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ABSTRACT: A discriminant function analysis based on seven
postcranial measurements for the metric assessment of race is pre-
sented. A sample from the Terry Collection (NMNH) was used to
create independent functions for African-American males and fe-
males, and European-American males and females. The functions
were tested using known forensic cases from the Maxwell Museum
of Anthropology and the C.A. Pound Human Identification Labora-
tory.

Based on the Terry Collection sample, correct classification of
race for males was 87.0%, and for females 100.0%. For the inde-
pendent test population, correct classification for males was 81.8%,
and for females only 57.1%. The low classification for females is
most likely due to sample bias.

KEYWORDS: forensic science, forensic anthropology, body pro-
portions, discriminant functions, race determination

Over the past two decades, there have been relatively few at-
tempts to determine the race of skeletons using discriminant func-
tions derived from postcranial measurements (1–3). Rather, the
most commonly used multivariate methods for the determination of
race from the skeleton are based solely on craniometrics (4–7). This
is due not only to the historically cranio-centric approach taken by
many biological anthropologists toward the skeleton, but also be-
cause broadly ecogeographically dispersed groups of humans (gen-
erally referred to as races) differ from each other in a suite of cra-
nial features. Primary among these differences are those manifest
in the midfacial skeleton, which is dominated by the nose (8–10).
Given these robust craniofacial differences, multivariate linear and
quadratic discriminant functions for determining race based on cra-
nial measurements have generally proved more reliable (as mea-
sured in percentage of correctly assigned specimens) than those
based on postcranial measures (8).

There are, however, postcranial features that, like their craniofa-
cial counterparts, differ significantly between widespread geo-
graphic groups of modern humans. Presumably these characteris-
tics could be used to segregate individuals from different races. In

particular, the body form of humans around the world shows vari-
ability consistent with “rules” posited for homeothermic animals
by Bergmann (11) and Allen (12). Bergmann’s rule states that as
members of a widespread warm-blooded species inhabit more and
more polar regions, their body mass is expected to increase. Simi-
larly, Allen’s rule states that as members of a warm-blooded
species inhabit warmer and warmer climes, their extremities will
increase in length.1 Thus, the expectation for a widespread
homeothermic species, such as Homo sapiens, is that in tropical re-
gions, one will find lighter, longer limbed individuals and groups,
and that in colder regions, one will tend to find heavier, shorter
limbed populations and individuals.

Indeed, adherence to Bergmann’s rule is evident among recent
humans, whose body mass shows a clinal distribution, such that
there is a significant, negative correlation (r 5 20.60) between
mean annual temperature and body mass across a global sample of
humans (13). In fact, this pattern is so robust that it can even be de-
tected in smaller, more regional samples of humans (14,15).

Similarly, relative length of the lower limb shows patterning in-
dicative of adherence to Allen’s rule, as reflected in relative sitting
height indices (sitting height /stature 3 100; 16,17). Roberts (16)
demonstrated that in a global sample, these indices have a high,
negative correlation with mean annual temperature (r 5 20.62),
such that individuals with relatively longer lower limbs tend to be
found in tropical regions. Additionally, Eveleth and Tanner (17)
showed that there is a marked difference in relative sitting height
index values, with Europeans, Native Americans and Asians gen-
erally showing higher values (51.), while Australian aborigines
and sub-Saharan Africans have generally lower values (,50). This
patterning is what one would expect if Allen’s rule were mandating
shorter limbs in colder climates. While this ecogeographic model is
robust, relative sitting height is obviously an anthropometric mea-
sure that one cannot take on skeletons. However, relative sitting
height can be approximated in skeletal material using skeletal trunk
height (see below), and significant differences in relative limb
length when scaled to skeletal trunk height are manifest between
recent African and European populations (18).

Bi-iliac ( pelvic) breadth also exhibits strong ecogeographical
patterning (14,19). This follows expectation from Bergmann’s
rule, since a broader-trunked individual would tend to be heavier
(greater body weight). An even higher correlation with climatic
variables is seen when bi-iliac breadth is scaled to stature via the
relative bi-iliac breadth index (bi-iliac breadth/stature 3 100)
(16,19). This measure reflects both Bergmann’s and Allen’s rules,
since we expect tropically adapted humans to have among the nar-
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rowest bi-iliac breadths (following Bergmann’s rule) and relatively
greater stature, given longer lower limbs (following Allen’s rule).2

Importantly, body shape features seem to be largely genetically
controlled, and do not show extreme phenotypic plasticity (20–23).
As a result, despite the fact that African-Americans and European-
Americans share a common, largely temperate, environment (and
despite having experienced significant interbreeding), there are
nonetheless significant differences in body shape which remain
manifest between these two groups (24,25). Specifically, members
of each group tend to exhibit body shapes more similar to those of
the populations on the continent from which most of their ancestors
derive (i.e., either Africa or Europe).

A likely conclusion, therefore, is that if one could take a 
series of postcranial osteometrics reflective of body shape ( partic-
ularly those that show ecogeographical patterning), one could then
use those measurements to produce a linear discriminant function
that could effectively assess the racial affinity of human skeletons.
The current paper is just such an attempt—to use body shape 
features such as limb length, relative body mass, skeletal trunk
height and bi-iliac breadth to discern the skeletons of African-
Americans from those of European-Americans. Should such a
method prove successful, it could be useful either to complement
cranially-based methods, or could, in the absence of cranial data,
provide an accurate racial assessment for a postcranial skeleton of
unknown race.

Materials and Methods

Materials

The linear discriminant functions were created from a sample of
African-American (n 5 54; 28 F, 26 M) and European-American
(n 5 56; 28 F, 28 M) skeletons. These skeletons are from the
Smithsonian Institution’s Terry Collection, and were measured by
the first author to the nearest 0.5 mm. Since the sample is from a
documented collection, all the individuals used are both chrono-
logical, as well as skeletal, adults of known sex and race. The spec-
imens were chosen at random. However, most (over 75%) are
primage adults (i.e., ,55), since the majority of the vertebral data
taken (see below) dictate that the vertebral segments measured be
largely free of osteoarthritic changes generally associated with ad-
vanced age. This therefore limits the number of specimens that can
be used in the analyses; in the future we hope to augment sample
size with more recently collected skeletal material.

Linear discriminant functions are designed to effectively differ-
entiate between members of classes in the population from which
it was created. It is usually less effective, however, in discriminat-
ing between classes for an independent sample. Therefore, once the
discriminant function was generated from the Terry Collection
data, it was tested on an independent skeletal series. The indepen-
dent series includes twelve specimens (5 F; 7 M) from the docu-
mented collection of the Maxwell Museum of Anthropology at 
the University of New Mexico and six documented individuals (2
F; 4 M) from the C.A. Pound Human Identification Laboratory 
at the University of Florida. All specimens were measured by the
first author.

Methods

The measurements taken on the skeletal sample are femoral A-P
head diameter (FHAP), skeletal trunk height (STH), bi-iliac
breadth (BIB), femoral bicondylar length (FL), humeral maximum
length (HL), tibial maximum length ( TL) and radius maximum

length (RL). All but one of the measurements (STH) are standard
osteometric dimensions that are easily taken on human skeletal ma-
terial. BIB was taken by manually articulating the pelvis at the
sacro-iliac joints (thereby leaving a gap for the fibrocartilage of the
pubic symphysis), then inverting the articulated pelvis on an osteo-
metric board to measure its maximum transverse diameter. STH is
defined as the summed dorsal body heights of the thoracic and lum-
bar vertebrae plus sacral ventral length (18). While not the case for
the current data set, in many instances, particularly those involving
burials, STH must be predicted, because not all of its components
are preserved. In these instances, least-squares regression analyses
to predict total column height from the summed height of the pre-
served elements (based on a complete skeletal series), have been
shown to be very accurate, as indicated by their low standard errors
of prediction (18).

The variables were chosen a priori because they are easily taken
and are the best skeletal reflections of the generalized body shape
morphocomplexes discussed earlier. The measurements were used
in the linear discriminant function analysis, with the cross-valida-
tion option, (PROC DISCRIM) procedure in PC-SAS Windows
Version 6.12 (26). Separate discriminant functions were generated
for males and females. Given the fact that this method requires a
relatively complete pelvis, the sexing of individuals prior to the ap-
plication of this method should not be problematic.

Results

Computation of the Functions

The summary statistics for the Terry Collection sample are
found in Table 1. As expected following Bergmann’s and Allen’s
rules, for both sexes, the African-Americans have absolutely
longer limb bones, and shorter, narrower trunks than do the Euro-
pean-Americans. The femoral head size of female African- and Eu-
ropean-Americans appears virtually identical, while male Euro-
pean-Americans have larger (albeit not statistically significantly
larger) femoral heads than their African-American counterparts.
Whether these univariate differences translate into multivariate dis-
crimination of European-Americans from African-Americans was
determined by the computation of the male and female discrimi-
nant functions.
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TABLE 1—Sample size, measurement means, and standard deviations
for the Terry Collection sample from which the discriminant functions

were derived.

African-Am. Euroam. African-Am. Euroam.
Measurement Females Females Males Males

N 28 28 26 28
FHAP X

_
42.4 42.5 47.3 48.1

SD 1.9 2.4 2.6 2.7
STH X

_
455.4 482.5 488.2 502.6

SD 17.1 26.5 21.3 24.5
BIB X

_
249.9 270.5 251.1 268.9

SD 17.9 18.3 14.4 16.8
FL X

_
442.3 424.6 468.5 458.0

SD 25.7 18.5 25.0 28.7
HL X

_
314.4 302.1 335.3 328.4

SD 14.1 13.6 16.4 20.6
TL X

_
374.3 351.7 400.2 379.1

SD 23.2 17.5 25.7 27.3
RL X

_
240.7 219.4 262.4 244.5

SD 11.7 9.4 15.2 17.1
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The unstandardized linear discriminant coefficients for the fe-
male sample are reported in Table 2. This function is significant,
according to the F-test (F7,48 5 24.1; p , 0.00001). With regard to
the individual variables’ ability to discriminate, with the exception
of femoral head diameter (FHAP), which has an individual F-prob-
ability of 0.94, all other coefficients are significant at p , 0.01.
Therefore all other variables contribute to the discrimination of the
groups. The classification table for the Terry Collection females is
found in Table 3. As is evident in the table, the discriminant func-
tion correctly classified 100% of the females used in its computa-
tion—none was misassigned to the other group.

The unstandardized discriminant function coefficients for the
males are presented in Table 4. As for the females, the function for
the Terry Collection males is also significant, according to the F-
test (F7,46 5 10.4; p , 0.00001). Among the males, the variables
that significantly ( p , 0.05) contribute to the discrimination of Eu-

ropean-Americans from African-Americans are maximum tibial
length (TL), maximum radius length (RL), bi-iliac breadth (BIB)
and skeletal trunk height (STH). None of the other variables’ asso-
ciated F-probability is significant at p , 0.05. The classification
table for the Terry Collection males is presented in Table 5. The
discriminant function correctly classified 24 of 28, or 85.7%, of
European-American males, and 23 of 26, or 88.5% of the African-
American males. In total, it correctly classified 47 of 54, or 87% of
the male individuals.

Independent Test of the Functions

One derives a single linear function by subtracting the paired 
unstandardized coefficients and the constants from each other, 
producing a single linear function, which is equivalent to Fisher’s
discriminant function ( Table 6). This single function can then be
used to test independent samples. The results of the test of the fe-
male discriminant function on the independent sample are pre-
sented in Table 7. As is evident from Table 7, there were no
African-American females in the independent sample. This was
due to the paucity of known African-American females in the two
forensic samples. The discriminant function derived from the Terry
Collection females does not very effectively assign the females

TABLE 3—Number of cases assigned to each group from each actual
group—females.

Actual Group
Predicted Group

Membership European-American African-American Total

European-American 28 0 28
African-American 0 28 28
Total 28 28 56

TABLE 2—The unstandardized discriminant function coefficients 
for computing an individual female’s discriminant function score 

from her measurements.

Linear Discriminant Function Coefficients—Females

Variable European-American African-American

Constant 2375.65646 2392.04578
FHAP 2.07883 3.05694
FL 0.13143 20.04703
TL 20.14542 20.00602
HL 0.59330 0.52934
RL 0.86867 1.30027
BIB 20.17927 20.33328
STH 0.69568 0.61506

TABLE 4—The unstandardized discriminant function coefficients
for computing an individual male’s discriminant function score 

from his measurements.

Linear Discriminant Functions Coefficients—Males

Variable European-American African-American

Constant 2316.30070 2305.04550
FHAP 3.04603 2.92032
FL 0.55650 0.49137
TL 20.27556 20.18454
HL 0.02719 20.02916
RL 20.05357 0.10140
BIB 0.00280 20.12155
STH 0.67209 0.67417

TABLE 6—Linear discriminant functions for race for use with the
independent sample.

Males Females

Constant 211.252 16.38932
FHAP 0.1257 20.9781
FL 0.0651 0.1784
TL 20.0910 20.1394
HL 0.0563 0.0639
RL 20.1549 20.4316
BIB 0.1243 0.1535
STH 20.0020 0.0806

TABLE 5—Number of cases assigned to each group from each actual
group—males.

Actual Group
Predicted Group

Membership European-American African-American Total

European-American 24 4 28
African-American 3 23 26
Total 27 27 54

TABLE 7—Number of cases assigned to each group from each actual
group—independent sample females.

Actual Group
Predicted Group

Membership European-American African-American Total

European-American 4 3 7
Total 4 3 7



from the New Mexico and Florida samples. Only 4 of 7 (57.1%) are
correctly assigned as European-Americans. This result is most
likely due to the small sample size of the independent female sam-
ple, since the discriminant function segregated 100% of the Terry
Collection females.

The results of the independent test of the Terry Collection male
discriminant function are presented in the form of a classification
table in Table 8. As seen in the table, the discriminant function ef-
fectively discriminates European-American from African-Ameri-
can males. It correctly assigns 6 of 8, or 75% of the European-
Americans, and correctly assigns all three of the African-American
males from the independent sample. In sum, 81.8% of the indepen-
dent male sample was correctly assigned.

It has recently been suggested that the secular trend toward in-
creased stature may affect the results of discriminant function anal-
yses based on essentially 19th-century skeletal samples such as the
Terry Collection (7,27). Indeed, our late 20th century test sample
shows a general size increase over the Terry Collection for the
measurements used here, as indicated by the percentage deviations
of their mean values over those of the Terry Collection sample
( Table 9). This could, at least in part, be responsible for the poor
racial assignment of the test sample European-American females.
However, we feel this is unlikely, since a size increase is also evi-

dent among the European- and African-American males, and in
fact, is in many cases a larger percentage deviation among the
African-American males than among the European-American fe-
males ( Table 9). Thus, despite the fact that the test sample males
also exhibited an increase in overall size relative to the Terry Col-
lection males, they were nonetheless much more successfully as-
signed to their appropriate racial groups.

A related problem involves the fact that the increase in stature
has been an allometric change, i.e., there has been a greater in-
crease in tibial length relative to femoral length, as reflected in cru-
ral indices (27). Yet the secular trend has resulted in differences in
crural indices (27) that are generally smaller than the differences
observed between widely dispersed ecogeographical groups (18).
As a case in point, in the current study, crural index differences be-
tween Terry Collection and test sample individuals of the same
race are not significantly different at p , 0.05, while the differ-
ences between the races within the same time period are. Perhaps
more important than brachial and crural indices, however, are limb-
trunk proportions, which appear to have exhibited an even a
smaller secular trend increase. For example, the TL/STH index in
the European-Americans increased from 74.3 in the Terry Collec-
tion to 76.3 in the test collection. Not only is this a non-significant
difference (two-tailed t-test p 5 0.0928), it brings them nowhere
near the Terry Collection African-American mean of 82.1. This
suggests that postcranial discriminant functions that include some
measure of trunk height may be better able to discriminate racial
groups than those that do not.

Applications and Limitations

These functions are best applied when crania are not recovered
or do not present enough of the necessary landmarks for accurate
measurement. This may be the result of intentional dismemberment
and/or natural taphonomic activity (including scavengers). The
method as presented requires the preservation of several vertebral
elements, and a relatively complete pelvis. In cases where some,
but not all vertebrae are preserved, workers should feel free to con-
tact the first author, who will predict STH for them using a regres-
sion analysis based on the appropriate reference sample. Finally,
this method may be used in combination with the widely available
FORDISC 2.0 program (28), which also includes postcranial mea-
surements, to provide further confirmation of the racial affinities of
unknown individuals who lack cranial remains.

The most obvious limitation of this analysis is the poor assign-
ment of the female test sample. While this may be due to the secu-
lar trend, it is most likely due to the small available sample size of
modern female forensic cases (n 5 7). We invite others to test this
method using the functions presented in Table 6, and to report their
results to either author, as we are continuing to refine this tech-
nique.

Endnotes

1. These morphological changes are said to be adaptively sig-
nificant in that they alter the surface area: volume ratio (SA:V), and
thus affect the ability of the organism to either shed, or conversely,
retain heat. Obviously, an enhanced ability to shed excess heat af-
forded by decreased body mass and/or a larger percentage of total
mass in the limbs (which have high surface area) should be adap-
tive in hotter climes. Whether this adaptive explanation is correct
is not of concern for medico-legally significant questions. All that
matters for forensic anthropologists is that the empirical pattern is
demonstrably robust to allow consistent and accurate discrimina-
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TABLE 9 —Summary statistics for the independent test sample and
percentage deviations from the Terry Collection means.

Euroam. African-Am. Euroam.
Measurement Females Males Males

N 7 3 8
FHAP X

_
42.2 48.2 49.1

SD 2.0 3.5 4.3
%deviation 10.7 11.9 12.0

STH X
_

483.6 487.6 520.4
SD 15.9 22.8 31.6
%deviation 10.2 20.1 13.4

BIB X
_

267.0 237.7 273.3
SD 15.8 16.6 12.8
%deviation 21.3 25.6 11.6

FL X
_

437.9 494.3 472.1
SD 15.7 17.9 34.9
%deviation 13.0 15.2 13.0

HL X
_

314.4 356.7 339.8
SD 13.0 28.4 24.9
%deviation 13.9 16.0 13.4

TL X
_

373.0 428.7 393.4
SD 18.8 13.4 29.7
%deviation 16.1 17.1 13.8

RL X
_

232.0 273.0 249.9
SD 9.1 8.9 18.5
%deviation 15.6 13.9 12.2

TABLE 8—Number of cases assigned to each group from each actual
group—independent sample males.

Actual Group
Predicted Group

Membership European-American African-American Total

European-American 6 2 8
African-American 0 3 3
Total 6 5 11
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tion of groups of different recent evolutionary ancestry (e.g.,
African-Americans and European-Americans).

2. What is meant here is stature relative to overall size. Stature
itself does not tend to exhibit ecogeographical patterning, since
Bergmann’s and Allen’s rules produce conflicting restraints as one
moves into colder regions. Bergmann’s rule predicts that one will
find individuals of greater body mass in these regions, which leads
to an expectation of increased stature, while at the same time
Allen’s rule predicts that limb lengths will be reduced, thus de-
creasing stature.
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