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Chimpanzee handedness revisited:
55 years since Finch (1941)

WILUAM D. HOPKINS
Emory University, Atlanta, Georgia

Chimpanzees and other great apes have long held the fascination of psychologists because of their
morphological and behavioral similarities to humans. This paper describes the historical interest in
studies on chimpanzee handedness and reviews current findings. Data are presented which suggest
that transient changes in posture result in the transient expression of right-handedness in chimpanzees.
The role of tool use as an evolutionalY mechanism underlying the expression of right-handedness is chal
lenged. Rather, emphasis is placed on the role of bimanual feeding as a behavioral adaptation for the
expression of handedness. Suggestions for further research on the nature of nonhuman primate hand
edness are made in light of these findings.

Approximately 85% to 90% ofhumans are right-handed
(Annett, 1985). Moreover, 98% of right-handed individ
uals are left-hemisphere dominant for linguistic functions
(Rasmussen & Milner, 1977). Thus, right-handedness and
left-hemisphere specializations for linguistic functions
are correlated functions. The concept ofhemispheric spe
cialization dates back to the early studies of Dax, Wer
nicke, and Broca, and one topic of interest that emerged
from these early studies was whether or not animals pos
sessed similar specializations of the left and right cere
bral hemispheres (see Harris, 1993, for review). Ofpartic
ular interest was whether nonhuman primates exhibited
handedness, and chimpanzees and other great apes were
often discussed as interesting subjects because of their
physical and morphological similarity to humans. How
ever, most reports ofhandedness in chimpanzees and other
great apes were anecdotal (Yerkes, 1927).

In 1941, Glenn Finch ofthe Yerkes Primate Center, then
located in Orange Park, Florida, reported in Science the
first systematic study on handedness in 30 chimpanzees.
The study included 26 adults and 4 adolescents and uti
lized four measures ofhand preference, including (I) pull
ing in a string with attached food, (2) picking up 10 pieces
offood spaced at 3-in. intervals, (3) picking up food when
displacing a metal object covering it, and (4) selecting in-
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dividual pieces of food presented on a board. A total of
200 trials were presented to each subject and handedness
measure. Subjects using one hand on at least 80% ofthe
overall responses were classified as either left- or right
handed. All other subjects were considered ambidextrous.
No attempt was made to dissociate hand preference in re
lation to each measure. In total, 14 subjects were classified
as left-handed, 11 as right-handed, and 5 as ambidextrous.
Finch (1941) concluded that individual chimpanzees ex
hibited hand preference but did not exhibit population
level right-handedness, a pattern indicative of human
handedness. Nonetheless, Finch cautioned that "the pre
sent work does not pretend to explore more than a rather
narrowly limited aspect of chimpanzee lateral organiza
tion" (p. 118).

Between 1941 and 1987, there were very few reports on
handedness in chimpanzees or in other great apes. Most
ofthe reports were anecdotal (Ferster, 1957; Glaser, 1971),
presented little or no data (Dimond & Harries, 1984;
o'Neil, Stratton, Ingersoll, & Fouts, 1978), or involved
very few subjects, thus limiting generalization of their
findings (Bresard & Bresson, 1983; Chorazyna, 1976;
Grzimek, 1949; Robinson, 1979; Welles, 1976). In con
trast, there were a considerable number of hand- or paw
preference experiments conducted in monkeys, cats, and
rodents (see Bradshaw & Rogers, 1993; Warren, 1980, for
reviews). Finch's study remained one of the few system
atic studies reported in chimpanzees throughout this pe
riod of time.

Despite the fact that few studies were conducted on
hand preferences in chimpanzees for the better part of 50
years, interest in further inquiry was repeatedly expressed
in the scientific community (see Geschwind & Galaburda,
1987; Steklis & Raleigh, 1979). In particular, reports of
tool use in wild chimpanzees (Goodall, 1970, 1986), the
plethora ofinterest surrounding ape-language experiments
(Gardner & Gardner, 1968; Premack, 1970; Rumbaugh,
1977; Savage-Rumbaugh, 1986), and evidence ofneuro
anatomical asymmetries (Yeni-Komshian & Benson, 1976)
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Reaching Posture

UNIMANUAL MEASURES

Figure 1. Average handedness index and standard error as a
function of posture in gorillas, bonobos, chimpanzees, and orang
utans.
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Postural Constraints on Hand Use
Reaching. The initial observations by Finch regarding

hand preference and simple reaching in chimpanzees
have been confirmed by several investigators (see Hop
kins & Morris, 1993; Marchant & McGrew, 1991, for re
views). Investigations of quadrupedal reaching usually
involve placement offood in the subjects' enclosure and
recording which hand they use to reach for and pick up
the pieces of food. The results in nearly every study re
veal equal numbers of subjects that were left-handed,
right-handed, and without a preference (Christel, 1994;
Hopkins, 1993; Hopkins, 1995b; Marchant, 1983; Mar
chant & McGrew, 1996; Steiner, 1990; Tonooka & Matsu
zawa, 1995). This same finding has been reported in other
great-ape species, including gorillas (Annett & Annett,
1991; Olson, Ellis, & Nadler, 1990), orangutans (Cun
ningham, Forsythe, & Ward, 1989; Hopkins, 1993), and
bonobos (Hopkins, Bennett, Bales, Lee, & Ward, 1993;
Hopkins & de Waal, 1995).

Manipulating the subjects' posture by requiring them
to reach for food from a bipedal rather than quadrupedal
posture results in a shift toward greater preferential use
of the right hand (Hopkins, 1993). Depicted in Figure I are
the average percentages of right-hand use for quadru
pedal and bipedal reaching in four species of great ape. l

These data have been derived from the original publica
tions of Hopkins (1993), Hopkins, Bennett, et al. (1993),
and Olson et al. (1990). As can be seen, the shift in hand
preference is dramatic enough to result in a significant
population-level expression of right-handedness. More
over, the overall pattern of hand preference and posture
is consistent between great ape species.

The results above involved comparisons made of
reaching from a bipedal posture and of reaching from a

cluded in this review. Where possible, I will discuss related
findings in other species of great apes, including hu
mans, in order to draw comparisons between them.

all stimulated interest in the topic ofhandedness and hemi
spheric specialization as a whole in animals (Geschwind
& Galaburda, 1987).

Notwithstanding this, the prevailing view that chimpan
zees and other nonhuman primates lacked population
level handedness resulted in the establishment of several
evolutionary theories of human handedness that were
linked to such species-specific human traits as biped
alism, object manipulation, and the manufacture and use
oftools (Bradshaw & Rogers, 1993; Hellige, 1993). Para
mount to nearly every evolutionary theory ofhandedness
was the emergence of bipedalism in early hominids. In
all of these evolutionary scenarios, handedness at a pop
ulation level evolved after bipedalism emerged as a human
species-specific trait. Bipedalism resulted in a complete
freeing of the hands from locomotor functions, allowing
them to be used in a coordinated fashion to manufacture
and use tools (Corballis, 1992; Frost, 1980; Kimura, 1979),
for purposes of gestural communication (Hewes, 1973),
or for throwing objects at prey or predators (Calvin, 1983).
The exception is MacNeilage, Studdert-Kennedy, and
Lindblom's (1987) "postural origins" theory of handed
ness. The postural origins theory states that in more prim
itive, arboreal primate species, a left-hand population bias
exists for visually guided reaching in conjunction with a
right-sided asymmetry for postural control. For more re
cently evolved terrestrial primates, such as chimpanzees
and other great apes, rather than providing postural sup
port, the right hand became the preferred hand for ma
nipulation, while the left hand retained its specialization
for visually guided reaching.

Research on nonhuman primate handedness was re
kindled after MacNeilage et al. (1987) published their
"postural origins" theory ofhandedness. The postural ori
gins theory states that in more primitive, arboreal pri
mate species, a left-hand population bias exists for visu
ally guided reaching in conjunction with a right-sided
asymmetry for postural control. For terrestrial primates,
such as chimpanzees, rather than providing postural sup
port, the right hand became the preferred hand for ma
nipulation, while the left hand retained its specialization
for visually guided reaching.

Since 1987, several published hand-preference stud
ies in captive and wild populations have appeared in the
scientific literature. Most ofthese studies are directly rele
vant to the aforementioned evolutionary theories ofhand
edness. Therefore, evaluation of these models seems
appropriate at this time. In addition, the recent studies in
chimpanzees, which have assessed hand preference using
more elaborate and sophisticated measures, have studied
a wider range of behaviors indicative ofchimpanzee lat
eral organization, a recommendation from Finch's (1941)
earlier work. For the purposes of this review, this paper
will focus on chimpanzee hand-preference studies pub
lished since MacNeilage et al.'s (1987) review paper on
nonhuman primate handedness. Moreover, to simplify
data presentation, only those published studies with sam
ple sizes of 10 or more subjects will be discussed. Stud
ies of perceptual and cognitive asymmetries are not in-



quadrupedal posture. Recently, Colell, Segarra, and
Sabater-Pi (1995a) have reported data on hand use in 33
chimpanzees, 2 orangutans, and 2 bonobos when retriev
ing food from a quadrupedal posture and when retrieving
food floating on the top of water in a moat surrounding
the subjects' enclosure. Reaching into the moat to retrieve
the food required that the subjects adopt and maintain a
rather extreme and unstable posture while reaching for
the food. For the simple reaching condition, there were
15 right-handed and 10 left-handed subjects. In contrast,
when the condition involved reaching into the moat,
there were 8 right-handed subjects and 1 left-handed sub
ject. For the 9 subjects for which data were collected in
both reaching conditions, the mean percentage of right
hand use for quadrupedal reaching and reaching into the
moat were 58.5 and 87.2, a difference that was statisti
cally significant.

Aimed throwing. Calvin (1983) has hypothesized that
the neurophysiological and cognitive demands ofthrow
ing may have served as an important evolutionary pre
cursor to handedness, tool use, and language processing
in early hominids. Calvin (1983) argues that right-handed
throwing evolved in humans as a result of the left hemi
sphere's specialization for planned sequential movements.
With specific reference to right-handedness, a statistical
majority ofhumans throw with their right hands (Healey,
Liederman, & Geschwind, 1986).

At the Yerkes Regional Primate Research Center, we
have observed throwing by a number of chimpanzees.
Typically, the chimpanzees throw at unfamiliar individ
uals or in frightening contexts such as when unfamiliar
vehicles or people suddenly appear in close proximity to
the home cage. The chimpanzees usually throw wet chow,
feces, or objects in their cages at the strangers. As a means
of testing Calvin's (1983) theory regarding handedness
and throwing, we began, and continue, to take records of
hand use when throwing is observed by any of the chim
panzees (see Hopkins, Bard, Jones, & Bales, 1993, for a
preliminary report). During each observed throwing bout,
the posture ofthe chimpanzee is recorded as being either
quadrupedal or bipedal. The hand used in a throw (left or
right) and whether it was an underhand or overhand throw
are also recorded.

To date, we have observed hand use and throwing in 44
chimpanzees. For 36 of these chimpanzees, we have re
corded 8 or more instances ofhand use and throwing. Of
these 36 chimpanzees, 24 were categorized as right
handed, 10 as left-handed, and 2 as having no significant
hand preference. This distribution differs significantly
from chance [X2(2,34) = 13.76,p < .01], with a popula
tion right-hand bias evident in the sample.

As in the reaching studies, posture proved to be an im
portant factor in the expression ofright-handed throwing.
Nearly every chimpanzee that preferred to throw with its
right hand threw from a bipedal posture. In contrast,
chimpanzees that threw from a quadrupedal posture tended
to throw with either the left or right hand. One other ob-
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servation should be noted. On nearly every occasion, the
subject accurately hit the individual passerby with the
projectile. This is by no means trivial, because it distin
guishes aimed throwing from the random throwing that
is observed when chimpanzees are displaying or during
aggressive encounters (Goodall, 1986). In the only other
report on handedness and throwing in chimpanzees,
Marchant (1983) failed to report population hand biases
in throwing. Marchant (1983) reported that there were 5
right-handed and 4 left-handed individuals; however, it is
not clear whether aimed throwing was distinguished
from throwing in the context ofdisplaying or aggression.

Manipulation
Aruguete, Ely, and King (1992) examined hand pref

erences in 27 chimpanzees in touching and manipulating
their faces, bodies, or the external environment. Overall,
61.4% of the unimanual responses directed toward the
environment were made by the right hand, a percentage
that deviates significantly from chance. No hand bias
was found in actions directed toward the body or face, a
finding at odds with at least one other report about ape
behavior (Dimond & Harries, 1984, but see Suarez &
Gallup, 1986). Ofthe 27 chimpanzees, 7 exhibited a right
hand bias in environmental exploration, while only 1 dis
played a left-hand bias; 19 failed to exhibit a significant
hand bias.

Tonooka and Matsuzawa (1995) tested hand prefer
ences in 80 chimpanzees by recording the hand used and
the type of grip employed to retrieve raisins scattered in
an empty test cage. In terms ofhand preferences, 12 were
classified as right-handed and 20 were classified as left
handed; 48 had no preference. However, a significant re
lation was found between grip type and hand use. Im
precise precision grips, defined as those involving the
thumb and side of the index finger, were observed signif
icantly more often when food was picked up with the right
rather than the left hand. This trend was evident in chim
panzees classified as being either right- or left-handed.
In contrast, picking up food with the index and middle
finger was observed significantly more often for left- as
opposed to right-hand responses. In short, use of an im
precise precision grip was more prevalent when the reach
ing was done with the right rather than the left hand.

Jones-Engel and Bard (1996) similarly examined hand
preference and grip type in 13 juvenile chimpanzees. They
compared, among other things, hand preference in rela
tion to precision and power grips. In terms of hand pref
erence, 4 showed a left-hand preference, 3 showed a
right-hand preference, and 6 exhibited no hand preference.
Unlike Tonooka and Matsuzawa (1995), Jones-Engel and
Bard failed to find greater use ofimprecise precision grips
when subjects used their right hands. In fact, power rather
than precision grips were executed more rapidly by the
right than the left hand. There was also a trend for the
chimpanzees to retrieve small food items faster by using
a precision grip with the left rather than the right hand.
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Note-Values represent frequencies in left- and right-hand use.

BIMANUAL HAND USE MEASURES

Table I
Results of Studies on Hand Preference

and Tool Use in Chimpanzees

Bimanual handedness tasks are excellent measures of
hemispheric specialization in humans for several reasons,
including (I) their predictability of left-hemisphere spe
cialization in linguistic functions, (2) the high correla
tion with self-reports ofhand use, and (3) the requirement
that the two hands perform different roles, one subordi
nate and one dominant. The early reports ofbimanual hand
use in chimpanzees were largely anecdotal and involved
very few subjects (Bresard & Bresson, 1983; Morris, Hop
kins, & Bolser-Gilmore, 1993). Such measures included
painting (Glaser, 1971), tool use (Nishida & Hiraiwa,
1982), and open-and-search tasks (Bresard & Bresson,
1983; Marchant & Steklis, 1986). More recently, system
atic data have been reported on handedness for bimanual
tasks, particularly in the use of tools by feral chimpanzees
(Boesch, 1991; McGrew & Marchant, 1992; Sugiyama,
Fushimi, Sakura, & Matsuzawa, 1993).

in chimpanzees and involves the use of a stick or twig
which is inserted into a hole on a termite mound. The
chimpanzee must insert the stick or twig into the hole
slowly so that the termites will attach themselves to the
stick. The chimpanzee then must retract the stick to eat
the termites that have attached to the stick. As with the
nut-cracking studies, no significant population-level hand
edness was observed for this measure. Eight chimpan
zees were classified as left-handed and 7 were classified
as right-handed.

Bimanual Foraging
An assumption underlying the significance of asym

metrical bimanual manipulation is that tool use consti
tuted the major selection feature for these praxic functions.
However, bimanual asymmetries could have evolved from
environmental demands unrelated to tool use. For exam
ple, Wundrum (1986) suggests that bimanual feeding and
food processing rather than tool use may have served to
select for handedness in bimanual coordination. There is
some empirical support for this theory. Byrne and Byrne
(1991) examined bimanual processing of five different
food types in 44 feral gorillas. In that study, the active and
supportive roles of the left and right hands during food
processing was recorded for each food type. Although the
effects were not extremely robust, there was a significant
population bias for the gorillas to hold or grasp the food
items with their left hands and to manipulate or process
the food with their right hands. Fagot and Vauclair (1988)
have reported similar results in a sample of 10 captive
gorillas on a measure designed to elicit coordinated bi
manual actions.

Recently, Hopkins and his colleagues have recorded
hand use for bimanual feeding in 140 chimpanzees (Hop
kins, 1994a) and 21 bonobos (Hopkins & de Waal, 1995).
Bimanual feeding was defined as feeding bouts in which
the apes held extra food items with one hand and simul
taneously fed with the opposite hand. The hand used for
feeding was defined as the dominant hand. The overall
distribution of subjects exhibiting a right, left, or ambig
uous preference is depicted in Figure 2. As can be seen,
in all four great ape species, a significant proportion of
the subjects exhibited a right-hand bias in feeding.

To more specifically address the issue of coordinated
bimanual hand use, Hopkins (1995a) tested 110 chimpan
zees for hand use while extracting peanut butter from
the inside ofPVC tubes. This test required that the chim
panzees hold the tube with one hand while simultane
ously extracting the peanut butter from the tube. Thus,
the left and right hands had to work in a coordinated man
ner to efficiently remove the food. Overall, a significant
population-level right-hand bias was found in this sam
ple, with 67% ofthe lateralized subjects exhibiting right
hand preferences.

ColeII, Segarra, and Sabater-Pi (1995b) tested 24 chim
panzees on a series of manipulation tasks, one of which
required 16 subjects to simultaneously hold a panel while
extracting food from a small aperture. Thus, this task re
quired coordinated bimanual actions. Overall, no signif-

Subjects

adults
subadults
all
all

19 21 I
15 6 5
9 8 I
6 5 4

49 40 II

Handedness

Right Left Ambidextrous

Boesch,1991

Study

Tool Use
Several investigators have emphasized the role of tool

use and praxic movements in the evolution of handed
ness in early hominids (Corballis, 1989, 1992; Frost, 1980;
Kimura, 1979). Although a variety ofnonhuman species
exhibit forms of tool use (Beck, 1980), there is a general
consensus that chimpanzees exceed all other animals
(save humans) in the extent and the variability that they
exhibit in tool use (see Goodall, 1986).

The results on hand preference and tool use in wild
chimpanzees are described in Table I. Boesch (1991) and
Sugiyama et al. (1993) have both examined hand use in
the nut-cracking behavior ofchimpanzees. Nut-cracking
behavior involves the use of an anvil and hammer which
the apes use to open different types of nuts. Both Boesch
(1991) and Sugiyama et al. define nut cracking as a bi
manual task, because one hand is used to place the nut on
the anvil and the other is used to pound the nut with the
hammer. In both studies, the hand used to pound with the
hammer was scored for hand preference. As can be seen,
no significant population-level handedness was found in
either sample ofchimpanzees. Boesch's data hint at a pos
sible age difference in hand use, with younger chim
panzees showing greater use of the right hand.

In contrast to nut-cracking, McGrew and Marchant
(1992) examined hand use in termite fishing in 15 feral
chimpanzees. Termite fishing has been well documented

Sugiyama et aI., 1993
McGrew & Marchant, 1992

Total
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SUMMARY

Ambidextrous Left Right
Handedness Classification

Figure 2. Distribution ofambidextrous, left-handed, and right
handed subjects for bimanual feeding as a function of species.

Current data on chimpanzee handedness suggest
that Finch's (1941) conclusion regarding the absence of
population-level handedness was premature. Consistent
with other reports in nonhuman primate species (Ward &
Hopkins, 1993), handedness at a population level appears
evident in chimpanzees, at least for some measures. On
the basis ofthe available data obtained from great apes and
other nonhuman primates, several tentative conclusions
can be advanced regarding the evolution of handedness
in humans.

icant population bias was found, but, in the adult subjects,
6 preferred to hold with the left hand and remove the
food with the right, while only I subject exhibited the op
posite pattern of bimanual hand use. In contrast, in the
juveniles, 7 preferred to hold with the right hand and reach
with the left hand, while I preferred to hold with the left
hand and reach with the right. The age differences in coor
dinated bimanual hand use are similar to those reported
by Hopkins (1995a) and Ramsay and Weber (1986) in hu
man infants.

cies, including prosimians (Ward, Milliken, & Stafford,
1993), New World monkeys (King & Landau, 1993;
Roney & King, 1993), and Old World monkeys (Fagot,
Drea, & Wallen, 1991). The findings from great apes dif
fer from the monkey and prosimian results in one impor
tant way: apes are the only taxonomic family in which
right-handedness is observed when reaching from a bi
pedal posture. In prosimians and monkeys, reaching from
an erect or bipedal posture results in the expression ofpop
ulation left-handedness.

Why manipulation of posture influences the direction
of hand preference remains unclear, but I believe there
are at least three possible explanations. First, hand pref
erences for throwing as well as for bipedal reaching are
transient, or, in the words ofWard et al. (1993), they rep
resent state asymmetries. Bipedal locomotion is also a
behavioral state and not a behavioral trait in great apes
(Tuttle, 1986). It might be suggested that, with the evolu
tion ofbipedalism as a behavioral trait in early hominids,
right-handedness evolved as a behavioral trait rather than
being elicited by specific behavioral states.

Second, it may be that hand preferences elicited during
bipedal reaching and throwing are due to asymmetries in
posture rather than handedness per se. Heestand (1986)
has reported that chimpanzees, orangutans, gorillas, and
gibbons exhibit right-leading limb asymmetries when
initiating locomotion. Thus, the apes fully support their
body weight on their left sides in order to lead their loco
motion with the opposite hands/arms. A related finding
is the evidence that apes exhibit left-side cradling and
carrying biases (Manning & Chamberlain, 1990; but see
Hopkins, Bard, et al., 1993). Carrying and leading limb
biases appear to be inversely related (Hopkins & de Waal,
1995), suggesting that they may be complementary in their
manifestations. Thus, requiring subjects to maintain an
upright or unstable posture may elicit a left-sided postural
asymmetry that results in greater use of the limb contra
lateral to the side of the postural asymmetry for what
ever behavior is under investigation.

Finally, reaching from a bipedal posture may alter the
motor demands of the task in a way that influences direc
tional hand use. For example, I have observed in my own
laboratory that when reaching from a bipedal posture as
opposed to a quadrupedal posture, chimpanzees tend to
use a pincer grip to retrieve food. Tonooka and Matsuzawa
(1995) have reported that pincer grips are more often ob
served when chimpanzees retrieve food with their right
rather than their left hands. Thus, bipedal reaching may
result in subjects' preference to use a pincer grip, which
also happens to correspond to greater use ofthe right hand.
Additional studies should address this issue.

Manipulation
Consistent with the prediction by MacNeilage et al.

(1987), there appears to be some evidence in support of
a right-hand bias in manipulation by chimpanzees (Aru
guete et aI., 1992). These results are consistent with at least
one other report on gorillas (Shafer, 1993). On the basis
of the findings by Tonooka and Matsuzawa (1995) and
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The Role of Posture
Posture clearly influences the expression ofhand pref

erences in chimpanzees and other great apes. This is ev
ident from studies that have directly manipulated posture
(e.g., bipedal vs. quadrupedal reaching) and studies in
which bimanual activities have been recorded (e.g., feed
ing). For the bimanual measures, posture is indirectly
manipulated because the left and right hands are needed
to execute the desired action; the left and right hands can
not be engaged in any postural functions while subjects
are engaged in the task. I believe that this makes biman
ual measures of hand preference particularly appealing
from a comparative perspective, because it allows for di
rect comparison with human handedness measures.

With respect to studies directly manipulating posture,
the findings in great apes are not unique. Manipulating
posture has been shown to influence strength and direc
tion of hand preference in other nonhuman primate spe-
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Jones-Engel and Bard (1996), manipulation appears to
be associated with the type ofgrip employed for reaching
for food. One interpretation of these findings is that the
greater the prehension requirements of a given task, the
greater the use of the right hand because of the needed
control of fine motor movements by the left hemisphere
(Bradshaw & Nettleton, 1981).

Tool Use
Studies examining hand preferences for tool use have

failed to reveal significant population-level hand prefer
ences. This would suggest that the use of tools is neither
a sufficient nor a necessary condition for the expression
of population-level hand preferences in chimpanzees, a
finding that contradicts several evolutionary theories of
handedness (Frost, 1980; Kimura, 1979). This conclusion
may be premature, because I believe it is important to dis
sociate the motor demands of the tool-use tasks from the
bimanual feeding tasks reported to date in apes and those
typically utilized with humans. For measures of biman
ual hand use, the two hands are working simultaneously
to attain one goal; one hand assumes the supportive role
and one assumes the active role. Studies of hand prefer
ence and tool use in chimpanzees simply in efforts to col
lect and analyze data tend to ignore postural or other con
straints and collapse the data across all ofthese conditions.
Whether population asymmetries in hand preference are
manifest as assessed by tool use without consideration of
other bimanual activities warrants further empirical con
sideration under more constrained observation condi
tions in which posture is taken into account.

CONCLUSIONS

In conclusion, population-level handedness is evident
in chimpanzees for some behavioral measures. Posture ap
pears to playa significant role in the expression ofstrength
and direction of hand preference. Additionally, examin
ing hand preferences in behavioral contexts in which the
left and right hands are free ofany locomotor or postural
constraints appears to be advantageous in revealing sig
nificant lateral biases. Ultimately, the question of what
hand-preference measures by way ofhemispheric special
ization in nonhuman primates will need more considered
empirical evaluation (see Ettlinger, 1988). For instance,
there is very little published information on the develop
ment of handedness and the mechanisms underlying the
expression ofhandedness in chimpanzees and other non
human primate species (see Fagot, 1993, and Hopkins &
Bard, 1993b, for reviews). These data are critical in es
tablishing whether homologous or analogous processes
account for human and nonhuman primate handedness.

Although chimpanzees and other apes appear to ex
hibit population-level hand preference for certain tasks,
some have argued that this represents "task-specific"
rather than "true" handedness, as is the case in humans
(McGrew & Marchant, 1994), or a "weaker" form ofhand
edness (Corballis, 1992). True handedness represents con
sistent population-level hand preference across a num-

ber of different measures of hand use. Few studies have
examined intercorrelations in hand use for multiple mea
sures oflaterality in chimpanzees. In my own laboratory,
we have found that four measures (quadrupedal reach
ing, bipedal reaching, bimanual feeding, throwing) ofhand
preferences are positive and significantly correlated with
each other, while one measure, coordinated bimanual ac
tions, does not correlate with any of the remaining mea
sures (Hopkins, 1994b). Other scientists have, to a lesser
extent, reported similar intercorrelations in hand use be
tween different tasks (Colell et aI., 1995a; Sugiyama
et a!., 1993). Clearly, more research in primates is needed
to address this issue, but it should be emphasized that the
existence of "true handedness" in humans remains de
bateable. Recent ethological studies by Marchant and her
colleagues (Marchant, McGrew, & Eibl-Eibesfeldt, 1995;
McGrew & Marchant, 1994) have clearly shown that hu
mans are not as right-handed for all actions as one as
sumes when reading the literature. Thus, I would argue
that science would be better served by comparing human
and nonhuman primate handedness on a finite number
oftasks--ones that are reliable and that elicit strong lateral
bias in both species-rather than on a wide range of tasks.

Most of the studies that have reported population-level
handedness in chimpanzees have compared captive and
wild apes. This raises the question of whether or not the
rearing environment ofcaptive apes influences their hand
preference in as yet unspecified ways. For example, Mc
Grew and Marchant (1996) have suggested that (I) raising
apes in human environments biases their environment in
a way that determines right-handedness, or (2) testing
them in captive environments creates "artificial" condi
tions that allow for expressions ofhandedness that are not
normally present in wild apes. For example, captive chim
panzees often engage in bimanual feeding (Hopkins,
1993), while wild chimpanzees are rarely observed using
this feeding strategy (Marchant & McGrew, 1996).

At present, there is little evidence that raising chimpan
zees in human environments causes them to become right
handed. For example, right-sided asymmetries in head
orientation (Hopkins & Bard, 1995), grasping (Fagot &
Bard, 1995), and hand-to-mouth activity (Hopkins &
Bard, 1993a) have been reported in chimpanzees within
the first 3 months of life. It is unlikely that external en
vironmental factors can account for these findings. In
addition, some of the subjects in studies ofcaptives were
wild-caught, and there has been little evidence that their
hand-preference patterns differ from those reared in
human environments. Finally, concluding that rearing
differences may account for the observed differences in
handedness in captive and wild apes may be premature,
because, as pointed out by Marchant and McGrew (1996),
few studies of captive and wild apes have used the same
measures and methods of data collection. In the absence
of comparable field and captive data, it may not be wise
to advocate the role of rearing conditions for lateral bias
in apes. In terms of the artificial conditions of the captive
environment (point 2 above) and the resulting differences
in manifestation and frequency of unbiased hand use, this



certainly merits consideration in further investigations.
Notwithstanding, I do not believe that this diminishes the
significance of studies of captive chimpanzees in terms
of their application to human handedness.

Finally, right-handedness appears to be more robust in
humans than in chimpanzees. For example, the two high
est percentages of right-handedness in chimpanzees for
any given measure is throwing (67%) and coordinated
bimanual actions (67%), values substantially lower than
those reported in humans. In this sense, chimpanzee hand
edness is weaker than human handedness. The basis for
this quantitative difference is not known, but I would spec
ulate that the differences might reflect the role ofculture
in shaping behavior. What exists in chimpanzees, by way
of population-level right-handedness, likely reflects an
underlying biological disposition, perhaps due to fetal
positions during the third trimester of pregnancy (see
Previc, 1991, for a discussion). Human right-handedness
may reflect an elaboration of this biological disposition
through cultural transmission and modification. An
evolved cultural "awareness" of right-handedness in hu
mans would have allowed for the construction of an es
sentially right-handed world and conformity to this bias.

In conclusion, in this paper, I have focused on specific
evolutionary models of hemispheric specialization that
emphasize handedness rather than other forms of later
ality. Some have argued that hemispheric specialization
was evident long before the evolution ofhandedness (e.g.,
Hamilton & Vermeire, 1988), and there is ample evidence
of functional asymmetries in many nonprimate species
such as birds and rats (Bradshaw & Rogers, 1993). Thus,
the question ofwhether animals exhibit functional asym
metries seems to no longer be an issue. What remains to
be addressed is the degree to which sensory and/or motor
processes are lateralized and what similarities and dif
ferences exists between species in these domains. Addi
tional research should reveal the complex relationship
between evolution, adaptation, and the origin of hemi
spheric specialization in primates.
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NOTE

I. Handedness indices are calculated using the formula (#Rreaches 
#Lreaches)/(#Rreaches + #Lreaches). The resulting value ranges from
1.0 to -1.0, with positive values reflecting right-hand biases and neg
ative values reflecting left-hand biases. The absolute value reflects the
strength in hand preference.
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