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Abstract
The effect of birth order on hand preference was assessed in a sample of 154 captive-born
chimpanzees. Subjects were classified as first, middle, or latter born using 2 classification criteria
based on their birth order. Hand preference was measured using a task that elicited coordinated
bimanual actions. Significant birth-order effects were found for both classification criteria, with first-
and latter-born subjects exhibiting a lesser degree of right-handedness compared with middle-born
subjects. These data suggest that biological rather than sociological factors play a greater role in
explaining the observed birth-order effects on hand preference in humans.

Approximately 85% to 90% of humans report themselves as being right-handed (Annett,
1985;Porac & Coren, 1981). Explaining the pervasive degree of right-handedness in the human
species has fostered considerable theoretical debate and empirical investigation. Genetic,
biological, and environmental models have been proposed to explain this population-level
right-handedness, each with varying amounts of empirical support (Annett, 1999;Collins,
1985;Corballis, 1997;Laland, Kumm, Van Horn, & Feldman, 1995;Previc, 1991;Provins,
1997;Trevarthen, 1996). Equally important are theoretical models proposed to explain the
occurrences of left-handedness or non-right-handedness in human populations. That genetic
factors may play a role is supported by the observation that approximately 70% of individuals
born to two left-handed parents are right-handed, which is significantly lower than the
proportion of fight-handed individuals born to two right-handed parents (McGee & Cozad,
1980;McManus & Bryden, 1992). Genetic explanations account for only part of the variance,
however, leaving error or other factors to explain the remaining variability. Rather than
emphasize genetic factors, others have suggested that both pre- and postnatal environmental
factors play a role in determining non-right-handedness. Such factors include but are not limited
to birth season, birth order, maternal age, and prenatal hormones. In these models, right-
handedness is perceived as being the normative path of development, and therefore non-right-
handedness reflects a deviation from normal development that is due to pathological factors
(see Satz, Soper, & Orsini, 1988). Of specific interest to this study are the reports focusing on
the effect of birth order on hand preference in humans.

Bakan and colleagues (Bakan, 1971;Bakan, Dibb, & Reed, 1973) first reported and theorized
about the relationship between birth order and hand preference in humans. Bakan (1971)
reported that there was a higher percentage of left-handedness in first- and latter-born offspring
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(defined as more than 4 birth orders) and postulated that the effects were due to birth trauma
experienced by offspring born to primiparous or older women. Bakan (1971) proposed that
birth trauma is more likely in women who are giving birth for the first time or for older women
who present a higher risk group for prenatal insult. Researchers who have attempted to replicate
Bakan's early reports have come up with equivocal results, with most of the discrepancies
between studies centering on the issue of sampling procedures (Annett & Ockwell,
1980;Badian, 1983;Bakan, 1977,1978;Coren & Porac, 1980;Dellatolas, Curt, & Lellouch,
1991;Hicks, Evans, & Pellegrini, 1978;McKeever, Suter, & Rich, 1995;Nachshon & Denno,
1986;Perelle & Ehrman, 1994;Schwartz, 1977;Searleman, Porac, & Coren, 1989;Tan &
Nettleton, 1980). Specifically, there are significant relationships between socioeconomic status
(SES), rate of pregnancy, and birth complications that are likely due to factors associated with
maternal lifestyle (such as nutritional habits, medical care, etc.). For example, less well-off
individuals typically have more offspring, poorer prenatal care, poorer nutritional habits, and
more birth complications compared with well-off individuals (Birch & Gussow, 1970).
According to Bakan (1977), it is critical to have equal representation of subjects from various
SES backgrounds to control for these extraneous variables, which he argues has not been the
case in studies in which his findings were not replicated (e.g., Hubbard, 1971;Schwartz,
1977).

The purpose of this study was to examine the effect of birth order on hand preference in a
sample of captive chimpanzees. Theoretically, the effect of birth order on hand preference in
captive chimpanzees (as well as other primates) is of interest because the hypothesized SES
confounding variables debated in the literature on humans would not be potential confounds
in a sample of captive chimpanzees (or other primates) where the environment and access to
resources are more uniform. In other words, the methodological issue of whether there was
adequate sampling of subjects to control for SES variables would never be considered in a
sample of nonhuman primates. Presumably, any significant effect of birth order on hand
preference would be solely due to biological factors associated with parity or maternal age or
both. Pragmatically, chimpanzees offer a good model for testing the effect of birth order on
hand preference because they are biologically and genetically very similar to humans, but there
is no socioeconomic variation in a captive colony. Additionally, chimpanzees have been
reported to exhibit population-level right-handedness, and therefore non-right-handedness can
be viewed as reflecting deviation from a species-typical norm (Hopkins, 1996; but see McGrew
& Marchant, 1997). Finally, chimpanzees have a relatively long gestation period
(approximately 230 days), exhibit stages of prenatal development comparable to humans,
display periparturitional behaviors that resemble many of those observed in humans (Nissen
& Yerkes, 1943), and exhibit a wide range of similar puerperal pathologies (Dahl, 1999).

Method
Subjects

There were 154 subjects ranging in age from 3 to 57 years (M = 16.12, SD = 11.26), all of
whom were housed at the Yerkes Regional Primate Research Center (YRPRC). Of the 154
subjects, there were 86 females and 68 males, respectively. Of the 86 females, 31 were reared
by their mothers, and 55 were reared in the nursery. Of the 68 males, 22 were reared by their
mothers, and 46 were reared in the nursery. Mother-reared chimpanzees were those reared by
their biological, conspecific mother for more than 30 days of life. Nursery-reared subjects were
those that were brought to the YRPRC nursery before they were 31 days old. The standard
protocol for hand rearing chimpanzees has been described in detail elsewhere (Bard, 1996).
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Procedure
Hand preference was assessed using a task designed to elicit coordinated bimanual actions,
referred to as the tube task. The procedure for this task has been described in detail elsewhere
(Hopkins, 1995). Briefly, peanut butter is smeared on the inside edge of polyvinyl chloride
(PVC) tubes approximately 15.0 cm in length and 2.5 cm in diameter. Peanut butter is smeared
on beth ends of the PVC pipe and is placed far enough down the tube such that the chimpanzees
cannot lick the contents completely off with their mouths but rather must use their fingers to
remove the substrate. The PVC tubes are handed to the subjects in their home cages, and a
focal sampling is used to collect individual data from each subject. The hand and finger used
to extract the peanut butter were recorded as either right or left by the experimenter. Data were
collected until the subjects either dropped the tube, stopped extracting peanut butter for a period
of 10 s, or returned the PVC pipe back to the experimenter. Each time the subjects extracted
food from the PVC pipe, the hand used was recorded. No attempt was made to code for bouts
of responses rather than the individual motor events. Some have argued that this is critical in
evaluating individual hand preferences because there is a lack of independence of data points
(McGrew & Marehant, 1997), but there is no empirical evidence to support this contention
(Hopkins, 1999). Each subject received two test sessions separated by at least 1 day, and a
minimum of 25 responses were obtained from each subject. A test–retest correlation indicated
reliable hand use between test sessions (r = .66, p < 01). A handedness index (HI) was derived
to reflect the magnitude and direction of hand preference for the tube task. The HI score was
determined by subtracting the number of left-from the number of right-hand responses and
dividing by the total number of responses: (R − L)/(R + L). Positive values reflected right-hand
biases and negative values reflected left-hand biases. The absolute value of the HI score
reflected the magnitude of hand preference.

In addition to the measures of hand preference, the birth order of the subject and the ages of
the mothers at the time of the subjects' births were recorded for each subject. Birth order and
maternal age data were available from the animal records of the YRPRC. From these records,
it was determined that the average parity of the YRPRC chimpanzees was 4.35 individuals
(live + still births only) with a standard deviation of 2.37. Based on this calculation, subjects
with parities of six or higher (referred to as the sixth+ group) were considered latter-born
subjects. These subjects were compared with the subjects comprising the remaining five birth
orders, including first, second, third, fourth, and fifth, respectively. Based on this classification
scheme, the sample sizes for each birth-order group were 25, 28, 24, 18, 15, and 44 individuals.

Results
In a preliminary analysis, it was found that maternal age and literal birth order were
significantly positively correlated, r(152) = ,78, p < .001. Thus, two analyses of variance
(ANOVAs) were performed with the HI score serving as the dependent variable. Sex, rearing
history of the subject, and birth order were the between group variables. In the first analysis,
maternal age served as a covariate, whereas in the second analysis, maternal age was not
considered as a covariate. This was done to determine whether maternal age altered the effects
of birth order on hand preference in a significant way. The mean HI scores for each birth order
group with and without maternal age in the statistical model can be seen in Figure 1. A
significant main effect for birth order, F(5, 124) = 2.83, p < .02, and sex, F(1, 122) = 5.46, p
< .03, was found with maternal age serving as a covariate. Males (M = 0.386) had significantly
higher HI scores than females (M = 0.143). With respect to the birth-order variable, Tukey's
honestly significant difference post hoc tests indicated that the mean HI for the second, third,
and fourth birth orders differed significantly from the first and sixth+ birth orders. No other
significant differences were found. For the ANOVA that did not include maternal age as a
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covariate, the same results were found with significant main effects for birth order, F(5, 128)
= 2.72, p < .02, and sex, F(1, 128) = 6.17, p < .02.

It should be emphasized that rearing condition is a highly relevant extraneous variable in this
study because females that do not keep their offspring are likely to produce more offspring
than those that do. The removal of the offspring (because of either poor maternal behavior or
experimental purposes) would result in a cessation in lactation and subsequent recurrence of
sexual cyclicity and receptivity. None of the analyses revealed significant main effects or
interactions between birth order and the rearing history of the subject. The mean HI scores for
subjects from each birth order and rearing condition are shown in Table 1. As can be seen, the
general pattern was similar for each cohort of subjects reared by humans or by chimpanzees.
Thus, the significant effect of birth order on hand preference cannot be due to increased
incidence of nursery-reared subjects, particularly in the sixth+ group.

Rather than use the HI scores, we examined the relationship between birth order and hand
preference using a categorical measure of handedness. Specifically, chimpanzees with negative
HI scores or an HI score of 0 were classified as non-right-handed. Chimpanzees with a positive
HI score were classified as right-handed. We then compared the frequency of right- and non-
right-handed subjects in relation to birth order using a 5 × 2 chi-square test of independence.
This analysis revealed a significant interaction between birth order and hand preference: χ2(5,
N = 154) = 14.52, p < .02. The dislribution of right- and non-right-handed subjects can be seen
in Table 2. As can be seen, there are more right- than non-right-handed subjects in the second,
third, fourth, and fifth birth-order groups compared with the first and sixth+ birth-order groups.
These results largely confirm the findings that resulted from ANOVAs.

Discussion
The results of this study indicate that birth order has a significant effect on hand preference in
captive chimpanzees. This conclusion is supported by the results derived from both the
ANOVAs and chi-square analyses. Moreover, these effects were evident even after statistically
controlling for maternal age. Taken together, these results strongly support a biological
interpretation of the effect of birth order on hand preference in humans, although these data do
not speak directly to the mechanism that results in a higher degree of non-fight-handedness in
first- and latter-born subjects. It is important to emphasize that birth order per se is probably
not the critical variable in determining hand preference, but rather birth order is associated with
risk factors that correspond to increasing parity and maternal age.

Although the results do not speak to the mechanism that results in reduced right-handedness
in first- and latter-born chimpanzees, several possible explanations seem warranted. First,
Bakan's (1977) hypothesis that the first- and latter-born offspring are subject to birth trauma
is clearly a possibility. Although there are higher incidences of puerperal pathology in older
females (Dahl, 1999), it is not clear whether primiparous or older multi-parous female
chimpanzees exhibit lesser or greater degrees of birth trauma or even exhibit longer or shorter
periods of labor. Nissen and Yerkes (1943) reported that primiparous females had more
prolonged labor than multiparous females, but they presented only descriptive information and
no quantitative data. Neonatal outcomes such as parity and maternal age have been reported
to positively correlate with birth weight in monkeys and chimpanzees (Nissen & Yerkes,
1943;Silk, Short, Roberts, & Kushitz, 1993). In this sample, neonatal birth weights and
gestation lengths were available from the animal records in 77 subjects. Birth order positively
correlated with birth weight, r(75) = .336, p < .007, but not gestation length, r(75) = .054, ns.
Maternal age did not significantly correlate with either gestation length, r(75) = −.081, ns, or
birth weight, r(75) = .136, ns. Taken together, these data suggest that early born chimpanzees
have lower birth weights, which may be interpreted as indicators of prenatal birth stress or
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prematurity, factors that are known to correlate with hand preference in humans (Petridou et
al., 1994;Searleman et al., 1989).

A second explanation could be variations in the prenatal environment of primiparous and older
multiparous females. Some have suggested that prenatal sex hormones such as estrogen (Hines,
1982) and testosterone (Geschwind & Galaburda, 1985) can differentially affect the
development of each cerebral hemisphere (see Wisniewski, 1998, for a review). Previous
studies in chimpanzees revealed that higher than normal levels of anogenital swelling occur in
first pregnancies (Wallis & Goodall, 1993). More recent data indicate that swelling during
pregnancy is caused by fluctuations in the estrogens and progesterone (Dahl, 1999;Dahl &
Hopkins, 1999) and that the amount of swelling varies with parity and outcome. An extended
and exaggerated swelling pattern occurs in many low-parity pregnancies (consistent with the
findings of Wallis & Goodall, 1993) which, in light of previous studies on steroid control of
anogenital swelling, is probably caused by a sensitivity of the mother to relatively low estrogen
concentrations. Moreover, significantly reduced swelling occurs in pregnancies leading to
puerperal pathology, such as stillbirth, a finding also consistent with the likelihood of low
levels of estrogens (Dahl, 1999), and such a reduced swelling occurs with high incidence at
high parity. It follows that a pathological steroid environment in utero may be contributing to
the proximate causation of non-right-handedness.

Finally, both a birth trauma and hormonal explanation together could explain the higher
incidence of non-right-handedness. Non-right-handedness in first-born individuals could be
due to factors related to birth trauma or periparturitional stress, whereas non-right-handedness
in latter-born subjects could be due to hormonal factors related to increasing maternal age.
Clearly these different explanations warrant further investigation in both human and nonhuman
species.

The effects reported here are for the tube task. Hopkins and Pearson (2000) previously reported
that hand preferences for the tube task do not correlate with other measures of hand preference,
including quadrupedal and bipedal reaching, simple reaching, or bimanual feeding, but they
do correlate with a second measure requiring coordinated bimanual actions. Thus, it could be
argued that the effects of birth order on hand preference are constrained by the type of task
used to assess hand preference. To some extent there is support for this argument. For example,
a comparison of HI values for a measure of bimanual feeding (see Hopkins, 1994, for a
description) does not reveal a significant effect for birth order. However, when a cumulative
handedness score derived from two to six separate measures of hand preference is used as the
dependent measure, a pattern of findings is observed that is comparable to those reported for
the tube task (see Figure 2). Although the degree of right-handedness is higher in the first- and
latter-born condition relative to the tube task alone, the effect of birth order is significant for
this measure. Suffice to say, it appears that certain motor tasks are more sensitive than others
to birth-order effects in chimpanzees, and with additional testing, this may prove to be the case
in human subjects.

In conclusion, birth order affects the development of hand preference for coordinated bimanual
actions in chimpanzees, a finding that supports biological explanations for the expression of
birth-order effects on handedness reported in human subjects. It should be emphasized that
these effects were evident in both mother- and nursery-reared chimpanzees, thus removing the
confound of rearing history as a potential explanation for these findings. Taken together, these
data suggest that risk factors associated with maternal experience (parity) or age or both that
may be marked by higher incidences of non-right-handedness are also manifest in
chimpanzees. In short, non-right-handedness may serve as a marker of a pathological or
atypical pregnancy or perinatal event. The extent to which non-right-handedness reflects
atypical lateralization of the nervous system will require further examination. What is clear
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from this study is that sociological factors, such as poorer diet or prenatal care, do not explain
these findings. It is from this perspective that chimpanzees offer an excellent species for studies
focusing on the potential influence of biological factors on the development of lateralization
of function in primates, including humans.
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Figure 1.
Mean handedness index (HI) scores (+SE) for the first-, second-, third-, fourth-, fifth-, and
sixth+-born chimpanzees with maternal age (MA) or without MA in the statistical model.
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Figure 2.
Mean handedness index scores (+SE) for the first-, second-, third-, fourth-, fifth-, and sixth+-
born chimpanzees for a cumulative handedness score derived from multiple measures of hand
preference (see Hopkins & Pearson, 2000).

Hopkins and Dahl Page 10

J Comp Psychol. Author manuscript; available in PMC 2007 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hopkins and Dahl Page 11
Ta

bl
e 

1
M

ea
n 

(±
SE

) H
an

de
dn

es
s I

nd
ex

 S
co

re
s f

or
 E

ac
h 

B
irt

h-
O

rd
er

 G
ro

up
 a

nd
 R

ea
rin

g 
C

on
di

tio
n

B
ir

th
 o

rd
er

1s
t

2n
d

3r
d

4t
h

5t
h

6t
h+

R
ea

ri
ng

 c
on

di
tio

n
M

SE
M

SE
M

SE
M

SE
M

SE
M

SE

  M
ot

he
r r

ea
re

d
0.

12
5

0.
17

0.
38

0
0.

17
0.

59
2

0.
27

0.
13

0
0.

20
0.

44
9

0.
24

−0
.0

71
0.

16
  N

ur
se

ry
 re

ar
ed

−0
.0

78
0.

14
0.

34
7

0.
13

0.
44

0
0.

15
0.

36
6

0.
16

0.
28

2
0.

19
0.

13
1

0.
10

J Comp Psychol. Author manuscript; available in PMC 2007 October 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hopkins and Dahl Page 12

Table 2
Distribution of Right- and Non-Right-Handed Subjects in Relation to Birth Order

Birth order
Number of

non-right-handed
Number of

right-handed
Percentage of
right-handed

1st 12 13 52
2nd 7 21 75
3rd 4 20 83
4th 5 13 72
5th 4 11 73
6th 23 21 48
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