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ABSTRACT The obligatory use of cooking by the Mousterian occupants of the north temperate zone relaxed
the forces of selection maintaining archaic tooth size and led to the reductions that shaped modern human face
form from the Middle East to the Atlantic coast. The delay in the spread of cooking techniques accounts for
the later onset of dental reduction to the south. The development and use of projectiles in the African Middle
Stone Age led to gracilization and the earlier appearance of “modern” post-cranial and reflected cranial form in
Africa. The subsequent adoption of the use of projectiles elsewhere was followed by gracilization and the
appearance of “modern” post-cranial morphology. The craniofacial form of Cro-Magnon allies it with the living
populations of northwestern Europe, specifically with the fringes in Scandinavia and England, but not with the
European continent. Qafzeh represents the pattern still found in sub-Saharan Africa, particularly West Africa.
Although the craniofacial configuration in both is “modern,” the dentition of Qafzeh is archaic in size and
form. Qafzeh is a logical representative of the ancestral form for sub-Saharan Africans but not for Cro-Magnon
and subsequent Europeans.

INTRODUCTION

Over the past decade or so, much attention has been paid to the question of the emergence of “modern”
human form. The approach generally taken has been a plunge into the fossil record to consider nuances in the
form and matters concerning the dating of this, that, or the other specimen in order to suggest its relevance or
irrelevance for contributing to our understanding of the origins of “modern” morphology. One of the things that
has been curiously neglected in this approach is any systematic attempt to come to grips with just what
constitutes that “modern” condition so taken for granted by the majority of the profession that focuses on the
course of human evolution as its particular subject for study. Instead, there is a wondrously Eurocentric set of
assumptions that is based more on the course of post-Renaissance political history than on anything remotely
like actual morphological analysis. This has been linked together with the traditions of rejecting the principles
of evolutionary biology by those who purport to be students of human evolution. For a critical assessment of
these traditions, see Brace, 1981, 1982, 1988, 1992, and 1995b.

For more than a century, the archetype of early modern human form has been assumed to be embodied in the
specimens found in 1868 at Cro-Magnon in southwestern France (Broca, 1868). According to the accepted folklore
of the field, Cro-Magnon illustrated the earliest manifestation of modern human appearance. This dated from the
Aurignacian maybe more than 30,000 years ago in
western Europe (Mellars et al.,, 1987; White, 1989),
although new techniques have pushed that date back
another ten-thousand years in Bulgaria and northern — 250f
Spain (Bischoff et al., 1989; Cabrera Valdez and
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Bischoff, 1989). Starting at that time, human evolution .§ —l

presumably came to a halt and there has been no further £

change in human form. In the words of Stephen Jay 3 _=_ g
Gould, “The Cro-Magnons, why they are us!” No (,;3’,15“' —&— France

predecessors are contemplated, and all subsequent change
is assumed to have been in the realm of culture (Gould, 100}
public presentation in Ann Arbor, Michigan, October 30,
1982; Gleick, 1983; Diamond, 1989, 1990; Klein, 1992).
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anatomical change is manifestly untrue. A quick look at Toom Celegmy

the most abundant evidence available, the teeth, shows  Fig. 1. Profiles of cross-sectional areas of the summed

at eoross dimensions al ; ppe maxillary and mandibular tooth categories of European
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Paleolithic were closer to “classic” Neanderthal figures samples. Data are given in Table 2.
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than to living Europeans (Brace et al., 1987; Brace, 1995b,c) (Fig. 1). The stance represented in the words of Gould
can be taken for the feelings of the vast majority of those who write about the emergence of “modern” human form,
and it is rooted more in transcendental faith than in anything approaching science. Rarely if ever is it supported
by anything approaching statistically testable collections of data. And, who is this “us” that the Cro-Magnon
specimens presumably exemplify?

PROTO-CRO-MAGNON?

We have been told that Qafzeh is a proto-Cro-Magnon specimen (Howell, 1959; Valladas et al., 1988;
Vandermeersch, 1989). Clearly Qathch does not display archaic cranial features even if it has an archaic
dentition (Brace et al., 1991). At nearly 100,000 years (Valladas et al., 1988), it is one of the oldest
representatives of “modern” human cranial form, but, once again, that specter of what constitutes the “modern”
condition comes back to haunt us. Given the various “modern” manifestations present in the half-dozen or more
regional clusters that can be identified (Brace and Hunt, 1990; Brace, 1996a), which “us” does Qafzeh
represent? And can it really stand for the ancestors of the population to which Cro-Magnon belonged?

I have collected craniofacial measurements on representative samples of all the major modern human
clusters, and it is an easy enough thing to use discriminant function statistics to test the placement of individual
specimens such as Qafzeh and Cro-Magnon against them (Brace, 1991a) (Table 1). It is in the nature of the
statistic that you cannot determine the population to which an individual specimen belongs, but it is an easy
enough matter to determine the groups from which it is excluded. The pattern of features found in Qafzeh 6,
for example — the only specimen with enough variables to be treated in this fashion — can be excluded from
all modern human samples except those from sub-Saharan Africa, most particularly West Africa (Table 1). It
would appear that the sub-Saharan craniofacial configuration has retained a statistical coherence for nearly
100,000 years.

Cro-Magnon, on its part, is clearly excluded from every “modern” human craniofacial configuration except
that characteristic of Europe (Table 1). And if the European configuration is broken down into its constituents,
Cro-Magnon could not occur within those groups that run from eastern Europe to the Atlantic coast, although it
cannot be excluded from England, the Faeroe Islands and Norway. It is a curious little irony to contemplate the
thought that the most famous fossil “modern” in France could not be ancestral to the “modern” French, but
cannot be excluded from the ancestry of the recent English.

There is another curious irony in all of this. In 1839, it was the American anatomist and anthropologist,
Samuel George Morton, who realized that the difference between the craniofacial configurations of Africans
and Europeans was so marked that it could not have come about by natural means in the time he assumed was
available, a time calculated since Noah's ark was presumed to have landed on Mount Ararat in the western
Caucasus — Turkish Armenia — at the end of the Biblical flood. Morton's views were subsequently adopted by

Paul Broca as the basis for an outlook that still

TABLE 1. Probability levels by Fisher's linear discriminant prevails in French anthropplogy (Brace, 1982). The

function that Qafzeh 6 and Cro-Magnon 1 can be excluded irony now is that the French point of view, which has
from membership in the group named in the row heading. never been comfortable with the perspective of
Number Qafzeh 6  Cro-Magnon Darwinian mechanism, evidently feels that 100,000

Africa 118 0.986 0.000 years is quite enough time to convert an African into
Amerind 487 0.009 0.002 a European, while the constituency that 1 represent —
Asia _ 763 0.004 0.000 thoroughly Darwinian in its outlook, is quite happy in
Austro-Melanesia 237 0.007 0.000 . " s

. : seeing a European “classic” Neanderthal become
European Continent 142 0.000 0.041 ;
Europe NW Edge 98 0.000 0.955 transformed by gradual means into a modern European
Eskimo 155 0.000 0.000 but yet has trouble seeing how the transformation of
South Asia 96 0.000 0.002 an African craniofacial pattern into a European one
Jomon-Pacific 448 0.000 0.002 could take place within the same period of time.

Data were extracted from Table 2 of Brace (1996b).



PREMOLAR NUMBERING AND AGENESIS IN PRIMATES

TABLE 1. Dental Agenesis in Old World Primates premolar region (Lavelle and Moore, 1973).
Number of Premolar agenesis is generally more
Individuals Incisors Premolars Molars Total common in the mandibular region for all
Cercopithecoidea three groups although Brekhus et al. (1944)
Colobus 140 - 536)  6(4.3) 1(79)  found the frequencies to be slightly higher
P"eSbﬂfs 100 cLD) N N ) in the maxillary region for humans.
Ceroniiseons 0 o3} 09 L) Dental agenesis in modern humans is
J;,i‘;ffa 33‘?80 . ('5"3} B N 5 (-5"2) commonly correlated with the reduction of
Total 978 3(03) 6(0.6) 9(0.9) 18(1.8) tl?e nlla)(]'llomandlbular region due to the
_ high incidence of agenesis of M3 at the
Ponginae distal end of the dental arch and I* at the
}‘f"””“ :gg }([1’-3) s i“i'}? mesial aspect (Schultz, 1932; Butler, 1963;
il oy e @0 3G9 pavelle and Moore, 1973). However, this

Total 390 2(_6__5) 2(0_-5) 4(-1- :{]) does not adequately explain the absence of
P4 (Brekhus et al., 1944).

Hominidae . N :
d
Europeans 4000  12(03) 5(0.1) 259(65)  276(6.9) in g Getnpatison d(;f he csrf’ol;_ghe‘;fl :
Africans 1000 25(25) 10(L0) 247(24.7) 282(282) Pongid, 3“‘3' human data cited in Lavelle
Total 5000  37(0.7) 15(0.3) 506(10.1) 558(11.1) and Moore's study on dental agenesis, large-

Values = number with percentage incidence in brackets. No agenesis was Sam.pllel z-tests of the p(?pulallon proportion
found in the canines. (After Lavelle and Moore, 1973) exhibiting tooth agenesis were calculated

both for molar and premolar frequencies
between the primate groups (no comparison could be made for incisor agenesis due to a lack of comparative
data for the great apes). A significant difference was not found between the monkeys and apes in the
frequencies of molar agenesis, but significant differences were detected between both the monkeys and humans
and the apes and humans (p<.001). No significant differences were found between any of the groups in regards
to premolar agenesis frequencies, suggesting that while molar agenesis may be related to a reduction in the jaw,
premolar agenesis is not.

The suggestion that agenesis is related to dental arch reduction in modern humans is not borne out by other
lines of evidence. Eskimo populations with large dental arches (Pedersen, 1949) and more prognathous African
populations (Lavelle and Moore, 1973) often exhibit a reduction in the third molar region. Brekhus et al. (1944)
found little correlation between dental arch size and the number of teeth, citing evidence of agenesis and the
retention of large spaces between the teeth in small jaws, agenesis and crowded teeth in small jaws, and
crowded teeth in large jaws in individuals within the same families. Reduction in M3 was observed to be
accompanied by a reduction in other teeth in 94.7% of the cases of molar agenesis that Brekhus et al. examined,
and multiple deficiencies were seen in nearly half of all cases of agenesis.

Suggestions that tooth size reduction and agenesis are correlated (Butler, 1939; Garn et al., 1963) are not
supported by a study that revealed a lack of correlation between the mesiodistal and buccolingual diameters of
teeth (Baum and Cohen, 1971). Calcagno and Gibson (1988) suggest that if the maxillomandibular region is
undergoing reduction or fewer teeth are needed in modern humans, then positive selection for a reduction in
tooth number would be more economical than a reduction in tooth size whereby teeth would wear more quickly.
In a clinical study by Brekhus et al. (1944), observed frequencies of various combinations of I?, P4, and M3
agenesis far exceeded the expected frequencies, and it was suggested that directional evolution is indeed
occurring and reduction in tooth size is merely coexistent.

CONCLUSIONS

The present system of numbering teeth in mammals based on their position, relation to other teeth, and
mode of succession in the paleontological literature dates back to the mid-nineteenth century (Owen, 1840-45).
Premolars are counted from the molar region forwards in most veterinary literature due to the stability of the
fourth premolar in most mammals (Peyer, 1968). It would appear logical to number the premolars in sequence
from the most posterior premolar forwards based on the typical order of their development in mammals.
However, this system would present problems with the reversed developmental sequences seen in the tree shrew
and extant primates.
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processes have never been convincingly associated with different functional capabilities. Even the size of the
area of neck muscle attachments has no clear relationship with the size and strength of those muscles
themselves. The total surface area to which the neck muscles of a cow or a horse are attached is no greater
than that allotted to the neck muscles of a human being. Yet, in the bovine and equine examples, the vastly
heavier head is not balanced on top of the spinal column but held throughout life thrust forward in a nearly
horizontal position by the continuous tension of a muscle mass that absolutely dwarfs the human condition.

On the other hand, in the course of 50,000 years of human evolution, occipital morphology has undergone
far less alteration. Everything from the details of mastoid process form and nuchal muscle attachments to fully
“bun-shaped” occiputs demonstrates a continuity from Neanderthal morphology to that visible in the inhabitants
of the fringes of western Europe today in Norway, the Faeroe Islands, and England (Brace, 1991a, 1995a,
1996b). Given those aspects of occipital morphology in living northwest Europeans, one would have to predict
fossil ancestors with a similar configuration. Fossil predecessors exist with the right occipital characteristics
(Hublin, 1978), and they are called Neanderthals.

There are only three non-dental aspects of craniofacial form that are clearly associated with the forces of
selection: relative size of the brain box itself, the thickness of its walls, and the size of the nasal skeleton. The
first of these, the relative size of the portion of the cranium devoted to enclosing the brain, does not differ
between representatives of contemporary hominids over the span of the last one-and-one-half million years. The
same thing is also true for the second of those three key cranial features, the thickness of the skull bones
themselves (Kennedy, 1991). However, both relative brain size and the thickness of the cranial vault walls have
changed significantly over time, but they have never displayed significant regional differences at any given
point. For more than 80% of the time that the genus Homo has been in existence, there is also no evidence for
discernible differences in the size of the nasal skeleton between contemporary hominids.

In a manner similar to the emergence of tooth size distinctions, regionally recognizable differences in nasal
size have only arisen within the last 200,000 years (Franciscus and Trinkaus, 1988; Franciscus and Long,
1991). The contrast in the manifestation of that feature is vividly displayed when Qafzeh is compared with the
“classic” Neanderthals. That degree of adaptively related nasal difference, however, is scarcely sufficient reason
to warrant separate specific recognition. When matters are considered using this perspective, there is no more
reason to separate Qafzeh and the “classic” Neanderthals at the specific level than there is to grant specific
distinction to the difference in nasofacial features displayed when living sub-Saharan Africans are compared
with northwest Europeans — or at least some northwest Europeans.

From the perspective of evolutionary biology, this simply portrays the same stance as the one articulated by
Franz Weidenreich nearly half a century ago, namely, that, since the beginning of the genus Homo, there has been
only one human species in existence at any one time

(Weidenreich, 1943a,b, 1946, 1947, 1949). However, it e -
was the addition of an adaptive perspective to [ Sa g
Weidenreich's conception of gene flow that suggested 250]- ,,"9‘
how the mechanics could work that would both maintain IH *
specific unity at any given point in time and also produce £ I;
the kind of coordinated change by which “modern” form E o ;’
emerged simultaneously over the whole range inhabited % F —M - Qafzeh
by the genus Homo (Brace, 1964, 1967, 1979, 1991b, 5150 ,rt-,:‘:'_""'-‘v‘?-if wAls: “Nysnosdial
1992, 1995b, 1996a,b). @ o
The mechanics of the model I offered nearly thirty . -
years ago have been alluded to piecemeal (e.g. Brose and
Wolpoff, 1971; Wolpoff, 1980; Wolpoff et al., 1984), but
the model as a whole has never been given any W B e e

consideration at all. The measure of the extent to which Tooth Category

it has been overlooked can be seen in the off-hand claim . : , ; ; ;

hat si e ) Fig. 3. Tooth-size profiles comparing dental dimensions of
that simultaneous evo utionary change towards a modern Qafzeh and European “classic” Neanderthals. Data are
configuration from various regional Neanderthal given in Table 2.
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manifestations “can hardly be considered likely” (Briuer, 1984). Even the recent formulations most obviously
derived from it, the so-called “multiregional” continuity model — said to have been “first outlined in a broad
theoretical context by Wolpoff et al. in 1984” (Smith et al., 1989) — only added the two syllable “multi” to the
original version of regional continuity and removed a consideration of the mechanism by which the whole process
is driven (Brace, 1992, 1995a,b). This being the case, it is time that the essential parts of that model were
recapitulated in summary form.

CONCLUSIONS
“Modern” human form is a typological abstraction uneasily grafted onto the fact that all living human

beings belong to the same species despite manifest differences in appearance. The emergence of “modern”
human morphology would appear to have been produced in somewhat different fashion in different parts of the
world. The essential precursor was the world-wide achievement of the intellectual and linguistic capacities that
we now recognize as being uniquely human. This was the consequence of responding to the selective pressures
engendered by survival within the milieu of the Cultural
Ecological Niche (Brace, 1995b, Chapter 9). The only
anatomical evidence we have for this is the achievement
of proportionately modern levels of brain size
T somewhere between 200,000 and 100,000 years ago in
R people who otherwise had the skeletal and dental
. robustness of Middle Pleistocene Homo erectus.

—M— Ashanti What led to the appearance of “modern” form was

<@ Fance the reduction in that erectus level of robustness that
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Fig. 4. Tooth size profiles comparing recent French
dental dimensions with those of recent West
Africans (Ashanti). Data are given in Table 2.
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Fig. 5. Tooth size profiles comparing Qafzeh and Skhul.
The pattern is exactly the same as that shown when West
Africans and French are compared — just shifted a bit.
Data are given in Table 2.

followed when those sapient intellectual capabilities
interposed barriers between the forces of selection and
specific aspects of the human physique. These barriers
were developed at different times in different places, and
the result was that “modern” human form emerged in
mosaic fashion. The early appearance of obligatory
cooking in the north led to the beginnings of dental
reduction and the subsequent shrinking of the associated
parts of the face. To this day, the people in the north
temperate zone have the smallest teeth in the world.

At the same time, the use of projectiles for hunting
purposes in Africa (Yellen et al., 1995) relaxed the
selective pressures that elsewhere had maintained those
aspects of robustness characteristic of post-cranial
human form throughout the Middle Pleistocene. The
consequence was that the gracilization which we think
of as being “modern” developed first in the south long
before there was any hint of the “modern” state of
dental reduction (Shea 1988). Eventually, projectiles
spread out of Africa via Israel and were adopted
elsewhere (Shea, 1992), and the process of gracilization
was the predictable consequence (Brace, 1995b). In
similar fashion, cooking eventually spread south (Brace,
1995a, 1996b). It was not needed to thaw food, but it was
eventually discovered that cooking could retard spoilage
and thus prolong the period over which food-stuffs could
be used. Again, the subsequent reduction in tooth size was
the predictable result (Brace, 1995b).
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Reduction in tooth size between Qafzeh and modern 300
West Africans is 17% which is exactly the same as the T
percentage reduction between “classic” Neanderthal tooth i Ve
size and the Late Upper Paleolithic in Europe (Brace, i T gunrn®
1995¢). Furthermore, the pattern of larger molar-to-incisor '
proportions of Qafzeh vis-A-vis Neanderthal (Fig. 4) is
preserved when modern sub-Saharan Africans are
compared with modern Europeans (Fig. 4). A striking
similarity to the African-European comparison emerges
when Qafzeh and Skhul are plotted on the same graph ~s
(Fig. 5). When the pattern of dental reduction is shown 100 ..
from Qafzeh to the modern Africans from whom they i
cannot be distinguished on craniometric features, the = T A T
profiles of cross-sectional areas reduce in perfectly parallel Ho B & R B M B
fashion (Fig. 6), just as the tooth-size profiles of the ToRhCatgey
Neanderthals and the modern French show a comparably  Fig. 6. Tooth size profiles comparing the dental dimensions
parallel pattern (Fig. 7). This is treated in greater detail =~ ©of Qafzeh and a recent West Africa sample (Ashanti). Data
elsewhere (Brace, 1995¢). ane ghvea. in Table 2.

In both the details of its dental and craniofacial size 800
and form, Qafzeh is an unlikely proto-Cro-Magnon, but it
makes a fine model for the ancestors of modern sub- p—-u
Saharan Africans. Along with the microfauna at the /
Qafzeh site (Tchernov, 1988, 1991, 1992), the human ¢ [ 9.,
remains are best regarded as evidence for a temporary '
intrusion of African elements into the Middle East that
had no direct long-term consequences. Indirectly,
however, the adoption of projectiles by their Neanderthal
contemporaries — whether at that time, or earlier — led to ol piiipmeni®
those selective force changes that produced the '
transformation of Neanderthal to “modern” post-cranial e
form. After another 50,000 years, Cro-Magnon was just o P S T R G CSPST I
what one would expect to see, but as the result of a woe TC G (P;t i
transformation from a Neanderthal ancestor and not one B
that looked like Qafzeh. Fig. 7. Tooth size profiles comparing European “classic”

Qafzeh and Cro-Magnon, then, represent earlier Neanderthals with recent French. Data are given in Table 2.
manifestations of African and European configurations respectively. Those patterns are alive and well in Europe
and Africa today. Neither one is better nor worse than the other, they are simply different. On this note, we can
celebrate that fact with the words, ‘vive la difference’!

TABLE 2. Cross-sectional tooth size figures for the summed maxillary and mandibular teeth in the named categories for each
of the populations indicated.

g

— - Qafzeh
-4 Ashanti

Square Millimeters
—

Y
/
'l

M3

g

— - Neanderthal
-4 France

Square Millimeters
3
T

Population Number I1 12 @ P1 P2 M1 M2 M3

Neanderthal ~ 13(5-20) 120.5 113.0 144.3 1449 138.2 257.0 254.5 2428
Qafzeh 5(3-9) 119.5 110.6 155.5 151.0 1429 287.5 269.5 266.4
Skhul 4(3-7) 114.6 99.9 140.3 143.1 137.9 265.4 239.2 217.9
Predmost 7(4-10) 101.6 91.2 127.7 130.1 1322 266.2 245.7 2545
Ashanti 20(10-31) 94.8 83.7 123.0 129.5 1244 251.0 2352 236.9
France 45(14-81) 88.5 75.8 112.5 109.5 111.9 2239 2122 195.3

Data are abstracted from Table 1 in Brace (1995c). Neanderthal data are from Wolpoff (1971:171-185), Qafzeh from
Vandermeersch (1981:176-177), Skhul from McCown and Keith (1939:212-213), and Pfedmost from Matiegka (1934:142-
143). Ashanti were studied at the American Museum of Natural History in New York. Specimens labeled “France” are from
Brittany and Niévre and curated at the Musée de ' Homme, Paris. Cross-sectional tooth size figures are the sum of the mesio-
distal times the bucco lingual measurements for the means of the right and left maxillary and mandibular 11...M3.
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