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INTRODUCTION

That the human species exhibits sexual dimorphism in size, shape, and be-
havior is an obvious conclusion from anyone’s simple participation in society.
It is common knowledge that males have a larger stature than females, more
robust cranial and facial features, along with greater muscularity, strength, and
speed. In all human groups, male tooth size exceeds that for females, females
store more subcutaneous fat, males have proportionally more muscle fiber, pre-
and postnatal hormonal levels differ, growth rates vary, and diseases affect the
sexes differentially (122a, 278). The fact that most of these differences do not
occur in infants, children, and subadults, but are typical primarily in the adult
stage, indicates that many of the effects are the result of hormonal events
occurring at puberty (23). Like the primary sexual characteristics (i.e. differ-
ences in external genitalia), secondary sexual characteristics are largely con-
trolled or mediated by X-linked genes (247), although they differ in control
from the primary ones in that the environment has a more direct influence on
their expression. For example, muscular differences between males and
females converge when comparing an athletically active female to a nonactive
male. As another measure of plasticity, nutritionally deprived adolescent males
have a greater reduction in realized stature than females suffering similar
protein shortages. Differences in the plasticity of males and females, along
with the underlying genetic differences, provide evidence for a long-term
selection regime in which human males and females, each in their own ways,
have responded to reproductive, environmental, and cultural factors. The intent
of this review is to establish what can and cannot be said about human sexual
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dimorphism. We will examine this phenomenon in the context of primate and
other mammalian dimorphism patterns and in the light of human evolutionary
history. Our purpose, however, is not to document the variation but rather to
attempt its explanation. Thus, our main focus will be on discussing, elaborat-
ing, and when possible testing the models that have been proposed to account
for differing magnitudes of sexual dimorphism, and when possible we will use
these models to help explain the human condition.

Dimorphism in the human skeletal system and in dentition is well estab-
lished. It has been studied in detail because of the importance of accurate sex
determination for archaeological remains (2, 20-22, 27, 30, 30a, 33, 43-45,
47, 51, 65, 66, 70-73, 75, 85, 101-105, 111-115, 133-137, 142, 145, 148,
149, 153, 154, 162, 166, 167, 174, 184, 209, 221, 225, 235, 237, 240, 248,
252, 260, 271-273, 284, 291-293, 294a, 295). These studies focus more on
the determination of sex from various parts of the skeleton than on the degree of
dimorphism. Even so, they provide, perhaps inadvertently, important informa-
tion about the populational variability in the sex differences. This variation is
great enough for the magnitude of sexual dimorphism itself to become one of
the criteria used in establishing the region of origin for a skeletal sample.
However, like so many other osteological criteria purporting to describe
regional differences, the magnitude of sexual dimorphism may differ greatly
from population to population, but it does not seem to differ on the average
from region to region.

As abackground to the sexual dimorphism in living groups, there is substan-
tial evidence to show reduction of sexual dimorphism in the human lineage.
Plio/Pleistocene hominids exhibit a level of dimorphism for tooth, cranial, and
skeletal dimensions much greater than subsequent groups. Early Homo samples
and other more recent Middle and Upper Pleistocene forms display levels of
dimorphism intermediate between Australopithecus and extant groups (311).
Similarly, when considered all together, European Upper Paleolithic groups
have more dimorphism than their Mesolithic and Neolithic descendants (92,
93). Thus contemporary populations, as well as their fossil and more recent
ancestors, consistently show sex differences. These appear to be greater in
earlier populations.

Although sexual dimorphism is easily observed and well documented for
fossil and extant groups, models accounting for its existence and persistence, as
well as the trends for reduction, are varied and sometimes contradictory. Some
of the confusion relates to the complexity of the underlying genetics and the
interaction of environmental variables. As amply shown in anthropological
genetics, traits of simple inheritance are much easier to analyze and interpret
than those resulting from polygenic effects (200, pp. 21-22). Since the major-
ity of sexually dimorphic traits are determined by polygenes, evolutionary
explanations must consider nongenetic and genetic influences. In addition, the
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capacity of culture to override biological constraints and to substitute behavior-
al solutions makes it difficult to apply many of the models for sexual dimor-
phism deriving from nonhuman evolutionary biology. Moreover, uniformitar-
ianism aside, there is no justification for assuming that the same factors
controlling the maintenance of sexual dimorphism today are the same or at least
related to the ones working in the past (25, 83, 89, 156, 213, 278, 297, 302).

In a broader context, studies of mammalian dimorphism, and specifically of
dimorphism in the nonhuman primates, indicate that explanatory models must
be more general than the human studies by themselves might suggest. Such a
broader context is dictated by studies of dimorphism in groups as diverse as
amphibians and reptiles (50, 251, 265, 270, 315), bats (220), rodents (78, 79,
178), decapods (3), insects (28, 90), and birds (9, 24, 74, 76, 234, 261, 262,
264, 279). The nonhuman primate literature is particularly extensive (7, 14,
17, 29, 56, 57, 69, 77, 96, 97, 107, 108, 116, 140, 144, 146, 161, 187, 188,
193, 195-197, 212, 224, 232, 233, 238, 239, 245, 253-258, 297, 298, 308,
314). While most of these establish some degree of dimorphism in particular
primate species, and many relate this to specific evolutionary models, a few
workers describe primates in which dimorphism is virtually or completely
absent (59, 61, 172, 173, 217, 320, 322, 323). On the face of things, this
diversity of fact and hypothesis suggests that if there is a general explanation of
sexual dimorphism, it is likely to be complex (62, 83, 121, 242).

The literature on human sexual dimorphism can be viewed from the separate
perspectives of proximate or ultimate causation. A proximate explanation
considers sexual dimorphism as a response to nutritional stress or overall
improvements in the environment of growing adolescents. Such nongenetic
factors account for secular trends for increases in sexual dimorphism in recent
groups or over periods of nutritional changes. Ultimate causation models view
sexual dimorphism as a genetic adaptation to a variety of ecological, social, or
economic factors, and traditionally incorporate selection as the primary ex-
planatory mechanism. Though ultimate causation models have occupied a
greater place in the literature, they do not necessarily explain short-term
fluctuations in sexual dimorphism.

PROXIMATE CAUSATION

Numerous studies have documented a decrease in male/female differences in
stature under conditions of nutritional stress and an increase in dimorphism
with improved diet (39, 127, 131, 147, 176, 201, 274-278, 286, 303). Males
are more susceptible to fluctuations in nutritional quality and show greater
impairment in long bone growth. Females are less affected by nutritional
shortages and prove to be more stable under the same food deficits, presumably
because of reproductive demands, storage of more subcutaneous fat, and
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overall smaller body size. These differential growth vectors generally result in
both a collapsing of the male and female mean adult statures and a reduction in
the level of sexual dimorphism in body size. Nutritional factors, then, may
explain trends for reduction in dimorphism in some horticultural and agricultur-
al groups, since there is good documentation for the decline in dietary sufficien-
cy in the shift from hunting and gathering to agriculture (185, 219, 228).
However, we view this factor as a short-term consequence of deprivation and of
little relevance for explaining patterns of reduction from australopithecines to
early postglacial hunter-gatherers.

Proximate causation for sexual dimorphism changes are not without more
ultimate (i.e. evolutionary) consequences. A possible long-term effect of
nutritional shortages would be a shift toward smaller adult body size in both
sexes. Should the dietary deficiencies become chronic, selection would operate
to reduce body size with respect to energetic efficiency. Since males would be
under more intense selection, sexual dimorphism should decrease. Furth-
ermore, since body size is positively correlated with the degree of sexual
dimorphism (53, 55, 195), any selection for smaller body size should result in
reduced sexual dimorphism. Some evidence for this model is found for small
body size and low levels of sexual dimorphism of agricultural groups in North
America (40, 133), Mexico (228), Europe (94, 95, 170), India (168, 169),
China, and Southeast Asia (37, 38, 205).

However, exceptions occur where nutritional patterns and sexual dimor-
phism are not correlated in modern populations (202) and where groups
undergoing the transition from hunting and gathering to agriculture exhibit an
increase in sexual dimorphism, because of greater reduction in female body
size, as described by Larsen (185), or, as Tobias (286) has shown for the San, a
greater increase in male stature. In the former case, Larsen argues that females
have differential dependence on agricultural foods and show depressed nutri-
tional status and growth retardation as a consequence. In the latter case, as
Bushman groups become more sedentary and adopt “Neolithic” forms of
subsistence, there has been a marked increase in male stature. These results
present a stark contradiction to the nutritional hypothesis, given evidence for
nutritional adequacies of hunting-gathering San (177, 290). As Eveleth (82)
and Wolfe & Gray (305) have argued, it is difficult to demonstrate the
relationship between nutritional status and sexual dimorphism in a worldwide
sample. This must result at least in part from the interplay of proximate and
ultimate causation for variation in sexual dimorphism. These clearly are not
independent.

ULTIMATE CAUSATION MODELS

Because virtually all higher vertebrates exhibit sexual dimorphism, a great deal
of effort has been made to explain the biological cause(s) and genetic mecha-



