duce them, or may be affected by phys-
ical properties of the ingested sediment,
such as particle size. Finally, the lack of
behavioral response with depth may in-
dicate a poor understanding of benthic
trophic structure. Depth and food avail-
ability in deep-sea sediments may not
correspond in a simple inverse propor-
tionality as was recently suggested (/7).
Spiral and meander traces in the deep
sea are not distributed in proportion to
assumed food availability. Although the
depth stratification of ecologic inter-
actions may in fact represent a gradient
in trophic exchange processes, the pres-
ence and abundance of foraging traces is
species-specific and not depth-correla-
tive. Spiral and meander traces are rela-
tively depth-specific and abundant in
Antarctic waters but absent at similar
depths in the Arctic. The presence or ab-
sence of a trace type may not be taken as
a definitive depth indicator. However,
because it is unlikely that deep-sea orga-
nisms will be studied experimentally,
continued use of remote sensing photo-
graphic techniques can allow inferences
with regard to paleobiologic relations.
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Human Lateralization from Head to Foot: Sex-Related Factors

Abstract. Sex differences in the pattern and maturation of lateral asymmetries of
the human brain have been recently found v a number of investigators, suggesting
that sex-related factors may differentially ::fect the two sides of the body. In this
study, asymmetries in the size of the two feet were strongly related to sex and hand-
edness, right-handed males having larger right feet and right-handed females having
larger left feet, the reverse being seen in non-right-handed individuals. Since these
differences were apparent even in children younger than 6 years, the fetal sex ste-
roids may be critical in governing the maturation of both cerebral and pedal asym-

metries.

A number of studies have reported
functional differences in the patterns and
maturation of cerebral lateralization in
males and females (I). Witelson (2)
found that right hemisphere functions
mature considerably earlier in boys than
in girls, and Reid (3) observed that in 5-
year-olds the left hemisphere of girls and
the right hemisphere of boys was more
developed than that of the opposite half
of the brain. This sex difference was
found not only in right-handed children
with language functions specialized to
the left hemisphere and visuo-spatial
functions to the right, but also in a subset
of left-handed children with a reversed
pattern of lateralization. Thus, relative
hemispheric development as a function
of sex was independent of the special-
izations of the two hemispheres, and the
difference in boys and girls cannot,
therefore, be attributed to sociocultural
factors that might encourage different
abilities in male and female children.

Since the differences in the sexes are
apparent well before puberty, it seems
reasonable to suggest that the fetal sex
steroids may play a critical role in deter-
mining relative maturational rates of the

Table 1. Distribution of right-handed and non-
right-handed male and female subjects with
respect to relative foot size.

Right- Non-right-
Relative handed handed
foot size
Males '€ Males T
males males
Left > right 2 55 6 0
Equal 10 18 6 2
Right > left 28 14 0 9
Total 40 87 12 11
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two half-brains and, possibly, of other
bodily regions as well. Specifically, high
concentrations of fetal sex hormones,
present in the male, may asymmetrically
enhance development of the right side of
the body, while low concentrations of
fetal sex hormones, present in the fe-
male, may asymmetrically enhance de-
velopment of the left side of the body.
In this study we compared the sizes of
the left and right feet of 150 individuals,
98 female of whom 18 were under age
6, and 52 male of whom 17 were under
age 6. All data were collected by J.M.L.
from customers in the shoe department
of his clothing store located in a small
Alabama town (Demopolis) in the west-
ern part of the state. Foot asymme-
try was rated on a seven-point scale, = 3
being assigned if one foot was larger than
the other by a half shoe size or greater,
+ 2 being assigned if one foot was larger
than the other by less than half a shoe
size, but by a readily obvious degree (ap-
proximately ‘a quarter to a half shoe
size), = 1 being assigned when one foot
was slightly (less than a quarter shoe
size), but definitely, larger than the
other, and 0 being assigned when either
the feet were equal in size or when,
though one foot appeared possibly larger
than the other, the observer could not
definitely rule out equality (¢). Negative
numbers were given if the left foot was
larger than the right and positive num-
bers if the right foot was larger than the
left. Handedness data were also obtained
in an interview with the customer or, if
a child, the parent. If an individual pref-
erentially used the left hand for any
skilled unimanual activity, he was placed
into the nondextral group. When parents
were uncertain of a young child’s hand
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usage, the child was given a ball to throw
and a crayon with which to draw. In
none of the 150 individuals was there
any difficulty in assignment to the dex-
tral or nondextral group. Data on race,
age, and best-fitting shoe size were also
recorded, but none of these variables
showed any tendency to be associated
with foot asymmetry, so subjects were
collapsed over these categories.

Table 1 shows the number of dextral
and nondextral male and female subjects
having no foot-size asymmetry, or hav-
ing a larger left or larger right foot.
Among dextrals there is a significant
association between sex and the direc-
tion of foot asymmetry [x* (2) = 45.0,
P < .0001]. Though the number of non-
dextrals is small, there is again an associ-
ation between sex and foot asymmetry
(%), but in the opposite direction. The
mean asymmetry scores were 1.2 = 0.2
for dextral males and —0.9 = 0.2 for
dextral females [ (125) = 8.4, P < .0001].
The mean scores for nondextrals were
—1.1 = 0.3 for males and 1.4 = 0.2 for
females [t (21) = 5.8, P < .0001]. The
pattern of results in childen under age 6
was identical and, if anything, was even
more extreme than for the rest of the
sample; this result rules out the possi-
bility that pubertal hormones induce
asymmetric foot ‘growth. The absolute
asymmetry scores, ignoring sign, did not
differ as a function of sex or handedness
nor, for subjects having asymmetric feet,
as a function of which foot was larger.
For the group as a whole, the absolute
asymmetry score was 1.3 = 0.1, and for
those with asymmetric feet (114 subjects)
was 1.7 £ 0.1 (that is, somewhat more
than a quarter shoe size).

The observations reported here offer
strong evidence for the action of gene
products of X- or Y-linked loci in pro-
moting asymmetric development of the
feet, the direction of the asymmetry
within sexes being governed by the same
factors that determine handedness.
Thus, our hypothesis, based on the re-
sults of Reid (3) that the male genome is
invariably associated with enhanced
right-sided development and the female
genome with enhanced left-sided devel-
opment, was disconfirmed. Even in
young children under the age of 6 the left
foot was larger in females and the right
foot larger in males only in dextral sub-
jects, the reverse pattern being seen in
nondextrals. Apparently, though there is
a strong effect of sex on the development
of both cerebral and pedal asymmetry,
the effect is independent of handedness
(and the nature of hemispheric special-
ization) in the former case, but direction-
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ally determined by handedness in the lat-
ter case. Although for both asymmetric
brain maturation and foot growth the
critical role of genes on the sex chromo-
somes seems certain, the mechanisms by
which these genes realize their effects
evidently differ for the two body regions.
JERRE LEVY
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University of Chicago,
Chicago, Illinois 60637
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Substances Moved by Axonal Transport and Released by Nerve

Stimulation Have an Innervation-Like Effect on Muscle

Abstract. Substances which have an innervation-like effect on the cholinesterase
activity of organ-cultured rat extensor digitorum longus muscles are moved in nerve
by axonal transport, are released from nerve by stimulation, and are present in in-
nervated muscle but apparently absent from denervated muscle. Substances which
increase the acetylcholine sensitivity of cultured muscles behave similarly.

Innervation exerts a profound influ-
ence on many of the properties of skele-
tal muscle (/-3). The evidence available
suggests that the influence of nerve on
muscle is mediated in part by the activity
(electrical or mechanical, or both) gener-
ated in muscle by nerve (4), and in part
by mechanisms that are independent of
muscle activity (5-7). To account for the
activity-independent influence of nerve
on muscle it has been postulated that
muscle properties are influenced by
trophic substances (8) delivered to
muscle by nerve (1, 3, 5, 9, 10). Several
studies have shown that denervation-like
changes occur in muscle when sub-
stances that block axonal transport are
applied to nerve (10). The interpretation
of this finding is controversial (//), but
proponents of the trophic substance hy-
pothesis have interpreted it to mean that
substances which normally influence
muscle are moved by axonal transport.
Musick and Hubbard (I2) have present-
ed evidence that indicates that protein is
released concurrently with acetylcholine
(ACh) at the mouse neuromuscular junc-
tion and have suggested that this protein
might mediate the trophic influence of
nerve on muscle.
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If the activity-independent influence of
nerve on muscle is mediated by trophic
substances then one would predict that
substances with an innervation-like ef-
fect on muscle (i) should be present and
moved by axonal transport in nerve, (ii)
should be present in innervated muscle
(within intramuscular nerve and possibly
within muscle itself) but should be ab-
sent or present in reduced concentration
in denervated muscle, and (iii) should be
released from nerve. We have tested
each of these predictions examining two
muscle properties, cholinesterase (ChE)
activity and ACh sensitivity, which are
dramatically influenced by innervation.
In adult rat muscle, innervation main-
tains both junctional and extrajunctional
ChE activity (/3) and suppresses extra-
junctional ACh sensitivity 2, 5, 14).
There is evidence that, during develop-
ment, innervation causes an activity-in-
dependent aggregation of ACh receptors
from the extrajunctional into the junc-
tional region (/5). Innervation probably
continues to be involved in maintaining
high junctional ACh sensitivity in adult
muscle, but the extent of this influence is
uncertain. Berg and Hall (/6) have pre-
sented data, incidentally and without dis-
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