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ABSTRACT American forensic anthropologists uncriti-
cally accepted the biological race concept from classic
physical anthropology and applied it to methods of
human identification. Why and how the biological race
concept might work in forensic anthropology was con-
templated by Sauer (Soc Sci Med 34 [1992] 107–111), who
hypothesized that American forensic anthropologists are
good at what they do because of a concordance between
social race and skeletal morphology in American whites
and blacks. However, Sauer also stressed that this
concordance did not validate the classic biological race
concept of physical anthropology that there are a rela-
tively small number of discrete types of human beings.
Results from Howells (Papers of the Peabody Museum of
Archaeology and Ethnology 67 [1973] 1–259; Papers of the
Peabody Museum of Archaeology and Ethnology 79 [1989]
1–189; Papers of the Peabody Museum of Archaeology and
Ethnology 82 [1995] 1–108) and others using craniometric
and molecular data show strong geographic patterning of

human variation despite overlap in their distributions.
However, Williams et al. (Curr Anthropol 46 [2005] 340–
346) concluded that skeletal morphology cannot be used
to accurately classify individuals. Williams et al. cited
additional support from Lewontin (Evol Biol 6 [1972] 381–
398), who analyzed classic genetic markers. In this study,
multivariate analyses of craniometric data support
Sauer’s hypothesis that there are morphological differ-
ences between American whites and blacks. We also con-
firm significant geographic patterning in human variation
but also find differences among groups within continents.
As a result, if biological races are defined by uniqueness,
then there are a very large number of biological races that
can be defined, contradicting the classic biological race
concept of physical anthropology. Further, our results
show that humans can be accurately classified into geo-
graphic origin using craniometrics even though there is
overlap among groups. Am J Phys Anthropol 139:68–76,
2009. VVC 2009 Wiley-Liss, Inc.

Forensic anthropology is most often employed in the
personal identification of human remains from crime
scenes or mass disasters. Part of the identification process
in identifying unknown remains is the construction of the
biological profile, with parameters such as age, race, sex,
and stature to compare to possible individual identifica-
tions. The continued use of race in forensic anthropology
has been criticized because of the recent emphasis in bio-
logical anthropology to disprove the biological race con-
cept of classic physical anthropology when discussing
human variation. Indeed, many contemporary textbooks
in forensic anthropology structure human variation in
terms of three main races, stocks, or ancestral groups
(Bass, 2005; Byers, 2005; Klepinger, 2006). Although a
shift in terminology has been underway in forensic an-
thropology, with ‘‘ancestry’’ used more often in place of
‘‘race,’’ in many case reports the classic physical anthro-
pology terms such as ‘‘Caucasoid,’’ ‘‘Mongoloid,’’ or ‘‘Ne-
groid’’ are still seen.
Unfortunately, the frequently ambiguous use of ‘‘race’’

in publications has led to many misunderstandings. This
ambiguity is also reflected in the pages of the American
Journal of Physical Anthropology in an article titled
‘‘Race’’ Specificity and the Femur/Stature Ratio (Fel-
desman and Fountain, 1996), in which race is referred to
repeatedly in quotation marks, but never defined or
explained. In this article, ‘‘race’’ will be used in its normal
American sense, to refer to social race, and ‘‘biological
race’’ will be used for the biological sense of the word. A
reasonable but subjective definition of a biological race

comes from Brues’ definition (1977, p 1), ‘‘a division of a
species which differs from other divisions by the frequency
with which certain hereditary traits appear among its
members.’’, which parallels definitions from Boyd (1950)
and Hooton (1926). Thus, biological races in humans as
well as animals are supposed to share heritable traits that
make them similar to each other and also make them dis-
tinct from other biological races. In zoology, one statistical
approach to discerning subspecies was the ‘‘75% rule’’
(Amadon, 1949) of separation as a criterion for taxono-
mists using morphological traits.
Sauer (1992) recognized the theoretical tension between

forensic and biological anthropology in his article with the
subtitle ‘‘If races don’t exist, why are forensic anthropolo-
gists so good at identifying them?’’ While no accuracy fig-
ures were given, Sauer (1992) concluded that forensic
anthropologists were good at identifying races because
there is a concordance between American social races and
skeletal biology, specifically, cranial morphology in black
and white Americans. These two groups are the most
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likely to have historically required forensic identification
in most areas of the US. Sauer (1992) maintained that in
the US, people of African ancestry were likely to have a
different morphology from those with European ancestry.
However, Sauer (1992) also concluded that the ability of
forensic anthropologists to classify individuals does not
validate the classic biological races from physical anthro-
pology in the broader sense, i.e., that humans form a small
number of discrete entities that are inherently different
from each other.
Explicit tests of Sauer’s (1992) hypotheses have not

been published until now, though Goodman (1997) chal-
lenged the view that forensic anthropologists can accu-
rately identify race at all, citing four cases in which foren-
sic anthropologists were incorrect in their assessment of
race. Goodman (1997, p 22) concluded that ‘‘At best, in
other words, racial identifications are depressingly inac-
curate. At worst, they are completely haphazard’’. Four
misjudgments, compared to what must be many thou-
sands of cases in which forensic anthropologists have been
correct, do not make a compelling argument. Additionally,
Armelagos and Goodman (1998, p 370) maintained ‘‘The
use of race in forensic research has probably led to count-
less misidentifications.’’ Many historical and theoretical
reasons have been provided for why there should be no
association between social and biological race in the US
(Goodman and Armelagos, 1996; Williams et al., 2005).
There is genetic evidence of up to �20% European admix-
ture in some African-Americans communities, which
would make the two groups more similar (Parra et al.,
1998). Some racial definitions in the US have depended on
the One-Drop Rule, whereby ‘‘one drop’’ of African ances-
try would qualify a person as black. In fact, there does not
appear to be a consistent legal definition of what ‘‘race’’
means (Wright, 1995). Race definitions have changed over
time, and in fact at one time the Irish were not considered
part of the white race for immigration purposes. Finally,
human variation is supposed to show a clinal pattern with
no distinct boundaries, and Livingstone’s (1962, p 279)
quote is often cited: ‘‘There are no races, there are only
clines.’’ Many have also repeated the claim that the traits
that supposedly define biological races are inherited inde-
pendently and do not form distinctive trait clusters by
which one could objectively define biological races. These
findings have changed how physical anthropology is
taught and has resulted in the frequently heard mantra
‘‘Race doesn’t exist’’ (Lieberman and Kirk, 2004).
On the other hand, social race has greatly influenced

mating in the US, reflecting positive assortative mating
and limiting gene flow among groups. Up to 1970, the
black-white interracial marriage rate for whites was
�0.1% and for blacks was 1%, based on US Census data
(Fryer, 2007). The interracial marriage rate has increased
since then but rates were still relatively low based on
census data from 2000, with a rate of �0.3% for whites
and 4% for blacks. A historically low rate of interracial
marriage in the US should come as no surprise when rac-
ism, especially institutional racism, has been prevalent.
The first colonies to enact antimiscegenation laws were
Maryland and Virginia, with official penalties for interra-
cial marriage that included banishment and jail. In fact,
laws against interracial marriage in 16 states including
Virginia were not repealed until after the 1967 Supreme
Court decision in Loving v. Virginia (Fryer, 2007). Unoffi-
cial social penalties for interracial relationships and mar-
riage included violence and murder. Marriage is a very
public social declaration, so marriage rates from census

data will not reflect all interracial relationships, and per-
sonal ads may better represent human behavior in such
relationships. In a recent study of whites who placed
online dating ads, �50% said that race was not important,
but 90% of those individuals replied only to white
respondents (Hitsch et al., 2004).
In examining human genetic variation on a worldwide

scale, Lewontin’s (1972) study of human variation using
classic genetic markers has been cited as evidence that
differences among human groups are too small to allow
accurate classification. Lewontin estimated that �85%
of human genetic variation is found within populations,
�8% is found within populations of the same race or re-
gional grouping, and only 6% is found among races or
regions. Lewontin analyzed each of the genetic markers
independently and overlooked the fact that some markers
are significantly correlated with others and therefore not
independently distributed among groups. Edwards (2003)
confirmed that Lewontin’s findings are correct at the sin-
gle-locus level, meaning that single loci will show great
overlap among groups, but analyzing multiple loci will
produce less overlap among groups and reveal a more re-
alistic picture of among-group variation. Additionally,
Lewontin’s conclusions seem more likely to be anomalous
after the publication of numerous molecular analyses uti-
lizing combinations of SNPs, STRPs, VNTRs, Alu inser-
tions, and other molecular features that indicate strong
geographic patterning in worldwide samples and accurate
classification of groups (Pritchard et al., 2000; Rosenberg
et al., 2002; Bamshad et al., 2003; Allocco et al., 2007) de-
spite large amounts of within-region variation (Jorde and
Wooding, 2004). The evolution of how scientists have
viewed human variation is shown in Figure 1. The emerg-
ing view shown in Figure 1 also illustrates how accurate
classification is possible despite large amounts of within-
group variation.
In examining human craniometric variation on a world-

wide scale, studies of the Howells craniometric data have
produced consistent results. Relethford (1994, 2002) found
worldwide levels of craniometric variation in the Howells
data on a par with Lewontin’s estimates. In contrast to
Lewontin, Howells (1973, 1989) and Roseman and Weaver

Fig. 1. Illustration of how views of human variation have
changed, beginning with the classic typological view of physical
anthropology. Lewontin’s view has dominated for more than 30
years, but the emerging view of human variation takes into
account the covariation of variables. Note that the emerging
view recognizes large amounts of within-group variation com-
pared to among-group variation, yet also allows separation
among groups.
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(2004) found strong geographic patterning in the same
data, and this patterning is present at an early age
(Vidarsdottir et al., 2002). Other studies have used dis-
criminant function analysis (DFA) to classify one individ-
ual at a time from known samples into Howells’ groups,
and their results seem to seem in agreement with those of
Lewontin (1972). Ubelaker et al. (2002) classified 50 indi-
viduals from a likely 16th or 17th Spanish cemetery, and
while most classified into the geographically closest
groups, from Austria, Egypt, Hungary, and Norway, a
good number classified into the Howells groups from Asia.
Ubelaker et al. (2002), echoing Ousley and Jantz (1996),
concluded that DFA should be used with caution when
classifying populations that are not represented in the ref-
erence populations. Williams et al. (2005) classified 42
Nubians into the Howells groups with the expectation
that all Nubians would classify into Howells’ Egyptian
group because the Egyptians are the closest group tempo-
rally and geographically. However, some of their Nubians
were classified into groups as far away as Japan, Aus-
tralia, and the New World. The main conclusion of
Williams et al. (2005) was that classification methods
cannot work because human variation is very limited and
craniometric affinities of groups do not reflect geography:
‘‘The possibility that skeletal material could be sorted by
geographic origin, at any other level than geographic
extremes, is quite small’’ (Williams et al., 2005, p 345).
Several problems are apparent in the approach, results,

and conclusions of Williams et al. (2005). Ten Nubians in
their sample showed typicality probabilities that were
too low (P \ 0.05) to be assigned with confidence. In
fact, eight of the ten, or 19% of the total sample, showed
a typicality probability for the group they classified into
of 0.005 or less, as seen in their Table 1. When individu-
als show such low typicality probabilities, they are out-
liers, and measurement or data entry error should be
checked for first (Maindonald and Braun, 2003; Hair et
al., 2006; Tabachnick and Fidell, 2007). As has been
pointed out, DFA will classify any and all measurements
and individuals, whether or not the measurements are
correct, even if the measurements come from another
species or a soccer ball (Freid et al., 2005; Ousley et al.,
2007). Also, there must be something wrong with their
measurements because the 12 measurements they speci-
fied include two measurements that Howells never col-
lected: palate length and minimum frontal breadth. If
they mistakenly entered palate length as palate breadth,
or minimum frontal breadth as frontomalar breadth, that
would explain the low typicality probabilities. Otherwise,
Williams et al. (2005) performed their analyses using only
10 variables. However, there is no way of identifying
which measurements they used or how they used them,
because the authors have refused repeated requests for
their Nubian data or Fordisc results from several
researchers.
Despite some disagreements in interpretation, assess-

ing human variation using craniometrics and multivari-
ate methods is the best way to test Sauer’s (1992) con-
clusions for several reasons. First, craniometrics reflect
aspects of cranial morphology suggested by Sauer (1992)
and can be easily analyzed using several multivariate
statistical methods that allow more powerful tests of var-
iation. Using multiple measurements provides a better
overall morphological assessment of variation, and avoids
problems with using only a few measurements. Second,
multivariate classifications of craniometrics within tradi-
tional races have found significant variability, such as in

American whites (Ousley and Jantz, 2002), African groups
(Spradley, 2006; Spradley et al., 2008b), Hispanic groups
(Ross et al., 2004; Slice and Ross, 2004; Ross et al., 2005;
Spradley et al., 2008a), Native Americans (Ousley and
Billeck, 2001; Ousley et al., 2005), and East Asian groups
(Ousley et al., 2003). Third, while craniometrics show an
association with environmental factors such as mean tem-
perature (Beals et al., 1984), they and other measure-
ments have been shown to reflect genetic relationships in
animals with known pedigrees, including humans (Che-
verud, 1988; Konigsberg and Ousley, 1995), and thus qual-
ify as heritable traits in identifying biological races follow-
ing Brues’ (1977) definition. Finally, craniometric data
sets with numerous measurements and large sample sizes
are available from modern Americans as well as popula-
tions from around the world. This article will scientifically
evaluate the conclusions of Sauer (1992) using modern,
historic, and prehistoric craniometric data. It will also
explore the apparently contradictory results from examin-
ing group affinities and individual classifications.

MATERIALS AND METHODS

Craniometric data from 353 individuals in the FDB
were used to compare variation in white and black
Americans. All were born in the 20th century and are of
self-identified race and sex. Craniometric data collected
by W.W. Howells were used in comparing groups from
around the world, and measurement abbreviations follow
Howells (1973). The Howells database consists of 2,504
individuals from 28 groups of males and 26 groups of
females from around the world and from various time
periods (Howells, 1996). The names of the groups, abbre-
viations, and region are listed in Table 1.

TABLE 1. Howells male groups used in worldwide comparisons
and their geographic region

Group name N Abbreviation Continent/Region

Ainu 48 AINM East Asia
Andaman Islanders 35 ANDM East Asia
Anyang 42 ANYM East Asia
Arikara 42 ARIM America
Atayal 29 ATAM East Asia
Australian 52 AUSM SW Pacific
Berg 56 BERM Europe
Buriat 55 BURM East Asia
Bushman 41 BUSM Africa
Dogon 47 DOGM Africa
Easter Islanders 49 EASM Polynesia
Egypt 58 EGYM Africa
Eskimo 53 ESKM America
Guam 30 GUAM SW Pacific
Hainan 45 HAIM East Asia
Mokapu 51 MOKM Polynesia
Moriori 57 MORM Polynesia
Norse 55 NJAM Europe
North Japan 55 NORM East Asia
Peru 55 PERM America
Philippines 50 PHIM East Asia
Santa Cruz 51 SANM America
South Japan 50 SJAM East Asia
Tasmanians 45 TASM SW Pacific
Teita 33 TEIM Africa
Tolai 56 TOLM SW Pacific
Zalavar 53 ZALM Europe
Zulu 55 ZULM Africa

N, number in each sample.
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Because multiple variables provide a better assess-
ment of overall morphological variation, several multi-
variate statistical methods were used, each with differ-
ent advantages and assumptions. Discriminant function
analysis (DFA) maximizes the differences among groups,
so it provides a best case classification method if within-
group variation is similar, but exaggerates underlying
differences among groups. K-nearest neighbor (KNN)
analysis relies on interindividual similarities rather
than group similarities, but still relies on within-group
variation in the original groups. Both of these classifica-
tion methods record classification error rates for each
group. The error rate is important because a classifica-
tion procedure is best judged by how well it classifies
known reference groups. Correct classification rates that
are little better than random mean that there is no
appreciable intergroup variation in the variables used.
Accordingly, classification rates at a far greater rate
than expected based on random allocation will be consid-
ered as support for the hypothesis that differences exist
among groups. Cluster analysis is a more conservative
test for group differences because individuals are naively
classified into a specified number of natural groupings,
and only natural group parameters are used. Addition-
ally, principal components analysis (PCA) was employed
in various analyses. The first principal component con-
tains the greatest amount of variation present in all
original measurements, and subsequent principal compo-
nents represent progressively smaller amounts of varia-
tion. Often, the bulk of variation in a large number of
measurements is expressed in far fewer principal compo-
nents (Tabachnick and Fidell, 2007).
DFA uses multivariate methods developed over 70 years

ago (Fisher, 1936; Mahalanobis, 1936) to classify individu-
als into the group they are most similar to using group
means and the pooled within-group variance-covariance
matrix (Huberty, 1994; Huberty and Olejnik, 2006;
Tabachnick and Fidell, 2007). Additionally, an individual’s
posterior and typicality probabilities are calculated. Step-
wise variable selection is a technique to identify the meas-
urements that separate groups best. Fordisc 3.0 (Jantz
and Ousley, 2005) and Systat (Systat Software Inc., 2004)
were used to perform DFA and stepwise variable selection.
We report classification percentages using the most often
recommended way of estimating classification error rates,
leave-one-out cross-validation. In this method, each indi-
vidual is sequentially removed from the DFA, a function
based on the rest of the sample is calculated, and the clas-
sification of the individual is recorded. The estimated
error rate using leave-one-out cross-validation is not bi-
ased upwards and will better reflect error rates when
applied to new cases (Huberty, 1994).
KNN analysis using a custom computer program and

SAS (SAS Institute, 2001) was also used for classification.
Unlike DFA, group membership and group means are not
incorporated into the procedure. Instead, individuals are
classified based on their similarity to other individuals.
Multivariate distances are calculated to individuals,
rather than to groups, and the most similar K individuals
form the basis for classification (SAS Institute, 2001).
KNN analysis using craniometrics is the basis for CRA-
NID (Wright, 1992) and has been used to classify individu-
als, including an Egyptian mummy (Hughes et al., 2005).
In these analyses, group assignment was based on K 5 1,
the single nearest neighbor.
K-means cluster analysis was also used to classify indi-

viduals using Systat. In contrast to the other procedures,

it finds a specified number (K) of natural groups of indi-
viduals in a sample. At the beginning of the process, all
members are placed in one group and the means for each
variable are calculated. The member of the group that is
most different from the grand mean is chosen as the seed
for a second group. New means are calculated for each
group, and each individual is then assessed as to which
cluster it is most similar to, and the individual closest to a
different cluster is then transferred to that cluster. Clus-
ter means are recalculated whenever membership
changes, and the process is repeated numerous times. In
the process, cluster members may later be rejoined to
their former cluster. At the end of the process, there are K
clusters with minimized within-cluster variation and
maximized among-cluster variation (Systat Software Inc.,
2004; Tabachnick and Fidell, 2007).

RESULTS

American Whites and Blacks

DFA using just two variables, basion-nasion length
(BNL) and basion-prosthion length (BPL), separates
American blacks and whites about 80% correctly, and
using more variables improves classification accuracy
(Jantz and Ousley, 2005). A discriminant function using
19 measurements magnifies the differences and can clas-
sify the same samples into social race 97% correctly.
Using stepwise variable selection, only seven variables
(BNL, BPL, biauricular breadth (AUB), nasal breadth
(NLB), palate breadth (MAB), orbital height (OBH), in
order of selection) are necessary to classify blacks and
whites 95% correctly, and these variables are ones that
can be visually appreciated by forensic anthropologists.
BNL and BPL express relative prognathism, BBH is an
expression of vault height, AUB is a measure of vault
breadth, NLB of nasal breadth, MAB of palate breadth,
and OBH, orbital height, representing orbital shape.
Nearly all of these measurements represent morphologi-
cal configurations mentioned in forensic anthropology
texts as valuable in determining race visually: progna-
thism, the cranial index, nasal breadth, and orbit shape.
Because DFA magnifies differences among groups, quan-
tifying group differences using PCA will produce a better
baseline measure of differences. When PCA was run on
19 basic measurements from the total sample of 375
black and white males, the first principal component,
which comprises the greatest interindividual variation,
separated black and white males 81% correctly. Further,
in a K-means cluster analysis using the same 19 basic
variables, 92% of cluster one members were white males,
and 80% of cluster two members were black males; 89%
of black males were placed into cluster two and 86% of
white males were placed into cluster one (Table 2).
Between-cluster variation was 11% of the total variation.
These results indicate that there are significant differen-
ces between the two groups before being magnified by

TABLE 2. Results of K-means cluster analysis performed on 375
American black and white males from the FDB using a

two-cluster solution

Cluster 1 Cluster 2

BM 17 132 89% in 2
WM 194 32 86% in 1

211 (92% WM) 164 (80% BM)

Between Cluster SS

Total SS
¼ 21; 824

191;079
¼ 11%:
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DFA, and support Sauer’s (1992) assertion that there are
morphological differences between American blacks and
whites that can be visually appreciated. In other words,
for these groups, there is a strong concordance between
social race and biological differences.

Worldwide craniometric variation
and classification

The other conclusions of Sauer (1992) and Williams
et al. (2005) were tested by investigating patterns of
worldwide craniometric classification. First, the effect of
the number of variables on classification accuracy in the
Howells groups was investigated (see Fig. 2), with higher
classification accuracy resulting from a greater number
of variables used. When using at least two variables, the
mean classification accuracy in groups was greater than
random (3.6%) at P \ 0.01, and using more variables
narrowed the variation in mean classification percentage
by improving the lowest correct percentages. When the
Howells groups were classified with the same 10 varia-
bles used by Williams et al. (2005) in a 28 group func-
tion, the 10 variables classified individuals 50% correctly
on average, and 70% were assigned into a group from
the same continent or region (Table 3). Using 10 step-
wise-selected variables produced somewhat higher accu-
racies, with the lowest group accuracy at 13%, but the
greatest performance was seen in using 24 stepwise-
selected variables, with almost 75% of the individuals
correctly classified into their own group and almost 90%
classified into a group from the same region. Further,
using 14 basic measurements in a KNN analysis classi-
fied individuals into their own group 31% correctly on
average, far higher rate than expected by chance, and

into the correct continent or region 56% correctly. Thus,
individuals in the Howells data are more similar to other
individuals from the same group than they are to individ-
uals from other groups. The similarities and differences
among groups are apparent whether looking at interindi-
vidual similarities (KNN analysis), or intergroup differ-
ences magnified by DFA, and there is clear regional pat-
terning to their similarities. Occasionally some individu-
als were classified into groups from different continents in
these analyses, but the number of those individuals so
classified decreased as more variables were used. Using
the 24 variable set, the only groups that were classified
outside of their own continent involved the Egyptian and
European samples. Five of 58 Egyptians (9%) classified
into the Norse sample and 3 (7%) were classified into the
Zalavar sample; 5 of 55 (9%) of the Norse sample were
classified into Egypt and of 4 of 53 (8%) of the Zalavar
sample were classified into Egypt. Egypt lies in the north-
east corner of Africa, and these Egyptian-European
results are in agreement with the consensus view that the
Sahara Desert has been a more significant barrier to
human groups than the Mediterranean Sea.
As a follow-up to the clear craniometric separation of

American blacks and whites, a six-way DFA was per-
formed on six of Howells’ European and sub-Saharan
African samples (Berg, Norse, Zalavar, Dogon, Teita, and
Zulu). The function classified 82% of them correctly into
their own group and 98% of them into a group from the
same continent. When the groups were pooled into Euro-
peans and Africans in a two-way function, similar to
what Howells (1970) performed, 99% were correctly clas-
sified, and K-means cluster analysis revealed continental
differences, with one cluster having 81% of the Africans
and the other cluster having 91% of the Europeans. The
groups from Europe and Africa would thus appear to
meet Brues’ (1977) definitions of a biological race in that
they can be separated from each other very effectively
using craniometrics.
However, within-continent analyses complicate the

craniometric differences between continents. In Europe,
DFA applied to Howells’ Berg and Norse groups classi-
fied them about as well (83% correct) as DFA applied to
American blacks and whites, and using the best varia-
bles improved the correct classification rate to 93%.
Moreover, K-means cluster analysis separated 81% of
the Berg and Norse samples into two different clusters.
Also, a European three-way function for Berg, Norse,
and Zalavar classified the groups 73% correctly, and the
best variables classified them 85% correctly. Therefore,
the three European samples would appear to meet
Brues’ (1977) definition of different biological races as
well. In Japan, DFA using 18 variables classified
Howells’ Northern and Southern Japan samples 89% cor-
rectly, and K-means cluster analysis allocated 81% of
each Japanese group into separate clusters. Therefore,
the Northern and Southern Japan samples would also
represent different biological races. It would seem that
the number of biological races may be limited only by
the number of samples, contradicting the classic view
that there are only a few discrete biological races.

DISCUSSION

Our analyses of craniometric variation in black and
white Americans using several multivariate statistical
methods support Sauer’s (1992) conclusion that objective
morphological differences exist between American whites

Fig. 2. Number of variables in DFA and classification accu-
racy for 27 Howells male groups. The mean percentage correct
for two or more variables is significantly greater than chance at
P < 0.01.

TABLE 3. Correct classification percentages of 27 Howells male
groups using different combinations of variables

N vars % Group correct % Region correct

10 50 70
10 SW 56 75
15 SW 64 83
24 SW 74 89

The first entry for 10 variables includes the 10 variables used
by Williams et al. (2005). SW, stepwise-selected measurements.
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and blacks. We have demonstrated a concordance between
social race and cranial morphology, at least in 20th cen-
tury American blacks and whites. Other skeletal studies
have reached similar conclusions (Edgar, 2002; Konigs-
berg and Jantz, 2002; Ousley and McKeown, 2003). Cra-
niometric differences between American blacks and
whites have not diminished since the 19th century,
though both groups have changed since then (Wescott and
Jantz, 2005). The probable reasons for biological differ-
ences should be familiar to many. American blacks and
whites originated from different continents, and American
blacks are largely composed of West African groups trans-
ported to the US for the slave trade. Europeans and
Africans had been separated and experiencing different
evolutionary forces for tens of thousands of years before
migrating to the US. The high accuracy of the two-way
DFA between the pooled Howells European and sub-
Saharan African groups indicates they likely had differen-
tiated. As mentioned, institutional racism and assortative
mating within social race has prevented significant gene
flow between them, which would make them more similar.
Part of the reason for the disagreement between foren-

sic and biological anthropologists has been in their differ-
ent approaches and goals. Forensic anthropologists an-
swer practical questions of age, sex, and race to construct
the biological profile and narrow down possible identifica-
tions. In examining American blacks and whites, forensic
anthropologists would naturally think in terms of two bio-
logical races because of the concordance between social
and morphological race. Identifying social race, available
in missing persons reports, would be the stopping point.
Biological anthropologists would explore within-group
variation further. These findings illustrate the essential
difference between a forensic analysis and a biological
analysis: forensic analysis produces practical information
useful for forensic identification, while a biological analy-
sis provides insight about relationships among arbitrarily
defined populations, which may be defined by social races,
breeding populations, language, nationality, time periods,
and other criteria.
Sauer’s (1992) additional suggestion that differences in

American blacks and whites did not validate the tradi-
tional biological race concept is likewise supported by our
results. On a worldwide scale, humans show geographi-
cally patterned variation when classified as groups and
individuals, and although there is a good deal of overlap
between groups and much variation within groups, indi-
viduals and groups can nonetheless be classified at a rate
far greater than chance on the group and regional level.
The classifications of the Howells data echo Howells’
(1973, 1989) results that show rather strong geographic
patterning, and there is clearly enough craniometric vari-
ation among groups to classify at rates far higher than
random allocation. These findings directly contradict the
conclusions of Williams et al. (2005) because individual
crania are far more often than not classified into the group
they are part of, or into a group from the same region. The
classification rates are not 100% because of overlap among
groups, consistent with other studies (Howells, 1970,
1989, 1995; Relethford, 1994, 2002; Roseman, 2004; Rose-
man and Weaver, 2004), and contradicting the biological
race concept of classic physical anthropology.
In the Ubelaker et al. (2002) study, most individuals

classified into the geographically closest Howells groups,
from Egypt or Europe. As Ousley and Jantz (1996) point
out, when classifying individuals that are not represented
in the reference populations, caution is warranted. DFA

will indicate the group that an individual is closest to mor-
phologically, and should not be interpreted as a literal and
binding classification. Also, individuals from countries
like Spain that represented a world empire may well be
morphologically heterogeneous, as Ubelaker et al. (2002)
had noticed before their metric analysis. The Iberian
Union (1580–1640) of the kingdoms of Castile, Aragon,
and Portugal included parts of the Mediterranean, the
Americas, coastal areas of Africa, India, Indonesia, the
Philippines, Japan, and Guam, and Iberia had been part
of Arab and Moor empires that stretched across the Medi-
terranean for hundreds of years. The morphological diver-
sity of the Ubelaker et al. (2002) Spanish individuals may
well reflect their heterogeneous origins, as is reflected in
molecular studies (Casas et al., 2006; Alvarez et al., 2007).
However, the Spanish centroid—the mean Spanish mor-
phology—likely shows greatest similarity to the Howells
European and Egyptian centroids.
In our classifications of the Howells data, some individ-

uals were classified into groups from different continents,
but those classifications largely disappeared when more
variables were used. If Williams et al. (2005) used the cor-
rect measurements, they analyzed the Nubians in a 28-
way function using 10 variables and maintained that a
classification rate of less than 100% into Howells’ Egyp-
tians was evidence of failure. Thus, their null hypothesis
was that of an extreme typologist: that all groups are
expected to be unique with no overlap among groups. By
the middle of the 20th century, many physical anthropolo-
gists had already acknowledged overlap among groups,
though some still argued that a relatively small number of
human races existed (e.g. Coon, 1965). More recent statis-
tical comparisons among Howells’ groups as well as mod-
ern forensic groups show considerable overlap and less
than perfect classification, even when using more varia-
bles (Howells, 1995; Ousley and Jantz, 1997). In this case,
a correct classification rate of 3.6% (1/28) would be
expected by chance. As a matter of fact, even with strong
indications of measurement error, the most common clas-
sification, eight of 32, or 25% of their Nubian sample, was
into Howells’ Egyptian group. It is also important to note
that Williams et al. (2005) formed their conclusions about
group similarities based on compiling individual classifi-
cations. Comparing group centroids is the best way to
compare group relationships. Based on the individual
results of Williams et al., their Nubian sample centroid is
most likely closest to Egypt.
Other results indicate that the conclusions of Williams

et al. (2005) are erroneous. Freid and Jantz (2005) ana-
lyzed Nubian craniometric data (93 females, 144 males)
from the fortress at Mirgissa that had been collected dur-
ing the UNESCO sponsored excavations (Vercoutter,
1976). When each individual was classified into the
Howells groups using 17 variables in a 28-way function,
142 out of 237 (60%) were closest to Howells’ Egyptian
sample, and 183 out of 237 (77%) were closest to one of
Howells’ African groups. These results are consistent with
what Williams et al. (2005) maintained was to be
expected, because the Egyptian group is the closest geo-
graphically. Geography is often a proxy for population his-
tory, because groups that are closer to each other have
more likely exchanged more genes directly or through
other nearby groups simply because of proximity. There-
fore, migration, gene drift, and gene flow likely influence
modern human craniometric variation more than selec-
tion alone because through them, morphological changes
can occur at a far greater rate.
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Why was biological race considered an explanation for
human differences, and why does it remain so for some?
The socially inherited concept of race no doubt shapes
interpretations, but so do interpretations of any inher-
ent differences among human groups. Examining varia-
tion in different combinations of groups reveals a confir-
mation bias for the variable that is used to define groups,
most often biological race. Craniometric comparisons of
various groups from Ousley and Jantz (2002) are shown in
Table 4 and the first few examples may seem to support
traditional racial divisions of mankind. In the first com-
parison, biological race seems to be the reason that white
and black males are different, because we assume that
race is the controlling variable, the primary difference
between them. When Chinese and Native American
groups are added, results are still consistent with the tra-
ditional race concept. But in the third example, if Japa-
nese are substituted for Chinese, the accuracy decreases
because black and Japanese males tend to misclassify as
each other. Further classifications in Table 4 among
groups traditionally considered part of the same biological
race were also highly accurate. A three-way DFA using
Japanese, Chinese, and Vietnamese males classifies them
quite well, but the differences among them are in lan-
guage and nationality. Females from two Native American
tribes, Arikara and Sioux, can be classified quite accu-
rately, and tribe or language defines each sample. Within
Japan, DFA can differentiate between modern Japanese
from the north (Tohoku) and south (Nagasaki) even better,
and in this case the groups are defined by geography.
These differences parallel those between the Howells
North and South Japanese males. Finally, white males
born between 1840 and 1890 can be separated from white
males born 1930 to 1980 very well, and they are distin-
guished by time, and would appear to qualify as different
races. In all of these analyses, the groups were categorized
by a variable and differences were found. While race has
been traditionally used to explain why the groups are dif-
ferent, time as an explanation may be more difficult to
grasp. But time per se is not the reason the two groups are
different. Time in this example is correlated with vast
improvements in nutrition, medical care, and hygiene in
the US, which have produced secular changes in the later
population. Relaxed selection and gene flow from new
immigrants may have also contributed to the changes.
The northern-southern dichotomy seen in modern Japa-
nese represents considerable variation within Japan in
other biological systems as well. These examples demon-
strate that though the group qualifiers change, the qualifi-
cation is not directly related to why the groups are differ-
ent. In the first two examples, race does not directly
explain differences, just as language per se does not, nor
does region, nor geography, nor distance, nor tribe, nor

time. Instead, all of these comparisons involve differently
defined populations with different origins or histories.
Each of the defining variables is arbitrary but is related to
differences in origins, histories, environments, and repro-
ductive barriers. Groups separated through social mecha-
nisms, language, geography, or time can differentiate due
to genetic drift and other evolutionary forces, and those
qualifiers were likely factors restricting gene flow among
the groups.

CONCLUSIONS

The Howells craniometric data provide a rich data set
for testing hypotheses about human variation. Another
significant advantage to the Howells data is the large
number of variables collected. As we demonstrated, the
number of variables analyzed affects classification accu-
racy. There is an obvious parallel in examining one genetic
system such as ABO blood group and drawing conclusions
based on that single system. Lewontin’s (1972) conclu-
sions were likewise based on univariate frequencies from
a few genetic systems. However, as we and others have
shown, many measures of human variation are correlated,
requiring multivariate methods. The Howells data also
has no interobserver errors, which likely explain the
anomalous results of Williams et al. (2005).
In investigating the connection between social race

and biology, it is clear that race in the US is a social
phenomenon with biological consequences due to positive
assortative mating and institutional racism: whatever
differences there were between ancestral groups from
Europe and Africa were not obliterated because of very
low historic gene flow between them in the US, despite
theoretical and historical reasons why social races may
not reflect biology. In this regard, race (i.e., the history
of American race relations) helps explain modern cranio-
metric variation in American blacks and whites.
Worldwide craniometric variation shows strong geo-

graphic patterning. However, if biological distinctiveness
is an accepted criterion for biological races, a very large
number of biological races can be discerned using cranio-
metric data alone. Given this fact and the many popula-
tions with unique histories, it makes sense to collect
data from as many populations as possible to aid in
accurate classification, as Howells (1995) and Ubelaker
et al. (2002) concluded. With other biological systems
and traits, the distribution and number of biological
races will change. There are so many possible distinctive
biological races that the concept is virtually meaningless.
We can only concur with Howells’ (1995, p 103) modifica-
tion of Livingstone’s 1962 quote: ‘‘There are no races,
only populations.’’

TABLE 4. Classifications using DFA with various groups

Groups in DF Variables % Correct Why?

BM vs. WM 19 97 Biological race
BM vs. WM vs. CHM vs. NAM 25 96 Biological race
BM vs. WM vs. JM vs. NAM 25 84 Biological race
JM vs. CHM vs. VM 25 80 Geography
Arikara vs. Sioux Females 7 87 Tribe
Nagasaki vs. Tohoku Males 25 94 Geography
N Japan vs. S Japan Males 18 89 Geography
WM born 1840-1890 vs. WM born 1930-1980 10 96 Time

BM, American black males; CHM, Chinese males; JM, Japanese males; NAM, Native American males; VM, Vietnamese males;
WM, American white males.
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