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Left-sided maternal cradling has been widely reported in human populations.
In this paper, I review the evidence of laterality in maternal cradling and in-
fant positional biases in non-human primates. The review revealed some ev-
idence of population-left sided cradling in great apes but little consistency in
bias was found among Old and New World monkeys. Very little data have
been reported in prosimians. I further describe how asymmetries in either ma-
ternal cradling or infant positional biases may explain individual and species
differences in hand preference.

KEY WORDS: handedness; laterality; maternal cradling; nipple preferences.

INTRODUCTION

There is considerable theoretical and empirical debate over the mech-
anisms that influence the development of handedness in humans, particu-
larly right-handedness. Many genetic models have been proposed to explain
both the development (Annett, 1985, 1999; Laland et al., 1995; McManus
and Bryden, 1992; Yeo and Gangestad, 1993, 2002) and evolution of hu-
man right handedness (Corballis, 1997, 2002). In contrast to genetic mod-
els of handedness, others have proposed nongenetic models of handedness
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that largely focus on the role of early biological or environmental factors
such as the position in utero of the infant (Previc, 1991), early orienting
asymmetries (Michel, 1981), or social learning (Provins, 1997). In particu-
lar, it has been reported that the intrauterine environment is asymmetric
in many different respects (Previc, 1991). Some of the asymmetries derive
from maternal anatomy, whereas others appear to be intrinsic to the fetus
itself. For example, developing fetuses as young as 3 mo gestation show pro-
nounced right-sided asymmetries in thumb-sucking (Hepper et al., 1991).
There is also evidence that the intrauterine position of the fetus during the
last trimester of pregnancy correlates with head orienting asymmetries of
the infant at birth (Hopkins and Roénnqyvist, 1998). Thus, certain sources
of lateralization in the prenatal environment, and particularly specific in-
trauterine factors, could influence the development of motoric lateraliza-
tion such as handedness or early orienting asymmetries.

At present, there is no empirical evidence that purely supports either
genetic or nongenetic models of human handedness. For example, although
hand preferences clearly run in human families, no gene or set of genes has
been linked to the expression of hand preference. Thus, the evidence of
heritability of hand preference in humans does not necessarily mean that a
genetic mechanism is the cause.

In contrast to human hand preference, historically laterality in other
animals, and specifically nonhuman primates, has not been considered to
be under genetic control. Warren (1980) championed this view, claiming
that human hand preference is determined by genetic factors, while limb
preferences of primates and rodents were acquired via nongenetic mecha-
nisms, notably incidental learning and conditioning. Warren (1980) based
his claim on the observation that hand or paw preference is bimodally dis-
tributed in nonhuman species, while human hand preferences are skewed
to the right. The differences in the distributions of hand or paw preferences
needed explanation, and Warren (1980) proposed that nongenetic factors
account for nonhuman handedness, while genetic factors account for hu-
man handedness. Since Warren’s (1980) publication, numerous population-
level asymmetries have been demonstrated in vertebrates (Rogers, 2002;
Rogers and Andrew, 2002; Verstynen et al., 2001; Vallortigara and Bisazza,
2002). Even in rodents, previously believed to exhibit limb preferences only
at the individual but not population-level, a weaker population level right-
handedness has been reported (Waters and Denenberg, 1994; Tang and
Verstynene, 2002). Recently, there have been reports of population-level
hand preferences in nonhuman primates for a host of behavioral measures
(Bradshaw and Rogers, 1993; Hook, in press; Hook-Costigan and Rogers,
1997; Hopkins, 1996; MacNeilage et al., 1987; Rogers and Andrew, 2002;
Ward and Hopkins, 1993). The evidence of population-level asymmetries in
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nonhuman animals does not support Warren’s position that there are con-
sistent differences in the distribution of hand preference between humans
and nonhumans and therefore calls into question the basis for his arguments
of differential mechanisms of expression. Further, evidence of population-
level handedness does not need to be a prerequisite for the potential genetic
basis for limb preferences.

Few researchers have examined biological or nonbiological factors that
might influence the expression of hand or paw preferences in nonhuman
species, which makes it difficult to evaluate whether similar mechanisms
may influence the development of laterality in nonhuman species versus hu-
mans. Numerous studies suggest that directional biases in paw preferences
cannot be selectively bred for in rodents (Collins, 1985; Signore et al., 1991,
contra Bisazza et al., 2000; Waters and Denenberg, 1994) but can be easily
modified by changing the biases of the environment in which the rodents
are raised (Collins, 1975).

There is also evidence that rats will lever press with a specific paw
based on the paw used by a model rat that they observed (Collins, 1988),
which lends some support to theories proposing social learning as the
means by which handedness in transmitted across generations. In nonhu-
man primates, there is some evidence that hand preferences run in families
(Hopkins et al., 1994; Matoba et al., 1991) but not all researchers have re-
ported significant associations (Boesch, 1991; Brooker et al., 1981; Byrne
and Byrne, 1991; Westergaard and Suomi, 1997), and in most studies the
independent effect of genetic from nongenetic factors cannot be easily dis-
sociated (Hopkins, 1999; Hopkins et al., 2001). In other words, the evidence
of heritability has mostly come from family studies in which no differential
rearing or cross-fostering comparisons are made in the phenotypic expres-
sion of handedness. Taken together, the data suggest that hand preferences
run in families but they do not strongly support a genetic basis for heritabil-
ity of hand preference in nonhuman primates.

I proffer a developmental and evolutionary theory of handedness in
primates that is based on the potential role that early mother-infant be-
haviors play in the development of individual and specific differences in
hand preference. In particular, I argue that phylogenetic and individual dif-
ferences in hand preference, including intra- and inter-familial variation,
might be explained or facilitated by asymmetries in mother-infant inter-
actions, specifically maternal cradling bias, infant head position and infant
nipple preference. Some authors have emphasized that environmental and
experiential factors, such as interactions with parents and students, could
influence the direction and the strength of manual laterality in humans
(Provins, 1997); however, an explicit description of the role of cradling has
not been suggested to explain the development of human hand preference
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despite considerable research on the topic of lateral bias in maternal infant
cradling.

Salk (1960) was the first to suggest that humans exhibit a left cradling
bias for infants and the finding has been replicated in various human
cultures (Damerose and Vauclair, 2002). Salk (1973) reported no associ-
ation between maternal hand preference and maternal cradling bias, which
may have led some to believe that the asymmetries in maternal cradling bias
are due to biases related to expression of specific emotional states (Sieratzki
and Woll, 1996). Whether this is the case or not is a matter of debate beyond
the scope of this paper (Bencie and Sieratzki, 2002; Turnbull et al., 2001).

Instead I propose that asymmetries in the early mother-infant inter-
action may influence the development of hand preference in the offspring.
I further argue that variation in mother-infant interactions between births
can influence the concordance rates in offspring hand preference. Finally,
I argue that a prolongation of interbirth-intervals in higher primates led to
greater consistency in asymmetries in mother-infant interactions between
offspring, which resulted in consistency in hand use within families.

Laterality for Maternal Cradling & Infant Positional Biases

Several investigators have reported evidence of laterality in cradling
biases in nonhuman primates, which are summarized in Table I (Damerose
and Vauclair, 2002). It was not always clear whether a distinction was made
by some authors between maternal cradling and infant positional biases
(Table I). Manning et al. (1994) studied the largest sample of great ape
subjects (n = 52) and reported a left bias for infant cradling in chimpanzees
and gorillas. For all great apes, 71% (67 of 95) showed a left-sided bias
in cradling and/or infant position. Dienske et al. (1995) and Hopkins
et al. (1993) could not completely replicate the findings by Manning and
Chamberlain (1990) in chimpanzees, but the behavioral coding schemes
differed between the studies and the sample sizes were much smaller.
Manning and Chamberlain (1990) recorded the side bias of the infant (i.e.,
the infants’ head position on the mothers’ ventrum while Dienske et al.
(1995) and Hopkins et al. (1993) explicitly recorded the active arm/hand
cradling biases of the mother. In contrast to Dienske et al. (1995) and
Hopkins (1993), Toback (1999) found a significant left-sided cradling bias
in a sample of 14 chimpanzees, with 11 chimpanzees preferring the left
hand and 3 preferring the right hand. Fisher et al. (1982) reported that
3 female gorillas tended to cradle their offspring on the left side, though
there is no individual data in the paper. Rogers and Kaplan (1995) reported
that 3 orangutans carried their infants on the right-side and 1 carried her
offspring on the left side. When considering the data separately for each
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Table I. Distribution of laterality in maternal cradling and infant positional biases in primates

Author (s) Genus #L #R Condition
Maternal cradling/Infant position
Manning et al. Gorilla 13 2 Captive
(1994)* Pan 16 4 Captive
Pongo 4 4 Captive
Hylobates 7 2 Captive
Lockard (1984) Gorilla 1 0 Captive
Fischer et al. (1982) Gorilla 3 0 Captive
Hopkins et al. (1993)? Pan 10 5 Captive
Dienske et al. (1995) Pan 4 5 Captive
Toback (1999) Pan 11 3 Captive
Rogers and Kaplan (1995) Pongo 1 3 Wild
Tanaka (1989) Macaca 3 5 Captive
Tomaszycki et al. (1998) Macaca 21 20 Captive
Westergaard et al. (1998) Cebus 12 4 Captive
Fagot (1993) Papio 2 2 Captive
Damerose and Hopkins (2002) Papio 7 3 Captive
Nipple preference
Nishida (1993) Pan 18 10 Wild
Dienske et al. (1995) Pan 5 4 Captive
Deets and Harlow (1970) Macaca 2 2 Captive
Erwin et al. (1975) Macaca 18 28 Captive
Tanaka (1989) Macaca 21 19 Captive
Tomaszycki et al. (1998) Macaca 25 15 Captive
Hiraiwa (1981) Macaca 7 6 Captive
Fagot (1993) Papio 1 3 Captive
Damerose and Hopkins (2002) Papio 7 2 Captive
Rogers and Kaplan (1998) Callithrix 7 8 Captive

Note. observational conditions are coded as captive or wild but wild-caught individuals com-
prised many of the subjects that were observed in captivity. L (left) and R (right) refer to the
position of the infant on the mother’s ventrum.

“This includes data published by Manning and Chamberlain (1990).

bThis includes additional data not published in Hopkins et al. (1993).

great ape species, only the chimpanzees (z =2.83, p < .01) and gorillas
(z =3.83, p < .001) exhibit a population-level left side cradling bias. The
results are less clear in orangutans and gibbons.

In Old and New monkeys and prosimians, the data are less clear in
terms of population-level asymmetries. Tanaka (1989) reported a bimodal
distribution in the cradling bias of 20 Japanese macaque mother-infant
dyads with 9 preferring the right hand and 11 preferring the left hand.
Similarly, Tomaszycki et al. (1998) found no evidence of population-level
cradling biases in a sample of 41 rhesus macaques. Twenty-one of them
preferred to cradle with the left hand and 20 preferred the right. For a
sample of 10 baboons, Damerose and Hopkins (2002) reported that 7
females had a left-side bias and 3 had a right-side bias. In New World
monkeys, Rogers and Kaplan (1998) found no evidence of population-level
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asymmetries in infant carrying by either the mother or father. Finally, an
unpublished report indicated that Galago and Otolemur exhibit nipple
preferences (Pinger et al., 1988), while there is no preferences in Lemur
catta (Ward, unpublished data).

Infant Nipple Preferences

In a sample of 32 wild chimpanzees, Nishida (1993) reported a left
side bias in nipple preference with approximately 64% of the sample show-
ing the pattern. Tomaszycki et al. (1998) examined nipple preference in 40
captive infant Macaca mulatta for the first 6 weeks of life. Of the 40 in-
fants, 25 preferred the left nipple and 15 preferred the right. Overall, there
was a left nipple preference, and the bias was particularly strong for the
first 3 weeks. After 3 weeks, they preferred both nipples equally often.
In contrast to Tomaszycki et al. (1998), Tanaka (1989) found no evidence
for population-level nipple preferences in 20 captive, Japanese macaque
mother-infant dyads over the first 6 mo of life. Moreover, Tanaka (1989)
reported that the nipple preferences did not develop until after 3 weeks
of life, a finding opposite those of Tomaszycki et al. (1998). Tanaka (1989)
also reported that nipple preferences of the previous and subsequent infants
alternated between birth seasons, though the cradling bias of the mother
did not. Tanaka (1989) hypothesized that size differences in the nipple
contributed to the alternation in nipple preference between infants. Like
Tanaka (1989), Hiraiwa (1981) reported no evidence of population-level
nipple preferences in a sample of 16 infant Macaca fuscata. Six of them pre-
ferred the right nipple, 7 preferred the left nipple, and 3 had no preference.
Lindburg (1971) reported a population-level right nipple preference in a
sample of 23 wild Macaca mulatta. Although he provided no individual data
Lindburg (1971) reported that on 79% of observations, they contacted the
right nipple. Erwin et al. (1975) examined nipple preferences in 56 Macaca
nemestrina and reported that 82% showed a definitive nipple preference
within the first month of life. Twenty-eight preferred the right nipple and 18
preferred the left, a difference that did not reach traditional levels of statis-
tical significance (i.e., p < .05). Erwin et al. (1975) also reported anecdotal
evidence of nipple preference in 3 sets of twins including 2 pairs of pig-
tailed macaques and 1 pair of baboons. One pig-tailed macaque twin pair
showed complementary nipple preference while for the other pair, both in-
fants showed a preference for the same nipple. For the baboon twins, one
infant showed a nipple preference and the other did not.

Deets and Harlow (1970) reported significant nipple preferences in
4 singleton and 4 sets of twin rhesus monkeys. For the 4 singleton offspring,
2 preferred the left nipple and 2 preferred the right. In all 4 sets of twins,
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members of the dyads had opposite nipple preferences. More recently,
Rogers and Kaplan (1998) examined nipple preferences in 15 common
marmosets derived from 6 sets of twins and 1 set of triplets. Among the
twins, all 6 pairs displayed disconcordant nipple preferences with one infant
preferring the left and one preferring the right nipple. Among the triplets,
2 preferred the right nipple and 1 preferred the left. There are significant
positive correlations between parental carrying bias and nipple prefer-
ences. There is no relationship between teat preferences in relation to the
offspring’s hand preference for touching objects and holding food, a result
that differs from those reported by Hopkins et al. (1993) in chimpanzees.
The data indicating opposite nipple preferences in twin marmosets are
consistent with data in twin macaque monkeys (Deets and Harlow, 1970;
Erwin et al., 1975; Nakamichi, 1983) and langurs (Winkler and Prestel,
1989), albeit with much smaller samples sizes in these latter species.

Summary and Potential Outcomes

There are two central findings based on the extant data on maternal
cradling and infant nipple preferences in nonhuman primates. First, female
chimpanzees and gorillas show a left-sided cradling bias. Great ape infants
also appear to show a left-sided positional bias on the female, and it appears
that wild infant chimpanzees show a left nipple preference. In contrast to
Pongidae, Cercopithecinae, Platyrrhini and Prosimii show no population-
level biases for maternal cradling. Moreover, infants from these 3 taxa ap-
pear to show no population-level positional biases or nipple preferences,
though individual preferences are clearly evident. In short, there is some
suggestion of taxonomic differences in maternal cradling bias, infant posi-
tional biases and infant nipple preferences. Secondly, maternal cradling bias
is inversely correlated with offspring hand preferences in chimpanzees and
capuchins but not in marmosets. To date, analysis of this potential associa-
tion has not been conducted in a large sample of Old World monkeys but
at least one report (Damerose and Hopkins, 2002) indicates that baboons
resemble chimpanzees and capuchins. Finally, among twins, clear discon-
cordance in nipple preferences emerge in the offspring.

Two fundamental questions arise from these observations: 1) why do
the biases exist? and 2) what is the potential outcome of this early bias?

Origins of Laterality in Maternal Cradling and Infant Positional Biases
It is not clear why the left-sided asymmetries in maternal cradling, in-

fant position and nipple preference exists in some ape species—chimpanzee
and gorilla—but not other primate species. In addition, it is not clear
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whether individual differences in nipple preferences, maternal cradling
bias or infant position are derived from the female or the infant or some
interaction between them. In other words, it is not clear whether an inher-
ent bias by the mother is imposed on the offspring or the mother accom-
modates an inherent bias by the infant. Several possible hypotheses might
explain these results. With respect to the taxonomic differences in early
mother-infant biases, there are several possible explanations but the paucity
of existing data makes any explanation speculative.

First, neonatal (birth to 90 days) chimpanzees have significantly
stronger grips for the right hands and feet versus the left cheiridia (Fagot
and Bard, 1995). In addition, neonatal chimpanzees show a right-sided
bias in leading limb during locomotion (Chorazyna, 1976; Hopkins, Bard,
and Griner, 1997, Cunningham, Forsythe, and Ward, 1989). The greater
strength and postural development for right limbs may result in the infants
holding onto the left side of the mother more than the right when engaged in
ventro-ventral clinging. The inherent reflexive strength bias in motor devel-
opment may lead to infants positioning themselves more so on mother’s left
side. This could subsequently lead to a left nipple preference or left mater-
nal cradling biases or both. The potential absence of these kinds of neona-
tal asymmetries, at the population-level, in other nonhuman primates would
explain the bimodal distributions in maternal cradling biases and infant nip-
ple preference. Unfortunately, there is no data on early strength or grasping
asymmetries in neonatal Old or New World monkeys and prosimians.

In addition, neonatal chimpanzees show a right-sided bias in head ori-
entation while sleeping (Hopkins and Bard, 1995). Thus, the natural po-
sition of the head is oriented to the right, which resembles human babies
(Michel, 1981). The orientation bias could influence the development of
motor skills or influence the behavior of the mother in specific ways that
might bias their early environment. Specifically, the right-sided head orien-
tation asymmetry could lead to differential stimulation in hand-eye coor-
dination for the right hand and eye (Michel, 1981). For example, neonatal
chimpanzees show a right-side bias in hand-to-mouth activity (Hopkins and
Bard, 1993) which might be due to the head orientation asymmetry lead-
ing to easier access to the right versus to the left digits. In chimpanzees,
asymmetries in hand-to-mouth and head orientation within the first 3 mo
of life predict hand preferences at 3-5 yr (Hopkins and Bard, 2000). Sim-
ilarly, Westergaard et al. (1998) reported that lateral bias in the position
of the infants head when riding dorsally on the mother predicted subse-
quent hand preferences in simple reaching at 24 and 48 weeks of age in
capuchins. Alternatively, the head orientation asymmetry by the baby may
cause the mothers to cradle the offspring on one side or the other. For ex-
ample, in humans head orientation of doll-babies influences cradling biases
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(Ginsburg et al., 1979). Dolls with heads oriented to the left are typically
held on the right-side by the females while dolls with the head oriented to
the right are cradled on the left-side by human subjects (contra Bundy, 1979;
Saling and Tyson, 1981). A similar process may take place at a population-
level in chimpanzees and gorillas, but not orangutans, Old and New World
monkeys or prosimians. Measures of asymmetry of the kind that have been
obtained in humans and chimpanzees are lacking for neonatal monkeys and
prosimians

Of course, the extant data in nonhuman primates does not rule out the
possibility that the left-sided bias in cradling is linked to the position of the
heart, as originally proposed by Salk (1960, 1973). One problem with this
explanation is that the position of the heart is shifted slightly to the left,
in all primate species investigated, thus the Salk theory would only apply
to great apes (and possibly humans). The extant data also does not rule
out the possibility that left-sided cradling is mediated by a preference of fe-
males to view their offspring with the left eye (Manning and Chamberlain,
1991). Finally, it is possible that the asymmetries in cradling or nipple pref-
erences are associated with the hand preference of the individual. Thus, for
example, right-handed individuals may want to keep the right hand free
for various tasks or locomotion, which would leave the left one available
for cradling the offspring. In human subjects, Salk (1973) argued that hand
preference was unrelated to infant cradling bias but there was no objec-
tive measure of hand preference in his sample. Notwithstanding, in Salk’s
(1973) paper, the subjects responses to the question “Why did you cradle
your baby on the left-side?” were illuminating. Right-handers justified left-
cradling by the fact that it frees the right hand in case they needed to per-
form an action, like protecting the baby. In response to the same question,
left-handers responded that they cradled on the left-side because the left
hand was more sensitive and thus more appropriate to better feel any move-
ment of the baby.

Potential Consequences of Maternal Cradling and Infant Positional Biases
Individual Differences in Hand Preference

There are 3 studies on the association between early mother-infant
interactions and the development of hand preferences in nonhuman pri-
mates. Hopkins et al. (1993) reported a negative association between
maternal cradling bias and infant hand preferences for simple reach-
ing. Depicted in Fig. 1 are the mean handedness scores for 15 offspring
born to 10 females that preferred to cradle their offspring on the left
and 5 that preferred to cradle on the right (Hopkins et al, 1993). We
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Fig. 1. Mean HI for offspring handedness for simple reaching and female
cradling biases in a sample of 15 chimpanzees. HI = handedness index and is
derived following the formula HI = (#R-#L)/(#R+#L). Positive values reflect
right-hand biases and negative values left-hand biases.

assessed maternal cradling bias for the first 2 weeks of life. We as-
sessed infant hand preferences for simple reaching when the offspring
were ca. 3 years old. With the exception one dyad, there is an inverse
relationship between maternal cradling bias and infant hand preference.
In other words, females that cradle their infants on the left side have right-
handed offspring for simple reaching. In contrast, females that cradle their
offspring on the right side have left-handed offspring for simple reaching.
Interestingly, female hand preferences for 2 measures of hand use, includ-
ing bimanual feeding and coordinated bimanual actions (Hopkins, 1994,
1995a,b), do not correlate with offspring hand preference. Thus, the mater-
nal cradling bias appears to be the only variable that predicts the outcome
of infant hand preference.

Westergaard et al. (1998) reported a similar finding in capuchins,
though the measures were slightly different because capuchins carry off-
spring dorsally rather than ventrally, as in the case in many other primate
species. Westergaard ef al. (1998) recorded the head position of 14 infants
during the first 2-weeks of life when riding dorsally on the backs of their
mothers. At 24 and 48 weeks, they assessed hand preferences for simple
reaching in the same monkeys. There is an inverse correlation between
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the lateral biases in head orientation and hand preference for reaching
(Westergaard et al., 1998). In contrast, Rogers and Kaplan (1998) exam-
ined nipple preferences, maternal carrying and paternal cradling in adult
marmosets and the handedness for holding food by the offspring at 5-§,
10-12 and 22 mo of age. There is no significant correlation between nip-
ple preference, parental carrying biases and the offspring hand preferences.
The findings from Rogers and Kaplan (1998) are not consistent with my
theory, but it is important to recognize that paternal cradling in marmosets
may induce some inconsistency in the development of offspring handed-
ness, whereas it may not be the case in species in which the female is the
sole caregiver for the infant. In my reanalysis of the Rogers and Kaplan
(1998) data (Tables II and III), paternal carrying biases are negatively cor-
related with the offspring hand preferences at 5-8 mo (r = —.732, p < .05),
10-12 (r = —.626, p < .05) and 22 mo (r = —.581, p < .05). Maternal car-
rying biases did not strongly correlate with offspring hand preferences. The
result cannot easily be attributed to differences in maternal and paternal
carry rates because the percentage of time males carried the offspring was
45% for males versus 55% for the females. The result reinforces the notion
that the role that males play in infant carrying in nonhuman primates may
need special consideration in my model.

It is not clear what mechanism accounts for the associations between
cradling bias or nipple preference and the development of hand preference.
This is due, in part, to the fact that nipple preferences are mildly correlated
with both cradling biases and carrying biases (Dienske et al., 1995; Rogers
and Kaplan, 1998; Tomaszycki et al., 1998). A possible explanation may be
that biases in head orientation, head position, nipple preference or cradling
leads to differential stimulation of one hand or the other. One might tend
to think that the development of hand preference would be contingent
upon the hand that is free from the function of clinging but it is just as
likely that the hand used to cling may receive greater motor and neurologi-
cal stimulation than the free hand does.

Birth Order Effects

Hopkins and Dahl (2000) reported a significant association between
birth order and hand preference in chimpanzees. The incidence of left-
handedness is significantly higher in first- and latter-born (defined as chim-
panzees with parities >6) versus middle-born chimpanzees (chimpanzees
with parities between 2 and 5). The incidence of left-handedness in re-
lation to birth order in chimpanzees is mirrored by higher incidences of
either stillbirths or spontaneous abortions at the same parities (Hopkins
et al., 2000). Moreover, the higher incidence of left-handedness in latter
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Fig. 2. Mean absolute HI scores for cradling bias in primiparous and multiparous
females. Mean absolute HI scores for reaching in offspring born to primiparous
and multiparous females.

born chimpanzees is associated with low levels of estrogen during preg-
nancy, whereas the higher incidence left-handedness in first-born offspring
is not. The finding suggests that the factor that influences left-handedness in
latter-born chimpanzees may be associated with prenatal hormones while
the increased incidence of left-handedness in first-borns may be due to
other, unspecified perinatal events. A potential perinatal event may be in-
consistent cradling or nipple preferences expressed by first-borns or primi-
parous females. For example, Tanaka (1997) reported that nipple prefer-
ences are less well developed in offspring born to primiparous females.
Similarly, Tomaszycki et al. (1998) reported increased lateral bias in ma-
ternal cradling bias in association with increasing maternal experience. In
chimpanzees, there is a similar trend with primiparous females showing less
pronounced cradling biases versus those of multiparous females (Hopkins
et al., 1993; Fig. 2). If we assume that early mother-infant experiences have
a long-lasting effect on hand preference, then this observation may explain
the higher incidence of non-right handedness in first-born offspring.

Heritability of Hand Preference in Full- and Maternal Half-siblings

In captive chimpanzees, full- and maternal half-siblings raised in
the same environment exhibit concordant hand preferences that are
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Fig. 3. Concordance in hand preference in full and maternal half-sibling
chimpanzees for two separate measures of hand use including bimanual
feeding and the TUBE task (Hopkins, 1994, 1995b).

significantly greater than chance for >2 measures of hand preference
(Hopkins, 1999; Fig. 3). The effects are not evident when considering pa-
ternal half-siblings, which suggests that the determining factor in hand pref-
erence is derived from the female. Moreover, there are non-significant
or weakly significant concordances in hand preference between offspring
and their biological parents, suggesting that the subjects are not acquiring
their hand preferences by modeling the hand preferences of their parents.
Significant concordance rates among siblings are not restricted to captive
chimpanzees. Matsuzawa et al. (2001) reported that hand preference for
nut-cracking behavior in 9 wild chimpanzee siblings dyads are perfectly con-
cordant; 9 of 9 pairs had the same preference. Interestingly, maternal hand
preference was not associated with offspring hand preference, and studies
in captive chimpanzees.

An explanation for the finding of Matsuzawa et al. (2001) is that fe-
males show consistent hand preferences for maternal cradling biases or in-
fant position or both for all offspring. Consistency on the part of the fe-
males’ maternal behavior would result in consistent hand preference among
offspring. Preliminary data from our laboratory support this assumption.
For 3 female chimpanzees, we assessed maternal cradling bias for 2 sepa-
rate offspring and found consistent lateral biases in all 3 females. In other
words, they preferred to cradle their offspring on the same side from one
generation to the next.
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This observation has implications for the comparison of hand prefer-
ences in other nonhuman primate species. Specifically, in some Old World
monkey species infant nipple preferences alternate from one birth season to
another. Tanaka (1989) proposed that the offspring alternate nipple prefer-
ences because of size differences in the female’s nipple at the time of birth
of each new infant. In Old World monkeys, the older sibling is not always
completely weaned from the female at the time of birth of a new offspring;
thus, the nipple preferred by the older sibling remains larger than the non-
preferred nipple. When the new infant is born, they presumably develop
a preference for the previously, non-preferred nipple because it is smaller
and easier to mouth.

If the nipple preferences/maternal cradling bias of the offspring
facilitate the development of hand preference, then evidence of heritability
of hand preference in non-ape species would mandate testing offspring
from more than one generation. In fact, if this theoretical explanation is
correct, then it would be predicted that heritability of hand preference
among immediately adjacent Old or New World monkey siblings would be
significantly disconcordant while significant concordances would be occur
in alternating generations. This explanation assumes that each female
gave birth on a yearly basis. For females that do not give birth yearly but
instead bi-annually, adjacent siblings would likely be concordant for hand
preference. Similarly, among some New World monkeys and prosimians
in which twinning is common, a high degree of disconcordance in hand
preference would be predicted among full- and maternal half-siblings
because each would develop nipple preferences that would lead to opposite
hand preferences (cf. Rogers and Kaplan, 1998). At present, there is
evidence to support the hypothesis, but more data are needed. Milliken
et al. (1989) reported that 2 of 3 pairs of ring-tailed lemur twins were
disconcordant for hand preference. Further, Singer and Schwibbe (1999)
reported that 6 of 7 tamarin twins were disconcordant for hand preference.
Lastly, for species with long interbirth intervals and prolonged infancy, high
rates of concordance in handedness like those in chimpanzees would be
predicted.

Accordingly, significant association in hand preference is predicted for
siblings but not necessarily between offspring and their biological parents.
Predicting significant associations in hand preference between offspring
and parents, particularly maternal effects, are contingent upon whether
the females cradle or carry their offspring due to inherent biases in their
hand preference. In chimpanzees, there is no association between female
maternal cradling biases and their hand preference, nor is there a strong
association between maternal and offspring hand preference (Hopkins,
1999).
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Salk (1973) argued that hand preferences are unrelated to maternal
cradling biases in humans (Salk, 1973). The lack of a significant associa-
tion between maternal cradling bias and hand preference in humans and
chimpanzees may not apply to other species and needs to be tested. Per-
haps maternal cradling biases in other species are mediated by maternal
hand preference, which would lead to the prediction of significant positive
associations between both maternal and offspring hand preference as well
as significant concordance rates among siblings.

Explaining Possible Specific Differences in the Evolution
of Hand Preference

The suggestive evidence of taxonomic differences in cradling biases
and/or nipple preferences may explain taxonomic differences in the expres-
sion of hand preference if it is assumed that the early mother-infant inter-
actions have long-lasting effects on the development of hand use. Species
that show left-sided cradling biases tend have more right-sided biases for
hand use (Fig. 4). In contrast, in species that cradle on the right or show no
cradling bias, hand preferences are skewed to the left or do not show a bias.
The mechanism for individual expression of hand preference is the same in
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Fig. 4. Mean cradling and handedness scores for 6 different primate species
tested on the TUBE task.
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all species, i.e., early mother-infant interactions. That which varies between
species is the degree to which population-level asymmetries are manifest
for each behavioral trait, i.e., cradling versus hand preference. The theoret-
ical prediction that I propose is that primate species that show population-
level asymmetries in early mother-infant behaviors, such as cradling, nip-
ple preferences or head position, will similarly show population-level hand
preferences. The direction of the population-level asymmetries maternal in
cradling and offspring hand use would be opposite in direction.

Conclusions and Implications for Human Handedness and Cradling

Current evidence suggests that asymmetries in early mother-infant
interactions are evident in nonhuman primates. There is good evidence
for a left-side asymmetry in maternal cradling in gorillas and chimpanzees.
There are too few studies in other apes, Old and New World monkeys and
prosimians to evaluate population-level asymmetries in early mother-infant
interactions, but individual biases are clearly evident and may have an im-
pact on the development of handedness in their offspring. Notwithstanding
these limitations, there are several general implications of the nonhuman
primate findings for understanding human lateral bias in cradling and other
behaviors.

Cradling

Because, the left-sided bias observed in some great apes, particularly
those most closely-related to humans, is consistent with maternal cradling
biases in human populations (Salk, 1973); the bias in humans might have
strong evolutionary origins with other primate species. Why the cradling is
left-sided is unclear but the original hypothesis of Salk (1973) does not seem
warranted given the data in nonhuman primates. Specifically, if displace-
ment of the heart to the left side was the sole reason for cradling on the
left side, then all primates should show the bias because they all have hearts
displaced slightly leftward in the thorax. Whether the bias is due to spe-
cialization of the right hemisphere in regulating infant affect, which results
in a left-eye preference, as has been proposed in humans, remains unclear
(Manning and Chamberlain, 1991). Several studies suggest that monkeys
prefer to view emotionally relevant stimuli with the left eye (Ifune et al.,
1984; Rogers et al., 1994), but none of them included tests of the preference
in the context of mother-infant preferences.

Secondly, from an evolutionary perspective, the overwhelming lack of
paternal influence in raising infants in many nonhuman primate species
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may explain the well-documented sex differences in lateral bias for in-
fant cradling in humans. Several studies in humans showed that females
have a left-sided cradling bias while males do not (Damerose and Vauclair,
2002). If we assume that a similar sex difference is evident in chimpanzees
and gorillas, which would be difficult to determine because most males
show little infant cradling, then whatever social or genetic factors se-
lected for left-sided cradling was retained in human evolution as mani-
fest in the extant sex differences seen in modern humans. Social factors
do not appear to be a likely explanation because males with consider-
able experience raising children still do not show a left-sided cradling bias
(Bundy, 1979), thus, genetic or other nongenetic mechanisms seem more
likely.

Thirdly, I found no published study on infant nipple preferences in
women who chose to breast-feed their offspring. Many women, particularly
primiparous individuals, have difficulty in breast-feeding, and one apparent
problem is that the infants show nipple preferences that must be overcome
with time in order to have lactational let-down for both breasts (Stables and
Hewitt, 1995). Multiparous females are less prone to these problems but still
report that strong infant head preferences can create or contribute to unilat-
eral breast-feeding problems. Our understanding of these issues is anything
but clear, but additional research seems warranted in order to understand
how these factors are related and whether they can have an influence on the
development of handedness in their offspring. The descriptive data suggest
that early mother-infant asymmetries are being derived from infant head
orientation.

Handedness

My model does not rule out any of the existing genetic models of hand-
edness, but it suggests that the potential genetic mechanisms may be acting
on different behaviors or that gene-environment interactions may explain
handedness. One interpretation from the data is that the heritable trait is for
the arm/hand used for infant cradling or early infant postural or positional
behaviors, not offspring handedness in relation to parental handedness.
There is evidence that cradling bias runs in families (Manning and Denman,
1994) and that the effects are stronger for maternal-female offspring as-
sociations than maternal-male offspring, paternal-female or paternal-male
offspring associations. As with all existing genetic models, the pattern of
heritability for cradling bias can be explained by nongenetic factors, such
as social learning; however, if we assume that a gene (or set of genes) is at
work, then the gene would be acting on the cradling biases between mothers
and their daughters, i.e., sex specific.
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As an alternative, the model may be part of a gene-environment in-
teraction that results in heritability in handedness. For example, Deng and
Rogers (2002) described a gene-environment interaction model to explain
the development of visual preference in chicks. Accordingly, genes that
encode for left or right morphological and embryonic positional features
interact with exposure to light, which influences the development and lat-
eralized functions of the visual system. In humans, and perhaps in other
primates, genes that code for left or right morphological characteristics in-
fluence the eventual cradling or positional biases expressed by the infants.
One example might be left-sided genetic coding for the position of the heart
which results in the offspring being cradled on the left side. This subse-
quently results in the offspring developing right-handedness. Variation in
the timing and duration of exposure to the early positional biases, including
cradling, would presumably influence the adult manifestation of handed-
ness in different primates.

The model that I propose also addresses or potentially explains sev-
eral aspects of human handedness that are often interpreted as support-
ing a purely genetic explanation. First, human right-handedness is often
claimed to be a universal human trait, present in all cultures (Lockard et al.,
1979). Interestingly, left-sided cradling is also often considered a universal
human trait. Thus, perhaps the 2 oppositely lateralized human behaviors
co-evolved in a complementary manner. Secondly, handedness studies in
twins have often reported higher incidences of left-handedness and discon-
cordant handedness compared to siblings who are not twins. The evidence
in nonhuman primates clearly shows that nipple preferences are highly dis-
concordant in twins and, at least some preliminary data suggest that hand
preference in nonhuman primate twins are often disconcordant. Thus, the
model can explain some phenotypic variation in handedness in human and
nonhuman primates. Thirdly, in behavioral genetic studies of handedness in
humans, the mother effect is often reported. The is the evidence that there
is a higher proportion of right-handed offspring born to mixed-handed par-
ents when the mother is right-handed and the father is left-handed versus
the opposite conditions. If right-handed mothers cradle their offspring on
left side and left-handed mother do so less often, then this could explain the
mother effect.

SUMMARY

In summary, the proposed theory links the development and evolu-
tion of handedness in primates to early lateral biases in mother-infant rela-
tions. Rather than consider handedness as a uniquely human attribute with
links to the evolution of bipedalism, language or other allegedly uniquely
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human attributes (see Bradshaw & Rogers, 1993), this theory proposes
that the mechanisms that govern the expression of handedness in primates
are the same and is strongly linked to asymmetries that are present dur-
ing early mother-infant interactions that are common to many primate
species (e.g., cradling or offspring transport, nipple preference and conse-
quential head orientation). Species and individual differences that are ob-
served in various primates can be explained by characteristics of this early
mother-infant interactions and how they related to social and ecological
variables.
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