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Abstract
Heritability of hand preference was tested in a sample of 188 chimpanzees (Pan troglodytes). Hand
preference was measured by coordinated bimanual actions, and concordance percentages were
compared between parents and offspring and siblings. Among siblings, concordance percentages
were compared for dyads in which both individuals were raised by chimpanzees, both were raised
by humans, or 1 was raised in each environment. The results indicated population-level right hand
preferences for coordinated bimanual actions. There were no significant associations in hand
preference between parents and offspring. In full and maternal half siblings, concordance in hand
preference was significantly greater than chance in mother- and human-reared individuals but not in
cross-fostered dyads. The cumulative results suggest that the direction of hand preference is heritable
in chimpanzees but the mechanism of transmission is not genetic. Several environmental explanations
are proposed to explain the findings, including the potential role of maternal cradling bias and in
utero fetal position.

Approximately 75% to 90% of modern humans report themselves as being right-handed
(Annett, 1985;Porac & Coren, 1981). The general view is that human right-handedness evolved
within the past 2 to 5 million years, as evidenced by the archeological data suggesting right-
hand use in tool use and other activities in early hominids (Bradshaw & Rogers, 1993;Corballis,
1991). The pervasiveness of human right-handedness has led to numerous debates about the
mechanisms involved in the expression of hand preference (B. Hopkins & Ronnqvist, 1998).
Both genetic models (Annett, 1985;Corballis, 1997;Laland, Kumm, Van Horn, & Feldman,
1995;McManus, 1985;Yeo & Gangestad, 1993) and environmental models (Collins,
1985;Provins, 1997) have been proposed to explain the origin of human hand preference. The
principal data in support of a genetic basis for hand preference are that it runs in families (Curt,
De Agostini, Maccario, & Dellatolas, 1995;Laland et al., 1995;McGee & Cozad,
1980;McManus & Bryden, 1992) and that offspring typically exhibit patterns of hand
preference more similar to their biological parents compared with offspring who have been
adopted or raised by stepparents (Carter-Saltzman, 1980;Hicks & Kinsbourne, 1976).

In contrast with humans, the historical view has been that nonhuman animals, particularly
nonhuman primates, do not exhibit population-level handedness (see Ettlinger, 1988;Warren,
1980). In recent years, behavioral research in a variety of nonhuman primate species has
revealed that population-level handedness can be found in some species for certain measures
(Bradshaw & Rogers, 1993;Fagot & Vauclair, 1991;W. D. Hopkins, 1996b;MacNeilage,
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Studdert-Kennedy, & Lindblom, 1987;Ward & Hopkins, 1993). Notwithstanding,
considerable disagreement remains about the interpretation of the findings in nonhuman
primates as they pertain to human handedness. For instance, McGrew and Marchant (1997)
argued that the evidence for population-level handedness in nonhuman primates is weak and
in no way resembles patterns of hand preference in human populations. In contrast, W. D.
Hopkins (1996b,in press) argued that parallels between human and nonhuman primate
handedness can be drawn on the basis of the existing data and that apparent differences in
findings between settings may be due to methodological variation (see W. D. Hopkins &
Rabinowitz, 1997).

Irrespective of whether one accepts that nonhuman primates exhibit population-level
handedness, a fundamental question that has arisen is whether the potential causal mechanism
in the determination of hand preference in animals is the same as that in humans. Warren
(1980) proposed that human handedness is determined by genetic factors whereas nonhuman
primate handedness is determined purely by environmental or experiential factors. To date, the
evidence for heritability of hand preference in nonhuman primates is equivocal (Brinkman,
1984;Brooker, Lehman, Heinbuch, & Kidd, 1981;Byrne & Byrne, 1991;W. D. Hopkins, Bales,
& Bennett, 1993;Kubota, 1990;Matoba, Masataka, & Tanioka, 1991;Westergaard & Suomi,
1997), and in none of these studies can potential genetic factors be isolated from environmental
factors, because the offspring in most of these studies were raised by their biological mothers
and, therefore, no specific manipulation of rearing environment was performed. Selective-
breeding studies in mice clearly suggest no genetic basis for the determination of directional
biases in paw preferences, although strength of paw preference appears to be under some
genetic control (see Collins, 1985, for a review).

The purpose of this study was to examine the role of genetic and environmental factors in the
expression of hand preference in chimpanzees. At the Yerkes Regional Primate Research
Center (YRPRC), there is a unique opportunity to examine the role of genetics and environment
in the expression of handedness in chimpanzees because there are genetically related
individuals who have been raised in different environments. This rearing practice results
effectively in a partial interspecies cross-fostering paradigm, which is a potentially powerful
means by which to assess the effects of environmental and genetic factors on handedness (e.g.,
Carter-Saltzman, 1980). To date, no partial or complete cross-fostering studies have been
performed in nonhuman primates, and they are necessary to test Warren's (1980) hypothesis
that the mechanisms underlying hand preference differ in humans and nonhumans as well as
to uncover basic information on the effects of gene–environment interactions on behavioral
development in a species that is biologically very closely related to humans.

Method
Subjects

One hundred and eighty-eight captive chimpanzees (Pan troglodytes) were the subjects in this
study, including 111 females and 77 males. The subjects ranged from 3 to 54 years of age
(M = 16.58 years, SD = 11.43 years). Eighty-six chimpanzees were mother-reared (MR), and
102 chimpanzees were human-reared (HR). Any chimpanzee that stayed with its mother
beyond 30 days of age was considered MR. Chimpanzees that entered the YRPRC nursery
before 30 days of age were considered HR (see Bard, 1994,1996, for a description of nursery-
rearing practices for chimpanzees at the YRPRC).

Hand-Preference Measures and Procedure
The behavioral task used to assess hand preference in the chimpanzees is referred to as the
coordinated bimanual tube task (CBTT) and has been described in detail elsewhere (W. D.
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Hopkins, 1995). The CBTT entailed the use of poly vinyl chloride tubes (24–31 cm long and
2.5 cm wide) with peanut butter smeared on the inside edge, approximately 2–4 cm in depth.
The tubes were given to the subjects in their home cage by pushing them through the cage
mesh. The digit and hand used to remove the peanut butter was recorded as either the left or
the right each time the subjects inserted their finger, removed peanut butter from the tube, and
placed their finger in their mouth. Observations continued until the subjects stopped showing
interest in the tubes (usually when they had eaten all the peanut butter), dropped them for at
least 10 s, or pushed the tubes back out of their home cage through the cage mesh. In all cases,
the data were collected continuously and without interruption from other subjects housed with
the focal subject. A minimum of 20 responses were collected from each subject.

Individual data were collected in the subjects' home cage, including the indoor and outdoor
portions of the enclosure. The home cages varied in size and shape, depending on the housing
assignment of each subject, but all cages were constructed of 5-cm wire cage mesh. In addition,
the number of individuals in each home cage varied from 2 to as many as 16. Focal-animal
sampling techniques were used to collect individual data. Thus, individual animals were not
separated from their social group for the purpose of data collection but rather were observed
in their group. To reduce competition over the tubes, all subjects were given a tube during each
test session, but focal data were collected on only 1 individual per session. For all test sessions,
the hand used by the experimenter in placing food items or handing test materials to the subjects
was randomized across trials. This randomization was done to ensure that the subjects were
not imitating the hand use of the experimenter. For each subject, a z score based on the total
frequency of right- and left-hand responses was determined. On the basis of the z scores with
p < .05, subjects were classified as being left-handed (z ≤ −1.96), right-handed (z ≥ 1.96), or
ambiguously handed (z > −1.96 and z < 1.96). In addition to the z scores, a handedness index
(HI) was derived for each subject by subtracting the number of left-hand responses (L) from
the number of right-hand responses (R) and dividing by the total number of responses: (R −
L)/(R + L). HI values varied from −1.0 to 1.0, with positive values reflecting right-hand biases
and negative values representing left-hand biases. The absolute value of HI reflected the
strength in preferred hand use (see W. D. Hopkins, in press, for a description of various
statistical issues in assessing hand preference in nonhuman primates). The z-score classification
scheme was used for the descriptive analyses of the sample in terms of their hand preference
and any potential effects of sex, age, and rearing history. For the heritability analyses, a slightly
more liberal classification criterion was used to increase the sample size and to remove the
ambiguously handed category from the analyses. For these analyses, subjects with negative HI
values were classified as left-handed, and subjects with positive HI values were classified as
right-handed. Subjects with an HI score of zero (n = 7) were classified as left-handed.

Results
Descriptive Statistics

On the basis of the z-score classifications, the distribution of hand preference in the sample
was 95 right-handed subjects, 53 left-handed subjects, and 40 ambiguously handed subjects.
The number of right-handed chimpanzees differed significantly from the number of left-
handed, χ2(1, N = 148) = 11.92, p < .001, and ambiguously handed, χ2(1, N = 135) = 22.41,
p < .001, chimpanzees. However, the number of left-handed subjects was not significantly
greater than the number of ambiguously handed subjects, χ2(1, N = 93) = 1.82, p > .05. To
examine the effects of sex and rearing history on the distribution of hand preference, log-linear
analyses were performed. The distribution of hand preference for each rearing condition and
sex can be seen in Table 1. No significant interactions were found between either sex or rearing
history and the distribution of hand preference.
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Heritability
Parent-offspring concordance—The distribution of offspring hand preference on the
basis of parental hand preference can be seen in Table 2. For 65 offspring, hand preferences
were known for both mothers and fathers. Mothers, fathers, and offspring were classified as
left- or right-handed on the basis of the sign of their HI score. Offspring with two left-handed
parents were classified as having familial left-handedness (FL), whereas offspring with two
right-handed parents were classified as having familial right-handedness (FR). Offspring with
one left-handed parent and one right-handed parent were classified as having mixed handedness
(MH). In the MH group, a further distinction was made between paternal and maternal right
or left hand preferences.

A chi-square test of independence analysis revealed no significant interaction between familial
and offspring hand preferences, χ2(3, N = 65) = 1.52, ns. As an alternative means of testing for
the effect of familial handedness on offspring hand preference, an analysis of variance
(ANOVA) was used to compare the offspring HI values between the four phenotypic pairings:
FL, FR, MH1 (father = left-handed, mother = right-handed), and MH2 (father = right-handed,
mother = left-handed). As with the chi-square analysis, no significant effect of familial
handedness was found, F(3, 62) = 1.45, ns. The mean HI values for the FL, MH1, MH2, and
FR groups were .22, .38, .11, and .03, respectively.

In addition, the distribution of offspring hand preference was compared on the basis of either
only the mother or only the father (see Table 2). Chi-square tests of independence failed to
reveal significant interactions between parental and offspring hand preferences for both the
mothers, χ2(1, N = 125) = 0.71, ns, and the fathers, χ2(1, N = 63) = 0.11, ns. As with the previous
analysis, the HI data were analyzed using ANOVA for both maternal and paternal hand
preference. In each analysis, parental hand preference and rearing served as between-groups
variables, whereas the offspring HI score served as the dependent measure. In both analyses,
no significant effects of parental hand preference or rearing were revealed.

In the next analyses, the concordance rates in hand preference between parents and offspring
were examined in relation to the rearing environment. Depicted in Table 3 are the number of
MR and HR offspring classified as left- or right-handed on the basis of either the mothers' or
the fathers' hand preference. For offspring born to left-handed mothers, a 2 × 2 chi-square failed
to reveal an effect of rearing environment on hand preference. Similarly, for offspring born to
right-handed mothers, no significant interaction was found between rearing environment and
the distribution of offspring hand preference. Analyses of the effects of paternal hand use and
rearing were not performed because the expected values in a number of the cells of the 2 × 2
chi-square did not meet the minimum of five recommended for this statistic. Nonetheless, a
cursory analysis of the data in Table 3 did not suggest that rearing had an effect on the
distribution of hand preference in offspring born to either left- or right-handed fathers.

Sibling concordance—To assess whether the concordance percentages were statistically
significant, expected probabilities of concordance and disconcordance were derived on the
basis of the distribution of hand preferences for the entire sample. The probability of being
right-handed (r), left-handed (l), or ambiguously handed (a) for the sample was .51 (95 out of
188), .28 (53 out of 188), and .21 (40 out of 188), respectively. The probability of concordance
(Pconcordance) in hand preference was Σ[p(r)2 + p(l)2 + p(a)2 + 2(p(a × l))], which summed to
a value of .44. The probability of disconcordance (Pdisconcordance) was equal to 1 −
Pconcordance (or .56). These probability values were used to derive z scores to evaluate the
significance of concordance percentages from different conditions, z scores were derived by
the following formula:
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z = X − (pconcordance) × N / (N × pconcordance × pdisconcordance),

where X is equal to the number of dyads with the same hand preference and N is equal to the
total number of dyads. z scores were evaluated against the two-tailed normal distribution with
alpha as p < .05 and a critical value of 1.96.

There were 65 full siblings and 73 maternal half siblings in the sample. For the two groups,
the concordances in hand preference were 73% and 57%, respectively. To test for the effect of
rearing environment on concordance rates in hand preference, full siblings and maternal half
siblings were considered as one group because they did not differ significantly in concordance
rates. For this sample of chimpanzees, concordance percentages were determined on the basis
of whether both siblings had been MR, both siblings had been HR, or one was MR and the
other was HR. The percentage of concordance in hand preference for full siblings and maternal
half siblings in each rearing condition is shown in Figure 1. A 2 × 3 chi-square test of
independence indicated a significant interaction between concordance percentage and rearing
history, χ2(2, N = 138) = 43.99, p < .001. For both the MR (z = 5.47, p < .01) and HR (z = 4.80,
p < .01) groups, the concordance percentages in sibling hand preferences were significantly
greater than chance, whereas they were not significantly above chance in the cross-fostered
condition (z = −1.63, ns).

Discussion
The results of this study indicate that chimpanzees unequivocally exhibit population-level
right-handedness for coordinated bimanual actions. Furthermore, direction in hand preferences
for coordinated bimanual actions is heritable to some extent, but the findings do not suggest
that genetic factors are the underlying mechanism for the transmission of hand preference
within families. The principal evidence in support of this argument comes from the lack of
significant concordances in hand preference among cross-fostered chimpanzees. Recall that
the percentage of agreement in hand preference for cross-fostered full siblings and maternal
half siblings failed to reach statistical significance. If genetic factors were the mechanism for
heritability of hand preference in chimpanzees, then the concordance percentages in the cross-
fostered siblings should have exceeded chance levels, as they did in the MR and HR siblings.
In addition, there was no evidence that offspring born to parents with either FL or FR exhibited
different distributions of hand preference. In heritability studies of hand preference in humans
in which a genetic mechanism has been inferred, there is typically a higher proportion of right-
handed off-spring with two right-handed parents compared with either mixed-dominant or two
left-handed parents (see McManus & Bryden, 1992;Porac & Coren, 1981). The only data that
remotely suggest a genetic mechanism in the determination of hand preference were the higher
concordances in hand preference in full siblings compared with maternal half siblings in the
cross-fostered group, but this difference did not reach conventional levels of statistical
significance (see Figure 1).

The lack of strong evidence for a possible genetic basis for hand preference in chimpanzees
could be interpreted as support for Warren's (1980) claim that the mechanisms underlying
human hand preference are fundamentally different than those observed in animals. However,
it is important to emphasize several aspects of the findings that are relevant to Warren's
arguments and to general genetic models of human handedness. First, the chimpanzees' hand
preferences were heritable, as revealed by the significant concordance percentages in HR and
MR siblings. Warren claimed that hand preferences in nonhuman species are determined by
random environmental factors and therefore lead to bimodal distributions of limb preference.
Hand preferences clearly were not bimodally distributed in this sample, nor were they
differentially affected by rearing history. In addition, siblings reared in the same environment
did show significant concordance percentages that rival, if not exceed, values that have been
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reported for human siblings in whom heritability of hand preferences has been reported
(Carlier, Beau, Marchaland, & Michel, 1994). Therefore, the heritability of hand preference in
chimpanzees appears to be determined by one or more environmental, experiential, or
biological factors, but this factor does not appear to be a random event.

Second, by no means is there uniform agreement that genetic factors play the sole role in
determining hand preference in humans (see above); therefore, Warren's (1980) assumptions
regarding the mechanisms determining human handedness may not be warranted. Third, in
heritability studies with humans, the sample sizes are typically much larger than those used in
this study; therefore, significant effects can be detected despite the fact that there are
significantly more right- than left-handed offspring in familial right-, familial left-, and mixed-
handed groups. Perhaps with a larger sample the distribution of hand preference in familial
left- and right-handed offspring would significantly differ in the chimpanzees. Finally, the
degree of variation in the MR and HR environments is arguably much greater in this study
compared with the typical human cross-fostering paradigm. Specifically, human cross-fostered
infants are at least raised by the same species that assumes similar maternal or pedagogical
stimulation, whereas the HR chimpanzees are subject to a rearing environment that is quite
foreign to them. Whether genetically related human participants raised in similarly diverse
environments would show high concordance rates is not clear.

In the absence of strong evidence for a genetic basis in the development of chimpanzee
handedness, experiential and environmental explanations seem warranted in keeping with the
goal of parsimony. As such, there are at least three possible environmental, experiential, or
biological factors that may account for the heritability of direction in hand preference in
chimpanzees, including (a) maternal cradling bias (Provins, 1997), (b) intrauterine fetal
position (Previc, 1991), or (c) prenatal hormonal environment (Geschwind & Galaburda,
1985). The degree to which any single theory or combination of these theories explains the
observed patterns of heritability in the chimpanzees varies, and at present, there are no strong
data that can be used to support or challenge any of these views.

With respect to maternal cradling bias, W. D. Hopkins, Bard, Jones, and Bales (1993)
previously reported that maternal cradling bias was inversely correlated with infants' hand
preferences for simple reaching when tested at 3 years of age. Specifically, mothers who cradle
or carry their offspring on their left side have offspring who prefer their right hand for simple
reaching at 3 years of age. In contrast, mothers who cradle or carry their offspring on their right
side have offspring who exhibit left hand preferences for simple reaching at 3 years of age. If
individual mothers show consistent cradling or carrying biases between successive offspring,
then the siblings would be predicted to have the same hand preferences. This prediction is
consistent with the observed findings in the present study, particularly for MR siblings. This
theory also can potentially explain the significant population-level right-handedness observed
in this sample because female chimpanzees and other great apes have been reported to show
population-level left-sided cradling biases for their infants (Manning & Chamberlain, 1990;
but see Dienske, Hopkins, & Reid, 1995;W. D. Hopkins, Bard, et al., 1993) or the infants show
left-nipple preferences (Nishida, 1993). This theory can potentially explain the observed
findings in this study for the MR siblings, but it does not adequately explain the concordance
percentages in the HR chimpanzees unless it is assumed that the human caretakers actively
sought to cradle or carry genetically related individuals on the same side. This is highly unlikely
because there was significant turnover in the care staff personnel during the period of time
covered in this study (some 30 years). Unfortunately, the hand preferences of the caretakers
and the manner in which they cradled or carried the offspring are not known.

An alternative possibility is that some other mechanism that is common to both MR and HR
chimpanzees is governing or determining cradling or carrying bias in the human caretakers
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and the chimpanzee mothers. One possible mechanism is the position of the infant in utero and
its effect on postural and head-orienting behavior of the off-spring. Regarding the intrauterine
environment, Previc (1991) proposed that during the last trimester, the fetus is oriented such
that its head is projected outward, which places constraints on the movements of the left hand
of the fetus because of its proximity to the mother's pelvis and back-bone. From this position,
the fetus receives different stimulation of the right otolith compared with the left because of
asymmetries in acceleration and deceleration forces associated with bipedal walking by the
mother. Previc proposed that about 65% of fetuses are oriented such that their right side is
outwardly exposed, which results in the increased incidence in right-sided neonatal
asymmetries such as head orientation. The presence of these early head-orientation
asymmetries could lead to greater right hand-eye coordination during the early periods of
development, which emerges as right-handedness in adults (see Michel, 1981).

The significance of Previc's (1991) theory is relevant to the findings of this study in two
important ways. First, it is possible that the in utero orientation of offspring is consistent for
certain female chimpanzees but varies from female to female. Second, there is some evidence
in humans that the orientation of the infant's head affects the cradling bias of the mother
(Ginsburg, Fling, Hope, Musgrove, & Andrews, 1979). Infants with their heads oriented to the
right are cradled on the subjects' left side and vice versa. Thus, it may be that certain mothers
have offspring that have their heads oriented in one direction or the other because of the in
utero position, and this causes both female chimpanzees and human caretakers to cradle them
on one side or the other. The subsequent effect of the maternal or caretaker cradling bias would
then lead to similar hand preferences among full siblings or maternal half siblings (see above).
This theory assumes that head orientation predicts hand preference in chimpanzees, and there
is some support for this assumption. Neonatal chimpanzees show a population-level right-side
bias for head orientation when lying in a supine posture (W. D. Hopkins & Bard, 1995), and
lateral biases in head orientation were significantly correlated with hand use for the CBTT task
when subjects were tested between 3 and 5 years of age (W. D. Hopkins, 1996a). Although
this scenario can potentially explain the significant concordance percentages for HR and MR
siblings, it does not explain the lack of significant concordance data for the cross-fostered
individuals. Moreover, whether Previc's theory has any direct application to nonhuman
primates remains unclear, particularly because bipedalism is not the characteristic mode of
locomotion in nonhuman primates. In addition, there are no published data on intrauterine head
orientation in chimpanzees, and these would seem critical in testing Previc's hypothesis.

Finally, it is possible that hormonal factors play a role in the determination of hand preference
in relation to rearing history. Dahl (in press) reported that female chimpanzees who keep their
offspring (i.e., the MR subjects) have significantly higher estrogen and progesterone levels
during pregnancy than do female chimpanzees who reject or fail to exhibit adequate maternal
care for their offspring (i.e., the HR subjects). These data have been interpreted as evidence
that prenatal hormones influence maternal behavior. In terms of heritability of hand preference,
it may be that chimpanzees that either consistently keep or consistently reject their offspring
have stable prenatal hormonal environments that ultimately influence their offspring's hand
preference. In contrast, marginal chimpanzee mothers who keep some offspring and reject
others (the cross-fostered subjects of this study) may show higher variability in prenatal
hormones that regulate or influence both the development of hand preference and species-
typical maternal behavior. This theoretical framework would explain all of the observed sibling
effects reported in Figure 1. Unfortunately, at present, there is no evidence for a relationship
between prenatal hormones and hand preference in chimpanzees, and the findings in humans
remain highly controversial (see Bryden, McManus, & Bulman-Fleming, 1994, and
commentaries).
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In conclusion, the findings of this study suggest that chimpanzee hand preferences are heritable,
a result that is consistent with human findings (Porac & Coren, 1981); with one previous report
in captive chimpanzees (W. D. Hopkins, Bales, et al., 1993); and, to some extent, with findings
in monkeys (Brinkman, 1984; but see Brooker et al., 1981;Kubota, 1990;Westergaard &
Suomi, 1997). In contrast with previous studies, this is the first heritability study in nonhuman
primates in which rearing history was manipulated and allowed for a dissociation of genetic
and environmental contributions to the expression of hand preference. Previous studies in
nonhuman primates focused solely on parental influences on offspring hand preferences in MR
individuals. Future studies in monkeys should focus on dissociating environmental and genetic
factors by adopting similar cross-fostering procedures to assess whether monkeys show
patterns similar to those observed in chimpanzees. In addition, in monkeys, the cross-fostering
procedure could be done both within the same species as well as between species. This
potentially could be important for dissociating postnatal from prenatal influences on hand
preference in primates. Heritability of hand preference for additional measures of hand use in
chimpanzees is warranted as well in light of the fact that not all measures significantly correlate
with each other and do not necessarily induce population-level asymmetries. Finally, studies
of whether similar heritability effects are observed for other functional or neuroanatomical
asymmetries in chimpanzees are warranted. Cumulatively, these studies will lead to a better
understanding of biological and evolutionary factors underlying the expression of hemispheric
specialization in primates, including humans.
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Figure 1.
Full and maternal half sibling concordances in hand preference for mother-reared, human-
reared, and cross-fostered chimpanzees.
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Table 1
Distribution of Hand Preference as a Function of Rearing History and Sex

Hand preference (n)

Sex Rearing history Left Ambiguous Right

Male Mother-reared 6 9 18
Female Mother-reared 20 8 27
Male Nursery-reared 13 6 25
Female Nursery-reared 14 17 25
 Total 53 40 95
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Table 2
Offspring Hand Preference on the Basis of Maternal and Paternal Hand Preference

Offspring hand preference (n)

Parental hand preference Left Right

Both parents
Group
 FL: L (father and mother) 6 10
 MH1: L (father) and R (Mother) 4 9
 MH2: R (father) and L (mother) 5 12
 FR: R (father and mother) 9 10

One parent
Mother
 L 12 31
 R 29 53
Father
 L 13 24
 R 14 22

Note. FL = familial left-handedness; L = left hand preference; MH = mixed handedness; R = right hand preference; FR = familial right-handedness.
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Table 3
Concordance in Offspring and Parental Hand Preference in Mother- and Nursery-Reared Chimpanzees

Mother-reared Nursery-reared

Parental hand preference Left Right Left Right

Maternal hand preference
 Left 2 9 12 23
 Right 10 21 17 30
Paternal hand preference
 Left 5 12 3 6
 Right 8 12 11 16
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