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The variability of patterns of sexual dimorphism in the hominoid skull
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Summary. Univariate and multivariate statistical analyses are applied to a number of cranial dimensions and angles
from living hominoids in order to investigate the patterns of sexual dimorphism in these groups. Clear differences
in patterns of cranial sexual dimorphisms are demonstrated not only between genera but also within a single species
(Homo). These differences overlay the common finding of a sexual size difference in all groups. The results imply
that caution is required in using the sexual dimorphisms of living hominoids as models for those anticipated in fossils.

Key words. Hominoids; crania; sexual dimorphism; discriminant analysis.

Several recent studies ! ~* have focused attention on pat-
terns of sexual dimorphism in the primate skull. Sexual
dimorphism results from the interaction of natural selec-
tion and a number of reproductive, social and other fac-
tors® 1% Wood?, in a study of patterns of cranial and
post-cranial sexual dimorphism amongst a range of pri-
mate genera concluded that “Apart from a few excep-
tions variables are consistently sexually dimorphic in all
groups, differences between primates being one of degree
of dimorphism rather than due to a different pattern of
dimorphism”. In this context, the term ‘pattern’ refers to
the shape change encountered in going from a female to
a male form. It is distinct from ‘degree’ of dimorphism
which implies size rather than shape differences though
pattern differences may well be allometrically linked to
size differences. It may be possible for the same size

difference between sexes in two species to be associated
with different shape differences by virtue of the existence
of different allometric phenomena in each.

More recently Uytterschaut* and Johnson et al. '! have
suggested that patterns of cranial size related shape dif-
ferences and cranial sexual dimorphism* ® show a degree
of dissimilarity amongst geographic subgroups of a sin-
gle species, man. Likewise Oxnard * has shown that dif-
ferences exist between hominoids in the patterns of sexu-
al dimorphism exhibited by the dentition.

The complex of factors involved in the evolution of sex-
ual dimorphisms might lead us to expect that the pattern
of morphological differences between the sexes of a par-
ticular primate species should be unique to that spe-
cies®~° (and ref. cited in Oxnard *). The extent to which
different groups show similarities in their patterns of
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sexual dimorphism might, in turn, be expected to reflect
the degree to which they are similarly adapted and phylo-
genetically related °.

The contradiction between the findings of Wood !-? and
other workers* > 11 suggests that cranial sexual dimor-
phism needs to be re-examined in order to determine if
there does indeed exist a degree of dissimilarity between
hominoid groups. If this turns out to be the case then it
is worth considering if there is any element of cranial
sexual dimorphism which is shared by different homi-
noids and which might provide the basis of a useful
model for the study of fossils.

The present study is based on a collection of 165 skulls
of extant apes (54 Pongo, 50 Pan, 61 Gorilla) and 75
skulls of extant Homo (30 caucasoid and 45 mongoloid).
Sexes of Pan and Gorilla were taken from field records
and checked against skins. Pongo was sexed on the basis
of size, cresting and muscular markings (confirmation of
the accuracy of sexual attributions was provided by prin-
cipal components analyses which showed no overlap be-
tween the ‘male’ and ‘female’ distributions). The sexes of
the human crania were known from burial records.

A series of 24 linear dimensions and 7 angles were taken
between 18 cranial landmarks ! 12, Each dimension was
examined for bimodality of distribution. The mean + SE
of each variable was then calculated for each sex and the
significance of any difference between means noted. A
stepwise discriminant analysis !*> was used to determine
the six variables which, in combination (= shape), best
discriminated between sexes in each sample. A series of
discriminant analyses were then undertaken in which the
variables shown to be optimal in discriminating between
sexes in one group were applied in turn to each other
group in order to judge the degree to which overall pat-
terns of sexual dimorphism are shared. In each group 10
pairs of analyses were undertaken: in each analysis a
randomly selected 90 % of the individuals were used to
construct a discriminant function and the remainder clas-
sified by the function (see Johnson et al. ** for full details
of the method).

Table 1 lists those variables which show a significant
(p < 0.05) difference between means for males and fe-
males in each group. In all cases the males are larger than
the females. These dimorphisms differ between species
and even within Homo. The number of dimorphic vari-
ables is greatest in Gorilla and Pongo confirming that
sexual dimorphism is most marked in species with the
largest absolute size difference between crania. Stepwise
discriminant analysis allows us to list those six variables
which, in combination, best discriminate between the
sexes within each species (table 1). The differences be-
tween these lists strengthen the impression gained from
the univariate data that patterns of sexual dimorphism
vary between and even within species. Repeated discrim-
inant analyses (table 2) demonstrate that optimal rates of
sexual identification of crania are obtained when the six
variables produced by the stepwise procedure are em-
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Table 1. Means which are significantly different between sexes and the
best six combined discriminators for sex in each group. Significant differ-
ences in means are indicated by: O = p < 0.05, X = p < 0.01.

Best combined discriminators are indicated, in order of efficacy, by the
numbers in brackets.
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Note: the six best discriminators in each group were selected by a step-
wise discriminant analysis'®. This analysis takes due account of differ-
ences between variable means, variable intercorrelations and variance
ratios (between-group relative to pooled-within-group). Variables which
singly are not significantly different between sexes may, in combination
(when shape is being considered), contribute markedly to discrimination.
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Table 2. The percentage of crania correctly identified in discriminant
analyses using different sets* of variables

Group Best discriminating variables for:

Gorilla Pongo Pan Mon Cauc
Gorilla 100 97 97 77 100
Pongo 100 100 100 87 100
Pan 70 82 87 66 80
Mon 69 76 87 89 87
Cauc 63 83 83 73 97

* Sets of variables as numbered in table 1, see text for explanation.

ployed. The use of ‘foreign’ discriminators (i.e., the best
six for one group used to classify another group) usually
decreases this accuracy. There is, however, a degree of
interchangeability of variables, e.g., the best six variables
for Pan classify Pongo and Gorilla rather better than they
do Pan (because there is a greater degree of sexual dimor-
phism in the larger apes), and allow correct identification
in the majority of human subjects. This suggests that
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there are certain features of cranial sexual dimorphism
(we suggest principally a size difference and any shared
allometric effects) common to all groups.

The results presented here strongly suggest that there is
a degree of variation between the studied hominoid
groups (even within a single species, Homo) in their pat-
terns of cranial sexual dimorphism (contra 2). Whilst a
male — female size difference is a common finding (in-
deed, it may account for the degree of interchangeability
of variables), with males being larger than females, there
are differences in the shape transformations between the
sexes. We conclude that these differences in cranial sexual
dimorphisms must be attributable to differences between
the groups in their mechanisms (e.g. allometry) of devel-
opment of sexual dimorphism, to similar mechanisms
acting upon different ontogenies or to a combination of
these. The present study casts no light upon the mecha-
nism of development of the hominoid sexual dimor-
phisms but it does imply that great caution should be
taken in using the sexual dimorphisms of living homi-
noids as models for the ‘expected’ dimorphisms of fossils.
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Muscle lipofuscin content and satellite cell volume is increased after high altitude exposure in humans
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Summary. Muscle ultrastructural changes during a typical expedition to the Himalayas were analyzed by taking
muscle biopsies from seven climbers before and after their sojourn at high altitude (over 5000 m for 8 weeks). M.
vastus lateralis samples were analyzed morphometrically from electron micrographs. A quantitative evaluation was
made of lipofuscin, satellite cells and myonuclei. Significant increases of the volume densities of lipofuscin ( 4+ 235%)

and satellite cells ( + 215%) were observed.

Key words. Muscle; morphometry; human; hypoxia; lipofuscin; satellite cell; high altitude.

Recent studies on humans exposed to high altitude dur-
ing traditional long-lasting expeditions to Mt. Everest
and Lhotse have shown signs of muscle deteriora-
tion* 13, The main observation made in these studies was
that there was a significant reduction of muscle cross-sec-
tional area, mainly due to a decrease in muscle fiber size.
A loss of muscle oxidative capacity was also evident, as
indicated by a decrease in the volume of muscle mito-
chondria. The capillary network was mostly unchanged,
so that oxygen transport to the remaining muscle mito-
chondria appeared to be improved after prolonged high
altitude exposure (fig. 1). These studies further showed

qualitative evidence of lipofuscin accumulations, which
were considered to be possible signs of degeneration of
mitochondria and other membrane-rich cell organelles.
However, these findings were not quantitated.

The first goal of the present study was to measure the
previously suggested increase of lipofuscin granules with
high altitude exposure '3, using muscle biopsy specimens
of the same individuals described in the previous re-
ports * 3. In a survey of the literature we found quantita-
tive measurements of lipofuscin in central nervous tissue,
kidney and myocardial cells, but not in skeletal muscle
tissue 2-12:23:25.3%_ Thig study is thus, to the best of our



