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Abstract

Several recent papers have been critical at a theoretical and empirical level of the evidence of
population-level right-handedness in chimpanzees and other great apes. For example, Palmer
(2002) has recently argued that the evidence of population-level handedness in chimpanzees is weak
because there are sampling biases in the data. McGrew and Marchant (1997) argue that all the
evidence of right-handedness in apes is from captive animals and therefore the observed phenomenon
has little ecological validity. In this paper, we address recent issues regarding the presentation and
interpretation of other hand preference data and argue that chimpanzees are right-handed for some
measures. We further argue that purported differences in hand use between wild and captive
chimpanzees due to rearing environments are unfounded and we emphasise that more cooperative
work between researchers working in captive and feral populations is needed to facilitate collection
of data on common measures of hand preference.

The study of handedness in nonhuman primates has recently received a great deal of attention
in the scientific community. Historically, it was largely thought that nonhuman primate
handedness was bimodally distributed with equal numbers of left- and right-handed individuals
(see Bradshaw & Rogers, 1993; Fagot & Vauclair, 1991; Hook-Costigan & Rogers, 1997,
Hopkins, 1996; Hopkins & Morris, 1993; Lehman, 1993; Marchant & McGrew, 1991). This
distribution was in contrast to human handedness, which was skewed towards population-level
right-handedness. Recent studies in a host of nonhuman primate species have reported
population-level left- and right-handedness for select measures of hand use, calling into
question the historical views regarding differences in the distributions of nonhuman and human
primate handedness (Bradshaw & Rogers, 1993; Ward & Hopkins, 1993).

Despite the evidence of population-level handedness in nonhuman primates, there remains
continued debate over the analysis and interpretation of findings on handedness, particularly
in great apes (Hopkins, 1999; McGrew & Marchant, 1997). Specifically, Palmer (2002) has
recently questioned the analysis and interpretation of findings on hand preference in nonhuman
primates, and in particular, results suggesting population-level right-handedness in
chimpanzees. Specifically, Palmer (2002) re-analysed hand preference data for bimanual
feeding in chimpanzees reported by Hopkins (1994) and argued, based on his analysis using
funnel graphs, that there were unusual patterns in the data that raised questions of the validity
of the results for these data. Palmer (2002) went on to further argue, after re-analysis of 14
select studies on hand preference in chimpanzees, that there were limitations for nearly all of
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the articles, and from this he argued that there was no compelling evidence of population-level
handedness in chimpanzees, and perhaps other great apes.

With respect to the findings reported by Hopkins (1994), Palmer (2002) argued that a
fundamental problem with the data was in the relationship between the number of individual
data points collected for each subject and the distribution of hand preferences in the sample.
Palmer (2002) quartiled the sample (N = 140) on the basis of the total number of observations
used to derive the individual handedness scores (see his Table 1) and showed that as the number
of observation increased, the number of ambiguously handed subjects increased. In short, the
data regressed towards a mean of zero, or no hand preference, with increasing sample size.
Palmer (2002) also created funnel graphs of the individual variation in percent right hand use
as a function of sample size and argued that the patterns did not conform to patterns that would
normally reflect simple sampling error in the Hopkins (1994) data. Lastly, Palmer (2002)
applied funnel graph analysis to 14 studies on hand preference in chimpanzees selectively used
by McGrew and Marchant (1997) in their review article and argued that most studies found no
evidence of population-level handedness and that all the evidence of population-level right-
handedness came from studies by Hopkins and colleagues. Palmer (2002) raises questions
regarding the generality of the results.

Although Palmer (2002) was critical of a specific set of data, more general concerns about the
distribution and interpretation of hand preference findings in great apes have been articulated
by McGrew and Marchant (1997). Although McGrew and Marchant (1997) have not been
methodologically critical of any specific studies, they have questioned the generality of
findings on hand preference in captive great apes to findings in wild subjects. McGrew and
Marchant (1997) argue that the slight bias towards right-handedness reported in captive apes
is due to the subjects being raised in a human environment and that wild apes do not show
evidence of population-level handedness.

The purpose of this paper is two-fold. First, we begin by addressing the issue raised by Palmer
(2002) regarding the application and use of funnel plots in the assessment of hand preference
in chimpanzees (and other primates). We also present funnel graphs of additional sets of hand
preference data collected in the chimpanzees housed at the Yerkes National Primate Research
Center (YNPRC) which do not display the types of anomolous patterns that Palmer believes
may characterise other sets of published data. Second, we discuss several other issues
pertaining to the comparative analysis and interpretation of handedness findings in great apes
compared to humans. In particular, we address in two ways issues of the generality of these
findings to wild chimpanzees raised by McGrew and Marchant (1997). First, the issue of
differences in the distribution of hand preference between wild and captive apes is empirically
addressed by comparing findings on identical or similar measures of hand use that have been
reported in wild and captive chimpanzees. Second, hand preferences on common measures of
hand use are compared between wild chimpanzees from different field sites in Africa. The
working hypothesis, based on the arguments of McGrew and Marchant (1997), is that variation
between captive and wild populations of chimpanzees should be greater than variation between
chimpanzees from different field sites in Africa.

FUNNEL GRAPHS AND HANDEDNESS

Palmer (2002) applied the funnel graph analysis to a single study on bimanual feeding in the
chimpanzees and questioned all the results based on this analysis. The extent to which his
application and findings using funnel graphs apply to other data from the YNPRC has not been
directly examined. Depicted in Figures 1, 2, and 3, are funnel graphs of three separate data sets
from the chimpanzees housed at the YNPRC. Figure 1 represents the combined TUBE data
from Hopkins (1995), Hopkins, Fernandez-Carriba, Wesley, Hostetter, Pilcher, and Poss
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(2001) and Hopkins and Cantalupo (2003). Collectively, there were 202 chimpanzees tested
on the TUBE task and the range of responses was between 12 and 500, respectively. Figure 2
represents simple reaching data from a sample of 140 chimpanzees, and the range of responses
was between 23 and 79, with a large number of subjects with exactly 50 responses. Lastly,
Figure 3 represents data for throwing from a sample of 39 chimpanzees with a range of
responses between 6 and 77.

We believe these data conform fairly well with the simulation funnel graphs representing
different hypothetical hand preference distributions provided in the Palmer (2002) paper (see
his Figure 1) because there are statistically significant left- and right-handed subjects across
the spectrum of sample sizes in each distribution. Of particular note in Figures 1 and 3 is the
lack of data points within the funnel portion of the distribution. This pattern emerges for two
reasons. First, for the TUBE data depicted in Figure 1, the data were summed from three
different reports and thus sample size was significantly increased at the individual level. This
resulted in fewer ambiguously handed subjects and more subjects showing lateralised hand
preferences. Second, for the throwing data depicted in Figure 3, chimpanzees show very
pronounced hand preferences at the individual level, irrespective of sample size. In other words,
hand use is much more uniform with many subjects showing exclusive or nearly exclusive left
or right hand use. This highlights the importance of finding and quantifying reliable measures
of hand preference that are sensitive enough to detect consistent hand preferences at the
individual level. We will return to this point later in the discussion.

The extent to which the hand preference findings in the YNPRC chimpanzees generalise to
other great apes, other samples of chimpanzees and to chimpanzees in the wild compared to
captivity are now discussed. Palmer (2002, 2003) and others (McGrew & Marchant, 1997)
have argued that the evidence of population-level right-handedness appears to be unique to
captive apes, and particularly those housed at the YNPRC. The suggestion has been made that
rearing apes in a human environment somehow causes them to develop right-handedness
through some type of social learning mechanism or some unknown factor (cf. McGrew &
Marchant, 2001). In the following sections, we argue against these claims.

IS THE EVIDENCE OF POPULATION-LEVEL RIGHT-HANDEDNESS
RESTRICTED TO THE CAPTIVE YNPRC CHIMPANZEES?

Palmer (2002) suggests that the strongest evidence of right-handedness in great apes has come
from the YNPRC colony of chimpanzees, and specifically, from studies by Hopkins and
colleagues. One interpretation is that the methods employed by Hopkins and colleagues are
not objective enough and lead to an over-estimation of right-handedness by the observers. Of
course, it could just as easily be argued that the measure(s) employed by Hopkins and
colleagues are more sensitive to detecting individual and population-level handedness than
measures employed in different laboratories or in field settings. However, we would go even
further and argue that the evidence of population-level right-handedness is not restricted to the
findings from the YNPRC colony. For example, using the TUBE task as a measure of
comparison between captive species, population-level handedness has been reported in rhesus
monkeys and, to a lesser extent, in capuchin monkeys (Spinozzi, Castornina, & Truppa,
1998; Westergaard & Suomi, 1996; Westergaard, Champoux, & Suomi, 1997). In other great
apes, data from 31 gorillas suggest borderline right-handedness and significant population-
level left-handedness in 19 orangutans (Hopkins, Stoinski, Lukas, Ross, & Wesley, 2003b).
Lastly, TUBE data from 116 chimpanzees at the University of Texas M.D. Anderson Cancer
Center (Hopkins, Hook, Braccini, & Schapiro, 2003a) and 148 chimpanzees at the Alamogordo
Primate Facility in New Mexico show population-level right handedness (Hopkins, Wesley,
Izard, Hook, & Schapiro, in press). The mean HI scores for each population can be seen in
Figure 4. In short, although the findings may not be consistent between species and studies in
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terms of directional biases in hand use, it is important to emphasise that the TUBE task is a
reliable and sensitive measure of hand preference in captive nonhuman primates. The reason
for differences between the rhesus and capuchin monkey findings is unclear but could easily
arise from rearing or age differences (see Westergaard et al., 1997 for discussion).

If one considers other measures of hand use in great apes that were not conducted by Hopkins
and colleagues, population-level right-handedness has been found in gorillas (Heestand,
1986; Olson, Ellis, & Nadler, 1990; Shafer, 1993), chimpanzees (Colell, Segarra, & Sabater-
Pi, 1995; Heestand, 1986), orangutans (Olson et al., 1990), and captive and wild bonobos
(Ingmanson, 1996, 1998; Shafer, 1993). Population-level left-handedness has been found for
self-directed touching in orangutans (Rogers & Kaplan, 1996) and spontaneous hand use for
everyday activities in chimpanzees (Toback, 1999). Thus, in studies with reasonable sample
sizes and reliable and sensitive measures of hand use, population-level handedness is evident
in other laboratories and settings.

ARE THERE DIFFERENCES IN HAND PREFERENCE DISTRIBUTIONS
BETWEEN CAPTIVE AND WILD GREAT APES?

In terms of the biological and evolutionary significance of handedness studies in great apes
(and other primates), the issue of whether the effects are restricted to captive populations is an
important one. Palmer (2002) has argued that the evidence that does exist for population-level
right-handedness in chimpanzees is largely restricted to captive populations and therefore may
be an artefact of captivity with little external validity. McGrew and Marchant (1997) have made
similar arguments because they have failed to find population-level handedness in two studies
of spontaneous hand use in wild chimpanzees. The evidence used by Palmer (2002) and
McGrew and Marchant (1997) to make their arguments is weak, and Hopkins has argued
elsewhere (1999) that there are as many differences in the types of measures used to assess
hand preference between captive and field studies as there are contextual factors that may
explain differences in the results between settings. Several examples illustrate this point.

One potential explanation for differences between field and captive studies may be in the types
of measures employed between settings. Focusing on studies in chimpanzees, Marchant and
McGrew (1996) and McGrew and Marchant (2001) have overwhelmingly focused on
spontaneous motor behaviours expressed by the wild chimpanzees in their everyday activities.
Such activities include scratch, pull, groom, eat, pick-up, etc. Similarly, Boesch (1991), in
addition to tool-use for wadge dipping and stone hammering, examined hand preferences for
reaching and grooming. Shown in Table 1 are the hand preference distributions from captive
and wild chimpanzees for five behaviours that have been assessed in captive and wild settings,
including scratch, groom, eat, pick-up, and hold. Two points are worth noting. First, with the
exception of the hold behaviour, the patterns of hand preference are relatively comparable
between captive and field settings and do not point to large differences between settings.
Second, there are many ambiguously handed subjects in both captive and wild chimpanzees
for all of these measures. Much like the bimanual feeding task used by Hopkins (1994), the
primary problem with these measures is that they do not appear to be sensitive enough to detect
strong individual hand preferences. In short, if one wants to determine whether species exhibit
population-level handedness, then one needs a measure that is sensitive enough to reliably
detect a consistent hand preference at the individual level. In none of these field studies in
chimpanzees do the measures of hand use meet this criterion. Even in humans, measures of
hand use or hand activity for spontaneous activities fail to reveal population-level hand
preference (Eaton, Rothman, McKeen, & Campbell, 1998; Marchant, McGrew, & Eibs-
Eibesfeldt, 1995). Taken together, the validity of these measures of hand use in wild
chimpanzees is questionable and most assuredly cannot be compared with the structured
measures of hand use often used with captive chimpanzees.
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In contrast to measures of spontaneous hand use, measures of tool use appear to detect strong
hand preferences at the individual level (Boesch, 1991; Hopkins, Bard, Jones, & Bales,
1993; Hopkins & Rabinowitz, 1997; Marchant, 1983; Matsuzawa, 1994; McGrew & Marchant,
1992; McGrew, Marchant, Wrangham, & Klein, 1999; Sugiyama, Fushimi, Sakura, &
Matsuzawa, 1993). Shown in Table 2 are the data on hand preference in wild and captive
chimpanzees. McGrew and Marchant (1997) have argued that there is no evidence of
population-level handedness in tool use but there are two important issues to consider in this
interpretation. One issue has to do with the relative proportion of right- to left-handedness in
the entire sample and across samples. With the exception of termite fishing, the general pattern
is more right- than left-handed subjects in the wild chimpanzees. This difference in the number
of left- and right-handed apes is not statistically significant, but the ratio of right- to left-handed
subjects is about 2:1 which is largely consistent with the ratio of right- to left-handed subjects
reported in captive chimpanzees (see Hopkins & Pearson, 2000). The reason the 2:1 ratio is
significant in captive subjects is because the sample size is usually twice and as many as three
times larger than in field studies. In other words, studies in the captive YNPRC chimpanzees
have substantially greater statistical power than any single or the combined field studies on
hand use in wild chimpanzees or captive chimpanzees. This highlights the need for more studies
in wild populations of chimpanzees with a focus on larger sample sizes.

A second important issue in comparing field and captive studies has to do with the precision
of measurement in assessing hand preference. Numerous studies have demonstrated that
situational and postural factors can influence hand preferences in nonhuman primates (see
Hopkins & Fernandez-Carriba, 2000; Lehman, 1993; Ward & Cantalupo, 1997). In addition,
recent studies suggest that grip morphology has an influence on preferential use of the right
and left hand in chimpanzees and other great apes (Christel, 1994; Tonooka & Matsuzawa,
1995). In terms of the potential influence of situational factors, the comparison of the hand
preference data for termite fishing by McGrew and Marchant (1992) with the findings on honey
dipping in captive primates is of significance. McGrew and Marchant (1992) made no attempt
to characterise hand use for termite fishing when using a unimanual contrasted with a bimanual
strategy. Hopkins and Rabinowitz (1997), on the other hand, directly compared hand
preferences for unimanual contrasted with bimanual strategies for honey dipping, a task
designed to simulate termite fishing in wild chimpanzees. Population-level right-handedness
was found only for bimanual strategies and not for unimanual strategies. In fact, the findings
for the unimanual strategy were similar to those reported for wild chimpanzees. Thus, the
differences between captive and wild chimpanzees may reflect more the motor demands of the
task than the environment per se (see Table 2).

This point is also highly relevant to the findings by Boesch (1991) and Sugiyama et al.
(1993) for nut cracking in wild chimpanzees. Boesch (1991) described the nut-cracking task
as a “complex bimanual task” (p. 545) but made no attempt to distinguish between unimanual
and bimanual strategies in hand use. In fact, Boesch (1991) argues that the reason the younger
animals were more right-handed than the older subjects was because they used exclusively a
unimanual strategy. These comments are not intended to berate or criticise the efforts made by
field workers but rather to articulate procedural and methodological differences that could just
as easily account for the disparate findings between captive and field studies, as the settings
themselves. Indeed, we believe that the findings on hand preference for tool use are very
interesting and remarkable, given the limited procedural criteria used to evaluate hand
preference. That stated, we hope that greater emphasis is placed on the potential influence of
situational and positional factors on hand use in future studies in wild great apes.
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ARE THERE DIFFERENCES IN HAND PREFERENCE DISTRIBUTIONS
BETWEEN WILD CHIMPANZEES?

McGrew and Marchant (1997) have been particularly adamant of their claims of significant
differences in hand preference distributions between wild and captive studies. An equally
important question is the degree of variation between findings in wild apes. A comparison in
findings in hand use between the wild chimpanzees of Mahale, Gombe, and Tai forest reveals
that there is substantial variation between sites (see Table 3). The most common measures of
assessment come from Mahale and Gombe, both of which were conducted by McGrew and
Marchant. What is particularly striking in the findings between sites is the inconsistency in
results. Almost none of the common measures of hand use in the Mahale group is sensitive
enough to detect significant individual hand preferences, while the very same measures do
detect significant preferences in the Gombe group. Why this is the case is not clear because no
individual data were presented. If there are fewer observations in the subjects at Mahale
compared to Gombe then this might explain the variation.

The only potential measure that can be compared between all sites is grooming, and the results
are very illuminating. When the frequencies of left, right, and ambidextrous chimpanzees are
calculated, there are 16, 29, and 40, respectively. A comparison between the number of left-
and right-handed subjects reaches statistical significance (z = 3.21, p <.01). In fact, Boesch
(1991) reported individual data for all of his measures of hand use in wild chimpanzees and
used nonparametric statistics to evaluate population-level handedness. We have taken these
raw data and re-analysed them using one-sample t-tests and the results indicate population-
level right-handedness for grooming, t(14) = 2.46, p < .05, and borderline population-level
right-handedness for wadge dipping, t(16) = 1.55, p < .10. No individual data were presented
in the McGrew and Marchant (2001) and the Marchant and McGrew (1996) papers.

In sum, there is as much, if not more, variation in findings between wild chimpanzees from
different field sites than there is between any captive and field study. Notwithstanding some
measures, population-level right-handedness is apparent in wild chimpanzees. Moreover,
nonparametric statistics should not be the sole means of testing for population-level
handedness, but rather greater consideration of the attributes of the data sample should guide
decisions regarding the types of analyses to employ.

STATISTICAL POWER AND EFFECT SIZE

Lastly, as Hopkins and Pearson (2000) have argued, the magnitude of hand preference is
smaller in apes compared to humans and this presents a formidable statistical problem when
comparing studies. Specifically, if it is assumed that a true ratio of right- to left-handedness in
apes is roughly 2:1 then large sample sizes are needed to detect significant population-level
preferences. For example, adopting a beta value of .80 and having six levels of an independent
variable(s), such rearing (mother-reared, human-reared wild-caught) and sex (male, female),
the sample sizes needed to detect significance at .10, .20, and .40 effect sizes (small, moderate,
and large effects) are 138, 66, and 36 respectively. Few, if any, studies on hand preference in
great apes have met this criterion (particularly for the small and moderate effect sizes) even
though the bulk of the studies point to directional biases in hand use (see Table 4 in Hopkins
& Pearson, 2000). This is particularly problematic for measures that are not sensitive enough
to detect strong preferences in each individual subject. As stated previously, this is a
fundamental difference between the YNPRC studies and nearly all other studies on hand
preference in great apes and should not be overlooked just because the animals are in captivity.
A further statistical artefact in the existing literature is the nearly exclusive use of chi-square
analysis rather than one-sample t-tests. Investigators opt for use of chi-square tests because
they usually classify subjects into categories of hand preference based on z-scores. This is not
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the only or arguably the best way to analyse hand preference data and others have argued that
the application of parametric rather than nonparametric statistics to hand preference data is a
reasonable and more powerful approach in evaluating for population-level hand preference
(see Hopkins, 1999).

SUMMARY

In summary, the application of funnel graphs to hand preference seems appropriate when there
are unequal sample sizes in the number of observations used to evaluate individual hand
preferences. Although the application of funnel graphs by Palmer (2002) to the Hopkins
(1994) data did illuminate some apparent anomalies in the data, we do not believe it entirely
explains the results of that study and, in particular, other studies of hand preference in
chimpanzees. Moreover, the application of funnel graphs to other handedness data sets from
the chimpanzees at the YNPRC does not account for the reported population-level right-
handedness in these chimpanzees.

The generality of the handedness findings from the YNPRC to wild chimpanzees and
chimpanzees in other captive settings remains unclear. The studies conducted by Hopkins and
colleagues in the YNPRC colony differ from other studies in three important ways including
(a) sample size, (b) type(s) of measure, and (c) experimental control over situational factors.
The studies in the YNPRC chimpanzees have typically involved structured rather than
unstructured measures of hand use and relatively large sample sizes, and efforts have been
made to control or account for potential extraneous variables such as manual strategy (Hopkins
& Rabinowitz, 1997), posture (Hopkins, 1993; Hopkins et al., 1993) or situational or positional
factors (Hopkins et al., 2001). All of these factors alone or in conjunction can just as easily
explain differences in chimpanzee hand preference between settings as the purported
explanations of environmental or social learning mechanisms. Until such time, we believe it
is better to accumulate a larger corpus of data and focus on collecting comparable data from
field and captive settings, rather than highlight differences in findings, when confronted with
the apple and oranges problem. To this end, our understanding of the evolution of handedness
in humans and apes will be enhanced.
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Figure 1.

Funnel plot of % right-handed use and sample size for the TUBE data summed for all studies

at the YNPRC (N = 202).
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Figure 2.
Funnel plot of % right-handed use and sample size for simple reaching data (N = 140).
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Figure 4.

Mean handedness index scores for six species representing eight different studies. Chimp (1)
data are from the YNPRC (N =202). Chimp (2) data were collected at the University of Texas
Cancer Center in Bastrop, Texas (N = 116). Gorilla data were collected at Zoo Atlanta and
Lincoln Park Zoo (N = 31). Orangutan data were collected at the YNPRC and Zoo Atlanta
(N =19). Rhesus (1) data are from Westergaard & Suomi (1996) (N = 55) and Rhesus (2) data
are from Westergaard et al. (1997) (N = 18). Baboon data are from Damerose (unpublished
doctoral dissertation) (N = 48). Cebus (1) data are from Spinozzi et al. (1998) (N = 26). Cebus
(2) data are from Westergaard & Suomi (1996) (N = 24).
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TABLE 2

Hand preferences for tool use in chimpanzees
Author(s) #L #A #R Task
Boesch (1991) 4 3 9 Wadge dipping
McGrew et al. (1999) 5 2 7 Anvil use
Boesch (1991) . 26 5 34 Nut cracking
Sugiyama et al. (1993) 7 1 12 Nut cracking
Sugiyama (1995) . 2 2 4 Wand manipulation
McGrew & Marchant (1992) 9 0 6 Termite fishing
Hopkins & Rabinowitz (1997) 11 9 16 Honey dipping
Hopkins & Rabinowitz (1997) 6 4 18 Honey dipping
Marchant (1983) 4 9 5 Throwing
Hopkins et al. (1993) 9 6 21 Throwing

L = Left, A = Ambiguous, R = Right.

*
These data were supplemented with data presented by Matsuzawa (1994) and Matsuzawa et al. (2001).

Fk

Nishida and Hiraiwa (1982) presented data on termite fishing but there were too few observations to determine individual hand preferences.
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