.358

freq, frequency; prop, proportion.
a Based HI scores (L�20.33, 20.33�A�0.33, R�10.33).
b P<0.05.
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lateralized, 5 were right lateralized, and 2 were left lat-
eralized. The MHI is 0.220 (6SE 5 0.092). The ABHI for
all subjects was 0.500 (6SE 5 0.046). The ABHI for
right-handed (mean 5 0.540 6 SE 0.055) and left-handed
(mean 5 0.462 6 SE 0.078) were similar (U 5 91.500;
P 5 0.449).

A one-sample t-test of HI values indicated a significant
right-handed preference for strychnos fruit opening
(mean 5 0.220 6 SE 0.092); (t32 5 2.40, P 5 0.022). Addi-
tionally, an evaluation of raw frequencies showed a sig-
nificant bias for bimanual right-handed fruit opening
dominance (mean 5 6.150 6 SE 0.699) compared with left
hand fruit opening dominance (mean 5 3.760 6 SE
0.486), (t32 5 2.579, P 5 0.015). Likewise, proportions
demonstrated a significant right-handed bias (mean-
5 0.610 6 SE 0.046) compared with left-handed domi-
nance (mean 5 0.390 6 SE 0.046) for bimanual actions
(t32 5 2.422, P 5 0.021) (Fig. 2).

There was no significant difference in HI scores
between sexes (females: mean 5 0.099 6 SE 5 0.120;
males: mean 5 0.430 6 SE 0.121), (U 5 84.00; P 5 0.115).
Additionally, there was no significant difference in
strength of handedness (ABHI) for sex (females: mean-
5 0.480 6 SE 0.058; males: mean 5 0.530 6 SE 0.078),
(U 5 113.00; P 5 0.625). However, binomial tests where
ABHI divided into equal bins (21�L�
20.33�A� 0.33�R�11), indicated that 24 of 33
(72.7%) individuals were lateralized either left or right
(P 5 0.013). Of the lateralized individuals, 17 of 24
(70.8%) demonstrated a right hand preference (binomial
test, P 5 0.064).

DISCUSSION

The aim of the current study was to consider manual
laterality during an ecologically valid behavior in semi-
wild chimpanzees. This study is in the minority of inves-
tigations that have specifically focused on coordinated
bimanual actions in natural feeding behaviors in wild
apes (e.g., Boesch, 1991; Byrne and Byrne, 1991;
McGrew and Marchant, 1992; Sugiyama et al., 1993;
McGrew et al., 1999; Byrne et al., 2001; Parnell, 2001;
Lonsdorf et al., 2005). At the individual level, few sub-
jects demonstrated a significant manual bias (left or

right). It is likely that the high percentage of non-
lateralized subjects is based on too few observations and
the use of z-scores with the critical value set at 1.96.
However, ABHI scores revealed that a significant num-
ber of individuals were lateralized either left or right. Of
the lateralized individuals, a non-significant majority of
individuals demonstrated a right hand preference.
Future studies may consider the coding of events in
addition to bouts in order to increase the statistical
power for observed behavior and allow for a deeper level
of analysis of motor action. At the population-level, a
one-sample t-test of HI values and two-sample t-tests of
bout frequencies and proportions, all revealed significant
right hand dominant coordinated bimanual actions for
fruit consumption.

The current results differ from two previous investiga-
tions that did not reveal evidence of population-level
right-handedness for bimanual behaviors in wild chim-
panzees (e.g., McGrew and Marchant, 1996, 2001). How-
ever, these earlier studies did not isolate a specific
behavior to evaluate. Instead, a combination of the 15
most frequent behaviors were pooled and assessed for
hand dominance. While “eat” was one behavior, other
behaviors evaluated within the dataset were isolated
actions such as: scratch, nose wipe, and pick up. Recent
human and great ape studies indicate that the context
of the manual task influences hand choices (Forrester
et al. 2011, 2012, 2013). Therefore, the pooling of differ-
ent behaviors may obscure a pattern that exists for a
specific behavior. The findings of the present study are
consistent with investigations that have strictly focused
on bimanual coordinated feeding behavior in wild goril-
las (Bryne and Byrne, 1991) and in captive gorillas
(Meguerditchian et al., 2010).

The strength of handedness found in the present
study is not equivalent to that reported in studies of
human handedness (e.g., 90% right-handed at the
population-level, e.g., McManus, 2002). However, dispar-
ate testing methods make direct comparisons between
human and non-human primates difficult. Because
human handedness results typically stem from self-
reported tool use (e.g., Oldfield, 1971), the strength of
human handedness for non-tool coordinated bimanual
actions is not known. Additionally, studies of non-human
primate laterality indicate that hand dominance is not a
rigid nominal variable, but can vary in strength based
on the choice of measurement such as: subjects and
tasks (hand bias congruence), within subject and task
(hand preference), within subject, across task (manual
specialization), across subjects, within task (task special-
ization) (Marchant and McGrew, 2013). It is possible
that once thoroughly investigated, we will find no signif-
icant difference between humans and ape handedness,
indicating that a left hemisphere dominant trait for rou-
tine sequences of actions was well established prior a
common last ancestor. However, it is also possible that
great ape hand dominance represents an intermediate
stage along the phylogenetic trajectory of human manual
lateralization. Great ape handedness may represent
hand strength inherited by a last common ancestor
before sophisticated tool use and modern language skills
may have exaggerated the extreme manual laterality
found in our own evolutionary lineage (Marchant and
McGrew, 2013). In order to address these questions,
future investigations should consider a systematic meth-
odology for assessing handedness across species to ena-
ble direct comparisons that can elucidate the

Fig. 2. Mean frequencies of left and right hand dominance
has been illustrated.
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evolutionary trajectory of cerebral dominance (Cashmore
et al., 2008).

Disparate evaluation of behavior across laboratories is
a significant issue across species. Data collection and
analyses approaches for motor actions show striking
inconsistencies. For example, chick feeding laterality has
been assessed by comparing left or right frequency
means in experimental conditions (Rogers et al., 2004),
or by tallying events in natural contexts and assessing
probability (Grace and Craig, 2008). Some research
investigating fish cerebral lateralization has applied
binomial tests of feeding bouts (Takeuchi et al., 2012),
while others have employed a laterality index system.
However, these laterality indices were based on data
obtained at temporal intervals within and across individ-
uals (Sovrano, 2003), or data from individual bouts
(Roche et al., 2013). Moreover, assessment of toads have
also been inconsistent, with some researchers applying a
laterality index (Robins et al., 1998), and others tallying
left and right responses for statistical comparison (Rob-
ins and Rogers, 2004). Finally, tool-based foraging
behaviors in New Caledonian crows have been measured
using binomial tests of individual bouts (Rutldige and
Hunt, 2003). While there is no single or perfect way to
measure lateral motor actions, without the adoption of a
standardized system for data processing we are unlikely
to unveil a phylogenetic progression of manual speciali-
zation toward modern human right-handedness.

The findings from the present study demonstrate a
robust population-level right-handed bias in a group of
chimpanzees. The novelty of this investigation is that
the findings represent data from semi-wild chimpanzees
engaged in a naturally occurring behavior. The findings
complement laterality investigations from non-primate
animals, supporting an early evolutionary delineation of
function in the right and left hemispheres (e.g., MacNei-
lage et al., 2009). Moreover, this research contributes to
a growing body of evidence suggesting that human
right-handedness was inherited from a last common
ancestor of humans and apes, underpinned by a domi-
nant left hemisphere control of structured sequences of
actions (e.g., Forrester et al., 2013). The experimental
parameters employed in this study are ecologically valid
and readily transferrable across species to facilitate evo-
lutionary investigations of cerebral dominance of motor
action.

ACKNOWLEDGMENTS

We are grateful to S. Boysen for discussions and her
contribution of two video clips, to G. Dezecache, K. Neld-
ner, A. Burling, and A. Lourie for assisting with video
recording and to L. Over, E. Chin and S. Howes for video
scanning and coding. The field research was partly funded
by the European Commission’s FEELIX GROWING pro-
ject (EC-FP6-IST-045169) and by the Psychology Depart-
ment, University of Portsmouth. Recordings were
obtained at Chimfunshi Wildlife Orphanage. We thank S.
Jones, I. Mulenga, and M. Bodamer for their assistance
with logistics. This study is one of joint conceptual design
by the three authors. MD-R and BR are responsible for
data collection and coding. GF is responsible for coding
scheme development, data analysis and manuscript
preparation.

LITERATURE CITED

Alonso Y. 1998. Lateralization of visual guided behaviour dur-
ing feeding in zebra finches (Taeniopygia guttata). Behav Pro-
cess 43:257–263.

Annett M. 2002. Handedness and brain asymmetry. The right
shift theory. Hove: Psychology Press.

Baraud I, Buytet B, Bec P, Blois-Heulin C. 2009. Social lateral-
ity and ‘transversality’ in two species of mangabeys: influence
of rank and implication for hemispheric specialization. Behav
Brain Res 198:449–458.

Bertolani P, Pruetz J. 2011. Seed reingestion in Savannah chim-
panzees (Pan troglodytes verus) at Fongoli, Senegal. Int J Pri-
matol 32:1123–1132.

Boesch C. 1991. Handedness in wild chimpanzees. Int J Prima-
tol 12:541–558.

Bogart SL, Pruetz JD, Ormiston LK, Russell JL,
Meguerditchian A, Hopkins WD. 2012. Termite fishing later-
ality in the Fongoli savanna chimpanzees (Pan troglodytes
verus): further evidence of a left hand preference. Am J Phys
Anthropol 149:591–598.

Breuer T, Ndoundou-Hockemba M, Fishlock V. 2005. First
observation of tool use in wild gorillas. PLoS Biol 3:e380.

Byrne RW, Byrne JM. 1991. Hand preferences in the skilled
gathering tasks of mountain gorillas (Gorilla gorilla beren-
gei). Cortex 27:521–536.

Byrne RW, Corp N, Byrne JM. 2001. Manual dexterity in the
gorilla: bimanual and digit role differentiation in a natural
task. Anim Cogn 4:347–361.

Cashmore L, Uomini N, Chapelain A. 2008. The evolution of
handedness in humans and great apes: a review and current
issues. J Anthropol Sci 86:7–35.

Casperd JM, Dunbar RIM. 1996. Asymmetries in the visual
processing of emotional cues during agonistic interactions by
gelada baboons. Behav Process 37:57–65.

Corballis MC. 2002. From hand to mouth: the origins of lan-
guage. Princeton, New Jersey: Princeton University Press.

Deckel AW. 1995. Lateralization of aggressive responses in Ano-
lis. J Exp Zool 272:194–200.

Finch G. 1941. Chimpanzee handedness. Science 94:117–118.
Fletcher AW, Weghorst JA. 2005. Laterality of hand function in

naturalistically housed chimpanzees (Pan troglodytes). Later-
ality 10:219–242.

Forrester GS, Leavens DA, Quaresmini C, Vallortigara G. 2011.
Target animacy influences gorilla handedness. Anim Cogn 14:
903–907.

Forrester GS, Quaresmini C, Leavens DA, Spiezio C,
Vallortigara G. 2012. Target animacy influences chimpanzee
handedness. Anim Cogn 15:1121–1127.

Forrester GS, Quaresmini C, Leavens DA, Mareschal D,
Thomas MA. 2013. Human handedness: an inherited evolu-
tionary trait. Behav Brain Res 237:200–206.

Foundas A, Leonard C, Heilman K. 1995. Morphological cere-
bral asymmetries and handedness: the pars triangularis and
planum temporale. Arch Neurol 52:501–508.

Grace J, Craig D. 2008. The development and lateralization of
prey delivery in a bill load-holding bird. Anim Behav 75:
2005–2011.

Greenfield PM. 1991. Language, tools, and brain: the ontogeny
and phylogeny of hierarchically organized sequential behav-
ior. Behav Brain Sci 14:531–550.

Hews DK, Worthington RA. 2001. Fighting from the right side
of the brain: left visual field preference during aggression in
free-ranging male lizards (Urosaurus ornatus). Brain Behav
Evol 58:356–361.

Hobaiter C, Byrne RW. 2013. Laterality in the gestural commu-
nication of wild chimpanzees. Ann N Y Acad Sci 1288:9–16.

Hopkins WD. 2006. Comparative and familial analysis of hand-
edness in great apes. Psychol Bull 132:538–559.

Hopkins WD. 2007. Evolution of hemispheric specialization in
primates. Oxford: Academic Press.

Hopkins WD. 2013a. Comparing human and nonhuman primate
handedness: Challenges and a modest proposal for consensus.
Developmental Psychobiology 55:621–636.

90 G.S. FORRESTER ET AL.

American Journal of Physical Anthropology



Hopkins WD. 2013b. Independence of data points in the mea-
surement of hand preferences in primates: statistical problem
or urban myth?. Am J Phys Anthropol 151:151–157.

Hopkins WD, Fernandez-Carriba S, Wesley MJ, Hostetter A,
Pilcher D, Poss S. 2001. The use of bouts and frequencies in
the evaluation of hand preferences for a coordinated bima-
nual task in chimpanzees (Pan troglodytes): an empirical
study comparing two different indices of laterality. J Comp
Psychol 115:294–299.

Hopkins WD, Hook M, Braccini S, Schapiro SJ. 2003. Popula-
tion-level right-handedness for a coordinated bimanual task
in chimpanzees (Pan troglodytes): replication and extension
in a second colony of apes. Int J Primatol 24:677–689.

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

Hopkins WD, Wesley MJ, Izard MK, Hook M, Shapiro SJ. 2004.
Chimpanzee (Pan troglodytes) are predominately right-
handed: replication in three populations of apes. Behav Neu-
rosci 118:659–63.

Hopkins WD, Cantalupo C, Freeman H, Russell J, Kachin M,
Nelson E. 2005. Chimpanzees are right-handed when record-
ing bouts of hand use. Laterality 10:121–130.

Hurlburt SH. 1984. Pseudoreplication and the design of ecologi-
cal field experiments. Ecol Monogr 54:187–211.

Karenina K, Giljov A, Baranov V, Osipova L, Krasnova V,
Malashichev Y. 2010. Visual laterality of calf-mother interac-
tions in wild whales. PLoS One 5:e13787.

Lambert M. 2012. Hand preference for bimanual and unima-
nual feeding in captive gorillas: extension in a second colony
of apes. Am J Phys Anthropol 148:641–647.

Llorente M, Riba D, Palou L, Carrasco L, Mosquera M, Colell
M, Feliu O. 2011. Population-level right-handedness for a
coordinated bimanual task in naturalistic housed chimpan-
zees: replication and extension in 114 animals from Zambia
and Spain. Am J Primatol 73:281–290.

Lonsdorf EV, Hopkins WD. 2005. Wild chimpanzees show
population-level handedness for tool use. Proc Natl Acad Sci
U S A 102:12634–12638.

MacNeilage PF, Rogers LJ, Vallortigara G. 2009. Origins of the
left and right brain. Sci Am 301:60–67.

Marchant LF, McGrew WC. 1996. Laterality of limb function in
wild chimpanzees of Gombe National Park: comprehensive
study of spontaneous activities. J Hum Evol 30:427–443.

Marchant LF, McGrew WC. 2007. Ant fishing by wild chimpan-
zees is not lateralised. Primates 48:22–26.

Marchant LF, McGrew WC. 2013. Handedness is more than lat-
erality: lessons from chimpanzees. Ann N Y Acad Sci 1288:1–
8.

Marchant LF, Steklis HD. 1986. Hand preference in a captive
island group of chimpanzees (Pan troglodytes). Am J Primatol
10:301–313.

Marzkem W, Wullstein KL. 1996. Chimpanzee and human
grips: a new classification with a focus on evolutionary mor-
phology. Int J Primatol 17:117–139.

Matsuzawa T, Yamakoshi G. 1996. Comparison of chimpanzee
material culture between Bossou and Nimba, West Africa. In:
Russon AE, Bard KA, Parker ST, editors. Reaching into
thought: the minds of the great apes. Cambridge: Cambridge
University Press. p 211–232.

McGrew WC, Marchant LF. 1992. Chimpanzees, tools, and ter-
mites: hand preference or handedness?. Curr Anthropol 33:
113–119.

McGrew WC, Marchant LF. 1996. On which side of the apes?
Ethological studies of laterality of hand use. In: McGrew WC,
Marchant LF, Nishida T, editors. Great ape societies. Cam-
bridge: Cambridge University Press. p 255–272.

McGrew WC, Marchant LF. 1997. On the other hand: current
issues in and meta analysis of the behavioral laterality of
hand function in nonhuman primates. Yearb Phys Anthropol
40:201–232.

McGrew WC, Marchant LF. 2001. Ethological study of manual
laterality in the chimpanzees of the Mahale mountains, Tan-
zania. Behaviour 138:329–358.

McGrew WC, Marchant LF, Wrangham RW, Klein H. 1999.
Manual laterality in anvil use: wild chimpanzees cracking
Strychnos fruits. Laterality 4:79–87.

McManus IC. 2002. Right hand, left hand: the origins of asym-
metry in brains, bodies, atoms, and cultures. London: Weiden-
feld and Nicolson.

Meguerditchian A, Vauclair J, Hopkins WD. 2010. Captive
chimpanzees use their right hand to communicate with each
other: implications for the origin of the cerebral substrate for
language. Cortex 46:40–48.

Meguerditchian A, Calcutt SE, Lonsdorf EV, Ross SR, Hopkins WD.
2010. Brief communication: captive gorillas are right-handed for
bimanual feeding. Am J Phys Anthropol 141:638–645.

Meguerditchian A, Gardner MJ, Schapiro SJ, Hopkins WD.
2012. The sound of one-hand clapping: handedness and peri-
sylvian neural correlates of a communicative gesture in chim-
panzees. Proc R Soc B 79:1959–1966.

Nagy M, �Akos Z, Biro D, Vicsek T. 2010. Hierarchical group
dynamics in pigeon flocks. Nature 464:890–893.

Oldfield RC. 1971. The assessment and analysis of handedness:
the Edinburgh inventory. Neuropsychologia 9:97–113.

Palmer AR. 2002. Chimpanzee right-handedness reconsidered:
evaluating the evidence with funnel plots. Am J Phys Anthro-
pol 118:191–199.

Palmer AR. 2003. Reply to Hopkins and Cantalupo: chimpanzee
right-handedness reconsidered-sampling issues and data pre-
sentation. Am J Phys Anthropol 121:382–384.

Parnell RJ. 2001. Hand preference for food processing in wild
western lowland gorillas (Gorilla gorilla gorilla). J Comp Psy-
chol 115:365–375.

Philippe G, Angenot L, Tits M, Fr�ed�erich M. 2004. About the
toxicity of some Strychnos species and their alkaloids. Toxicon
44:405–416.

Quaresmini C, Forrester GS, Speizio C, Vallortigara G. 2014.
Social environment elicits lateralized behaviours in gorillas
and chimpanzees. J Comp Psychol 128:276–284.

Rawlings B, Davila-Ross M, Boysen ST. 2014. Semi-wild chim-
panzees open hard-shelled fruits differently across commun-
ities. Anim Cogn 17:891–899.

Robins A, Rogers LJ. 2004. Lateralized prey-catching responses
in the cane toad, Bufo marinus: analysis of complex visual
stimuli. Anim Behav 68:767–775.

Robins A, Lippolis G, Bisazza A, Vallortigara G, Rogers LJ.
1998. Lateralized agonistic responses and hindlimb use in
toads. Anim Behav 56:875–881.

Roche DG, Binning SA, Strong LE, Davies JN, Jennions MD.
2013. Increased behavioural lateralization in parasitized coral
reef fish. Behav Ecol Sociobiol 67:1339–1344.

Rogers LJ. 2002. Lateralization in vertebrates: its early evolu-
tion, general pattern and development. Adv Stud Behav 31:
107–162.

Rogers LJ, Zucca P, Vallortigara G. 2004. Advantages of having
a lateralized brain. Proc R Soc Lond B 271:s430–s422.

Rogers LJ, Vallortigara G, Andrew RJ. 2013. Divided brains:
the biology and behaviour of brain asymmetries. Cambridge:
Cambridge University Press.

Roney LS, King JE. 1993. Postural effects on manual reaching
laterality in squirrel monkeys (Saimiri sciureus) and cotton-top
tamarins (Saguinus oedipus). J Comp Psychol, 107:380–385.

Rutldige R, Hunt G. 2003. Lateralized tool use in wild New
Caledonian crows. Anim Behav 67:327–332.

Sitrit Y, Loison S, Ninio R, Dishon E, Bar E, Lewisnsohn E,
Mizrahi Y. 2003. Characterization of monkey orange (Strych-
nos spinosa Lam.), a potential new crop for arid regions.
J Agric Food Chem 51:6256–6260. 2

Sovrano VA. 2003. Visual lateralization in response to familiar
and unfamiliar stimuli in fish. Behav Brain Res 152:385–391.

Sovrano V, Bisazza A, Vallortigara G. 2001. Lateralization of
response to social stimuli in fishes: a comparison between dif-
ferent methods and species. Physiol Behav 74:237–244.

NATURAL FEEDING BEHAVIOR IN CHIMPANZEES 91

American Journal of Physical Anthropology



Sugiyama Y, Fushimi T, Sakuro O, Matsuzawa T. 1993. Hand pref-
erence and tool use in wild chimpanzees. Primates 34:151–159.

Tabiowo T, Forrester GS. 2013. Structured bimanual actions
and hand transfers reveal population-level right-handedness
in captive gorillas. Anim Behav 86:1049–1057.

Takeuchi Y, Hori M, Oda Y. 2012. Lateralized kinematics of pre-
dation behavior in a lake tanganyika scale-eating cichlid fish.
Plos One 7:e29272.

Tweheyo M, Lye K, Weladji R. 2004. Chimpanzee diet and habi-
tat selection in the Budongo Forest Reserve, Uganda. Forest
Ecol Manag 188:267–278.

Vallortigara G. 1992. Right hemisphere advantage for social rec-
ognition in chicks. Neuropsychologia 30:761–768.

Vallortigara G. 2000. Comparative neuropsychology of the dual
brain: a stroll through animals’ left and right perceptual
worlds. Brain Lang 73:189–219.

Vallortigara G, Andrew RJ. 1991. Lateralization of response to
change in a model partner by chicks. Anim Behav 41:187–
194.

Vallortigara G, Rogers LJ. 2005. Survival with an asymmetrical
brain: advantages and disadvantages of cerebral lateraliza-
tion. Behav Brain Sci 28:575–589.

Vauclair J, Meguerditchian A. 2007. Perceptual and motor lat-
eralization in two species of baboons. In: Hopkins WD, editor.
Evolution of hemispheric specialization in primates. Oxford:
Academic Press. p 177–198.

Westergaard GC, Suomi SJ. 1996. Hand preference for stone
artifact production and tool-use by monkeys: possible implica-
tions for the evolution of right-handedness in hominids.
J Hum Evol 30:291–298.

Wundrum IJ. 1986. Cortical motor asymmetries and Hominid
feeding strategies. Hum Evol 1:183–188.

92 G.S. FORRESTER ET AL.

American Journal of Physical Anthropology


