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Sexual Dimorphism and Cultural Evolution 
in the Late Pleistocene and Holocene of 
Europe 

Dental, cranial and body size data are reviewed for European Upper 
Paleolithic, Mesolithic and Neolithic males and females. Over these 
three periods there is a substantial decrease in the level of sexual 
dimorphism. From separate analysis of trends occurring between 
males and females, it is shown that the major cause for this decrease in 
sexual dimorphism is gracilization of the males between the Upper 
Paleolithic and Mesolithic. Reduction in males is related to shifting 
technological patterns associated with hunting and changes in the 
types of animals hunted. Further reduction in sexual dimorphism 
between the Mesolithic and Neolithic and from the Neolithic to 
modern European populations is shown to be more closely tied to 
changes occurring among females. Analysis of changing patterns of 
sexual dimorphism in Late Pleistocene and Holocene populations of 
Europe suggests an interrelationship between cultural and biological 
evolution. 

1. Introduction 

Differences in sex roles in human societies have long interested anthropologists, particularly 
the demarcation of economic behavior along sex lines. Yet there has been practically no 
interest amoug paleoanthropologists as to a relationship between a rigid sexual division of 
labor and any contingent biological effects. We know, for example, that certain body 
types are associated with specific occupations in contemporary society (Tanner, 1977). 
Studies of physique in athletes have shown that there is a “strong relationship between 
the structure of the athlete and the specific task (event) in which he excells” and that “clear 
physical prototypes exist for optimal performance at the Olympic games level” (de 
Garay et al., 1974, p. 75; see also Haas, 1974). Professional basketball players deviate 
from the body size norms of the rest of society, whether they are male or female, and this 
deviance is what allows them to excel1 in their profession. Furthermore, the deviance is 
not primarily related to environmental adjustments of the phenotype during growth or to 
exercise during the athlete’s training. That is, there is a strong genetic component to the 
height and linearity of the players. If specific physiques have their economic advantages 
in modern society, what sort of inferences can be made concerning morphological attri- 
butes in prehistoric populations? 

In this paper I present evidence which suggests that the types of duties performed by 
males in the Upper Paleolithic and Mesolithic are directly related to the amount of 
skeletal and dental robusticity found in the two samples. Moreover, the consistent reduc- 
tion of male body metrics between the Upper Paleolithic and Mesolithic results in the 
decrease of sexual dimorphism within the Mesolithic population. Evidence is also 
presented which indicates that the level of sexual dimorphism within a population is 
roughly proportional to the exclusivity of the division of labor by sex. That is, in popula- 
tions where males and females are charged with non-overlapping and dissimilar economic 
duties, sexual dimorphism is more marked than in societies where males and females share 
similar subsistence responsibilities. 
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The basis of this argument rests on the principle of division of labor by sex. In every 
human society so far studied, certain jobs are the exclusive province of a specific sex. This 
is particularly the case in hunter-gatherer groups in which hunting duties are allocated 
almost exclusively to males and collecting and foraging almost exclusively to females. In 
technologically advanced groups, division of labor still persists, but many of the same 
economic chores are shared between the sexes. For example, in many agricultural so- 
cieties, males are in charge of preparing the fields, while women are involved in planting, 
weeding, and other gardening duties. Often both sexes participate in harvesting the 
produce. The duties may be different in this case, but the basic biological requisites for 
performing the work are more similar than in societies where men hunt and women 
collect. 

Considerable evidence exists for the sharing of economic duties in agricultural groups 
and for the dichotomy of subsistence activities in hunter-gatherer societies. For example, 
in an article by Murdock & Provost (1973) sex allocations of 50 different technological or 
subsistence activities are reviewed for 185 human groups. Table 1 presents a condensation 
of these data, concentrating on economic pursuits that can be classified as subsistence or 
subsistence-related activities. The index given is calculated on the basis of the level of 
activity exclusivity. An index of 100 describes a duty done solely by males, whereas duties 
performed exclusively by females would have an index of 0. In the societies surveyed, 
duties with the indices over 90 include hunting large aquatic fauna (lOO), hunting large 
land mammals (99*3), fowling (98*3), trapping small land fauna (97*5), butchering (92.3) 
and land clearance (90.5). At the other end of the scale, women in this study were more 
characteristically involved in collecting smaller game (3 1 ml), gathering wild vegetable 
foods (19*7), and processing dairy foods (14.3). Duties more commonly shared by both 
sexes represent the middle range on the scale and are most frequently associated with 
agricultural or horticultural subsistence activities, including soil preparation (73-l), crop 
planting (54.4), harvesting (45.0) and milking (43.8). These data seem to support the 

Table 1 Economic cla&fications for subsistence and subsistcaa- 
related mtivities. Data arc from Murdock b Provost (1973) 
and ate based on 193 worldwide societies 

Index 

Hunting large aquatic fauna 100 
Hunting large land fauna 99.3 
Fowling 98.3 
Trapping small land fauna 97.5 
Butchering 92.3 
Land clearance 90.5 
Fishing 86.7 
Tending large animals 82.4 
Soil preparation 73.1 
Gathering small land fauna 54.5 
Crop planting 54.4 
Harvesting 45.0 
Milking 43-a 
Care of small animals 35-9 
Gathering small aquatic fauna 31.1 
Gathering wild vegetable foods 19.7 
Dairy production 14.3 
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contention that division of labor by sex is more strictly defined in hunter-gatherers, while 
in food-producing groups similar types of subsistence activities are practiced by males and 
females. 

Several different theories have been proposed to account for the division of labor by sex 
and for the breakdown of a strict economic specialization in technologically advanced 
groups. Hiatt (1970) has stressed environment and subsistence base; White (1959) and 
D’Andrade (1966), reproductive and physical differences between males and females ; 
Durkheim (1933), minimization of competition and social solidarity; Adam Smith 
(Polanyi, 1957), productivity and maximization of resources; Mead (1949), innate be- 
havioral differences. Judith Brown (1970) has maintained that the fundamental issue 
involved in sexual division of labor concerns economic duties where “child care and sub- 
sistence activities are sufficiently compatible to be carried out simultaneously”. These 
types of duties “can be interrupted and easily resumed, do not require rapt concentration, 
are not dangerous and can be carried out near home” (Brown, 1976, p. 128). 

Whatever the cause(s) for the division of labor by sex, the biological consequences of 
differential economic role performance may have an effect on the level of sexual dimorph- 
ism. If there is a widespread dichotomy in the types of economic chores followed by males 
and females, one might expect to find morphological differences which parallel the level or 
degree of exploitive specialization. Specifically, one would expect to find greater levels of 
sexual dimorphism in hunter-gatherer groups, with decreased levels in societies relying 
upon domesticated food resources. That is, as economic roles become less dichotomous, 
the biological requirements for fulfilling these roles should become more similar. Sexual 
dimorphism in tooth, cranial and body size, then, should reduce as human populations 
move from a food-gathering to food-producing economy. 

To test such a relationship, I have selected data drawn from the European Upper 
Paleolithic, Mesolithic and Neolithic. These samples represent a continuum of human 
populations evolving over approximately 40,000 years. Skeletons are abundant for each of 
the three periods and adequate sample sizes exist for both sexes. Moreover, the prehistory 
of the three periods has been thoroughly studied, so that changes in the technological and 
economic systems are well documented. 

2. Data Base 

Upper Paleolithic and Mesolithic samples consist of virtually all the known material 
found in western, central and eastern Europe. Most of the material was personally 
examined, although in some cases (such as Piedmost), data are compiled from the litera- 
ture. Wherever possible, sexing was done on the basis of the morphology of the pubic 
symphysis (Phenice, 1968), although since many of the specimens from this time period 
lack associated postcranial remains, sex for most specimens was determined from morpho- 
logical details of the cranium. No specimens were sexed by dental dimensions. Cranial 
and dental data for the Neolithic sample also comes from personal measurements collected 
in the field. This material is drawn about equally from Early, Middle and Late Neolithic 
periods, spanning across most ofwestern and central Europe. Data from Austrian, Czech, 
Danish, Dutch, French, German, Italian, Portuguese, Swedish and Swiss Neolithic sites 
comprise the dental and cranial samples. 

In the attribution of sex for individual crania, male sex bias (as discussed by Weiss, 
1972) was considered. Comparing my sex ratios to other published accounts, I find that I 
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still have more males than females, but that I tended to sex more specimens as female than 
earlier authors. Also, in a separate analysis (Frayer, 1978), an Upper Paleolithic sample 
was constructed in which sexing was based solely on morphology of the pelvis. In this 
group, sexual dimorphism of tooth size was greater than in a larger sample where sex was 
determined from cranial and postcranial evidence. Data reported here, then, may 
underestimate the amount of sexual dimorphism in Upper Paleolithic, Mesolithic and 
Neolithic groups. 

Measurements for the dentition consist of standard length and breadth metrics and are 
subject to no more than a 2% error. In this paper only areas are utilized, calculated as the 
product of length x breadth. Complete dental statistics for Upper Paleolithic and Meso- 
lithic groups can be found in Frayer (1978). Cranial dimensions discussed in the paper 
were taken following Martin (1928) and are summarized in the Appendix. Postcranial 
dimensions come primarily from the literature, except for some of the Upper Paleolithic 
material which was measured by the author. 

Throughout the paper “percent dimorphism” is used as an index for describing 
differences in male and female means. This index is calculated by the following formula : 

o/o dimorphism = 
MZ-FZ x loo 

Mx!? ’ 

where MX = the male mean and FX = the female mean. “Percent dimorphism”, then, 
represents the relative difference between male and female averages. 

3. Dental Sexual Dimorphism 

Based on numerous studies (Alvesalo, 1970; Garn, Lewis & Kerewsky, 1964, 1966, 1967; 
Garn et al., 1967; Mijsberg, 1931; Pederson, 1949; Wolpoff, 1973, 1976) the most 
dimorphic tooth is the canine. In some cases, M2 dimensions may be slightly more 
dimorphic than the canine (Garn et al., 1966), but in the majority of human populations 
studied so far, the canine possesses the greatest degree of sexual dimorphism. Appropri- 
ately, then, this study begins with an analysis of canine dimorphism in the Upper Paleo- 
lithic, Mesolithic, Neolithic and a group of extant Norwegians* (Alvesalo, 1970). For 
these groups sample size for each sex in no case is less than 12 and except for the Upper 
Paleolithic sample, always greater than 20 for males and females. 

As depicted in Figure la, the mandibular canine shows a steady decrease in size from 
the Upper Paleolithic to the Neolithic, followed by a slight increase from the Neolithic to 
the modern Norwegian sample. Accompanying these changes is a marked reduction in 
sexual dimorphism between the Upper Paleolithic and Mesolithic, while only a minor 
change occurs between the Mesolithic and Neolithic. Although tooth size increases from 
the Neolithic to the modern European sample, the level of sexual dimorphism decreases 
from 14.2 o/o to 12.7 %. For the maxillary canine (Figure 1 b) , absolute size of the canine 
reduces through the Neolithic populations and, then, increases from the Neolithic to the 
modern Norwegian group. As in the mandibular canine, the greatest reduction in 
dimorphism occurs between the Upper Paleolithic and Mesolithic, while only minor 

* Because no adequate samples of modern European populations are 
available, dental data for Norwegians are used exclusively in this 
paper. From some preliminary work, Alvesalo’s Norwegian sample 
appears to be above average in tooth size when other European 
groups are considered. 
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Figure 1. Plots of mandibular (a) and maxillary (b) canine area for 
Upper Paleolithic (UP), Mesolithic (MESO), Neolithic (NEO) and 
modern Norwegian (NORWAY) males and females. 
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differences exist between Mesolithic and Neolithic levels of dimorphism. Also, even 
though tooth size increases between the Neolithic and modern European samples, the 
amount of canine dimorphism continues to reduce in magnitude. 

Sexual dimorphism in mandibular and maxillary second molar areas is illustrated in 
Figure 2a and b. Like the previous comparisons, absolute tooth size shows a consistent 
trend for decrease from the Upper Paleolithic to the Neolithic, and then increases slightly 
from the Neolithic to the modern Norwegian sample. Upper Paleolithic males and 
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Figure 2. Plots of mandibular (a) and maxillary (b) second molar area 
for Upper Paleolithic (UP), Mesolithic (MESO), Neolithic (NEO) 
and modern Norwegian (NORFVAY) males and females. 
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females exhibit more dimorphism in tooth size than any of the subsequent groups, and the 
most recent human sample shows the least overall dimorphism. Although canine and 
second molar areas are only given here, the same pattern holds true for the other teeth 
(see Frayer, 1978). 
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It is apparent, then, that the level of sexual dimorphism in tooth size shows a reduction 

from the Upper Paleolithic into the modern era. Moreover, reduction in the amount of 

dimorphism is not solely connected to decrease in overall size. Even with an increase in 
canine and second molar size between the Neolithic and Norwegian samples, sex differ- 
ences in tooth size become less marked. Furthermore, from an analysis of the trends 
occurring between males and females, reduction of sexual dimorphism between the Upper 
Paleolithic and Mesolithic is primarily related to a gracilization of males. Table 2 gives 
the percent change between males and females for two successive periods. For the 
mandibular canine area, tooth size reduces IO.7 y0 in males and 7.0% in females between 

the Upper Paleolithic and Mesolithic. In the maxilla, females show almost no change in 
canine size between the Upper Paleolithic and Mesolithic (104 reduction), while male 

maxillary canines decrease 7.6%. Likewise for the second molars, males exhibit a greater 
rate of change in tooth size than found in females. 

Table 2 Percent change* in males and females for canine and second 
molar areas 

Canine Second Molar 
W-__-7 A --7 

Mandible Maxilla Mandible Maxilla 
0 0 --7 T--7 

Males Females Males Females Males Females Males Females 
___ 

Upper Paleolithic to 
Mesolithic 

1Mesolithic to Neolithic 
Neolithic to modern 

Norwegians 

- 10.7 - 7.0 - 7.6 - 1.0 - 6.8 - 5.4 - 9.2 - 4.2 

- 8.3 - 10.9 - 10.9 - 11.1 - 11.6 - 8.3 -9.2 -11.8 
+ 8.5 + 10.3 + 10.5 + 12.5 + 5.9 + 9-7 + 6.1 + 11.0 

(G - &I 
* Percent change is calculated as: - 

E? 
x 100; where Ez is the 

chronologically earlier group and .LI is the chronologically later group. 

Reduction in the level of tooth size dimorphism between the Upper Paleolithic and 
Mesolithic, then, is the result of greater reduction in male tooth size, while females tend to 
be more stable. Continued trends for reduction in sexual dimorphism, however, are more 
closely tied to changes in the female dentition. Between the Mesolithic and Neolithic 
females show a greater rate of tooth size reduction, although not so much that the magni- 
tude of dimorphism in the Neolithic increases substantially. From the Neolithic to the 
modern Norwegian samples, females show a greater increase in tooth size which accounts 
for a significant lowering of the level of tooth size dimorphism. Norwegian females have 
increased canine size 1 O-3 o/o from the Neolithic for the mandibular canine and show a gain 
of 12.5 o/o in the maxilla. Males between the same two periods exhibit an 8.5 o/o increase in 
mandibular canine area and 10.5 y/o in the maxilla. In the second molar areas, females 
show nearly twice the amount of tooth size increase when compared to the males from the 
Neolithic and modern groups. 

These data illustrate, then, that the reduction of sexual dimorphism in tooth size 
through time is related to two separate factors. From the Upper Paleolithic to the Meso- 
lithic the major reduction in dimorphism is accounted for by substantial decrease in male 
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tooth size, with females reducing in tooth size less markedly. Continued reduction in 
sexual dimorphism from the Mesolithic on is more closely tied to changes occurring in the 
female dentition. 

4. Cranial Metrics 

As with the dimensions of the teeth, cranial metrics provide evidence for a general reduc- 

tion in sexual dimorphism through time, although the pattern is less distinct than observed 

for the dentition. Measurements of the cranial vault exhibit less dimorphism than 
measurements of the face and mandible. For the seven measurements of the cranial vault 

(see Table 3), Upper Paleolithic groups show an average dimorphism of 4*6%, Meso- 

lithic groups 4.2 yO and Neolithic groups 2.9 %. In five of the seven measurements Upper 
Paleolithic groups are more dimorphic than their Mesolithic descendants and in five of the 

Table 3 Sexual dimorphism in the cranial vault, face and mandible for 
Upper Paleolithic, Mcsolithic and Neolithic males and females. 
Complete statistics for the three samples arc given in 
Appendix Tables A-C 

o/O Dimorphism 

&Y-----Y 
Paleolithic Mesolithic Neolithic 

Cranial Vault 
Maximum cranial length 6.3 5.3 3.9 
Maximum cranial breadth 1.9 2.8 3.0 
Maximum frontal breadth 5.1 3.6 2.7 
Frontal arc 7.4 5.9 2.5 
Parietal arc 3.2 1.7 1.4 
Occipital arc 3.7 6.3 2.6 
Biasterionic breadth 4.5 4.0 4.1 

Average y0 dimorphism 4.6 4.2 2.5 

Face 
Upper facial height 
Nasal height 
Nasal breadth 
Basion-prosthion 
Basion-nasion 
Bizygomatic breadth 
ZM-ZM breadth 
FMT-FMT breadth 
Bicanine breadth 
Ms-Ms external breadth 
Palate length 

Average y0 dimorphism 

7.8 7.5 6.4 
7.6 7.5 6.3 
7.2 2.4 4.5 
7.6 4.9 5.4 
6.4 6.9 5,4 
3.7 5.2 6.4 
a-8 5-a 5.0 
7.0 6.8 4.8 

14.8 a.1 3.8 
a-4 5-a 4.4 
9.7 4.3 4.9 
8.1 5.9 5.2 

Mandible 
Bicondylar breadth 6.4 
Bigonial breadth 4.2 
Ms-Ms external breadth 6.7 
Corpus height at M, 10.6 
Corpus breadth at Ms 7.8 
Maximum mandibular length 4.6 

Average o/0 dimorphism 6.7 

6.0 6.7 
7.4 6.3 
3-4 2.5 

11.4 9.8 
6.4 4.0 
1.4 2.9 
6.0 5.4 



SEXUAL DIMORPHISM AND CULTURAL EVOLUTION 407 

seven the amount of dimorphism in the Mesolithic exceeds that found in the Neolithic. 

For facial dimensions, of the 11 measurements considered, Upper Paleolithic males are 
8.1 y0 larger than females, Mesolithic males 5.9 y0 larger, and Neolithic males 5.2 y0 larger 

than females. Of the measurements given, the amount of dimorphism in the Upper 
Paleolithic exceeds the Mesolithic in nine of the 11 cases and, in the Mesolithic-Neolithic 
comparison, the Mesolithic shows greater dimorphism in seven of the 11 measurements. 
For mandibular measurements, Upper Paleolithic males and females are again more 
dimorphic than their Mesolithic (or Neolithic) descendants: percent dimorphism aver- 
ages 6.7 in the Upper Paleolithic, 6.0 in the Mesolithic, and 5.4 in the Neolithic. 

To better illustrate the changes in dimorphism through time, measurements of cranial 
vault and face were combined using a discriminant function formula published by Giles PL 
Elliot (1963). F unction 19, based solely on White males and females, combines maximum 

cranial length, basion-nasion length, bizygomatic breadth, basion-prosthion Iength, and 
facial height as metrics for determining probable sex of the individual. This function was 
selected because it allows for the largest sample size in the three populations under 
consideration and combines facial and cranial vault metrics. Average discriminant 
function scores and sample size are given in Table 4. Data compiled by Giles and Elliot 
for function 19 in modern Whites are also presented with the three earlier populations. 

Table 4 Discriminant function scores for fossil and contemporary 
males and females 

Function 19 
----h-y Percent 

8 ?I difference 

Upper Paleolithic males 5589 12 
Upper Paleolithic females 5087 12 9.0 

Mesolithic males .5418 34 
Mesolithic females 5081 29 6.2 

Neolithic males 5377 75 
Neolithic females 5111 60 5.0 

Modern White males* 5230 108 
Modern White females* 4903 79 6.2 

Upper Paleolithic-Modern White males 6.4 
Upper Paleolithic-Modern White females 3.6 

* From Giles & Elliot (1963, table 2). 

Trends over the four samples indicate a decrease in sexual dimorphism from Upper 
Paleolithic to Neolithic, followed by an increase in sexual dimorphism between the Neo- 
lithic and modern White sample. Upper Paleolithic males and females clearly have the 
most dimorphic scores, with males averaging 9*Oo/o larger than females. The Neolithic 
sample shows the least amount of crania-facial dimorphism. As with the dentition, sexual 
dimorphism in crania-facial metrics decreases from the Upper Paleolithic to the Neolithic, 
then shows an increase in the living population. There is also a trend for males to show a 
greater degree of change through time compared to females. From the Upper Paleolithic 
to the modern White group, males show a reduction of 6.4% in the score for function 19. 
Females, on the other hand, show a decrease of 3.6% with little change between the Upper 
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Paleolithic and Mesolithic, followed by an increase in average score between the Meso- 
lithic and Neolithic, and then a decrease in average score between the Neolithic and 
modern White sample means. Overall, females appear to be more stable for the combina- 
tion of these five cranial metrics than do males, although the difference between the 
Neolithic and modern White females is substantial. 

5. Postcranial Dimorphism 

Sexual differences outlined above for tooth size and crania-facial dimensions are also 

found in the postcranial skeleton. Rather than reviewing sex differences for individual 
long bones, in this paper postcranial sexual dimorphism is analyzed through stature com- 

parisons. Estimates of stature for Upper Paleolithic, Mesolithic and Neolithic specimens 

were calculated using Trotter and Gleser’s formulas for White males and females (Trotter 
and Gleser, 1952). In most cases, maximum femur length was used, although where the 
femur was absent, other bones of the skeleton were used. Sample sizes for the Upper 
Paleolithic are 20 males and nine females, for the Mesolithic 28 males and 17 females, and 
for the Neolithic 13 males and 17 females. All Neolithic data come from a middle-late 
Swedish Neolithic site known as Vasterbjers (Stenberger, Dahr Sr Munthe, 1943). For 
comparative purposes, data on the statures of modern Europeans group are also included. 
These derive from data published by Eveleth & Tanner (1976). Averages given for males 
and females represent the mean of 20 different European groups. 

Figure 3 presents the means and percent differences between male and female statures 
for the four samples. Several trends are apparent. (a) There is a general pattern of 
reduction in stature from the Upper Paleolithic to the Mesolithic, followed by a slight, 
but steady climb in stature from the Neolithic to the modern groups. Stature reduces 
5.2% from the Upper Paleolithic to the Mesolithic, increases between the Mesolithic and 

Figure 3. Stature estimates for Upper Paleolithic (UP), Mesolithic 
(MESO), Neolithic (NEO) and modern European males and 
females. 
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Neolithic about I%, and continues to increase from the Neolithic to the modern Europeans 

by 3.3%. Statures of modern male inhabitants of Europe are nearly identical to those of 
their Upper Paleolithic forebears, while modern female statures slightly exceed Upper 

Paleolithic females. (b) Accompanying the trends for change in stature through time is a 
gradual reduction in the amount of sexual dimorphism in the pre-modern groups. 
Upper Paleolithic males are about 8.6% larger than females, while Mesolithic males 
average 6.6% larger and Neolithic males 5.9 “/b larger. From the Upper Paleolithic to the 
Neolithic, then, there is approximately a 3% reduction in size. (c) Reduction in the 
amount of sexual dimorphism between the Upper Paleolithic and Mesolithic relates to a 
proportionally greater decrease in the males, while in the Mesolithic/Neolithic transition, 
the proportionally greater increase in the females is more critical in the further decrease of 
sexual dimorphism. Between the Neolithic and modern European averages, the slightly 
greater increase in the male stature accounts for a present-day sexual dimorphism of 

7.396. (d) Even though the Upper Paleolithic and modern European averages for stature 
are approximately the same for males, modern females have a slightly greater stature than 
their Upper Paleolithic ancestors, which accounts for the lesser amount of sexual dimorph- 
ism in the modern sample. Sexual dimorphism in modern European groups is nearly 
identical to the Mesolithic, even though the average statures for males and females in the 
modern Europeans are considerably greater than in the Mesolithic. 

The degree of sexual dimorphism, then, is not completely dependent on overall body 
size in a population. Even with the 5% increase in stature from the Mesolithic to the 
modern Europeans, the amount of sexual dimorphism does not exceed that found in the 
Upper Paleolithic. Overall increase in body size, some of which is presumably the result 
of secular trend, is not the only factor accounting for the increase in sexual dimorphism 
from the Neolithic to the modern era. If this were the case, one would expect sexual 
dimorphism in modern Europeans to more closely approximate the Upper Paleolithic 
figure. As with the analysis of cranial and dental data, there appears to be an underlying 
difference in the basic biological design of males and females through time, which 
fluctuates in importance, depending on something other than strictly overall size. 

6. Discussion 

One of the more interesting results of the foregoing analysis is the marked differential 
reduction of the male tooth size, cranial size and body size between the Upper Paleolithic 
and Mesolithic. In both cases, males were probably primarily involved with hunting, so 
that hunting alone, is not a sufficient reason to explain the gracilization of males in this 
comparison. However, the kinds of hunting performed by Upper Paleolithic and Meso- 
lithic males are qualitatively different. Both hunting techniques and the types of animals 
hunted differ substantially between the two periods. A great deal of the hunting in the 
Upper Paleolithic was probably conducted at close-quarters with the spear as the primary 
weapon. For the bulk of the Upper Paleolithic spears were either hand-held or, by at least 
18,000 B.P., propelled by the spearthrower. Not until the very end of the Upper Paleo- 
lithic was the bow-and-arrow utilized, while during the Mesolithic the bow seems to be the 
primary weapon for bringing down game (Gabel, 1958; Noe-Nygaard, 1974; Odell, 
1978). 

Besides technological factors, there is probably also some effect on body size produced 
by the types of game hunted by Upper Paleolithic and Mesoiithic males. In the Upper 
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Paleolithic, most of the prey is of a body size over 200 kg. Major fauna hunted included 
reindeer, mammoth, auroch, wooley rhinoceros, bison and horse (Jelinek, 1972). Each of 
these is a rather formidable animal to kill, a majority ran in herds making them more 
hazardous to hunt, and all were probably rather aggressive when wounded. Hunting 
these types of animals, coupled with the widespread use of the spear and spearthrower in 
the Upper Paleolithic, was probably a very dangerous business. In the Mesolithic, hunt- 
ing was concentrated more on smaller, more docile game: primarily deer, wild cattle, 
pigs and aquatic resources (Cohen, 1977). Although wild pigs are not the most docile 

prey to hunt, most of the others are less aggressive than the typical fare of Upper Paleo- 
lithic hunters. The smaller game and use of the bow as the major offensive weapon sug- 
gest that hunting may have been much less precarious in the Mesolithic. If so, differences 
in tooth, cranial and body size between Upper Paleolithic and Mesolithic males may 
reflect differences in overall adaptive patterns related to the economic lifeway. 

Evidence to substantiate this position is presented in Table 5. Here dental size and 
body size are reviewed for the Upper Paleolithic and a group of Australian Aborigines. 

The latter are from a living population (the Walbiri, Yuendemu settlement) located in the 
central part of Australia. Dental dimensions for the Walbiri were taken from plaster casts 
by C. L. Brace (see Brace & Ryan, this volume). Stature data derive from Abbie (1975). 
Both the Upper Paleolithic and Walbiri groups are hunter-gatherers, each group relying 
upon the spear and spearthrower as the primary hunting tools. If weapon types are the 
only factors affecting the level of sexual dimorphism, one would predict a similar amount 

of sexual dimorphism in both groups. However, males and females in the Upper Paleo- 
lithic show considerably greater differences than those found in the Walbiri. For the 
dentition, sexual dimorphism in the Upper Paleolithic is nearly double that found in the 

Table 5 Comparison of Upper Paleolithic and Australian Aborigine 
(Walbiri) dental and body size averages 

Upper Paleolithic Walbiri 
I- * \ ym 

0, ” 
Male Female DiffGence Male Female Diffgence 

Tooth Size 
mandible 

C 64.7 
P3 59.9 
P4 61.8 
Ml 131.4 
M2 128.7 
M3 122.7 

Average dimorphism 
maxilla 

C 77-5 
P3 72.8 
P4 68.3 
Ml 133.0 
M2 131.3 
M3 107.3 

Average dimorphism 

Body size 
stature 1743 

53.0 
56.0 
57.1 

116.9 
112.5 
107.9 

64.5 
62.7 
62.6 

119.6 
115-4 
99.4 

1593 8.6 1684 1572 6.7 

18.1 
6.5 
7.6 

Il.0 
12.6 
12-l 
11.3 

16.8 
13.9 
8.3 

10.1 
12.1 
7.4 

Il.4 

59.1 52.3 
63.4 60.6 
65.6 62.9 

136.4 128.7 
130.5 122-4 
134.1 126.3 

72.5 65.4 
76.2 72-9 
70.6 67-8 

135.3 127.9 
135.0 124.9 
118-l Ill-4 

11.5 
4.4 
4.1 
5.7 
6.2 
5.8 
6.3 

9.8 
4.3 
4.0 
5.5 
7.5 
5.7 
6.1 
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Walbiri. In the mandible, average dimorphism for the canine through third molar is 

11.3%, while the corresponding figure in the Walbiri is 6.176. In the maxilla the Upper 
Paleolithic shows an average dimorphism of 11*40,/, and the Walbiri 6.1%. Moreover, 
these differences between the two samples occur despite the fact that, except for the 
canines, the Walbiri have larger tooth areas. As in the previous comparisons larger 
absolute size does not necessarily mean greater sexual dimorphism. 

When stature measurements are compared, it can be seen that greater sexual dimorph- 
ism exists again in the Upper Paleolithic. Unlike the dentition, however, a greater aver- 
age stature for both males and females occurs in the Upper Paleolithic. 

The fact that these differences occur in technologically-similar groups may indicate that 
the size of the prey has an important influence on the level of sexual dimorphism. Unlike 
Upper Paleolithic hunters, Australian Aborigines in the Central Desert region exploit 
small, non-aggressive game: primarily birds, lizards, snakes, kangaroos and related forms, 

anteaters, opossums and insects (Meggitt, 196’2). None of these animals can be considered 
as aggressive, nor large when compared to the standard fare of Upper Paleolithic hunters. 
The level of sexual dimorphism seems to reflect this, since the basic means of exploiting 
game are broadly similar between the two separate groups. There is also some evidence to 
suggest that Pleistocene Australian Aborigines are considerably more robust than their 
modern descendants (Thorne, 1976, p. 105). The fact that these hunters may have been 
exploiting “mega-marsupials” (e.g. D$rotodon) may be the primary cause of their greater 
robusticity. In addition Brace (this volume) has suggested that prehistoric Australian 
Aborigines from the Murray Valley (which are apparently updated) show a similar level 
of robusticity and a level of dimorphism about equal to the European Upper Paleolithic 

sample. 
If this is the case, the fact that little technological change has occurred between the 

prehistoric Murray Valley groups and the recent tribes of the same area, whereas the 
dimorphism and level of male robusticity has decreased over time, may indicate that size 
of the quarry has a direct relationship to male morphology and robusticity. In both 
Australia and Europe, males show trends for a reduction in robusticity through time, 
which seems to be, at least in part, related to the size of the prey. In the Upper Paleolithic- 
Mesolithic comparison, besides the change in the types of animals hunted, killing tools also 
evolve through time to a more sophisticated state. It is a combination of these factors, 
evolution in weaponry sophistication and the size of the prey, that seems to best explain 
the greater propensity of males rather than females to reduce in size between the Upper 
Paleolithic and Mesolithic. 

Whereas major changes occur in technological systems and fauna1 exploitive patterns 
between Upper Paleolithic and Mesolithic males, there was probably little modification in 
the economic pursuits of females. In the Upper Paleolithic and Mesolithic, females were 
primarily involved in the collection of floral resources and small game, although little 
direct evidence is known about gathering practices in the whole Paleolithic, let alone the 
Upper Paleolithic and Mesolithic (Boone & Renault-Miskovsky, 1976). Until evidence to 
the contrary is presented, however, it is reasonable to assume that the type of economic 
pursuits followed by Upper Paleolithic and Mesolithic females were similar. Lack of 
major change in the metrics of females from the two periods seems to corroborate this 
assumption. Whereas major changes occur in male metrics, females show only minor 
reduction in size, which may be related to the constancy of economic pursuits 
between the periods. 
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7. Summary and Conclusions 

Trends in dental, cranial and postcranial metrics reviewed here provide documentation 
for theories concerning “gracilization” of human forms over the past 35,000 years 
(Olivier, 1969; Weidenreich, 1945), besides supporting the contention by Brace (1973) of 
a reduction in the degree of sexual dimorphism through time. From the Upper Paleo- 
lithic to the Neolithic there is a general pattern of reduction in most anthropometric traits 
in both males and females, although the rates of reduction vary between the sexes. Given 
the fact that more change appears in the tools assigned to traditional male economic 
activities, it is not surprising that males between the Upper Paleolithic and Mesolithic 
show a greater amount of evolutionary change compared to females. Use of the spear and 
spearthrower in the Upper Paleolithic and bow in the Mesolithic as the major offensive 
weapons indicates that males in the separate periods were under a different set of biological 
requisites concerning economic pursuits. Coupled with the greater size and aggressive- 
ness of prey in the Upper Paleolithic, hunting the Upper Paleolithic demanded a more 
robust phenotype than in the Mesolithic. Robusticity of Upper Paleolithic males in 
dental, cranial and postcranial features is testimony of their more strenuous economic 

lifeway. Gracilization of males in the Mesolithic and the general stability of females 
between the Upper Paleolithic and Mesolithic results in a reduced level of sexual dimorph- 

ism in Mesolithic groups. For Neolithic populations, morphological differentiation 

between the sexes exhibits a further decrease for most metric features, coincidental with 
the greater degree of sharing of economic chores in food producing groups. Increase in 

most metric characteristics from the Neolithic to modern European populations is 
accompanied by a reduction in sexual dimorphism for dental metrics and slight increase 

for cranial and post-cranial measures. However, the level of dimorphism never exceeds 

figures given for the Upper Paleolithic sample. 
These observations point to an interrelationship between cultural and biological 

evolution and indicate the importance of considering different selection vectors on males 
and females in the evolution of subfossil and recent Homo sapiens populations. Based on the 
evidence presented, there appears to be a correlation between division of labor by sex and 
morphological differentiation between males and females. The more different the econo- 

mic pursuits of males and females, the greater the difference in anthropometric traits, while 
greater concordance in economic behavior leads to a reduction in sexual dimorphism. 

‘The research on which this paper is based was supported by NSF Grant No. GS-38067 
and University of Kansas General Research Grant #3234. I would like to thank R. 
Byleen, J. Calcagno and J. Perry for aid in preparing the manuscript. 
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Table A 

Measurement 

D. W. FRAYER 

Appendix 

Upper Paleolithic cranial measllt’ements 

Males Females 

-h--7 
n s.d. range 

Maximum cranial length 196.9 21 6.2 179-205 184.4 24 7.0 170-198 
Maximum cranial breadth 140.1 20 6.3 128-152 137.4 25 6.2 128-148 
Maximum frontal breadth 123.4 18 6.4 107-135 117.1 20 4.8 111-127 
Frontal arc 135.4 19 8.2 117-148 125.4 23 7.5 1 lo-142 
Parietal arc 134.6 20 9.0 123-160 130.3 26 10-l 113-151 
Occipital arc 119.6 8 6.1 108-127 115.2 17 9.8 97-136 
Biasterionic breadth 113.0 16 7.9 99-O-126.9 107.9 15 5.5 95.2-l 16.6 

Upper facial height 69.4 13 5.9 60.0-79.0 64-O 14 3.2 56-O-68.1 
Nasal height 52.6 14 4.4 43.1-60.0 48.6 14 3.2 42.0-54.4 
Nasal breadth 26.3 16 2.4 22.0-30-2 24.4 13 2.4 21.0-28.0 
Basion-prosthion 104.2 11 7.9 90-l 18 96.3 9 7.8 86-106 
Basion-nasion 106.9 11 6.7 98-l 19 100.1 13 4.9 91-105 
Bizygomatic breadth 138.2 13 8.3 129-158 133-l 12 6.2 120.5-142 
ZM-ZM breadth 84.9 5 6.4 74.5-91.1 77.4 8 4.1 71.7-83.1 
FMT-FMT breadth 112.1 18 5.7 103.9-123.1 104.2 18 5.9 89.0-l 13.0 
Bicanine breadth 46.7 5 3.7 43.0-51 .l 39.8 6 3.4 36-l -44.2 
Ms-Ms palate breadth 65.6 8 3.3 62-O-70.0 60.1 11 5.5 48-O-66.8 
Palate length (ol-sta) 51.7 6 7.4 44.0-63.0 46.1 9 7.6 37.0-62.0 

Bicondylar breadth 122.5 
Bigonial breadth 101.4 
Ms-Ms breadth 65.3 
Height at Ma 28.3 
Breadth at Ma 15.3 
Maximum mandibular breadth 111.7 

8.6 lll*O-133.1 114.6 11 5.7 102.8-124.0 
12.3 92.5-129.7 97.3 12 5.7 84.8-105.6 
5.0 59.7-73.0 60.9 7 2.0 58.0-63.7 
2.4 24.7-31.4 25.3 8 2.9 22.8-31.0 
2.1 12.0-18.4 14.1 10 2.4 10.0-18.0 

10.1 101-121 106.6 7 4.5 101-114 

Table B Mesolithic cranial measurements 

Measurement 

Males Females 

W- 
X n s.d. range 

Vf-7 
n s.d. range 

Maximum cranial length 
Maximum cranial breadth 
Maximum frontal breadth 
Frontal arc 
Parietal arc 
Occipital arc 
Biasterionic breadth 

Upper facial height 
Nasal height 
Nasal breadth 
Basion-prosthion 
Basion-nasion 
Bizygomatic breadth 
ZM-ZM breadth 
FMT-FMT breadth 
Bicanine breadth 
MS-M* palate breadth 
Palate length (ol-sta) 

Bicondylar breadth 
Bigonial breadth 
Ms-M, breadth 
Height at Ms 
Breadth at Ms 
Maximum mandibular length 

190.3 65 
139.1 64 
116-l 46 
130.3 45 
130.9 44 
122.8 37 
112.8 33 

68.4 40 
50.9 41 
24.6 35 
98.4 33 

103.3 41 
138.9 43 
81-O 28 

107.2 39 
44.2 12 
65.0 19 
45.9 11 

123.5 30 
103.1 35 
63.8 19 
28.0 19 
15.6 20 

107.8 15 

7.4 176-207 
5.0 126-149 
5.4 100-129 
7.8 118-147 
9.3 103-155 
7.4 111-138 
5.3 98.4-122.3 

4.2 61.0-76.2 
3.6 42.7-58.6 
2.2 208-30~0 
5.9 85-109 
5.6 92-l 16 
7.3 122-155 
4-4 72.1-89.8 
5.9 934-l 18.4 
2.6 406-49.3 
2.8 57-8-71.1 
2.2 42.0-48.9 

5.9 111-134 
6.4 92.1-l 16.8 
2.3 59.8-67.8 
2-l 23.0-31.0 
1.6 12.5-19.0 
6.8 89-l 16 

180.2 53 
135.2 53 
111.9 38 
122.6 41 
128.7 40 
115.1 30 
108.3 54 

63.3 37 
47.1 36 
24-O 28 
93.6 27 
96.2 34 

131.7 34 
76.3 26 
99.9 35 
40.6 18 
61.2 16 
43.9 11 

116.1 22 
95.5 30 
61.6 23 
24.8 26 
14.6 25 

106.3 9 

6.7 164-192.5 
5.4 123-148 
6.1 98.5-123 
5.7 108-137 
8.1 115-148 
5.4 101-125 
4.3 101.8-117.6 

5.5 49.0-73.9 
8.2 39.7-55.9 
1.8 20.8-30-O 
6.1 79-104 
4.7 88-108 
6.8 120-147 
3.9 70.4-86.2 
5.1 88.6-109.3 
2.3 36.5-44.5 
3.3 548-65.5 
3.8 35.1-49.8 

::; 
105-127 
86.7-l 17 

2.2 57.7-66.2 
2.2 208-30.3 
0.9 13.0-16.5 
2.3 102-l 10 
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Table C Neolithic cranial measurements 

Males Females 
n I 

X n s.d. 
\r_- 

range x n s.d. range 

LMaximum cranial length 
Maximum cranial breadth 
Maximum frontal breadth 
Frontal arc 
Parietal arc 
Occipital arc 
Biasterionic breadth 

Upper facial height 67.5 120 4.6 56.2-78.9 63.2 96 4.6 52.5-75.7 
Nasal height 50.9 121 3.7 40.7-61.0 47-7 99 3.7 39.9-56.3 
Nasal breadth 24.7 120 1.8 18.8-28.6 23.6 95 1.8 18.8-28.9 
Basion-prosthion 97.4 105 6.4 83-l 12 92.1 81 5.5 80.0-106 
Basion-nasion 103.8 118 5.2 93-117 98.2 103 5.3 88-l 15 
Bizygomatic breadth 133.3 103 6.7 110-147 124.8 87 6.2 108-140 
ZM-ZM breadth 95.8 109 4.6 82.8-105.9 91.0 83 4.6 86.7-104.6 
FMT-FMT breadth 107-4 142 4.6 95.9-121.8 102-Z 114 4.2 89.0-l 11.3 
Bicanine breadth 41.6 103 2.3 36.6-46.7 40.0 79 2.6 34.9-47.5 
Ma-Ma palate breadth 63.5 110 3.4 54.9-70.1 60.7 83 2.9 53.0-67.0 
Palate length (ol-sta) 46.5 102 2.8 40.2-53.0 44.2 72 2.5 39.2-508 

Bicondylar breadth 121.8 50 8.4 99.8-139.0 
Bigonial breadth 100.9 73 7.6 85.7-l 16.0 
Ms-M, breadth 64.6 80 3.1 59.2-72.8 
Height at M, 28.5 89 3.0 23.0-37.0 
Breadth at MS 14.9 89 1.7 11.5-18.9 
Maximum mandibular length 105.5 44 7.3 86.0-120 

113.6 41 7.1 100.8-130.0 
94.5 56 7.2 82.0-109.0 
63.0 57 2.6 58.8-69.0 
25.7 66 2.7 19.9-34.0 
14.3 66 1.6 11~1-19~0 

102.4 33 5.3 90-l 16 

186.5 154 7.0 169-205 179.3 126 6.9 165-201 
141.4 147 6.3 126-157 137-Z 123 5.2 124-150 
120.1 137 5.8 108-139 116-8 113 5-6 102-130 
1302 146 6.2 116-148 127.0 118 6.4 113-149 
128.5 150 7.6 Ill-144 126.7 121 7.3 111-149 
118.9 128 7.1 102-138 115.8 106 6.9 104-135 
111.8 135 4.9 999127 107-2 116 4.7 96.6-l 188 


