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Introduction

Recent studies in captive and wild monkeys and apes have documented evidence of population-
level handedness (see Bradshaw and Rogers, 1993; Ward and Hopkins, 1993). Similarly,
population-level limb preferences have been reported in other vertebrates (Rogers and Andrew,
2002). Despite the increasing evidence of population-level asymmetries in vertebrates, there
remain many skeptics of these findings and the criticisms have been both methodological and
statistical (Crow, 2004; McGrew and Marchant, 1997; Palmer, 2002, 2003). Interestingly, the
nature of many of these criticisms was subject to discussion in the recent reviews of Annett’s
(2002) book on handedness in this journal (see commentaries by Corballis (2004) and Elias
(2004). Annett (2004) herself claimed that she was skeptical of the evidence of handedness in
chimpanzees, particularly from my laboratory. In this paper, | address some of the criticisms
of our work.

Internal and External Validity in Hand Use

In 1995, | reported evidence of population-level right handedness for a measure referred to as
the TUBE task (Hopkins, 1995). The TUBE task assesses hand use for coordinated bimanual
actions. Briefly, peanut butter is placed on the inside edges of a poly-vinyl-chloride pipe that
is approximately 2.5 cm in diameter and approximately 20 to 25 cm long. The PVC is handed
to the subjects and they hold the pipe with one hand and extract the peanut butter with a finger
from the opposite hand. The hand of the finger used to extract the peanut butter is recorded as
the dominant hand. The original study was criticized on several grounds including a) a lack of
control for which hand the subjects took the TUBE with and b) we recorded each probing
actions as an individual response rather than record bouts of hand use (McGrew and Marchant,
1997) and c) unequal number of observations of hand use across subjects (Palmer, 2002) and
d) the results were restricted to the colony of chimpanzees housed at the Yerkes National
Primate Research Center (Palmer, 2002, 2003). Shown in Figure 1 are the mean handedness
indices for several follow-up studies on the TUBE task. Neither controlling for which hand
takes the TUBE (Hopkins et al., 2001), controlling the number of responses obtained from each
chimpanzee (Hopkins and Cantalupo, 2003) nor recording bouts rather than individual
responses (Hopkins et al., 2005a) altered the general conclusion of population-level right
handedness for this task. Furthermore, evidence of population-level right handedness was not
restricted to the Yerkes chimpanzees but evident in two additional colonies of captive
chimpanzees (Hopkins et al., 2004). Lastly, consistency in hand use between colonies was not
restricted to the TUBE task (see Figure 2). We have found consistent patterns of hand use
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between two colonies of chimpanzees for four additional measures including manual gestures,
simple reaching and tool use (Hopkins et al., 2005b, 2005c).

Discussion

The results of our studies indicate that captive chimpanzees show population-level right
handedness. Contrary to some claims, these results are not restricted to the YERKES colony
nor can these results be explained on the basis of the subject’s human rearing experience.
Notwithstanding, the issue of discrepant findings between wild populations of apes compared
to our studies in captive chimpanzees remains an important issue. | believe there are several
possible explanations for this discrepancy.

First, in studies of captive chimpanzees, we have much greater control over positional and
situational factors, which stands in strong contrast to the observation conditions in wild
chimpanzees (Hopkins and Cantalupo, 2004). Having better control of these variables may
allow for more robust expressions of population-level handedness in captive compared to wild
chimpanzees. | believe that measuring handedness for tasks that require coordinated bimanual
actions, such as the TUBE task, greatly enhance the probability of detecting population-level
handedness in captive and wild chimpanzees and other great apes (see Byrne and Byrne,
1991; Corp and Byrne, 2004; Colell et al., 1995; Hopkins and Rabinowitz, 1997; Hopkins et
al., 2003). Second, the behaviors measured and sensitivity of these measures differ substantially
between studies in wild and captive chimpanzee. With the exception of tool use, most measures
of hand use in wild chimpanzees do not elicit hand preferences at the individual level (i.e.,
subjects do not show lateralized preferences) (see Marchant and McGrew, 1996; McGrew and
Marchant, 2001). In contrast, most structured measures used in captive studies of chimpanzee
do elicit significant hand preferences at the individual level. Thus, there are differences in the
sensitivity of handedness measures between settings. The exception is tool use, where strong
individual preferences are elicited in both captive and wild chimpanzees (see Boesch, 1991;
McGrew and Marchant, 1992; McGrew et al., 1999; Sugiyama, 1995; Sugiyama et al., 1993).
Interestingly, both captive and wild chimpanzees do not show population-level handedness for
tool use (see Lonsdorf and Hopkins, 2005), suggesting consistency not discrepancy in findings.
Third, the effect sizes for handedness are weak to moderate in our captive subjects (Cohen’s
d = .40) but we can detect this effect because of relatively large samples of subjects in our
studies. In contrast, samples sizes in wild chimpanzees (and other apes) are much smaller and,
arguably, too small to detect the moderate effect observed in captive populations. Lastly, all
caveats aside, there is some evidence of population-level right handedness in wild chimpanzees
but they have been down played in the literature (see Hopkins and Cantalupo, 2004). For
example, Boesch (1991) measured handedness for reaching, grooming, wodge dipping (a form
of tool use) and nut-cracking (another tool use task). If a one sample t-test is applied to the
percentages right hand use for each measure observed by Boesch (1991), the chimpanzees do
show population-level right handedness for grooming and wodge dipping.

In sum, 1 would argue that captive chimpanzees and other great apes exhibit population-level
handedness. More systematic and controlled studies are needed in wild apes before any
definitive statements can be made regarding the potential role of different settings on the
expression of handedness. An important finding, to which the comparative method can offer
some interesting insight, is the difference in distribution of handedness between apes and
humans. The ratio of right- to left-handed chimpanzees is about 2 : 1 or 3 : 1 (in the case of
gesture and throwing) which is lower than most reports of handedness in various human
cultures (Raymond and Pontier, 2004). Whether this difference reflects the emergence of socio-
cultural evolution or alterations in the genome between chimpanzees and humans remains
unknown but warrants further investigation.

Cortex. Author manuscript; available in PMC 2009 March 11.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 3

Acknowledgements

This work was supported in part by NIH grants RR-00165, NS-29574, NS-36605, NS-42867 and HD-38051.

References

Annett, M. Left, Right, Hand, and Brain: The Right-Shift Theory. London: Lawrence Erlbaum Associates;
1985.

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

Annett M. Perceptions of the right shift theory. Cortex 2004;40:143-150.

Boesch C. Handedness in wild chimpanzees. International Journal of Primatology 1991;6:541-558.

Bradshaw, J.; Rogers, LJ. The Evolution of Lateral Asymmetries, Language, Tool Use and Intellect. San
Diego: Academic Press, Inc; 1993.

Byrne RW, Byrne JM. Hand preferences in the skilled gathering tasks of mountain gorillas (Gorilla gorilla
berengei). Cortex 1991;27:521-536. [PubMed: 1782788]

Colell M, Segarra MD, Sabater-pi J. Manual laterality in chimpanzees (Pan troglodytes) in complex task.
Journal of Comparative Psychology 1995;109:298-307. [PubMed: 7554826]

Corballis, MC. The Lopsided Brain: Evolution of the Generative Mind. New York: Oxford University
Press; 1992,

Corballis MC. Taking your chances. Cortex 2004;40:117-119.

Corp N, Byrne RW. Sex difference in chimpanzee handedness. American Journal of Physical
Anthropology 2004;123:62-68. [PubMed: 14669237]

Crow T. What Marian Annett can teach Noam Chomsky and could have taught Stephen Jay Gould if
he’d had time to listen. Cortex 2004;40:120-134.

Elias L. Acknowledge the ambition but look elsewhere for the alternatives. Cortex 2004;40:135-138.

Hopkins WD. Hand preferences for bimanual feeding in 140 captive chimpanzees (Pan troglodytes):
Rearing and ontogenetic factors. Developmental Psychobiology 1994;27:395-407. [PubMed:
8001728]

Hopkins WD. Hand preferences for a coordinated bimanual task in 110 chimpanzees (Pan troglodytes):
Cross-sectional analysis. Journal of Comparative Psychology 1995;105:178-190.

Hopkins WD, Bard KA, Jones A, Bales S. Chimpanzee hand preference for throwing and infant cradling:
Implications for the origin of human handedness. Current Anthropology 1993;34:786-790.

Hopkins WD, Cantalupo C. Does variation in sample size explain individual differences in hand
preferences of chimpanzees (Pan troglodytes)? An empirical study and reply to Palmer (2002).
American Journal of Physical Anthropology 2003;121:878-881.

Hopkins WD, Cantalupo C. Individual and setting differences in the hand preferences of chimpanzees
(Pan troglodytes): A critical analysis and some alternative explanations. Laterality 2004;10:65-80.
[PubMed: 15841824]

Hopkins WD, Cantalupo C, Freeman H, Russell J, Kachin M, Nelson E. Chimpanzees are right-handed
when recording bouts of hand use. Laterality 2005a;10:121-130. [PubMed: 15849030]

Hopkins WD, Cantalupo C, Wesley MJ, Hostetter A, Pilcher D. Grip morphology and hand use in
chimpanzees (Pan troglodytes): Evidence of a left hemisphere specialization in motor skill. Journal
of Experimental Psychology: General 2002;131:412-423. [PubMed: 12214755]

Hopkins WD, Fernandez-Carriba S, Wesley MJ, Hostetter A, Pilcher D, Poss S. The use of bouts and
frequencies in the evaluation of hand preferences for a coordinated bimanual task in chimpanzees
(Pan troglodytes): An empirical study comparing two different indices of laterality. Journal of
Comparative Psychology 2001;115:294-299. [PubMed: 11594498]

Hopkins WD, Hook M, Braccini S, Schapiro S. Population-level right handedness for a coordinated
bimanual task in chimpanzees (Pan troglodytes): Replication and extension in a second colony of
apes. International Journal of Primatology 2003;24:677-689. [PubMed: 18159222]

Hopkins WD, Rabinowitz DM. Manual specialization and tool-use in captive chimpanzees (Pan
troglodytes): The effect of unimanual and bimanual strategies on hand preference. Laterality
1997;2:267-277. [PubMed: 15513068]

Cortex. Author manuscript; available in PMC 2009 March 11.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hopkins

Page 4

Hopkins WD, Russell J, Freeman H, Buehler N, Reynolds E, Schapiro SJ. The distribution and
development of handedness for manual gestures in captive chimpanzees (Pan troglodytes).
Psychological Science 2005b;16:487-493. [PubMed: 15943676]

Hopkins WD, Russell J, Freeman H, Cantalupo C, Schapiro SJ. Chimpanzee right-handedness: Throwing
out the first pitch. Journal of Comparative Psychology. (in press)

Hopkins WD, Russell J, Hook M, Braccini S, Schapiro S. Simple reaching is not so simple: Association
between hand use and grip preferences in captive chimpanzees. International Journal of Primatology
2005¢;26:259-277. [PubMed: 18163152]

Hopkins WD, Stoinski T, Lukas K, Ross S, Wesley MJ. Comparative assessment of handedness for a
coordinated bimanual task in chimpanzees (Pan), gorillas (Gorilla), and orangutans (Pongo). Journal
of Comparative Psychology 2003;117:302-308. [PubMed: 14498806]

Hopkins WD, Wesley MJ, Izard MK, Hook M, Schapiro SJ. Chimpanzees are predominantly right-
handed: Replication in three colonies of apes. Behavioral Neuroscience 2004;118:659-663.
[PubMed: 15174946]

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

Marchant LF, McGrew WC. Laterality of limb function in wild chimpanzees of Gombe National Park:
Comprehensive study of spontaneous activities. Journal of Human Evolution 1996;30:427-443.
Mcgrew WC, Marchant LF. Chimpanzees, tools, and termites: Hand preference or handedness? Current

Anthropology 1992;33:114-1109.

McGrew WC, Marchant LF. On the other hand: Current issues in and meta-analysis of the behavioral
laterality of hand function in nonhuman primates. Yearbook of Physical Anthropology 1997;40:201-
232.

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

McGrew WC, Marchant LF, Wrangham RW, Klein H. Manual laterality in anvil use: Wild chimpanzees
cracking Strychnos fruits. Laterality 1999;4:79-87. [PubMed: 15513106]

Palmer AR. Chimpanzee right-handedness reconsidered: Evaluating the evidence with funnel plots.
American Journal of Physical Anthropology 2002;118:191-199. [PubMed: 12012371]

Palmer AR. Reply to Hopkins and Cantalupo: Chimpanzee right-handedness reconsidered — sampling
issues and data presentation. American Journal of Physical Anthropology 2003;121:382-384.

Raymond M, Pontier D. Is there geographical variation in human handedness? Laterality 2004;9:35-51.
[PubMed: 15382729]

Rogers, LJ.; Andrew, RJ. Comparative Vertebrate Lateralization. Cambridge, MA: Cambridge University
Press; 2002.

Sugiyama Y. Tool-use for catching ants by chimpanzees at Bossou and Monts Nimba, West Africa.
Primates 1995;36:193-205.

Sugiyama Y, Fushimi T, Sakura O, Matsuzawa T. Hand preference and tool use in wild chimpanzees.
Primates 1993;34:151-159.

Ward, JP.; Hopkins, WD. Primate Laterality: Current Behavioral Evidence of Primate Asymmetries. New
York: Springer-Verlag; 1993.

Cortex. Author manuscript; available in PMC 2009 March 11.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Hopkins

Page 5

This Study
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Fig. 1.

Mean handedness index (+ s. e.) for several studies using the TUBE task in captive

chimpanzees. Handedness indices are calculated following the formula [H = (#R—#L)/(#R
+#L)] where R and L refer to the number of left and right hand responses (Reprinted by Hopkins

et al., 2005a).
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Mean handedness index (+ s. e.) for 4 behavioral measures collected in the YERKES and
BASTROP chimpanzees colonies. As can be seen, HI scores were comparable across measures

and colonies.
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