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Chapter 12

Is It Possible to Escape
Racial Typology in
Forensic Identification?
John Albanese and Shelley R. Saunders

Summary
This chapter provides a review of metric and morphological methods for determin-

ing ancestry from skeletal forensic cases, as well as a comparative look at emerging
genetic “origins”-determination methods. The authors address two major issues with
respect to these methods. Are the methods consistent with observable patterns of human
biological variation and with the apportioning of variation in skeletal reference samples
used to represent population groups? Do the methods have any utility for positive iden-
tification of unknowns? In addition, the authors provide examples of the patterns of
variation in cranial measurements, infracranial measurements, and morphological char-
acters as observed in skeletal reference samples to illustrate some of the limitations of
the underlying assumptions of “race”-determination methods.

The reality of human variation is not consistent with how forensic anthropologists
have used (and continue to use) human variation to identify unknown individuals, and
the substitution of various terms without a critical reanalysis of the underlying assump-
tions has not remedied the situation. False or misleading information is far worse than
a lack of information. The relatively high risk of false information may outweigh the
value of determining “race” may possibly have for the positive identification of an
unknown individual.

Key Words: Race; personal identification; population affinities; ethnicity; discrimi-
nant function; morphological characters; anthroposcopic traits; nonmetric traits.
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1. INTRODUCTION

The determination of ancestry population affinities or ethnicity (in the
past, referred to as “race”) is the most controversial question that a forensic
anthropologist must face when assisting in identifying unknown individuals.
In some parts of the world (for example, the United States, South Africa,
etc.), there is a history of the use of racial classification as part of personal
identification, and forensic anthropologists continue to be called on to address
this question when positively identifying an individual. The recent trend in
the forensic literature has been to use the term “ancestry” instead of “race,”
with no change in the underlying concepts, so that determining continental
origin has been substituted for color terminology. Regardless of the terminol-
ogy used, the underlying assumption in forensic applications is the same:
using morphological, metric, or a combination of data, it is possible to assign
an unknown individual into one of a limited number of continental or racial
groups (usually two to six groups).

In this chapter, the authors provide a review of some of the metric and
morphological methods for determining ancestry, as well as a comparative look
at emerging genetic “origins”-determination methods. Two major issues with
respect to these methods are addressed: are the methods consistent with observ-
able patterns of human biological variation and with the apportioning of varia-
tion in reference samples used to represent population groups? Do the methods
have any utility for positive identification of unknowns? In addition, two
examples are provided, one cranial and one infracranial, to illustrate some of
the limitations of the underlying assumptions of “race”-determination methods.

2. THEORIES AND METHODS FOR ALLOCATING UNKNOWNS:
AN HISTORICAL PERSPECTIVE

Some of the earliest applications of skeletal biological methods to forensic
cases date back to the 1930s in the United States. However, the racial approach
to research during earlier periods had an enormous influence on physical
anthropology throughout the 20th century and into the 21st century (1–5).
Comparative morphological and metric investigations of human variation
related to race or continental origin date back to the mid-19th century in North
America, with work by Samuel Morton and in Europe with research by Paul
Broca (6). Many of those investigations focused on the identification of racial
traits, usually in the cranium, which were erroneously used to assess mental
ability, rank various groups, support nationalist views, and justify social and
economic inequality (6). Although those approaches were theoretically and
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methodologically flawed (see ref. 6 for a comprehensive review), they had an
enormous influence on how physical anthropologists framed investigations
of human variation throughout the 20th century.

These early approaches are more closely analogous to recent studies of
population distance to discriminate between populations rather than allocate
unknown individuals. Research directly related to allocating unknowns be-
gan when large documented “multiracial” collections became available in the
United States (7). Anatomists T. Wingate Todd and Robert J. Terry began
amassing respective collections at medical institutions in Cleveland, OH and
St. Louis, MO in the first decades of the 20th century (7,8). These collections
were formed at a time when race, as it was socially constructed in the first
half of the 20th century, was considered as biologically meaningful as age or
sex when investigating skeletal variation. The 19th century racial approach
for investigating human variation is evident in how the collections were put
together, what documentary data were collected and curated with the skeletal
material, and in the research of the collectors (see refs. 9–12). The racial des-
ignations in the Hamann-Todd Collection and the Terry Collection predate
the adoption of modern evolutionary theory by physical anthropologists (see
ref. 13).*

By the latter half of the 20th century, at least three distinct race con-
cepts emerged in the biological and social sciences: social race, bureau-
cratic race, and biological race (see refs. 14–17) for different perspectives
in a forensic context). Social and bureaucratic race are socially constructed
concepts for grouping humans that are self-defined by individuals or groups,
imposed by certain socioeconomic levels of society on others, or both. The
biological race concept is theoretically based on phenotypic and genotypic
variation. When asked to determine race or ancestry, forensic anthropolo-
gists are asked to determine social race or bureaucratic race based on mor-
phological and/or metric variation. Whereas social race and bureaucratic
race are real concepts that have social and economic effects on peoples’
lives (an extreme example is Apartheid), the overwhelming evidence from
many different studies—but particularly in the last 35 yr with the advent of
protein and DNA analysis—clearly show that the race concept is not a valid
biological concept, and that racial groups are not coarse but useful catego-
ries for investigating human variation (4,18–26). The conclusions are con-
sistent and clear (21,22,25,27–29):

* Racial terms are presented here in quotation marks to highlight that these designa-
tions in reference collections are not based on phenotype and genotype.
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1. Intrarace variation is much greater than interrace variation.
2. Only 6–13% of genetic and morphometric variation is attributable to race.
3. There is no concordance of human genetic and morphometric variation with ra-

cial categories, continental origin, or skin pigmentation.

Another trend in forensic literature in the last decade of the 20th century
was to use the term “ancestry” instead of race. The terms “European,” “Afri-
can,” and “(East) Asian” have replaced “Caucasoid/White,” “Negroid/Black,”
and “Mongoloid/Yellow/Red.” An example of this trend can be found in A
Lab Manual and Workbook for Physical Anthropology (30,31). This is a widely
used introductory lab manual that has gone through several editions, where
many students of physical anthropology get their first introduction to a “sci-
entific” approach to racial classification of unknown individuals in forensic
contexts. In the first edition (30), France and Horn (p. 30) provide a summary
of seven cranial morphologic and metric characters that can be used to clas-
sify an unknown individual as “Negroid,” “Caucasoid,” or “Mongoloid.” In the
fourth edition (31) of the lab manual, (p. 123, fig. 4.21) the same seven cra-
nial morphological and metric characters are used to classify the unknown as
being of “African,” “European,” or “(East) Asian” ancestry. The underlying
assumptions are the same, but the terminology has changed.

3. FORENSIC IDENTIFICATION OF POPULATION AFFINITIES

Generally, the investigation of human variation has followed two major
methodological approaches, morphological and metric.* There has been some
discussion about which is easier to apply with less training and which approach
results in higher allocation accuracies (33,34). The choice of method is almost
entirely dependent on what variation is being observed. Some skeletal varia-
tion can be easily measured, and some variation can only be adequately
assessed with a morphological approach (presence/absence or pronouncement
of characters). Under the next two subheadings, metric and morphological
methods for race determination are discussed, respectively.

3.1. Discriminant Function Approaches

In the early 1960s, Giles and Elliot (35) revolutionized “race” determi-
nation with the publication of their discriminant functions using samples of

* Three-dimensional digital approaches that combine both metric and morphologi-
cal information are being developed for investigating patterns of human variation
(see ref. 32 for a forensically relevant example). However, methods that are widely
applicable in forensic cases are not currently available.
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“Blacks” and “Whites” from the Hamann-Todd and Terry collections, and an
aboriginal sample from Indian Knoll (see ref. 34 for details on applying these
methods). Most metric methods developed since the mid-1960s, including
recent computer based methods, are based on Giles and Elliot’s approach
involving discriminant functions (for example, see refs. 36–40). Generally,
cranial methods are considered the most reliable, pelvis and long bone com-
binations are less reliable, and other skeletal elements are considered the least
reliable (17,41).

Subsequently, Birkby (42) described several problems with Giles and
Elliot’s functions and with the entire approach for allocating individuals to a
limited number of racial groups. He tested the Giles and Elliot method with
aboriginal archaeological samples from across North America and found that
they performed poorly. Only 52% of the crania where classified correctly
because of two theoretical problems with metric race methods (42). First, an
unknown individual is forced into one of three categories regardless of whether
that individual fits into any of those categories. Second, a category such as
“American Indian” is not a single homogenous category. The allocation accur-
acies for most of the test samples were between 20 and 78%. The notable
exception was the relatively high allocation accuracy (92%) for the test sample
from Indian Knoll, the same population used by Giles and Elliot to develop
their equations. Birkby’s results suggest that it may be possible to determine
ancestry and allocate an unknown individual to a specific biocultural group
defined by geographic and temporal parameters, in this case, the Indian Knoll
population. However, the method performed very poorly when it was applied
to samples outside the reference sample used to develop the original method
because racial categories consist of many heterogeneous populations that are
not fixed through time.

In addition to Birkby’s study, Giles and Elliot’s method was tested using
various identified and archaeological samples (34,44). In all the studies, the
methods performed poorly on the respective American Indian samples (accura-
cies ranged from 14 to 30%), and confirmed Birkby’s conclusion that the Indian
Knoll sample cannot be considered a proxy for the pattern of variation in numer-
ous populations that are included in the group American Indian (34,43,44).

Two of the tests of Giles and Elliot’s method included forensic cases,
and they resulted in allocation accuracies of 71.4 and 76.4%, lower than Giles
and Elliot’s original published accuracy (34,44). Based on a review of the test
results, allocation accuracy approaching the level described by Giles and Elliot
could be achieved if Amerindian samples were left out of the test and if the
Black–White sectioning point for males was modified (34,44). For analytical
purposes, knowing the allocation accuracy for each race and sex subsample
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in the test is important. However, on a practical level, when applying the
method to one unknown individual, what matters is whether the method can
be applied with confidence in that one case. When dealing with a true unknown,
for example, a forensic anthropologist in North America has no way of know-
ing if a given analysis is a case where the Black–White situation applies,
whether the individual may be Amerindian or whether Giles and Elliot’s sec-
tioning point or the modified sectioning point should be used. The indepen-
dent tests suggest that Giles and Elliot’s method can be expected to give
erroneous information in at least one out every four cases with no indication
of when the method is providing incorrect information.

Other methods for determining race are available (45). In many cases,
the methods are based on relatively small sample sizes with uneven subsamples
(few females and/or one group overrepresented), have not been tested with
independent samples or have ignored Birkby’s conclusions regarding the lack
of homogeneity within a racial group and the problems associated with a forced
allocation into only one of three categories. In cases when methods have been
comprehensively tested, the resulting allocation accuracies have been low
(40,46–49). For example, in a comprehensive test of femur and tibia methods
(50) using a large forensic sample from the Forensic Anthropology Databank
(FDB), the allocation accuracy for “Whites” was worse than randomly guess-
ing, and the high accuracy for “Blacks” was misleading because the functions
simply classified almost everyone as “Black” (46). As with methods that use
only leg bones, methods that used the pelvis and leg bones (37), had a ten-
dency to classify most individuals as “Black,” and a number of “Whites” were
classified incorrectly (46).

The general poor performance of both metric sex- and “race”-determi-
nation methods when tested with large independent samples has been attrib-
uted to problems with the representativeness of reference collections,
specifically, the widely used Terry and Hamann-Todd collections (46). The
major problems with these collections have been noted for decades (51,52).
More recently, secular change has been described as an additional problem
with the collections and a reason for the poor performance of forensic iden-
tification methods developed from these collections (46). The FDB was estab-
lished to address the poor performance of various “race”- and sex-determination
methods and to address the problems with the older reference collections by pro-
viding an alternative source of data for the development of forensic methods (46).

The FDB consists of data collected in forensic cases and submitted by
various anthropologists, as well as a sample of individuals from the Terry
Collection and a small number of individuals from the Hamann-Todd Col-
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lection who where born in the 20th century (40,46). Although an electronic
database is not a substitute for a skeletal collection, the FDB has enormous
research potential (46). An example of this potential is the computer appli-
cation known as FORDISC, which can be used to determine “race” and/or
sex. FORDISC has several features that make it more useful than all other
previous discriminant function approaches. First, unique discriminant func-
tions are calculated based on what measurements can be collected from an
unknown individual. Second, posterior and typicality probabilities are cal-
culated in addition to the discriminant function score. The posterior prob-
ability is a measure of group membership, assuming that the unknown
individual is in fact one of the options selected. The typicality probability is
a measure of whether the unknown individual could belong to any of the
groups selected in the analysis. This statistic addresses one of the major
problems with all discriminant function approaches. Although the discrimi-
nant function score may force a placement into one of the selected groups, a
typicality score of 0.05 or lower indicates that the unknown is not typical of
any of the selected groups (40). Aside from the interface, there are several
substantive differences in the second version of the program. With FORDISC
2.0, infracranial measurements can be used, and there is the option of using
Howells’ (53,54) data instead of the FDB as the reference sample for the
calculation of discriminant functions (40,46,55).*

In contrast to the good results in an early test of FORDISC 2.0 (55),
when the method has been comprehensively tested with large independent
samples, allocation accuracies when determining race are low (less than 60%)
or do not follow any pattern of classification regardless of whether Howells’
data or the FDB is selected as a reference sample (48,49,56–58). Well-
documented archaeological samples (i.e., continental origin was known) were
used in several of these tests and may account for the low accuracies when the
FDB data were used as the reference sample. This is a liability that was antici-
pated and clearly articulated by the developers of FORDISC (40). However,
in practice, when a forensic anthropologist is presented with an unknown indi-
vidual there is no a priori way of knowing if the method should not be ap-
plied. Despite the confidence placed in FORDISC, there is little evidence that
FORDISC performs at the 90% accuracy that has been reported (55,59) or
performs any better than the earlier nonelectronic methods that rely on dis-
criminant functions.

* FORDISC 3.0 has been recently released, but it could not be reviewed in time to be
included here.
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Because of the widespread confidence in FORDISC (55,59), research
on “race” and ancestry determination has largely been relegated to areas of
the skeleton that are not included in the FDB and thus not available for analy-
sis with FORDISC (for examples, see refs. 17 and 60–65). In most cases,
these methods provide reasonable allocation accuracies (generally more than
80%) for the sample used to develop the method. However, in cases where
independent samples are used to test the methods (47–49,64,65), allocation
accuracies decrease to levels that undermine the applicability of the methods
in actual cases. In one example (65), the allocation accuracy of 75% for the
test sample is misleading. The results follow a pattern for the femur previ-
ously described (46), where every bone is classified as “Black.” In another
case, there are considerable differences in allocation accuracy by sex (64).
An allocation accuracy of 100% for females in the original sample dropped to
57% on a test sample of forensic cases. In tests of multiple methods, alloca-
tion accuracies were low, and there was no consistency between different
methods when they were applied to the same individual (47–49). For example,
one unknown was classified as “Black” with the Giles and Elliot (35) method,
“White” with the Gill (17) method, “Japanese” with FORDISC using the FDB
data, and “from the Philippines” with FORDISC using the Howells’ data (48).

Discriminant function approaches have not resulted in highly reliable
methods for race determination for various reasons. These problems are not
restricted to the discriminant function technique, but they are exacerbated by
this metric approach. Some of the contradictory results and low allocation
accuracies result from limitations of the reference sample used to calculate a
given discriminant function (55). The Terry and Hamann-Todd collections
and all reference collections, including the FDB, present some problems that
are derived from how the collections were amassed (66), but these are not
insurmountable problems for developing forensically relevant methods (67).

The poor performance of “race”-determination methods tested with the
FDB data have been attributed to secular changes (46). But there is some
evidence that secular change observed in these skeletal collections may be a
result of sampling error when data from separate collections are combined
(24,66). When trying to reproduce the results of Meadows, Jantz, and Jantz
(68), it was found that the increases in femur length occurred when the source
of the data (i.e., collection) changed (24,66). The differences in femur length
between collections that are coincidently separate in time have been attrib-
uted to secular changes. Regardless of how this variation in reference collec-
tions is interpreted, research conducted in the first half of the 20th century,
using living individuals and a sample from the Hamann-Todd Collection, dem-
onstrated the nonconcordance between race and morphology when secular
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change was not a confounding factor in reference collections (69). The differ-
ent patterns of cranial and infracranial morphology attributed to, for example,
“White” males born in the 20th century vs “White” males born in the 19th
century (46), clearly demonstrates that skeletal variation is not fixed or ge-
netically based for the group “White males.” If the changes are secular changes,
100 yr (or roughly five generations) is too little time for such significant
changes in morphology to be because of genetic variation. If the variation
that has been attributed to secular changes is in fact because of sampling error
derived from the methodology for sampling and limitation in the reference
collections (24), the different pattern of variation for “White” males born in
the 20th century vs “White” males born in the 19th century clearly shows that
the “White” group is not a valid category for apportioning human variation.

Although racial categories may not be a biological reality, it may be
possible to use a statistical association in the reference sample to allocate
unknowns (15,40,70,71). The independent test results from various samples
over the last 40 yr presented previously clearly indicate that regardless of
how robust the statistical association is in the reference sample, this associa-
tion does not result in a method that can be confidently applied to cases out-
side the reference sample used to develop the method. There are two reasons
for this. First, the parameters used to define the groups do not correspond
with the real patterns of human variation. Based on phenotypic variation, an
unknown individual is forced into a group that is defined by variable social
criteria and not phenotypic or genotypic parameters. Second, variation because
of age, sex, cause of death, living conditions, and so forth, is incorrectly appor-
tioned to a race (see the pelvis example under Subheading 4.2.).

3.2. Morphological Characters

There is also a long tradition in physical anthropology of using morpho-
logical characters of the skull to assign individuals to population groups. His-
torically, this attention derives from anatomists who had a broader interest in
human physical variation as early as the 17th century (72). In the 1920s, the
anthropologist Ernest Hooton developed a recording form for such characters
during his tenure at the Peabody Museum of Harvard University. Hooton’s
recording form is believed to have had a major influence on subsequent stu-
dents and researchers in North America studying skeletal samples or forensic
cases (73).

There are two main kinds of morphological characters of the skeleton
relevant to this discussion, anthroposcopic traits and nonmetric traits.
Anthroposcopic traits are features of shape observable in all skeletons, such
as a particular form of the palate or the position and height of the bridge of the
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nose, whereas nonmetric traits are minor skeletal and dental variants that may
or may not be present. When discovered, nonmetric traits appear to be curi-
ous anomalies, and are assumed to cluster in large or small population groups.
Several hundred nonmetric traits have been reported for the skull and
infracranial skeleton (72,74,75). Table 1 offers a sample listing and descrip-
tions of some anthroposcopic and nonmetric traits. Unfortunately, the foren-
sic anthropology literature uses either term interchangeably (76) or inclusively
(e.g., ref. 77 refers to all traits as “anthroposcopic,” whereas ref. 78 refers to
all traits as “nonmetric”). Whereas the word anthroposcopic, literally defined,
means “to see human,” the distinction between these two terms is necessary
because there is a long and separate tradition of research in biology and physical
anthropology on nonmetric traits as population descriptors.

Many early workers would classify certain nonmetric traits as charac-
teristic of specific groups and name them accordingly so that we have fea-
tures, such as the “os inca” or “os japonicum.” Ossenberg (74) considered the
question of whether a battery of nonmetric traits might separate world popu-
lation groupings when she used 24 cranial traits to compare samples of Native
American Indians, Eskimos, African Americans, and African Blacks. The cal-
culated distance statistics were found to be higher between the major groups
than within them. However, this was tested further when Wijsman and Neves
(79) examined whether the frequencies of nonmetric traits would mirror the
genetic distances between Brazilian Blacks, Whites, and mulattos, and a model
of genetic population admixture. They found significant deviations in the pat-
tern of nonmetric trait distances from a linear model of genetic distance, and
in support of this observation, many nonmetric traits have been found to have
low estimates of heritable variation (80,81). More recently though, Hanihara
and colleagues (82) reported a comprehensive study of the frequencies of 20
nonmetric cranial traits in several thousand individuals from many popula-
tions from around the world. Using multivariate statistical analyses to calcu-
late distances, they found the variation to be, at least in part, because of
geographical factors rather than environmental factors, and similar to dis-
tances calculated from genetic or craniometric data. Hence, there is some evi-
dence that traits cluster in regional world populations, but that variation forms
a minimal portion of the total worldwide variation, most of which is within
local populations (29). One also cannot expect trait frequencies to reflect
directly genetic allele frequencies because they are phenotypic features far
from the genome with a different model of inheritance.

Early work with laboratory animals developed the quasicontinuous model
of inheritance for the genetic control of these minor skeletal variants (83). A
good illustration of this model is Grüneberg’s thorough study of the absence
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of third molars, a trait also found in humans. He observed that the absence of
the tooth is a discontinuous character arising from an underlying continuous
distribution (Fig. 1), the size of the tooth rudiment. Tooth germ size is deter-
mined by the individual’s genome and influenced by the genetic constitution
of the mother, the maternal environment, and prenatal and postnatal environ-
mental factors. Usually, the genes involved are multiple genes with additive
effects. Tooth absence occurs if germ size falls below a critical level, shortly
after birth in the case of mice. Thus, the expressions of size variations are
affected by generalized and localized factors; whatever influences size will
indirectly affect the presence of third molars. (For reviews of the problems and
potential of nonmetric traits in population studies, see refs. 75 and 84–86.)

Whereas some writers have admonished researchers for scoring nonmetric
traits as discrete (present or absent) because they will vary in expression,
Grüneberg’s early model had already established that underlying continuity
of liability was the correct way of interpreting them. Presence or absence
recording usually improves the precision of observations (consistency in
recording), whereas consistency in observation is probably the greatest diffi-
culty with anthroposcopic traits (see comments in Table 1 and Fig. 2). This

Fig. 1. Quasicontinuous model of inheritance taken from ref. 75, pp. 97.
Printed with permission.
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can be said despite the main argument for using morphological traits to iden-
tify ancestry in forensic casework, which is ease of observation and recording
(76–78). Visual assessments require no expensive or delicate equipment and
can be completed rapidly but could be useless if the collected data are faulty
and imprecise. In addition, most texts will tell the student that considerable
experience with recognizing traits and skill in forensic anthropology are nec-
essary before employing traits to judge a forensic case. This contradicts the
claim that they are easy to employ and warns us that the method may, in fact,
be quite difficult.

What many seem to forget or neglect to mention is that the genetic back-
grounds of trait causation can vary from individual to individual and from

Fig. 2. Scatter plot of cranial length and width measurement by “race” of
males and females from the Terry Collection and the Coimbra Collection
(n = 526, see Table 2 for further details on sample composition). Note how the
range of variation of the “Black” sample is entirely within the range of variation
of the “White” sample.
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group to group. Common features may cluster in members of a large family.
Major gene effects can modify skeletal or dental development and produce
traits that are produced by other genetic factors in other individuals and popu-
lations. The discovery that different mutations can produce the same pheno-
typic effect was recognized long ago in the field of genetics but seems to be
ignored in forensic anthropology.

Most of the forensic anthropology literature on the subject of ancestry
informs the reader that the goal is to assign individuals to one of three major
groups: White (or Caucasoid), Black, or Asian (including North American
Indian) (76,77). This is reflective of the American literature, which is where
most of this information is published and where ancestry determination seems
to be a significant goal of forensic casework. In fact, the American publica-
tions also refer to Hispanic as a “neorace” (76), and these persons are defined
as of mixed European and Native American heritage. Rhine reported on a test
of a list of 45 mixed, anthroposcopic, and nonmetric features that were ob-
served on a sample of 87 documented skulls with known backgrounds. Rather
than report success rates of race assignment against documented race, he
reported the frequencies of traits in the different groups (defined based on
written documentation), including a listing of traits found in 30% or more and
50% or more of each sample, along with a notation of expectations. He recog-
nized that the classification of the group samples could be problematic, stat-
ing, “We are not dealing with unmixed populations,” and “not only is there a
great deal of systematic populational variability (racial variability), there is a
considerable amount of idiosyncratic variability as well.” In fact, of the 45
traits in this study, 37 were found to be 30% or more frequent in more than
one group. Six of the remaining eight traits were simply too rare and not
found in this sample.* However, in conclusion, Rhine pointed out that even
though there is a continuum of variation for morphological characters, mak-
ing them hard to assess, they are of value in forensic cases where one cannot
be confident of measurements because of fragmentation or postmortem alter-
ation to the remains. On the other hand, some readers would interpret these
results as disappointing, suggesting that the exercise of ancestry assessment
from anthroposcopic and nonmetric traits should be rejected.

Even though recent forensic anthropology texts caution that there is no
such thing as a pure ethnic group, race, or ancestral group, and that there is
considerable overlap of traits that characterize different groups (as shown in
previous paragraph) so that “the attribution of ancestral group is one of the

* A large portion of, but not all, ambiguity occurred within the Hispanic sample.
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most difficult assessments made for skeletal remains” (77), many in the field
still claim that the anthropologist must communicate this information to law
enforcement personnel, the general public, and students. It is worthwhile recon-
sidering this basic claim.

Byers’ (77) recent text in forensic anthropology states that, when pos-
sible, forensic anthropologists should give an assessment of ancestry from
skeletal remains with the categories of “White,” “Black,” “Asian,” “Native
American,” and “Hispanic.” This is an American text referring to categories
used by many law enforcement agencies in the United States. In comparison,
in Canada, the situation does not appear to be so straightforward. Canada is a
country of immigrants, and the 1996 and 2001 censuses report people origi-
nating from Europe, the Middle East, Western Asia, Southern Asia, Eastern
and Southeast Asia, Africa, the Pacific, and the Caribbean. In addition, the
proportion of persons reporting multiple continental origins is 36%!

Whereas it seems that, particularly in the United States, the imperative
to identify ancestry is tied to issues of racism, in Canada, missing persons
lists use a two-variable category relating to ancestry, White or nonWhite
(87). Ascribing an unknown to either of these two categories will undoubt-
edly assist in narrowing the possible matches for identification, but it is not
the only important variable. More research on establishing careful estimates
of other biological parameters, such as age at death and stature, can do much
to improve the success of individual identification. The authors illustrate
with an example. In the spring of 2001, one of the authors (S. Saunders)
was called to a rural road outside of Hamilton, Ontario, by police investiga-
tors. The partially skeletonized remains of an individual had been discov-
ered under melting snow. Foul play was evident from the presence of
perimortem trauma to the skull.

After assisting with the recovery, both authors evaluated the remains
with anthropological methods. A suggestion was made that the individual
might be of Southern Asian ancestry based on prominent presence of alveolar
prognathism, convexity to the nasal profile, concavity beneath the border of
the nasal spine, and moderate shoveling of the maxillary incisors. In the mean-
time, police investigators were researching the sources of some clothing and
jewelry items found at the scene. In addition, they were attempting the rehy-
dration of fingerprints from some preserved skin. Ultimately, the woman was
identified by the recovered fingerprints matched to a criminal record. The
suggestion of ancestry had been of some help in narrowing the investigation,
but it was the combination of recovered information from a variety of inves-
tigated sources that led to the solution of the murder. In fact, the investigators
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considered the anthropologists’ estimation of age at death of the victim to be
of equal or greater significance in contributing to identification.

4. INTERPRETING THE SOURCES AND PATTERNS OF VARIATION

IN REFERENCE COLLECTIONS

Despite the more recent prominence of the FDB, arguably, the most
important collection for the development of “race” and ancestry-determina-
tion methods has been, and continues to be, the Terry Collection. The Terry
Collection has been continuously available for research for more than 60 yr;
it is an important component of the FDB and FORDISC (40,46), and it has
been a major source of data for the “race”-determination methods that have
been widely used for the last five decades (35–37,39–41,88–90).

Using data from the Terry Collection and the Coimbra Collection (a
cemetery-derived identified collection from Portugal), one cranial example
and one infracranial example are presented here to illustrate some of the poten-
tial problems with identifying and interpreting sources of variation in refer-
ence collections. The first example illustrates the lack of concordance between
cranial variation and racial categories or continental origin. Using the pubic
bone, the second example illustrates that statistical significance, without his-
torical and biocultural context, may lead to the apportionment of variation to
the wrong source. Both examples illustrate the theoretical and methodologi-
cal limitations of determining social or bureaucratic race from skeletal remains,
and how expected patterns of variation have been described in scholarly lit-
erature and popular discourse even when the data did not support the percep-
tions (91). This second issue is analogous to Walker’s (92) observations on
sex determination, where results can be driven by the expectations of research-
ers rather than actual observable patterns of variation.

4.1. Example 1: Patterns of Variation in the Cranial Index

For more than 150 yr, the cranial index and the cephalic index were used
as tools for investigating human variation and to classify individuals into racial
categories (6).* The cranial index is defined as cranial breadth divided by
cranial length multiplied by 100. The cranial index is calculated with data
collected from skeletal material, and the cephalic index is the equivalent col-

* By the early 20th century, Boas’s (93) research showed that cranial shape as approx-
imated by the cephalic index was influenced by environmental factors and was not
fixed. Two separate reanalyses of Boas’s original data have reignited the debate
over the plasticity of cranial shape (94–97).
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lected on living subjects (98). These measurements have been used to calcu-
late cranial index scores, and these scores are often converted into categories
of cranial shape that range from long crania to hyperround crania: dolicocranic,
up to 75; mesocranic, 75–79.9; brachycranic, 80–84.9; and hyperbrachycranic,
85 or greater (98).

Data for this example were collected from the Terry Collection (8) and
the Coimbra Collection (99,100). The sample was selected to include and
account for a wide range of variation associated with age at death and year of
birth (67). Details regarding sample size are available in Table 2. Figure 2 is
scatter plot of maximum cranial length by maximum cranial breadth from
both collections combined into racial categories. There is no pattern in the
distribution of variation by “race” and the range of variation of the “Black”
sample is entirely within the range of variation of the “White” sample.* In
contrast, Fig. 3 is a scatter plot of the same data but coded by sex instead of
race. As expected when considering sexual dimorphism in Homo sapiens,
there is a clear clustering by sex and overlap in the ranges of both sexes. In
other words, there is a clear pattern of variation in cranial morphology by sex
but not by “race.”

When looking at the cranial index instead of its component parts, racial
categories still do not explain the variation in the samples. Figure 4 is a plot

* The data follow the same pattern, complete overlap between races, when it is graphed
for each sex separately for the Terry Collection alone (not shown here). Sex differ-
ences are not obscuring “race” differences.

Table 2
Mean Cranial Indices and Sample Sizes by Unit of Analysis

(Collection, “Race,” Sex)

Standard Standard
Unit of analysis Mean n deviation error Minimum Maximum

Co males 73.4 116 3.03 0.282 66.8 83.3
Co females 74.4 118 2.77 0.255 67.6 82.5
Te “Black” males 74.6  84 3.41 0.372 67.9 83.0
Te “Black” females 76.0  91 2.63 0.276 68.8 82.4
Te “White” females 77.5  68 2.84 0.344 71.8 84.2
Te “White” males 77.5  49 4.06 0.580 68.9 88.8

Co, Coimbra Collection; Te, Terry Collection.
Note how the Terry Collection “Blacks” are intermediary between the Coimbra Collection

sample and the Terry Collection “Whites” and the range of Terry Collection “Blacks” falls within
the range of the Coimbra Collection sample.
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of the 95% confidence intervals of the mean of the cranial index by unit of
analysis (samples divided into collection–“race”–sex groups). The mean cra-
nial index does not follow cited racial patterns. “Blacks” are usually described
as dolicocranic (17,31,36,41,90,98,101). “Whites” are alternatively described
as dolicocranic (101), mesocranic (17,31), both dolicocranic and mesocranic
(90), brachycranic (36), and as spanning the mesocranic and brachycranic
categories (41,98). The results from the current analysis show that the mean
for “Black” males (74.6) is only marginally dolicocranic, and the mean for
“Black” females (76.0) is mesocranic. The means for the European-born
Coimbra Collection females (74.4) and males (73.4) are in the dolicocranic
range, whereas the means for the Terry Collection “White” females (77.5)
and males (77.5) are in the mesocranic range. Based on the mean cranial index,

Fig. 3. Scatter plot of cranial length and width measurement of males and
females from the Terry Collection and the Coimbra Collection (n = 526, see
Table 2 for further details on sample composition). Identical data from Fig. 2
are displayed but coded by sex. Note how there is a clear cluster of data by sex.
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“Whites” from the Terry Collection are more similar to the “Blacks” from the
Terry Collection than they are to the European-born Coimbra Collection
sample. When the range of the cranial index is considered for each of the
units of analysis, the entire range of variation in the Terry Collection “Black”
sample falls within the range of variation in the Coimbra Collection sample.
The similarities between the Coimbra Collection and the “Blacks” from the
Terry Collection are not unexpected because these two samples are derived
from the most disadvantaged segments of their respective communities
(66,102). Using a one-way analysis of variance with the Tukey honest

Fig. 4. Plot of 95% confidence interval of mean of cranial index by unit of
analysis (collection–“race”–sex). Mean cranial shape as approximated by the
cranial index does not follow often cited racial patterns (n = 526). Co, Coimbra
Collection; Te, Terry Collection. Note: For each sex, the Terry Collection
“Blacks” follow a pattern that falls between the Terry Collection “Whites” and
the Coimbra Collection.
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significant test post hoc,* the means of the Terry Collection “Whites” and the
Coimbra Collection are significantly different (F = 24.981, p < 0.0001) from
each other, whereas the Terry Collection “Blacks” are intermediary between
the two “White” samples. Because of the sampling methodology (which con-
trolled for age at birth and age at death), the significant differences between
Terry Collection “Whites” and Coimbra Collection individuals are likely not
because of age factors or secular changes (67). This pattern of results,
nonconcordance between cranial morphology and skin pigmentation, is not
unique to the Terry Collection. Todd and Tracy (11) studied various facial
traits, cranial traits, and the cranial index from samples of American “Blacks,”
an archaeological sample from Africa, and an archaeological sample from
Europe. They found there was considerable overlap in variation between the
three samples, and African and American “Blacks” did not cluster into one
group just as American and European “Whites” did not cluster in the current
example.

Although the components of the cranial index are rarely used alone for
race determination, these measurements are the foundation for several promi-
nent approaches (35,40), and the cranial index categories are widely described
as racial characters (17,31,36,41,90,98,101). These differences between Terry
Collection “Whites” and the European-born Coimbra Collection sample il-
lustrate that morphometric variation in the cranial index or its components is
not concordant with racial categories or continental origin. This example is
consistent with Relethford’s (21,25,29) conclusions regarding the lack of as-
sociation between skin color and human variation, which is theoretically in-
compatible with a more widely held view (15,70,71) that it is possible
determine “race,” continental origin, or skin color with a reasonably high
accuracy outside of the reference sample used to develop the method.

4.2. Example 2: Variation in Pelvic Dimensions
and the Misinterpretation of Mortality Bias as Racial
Variation in the Terry Collection

Data for this second example were collected only from the Terry Col-
lection (8), and as in the example above, the sample was selected to control

* Tukey’s honest significant test was selected because it is neither too conservative
(as with the Scheffe or Bonferroni tests) nor too liberal (as with the least signifi-
cant test) in assessing significant differences, and Tukey’s honest significant test is
both a multiple comparison test (pairwise comparisons are made between means to
identify significant differences) and a range test (similar means are grouped into
homogeneous subsets).
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for age-at-death and year-of-birth effects (67). In Table 3, the mean age at
death for this sample is compared with the Terry Collection as a whole for
each unit of analysis. The summary statistics for the entire Terry Collection
are based on individuals 18 yr of age and older whose age is certain, and who
where classified as “White” or “Negro/Black” on original morgue documents
(8). There is a clear age bias in the Terry Collection that is confounded with
racial designations, year of birth (YOB), and procedures for adding to the
collection (8,103). For the entire collection, the mean age at death for each
unit of analysis is significantly different from the mean for every other unit of
analysis (p < 0.0001). The methodology used to select the sample for this
study has reduced some of the effects of age at death and YOB: the mean age
for “White” females is still significantly higher than “Black” females
(t = 5.317, p < 0.0001), but the difference in mean age is lower; there are no
significant differences in the mean age of “Black” males and “White” males
(t = 1.790, p = 0.077).

After the skull, the pelvis has been considered a good source of informa-
tion for determining ancestry or “race” (36,37,39,41,88,89). For this example,
an alternative measurement of the pubic bone known as superior pubis ramus
length was collected (67). A significant cubic relationship was found between
age and the superior pubis ramus length (r2 = 0.18, F = 8.61, p < 0.0001), but

Table 3
Mean Age at Death for the Entire Terry Collection

and for the Subsamples Used in the Current Analysis

Entire Terry collectiona Current sample

Unit n Meanb SD n Meanc SD

Black females 366 51.75 19.05 80 36.35  9.15
White females 306 65.39 14.21 50 45.98 11.34
Black males 531 47.44 15.88 56 45.66 12.45
White males 453 59.30 13.37 37 50.46 12.96
Total 1656 229

a Includes individuals 18 yr of age and older whose age is certain and who where classified as
“White” or “Negro/Black” on original morgue documents.

bAll means in this column are significantly different from other means in the same column at
the p < 0.0001 level.

c The mean age for “White” females is significantly higher than “Black” females (t = 5.317,
p < 0.0001). There are no significant differences in the mean age of “Black” males and “White”
males (t = 1.790, p = 0.077).
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only in females, and this relationship is graphically illustrated in Fig. 5.* This
difference in pattern by sex is expected for biological and sampling reasons.
The association between age at death and pelvic dimensions in females in
archaeological and reference collection samples has been investigated, and
various explanations have been suggested (104,105). In this example, the sig-
nificant association between age at death and pelvic dimensions is likely
because of a mortality bias. Death resulting from complications from child-
birth is not listed as the cause of the death for any females in the Terry Collec-

Fig. 5. Scatter plot of superior pubis ramus length by age at death for a
subsample of females from the Terry Collection. See Table 3 for details regard-
ing sample size. The line represents the cubic relationship between the vari-
ables for all the females. Note how the “White” females have consistently larger
pelvic dimensions, but they are also consistently older.

* An analysis of other pelvic measurements indicates the same pattern in the most
sexually dimorphic elements of the hip bone including the iliac breadth.
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tion. Rather, the correlation of pelvic dimensions with age is likely a nonspe-
cific health indicator for females. Females with larger pelves likely had better
living conditions during the period of their growth and development and also
lived longer. The attribution of the variation in the pelvis to race is because a
disproportionate number of younger females with smaller pelves were socially
described as “Black” when they were included in the collection, and a dispro-
portionate number of older females with larger pelvises were socially described
as “White” when they were included in the collection.

Different selection pressures on the pelvises of males, who obviously
will never bear children, result in a different pelvic morphology and different
patterns of variation under various environmental conditions (106–108). Addi-
tionally, the sample selection methodology described above was more suc-
cessful in minimizing the age bias in the male sample (see Table 3). This
current analysis actually understates the age–YOB–“race” bias in the Terry
Collection. The sample selection methodology for this example reduced but
did not eliminate the effects of age at death and YOB.

Pelvic “race”-determination methods that use samples drawn from the
Terry Collection (36,37,39,88,89) allocate unknown individuals on the basis
of age-related variation in the pelvis, which has incorrectly been attributed to
“race.” These race-determination methods work best to allocate females from
the Terry Collection (36,39,88,89), the samples where age-at-death and YOB
differences are greatest in that collection because of historical accidents in
how the collection was assembled. With one method, when age was recog-
nized as an issue there was an attempt to statistically eliminate the effects of
the “aging process” from the method (89). Whereas the reductions in alloca-
tion accuracy were considerable for the adjusted functions, particularly for
females who were most affected by age at death, the methodology for con-
trolling for effects of age did not necessarily control for the true effect of age
(109), and the authors assume rather than demonstrate that the rest of the
variation is because of “racial, and thus genetic, differences” (89). Statisti-
cally significant association without any biocultural context for the variation
has resulted in the apportionment of variation to the wrong source, and the
resulting methods cannot be confidently applied to real forensic cases.

5. GENETIC IDENTIFICATION OF POPULATION AFFILIATION:
RELEVANCE TO FORENSIC ANTHROPOLOGY

DNA fingerprinting (a technique for identifying individual organisms
based on the uniqueness of their genetic pattern) is a method of identifying
perpetrators and victims of crime and is now widely accepted as scientifically
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valid and acceptable as evidence in court. The emphasis has always been on
individual identification or the matching of the sample of DNA to a specific
person. More recently, however, as a result of the development of large pub-
lic and private databases of genetic information and demand from the public,
genetic ancestry testing (or, allocation of an individual to a specific popula-
tion group) has become a growth field in the United States (110) and is hav-
ing an influence on forensic investigations (see ref. 111, and example in the
following paragraphs).

There are large numbers of North American peoples wishing to trace
their genealogical roots, and this has fostered the appearance of a number of
private companies offering to trace personal genetic histories (PGH) by com-
paring individual samples to genetic data on human genetic polymorphisms
from a variety of human populations. As of August 2004, there were 11 sources
listed on the Internet offering fee-for-service tests of genetic ancestry (110).
Currently, there are two methods of tracing PGH: lineage-based tests, which
amplify mitochondrial DNA (mtDNA) and the nonrecombining Y chromo-
some, and biogeographical ancestry (BGA) or autosomal marker-based tests,
which purport to use genetic markers on the autosomal chromosomes infor-
mative of ancestry (ancestry-informative markers) to place people within bio-
logically and geographically defined populations. Most existing tests are
lineage-based, taking advantage of the fact that mtDNA and Y chromosome
DNA do not recombine at fertilization (the genetic material comes either from
the mother or the father), are more likely to accumulate marker mutations
within lineages because of the smaller number of ancestors (a smaller effec-
tive population size, and have higher mutation rates, contributing to substan-
tial variability. The results of the tests currently offered are designed to
determine whether an individual has paternal or maternal lineages that origi-
nate from Native American, European, African, or Asian populations. The
less common BGA tests aim to estimate a person’s ancestry in terms of the
proportional representation of ancestry-informative markers from a selection
of reference databases treated as representing ancestral populations. Deter-
mination of ancestry is based on statistical tests of probability of ancestry by
the maximum likelihood approach (a statistical concept used to quantify the
probability that a certain hypothesis or model is correct given a set of data).

BGA tests have been applied to a recent forensic case. In the spring of
2003, the murders of five women in Louisiana had been linked through sample
analyses of forensic DNA samples by short-tandem-repeat marker panels (also
called microsatellite markers, these are short DNA sequences, typically from
one to four nucleotides long, that are tandemly repeated several times) to
implicate a single perpetrator of the crimes. However, there were no hits when
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the genetic sequence was compared with the national combined DNA index
system (CODIS) database of convicted felons. The police had restricted their
investigations to White men, screening more than 600 individuals. Then they
sought the assistance of a company offering PGH screening. The results of
the BGA tests indicated that the perpetrator of the murders was mainly of
West African descent. This ultimately led to the arrest of a suspect whose
short tandem repeat profiles matched those of the perpetrator.

Considering that geneticists attempting ancestry determinations are work-
ing from basic DNA code, it would seem that this approach would have great
advantages over anthropological assessment of bones to identify a victim or
unidentified decedent. The DNA of body cells is not altered during an
individual’s lifetime (except for cases of homeoplasy or somatic mutations
within mtDNA) or subject to environmental influences. Once sequenced, DNA
results should be uncontested; observations of sequences are not subjective
or variable as with skeletal traits. In addition, the statistical calculations applied
to estimating ancestry from genetic data are far more exacting and sophisti-
cated than any methods currently used for nonmetric or morphological traits
(metric methods are comparable, limitations lie with the reference samples as
discussed under Heading 4). However, an examination of the scientific literature
on genetic ancestry determination reveals a number of limitations to the approach
and provides an object lesson to forensic anthropologists wishing to assign ances-
try affiliation from skeletal remains. Many of the limitations described for
genetic data are applicable to, or instructive for, forensic anthropology.

5.1. Limitations of Genetic Methods

Those in the field of PGH lament the fact that there needs to be an in-
crease in the number of markers used for analysis because the more markers
used, the higher the probability of estimating affiliations correctly. Theoreti-
cally, this applies to forensic anthropology too. A nonmetric or metric descrip-
tion of only the nasal area will provide considerably less information than a
thorough examination of the entire skull. However, there are statistical prob-
lems with dealing with correlated data when many forensic traits are used.

More important than markers is the need in the genetics field for improve-
ment, increase in size, and the sharing of genetic databases (110). A few years
ago, a European researcher identified the fact that there were many errors in a
large public database of mtDNA sequences (112–114). More recently, a simi-
lar claim has been made by others (115). Not only do many genetic databases
contain recording errors, but also, few have even considered the problems of
quality of the background data on individuals whose DNA sequences are
included in the databases. The gatekeepers of genetic databases often give no
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details about the number and geographical spread of samples included, so it is
difficult to even assess the quality of databases. The problems are just as
prevalent within genetics as have been described for forensic anthropology.

For lineage-based tests, the maternal and paternal lineages sought do
not represent the entire genetic make-up. For example, an individual’s mtDNA
comes from his or her mother, who received it from her mother, and so on. At
the great-grandparental generation, only one of eight individuals of the great
grandparents (mother’s mother’s mother) is being sampled. In forensic anthro-
pology, all of the phenotypic data represent recombined genetic data from all
ancestors, and the nature of the morphology observed becomes the basic prob-
lem. Forensic anthropology texts state that remains that exhibit ambiguous
(or mixed) ancestral groupings should be assigned to the group that is consid-
ered the minority (example in United States: a skeleton that exhibits both
White and Black “features” should be assigned as “Black”) because this is
how they would have been classified in life. Now the forensic anthropologist
(and the geneticist) becomes mired in social definitions of race. How many
cases are there of mixed heritage individuals who functioned in their own “cho-
sen” racial group or even changed designation several times in their lifetimes?

These limitations illustrate that PGH estimation is far from being an
exact science, as some of the practitioners admit (110). They also show that
highlighting genetic differences among people might unfortunately reinforce
the stereotypic features of these identities, a risk to forensic anthropology as
well because judging the unknown to come from a specific group can limit
the investigation as well. Nevertheless, the desire on the part of many to link
genetic phenomena to ancestry or race cannot be ignored. Many want PGH
estimation to justify their socially mediated constructions of population dif-
ferences. In the medical field, a resurgence of interest in race relates to ques-
tions of risk for various disease conditions and the risks of blood transfusion
reactions for those of different population origins (111). Surely, a clearer under-
standing of the complexities of biological population diversity can only illu-
minate the debates that swirl around these issues.

6. CONCLUSIONS

The reality of human variation is not consistent with how forensic anthro-
pologists have used, and many continue to use, human variation to identify
unknown individuals, and the substitution of various terms without a critical
reanalysis of the underlying assumptions has not remedied the situation. With
no biological basis for racial categories, how can forensic anthropologists
determine social race or bureaucratic race? Several authors have suggested
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that such a contradiction is not an impediment to determining “race” and that
high allocation accuracies are possible with various “race”-determination meth-
ods (15,70,71). The claim of 90% accuracy that has been reported for “race”-
determination methods (15,17,59) is unsubstantiated. Despite the relatively
high-allocation accuracies (often more than 80%, but rarely more than 90%)
and the strength of the statistical significance that are noted when various
methods are first described, the comprehensive independent tests of “race”-
determination methods consistently result in low-allocation accuracies. Some
forensic anthropologists have argued that race determination is a forensic
necessity, and forensic anthropologists would be either derelict in their pro-
fessional responsibilities or ill equipped to positively identify an unknown
individual if the assessment of “race” is not investigated (15,17,31,70,71).
False or misleading information is far worse than a lack of information. The
relatively high risk of false information outweighs the value that determining
“race” may possibly have for the positive identification of an unknown indi-
vidual.

Cranial and infracranial variation in different groups living under vari-
ous biocultural conditions through time and space is a reality, but this varia-
tion does not neatly cluster into two to five racial categories or by continent.
A racial approach for identifying unknown individuals in a forensic context
will be typological because:

1. It ignores the heterogeneous patterns of phenotypic variation in the highly plastic
species H. sapiens.

2. It runs contrary to the genetic evidence that there is a great deal of genetic homo-
geneity in H. sapiens.

3. It ignores the fact that both phenotypic and genotypic variations are continuous.
4. It tries to categorize continuous phenotypic and genotypic variation into a few

socially constructed categories.

New methods or updates of older methods, new collections, and new
terminology (use of ancestry without a reevaluation of the underlying con-
cepts) will not solve the problems associated with “race”-determination meth-
ods if these four issues are not considered.

The greater problem is that racial designations are part of various folk
taxonomies that are related to social and economic issues and inequality rather
than any phenotypic or genotypic reality. As Brace (70) notes when referring
to the various waves of migration to North America of African, Asian, and
European peoples, “the social barriers between these three artificially dis-
tinct human constituents of the Western Hemisphere have ensured the per-
petuation of discrete identity of those components despite an increase in the
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blurring around the edges, and this is what constitutes the ‘reality’ that is the
‘something there’ for the forensic anthropologist to discover” (p. 174, emphasis
added). Socially, race is relevant and law enforcement authorities continue to
ask about race because it plays a prominent role in personal identification and
racial issues are prominent in the justice systems in various jurisdictions. In
Canada, a country of great population diversity, law enforcement personnel
are as aware of the problems of inferring geographic and population back-
ground as are the anthropologists. The simple argument that “investigators
require it” is not sufficient to justify the claim for a noncritical application of
anthropological methods. The authors think that the law enforcement field
can be receptive to critical explorations of the complex interrelationships
between sociopolitical processes and the scientific knowledge affecting our
understanding of human physical diversity because the police are having to
deal with such explorations within their own ranks.
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