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ABSTRACT

This study presents an investigation of secular trends
in craniometric variation among Afro-American and Euro-
American North American populations from 1750 to the
present. An additional analysis of collection specific
cranial variation between two prominent anatomical collec-
tions 1is also undertaken. Both investigations address
the question of crania variation in reference to the
proper application of craniometric analysis to medico-
legal identiciation of racial affiliation in forensic
anthropology.

The craniometric data include individual historic
specimens and cemetery populations from Canada,
Philadelphia and New Orleans. Anatomical specimens are
collected from the Hamann-Todd and R. J. Terry
collections, and recent forensic cases are obtained from
forensic laboratories across the nation.

Predicated on the idea that secular change in cranial
size and shape contribute to the differentiation between
temporally different crania series, it is suggested that
temporally earlier cranial series are less appropriate as
calibration samples for the identification of contemporary
U.S. populations. Analyses were performed on eighty
crania variables to document temporal differences among

racial and ethnic groups, and to explore patterns of



variation related to gender within each group. Group
differences were examined by multivariate analysis of
variance and temporal differences were investigated using
multivariate analysis of covariance and canonical
correlation. Specificity of collection association was
examined by canonical discriminant analysis.

The multivariate analysis of cranial variation
revealed similar temporal trends in size and shape between
Afro-American female and male crania, while Euro-American
gender differed somewhat in their direction of change.
Temporal trends and collection specificity are both
statistically significant. Collections are suggested to
reflect ethnic differences, particularly within the Euro-
American group.

It 1is found that significant temporal changes among
Afro-American and Euro-American cranial series and ethnic
specificity of individual skeletal collections can render
problematic the application of earlier cranial series to
the identification of recent forensic cases.

An alternative to present calibration standards for
forensic identification of crania is offered. TwoO

additional cranial series of Hispanic-American males and

viii



American Indian of both sexes were added to the sample to
define a four group calibration sample.

Calibration standards were calculated using
discriminant analysis for the separation of racial or
ethnic groups. Four, three and two group discriminant
function were calculated for a sample of post 1900 crania

to conclude the analysis.
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I. INTRODUCTION

Statement of Purpose

The present study addresses the question the medico-
legal application of craniometric standards for the
identification of racial or ethnic groups. In past
research craniometric data was applied for this purpose,
regardless of temporal differences between the calibration
data and the unidentified specimens. The present study
investigates the relevance of temporal control.

In an attempt to address the question of temporal
specificity among cranial series of different time period,
it 1is necessary to understand the influence of cranial
plasticity or micro-evolution temporal patterns of cranial
size and shape. The present study seeks to 1illustrate
specific temporal patterns of cranial change in size and
shape 1in American populations of African and European
descent during the past two centuries.

Three primary objectives of this analysis are: 1)
investigation of temporal and geographical patterns of
cranial variation in size and shape, and their direction,
within major racial or ethnic groups in the United States.
Potential trends are explored both in terms of secular
change reflecting temporal phenotypic plasticity; 2)
exploring collection specificity related to "geographical"®



variation; and 3) composing a revised cranial calibration
sample for medico-legal application, potentially more
appropriate in time and space, and providing alternative
two, three, and four group models for the identification
of racial or ethnic affiliation in both sexes.

Statement of the Problem

The concept of separating biological populations
based on patterns of skeletal variability based on
quantitative or qualitative observations has 1long been
used in the field of physical anthropology. Morphological
and metric observations frequently provide a basis for
classification of individual skeletal or fossil remains
based on predefined clusters of population variation. The
application of multivariate statistical techniques to
morphometric data provides a method for testing a priori
hypotheses of association. It may also be used as an
exploratory measure.

Metric observations obtained from comparative
skeletal collections have been used to calculate specific
parameters of variation among gender or racial or ethnic
groups as represented by the particular calibration
samples. It is against such parameters that unidentified
skeletal remains, as encountered in medico-legal

investigations, may be evaluated. However, evidence of



recent temporal change in morphometric variation raises
questions about the application of older population data
to contemporary populations. An understanding of recent
microevolutionary and/or secular changes in the metrical
dimensions of the human skeleton 1is necessary when
carrying out research in skeletal biology related to the
field of medico-legal investiqatiop.

Few collections of contemporary human skeletal
material contain sufficient numbers of specimens to
develop approximate population parameters suitable for
forensic analysis. For this reason, most research 1is
based on a small number of anatomical skeletal collections
assembled 1largely during the first three decades of the
twentieth century (Jantz and Moore-Jansen 1984).
Recently, the nature of these collections and their
application to skeletal biology research related to human
identification has been questioned (Ayers et al. n.d.;
EBricksen 1982). Specific concerns relate to the accuracy
in age documentation (Katz and Suchey 1986), biases in the
socioeconomic representation, questions of general
pathological condition (Corruccini 1974), and biases 1in
the demographic and temporal structures (Jantz and Moore-
Jansen 1984; 1988a; 1988b).

In their studies of craniometric variation among

recent Americans of European descent, Ayers and co-workers



(n.d.) and Jantz and Moore-Jansen (1988a) observed a
greater cranial 1length and height and a 1longer cranial
base among recent forensic cases than in earlier
anatomical series. These differences between the earlier
anatomical and 1later forensic series indicate that the
application of the earlier anatomical cranial series to
the calibration of metric standards. for the estimation of
racial or ethnic affiliation of more recent populations
should be re-considered. The present study addresses
those concerns related to the application of currently
available metric standards to determine the racial or
ethnic affiliation of recent forensic specimens. More
appropriate, alternative measures of craniometric
assessment of racial or ethnic affiliation are offered.
To arrive at alternative measures, there is a need to
understand the magnitude and direction of temporal
differences within and among groups. This study to
illustrates secular trends among several Afro-American and
Euro-American cranial series regarding variation of both
size and shape of the cranium and describes the direction
of these trends.

Another problem concerns the question of cranial
homogeneity between groups of two different anatomical
series, the Hamann-Todd and R. J. Terry collections. The

two series are approximately conteaporary but



geographically distinct. They are drawn largely from the
populations of two major cities in the United States,
Cleveland, Ohio and St. Louis, Missouri, respectively. It
is assumed that they reflect ethnic variation that exists
between the populations of these two cities. Therefore, an
exploratory investigation has been undertaken to
illustrate collection specific patterms of cranial
variation and to document, if possible, any ethnic
differences between the two series.

The third problem addressed is related to the
application of discriminant function analysis for the
racial assessment of crania in forensic anthropology.
Based on the analysis of secular trends and collection
association a need 1is indicated for a contemporary
forensic skeletal data base. It is from this data base
that discriminant function parameters for the metric
estimation of race in recent forensic cases can be
derived. 8Such a data base is currently being developed at
the University of Tennessee with the participation of
physical anthropologists, particularly the practitioners
of forensic anthropology, from across the United States
(Jantz and Moore-Jansen 1984; 1987; 1988a; 1988b; Moore-
Jansen 1987; Moore-Jansen and Jantz 1986). Based on a
study of the among group-pattern of variability in crania

of the forensic data base, Jantz and Moore-Jansen offered



an alternative to present multivariate standards for the
metrical determination of race. Noticeably absent from
their study are functions pertaining to females for other
than Afro- and Euro-American groups. Also absent are
functions for pooled gender (i.e. functions to be applied
for race determination when gender of the individual 1is
unknown) . The present study is undertaken, in part, to
further investigate the problems addressed by Jantz and
Moore-Jansen (1988a; 1988Db). It is meant to provide a
more detailed 1illustration of cranial form using a data
set containing an added number of groups, including
Hispanic-American males an American Indians of both sexes.
The data base also includes a greater number of cranial
variables. This study proposes a revised cranial
calibration sample suitable for human identification
research and a series of discriminant functions for race
identification derived therefrom. Discriminant functions
for the craniometric identification of four racial or
ethnic groups by gender and for pooled sexes are
presented.

Multivariate statistical techniques are used to
perform the analyses related to secular trends and
cultural homogeneity. Temporal analyses are performed
using variations of multiple regression techniques to

determine the presence and direction of ‘trends.



Discriminant analyses are employed to illustrate potential
group differences and to compute statistical models for
the separation of racial or ethnic groups by means of
craniometric data.

The next section of this dissertation provides
background on 1issues critical to ;he present study. A
brief discussion of the definition and determination of
racial or ethnic affiliation is followed by a review of
past investigations of cranial geographical and temporal,
or secular variation. Next is a comment on cranial gender
and age differences and the effect that particularly age
specific cranial changes may have on the determination of
independent gsecular changes. A review of past
multivariate applications to craniometric data for the
skeletal identification of racial or ethnic affiliation
completes the second section.

Section three includes a description of the cranial
series used in the analysis and.is followed, 1in section
four, by an illustration of the demographic profile of the
samples and a documentation of the recording and
measurement techniques. A brief presentation of the
statistical techniques used ié provided in section five.
Sections six, seven and eight comprise a presentation and
discussion of the statistical analysis into the patterns

of wmorphometric cranial variation in terms of secular



trends, collection association and discriminant function
analysis, respectively. Concluding remarks and
suggestions for future research are presented in section
nine.

Eleven appendices include detailed information on
cranial specimens, measurement definitions, recording
techniques, summary statistics and most notably, a set
discriminant functions and their stepwise selection
models. Together, the findings of the present
investigation represent direct contributions to skeletal
biology and to future applications of craniometric

identification in forensic anthropology.



II. BACKGROUND

Introduction

Any study is subject to a number of questions which
must be addressed prior to its implementation. Those
questions considered most important in this study involve
the clarification of racial or ethhic group affiliation
and whether these categories are biologically meaningful
or merely categories of convenience to the user. The
definition of groups is an important element in that it
provides the framework for the interpretation of patterns
of cranial variation. This section subsequetly begins
with a discussion of the question of racial affiliation
and what constitutes a racial or ethnic group in the
present study.

Other questions involve the reality of the secular
effect as reflected by temporal change. How does one
identify, illustrate and explain temporal change? Is
temporal change always unidirectional? Few studies have
addressed these questions in terms of craniometric
variation. Therefore, a review of investigations into
secular change 1is presented, using parallels in other
areas of skeletal biology, including anthropometry, growth
and developaent. A brief summary of investigations into

temporal patterns of craniometric variability and some



conclusions regarding the secular effect are also
presented.

The central focus of this study is the identification
of the secular effect by means of multiple regression
analysis. However, 1t can be difficult to distinguish
observed patterns of temporal variation as purely secular.
Of a number of other potential contributors to overall
change, three factors are considered most important in
this context. These include the effects of racial or
ethnic affiliation, gender and individual age (i.e., age
at time of death). Each of these may contribute
simultaneously to the patterns of variation. Group
affiliation is considered concurrently with the time
effect (i.e. date of birth) in the this investigation.
However, the problem of age is more complex. The question
of the age effect, 1.e., the difficulty of separating it
from temporal variation, is discussed.

This section 1is concluded with a review of past
research into the use of multivariate discriminant
analysis as a means for the craniometric separation of
racial or ethnic groups. A comparison of the method of
numeric identification with morphological classification
and the specific application of the former to foremsic
skeletal identification 1is a matter of special concern

here.
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Racial or Ethnic Affiliation

The question of racial affiliation and what
constitutes a race is an issue which has received wide
attention in anthropological debates in recent history
(Boyd 1950; Coon 1963; Dohzahnsky 1962; 1963; Garn 1961a;
Livingstone 1962). However, the biological definition of
race 1s an issue which is of less concern to the forensic
anthropologist. Rather, the forensic anthropologist 1is
burdened with the identification of race in terms of
cultural perceptions of racial affiliation sometimes
attributed without a biological basis. For example,
cultural perceptions of group association based on skin
color and hair form may have a biological basis for some
individuals, whereas in others, skin color and hair fora
may be of little relevance. Cultural perception may thus
replace biological phenomena in the assignment of group
affiliation while applying either culturally or socially
based distinctions of what constitutes membership into one
qrouﬁ or another.

Medico-legal identification of racial or ethnic
affiliation 18 concerned with the elucidation of patterms
of biological variability among socioculturally defined
groups. A main objective of this study is to define
skeletal differences which facilitate the separation of

individual &skeletal remains in terms of general social
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classifications. In other words, does evidence of
factual craniomorphometric patterns of variation, subject
to both genetic and environmental control (Dubrul and
Laskin 1961; Garn 1961b; Nakata et al. 1974; Nakata, Yu
and Nance 1974; S8ekla and Soukup 1969; Susanne and Sharma
1978; 8cott 1958), reflect cultural perceptions of group
affiliation, regardless of their biological basis?

In the context of the present study, four groups are
defined. Group affiliation is based on African, European,
American Indian and Mexican/Hispanic origins. While each
group represents a single socioculturally defined unit of
classification, they certainly share common elements in
their respective gene pools as a result of continued
admixture. Estimates range from slight to one quarter or
more of shared genes between groups (Glass and Li 1953;
Herskovits 1930; Pollitzer 1958; 1969; Saksena 1974;
Workman et al. 1963). However, in spite of their
increasing heterogeneity, the extent of the enforcement of
sociocultural barriers among groups is expected to reflect
itself 1in the gene pool of each group, thus providing a
biological basis for the separation of social groups.

The Secular ERffect

Studies of temporal variation often include the

investigation of systematic changes in physiological or

12



physical characteristics in successive generations
referred to as secular trends (Price et al. 1987).
Temporal trends may reflect microevolutionary changes,
gradually shifting over time as a result of selection and
genetic admixture, or they may reflect 1less persanent
phenotypic changes or oscillations within a relatively
plastic skeletal structure. Phenotypic plasticity may be
in response to modifications of environmental conditions
such as changes in diet and nutrition, health and hygiene,
and possible changes in the physical environment relating
to climate and occupation (Bveleth 1975; 1978; Fogel 1986;
Frisancho 1978; Malina et al. 1987; Steegman 1985).
Craniometric analysis alone tells us 1little about
secular changes and their probable cause. However, an
extensive amount of research has explored the question of
the secular effect in growth and development and in adult
stature. Both have been observed concurrently with changes
in the cranium or head (Bielicki and Welon 1964; Boas
1912, Goldstein 1936; Ito 1942; Olivier et al. 1979). This
is not to say that cranial and stature changes are
necessarily correlated. Indeed, the absence of such a
correlation has been observed (Ounsted et al 1985, cited
in Roche et al. 1986). Some find secular trends to be
variable specific and independent (Charzewski and Bielicki
1978; Roche et al. 1987; Smith et al. 1986). Others £find

13



independence between some variables, but note a distinct
relationship between others such as cranial base 1length
and vault breadth (Taylor and DiBennardo 1980; Michejda
1972). Changes in the timing of growth exhibit the
potential for at least some effect on adult size and shape
(Tanner 1955; 1960). Changes in timing of maturation have
been associated with mixture of nutritional effects
related to socioeconomic stratification or cultural
diversity, assortive mating and genetic effects; either
retarding or accelerating growth (Ito 1942; Michelson
1944; Ramsey 1950; Takahasi 1966; Wingerd et al. 1974).
Although changes in the age of maturation and increases in
stature have been documented as more significant in lower
socioeconomic groups (Boyne 1960), these trends are also
observed in "privileged”™ higher socioeconomic groups
(Meredith 1941a).

Secular trends in stature, occurring during the last
two hundred years have been noted for populations all over
the world. On the average, the increase amount to between
.5 and 1 ca per decade for adult stature (Bowles 1932;
Eveleth and Tanner 1976; PFogel 1986; Goldstein 1943;
Malina 1985; Meredith 1941a; 1941b; 1976; Morant 1950;
Tanner 1955; 1960; Trotter and Gleser 1951). However, the
agents of causation of temporal variation are not well

understood. In some cases, changes in stature have been
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linked to timing of maturation and assumed to be
environmentally determined (Chinn and Rhona 1984).
Alternatively, it has been argued that changes 1in
maturation are due to environmental factors such as
nutrition and hygiene, whereas adult stature is
attributable to genetic effects, mirroring a breakdown of
genetically isolated breeding populations or heterosis
(Billy 1980; Trotter and Gleser 1951).

The presence of secular trends in stature, maturation
and shape and their direction, if any, has been questioned
by various researches. Recent studies have indicated a
slowdown or cessation, and even a possible reversal of the
generally observed positive trend (Bakwin and Laughlin
1964; Bock and Sykes 1989; Cameron 1976; Malina et al.
1983; Malina et al. 1987; Tobias and Netscher 1977).
Although stature displays what in general may be described
as a gradual increase, several studies have identified
negative trends in adult stature (Ganguly 1979; Tobias
1985). Similar findings bave been presented for
maturation (Richter and Kern 1987), and head form (Roche
et al. 1986). This suggests that the secular phenomenon
is not unidirectional and may be a reflection of the
effect of different environments on the ability of an
organism to achieve the full genetic potential for the

particular dimension under investigation.
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A number of anthropometric investigations of secular
changes in cranial form include studies of morphological
variation between immigrants to the United States and
their children. These studies have demonstrated
noticeable temporal changes. Among U.S. bormn children of
European descent, the most notable change was a narrower
head and face (Boas 1940). Immigrant children born in
Japan but reared in the United States were characterized
by a narrowing of the cranial vault and face and smaller
nasal aperture relative to same generation Japanese reared
in Japan (Ito 1942). A similar study by Shapiro (1939)
suggested that migrant populations were not random samples
of their parent populations but represented evidence of
physical selection, an observation supported by other
investigators (Boas 1912; Eveleth and Tanner 1976;
Kobliansky and Arensburg 1977; MacBeth and Boyce 1987).

It is difficult to conclude what the specific causes
of the secular effect may bé. However, 1t 41is not
unreasonable to assume that a combination of environmental
and genetic influences regulate secular changes. In
addition, it has been s8suggested that environmental
influences must precede ages eight to ten years to
influence the development of adult cranial vault size.
Adult dimensions are closely approximated by that age

(Goldstein 1943; Hackett 1984). However, due to slower
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growth of the facial skeleton, it has been suggested that
environmental influences may éﬁntinue to operate during
adolescence (Baer and Harris 1969; Tanner 1962).
Environmental influence this 1late in youths has been
rejected by others (Goldstein 1936). Alternative
explanations include genetically determined differences in
hormone secretion during the late foetal period. The
indirect effect that hormone secretion may have on
regulating adult size and shape of the cranium is due to
the 1influences that the former may have on the rate and

timing of maturation (Tanner 1972).

Craniometric Variat;qn and Secular Trends

The study of population differences in craniometric
variation has been widely explored in the context of
skeletal biological research. Barly studies of cranial
variation, (eg. S8Schwarz 1862), were defined primarily by
anecdotal assessment of morphological characteristics for
purposes of classification. With the development of the
techniques of biometry and statistical analyses such as
Pearson's Coefficient of Racial Likeness (Pearson 1926;
1928), the application of cranial measurements to quantify
biological distance relationships between different
populations was widely practiced. Questions regarding
population affinities in historic and prehistoric cranial

17



series were addressed within local and regional frameworks
(Bennington 1912 ; von Bonin 1931a; 1931b; Hooke 1926;
Hooke and Morant 1926; Kitson 1931; MacDonnell 1904; 1906;
Morant 1926; 1928; 1931a; 1931b; 8Stoessiger and Morant
1932 Reid and Morant 1928; Trevor 1949; Woo and Morant
1932; Young 1931).

A more recent shift in craniometric research
addresses the more specific question of morphometric
change in human populations. Periodic cranial changes have
been documented 1in studies of prehistoric and historic
cranial series from Europe (Hooke and Morant 1926; Morant
1926; 1931a; Stoessiger and Morant 1932), North America
(Hrdlicka 1925; Jantz 1972; 1973; 1974; 1977; Key 1983;
Shapiro 1930), Africa (De Villiers 1968; Huizinga et al.
1967; Knipp 1970; Talbot and Mulhall 1962; Tobias 1959a;
1959b; Trevor 1949), and Asia (Harrower 1928; Woo and
Morant 1932). In Europe, changes in s8ize and shape
reflecting a gracilization of crania of a largely
homogeneous population appear to precede a later decrease
in cranial size from the Mesolithic to more recent time
(Henke 1981; Henneberg 1988; 8okal et al. 1987). Others
have documented temporal trends in cranial shape during
the past two millennia which are characterized by shorter,
broader and lower crania with shorter facial height (Bass

1964; Bielicki and Welon 1964; Jantz 1977; Jantz and

18



Willey 1983; Rgsing and Schwidetzky 1977; 1981;
Schwidetzky and Rosing 1975; 1984; Sokal and Uytterschaut
1987; 8tewart 1940). However, most recent trends in
populations of Africa, EBurope and Asia indicate a return
towards a narrowing of the vault relative to its length,
although the direction of other lesser changes is not as
uniforamly documented (Billy 1980; Huizinga et al. 1967;
Huizinga and 8lob 1965; Kanda 1978; Olivier et al. 1979;
S8okal and Uytterschaut 1987).

More strictly defined generational, or secular,
change observed within most recent populations during the
past two centuries indicate that cranial size and shape
remains plastic. In a limited sample of U.8. Afro-
American crania extending the period from 1675 to ca.
1970, documented secular changes include general increase
in size, 1lower vault height and a higher narrower face
(Angel 1976). In a sample of Euro-American crania from
the same period, secular changes are characterized by a
greater vault height, a shorter, narrower face and a
broader palate (Angel 1976). In a later study of portions
of these series, evidence of slight increases in height,
breadth and length of the vault and height of the cranial
base was noted (Angel 1982).

Recently, investigations into the differences

between Afro-American crania of earlier anatomical and
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recent forensic specimens noted an increase in cranial
height and length of the cranial base, and a narrowing of
the face and interorbital breadth. Evidence of a broader
palate and 1longer mastoids is also shown. A similar
comparison of Buro-American anatomical collection
specimens and recent forensic crania show an increase in
cranial length, height and length of the base, along with
a general narrowing of the vault and face, a broadening of
the palate, an increase in facial height, nasal breadth
and a decrease in intérorbital breadth (Jantz and Moore-
Jansen 1988a). These £findings indicate that secular
change has occurred in cranial size and shape during the
past century and that earlier anatomical series are not
representative of contemporary populations. Analogous
results are found in cephalometric investigations of
parent-offspring similarities using radiographs of
individuals born between 1910 and 1920, based on
comparisons of these to those of their children born
between 1940 and 1950 (smith et al. 1986). The
investigation by sSmith and co-workers examined the
direction and amount of change observed in three
dimensions 1including craniofacial depth, breadth, and
height. An increase 1in facial depth and height was
observed 1in contrast to a decrease in breadth of the face

and vault.
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The observed temporal trends of cranial form 1is
evidence of the plasticity of the human phenotype within a
complex and incompletely understood framework of genetic
and environmental influences. However, recent
multivariate studies of structural patterns of
craniometric variation may contribute to the understanding
of specific sources of variation (ﬁrown 1973; Heathcote
1986; Howells 1973; Howells and Schwidetzky 1981; Jantz
1972; 1973. 1977; Key 1983; Pietrusewsky 1984; Ubelaker
and Jantz 1986).

The environmental effects of improved health,
hygiene, diet and improved social conditions, along with
strong genetic influences, admixture, heterosis and
selection have been proposed to explain temporal change
(Angel 1976; 1982; Billy 1980; Bielicki and Welon 1964;
Boas 1912; Haley and Elwood 1986; Richardson and Malhotra
1974; Susanne and Sharma 1978). Climatic adaptation,
though correlated with cranial shape, 1s considered less
likely to explain recent secular changes, at least for
groups inhabiting same or similar environments (Beals
1972; 1983; Bielicki and Welon 1964; Van Vark et al.
1985). |
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The Effect of Age

An important effect on the general variation observed
in the cranium is age related changes in size and shape.
Following the expansion of the brain and the corresponding
growth of the cranium, bone is added along the sutural
margins to fill spaces between the individual cranial
bones (Moss and Young 1960). With the 3joining and
eventual closure of the sutures, normal growth terminates.
Continued change 1is explained as a result of steady
apposition and resorbtion of bone on the outer and inner
tables of the cranium (Enlow 1968; Tallgren 1974).
wWhile the most notable change is the closure of the
sutures, evidence of a symmetrical enlargement from
younger to older age groups of both ectocranial and
endocranial dimensions based 1largely on cephalometric
observations has been documented (Baer 1956; Behrents
1985; Garm et al. 1967; Hrdliéka_1938; Israel 1968; 1973;
1977; 1978; Macho 1986; Thompson and Kendrick 1964; Todd
1924). More recent investigations illustrate age changes
in vault and face breadth and in orbital height and may
provide the basis for renewed investigation into the
question of the effect of age on cranial shape as well as
on size (Moore-Jansen and Jantz 1989).

S8pecific cranial changes associated with age have

been noted, particularly in the region of the nasion-
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bregma and bregma-lambda chords (Israel 1973), in the
bizygomatic and maximum cranial dimensions and orbital
height (Moore-Jansen and Jantz 1989). An initial increase
followed Dby a decrease is observed in the facial height
dimensions, while cranial height decreases with age (Macho
1987). A thickening of the cranium in the frontal region
and at the position of lambda has also been demonstrated
(Adeloye et al. 1975; Israel 1973; 1977; Todd 1924).
Investigations of both historic and prehistoric
crania have addressed age-related changes in the cranium
(Guagliardo 1982). Prehistoric materials from Indian Knoll
suggest changes in additional dimensions such as cranial
base length and basion-prosthion (Ruff 1980), although
changes 1in the cranial base have been refuted elsewhere
(Zuckerman 1955). It 1s worth pointing out that the
observation of age-related changes in prehistoric material
may be more difficult to distinguish from secular changes.
By their nature, prehistoric skeletal series are
frequently pPlagued by a confounding of cohorts and
generations of one or more breeding populations (Cadien et
al. 1974). Accordingly, morphometric change observed
between age groups 1in prehistoric series nay be
complicated due to possible temporal variation, unless

adjusted for age (Guagliardo 1982; Ruff 1980).
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Discriminant Function Analysis of Crania
in Medico-Legal Investigation

The determination of racial or ethnic affiliation is
primarily assessed from morphological characteristics and
measurements of the cranium (Angel 1982; Bass 1971; 1986;
Brues 1958; n.d.; Comas 1960; Gill 1984; Glanville 1969;
Hooton 1943; 1946; Krogman 1939; 1978; Post 1969; Saksena
1965; Schulter 1967a; 1967b; Schulter and Finnegan 1977;
Stewart 1948; 1979; Todd 1929; 1930; Woo 1949). However,
the use of cranial measurements and discriminant function
analysis 1s also firmly established (Giles and Elliot
1962; Howells 1970; Jantz and Moore-Jansen 1988a).

The best known and most widely used forensic
application of multivariate statistical analysis for the
separation of groups by racial or ethnic affiliation was
developed from Afro-American and Euro-American samples of
cadaver collection specimens assembled during the early
part of this century. Prehistoric materials from a single
site, Indian Knoll in Kentucky, were used to represent the
modern American Indian groups (Giles and Elliott 1962).
The Giles and Elliot discriminant functions have been
evaluated many times, and consistently high rates of
misclassifications for American Indian test samples have
been noted (Ayers et al. n.d.; Birkby 1966; Gill 1984;

Snow et al. 1979). The failure of classification 1is
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considered a reflection of the homogenous nature of the
Indian Knoll series. It 1is not representative of
temporally more recent and geographically more varied
American Indian groups. Good classification is noted for
a lesser number of test cases of Afro-American and Euro-
American groups (Snow et al. 1979) However, more recent
studies of a much larger and regionally diverse forensic
sample find 1less satisfactory results particularly with
respect to Afro-American and American 1Indian samples
(Ayers et al. n.d.).

In 1970, an alternative set of discriminant functions
for the attribution of racial affiliation was presented in
the 1literature. The main difference between these and
other standards was 1in the choice of measurements and
populations used (Howells 1970). The choice of
measurements by Howells (1970) represented selection based
on the discriminating ability of the individual
measurements. However, the choice of an African rather
than an Afro-American calibration sample contributed to
inaccurate identifications. Recently, new alternative
discriminant functions have been published for the
identification of racial or ethnic affiliation (Jantz and
Moore-Jansen 1988a). This study applied a contemporary
forensic sample of geographically diverse nature for the

calibration of discriminant functions.
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The principle of multivariate analysis in human
racial or ethnic affiliation is essential to skeletal
identification in medico-legal investigation, whether it
is by morphological assessment or by metric analysis.
Both ways of assessment require skill and experience in
technique and interpretation on the part of the observer.
The visual observer must have a great deal of experience
in assessing the infinite variability in skeletal
morphology. Metric analysis requires an understanding of
statistical analysis, measurement technique, and the
skills of a visual observer to properly evaluate the
numerical results (Bronowski and Long 1952).

Several questions must be addressed in the
application of discriminant functions in skeletal
identification. How robust is the technique, and what
assumptions are associated with it? How are variables
selected for adoption 1into specific models? How
representative are the calibration samples of the
population universe studied? How efficient are the models
and is there an inherent bias in classification?

Multivariate cranial analysis by discriminant
functions assesses individual measurements reflecting size
and shape of the skull. It weighs each according to its
contribution to the specific composition of the individual

remains. The process is similar to that carried out by an
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experienced observer who assesses scores of traits and
characteristics before reaching a final decision. But
here the likeness ends. The multivariate numerical
analysis of skeletal morphology provides an unbiased
estimator of the biological profile of the individual
(i.e., variables are weighted according to their
independent contribution to discrimination) (Fratti 1986;
Van Vark and Van der Sman 1982:22). This condition cannot
possibly be satisfied by the morphological approach. 1In
socalled "unbiased" discriminant function analysis, it is
assumed that an individual test case belongs to one of the
groups represented by the calibration sample from which a
particular set of functions was derived. A discriminant
function will always determine the position of an
individual specimen in terms of the multivariate clusters
defining each group included in the calibration data set.
Even 1if an unknown specimen does not come from any of the
groups represented in the analysis, it is still determined
which one of those groups it most closely resembles in
multivariate space. The potential problems of
misidentification are readily apparent 1if specific
assumptions are not met. But with gkilled evaluation, the
cbserver can adjust or refine visual impressions based on

the result of a discriminant analysis.
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The choice of variables is an important part of
determining appropriate models for discriminant functions.
It is well known that some variables are |Dbetter
discriminators of groups than are others. Cranial
measurements, including cranial length, breadth, maximum
frontal and bizygomatic breadth, nasal breadth and upper
facial height are considered the most efficient variables
for the separation of local populations (Howells 1970;
Marcellino et al. 1978; Rightmire 1972). Cranial breadth
dimension and particularly biauricular breadth of the
cranial base have been found especially useful in the
separation of populations (Howells 1966a; 1969; 1970).
Statistical methods such as stepwise discriminant
analysis may be used to customize optimal models for the
separation of particular groups.

In studying fragmentary crania, morphological
observation is sometimes at a disadvantage since few
useful characteristics may - be available for
identification. Morphometric analysis, using standardized
discriminant scores is likewise at a disadvantage since it
may only be applied to those specimens which permit the
recording of measurements required for a particular
function. Alternmatively, customized discriminant function
may be developed to address the special needs of

individual fragments (Jantz et al. 1988). It is only fair

28



to say that the efficiency of discriminant functions may
experience a decline depending on the nature and extent of
the fragment. Variable selection is limited to include
fewer measurements representing a smaller portion of the
morphometric variation. Variables m®may also differ
noticeably in their discriminating ability, when compared
to more complete variable models.

Ultimately, the ability of discriminant functions to
identify group association is reliable only to the degree
that their calibration sample is representative of the
population(s) studied. Choice of cranial samples 1large
enough to calibrate useful discriminant functions
appropriate for application to contemporary U.Ss.
populations, as 1is necessary in forensic analysis, has
always been difficult. The use of anatomical skeletal
collections derived from cadavera obtained during the
first part of this century and representing a population
or a segment thereof born between 75 to 150 years ago, 1is
not necessarily the best option. However, up until the
present time, such collections have been essentially the
only option. Other problems are incurred by using
prehistoric skeletal series which antedate their modern
counterparts by several millennia. 8uch problems include
inherent temporal bias reflecting microevolutionary or

secular changes which are ascribed to cultural change,
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genetic admixture, breakdown of social barriers, and
improved nutritional conditions (Angel 1976; 1982; Birkby
1966; Jantz and Moore-Jansen 1984, 1988a; 1988Db).
Geographical bias incurred by the lack of broader regional
representation in the available series is also evident
(Birkby 1966; Gill 1984; Jantz and Moore-Jansen 1988Db).
S8ocioeconomic bias also exists ih sample composition,
favoring 1lower income groups and indigents (Cobb 1952;
Trotter 1981). However, a bias in sampling toward lower
socioeconomic groups 1is of 1less concern in human
identification analysis since forensic cases are 1largely
presented by individuals of this segment of the general
population anyway (Jantz and Moore-Jansen 1988a; 1988Db).
The question of sampling and choice of calibration
series was recently addressed by members of the Physical
Anthropology 8ection of the American Academy of Forensic
Sciences. An effort to assemble a temporally and
geographically representative calibration data set was
initiated (Jantz and Moore-Jansen 1984; Moore-Jansen and
Jantz 1986). A computerized data base containing
standardized skeletal measurements and observations from
documented contemporary skeletal remains was established
at the University of Tennessee under the direction of
Richard Jantz and me. The project was carried out with

the cooperation and participation of practicing forensic
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anthropologists across the nation. The data base includes
specimens of various racial or ethnic groups born in this
century from nearly all states. The majority of specimens
in the calibration sample are born since 1920.
S8ocioeconomically, the samples used are appropriate for a
representative calibration data set in forensic analysis.
They are all or nearly all forensic cases themselves, and
as such are not randomly selected. Accordingly, the
strongly reflect what may be expected in a foremnsic

specimen of recent origin.
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III. SKELETAL SAMPLES EMPLOYED

Introduction

The primary objective of the data collection
procedures was to obtain a large series of complete and
undeformed adult crania. To appropriately address the
specific questions raised in the present study, it was
necessary to approximate a temporally and geographically
varied collection of cranial data, including documented
material from recent forensic cases, early anatomical
specimens, and historic cemetery populations. Afro-
American and Euro-American cranial data were collected for
studies of temporal and spatial variation and comprise the
majority of the sample. Additional data on native
American Indian and Hispanic-American crania were
collected for inclusion in the calibration samples used to
calculate discriminant functions. The following is a brief
description regarding the nature and content of the
various sources and collections from which the present

data set is drawn.

Hamann-Todd Collection

The crania from the Hamann-Todd collection represent
the single largest comparative anatomical skeletal

collection in the United States. This collection of
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skeletonized cadavers was initiated by Dr. Carl August
Hamann during his tenure as Professor of Anatomy at
Western Reserve University in Cleveland, Ohio. By the
time Dr. Hamann's successor, Dr. Thomas Wingate Todd,
assumed responsibility for the collection in 1912, it
already included several hundred specimens (Thompson
1981). Todd maintained and expandéd the collection until
his death in 1938, at which time it included ca. 2600
skeletons (Cobb 1952; 1981). The accumulation of
skeletons continued for some time after Todd's death, and
today the collection consists of more than 3300
individuals (Lattimer, personal communication). The
specimens are complemented by a detailed file, frequently
including information pertaining to age, ethnic affinity,
gender, date of birth and/or date of death. Place of
birth, occupation and cause of death is also documented
when known. Other materials include an anthropometric
recording sheet, hair and skin samples and cadaver
photographs.

In 1932, the contents of the collection were
described as 82 percent male, with only 18 percent, or 385
females out of a total of 2139 skeletons. Approximately,
two thirds of the males and only slightly more than one

half of the females are EBuro-American in origin. The
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remainder represented Afro-American, Asian-American,
Mexican-American and American Indian groups (Cobb 1952).

According to published estimates, sixty percent of
the Euro-American sample and one percent of the Afro-
American sample are foreign born. This estimate is based
on a sample of 723 Euro-Americans (52.6 percent) and 453
Afro-Americans (61 percent) for whom place of birth could
be documented (Cobb 1952:795). After sorting his data
into two age groups, i.e., an "older"™ and a "middle aged"
group, Cobb suggested that the older age group represented
an earlier wave of Scandinavian, British and German
immigrants which peaked in 1880. A second wave of eastern
central, eastern and southern European immigrants arriving
up until the time of World wWar I is represented by the
"middle aged" group (Cobb 1952:795).

Documenting place of birth for the native born Euro-
Americans 1is difficult, although records indicate many
were born in Ohio, New York and Pennsylvania. Native borm
Afro-Americans in the collection are largely migrants from
the south who went north during world wWar I. The northward
migration of southern Afro-Americans was partially in
response to a recent labor shortage in northern urban
areas. The reduction of the available work force was
partly due to legislation restricting the influx of

European immigrant workers (Dinnerstein and Reimers 1975;
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Fogel 1986). The majority of the Afro-American sample
comes from Georgia, Alabama, the Carolinas, Tennessee,
Virginia, Kentucky, Mississippi and Arkansas (Cobb 1952).

All segments of the Todd collection can be said to be
largely representative of a lower socioeconomic strata.
This 1is relected in records indicating cause of death.
The majority of specimens died of tuberculosis, pneumonia,
alcoholism all of which causes are characteristic oflower
socloeconomic groups (Cobb 1952:796).

Originally an entity of Western Reserve University
(Case-Western Reserve) Department of Anatomy, the Hamann-
Todd collection 1is currently housed at the Cleveland

Museum of Natural History.

R. J. Terry Collection

The second largest anatomical skeletal collection in
the United States was assembled by Dr. Robert James Terry
during bhis tenure as department head of the Department of
Anatomy at Washington University, St. Louis, Missouri.
Dr. Terry began his collection in 1914 by accumulating the
skeletons of dissecting room cadavers obtained from
Washington University. He continued his collection until
his retirement in 1941, at which point Dr. Nildred

Trotter, aided by a gross anatomy technician by the name
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of Mr. Rhoades, assumed the primary responsibility for
maintaining and adding to the collection (Cobb 1952).

By 1965, the Terry collection consisted of 1636
skeletons accompanied by records documenting gender, age,
ethic affinity, cause of death, date of birth and/or death
(Thompson 1981). For many specimens, additional records
including cadaver photographs, anthropometric measurements
and hair samples are available. Also present is a 1large
collection of death masks made of plaster of Paris.

Due to the efforts of Dr. Trotter and her assistants,
imbalances in the ethnic and gender composition of the
collection were corrected by replacing and adding
specimens (Trotter 1981). Socioeconomic representation is
generally restricted to low income groups. Cause of death
is attributed to diseases of poverty and exposure, such as
pulmonary tuberculosis and alcoholism (Corruccini 1974).
Little information was found pertaining to place of birth
of many of the specimens. Intuitively, the collection
appears to be largely native born, although several
foreign born individuals were noted.

In the early to mid 1960's, the Anatomy Department at
Washington University expressed an interest in
disburdening itself of the collection. As a result, Drs.
Trotter and T. Dale Stewart, the latter of the Samithsonian

Institution, arranged a transfer of the collection to the
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National Museum of Natural History at the 8Smithsonian
Institution, where it is now on permanent loan (Trotter

1981).

Forensic Skeletal Collections and Historic Burials

Ssome of the data used in this study is compiled in a
data base of Afro-American, Euro-American, Hispanic-
American and native American Indian forensic cases and
historic burials at the University of Tennessee's
Anthropology Department. The data base was developed
under the direction of Dr. Richard L. Jantz and is
currently the responsibility of the author. All data are
stored in a dBase format on an IBM PC.

The cranial data set assembled for the present study
is an extension of the Forensic Data Bank in that it
provides additional cranial measurements and observations
than normally collected for the Forensic Data Bank project
(Jantz and Moore-Jansen 1984; 1988a). The Forensic Data
Bank includes a basic cranial record with additional data
documenting age, gender and ethnic affinity, place and
date of death, and birth. The data were obtained from
various forensic laboratories including those at the
Universities of Arizona, New Mexico, Tennessee, Georgia,
Louisiana State University, The Smithsonian Institution,

The 8San Diego Museum of Man, and the Oklahoma State and
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New York State Medical Examiner's offices. A relatively
large set of historic native American Indian cranial data
was obtained from the Chicago Field Museum, The National
Museum of Natural History, and The Army Medical Museunm.
These crania were originally assembled during the 1latter
half of the nineteenth and early twentieth century by
collectors and by army surgeons stationed in the 1Indian
Territories during this period. First or second hand
documentation regarding tribe, gender and other data
pertaining to age and date of birth or death is often
available. The material is primarily from the Plains and
Basin areas but also includes a few Eastern and 8Southwest
specimens.

The native American 1Indian material is currently
under investigation by Drs. Douglas H. Ubelaker and
Douglas W. Owsley, both of the Smithsonian Institution,
and Dr. Richard L. Jantz of the University of Tennessee,
who kindly provided additional skeletal observations to
confirm any associated documentation on age, gender and
tribal affiliation. Letters of documentation on the
remains are currently housed at the Smithsonian

Institution.
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Snake Hill Cemetery at Fort Erie

The crania from this series are part of a 1larger
skeletal sample from an early nineteenth century
battlefield cemetery near Fort BErie, ontario. The
earthworks at Fort Erie represent a small military post on
the Canadian side of the Niagara river across from the
city of Buffalo, New York. Despite its size, Fort Erie
pPlayed an important role in the latter part of the War of
1812 between the United States and Britain which ended
with the signing of the Treaty of Ghent on December 24,
1814 (Coles 1965; Hitzman 1965; Mahon 1972; Smith 1985).

The skeletal material from Fort Erie consists of ca.
28 individuals and was recovered from the Snake Hill
battlefield cemetery, associated with a small field
hospital. All of the materials are presumed to represent
casualties from the late summer campaign of 1814, and
evidence of traumatic injury, gunshot wounds and
amputations indicate that these were indeed battlefield
victims (Karmei 1987). Historical artifacts including
regimental uniform buttons and badges of rank identify
several of the remains as those of militia men from
upstate New York and Pennsylvania. The archaeological
evidence 1is supported by historic documentation whic
indicates that most of the military force at Fort Erie

came from these two states (Hitzman 1965).
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Although most of the remains were found to be of
American militia men, it is possible that army regulars of
unknown national origin may occur in the sample. 8tray
British, Polish, German and Spanish army regulars and
mercenaries, or deserted Canadian militia, were all
present in the Niagara Theater of the War (Thompson 1832),
and might reasonably occur in the Snake Hill battlefield
cemetery. Historical references to a "Colored" militia
company 1in the Niagara Theater under the command of
Captain Robert Runchey of the British army, and to Afro-
American seamen and more than 900 Afro-American prisoners-
of-war in Dartmoor Prison (Hitzman 1965:89) confirms the
presence of Afro-American troops among the Fort Erie
series. Historic documentation demonstrates the presence
of seamen among the defensive forces at Fort Erie,
although nothing is said regarding their ethnic affinity
(Thompson 1832).

The Snake Hill battlefield cemetery was excavated
during the winter of 1987/88 (Williamson 1988a; 1988b).
All skeletal and dental materials were measured and
recorded by the author during a brief visit to the Royal
Ontario Museum in March 1988. The author was acting as
part of a consulting team to the Armed Forces Institute of
Pathology, Washington, D.C., led by Dr. Douglas W. Owsley

of the Smithsonian Institution. The remains were returned
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to the United States during the summer of 1988 for

reburial.

First African Baptist Church

The crania from this group represent a subset of 26
adult individuals from a partially disturbed nineteenth
century cemetery population in Philadelphia, Pennsylvania.
The site was re-discovered in 1980 during construction and
was the subject of archaeological investigations in 1983
and 1984 (Parrington and Widener 1986). The material was
analyzed and measured in part by Dr. Richard Jantz and the
author prior to its return for re-interment.

The First African Baptist Church represents a
religious establishment of first or second generation free
Afro-Americans established in Philadelphia 1in 1809.
Historical records point to a gradual abolition of Afro-
American slaves 1in the Philadelphia area beginning in
1701. In 1780, the Afro-American segment of the
population of Philadelphia was estimated at six thousand.
The vast majority of this population were free (Parrington
and Roberts 1984). The population represented here 1is
actually one of two branches of a church which separated
in 1816 and which relocated to the area of the present
cemetery 1in 1822 or 1823 (Parrington and Widener 1986).

In spite of available city health records for individuals
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interred in the cemetery, construction and development
during the past 150 years have eliminated any trace of
individual identification. From among more than 70 people
documented, individuals of both African and American birth
were noted. The interment of individuals continued from
the early 1820's until sometime time during the early or
mid 1840's. After 1841, the history of the cemetery is
relatively unknown. The use of the cemetery as late as
1843 has been suggested ( Rankin-Hill, personal
communication). It was no longer associated with the
church after 1848 (Parrington and Roberts 1984; Parrington
and Widener 1986).

An investigation of the skeletal material to
reconstruct the general health profile of the series was
undertaken in 1986 and 1987 at the Smithsonian Museum
under the direction of Dr. J. Lawrence Angel. This study
yielded observations of a preponderance of males over
females among the remains. Child or infant remains nearly
equal the number of adult interments. Observations of
pathological lesions were limited to a few cases of trauma
and three incidences of tuberculosis. Malnutrition was
indicated by dental hypoplasia, especially in females
(Angel et al. 1987; Kelley n.d.). Stature estimates
indicate that males of the Philadelphia series are taller

than more recent Afro-American series, while females are
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shorter (Kelley n.d.). From these observations, it is
suggested that infant mortality was relatively high in the
Philadelphia population, thus implicating poor sanitary
conditions and nutritional status. It is also possible
that Philadelphia females underwent considerably greater
exposure to stress and disease than did males, resulting

in their smaller stature.

St. Peter and St. Louis No. 2 Cemeteries

A small number of crania were assembled from a larger
sample of skeletal materials exhumed from two cemeteries
figuring prominently in the history of New Orleans,
Louisiana. The two cemeteries, 8t. Peter and St. Louis
No. 2 were excavated in 1984 under the direction of Drs.
Douglas W. Owsley of the Smithsonian Institution and
Charles E. Orser of Louisiana State University in Baton
Rouge, Louisiana. Of the 32 purials exhumed, 26 were
adult and many were fragmentary (Owsley et al. 1985).

The St. Peter cemetery was probably in use during the
period between 1720 and 1810. It includes interments of
both Afro- and Euro-American origin, of which the former
are assumed to be primarily slaves (Owsley et al. 1987).
The St. Louis No. 2 cemetery was established in 1823 and
continues to be in use (Owsley et al. 1985). The

individuals included in the present analysis are thought
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to date from a period around 1805 (Owsley, personal
communication).

A pattern of extensive arthritic degenerative disease
was noted in the Afro-American material. This pattern
indicates great physical stress. Several instances of
anemic conditions and traumatic injuries and a high
incidence of caries were also noted. These observations
have been interpreted as reflecting conditions of hard
physical labor and an inadequate and highly cariogenic
diet (Owsley et al. 1987). In contrast to the small
number of burials, a large amount of data on the
interments was available from archival records. An
interesting observation deduced from these records is a
noticeably high mortality rate among young adult females
(Owsley et al. 1985:164).

The sample sizes of all of the series described above
are listed in Table 1. A more detailed discussion of the
sample sizes and the craniometric methods is presented in

the following section.
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Table 1. Ccollections

and sample by racial

or ethnic

affiliation.
Afro- Euro- American Hispanic-—

Collection American American Indian American Total
Hamarmn-Todd 93 1 1 218
R. J. Terry 10S 125 = 1 231
Forensic 29 115 10 24 177
Historic 7 4 138 - 149
Snake Hill = S = = 5
First African Bap. 26 = = = 26
St. Peter 4 1 - - S
St. Louis No. 2 1 = = - 1

289 348 149 26 812




IV. THE DATA BASE

Introduction

Cranial data were collected for 872 individuals of
different racial or ethnic affiliation, representing
approximately two hundred years of U.S. history from ca.
1750 to 1970. To be included in the present study,
crania had to be complete, undeformed, and of an adult
individual of known racial or ethnic affiliation.
Reasonably accurate information pertaining to the date of
birth or death of the individual was also required.
Exceptions to these requirements included crania from
earlier historic series for which only morphological
evidence was available. Accordingly, 60 crania of racial
or ethnic affiliations other than Afro- or Euro-American,
subadult status, or too fragmentary in nature, were
excluded.

Crania were divided into four categories of racial or
ethnic affiliation based on sociological definitions
obtained from associated records: Afro-American, Euro-
American, American Indian and Hispanic American. Each
group was composed of individuals of both sexes with one
exception. In the Hispanic-American group there were only

enough males were available for analysis.

46



Individual Profile Data

Information on age, gender and racial or ethnic
affiliation based on available medical, police or other
records, were obtained from the Todd, Terry and forensic
collections. Identification was documented for all
individuals from these series based on soft tissue, by
dental or skeletal x-ray, by fingerprint identification,
or by associated medical records, death certificates and
police records. Racial or ethnic affiliation, although
sociologically based, was determined in the same manner.

Age was obtained from hospital or other records,
including death certificates, driver licenses, personal
identification cards, and county health records. However,
in 1lieu of a recent renewal of the debate concerning the
nature of the available age data for the Hamann-Todd
collection (Katz and Suchey 1986), a selective measure for
chosing individuals from this series was invoked. Only
individuals for which ages were assessed by Dr. Todd
himself, as either "Probably correct", "Undoubtedly
correct™, or "Certainly correct®™, were recorded (Jellema,
personal communication).

Date and place of birth were recorded when available.
However, more frequently than not, these data were absent.

In these instances, year of death and age, both of which
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were always obtained, were used to calculate date of birth
of an individual.

A different approach was taken in documenting the
historical materials used. A total of 138 crania of
American Indian, 38 Afro-American and 10 Euro-American
origin were obtained from historic cemetery series or
individual burials. All ﬁfe associated with
circumstantial information which is considered together
with morphological assessments of age, gender and racial
affiliation. Morphological standards for the skeletal
identification of gender and racial affiliation (Bass
1971; Krogman 1939; 1978; Phenice 1969; Stewart 1979) were
invoked when specific documentation was unavailable. Only
specimens displaying complete dental eruption, a closed
spheno-occipital synchondrosis, and fused epiphyses were
used to assure that only adult individuals were included.
It should be noted that the presence of a united spheno-
occipital synchondrosis alone is not sufficient evidence
to question recorded ages of less than seventeen years in
more recent forensic specimens (Powell and Brodie 1963).
Drs. Ubelaker and Owsley of the Smithsonian Institution in
wWashington, D.C., and Dr. Jantz at the University of
Tennessee kindly provided me with cranial and postcranial
assessments of age, gender and racial or ethnic

affiliation for the majority of the historical materials.
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Only 1in the case of the Fort Erie crania did I chose to
adopt my personal observations of age, and even then the
differences in measurements were minor and negligible.
Drs. Ubelaker and Owsley, and Ms. Jennifer Kelley Olsen
also provided me with historical documentation and
descriptions of most of the historic crania along with
their personal assessment of .the identity of the
individual specimens.

Since information pertaining to date of birth is
unavailable for most of the historic crania, year of death
was estimated from available records of death. These
records 1include correspondence and newspaper clippings
documenting events of burial, hangings, warfare and other
episodes. In the case of the First African Baptist Church
crania, individual dates of death could not be determined
from the available information. Since the period of use
is well documented, a mean date of interment was
calculated and used 1in place 0f year of death. For
materials used from the New Orleans cemeteries, Dr. Owsley
kindly provided me with a "best estimate™ for the
interment of the individuals used from this series. Date
of birth was then estimated by subtracting age from year
of death.

The 1inaccuracies incurred from these estimates are

considered to be of little consequence to the present
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study. Differences in the year of birth of the earliest
segment represented by these three groups may conceivably
vary between five to 10 years. However, under no
circumstances will this have an effect on comparisons with
later and better documented series.

Tables 2 through 9 provide a detailed demographic
profile of the samples drawn from each of the cranial
series discussed in the previous section. The tables show
samples sizes by racial or ethnic affiliation, means,
standard deviations and ranges for age, year of birth and
death. A complete 1list of specimens and individual
profile data is included in Appendix A. Information
pertaining to collections association, g¢gender, racial or
ethnic affiliation, age, year of death and place of birth
and death is included to the extent it could be determined

from available information or observations.

Craniometric Measurements and Protocol

Sixty-five measurements were recorded for each of the
812 crania used in the present study. The measurements,
angles, variable code names and instruments used are
presented in Table 10. The definitions and protocol used
for recording are those developed by Howells (1966a; 1973)
and Key (1983). An abbreviated description of individual

measurements is presented in Appendix B.
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Table 2. Demographic profile of cranial sample from the

Hamann-Todd collection. Sample size, means,

standard

deviations and ranges for age, year of birth and death, by

racial or ethnic affiliation and gender, (n = 216)
Rfro—fwerican Euro-fAeer ican
Females Males Females Males
Sasple Size:
Nusder 72 46 61 K Id
Age:
Me 36.97 35.11 43.46 -45.14
Standsd deviation 13.02 12.1S 10.51 '16.65
Rarmge 17-87 18-73 23-67 28-77?
Date of Birth:
Mean 1890.07 1886.91 1863.082 1877.11
Stavdard deviation 13.36 12.22 11.24 10.8
Range 1835-1920 1853-1906 1856-1911 1846-1998
Oate of Death:
MNean 1927.04 1922.02 1927.3 1922.24
Standad deviation S.17 3.66 S.19 3.58
Range 1919-1938 1919-1936 1919-1931 1919-1936
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Table 3. Demographic profile of cranial sample from the R.

J. Terry collection.

Sample size, means,

standard

deviations and ranges for age, year of birth and death, by
;acial or ethnic affiliation and gender, (n = 230).

Afro—Reerican Euro-Reerican
Females Males Females Males

Sasple Size:

Numbrer 40 65 S0 7S
Age:

He 46.5 46.14 55.04 55.41

Standard deviation 18.79 18.83 14.45 16.65

Range 18-85 17-86 27-91 19-87
Date of Birth:

Mean 1893.55 1686.94 1899.64 1979.67

Standard deviation 17.8 20.3?7 16.85 24.46

Range 1861-1934 1848-1929 1861-1933 1843-1943
Date of Death:

Mean 1940.05 1933.08 1954.48 1935.08

Standard deviation 9.82 7.99 9.2 10.95

Range 1924-1962 1926-1963 1931-1965 1922-1966
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Table 4. Demographic profile of cranial sample from most

- recent forensic skeletal collections.

Sample size, means,

. standard deviations and ranges for age, year of birth and
, death, by racial or ethnic affiliation and gender, (n =

L 1‘3) .
Afro—Rmerican Euro-Aser ican
Females Males Females Males
Sasple Size:
Nusber 16 12 39 7?
Age:
Me. 36.22 40.29 32.78 43.01
Standayd deviation 18.4 19.26 16.5 16.26
Range 18-60 26-74 16-75 17-73
Date of Birth:
Hean 1945.78 1931.54 1947.38 1937.32
Standsd deviation 16.94 17.4 16.21 16.72
Range 1901-1959 1905-1960 1907-1967 1904-1963
Date of Death:
MHean 1982.00 1979.83 1980. 16 1980.32
Standard deviation 4.52 S.04 4.28 4.6
Range 1973-1997 1969-1980 1972-1988 1964-1988
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Table 5. Demographic profile of cranial sample of native
Sample size, means,
standard deviations and ranges for age, year of birth and
death, by racial or ethnic affiliation and gender, (n =

American Indian skeletal collections.

1491_.
Historic Farensic
Females Males Females Males
Sample Size:
Nusber 70 68 9
Rge:
Me 32.01 33.79 26.00 39.22
Standard deviation 10.3S 9.46 S.66 . ?7.89
Range 17-62 19-63 22-30 28-50
Date of Birth:
MHean 1860.83 18S0.53 1953.5 1937.00
Stadard deviation 22.91 18.5S 2.12 9.39
Range 1763-1916 1804-1892 1952-1955 1926-1954
Date of Death:
Mean 1893.64 1884. 32 1979.50 1976.22
Standard deviation 21.14 18.69 3.54 4.6
Range 1800-1975 1846-1937 1977-1982 1966-1982
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Table 6. Demographic profile of cranial sample from
Hispanic-American skeletal collections. Sample size,
means, standard deviations and ranges for age, year of
birth and death, by racial or ethnic affiliation and
gender, (n = 26).

Forensic
Females Males

Sample Size:

Number 2
Age:

Mean ! 47.5 34.71

Standard deviation 41.72

Range 18-77 17-71
Date of Birth:

Mean 1929.00 1935. 46

Standard deviation 38. 28.15

Range 1902-1956 1844-1966
Date of Death:

Mean 1976.5 1969.7

Standard deviation 35.35 26.22

Range 1974-1979 1866-1986




Table 7. Demographic profile of cranial sample from
various individual historic burials. Sample size, means,
standard deviations and ranges for age, year of birth and

9§

death, by racial or ethnic affiliation and gender, (n =

11).
Rfro—Amer ican Ewo—Rwmerican
Females Males Females Males
Sample Size:
Nunbrer 2 S 0 4
Age:
Me S51.00 33.6 - 32.25
Standard deviation 15.56 12.37 - ?7.03
Rarme 40-62 25-52 = 26-42
Oate of Birth:
Mean 1859.00 1856.2 - 1838.00
Standard deviation 1.41 23.09 - 19.40
Range 1858-1850 1838-1892 - 1812-1855
Date of Death:
Mean 1910.00 1889.8 - 1870.25
Standard deviation 14.14 25.33 -
Range 1900-1920 1863-13918 - 1855-1885
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Table 8. Demographic profile of cranial sample from the
First African Baptist Church, (n = 26), and Fort Erie, (n
= 5) cemeteries. Sample size, means, standard deviations
and ranges for age, year of birth and death, by racial or
ethnic affiliation and gender.

First African Baptist Ft. Erie
Afro—American Euro-American
Females Males Females Males
Saeple Size:
Number 15 0 S
Age:
MHean 32.93 44.55 - 22.7
Standard deviation 11.46 11.81 - S5.72
Range 19-58 19-58 - 17-32
Date of Birth:
Mean 1799.07 1787.4S - 1791.3
Standard deviation 11.46 11.81 - 5.72
Range 1774-1813 1774-1813 - 1781-1796

Date of Death:
Hean 1832.00 1832.00 - 1814.00
Standard deviation = -
Range 1821-1843 1821-1843 - -
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Table 9. Demographic profile of cranial sample from the
St. Peter and St. Louils 2 cemeteries, New Orleans. Sample
size, means, standard deviations and ranges for age, year
of birth and death, by racial or ethnic affiliation and
gender, (n = 6).

Afro-American Euro—fRmerican
Females Males Females Males

Sample Size:

Number 3 2 0 1
Age: '

Me 32.67 48.25 = 42.00

Standard deviation 17.21 8.84 - -

Range 19-52 42-54 - -
Date of Birth:

Mean 1781.67 1756.75 - 1863.00

Standard deviation 4.04 8.84 - -

Range 1778-1786 1750-1763 - -
Date of Death:

Nean 1814.33 1805.00 - 1805.00

Standard deviation 16.17 - - -

Range 1805-1833 = - -
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Table 10.

Cranial measurements and variable code names,

instruments and programs for calculating variables.

Measurewent

Instrunent/Progran

code used to calculate

Gl abel 1a-0Occipital Length
Masion-Occipi tal Length
Basion—Nasion Length
Basion-Bregna Height
Haxiesusn Cranial Breadth
Haxirwun Frontal Breadth
Minirmun Frontal Breadth
Bi zygomatic Breadth
Biawricul ar Breadth
Minirwsm Cranial Breadth
Biasterionic Breadth
Basion—Prosthion Length
Nasion-Prosthion Height
Nasal Height

Bi jugul ar Breadth

Nasal Breadth

External Palatal Breadth
External Rlveol ar l.ongth
Hastoid Height

Mastoid Breadth

Orbital Height

Orbi tal Breadth
Interorbital Breadth
Naso—Dacrysl Subtense
Simotic Chord

Simotic Subtense
Binaxillary Breadth
Zyqomanill ary Subtense
Bifrontal Breadth
Naso—Frontal Subtensze
Biorbi tal Breadth
Dacryon Subtense
Inferior Halar length
Haxirum Halar Length
Hal ar Subtense

Choek Height
Supraorbital Projection
Glabells Projection
Bistephanic Breadth
St.ephanic Subtense
Nasion—Bregmna Chord
Nasion-Bregmna Subtense

GOL Spreading Calipers
NOL Spreading Calipers
BML Spreading Calipers
BBH Spreading Calipers
X(B Spreading Calipers
XFB Spreading Calipers
Wwre Sliding Calipers

2¥8  Sliding Calipers

AuUB Sliding Calipers

HCB Sliding Calipers
ASB Sliding Calipers

BPL Sliding Calipers

NFPH Sliding Calipers

MH Sliding Calipers

JuB Sliding Calipers

MB Sliding Calipers

#B Sliding Calipers

WAL  Sliding Calipers
HoH 5liding Calipers
HO8 Sliding Calipers

08BH Dial Calipers

068 Dial Calipers

OKB Dial Calipers

NOS  Dial Calipers

UNB Dial Calipers

SIS Dial Calipers

rdy Co-ordinate Calipers
SSS Co-ordinate Calipers
FMB  Co-ordinate Calipers
HAS Co-ordinate Calipers
EKB Co-ordinate Calipers
DKS Co-ordinate Calipers
IML Co-ordinate Calipers
¥ Co-ordinate Calipers
ms Co-ordinate Calipers
W Co—ordinate Calipers
S0S Co-ordinate Calipers
GLS Co-ordinate Calipers
STB Co-ordinate Calipers
STS Co-ordinate Calipers
FRC Co-ordinate Calipers
FR5 Co-ordinate Coslipers

Instrument/Progran

code used to calculate

Nasion-Bregms Fraction
Bregra-Lanbda Chord
Bregra-Larnbda Subtense
Bregra-Larnbda Fraction
Larbda-Opisthion Chord
Larbda Opisthion Subtense
Larbda-Opisthion Fraction
Foraren Hagrase Length
Foranen Hagrmm Breadth
Nasion Radius
Subspinale Radius<
Prosthion Radius
Dacriyon PRadius
2ygo-orbi tale radius
Frontomal are Radius
Ectoconchion Radius
2ygomaxill are Radius
N1l Alveolus Radius
Bregra Radius

Vertex Radius

Lasbda Radius
Opisthion Radius
Basion Radius

Nasion Angle (ba-pr)
Prosthion Angle (ba—nad
Basion Angle (na-pr)
Nasion Angle C(ba-br>
Basion Angle “na-brd
Z2ygonaxillare Angle
Naso-Frontal Angle
Dacryal Angle
Naso-Dacryal Angle
Simotic Angle

Frontal Angle

Parietal Anqgle
Occipital Angle

Bi stephanic Angle
Cranial Base Angle
Posterior Base AngleX
Anterior Base Anglex

Cranial Base Flexion AngleX CFA

FRF Co-ordinate Calipers
PAC Co-ordinate Calipers
PRAS Co-ordinate Calipers
PAF Co-ordinate Calipers
occ Co-ordinate Calipers
0CS Co-ordinate Calipers
OCF Co-ordinate Calipers

FOL Sliding or Co-ordinate
FOB Sliding or Co-ordinate

NAR Radioreter
SSR Radioreter
PRR Radi oweoter
OKR Radioreter
20R Radioreter
FHR Radioreter
EKR Radioweoter
2HR Radi ometer
AVR Radioneter
BRR Radioreter
VRR Radiorneter
LAR Radi oneter
OSR Radioreoter
BAR Radioreter
NRA INOIAN

PRA INDIAN

BAA INDIAN

NBR INDIAN

BBA INDIAN

SSA IND1AN

NFA INDIAN

DKA INDIAN

NDA IHNDIAN

SIA INDIAN

FRA INOIAN

PAR INOI A

OCA INOI AN

STA INDIAN

CBA INDIAN

oPA FLEX

BOA FLEX

FLEX




The instruments used include spreading, sliding, co-
ordinate calipers, dial calipers with a special attachment
for reading subtenses, and a radiometer. All measurements
were recorded to the nearest millimeter, except simotic
chord and simotic subtense which were measured to the
nearest tenth of a millimeter.

Eighteen angular dimensionshﬁere calculated to the
nearest degree using a Clipper program "INDIAN", written
by Dr. Patrick Key of Key Co., Inc., and a Basic program
"FLEX" written by me with the assistance of Dr. Jantz.

A recording form suited to the specialized needs of
the present study was designed by me for the gathering of
craniometric data (Appendix C). The form includes all
variables observed directly on the cranium. In addition,
other measurements on the cranium and mandible not used in
the present study were recorded. A corresponding dBase
III Plus (Ashton-Tate 1986) program for data input,
written by the author, was used to computerize and manage
the data set on an IBM PC. The data were transferred onto
to the Vax cluster at the University of Tennessee
Computing Center, using Procomm and an Evercom 2400 baud
internal modem. The data were printed using the "PRINT"
procedure in SAS (SAS Institute, 1Inc. 1985) and hand

checked against the original recording forms. Summary
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statistics were also calculated in order to £ind obvious

typographical errors in the data set.

Inter-Observer Error

Of the 812 crania recorded for this investigation,
250 were measured by Dr. Richard L. Jantz of the
University of Tennessee. Dr. David.R. Hunt and I measured
436 crania jointly, and I measured 126 crania alone. No
attempt was made to test for inter-observer error,
although I was able to check the measurements of Dr. Hunt
and myself against those of Dr. Jantz on seven separate
occasions when we measured the same specimen. With one
exception, the comparison did not yield inconsistencies in
the measurement techniques used. 1In the first part of the
study, an inconsistency in the technique for measuring
bijugal breadth was noted between Dr. Hunt and me. As a
result, all specimens recorded prior to the discovery of
the inconsistency were re-measured. I also spent time at
the 1initial stages of the study remeasuring crania,
previously measured by Dr. Jantz, so that I could adjust
any differences in my technique to fit that of Dr. Jantz.
As I am also the recorder of most of the crania measured
by Dr. Jantz and used in this study, I have had several
years of experience observing and registering his

technique.
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Estimation of Missing Values

Since multivariate procedures such as those used in
the following analysis require that all observations be
present for each individual specimen, it was necessary to
select only complete crania. However, due to common
occurrences of breakage in exhumed materials and bone
resorption, which 1is typical of middle and older age
groups in any of the series, certain measurements were
sometimes not obtainable directly from the cranium.
Rather than discarding such specimens, missing values were
estimated using a FORTRAN program "ESTIMATE" written by
Dr. Patrick Key and modified by me to meet the specific
needs of this study. The program, as it was used here,
estimates the missing data points "according to an
individual data vector within the context a variance-
covariance structure" (Key 1983:44) for temporally defined
groups 1n series of ten year intervals. Thus several
subsets of the overall sample are estimated separately, by
gender and racial or ethnic affiliation. Less than one
tenth of one percent of the entire sample was estimated
for a maximum of 14 variables. Ca. 30 percent of the
crania with missing values called for the estimation of a
single variable. Approximately 80 percent called for the
estimation of 10 or less variables. Ml Alveolar Radius

(AVR) was the single most commonly estimated variable.
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The next most commonly estimated variables were dimensions

which include the anatomical landmark Prosthion.
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V. ANALYTICAL PROCEDURES

Introduction

The purposes of the statistical analysis are: 1)
determine if temporal effects on craniometric variation in
size and shape (cf. secular changes) occur in two cranial
series of Afro-American and Euro-Americans and to describe
any specific changes in individual cranial variables, ; 2)
to test the homogeneity of craniometric samples from the
two 1largest anatomical series in the United States, the
Hamann-Todd and R.J. Terry collections and to describe
potential differences of individual cranial variables in
the two series; and 3) to compute multivariate statistical
models for the identification of racial or ethnic
affiliation from crania of recent origin, using a
calibration sample appropriate to the extent possible for
temporal and geographic association.

This analysis 1is concerned with the effect of five
variables on cranialcranial sizeand shape. These
variables are ethnic affiliation, gender, collection
association, date of birth, and age at time of death. The
problem of separating the age effect in this type of
analysis has been previously discussed and is not
considered in this analysis. Multivariate statistical

testing of the four remaining effects is carried out by
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multivariate analysis of variance (MANOVA) and
multivariate analysis of co-variance (MANACOVA) .
Individual variables are described in terms of canonical
correlation. Multivariate models for the identification
of racial or ethnic affiliation in crania are addressed

via discriminant function analysis.

Summary Statistics

Means and standard deviations and sample sizes for all
craniometric variables are calculated using the PROC MEANS
procedure of the Statistical Analysis System (SAS) package
(SAS Institute, Inc. 1985). These statistics are computed
for each of the Afro-American and EBuro-American samples of
the two cadaver collections and for seven "recent"
calibration samples of Afro-American, Euro-American,

American Indian and Hispanic-American affiliation.

Multivariate Analysis of Variance

Multivariate analysis of variance, MANOVA, is used to
explore the relationship between one or more of the
independent classification variables (i.e. racial or
ethnic affiliation, gender and collection association),
and the dependent cranial variables. MANOVA examines the
simultaneous effect of the independent variable(s) on all

of the dependent variables and evaluates the relationship
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between groups in terms the homogeneity of their
respective mean vectors. The calculations are based sum
of squares and cross-product matrices (sscp). A
multivariate test statistic, Wilks' Lambda, is calculated
to test the significance for the main effects and
interaction effect. The Wilks' Lambda is a ratio of the
determinant of the SSCP error latfix of the effect being
tested over the sum of the determinant of the
corresponding SSCP hypothesis and the SSCP error matrices
(Tatsuoka 1971). Accordingly, Wilks' Lambda is a measure
of differentiation among groups, the probability of which
is tested by the F test of significance. A decrease 1in
the Wilks' Lambda is contrasted by an increase in the F
value which in turn is indicative of improved statistical
significance.

The main effects and their interaction are tested for
significance of the craniometric homogeneity between
groups. The interaction term tests the hypothesis that
variance-covariance matrices are equal among groups
defined by the main effects. The absence of heterogeneity
of the variance-covariance matrices (cf. interaction)
Justifies pooling of groups and simplifies further
analysis. The model is rerun without the interaction term
to 1illustrate the effect of each of the independent

variables. Degrees of freedom are improved accordingly.
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A significant interaction term is equivalent to rejecting
the null hypothesis of equal variance covariance matrices.
In this instance, it may be concluded that groups behave
differently in the magnitude and/or direction of the
observed variability for the effects tested.

The PROC GLM procedure of the SAS package (SAS
Institute, 1Inc. 1985) is employed to compute the MANOVAS.
A MANOVA was computed for the main effects of racial or
ethnic affiliation (RACE) and gender (SEX) and their
interaction term (RACE*SEX). This was done to shed light
on the importance of maintaining separation of the groups
in further analysis. A second MANOVA was computed for the
effects of collection association (CUR), gender (SEX) and
their interaction term (CUR*SEX). This test was carried
out separately on groups of Afro-American and Euro-
American crania to examine the homogeneity of male and
female samples from the Hamann-Todd and R. J. Terry

collections.

Multivariate Analysis of Covariance

The special problem of determining the existence and
direction of a secular effect in the Afro-American and
Euro-American cranial series is addressed by multivariate
analysis of covariance technique. MANACOVA 1is an

extension of regression analysis and analysis of variance.
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MANACOVA adjusts the quantitative dependent variables for
differences in the covariate so that the relationship
between the independent class variable and the adjusted
values of the dependent quantitative variables may be
examined (wWildt and Ahtola 1978). Thus, MANACOVA defines
the amount of variability in the dependent variables which
is explained by the independent variable and its
covariate.

First, it is necessary to determine a presence or
absence of interaction between the class variable and the
covariate. Interaction implies inequality of slopes, and
in this instance canonical correlation is used to examine
groups separately. If, on the other hand, no interaction
is indicated, the null hypothesis of homogeneity of the
slopes defining the variance-covariance matrices of the
classes cannot be rejected. It may be assumed that
classes may be analyzed together. The multivariate test
statistic Wilks' Lambda and an associated F test is used
to 1illustrate group differences and test the significance
of the relationships of the dependent variables and each
term in the model.

In order to elucidate the relationship between a
matching set of continuous cranial variables and a class
variable, such as gender, in terms of a continuous

covariate, such as year of birth, one must first test the
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homogeneity of slopes between groups. In order to
determine 1if there is significant interaction between the
class variable and the continuous covariate, the
interaction vector is again tested for significance. If
significant, it is concluded that the slopes defining the
classes within the class variable are not parallel and the
null hypotheses of homogeneity is rejected. The amount of
the variance accounted for by the term is indicated by R2
and 1is tested by F or Wilks' Lambda. If the interaction
term 1is significant, it is concluded that direction of
change in <cranial size and shape through time, varies
between sexes.

When interaction is noted, MANACOVA is no longer
appropriate as a means to study patterns of variation
between groups. Other more appropriate measures are taken
to study the pattern of variation. These measures
include the application of separate canonical correlation
analysis using the "PROC CANCORR" procedure (SAS
Institute, Inc. 1985). The canonical correlations
indicate 1if significant temporal and sexually dimorphic
patterns of variation are present and assess group
relationships along these patterms. The magnitude and
direction of changes is assessed according to the relative

size and sign of the correlation coefficients on the

canonical variable.
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Discriminant Anglgsis

Discriminant analysis examines the relationship
between several continuous variables and a single class
variable, and produces 1linear combinations of the
variables in the model which best discriminates between
groups. Linear combinations are composed of variables
selected for the maximum discrimination of populations.
The method of selection was done using the "PROC STEPWISE"
procedure (SAS Institute, Inc. 1985). Stepwise regression
is an exploratory technique of multivariate regression
which permits the identification of the optimum model of
continuous variables for separating groups. The "MAXR"
procedure 1is used to determine the best single variable
model, two variable model, etc. to achieve the best model
for discrimination. The full 80 variable data set, a
reduced data set without angles, subtenses and fractions,
and a smaller data set representing measurements employed
in the skeletal data bank were used. Discriminant
functions were calculated for all three data sets.

The "PROC DISCRIM" procedure (SAS 1Institute, 1Inc.
1985) 1is wused to extract a linear combination of the
continuous cranial variables that provides optimum
discrimination between groups of racial or ethnic
affiliation. The procedure allows a test of

homoscedasticity and classifies each specimen in the group
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from which it has the lowest generalized squared distance
(SAs Institute, Inc. 1985). 1In cases of homoscedasticity,
group means are tested using the Mahalanobis generalized
distance measure. Mahalanobis distances and p-values
provide an illustration of the discriminating ability of
the particular variable wmodel Dbetween reference
populations (Fatti 1986). The efficiency of the 1linear
discriminant function is tested and probabilities of
misclassification are estimated.

Canonical correlation using the "PROC CANDISC"
procedure (SAS Institute, Inc. 1985) is used to derive
linear combinations of the craniometric variables,
summarizing the within group variation between major
collections (Cooley and Lohnes 1966). The resulting
canonical variables are tested for overall difference and
significance with Wilks' Lambda and an F statistic.
Statistically significant canonical variables are examined
and interpreted for a more detailed understanding of the
relative contribution of the individual variables on the
canonical vector. Correlation coefficients or 1loadings
are interpreted with according to their magnitude, and the
direction of their relationship is defined by the positive
or negative sign. Results of the relationships among
groups are plotted to provide visual presentation of the

results.
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VI. SECULAR TRENDS

The present section presents the results of the
analysis into the secular variation in Afro-American and
Buro-American female and male crania which have occurred
during the past 200 years. A discussion of the findings
addresses the question of both .. temporal among-group
cranial variation in racial or ethnic groups, and within-
groups patterns of sexual dimorphism. A sample of 289
Afro-American and 348 female and male crania dating from
ca. 1750 to the present, and obtained from various
skeletal collections, provides the basis for the present
analysis. The elucidation of significant secular trends
during this period can provide valuable documentation of
why craniometric analysis of recent forensic cases, using
discriminant function analysis, may result in incorrect
identifications when using older populations for

calibration.

The Homogeneity of Racial or Ethnic Groups

The first question that arises concerns the effect of
group on craniometric variation. If it can be shown that
groups o0f different racial or ethnic affiliation display
sililar patterns of cranial variation, a case may be made
for using a pooled multigroup sample in further

investigation of secular trends. A multivariate analysis
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of covariance was carried out to test the homogeneity of
the covariance matrices of the two groups of Afro-American
and Euro-American cranial series.

Results of a preliminary study suggested that
patterns of variation due to racial or ethnic affiliation
do not concur with those associated with gender.
Therefore, analyses were done sepgrately for female and
male crania. The model tests the null hypothesis of no
canonical correlation for interaction between the main
effect of racial or ethnic affiliation (RACE) and the
covariate time (DOB). The results of the model (RACE*DOB)
for multigroup female and male cranial samples are in
Tables 11 and 12. An examination of the results of the
female crania in Table 11 shows that the interaction term
accounts for approximately 52 percent of the variation
along the canonical variable (R = .5176). The
multivariate test statistic Wilks' Lgmbda of .48 is highly
significant (F = 2.87, p = .0001).

The analysis of the male crania in Table 12 follows
the same pattern observed among the female groups. For
males, the interaction term accounts for approximately 43
percent of the variation along the canonical variable (R
= .4316). With a wWilks' Lambda of 0.56 (F = 2.43, p S
.0001), male crania similarly exhibit unequal slopes among

groups. From these results, it is concluded that the
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Table 11. MANACOVA test of interaction,

racial or ethnic

-affiliation (RACE), gender (SEX) and their covariate, year
of birth (DOB), in Afro-American and Euro-American female

rcrania from 1750-1970, (n = 297).

Squared
Canonical Canonical Standard Eigen Hilks’ F
Model Correlation Correlation Error Value Criterion Ratio PR > F
DO0BxRACE 0.719457 0.517619 0.028133 1.0730 0.48238130 2.87 0.0001
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Table 12. MANOVA test of interaction, racial or ethnic affilia-
tion (RACE), gender and their covariate, year of birth (DOB), in
Afro-American and Euro-American male crania from 1750-1970,

(n =
340).
ed
Canonical Canonical Standard Eigen Wi lks’ F
Model Correlation Correlation Ervor Value

Criterion Ratio PR > F

DODB*PRCE 0.657032 0.431691 0.031004 0.7596 0.56830946° 2.43 0. 0001




trends between the two groups do not coincide and that the
application of pooled racial or ethnic groups is
unwarranted in further analysis. Therefore, crania of
Afro-American and Buro-American affiliation are examined
separately for more detailed information on within-group

variation.

Secular Trends in Afro-American crania

The determination of a secular trend, its relative
magnitude, and its direction was done first for male and
female crania of Afro-American affiliation. The question
of within-group variation is addressed by a multivariate
analysis of covariance, by testing the pattern of the
covariation between the main effect gender (SEX) and a
covariate, time (DOB). The results are presented in Table
13. A contribution by the interaction term (SEX*DOB) of
32 percent (R = .3247) of the variation along the
canonical varigble is found to be not significant by a
high Wilks' Lambda of .68 (F = 1.24, p = .1168). It is
concluded that the sample covariance matrices are equal
for female and male groups and that their respective
slopes follow the same trend or direction of temporal
cranial variation. It 1is determined that there 1is no

reason to separate crania by gender in further
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Table 13.

MANACOVA test of interaction and main effect

gender (SEX), and its covariate, year of birth (DOB), in
Afro-American female and male crania from 1750-1970, (n =

289) .
Squared
Canonical Canonical Standard Eigen Hilks’® F
Model Correlation Correlation Error Value Criterion Ratio PR >F
DOB»SEX 0.569898 0.324783 0.039926 0.4810 0.6752167 1.24 0.1168
00B 0.716011 0.512672 0.028766 1.0520 0.48732831 2.72 0.0001
SEX 0.876070 0.767499 3.3011 0.23250110 8.54 0.0001




investigation of of the contribution of individual
variables to this trend.

A MANACOVA was rerun on the pooled series of female
and male Afro-American crania, without the interaction
term, to explore the pattern of cranial variation along
the independent canonical variables for gender and time.
Table 13 shows a strong gender efféct (SEX), marked by a
significant Wilks' Lambda of .23 (F = 8.54, p = ,0001).
It signifies a noticeable degree of sexual dimorphism in
the Afro-American crania series. Further investigation
into sexual dimorphism is beyond the scope of this study.
Returning to the temporal variable (DOB) in Table 13, a

strong correlation contributing 51 percent of the

variation along the temporal canonical variable (R
c
.5126) 1is observed, with a Wilks' Lambda of .49, (F

2.72, p = .0001). From these results, it is shown that a
strong contribution of the observed cranial variation in
the pooled female-male series of Afro-American crania may
be attributed to the temporal variable and that a
temporal, or secular, trend is both present and
statistically significant. It should be noted that
temporal trend presented takes into account any effect due
to gender.

Figure 1 1is a graphic presentation of the overall

direction of temporal trend for pooled female and male
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Figure 1. Plot of composite raw canonical score and year of birth

denoting a secular trend in female and male Afro-American
crania. SCORE = 28.9367 + 0.0256*YEAR



Afro-American cranial series with dates of birth from 1750
to 1970. The plot of the secular trend is produced by
multiplying each measurement by its corresponding raw
coefficient on the canonical variable. Total scores for
each individual are plotted against time, illustrating the
slope of the relationship between the composite score and
year of birth. A predicted slope of the relationship
between the composite score and year of birth is predicted
by means of regression. A slope of .0256 is found to be
significant (p = .0). It is important to note here that
the slope of the relationship between score and date of
birth represents an increase in absolute values of the
scores derived from the raw canonical coefficient. In
Table 14, it is shown that for Afro-American these scores
are generally negative. In other words, the trend shown
in Figure 1 represents an increasingly negative trend
which may be translated as a general cranial reduction.

A more detailed description of temporal variation in
individual cranial dimensions is possible by inspection of
the independent canonical time variable. The
morphological pattern of temporal variation in each
individual variable and the magnitude and direction of the
canonical coefficients on this axis is shown in Table 14.
Loadings are largely negative, demonstrating a decrease in

the individual dimensions. High negative loadings are
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Table 14. Total canonical structure for year of birth for
crania of Afro-American females and males from 1750-1970,
(n = 149).

Canonical Cancnical
Code Structure Code Structure
GOL - 0.2749 FRC - 0.1°742
NOL - 0.2540 FRS 0.0393
BNL - 0.2074 FRF - 0.1780
BBH - 0.2576 PRC - 0.1103
®CB - 0.2763 PRAS - 0.002S
HFB - 0.20S8 PAF - 0.289S
WFB - 0.1813 occC - 0.057?6
2YB - 0.4197 OCS 0. 0206
AUB - 0. 2055 OCF - 0.00°7
WCB - 0.1982 FOL - 0.09514
ASB - 0.1141 FOR - 0.1193
BPL - 0.2162 NAFk - 0.0697
NPH 0.1010 SSR - 0.2922
NLH 0. 1976 PRR - 0.13S0
JuB 0.3918 Dk R - 0.1020
NLB - 0.313S ZOR - 0.18S7?
MAB - 0.103S FMFE - 0.1876
MAL - 0.0601 EKR - 0.2188
MOH - 0.0803 Z2MR - 0.3196
MOB - 0.1299 RVR - 0.2499
OBH 0.0004 BRR - 0.1598
oesBs - 0.2613 VRR - 0.1688
DKB - 0.1827 LAR - 0.2014
NDS 0.0196 OSFk - 0.2062
WNB 0.0223 BAR - 0.135S
SIS - 0.0438 NRARA - 0.1519
2MB - 0.2100 PRA - 0.060S
SSS - 0.1549 BAAR 0.2578
FMB - 0.2736 NBR - 0.0693
NRS 0.1409 BBA 0.0628
EKB - 0.33°71 SSA 0.0281
DKS 0.14549 NFRA - 0.24929
IML - 0.0390 OKA - 0.2468
oML - 0.015S3 NDR - 0.14492
MLS 0.0516 SIA 0.0439
WMH 0.0536 FRA - 0.13°7°3
S0sS - 0.1359 PAA - 0.0458
GLS - 0.2151 OCR - 0.0461
STB - 0.19249 STA 0. 1646
STS - 0.1972 CBR 0.0931



noted for bizygomatic breadth (ZYB), nasal, breadth (NLB),
biorbital breadth (EKB) and zygomaxillare radius (ZMR).
Other moderately high negative scores include cranial
length (GOL, NOL), vault breadth (XCB), height (BBH),
parietal curvature (PAF), facial depth (SSR, AVR), upper
breadth (FMB), and orbital breadph (OBB). Among the
lesser number of positive coefficients, high and
moderately high loadings are noted for midfacial breadth
(JUB) and basion angle (BAA).

The slope 1is predicted for nine selected cranial
dimensions and is plotted in graphic illustrations of the
relationship between these variables and time (Figure 2
through Figure 13. Of the 12 variables shown, nine
dimensions are found to exhibit a significant temporal
trend. In Figure 2, cranial length (GOL) exhibits a
negative rate of change amounting to -.0288 mm/year (p =
.0098). Cranial height (BBH) is defined by a negative
rate of change amounting to -.0§4 mm/year (p = .0115)
(Figure 3), and cranial breadth (XCB) displays a rate of
.0254 mm/year (p = .0035) (Figure 4). Other dimensions
shown include facial height (NPH) with a positive slope of
.0146 (p = .0408) (Figure 5), facial depth (EXR) with a
slope of -.0124 (p = .0498) (Figure 6), and breadth
((zYyB), slope = -.0431 , p = .0001) (Figure 7); (EKB),

slope = -.0242, p = .0006 (Figure 8); (OBB), slope = -
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etc.

2 observations

.
14

1 observation
236.5695 - 0.0288*YEAR.

Al =

Plot of Glabella-Occipital Length and year of birth

denoting a secular trend in female and male Afro-American
B

crania.
GOL

Figure 2.
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Plot of Basion-Bregma Height and year of birth denoting a
secular trend in female and male Afro-American crania.

Figure 3.
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1770

g

Plot of Maximum Cranial Breadth and year of birth denotin
a secular trend in female and male Afro-American crania.

Figure 4.

183.7612

XCB

etc.

2 observations

1 observation; B

- 0.0254*YEAR.
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Plot of Nasion-Prosthion Height and year of birth denoting
a secular trend in female and male Afro-American crania.

A = 1 observation; B = 2 observations; etc. NPH = 40.5194
- 0.0146*YEAR.
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208.7778

etc. 1ZYB =

2 observations

B =

1 observation

- 0.0431*YEAR.

secular trend in female and male Afro-American crania.

Plot of Bizygomatic Breadth and year of birth denoting a

A

Figure 7.
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Plot of Biorbital Breadth and year of birth denoting a

Figure 8.

secular trend in female and male Afro-American crania.

= 144.6033

EKB

etc.

2 observations
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1 observation;
- 0.0242*YEAR.
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.0087, p = .0067 (Figure 9)). oOther variables which did
not meet the .05 level of significance include cranial
base 1length (Figure 10), mastoid height (Figure 11),
dacryon radius (Figure 12), and orbital breadth (Figure
13).

Overall, the crania of the Afro-American series are
best described as generally deEreasing in size as
reflected by the uniform direction of negative values.
The absence of a mixed pattern of positive and negative
trends among the craniometric dimensions along the
canonical variable indicate little or no changes in shape.
Three important exceptions showing change in shape are the
lower midfacial breadth, the bijugal dimension (JUB), and
facial height (NPH, NLH). A summary discussion of the
results and a comparison with those of the Euro-American

series is presented at the end of this section.

Secular Trends in Euro-American Crania

A similar analysis was done of the Euro-American
cranial series. An analysis of the within-group
homogeneity of slopes between female and male series was
carried out by a multivariate analysis of covariance,
MANACOVA. The MANACOVA tests the null hypothesis of no
canonical correlation of the interaction term of gender

(SEX) and time (DOB). Table 15 shows a slightly greater

95



96

Table 15. MANACOVA test of interaction of gender (SEX)

and year of birth (DOB), in Euro-American crania from
1750-1970 (n = 248).

Squared
Canonical Canonical Standard Eigen Hilks® F

Model Correlation Correlation Error Value Criterion Ratio PR > F

IiB*SEX 0.580336 0.33679 0.035758 0.507/8 0.66321028 1.68 0.0013




contribution of the interaction term to the variation
along the canonical variable than is noted for the Afro-
American series. The correlation, .5803, (R = .3368), is
qualified by a significant Wilks' Lambda of ?66 (F = 1.68,
p = .00013).

From the results in Table 15, which show unequal
slopes, it is concluded that Euro-American male and female
samples do not exhibit parallel trends or directions of
change in time. Since they do not coincide, male and
female samples are maintained as separate groups in
further investigation of secular patterns of change in
size and shape.

Two separate canonical correlations were computed for
the female and male cranial series to illustrate the
temporal relationship among the individual cranial
dimensions. A multivariate test of the significance of
the overall relationship in each of the sexes is
illustrated in the following discussion. Both females and
males exhibit a strong canonical correlation in the Euro-
American series. Females show the highest correlation,
attributing 83 percent of the observed variation to
temporal association (Table 16). The overall relationship
is characterized by a small Wilks' Lambda of .17 (F =

4.27, p = .0001). A graphic illustration of the temporal
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Table 16. Test of temporal relationship among individual
cranial dimensions in Euro-American female crania from
1750-1970, (n = 149).

Squared
Canonical Canonical Standard Eigen Hilks’ F
Model Correlation Correlation Error Value Criterion Ratio PR > F

DOB 0.913304 0.834124 0.013635 5.0286 0.16587584 4.27 0.0001




pattern in Euro-American female crania is shown in Figure
14.

The male cranial series illustrated in Table 17 also
shows a strong relationship between time and cranial
variation. A correlation of 0.8561 is noted, with an R
of .73 and a Wilks' statistic of .27 (F= 4.01, p :
.0001). A slope of .0757 (p = .0) denotes a significant
overall rate of change in the composite score of females.
The male pattern of temporal cranial variation is shown in
Figure 15. In males, the temporal change is defined by a
slope of .041 (p = .0).

The morphological pattern of temporal variation for
Euro-American female crania in Table 18 1is generally
characterized by a mixture of positive and negative
loadings, suggesting temporal change in cranial size and
shape. Variables with high positive loadings for female
crania include cranial height (BBH, BRR, VRR) and frontal
curvature (FRF, FRS), facial projections (SOS, DKR, EKR)
and cranial base 1length (BNL). The highest negative
loadings are seen in facial depth (NDS), orbital and
interorbital breadth (OBB, DKB). Other variables with
moderately high positive loadings include frontal chord
(FRC), vault breadth (ASB, STB). Additional variables

with negative 1loadings are facial breadth (2ZYB, EKB),

99



001

!95!.!3!3!!!5
iyt YL L I X TR DL L Y LA Lo bl Lodadd it dod

m&mmnmmmmwﬁqnwnsmmmmmmmm

Figure 14.

VEFRR OF EIRTH

Plot of composite raw canonical score and year of birth
denoting a secular trend in female Euro-American crania.
SCORE = 138.4326 + 0.0757*YEAR.
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Table 17. Test of tempral relationship among individual
cranial dimensions in Euro-American male crania from 1750-
1970, (n = 199).
Squared
Canonical Canonical Standard Eigen Hilks® F
Model Correlation Correlation Error Value Criterion Ratio PR > F
00B 0.856071 0.732958 0.019033 2.7433 0.26714182 4.01 0.0001
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YR OF BEIRTH

132.3901 + 0.041*YEAR.

Plot of composite raw canonical score and year of birth

denoting a secular trend in male Euro-American crania.

SCORE

Figure 15.
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Table 18. Total canonical structure for year of birth for
Euro-American female crania from 1750-1970, (n = 149).

Canonical Canonical
Code Structure Code Structure
GOL 0.12°71 FRC 0.2630
NOL 0.12499 FRS 0.303S
BNL 0.3592 FRF 0.3166
BBH 0.4497 PARC - 0.1222
»®CB - 0.2228 PAS 0.11849
XFB - 0.0918 PAF 0.0778
WFB - 0.0766 occ 0.2059
2yY8 - 052553 oCS 0.1029
AUB - 0.1803 OCF 0.1350
WCB - 0.2696 FOL 0.1164
ASB 0.2588 FOB 0.0966
BPL 0. 189S NAR 0.2729
NPH 0. 1489 SSR 0.21649
NLH 0.1159 PRR 0.1648
JuB - 0.1267 DKR 0.4279
NLB - 0.2218 20R 0.248S
MAB 0.234S FMR 0.2218
MAL 0.0868 EKR 0.3088
MOH 0.2309 Z2MR 0.2121
MOB - 0.0877 AVR 0.053S
OBH 0.166S BRR 0.34S1
o8B 0.3818 YRR 0. 3468
DKB - 0.4383 LAR 0.1130
NOS - 0.3474 OSR 0.1628
WNB - 0.0S?S BAR 0.215S0
SIS 0. 1896 NAR - 0.1083
2MB - 0.2748 PRA 0.156S
SSS 0.1591 BAA - 0.0670
FmMB - 0.1744 NBR 0.1893
NRS 0.15492 BBA - 0.1922
EKB - 0.2789 SSA - 0.2664
DKS - 0.052S NFR - 0.2083
ImML 0.0036 OKRA 0.2116
XML - 0.0442 NDR 0.052S
MLS - 0.0°7%59 SIA - 0.2489
WMH 0.1238 FRA - 0.197?7S
S0S - 0.3380 PARA - 0.2497°7
GLS - 0.0530 OCR - 0.0016
STB - 0.276S STA - 0.14496
STS - 0.0072 CBR - 0.2262



maxillary and minimum cranial breadth (ZMB, WCB), facial
depth (NAR) and angle (SSA).

Figure 16 through Figure 27 illustrate the individual
positive and negative trends and rate of change for a
select number of cranial variables. Significant slopes
are observed for height (BBH, slope = .0812, p = .0001)
(Figure 16); breadth (XCB, slope = -.038, p = .0128)
(Figure 17); cranial base length (BNL, slope = .0518, p
= .0001) (Figure 18); and mastoid height (MDH, slope =

.0221, p = .0098) (Figure 19). Facial dimensions include

breadth (ZYB, slope = -.0354, p = .0042; EKB, slope = -
.032, p = .0017) (Figure 20 and Figure 21), orbital and
interorbital breadth (OBB, slope = .0225, p = .0001;
DKB, slope = -.0343, p = .0001) (Figure 22 and Figure 23),

and facial depth (DKR, slope = .0535, p = .0001; EKR,
slope = .0323, p = .0005) (Figures 24 and Figure 25).
Other variables which did not meet the .05 1level of
significance include cranial 1length and facial height
(Figure 26 and Figure 27).

Table 19 shows the results obtained for the Euro-
American male cranial series. Variables with high loadings
for male crania include cranial height (BBH, BRR, VRR) and
curvature (FRF, OCC), facial depth (NAS, NAR, DKR, ZOR,
EKR, ZMR), orbital breadth (OBB), mastoid height (MDH),

length of the cranial base (BNL), foramen magnum length
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Figure 16.

Plot of Basion-Bregma Height and year of birth denoting a
secular trend in female Euro-American crania. A =1
observation; B = 2 observations; etc. BBH = -24.6685 +
0.0812*YEAR.
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a secular trend in female Euro-American crania. A =1
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Plot of Basion-Nasion Length and year of birth denoting a
secular trend in female Euro-American crania. A =1
observation; B = 2 observations; etc. BNL = -2.6941 +
0.0518*YEAR.
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secular trend in female Euro-American crania. A =1
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Figure 21. Plot of Biorbital Breadth and year of birth denoting a
secular trend in female Euro-American crania. A =1

observation; B = 2 observations; etc. EKB = 154.479% -
0.032*YEAR.



199

)
° [} [}
(]
(]
:

qQ o [} ] [ ] [ ] A [}
[ ]
[ ]
:

-« o [ [, ] (] [} [} N N
[}
[}
:

» o 8 A AN L} A A N [} [} ] A MM AN
[}
[}
:

’: [} R A L} ] M A AN AR [}
[]
:

,: (] ANEEO AN BB O A BM PBEAN AR O [} M AR ]
[}
:

S: [, ] M A CM A M MA A AN N [ L] (]
[]
=

’: L] (] me M A M A N
[]
:

)1: (] AR A A A n (]
[]
[
]

S: (] (]

Figure 22. Plot of oOorbital Breadth and Year of birth denoting a

secular trend in female Euro-American crania. A =1
observation; B = 2 observations; etc. OBB = -5.6288 +
0.0225*YEAR.



(49

1
1
1
- o AR AN
1
> o "
'
P 5 [ A n "
= E P n X "
a% M A AM A AR "
=n i ? "W amn AN " " "
2 % " ATDaEA AN " AAR () LI [
= % A n A A AFeE . Wl e R W ) " " " "
::% " m A AR AN n " " [ AN
) E [ " " A AmMm ® A N M AR © n
» % " " A mna " " " " (X,]
w E " AN " " " ® M an
- . "
:
= e "
1
1
1
1 1 - - - w_. ~ , . . - "
SIS 2962 3090 IO JSED 198C IO I 1904 1M 198 1902 120 MO4 SO 196 N2 FES 1984
Yem OF WM
Figure 23. Plot of Interorbital Breadth and year of birth denoting a

gsecular trend in female Euro-American crania. A =1
observation; B = 2 observations; etc. DKB = 86.5179 -
0.0343*YEAR.
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Figure 24. Plot of Dacryon Radius and year of birth denoting a
secular trend in female Euro-American crania. A =1
observation; B = 2 observations; etc. DKR = -23.9442 +
0.0535*YEAR.
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Figure 25. Plot of Ectoconchion Radius and year of birth denoting a

secular trend in female Euro-American crania. A = 1
observation; B = 2 observations; etc. EKR = 4.8788 +
0.0323*YEAR.
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Figure 26. Plot of Glabella-Occipital Length and year of birth
denoting a secular trend in female Euro-American crania.
A = 1 observation; B = 2 observations; etc. GOL =
125.2857 + 0.0264*YEAR.
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Figure 27.

Plot of Nasion-Prosthion Height and year of birth denoting
a secular trend in female Euro-American crania. A =1
observation; B = 2 observations; etc. NPH = 25.7025 +
0.0202*YEAR.
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Table 19. Total canonical structure for year of birth for
Buro-American male crania from 1750-1970, (n = 199).

Canonical Canconical
Code Structure Code Structure
60L 0.1490 FRC 0.1863
NOL 0. 1495 FRS 0.098S
BNL 0.3569 FRF 0.4529
BBH 0.4457 PRC - 0.1297
XCB - 0.0340 PRS 0.0211
XFB - 0.00°73 PAF 0.0907
WFB 0. 1290 oCccC 0.337°7
2Y8 - 0.0616 0oCsS 0.238°7
AUB 0.1061 QCF 0.2948
WCB - 0.0348 FOL 0.3290
ASHB 0.1876 FOB 0.1029
BPL 0.21949 NAR 0.3642
NPH 0.2593 SSR 0.2883
NLH 0.0723 PRR 0.26S1
JuBe - 0.04S8 DKR 0.3560
NLB 0. 1639 Z20R 0.3467
MAB 0.1326 FMR 0.24°7°7
MAL 0. 1696 EKR 0.3039
MOH 0. 3968 ZMR 0.3276
MO8 - 0.012S AVR 0.2024
OBH 0.123S BRR 0.482S
(0]:]:) 0.3607 VRR 0.49923
oKB - 0.2867 LAR 0.2302
NOS - 0.1828 OSR 0. 1342
WNB 0.1502 BAR 0.002S
SIS 0. 159S NAR - 0.05S48
2MB - 0.2749 PRRA 0.0804
SSS 0. 1440 BAA 0.0012
FMB 0.05449 NBR 0.23S0
NRS 0.424S BBA - 0.23849
EKB - 0.0142 SSA - 0.2714
DKS 0.0402 NFRA - 0.49168
ML 0.12349 DKA 0.1001
XML - 0.04549 NOR 0.0159
MLS - 0.1738 SIRA - 0.136S
WHMH 0.0S81 FRRA 0.0278
S0S - 0.0709 PRAR - 0.1269
GLS 0.0SS8 OCR - 0.0529
ST - 0.0069 STR - 0.3302

- - = - ———— — ————— — ——— — — ———— ——-—— > > = —— =, - = W



(FOL) and frontal shape (NFA,STA). With the exception of
the negative loading for bistephanic angle (STA), all of
the above variables are characterized by positive
loadings. Moderately high positive loadings are also seen
in facial height (NPH) and depth (SSR, PRR) and curvature
of the vault (S8TS, OCF), with negative 1loadings for
interorbital breadth (DKB), laﬁillary breadth (ZMB),
frontal and facial angles (SSA, STA). '

An examination of the coefficients on the canonical
variable identify a pattern of temporal variation in Euro-
American crania characterized by a positive trend. The
direction and temporal relationship of a few select
variables are demonstrated in Figure 28 through Figure 35.
The rate of change is defined in the dimensions of height
(BBH, slope = .0618, p = .0001) (Figure 28), base length
(BNL, slope = .0377, p = .0001) (Figure 29), and mastoid
height (MDH, slope = .0278, p = .0001) (Figure 30).
Estimates of rate of change in the craniofacial dimensions
include height (NPH, slope = .0227, p = .0018) (Figure
31), orbital and interorbital breadth (OBB, slope = .0177,
p = .0001; DKB, slgpe = ,0135, p = .0006) (Figure 32 and
Figure 33), and depth (DKR, slope = .035, p = .0001; EKR,
slope = .023, p = .0002) (Figure 34 and Figure 35).
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Plot of Basion-Bregma Height and year of birth denoting a

gsecular trend in male Euro-American crania.
observation; B

0.0618*YEAR.

Figure 28.

A=1
19.7092 +

BBH

2 observations; etc.
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Plot of Basion-Nasion Length and year of birth denoting a

secular trend in male Euro-American crania.
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0.0377*YEAR.

Figure 29.
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Figure 30. Plot of Mastoid Height and year of birth denoting a
secular trend in male Euro-American crania. A =1
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Figure 31. Plot of Nasion-Prosthion Height and year of birth denoting

a secular trend in male Euro-American crania. A =1

observation; B = 2 observations; etc. NPH = 26.2247 +
0.0227*YEAR.
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secular trend in male Euro-American crania. A =1
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Figure 33. Plot of Interorbital Breadth and year of birth denoting a

secular trend in male Euro-American crania. A =1
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secular trend in male Euro-American crania.
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To 1illustrate major group differences and within-
group variation a summary comparison of the demonstrated

group trends is presented below.

Group Comparison of Temporal Cranial Trends

Patterns of temporal variation indicative of a
secular trend are tabulated for those cranioaetric
variables which show the greatest amount of change during
the past two centuries. Table 20 through Table 23
summarize the pattern of the secular changes in the crania
vault. The vault is examined in terms 1length, height,
breadth and curvature.

The secular trend in the Euro-American series is
exhibited by a temporal change in the vault as defined by
a lesser increase in the frontal segment of the cranial
length and a prominent increase in cranial height (Table
20). However, the 1increase in height is primarily a
reflection of an increase in vault height superior to the
transmeatal axis as defined by the vertex and bregma
radii. Table 21 shows that the portion of the total
cranial height below the transmeatal axis defined by the
basion and opisthion radii exhibits contributes less to
the total cranial height than is observed for the bregma

and vertex radii in Table 20.
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Table 20. Total canonical structure for temporal
association (DOB). Recent secular change in the size and
shape of the cranial vault of Afro- and Euro-American
skeletal series between 1750 and 1970.

6o Rearican ARro-feer-icen
Verisble Code Fomales Males -—pooted gercher-
Glabel le-Ocxipital Lergth GOL + 0.12°1 4+ 0.1430 - 0.Z29
NasiovCxipi tal Owd NOL + 0.120 + 0.1435 - 0.50
NasiorvBreges Ood FRC + 0.263D + 0.1863 - 0.1 2
Heigtt
Basiarv-Breges Heightt BEH + 0.497 + 0. 457 - 0.2557%
Breges Radius BRR + 0.361 + 0. 15 - 0.1938
Vartex Radius VR + 0.8 + 0.9 - 0.1688
Qratisre:
Frotsal SSbreoe> s + 0.5 + 0.0988 + 0.0
Firatal Fraction FRF + 0.3166 + 0. 69 - 0.1780
Saphenic Abtaew STS - 0.aQ072 + 0.27R - 0.1972
Parietal Fraction PRF + 0.07789 + 0.0%0°7 - 0.2895
lLastxin Radius LAR 4+ 0.1130 + 0.2302 - 0.2014
Occipital abtaoe acs + 0.1029 + 0.2387 4+ 0.5
Occipital Fraction OCcF + 0.1330 + 0.299 - 0.0077
Lasbty-(pisthion Ood aoc + 0.259 + 0.3377 - 0.05/%
Breadttv
—Bistayphervic Breafthh ST8 - 0.2765 - 0.9 - 0.1929
Minism OarvislBreafth WD - 0.256 - 0.8 - 0.1982
Maximm oranial breaffh HB - 0.22% - 0.3 - 0.27a3
Biasterianic bre=fth ASB + 0.2988 + 0.187%6 - 0.1141
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Table 21. Total canonical structure for temporal
.association (DOB). Recen secular change in the size and
8hape in the cranial base of Afro- and Euro-American
skeletal series between 1750 and 1970.

Euro—American Rfro-fReserican
Variable Code Females Males pooled gender
L 2
BasioNasion Length BNL + 0.3592 + 0.3569 - 0.2074
Height:
Opisthion Radius OSR + 0.1620 + 0.1342 - 0.2062
Basion Radius BAR + 0.2150 + 0.002S5 - 0.1355
Breadth:
Biauricular Breadth AUB - 0.1803 + 0.1061 - 0.2055
Forasen Magrum:
Length FOL + 0.1164 + 0.3290 - 0.0954
Breadth FOB + 0.0966 + 0.1029 - 0.1193

Mastoid Process:
Length HOH + 0.2309 + 0.3968 - 0.0803
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Table 22. Total canonical structure for temporal
association (DOB). Recent secular change in the size and
shape of the face of Afro- and Euro-American skeletal
series between 1750 and 1970.

Evro-Awer-ican RFro-Awev-ican
Verisble Codo Females Males pooled gerdar
OeptivPro jectiors
Syraorbital Projection 06 - 0.330 - 0.0°09 - 0.13599
Nasion Radius NR + 0.27°24 + 0.3/ - 0.0697
Nasofratal Sbhtores NS + 0. 15 + 0.5 + 0.1409
Osrgov-Scbbey we NG - 0.299 - 0.188 + 0.2972
Daoyon Radias— xR + 0. ™ + 0.3560 - 0.1020
Frotomslae Radius AR + 0.2218 + 0.2477 - 0.187%
Ectacochion Radius BR + 0.3088 + 0.3033 - 0.2188
Agorbditale Radius AR + 0.295 + 0.3457 + 0.1657
Aggpmeci llare Radius aR + 0.2121 + 0.7 - 0.3196
Ml alweolar Radius AR + 0.5 + 0.9 - 0.293°9
Subspinele Radius IR + 0.2164 + 0.2880 - 0.2
Prosthion Radius PRR + 0.168 + 0.2551 - 0.133D
Basiarrfrosthion Lergth 8rL + 0.16895 + 0.2194 - 0.216e2
Heightt:
Nasiavrfrosthion Height NH + 0.199 + 0.25%9 + 0.1010
Brearfiv
—Binggosstic BreathHh 28 - 0.2 - 0.0616 - 0.9197
Bi jugular Bre=th B - 0.1267 - 0.0 + 0.3918
Nasal Breadth NB - 0.2218 + 0.1639 - 0.3135
ExtervelPalatel Breaith B + 0.6 + 0.13% - 0.1085
Bissxi llay Brea®thH Je - 0.27® - 0.2°8 - 0.2100
Frotomssla- Brea®th (2,:] - 0.1781 + 0.5 - 0.273%
Biabital Bre=th (3 <z - 0.Z/9 - 0.01 - 0.3371 .
Interobital Beafth OB - 0. G - 0.2867 - 0.3371
Orbital Breafth ae + 0.3818 + 0.3407 - 0.2613
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Table 23. Total canonical structure for temporal

assoclation (DOB). Recent secular change in the size and
shape of the angular cranial dimensions of Afro- and Euro-
American skeletal series between 1750 and 1970.

Euro-RAmerican Afro-Raerican
Variable Code Females Males pooled nesder
Nasion Angle (Na-Br) NBR + 0.1893 - 0.2350 - 0.059%0
Basion Angle (Na—Pr) (22 2] - 0.0670 - 0.0012 - 0.2679
Zygamaxillary Angle SSA - 0.2664 - 0.2714 - 0.0070
Naso-frontal Angle NFA - 0.2083 - 0.4168 - 0.2429
Dacryal Agle OKRA + 0.2116 + 0.1001 - 0.24680
Sisotic Agle SIR - 0.2489 - 0.1365 - 0.2465
Parietal Angle PAA - 0.2477 - 0.1269 + 0.0901
Bistephanic Angle STR - 0.1446 - 0.3302 + 0.1754
Cranial base Angle CBRA - 0.2262 + 0.0208 - 0.0576
Basion Angle (Na-Br) 88R - 0.1922 - 0.2384 + 0.02208




Returning to Table 20, it is noted that the breadth
dimension of the EBuro-American cranium is characterized by
a narrowing of the vault in females except at asterion
where widening is observed. Little change is observed in
the breadth dimensions for the male cranial series.
The ®most notable change in the individual bones of the
vault is seen in the shape of the frontal bone. Table 20
shows the increase in sagittal curvature and cranial
length. In males, the bistephanic angle reflects a
decrease and shape change in the transverse dimension of
the frontal bone (Table 23).

The cranial base is characterized by an increase in
its 1length in both sexes and by an elongation of the
foramen magnum 1in in the male series. The cranial base
appears most stable in the breadth and depth dimensions.
An increase in mastoid length is observed for both female
and male Euro-American series (Table 22).

Craniofacial temporal changes are most prominent in
the Euro-American series (Table 22). Both females and
males are characterized by a significant increase in the
facial radii resulting in a greater projection of the
face. With the exception of a decrease in supraorbital
projection in females, the increase in facial projection
i8 consistent in upper, middle and lower sections of the

face (Table 22). Height of the face shows little or only
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moderate increase. This increase is slightly greater in

male crania than in female crania. Breadth dimensions of
the face follow the trend observed in the vault. The

secular trend observed in the face is characterized by a
narrower face in all of the external dimension except 1in
the palate (Table 22). An increase in palatal breadth is
contrasted by a prominent decrease in interorbital breadth
and a corresponding increase in orbital breadth. Although
minor, an interesting contrast between female and male
crania is illustrated by a temporal decrease in the nasal
breadth of the female crania and a slight increase in the
male crania.

In the angular variables relating to cranial shape,
changes in the facial configuration are characterized by a
more pointed face. It is more pronounced in males than in
females and 1is characterized by decreases in the naso-
frontal and 2zygomaxillary angles (Table 23). A pointed
frontal illustrated by the bistephanic angle is noted 1in
the male series.

In contrast, the Afro-American series exhibits only
minor changes in shape. A uniform negative temporal trend
indicates a general decrease in cranium size of the Afro-
American series. Where Euro-American crania may
experience a s8light increase in vault 1length, Afro-

American crania are characterized by a corresponding
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decrease. Cranial height exhibits a similar contrast
(Table 20), but in this case there appears to be 1little
difference in the rate of its two segments defined by the
vault and base heights (Table 20 and Table 21). Changes
in vault breadth and curvature are slight in the Afro-
American series and reflect the overall decrease in size.
An exception to this pattern is a relatively greater
decrease 1in the parietal fraction which translates into a
minor change in the upper vault curvature. The
significance of this decrease is not easily explained.

The cranial base of the Afro-American series exhibits
change in the opposite direction of the cranial base
changes noted in the EBuro-American series (Table 21). The
observed shortening and possible narrowing is linof, if at
all significant. No change is seen in mastoid height in
the Afro-American series in contrast to the lengthening of
the mastoid process in the Euro-American series.

Craniofacial changes in the Afro-American series show
a trend towards a shorter and narrower face in contrast to
the 1longer, but also narrower face in the Euro-American
series (Table 23). The face is uniformly shorter. The
relative increase in the projection of dacryon may reflect
some minor changes in the shape of the midfacial

projection of the face. A reduction in the basion angle
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at basion and between prosthion and nasion is a reflection
of the reduced height and shortening of the cranial base.
For the two series of Afro-American and Euro-American
crania examined, two distinct temporal trends can be
identified. On the one hand, the Afro-American series
exhibits a general, temaporally defined reduction in
cranial size with lesser changes in shape. The Euro-
American sample, on the other hand, is characterized by a
noticeable projection and possible increase in height of
the face, a minor increase in cranial 1length and a
prominent increase in height, and a marked decrease in

vault and facial breadth.
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VII. COLLECTION ASSOCIATION

Univariate statistics are listed in Appendix D for
the Hamann-Todd and R. J. Terry cranial series, including
menas and standard deviations by gender and race. The
definitions corresponding to each of the 65 measurements
and 15 angles, referred to in section four are presented

in Appendix B.

The Hamann-Todd and R. J. Terry Skeletal Series

The investigation into the variation among
collections addresses the question of the geographical and
demographic differences between the Hamann-Todd and the
R. J. Terry anatomical collections. Collection
association is assumed in part to define population
differences based on historical or geographical origin.
It is well documented that the anatomical series represent
lower socioeconomic segments of two urban populations
(Cobb 1952; Corruccini 1974; Trotter 1981). Further, it
is thought that recent internal msigration of Afro-
Aneficans from the rural South is represented in the
collections. !urogean immigrants entering the United
States during latter part of the nineteenth century
represent two major periods of immigrations. The earlier
infusion of immigrants was generally representative of

northern and western EBurope, including Britain, éerlany,
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and the Scandinavian countries. On the other hand, the
later group of immigrants included a greater number of
central, eastern and southern Europeans, and more recently
central and southern EBuropeans (Dinnerstein and Reimers
1975). Available census data from Cleveland, Ohio and St.
Louis, Missouri, homes of the two anatomical collections,
suggest a recognizable differentiation in the ethnic
makeup of the two cities. St. Louis, on the one hand, 1is
generally German/British whereas Cleveland is has an added
component of eastern and southern European ethnic groups.
To test the hypothesis that geographical variation
reflects ethnic differences, several MANOVAs were done for
the Afro-American and EBuro-American series. The null
hypothesis of zero canonical correlation is tested for
the interaction of each of the main effects. In Table 24,
the test of interaction between gender and collection
association in the Afro-American sample shows a
nonsignificant correlation for the interaction term with a
Wilks' Lambda of .6593 (F = .9, P = .6862). No
interaction 1is interpreted to mean that differences due
to gender do not vary between qollections. In Table 25,
the Euro-American series show a significant correlation
with the interaction term, indicated by a Wilks' Lambda of
.5333 (F = 1.53, p = .0140). It 1is suggested that

patterns of sexual dimorphism within each collection may,
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Table 24.

MANOVA test for interaction, gender (SEX) and

collection association (CUR) in Afro-American crania of
the Hamann-Todd and R. J. Terry anatomical skeletal

collections, (n = 223).

Squared
Canonical Canonical Standard Eigen Hi lks® F
Model Correlation Correlation Error Value Criterion Ratio PR > F
CQUR=SEX 0.583718 0. 340727 0.044448 0.5168 0.65927296 0.90 0.6862
caum 0.787920 0.620818 0.025507 1.6373 0.37918212 2.89 0.0001
SEX 0.6881204 0.776520 0.015033 3.4747 0.22348012 6.12 0.0001
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Table 25. MANOVA test for interaction, gender (SEX) and
collection association (CUR) in Euro-American crania from
the Hamann-Todd and R. J. Terry anatomical skeletal
.collections, (n = 223).

ed
Canonical Canonical Stardard Eigen Hilks® F
Model Correlation Correlation Error Value Criterion Ratio PR > F

QRwSEX 0.683147 0.54861 0.035956 0.87S51 0.53331032 1.53 0.0140




at least in part, reflect contrasting trends between

collections.

Canonical Discriminant Analysis of
Collection Association

A canonical discriminant analysis , CANDISC, was
performed to explore and illustrate the patterns of
cranial wmorphometric variation due to collection
association suggested by the MANOVAs presented above. A

CANDISC is done separately for the Afro-American and Buro-

American series. Four groups defined by sex and
collection are used in each of the two separate
analyses. Sample sizes for the four Afro-American and

four Buro-American samples from the two collections are
shown in Table 26. An examination of Table 26. shows
minor problems incurred in the sampling of the two
collections. The problem of sampling relates specifically
to the male groups in the Hamann-Todd collection and to
the female Afro-American group of the R. J. Terry
collection. Since canonical discriminant analysis is a
robust technique, the assﬁnption of multivariate normality
of the distribution of each group is assumed reasonable
for the purposes of the present study. However, caution

is urged in the interpretation of the results.

140



14 A°

Table 26. Sample size by ethnic affinity and gender of
crania from the Hamann-Todd and R. J. Terry anatomical
skeletal collections.

Euro-Aeer ican Afro—Reerican
Col lection Sample Size Percent Sample Size Percent Total
Terry males n = 75 33.63 n = 65 29.15 140
Terry females n = S0 22.42 n = 40 17.94 S0
Todd males n = 32 16.59 n = 46 20.63 83
Todd females n = 27.36 n = 72 .28 133
N= 223 -100.00 N = 223 100.00 446




Among-Group Variation - Afro-American Series

The differences among the Afro-American crania of the
Hamann-Todd and R. J. Terry collections is explained by
two axes of variation and reflects a homogeneous pattern
of sexual dimorphism. The first axis is represented by
large 1loadings and probably reflects size variafion and
sexual dimorphism. The second axis defines specific shape
changes in the crania of the Afro-American crania between
collections. These shape changes are unrelated to trends
of sexual dimorphism. The more complex picture exhibited
by the Euro-American sample is characterized by a third
canonical variate. While the two first axes may be
interpreted much the same as in the Afro-American sample,
the third variate adds a complex picture of contrasting
patterns between groups where relative patterns of sexual
dimorphism interact with collection association.

Canonical discriminant scores are used to explore
further the pattern of variation exhibited in the Afro-
American series from the two anatomical collections. Two
canonical axes, significant at the .05 level, are defined
and account for 91.45 % of the total variance due to sex
and geographical location between the groups (Table 27).
Bach renders a morphological interpretation of the among-
group pattern of variation. The first canonical axes

(CAN1) accounts for approximately 65 &% of the total
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Table 27. Canonical discriminant analysis of Afro-
american female and male crania of the Hamann-Todd and R.

J. Terry anatomical skeletal collections, (n =- 223).
Approximate Squared Proportion
Cawonical Standard Cawmnical Eigen of Likel ihood F
Naber Correlation Error Correlation Value Variation Patio Ratio PR > F
1 0.69U586 0.013893 0.793143 3.9343 0.6476  0.05321643 2.9097 0.0001

2 0. 7682590 0.026011 0.612445 1.5803 0.2669 0.25726167 1.7341 0.0001




variance and displays high 1loadings for bizygomatic
breadth (ZYB) and bijugal breadth (JUB). Moderate
loadings are exhibited for cranial length (GOL and NOL),
height (BBH), base length (BNL), face and nasal height
(NPH and NLH), breadth of the midface (FMB, EKB), orbital
and mastoid height (OBB,MDH) and facial depths (NAR, 8SR,
DKR and EKR). These results indicate an apparent sexual
dimorphism in these dimensions (Table 28).

The second axis (CAN2) account for 25.72 % of the
total variance. Moderate positive loadings are noted for
the naso-dacryal and zygomaxillary subtenses (NDS, SSS),
the occipital fraction (OCF) and the zygomaxillare radius
(ZMR). Moderate negative loadings are observed for the
zygomaxillary, naso-dacryal and simotic angles (SSA, NDA
and SIA) (Table 28). The patterns of variation observed
along the second axis characterize specific differences in
shape between the two collections.

The Mahalanobis generalized distances for the four
Afro-American cranial series are presented in Table 29.
along with their associated probabilities (i.ex
probabilities of exceeding the Mahalanobis distance). The
greatest distance (4.6202) is observed between males of
the Hamann-Todd collection and females of the R. J. Terry
series. The next greatest distance is between Hamann-Todd

females and R. J. Terry males (4.5906). There are closer
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Table 28. Total canonical structure for Afro-American
}crania, Hamann-Todd and R. J. Terry anatomical skeletal

«Collections. .

Code CAN1L CAN2 Code CANi CAN2

60L 0.53SS 0.00877 FRC 0.4116 - 0.0563
NOL 0.5179 0.0877 FRS - 0.0216 - 0.089S
BNML 0.5669 - 0.0170 FRF 0.3021 - 0.0123
BBH 0.500S - 0.1084 PRC 0.3918 0.0009
XCB 0.3437 - 0.016S PRS 0.1642 - 0.030806
XFB 0.4206 - 0.1764 PAF 0.3244 0.0S061
WFB 0.301S - 0.056806 (1 L of of 0.028S 0.0671
2V8 0.7038 0.0691 0oCcS - 0.1624 0.111S
AUB 0.4968 - 0.0583 OCF - 0.0366 0.23586
HCB 0.4396 0. 1282 FoL 0.2960 - 0.0360
ASH 0.30601 - 0.00141 FOB 0.2969 0.0287
BPL 0.44790 0.0444 MAR 0.5362 0.020S
MPH 0.536S 0.0309 SSR 0.5269 0.1007
NLH 0.5471 0.1129 PRR 0.46883 0.008S8
JuB 0.6561 - 0.1368 DKR 0.5090 - 0.0393
MLB 0.3393 - 0.04280 Z0R 0.45S07 0.0383
MAB 0.4043 0.0020 FHR 0.4774 0.0867
MAL 0.369S 0.0320 EKR 0.5324 0.1022
MDH 0.5332 0.1098 ZNR 0.4337 0.2011
MO8 0.3771 - 0.04S1 AVR 0.4640 0.0362
OBH - 0.0339 0.0969 BRR 0.40882 - 0.1660
[0]:]:] 0.4624 - 0.10812 VRR 0.4223 - 0.12S7
DKB 0.2972 - 0.0700 LAR 0.2640 0.104S
MDS 0.2760 0.2011 OSR 0.1803 0.0210
HNB - 0.0S29 - 0.0626 BAR 0.1231 0.13914
S1S 0.20714 0.10812 NRR - 0.1008 0.0613
rd,|:] 0.44114 - 0.0966 PRA - 0.0061 - 0.0868
SSS 0.25014 0.2042 BAAR 0.1280 0.02141
FHB 0.53S52 0.0206 NBR - 0.048614 - 0. 1008
MRS 0.250S - 0.00808 BBA - 0.0646 0.0101
EKB 0.5077 - 0.0353 SSA - 0.009S - 0.256S
DKS 0.2303 - 0.05S2 NFR - 0.0099 0.0892
IML 0.351S 0.1222 DKRA - 0.0827 - 0.007S
XHL 0.4613 0.0252 NDR - 0.0582 - 0.2091
HLS 0.2499 - 0.070S SIA - 0.2630 - 0.2219
HHH 0.3S37 - 0.0304 FRA 0.262S 0.0832
SO0S 0.4764 - 0.150614 PAR 0.05?3 0.04S86
GLS 0.4663 0. 1201 0OCA 0.1011 - 0.00614

STB 0. 1600 - 0.1211 STR 0.1701 0.0979
STS - 0.076S - 0.1167 CBRA - 0.032S - 0.1469
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Table 29. Mahalanobis distances between groups of Afro-
American crania. Samples of the Hamann-Todd and R. J.
Terry anatomical skeletal collections.

Terry Terry Todd Todd
Group/Crania males females males females
Terry males = 3.9282 3.0150 4.5906
Terry females 0. 0006 = 4.6202 2.9711
Todd males 0.0467 0.0001 = 4.2042
Todd females 0.0001 0.0001 0.0001 =

¥*Jistance are listed above the diagonal, corresponding
probabilities ( PR > Mahalanobis distance) are listed below.



distances Dbetween males and females of the same
collections with the Hamann-Todd series exhibiting a
distance of 4.2042 between males and females. A distance
of 3.9282 1is indicated between the corresponding gender
groups o0f the R. J. Terry collection. Closest of all
paired comparisons are the respective male and female
comparisons between the two collections. Generalized
distances between the two male groups (3.015) and female
groups (2.9711) are practically identical.

The distances . exhibited in the Afro-American
anatomical series (Hamann-Todd and R. J. Terry) indicate
that groups of the same gender are slightly closer between
collections than groups of opposite gender within each
collection. Most dissimilar are groups of opposite gender
between the two series. In other words, dimorphism within
each series is greater than geographical differences in
samples of same gender between series. The distances are
highly significant between all groups, reflecting the
strength of the pattern of variation between groups for
the variable data set used.

The class means on the first two canonical variates
for the four Afro-American series representing the Hamann-
Todd and R. J. Terry anatomical collections are depicted
in Table 30. Differences between collections are noted

along the first canonical variate. The mere difference in
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Table 30. Class means on canonical variates CAN1 and CAN2
for Afro-American crania of the Hamann--Todd and R. J.
Terry anatomical human skeletal collections.

Group/Crania CANL CrRN2
Terry males 2.1124 - 0.8899
Terry females - 1.3615 - 1.7377
Todd males 1.6507 1.754S5
Todd females - 2.2053 0.6569




class means suggests that Todd collection specimens of
either gender are smaller than their counterparts among
the Terry collection. A graphic illustration of the class
means 1s presented in Figure 36. Females and males are
restricted to the left and right hand sides of the graph,
respectively. Series (or geographical 1location) is
defined on the second axis (CA&Z). Correspondingly,
Hamann-Todd and R. J. Terry crania are separated into the
upper and lower half of the plot.

The results of the Mahalanobis generalized distances
of the Afro-American crania from the anatomical
collections of Hamann-Todd and R. J, Terry indicate that
sexual dimorphism within each series (anatomical
collection) 1is greater than same gender variation
between groups. Comparisons of sexual dimorphism between
series is most dissimilar.

The first canonical axes of the Afro-American
analysis is overwhelmingly one of positive 1loading,
indicating that size variation and not shape is explained.
According to the group means (Appendix D), males are
generally larger than females. Males exhibit 1longer,
higher vaults, 1longer bases, broader bizygomatic region
and midface. The nasal aperture is wider, face height is
larger, and face is more forward. Mastoid processes are

longer. The alternating positive and negative signs for
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1 = R. J. Terry males; 2 = R. J. Terry females; 3 =
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the loadings on the second variate indicate that this axis
reflects differences in cranial shape. The most
distinguishable characteristics are the changes in the
nasal region and are defined by a raised nasal profile and
corresponding decreases in both simotic and naso-dacryal
angles. A second feature 1is exhibited by a deeper
subspinale relative to more projecting malars resulting in
a lesser zygomaxilare angle. After studying the group
means 1in Appendix D, it becomes apparent that the second
variate (CAN2) represents geographical variation in shape,
primarily of the nasal region and the anterior maxillary
region. In this instance, the Hamann-Todd collection
crania display more projecting malars and higher nasal
bridges in comparison to those of the R. J. Terry series.
This 1is reflected particularly in the two naso-dacryal
and zygomaxillary angles, and represents a
significant difference in shape between the two series.
A note of caution about the naso-dacryal angle is
appropriate. The recorded dimensions of the naso-dacryal
complex are extremely variable reflected in inordinately
high standard deviations. Further examination of the
means in Appendix D, indicates that males are consistently
larger than females in both series. In the R. J. Terry
sample, females exhibit depressed occipital regions and

exceed males in occipital subtense. Females also exceed
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males in a number of angular dimensions which indicate
slight shape differences. This is probably due to the
smaller size of females. Among the Hamann-Todd series,
females exceed males in minimum cranial breadth,
bistephanic, frontal and occipital subtense, indicating a
slightly 1less accentuated curvature of the female skull.
The Hamann-Todd females, 1like their Terry counterparts,
exhibit a number of angular dimensions which exceed the
male means. This indicates sexually dimorphic
characteristics of size and shape, most noticeably in the
cranial base. The R. J. Terry male crania are 1longer,
broader and higher compared to the Hamann-Todd male
crania. The cranial base is also longer, broader and
lower (cranially). The bizygomatic region, the 1lower
midface and nasal breadth is wider. A more projecting
nasion 1is contrasted by a deeper subspinale. Vault
curvature is slightly greater in R. J. Terry males with a
more projecting nasion; a raised region og bregma and
vertex relative to the transmeatal axis. The upper
maxillary region of subspinale is receding while malars
are slightly more projecting. Basion is more cranial in
R. J. Terry males, while opisthion is lower.

An explanation for the differences,when comparing
gender between groups and within groups, may be found in

the recent common origin of the two series. Both
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represent urban Afro-American populations of generally
lower socio-economic strata, and both have a faily recent
documented origin in rural southern populations. while
little direct information is available about places of
birth of the 1individuals in the two series, some
documentation does exist to support the theory of common
southern origins. A number of individuals were actually
recorded as having been born in southern states. Large
numbers of rural southern Afro-Americans migrated north
with the industrialization of the large northern cities
(Dinnerstein and Reimers 1975). A large number of Afro-
American migrants from the rural south settled in the
Cleveland area during the first two decades of the

twentieth century (Cobb 1952).

Among-Group Variation - Euro-American Series

The class means and Mahalanobis generalized distances
for the four Euro-American samples from the Terry and
Todd anatomical collections are displayed in Table 31
and Table 32. The patterns of relationship among groups
are consistent with those observed in the Afro-American
samples. Again, comparisons between collections of groups
of the same gender are most similar (males: 3.8385;
females: 3.3324). Comparisons of groups of opposite gender

within each collection display greater distances (Hamann-
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Table 31. Class means on canonical variates CAN1, CAN2
and CAN3 for Euro-American crania of the Hamann-Todd and
R. J. Terry anatomical skeletal collections.

Group/crania CANL CRAN2 CAN3
Terry males 2.6970 - 0.7424 - 0.5621
Terry females - 1.8453 - 1.7000 1.0815
Todd males 1. 4365 2.4297 1.1938

Todd females - 2.6748 0.8324 - 0.9195




SST

Table 32. Mahalanobis distances between groups of Euro-
American crania. Samples of the Hamann-Todd and R. J.
Terry anatomical skeletal collections.:-

Terry Terry Todd Todd
Group/Crania males females males females
Terry males. = 4.9245 3.8385 5.6093
Terry females 0. 0001 = 5.2760 3.3324
Todd males 0.0303 0.0001 = 4.8908
Todd females 0. 0001 0.0001 0.0001 =

¥Jistances are listed above the diaganal, corresponding
probabilities ( PR > Mahalanobis distance) are listed
below.



Todd: 4.8908; R. J. Terry: 4.9245). Most distant are
between collection comparisons of groups of opposite
gender (Hamann-Todd males w/ R. J. Terry females: 5.276;
Hamann-Todd females w/ R. J. Terry males: 5.6093). The
observed relationship between cranial metrics and
collection association 1is highly significant in all
pairwise comparisons at the .03 level of significance.

To illustrate graphically the patterns of
relationship between each sample, class means of two of
the three canonical variates are presented in Figure 37.
Figure 37 1illustrates the separation of gender groups
along the first canonical variate with the smaller females
concentrated on the left hand side and the larger males on
the right hand side of the plot. Collections are
separated along the second axis with the Hamann-Todd
crania assuming the upper portion and R. J. Terry crania
the lower.

In the case of the Euro-American series, three
canonical axes account for the total variance due to sex
and collection association between groups (table 33). All
three axes are significant at the .01 level. The first
axis (CAN1) account for 66 ¥ of the total variance. High
loadings are displayed for bizygomatic (ZYB), bijugal
breadth (JUB) and other midfacial breadth dimensions

(zMB, FMB, EKB). Higher 1loadings are also noted for
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Table 33.

female and male crania of the Hamann-Todd and R. J. Terry

canonical discriminant analysis of Euro-American

anatomical skeletal collections, (n = 223).

Approximate Squared Proportion
Canonical Standard Canonical Eigen of Likelihood F
Correlation Error Correlation Value Variation Ratio Ratio PR > F
0.921255 0.010154 0.848711 5.6099 0.6600 0.02688809 4.1018 0.0001
0.819105 0.022009 0.670932 2.0389 0.2399 0.17772712 2.4488 0.0001
0.678164 0.036249 0.544089 0.851S 0.1002 0.54009297 1.5502 0.0121




maximum length (GOL, NOL), cranial base 1length (BNL),
biauricular breadth (AUB), cranial height (BBH) and upper
facial height (NPH). Nasal height and mastoid length and
breadth all exhibit high loadings. Finally, high loadings
characterize most variables representing facial
forwardness whether it is in the upper (NAR, DKR FMR),
middle (ZOR, EKR, ZMR), or lower regions (PRR, AVR, SSR)
(Table 34).

The second axis characterizing the Euro-American
sample of anatomical collection specimens is defined by
both high positive and negative loadings. Positive high
canonical scores (loadings) are seen on vault breadth,
both in terms of maximum breadth (XCB) and anterior vault
(STB) . The highest single loading is noted for occipital
fraction (OCF). High negative scores are observed for
cranial length (GOL, NOL), orbital breadth (OBB), lambda
radius (LAR) and prosthion angle (PRA). The second axis
account for approximately 24 % of the total variance.

The third canonical axis accounts for 10 & of the
total variance due to gender and collection association.
Three variables define the third axis (Table 34). The
highest positive 1loading is observed for the naso-
dacryal subtense (NDS). Two additional variables,
occipital subtense (OCS) and naso-dacryal angle display

moderate loadings. The former is positive, the latter is
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Table 34. Total canonical structure of Euro-American crania,
Hamann-Todd and R. J. Terry anatomical skeletal collections.

Code CAN1 CANZ2 CAN3 Cade CAN1 CANZ2 CAN3

GOL 0.5711 - 0.2167 0. 1022 FRC 0.4945S - 0.0123 0.0822
NOL 0.5543 - 0.2270 0.1287 FRS 0.0066 0.0511 - 0.0305
BNL 0.6566 - 0.1000 - 0.0077 FRF 0.4961S 0.0604 0.1797¢
BBH 0.5358 - 0.1188 0.0274 PAC 0.4965S - 0.18114 0.0188
XCB 0.3554 0.2641 - 0.0656 PRS 0.3622 - 0.0522 0.0682
XFB 0.4228 0.09140 - 0.0039 PAF 0.2357 - 0.0257 0.04983
HFB 0.3683 0.0367 - 0.0191 occ 0.049496 - 0.1397 0. 1306
Z2vB 0.7611 0.1457 - 0.02914 0cCsS - 0.2892 - 0.0S0S 0.2041
AUB 0.5914 0.045S - 0.048S OCF - 0.2237¢ 0.3012 0.1191
HCB 0.4541 0.0652 - 0.049614 FOL 0.3786 - 0.0857¢ 0.0611
ASB 0.5069 0.0201 0.1830 FOB 0.3903 - 0.1889 0.0873
BPL 0.551S 0.0604 - 0.04978 NAR 0.5815 - 0.0508 0.1137
NPH 0.5762 0.025S 0.0296 SSR 0.6873 0.117¢7¢ - 0.0194
NLH 0.6272 - 0.0S22 0. 1080 PRR 0.6031 0.14968 0.013S
JuB 0.7068 - 0.0302 - 0.00214 DKR 0.5491 - 0.15014 0.04928
NLB 0.2863 - 0.1166 - 0.0619 Z0R 0.5790 0.0041 - 0.0168
HAB 0.397S 0.0866 0.15314 FHR 0.56514 - 0.0572 - 0.0121
HAL , 0.4800 0.10614 0.1626 EKR 0.5962 0.04911 0.051S5
HDH 0.5741 0.0898 - 0.0739 ZHR 0.5167 0.1827 - 0.02914
HDB 0.5228 - 0.0492S 0.0257 AVR 0.6719 0.1047 - 0.0681
OBH 0.1559 - 0.1787 0.0193 BRR 0.453S = 0.0939 0.0037
oBB 0.4356 - 0.2690 0.0049 VEER 0.4659 - 0.14992 0.0901
DKB 0.3103 0.1717 0.0917 LAR 0.2995 - 0.229S5 0.0497¢7
NDS 0.1636 0.1932 0.2816 OSR 0.3349 - 0.14943 - 0.04S3
HNB - 0.0630 0.0090 0.12140 BAR 0.3589 - 0.1038 - 0.00819
S1S 0.1986 0.0001 0.060S NAR 0.0299 0.1917 - 0.1010
ZHB 0.5321 0.1686 - 0.0671 PRA - 0.0966 - 0.2258 0.0349
SSS 0.3516 0.1196 0.0509 BAR 0.0793 0.0316 0.0396
FHB 0.5054 0.0616 0.0071 NBA - 0.0S82 - 0.0976 - 0.0261
NRS 0.1553 - 0.0551 0.1600 BBR - 0.113S 0.0998 0.0779
EKB 0.5022 0.1269 - 0.0189 SSA - 0.1393 - 0.0593 - 0.068S
DKS 0.24908 - 0.0608 - 0.09749 NFR 0.0098 0.0813 - 0.1738
IHL 0.450S 0.0959 0.01S3 DKR - 0.0928 - 0.049140 0.1118
XHL 0.61214 0.082149 - 0.0905 NDR 0.0661 - 0.0727¢ - 0.2078
HLS 0.2996 0.0700 - 0.1088 SIA - 0.2500 0.0099 0.04910
HHH 0.4219 0.0782 - 0.048S FRA 0.2818 - 0.0453 0.1039
S0S 0.49799 - 0.082149 - 0.1781 PARA - 0.1528 - 0.0S26 - 0.068S
GLS 0.51146 - 0.0069 0.11SS OCR 0.3099 0.0839 - 0.11914
STB 0.2397 0.2388 - 0.0028 STA 0.2740 0.0062 0.0029

STS - 0.11862 0.0249 - 0.01014 CBR - 0.2332 0.11192 - 0.0131



negative. Additional variables of moderate positive
loadings are biasterionic breadth (ASB), frontal fraction
(FRF) and extermal palatal length and breadth (MAB, MAL).
Two variables displaying negative 1loadings are nasal
subtense (NAS) and naso-frontal angle.

As 1in the case of the Afro-American analysis, the
first canonical axis 1is generally characterized by
positive loadings and appears to reflect size differences
due to sexual dimorphism (Table 34). Euro-American males
exhibit longer, higher crania with larger, wider and more
projecting faces than females and are generally larger
than their female counterparts in most dimensions. The
mixture of positive and negative loading along the second
axis suggest that size alone does not define this axis
(Table 34). Shape variation is represented by longer and
broader crania. Males exhibit more a depressed posterior
vault associated with a greater occipital curvature as
defined by a smaller Lambda radius and a greater occipital
fraction. Shape variation of the male face is
characterized by narrower orbits and a smaller prosthion
angle. The smaller angle is probably due to the
confounding effect of 1less distinct reductions in the
projection of the nasion and basion radii. These two

dimensions are used to calculate the prosthion angle.
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When reviewing the group means in appendix D in order
to investigate the variation explained along the second
axis, it 1is observed that the second axis defines
variability between collections. In association with the
class means, the second axis separates the two
collections. The R. J. Terry collection is characterized
by 1longer crania with narrower vaults as illustrated by
lesser bistephanic and maximum cranial breadth dimensions.
A more depressed posterior vault, associated with a
greater occipital curvature which is defined by a shorter
Lambda radius and greater occipital fraction is
accentuated in the Todd crania. The facial angle at
prosthion is less in the Todd crania, possibly the result
of a deeper nasion and a higher (cranial) basion. The
change in the prosthion angle and the corresponding nasion
and basion radii probably reflects a steeper facial slope
and a more highly flexed cranial base. The third axis
also appear to be of shape rather than size and is defined
by three variables: naso-dacryal subtense, angle, and
occipital subtense. The variation described on the third
axis 1is particular to an increase in the nasal subtense
relative to dacryon and to a corresponding decrease in the
naso-dacryal angle. This implies a raised or more
superiorly positioned nasal root relative to dacryon which

results in a narrower naso-dacryal profile.
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The third axis, in Table 34, also defines an increase
in the posterior projection of the occipital region.
Other shape variations are exhibited in the size and shape
of the external palate, frontal flatness, and breadth of
the biasterionic region of the vault.

Using the <class means to interpret the variation
indicated by the third axis sugéésts that the 1latter
identifies patterns of variation within each gender
between collections. Relative to the Hamann-Todd females,
the R. J. Terry collection females are generally
characterized by greater vault breadth at asterion,
greater frontal and occipital curvature as defined by the
subtenses of the frontal and occipital bone. Hamann-Todd
females also distinguish themselves from their
counterparts of the R. J. Terry collection by wider naso-
dacryal profiles (a greater NDS, and a smaller NDA). The
Hamann-Todd crania also exhibits a greater NFA. R. J.
Terry collection females are further characterized by
longer and broader palates than their Hamann-Todd
collection counterparts. In males, the reverse pattern of
that presented in the female <crania is demonstrated.
Hamann-Todd male crania display larger and Dbroader
palates, greater frontal and occipital curvatures and a

narrower naso-dacryal profile.
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The third axis again describes group variation
between collections but is particular to differences of
relationship within each gender. In other words, the
third axis describes male and female patterns of variation
between collections, where these patterns contrast in

direction along gender groups.
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VIII. DISCRIMINANT FUNCTIONS

Univariate statistics for the four male and three
female cranial data sets of the calibration sample 1is
listed in Appendix D, including means and standard
deviations by sex and racial or ethnic affiliation. The
corresponding measurement definitions are 1listed in

Appendix B.

The Contemporary Calibration Sample

The final problem of this study is the definition of
an appropriate calibration sample for future forensic
application in the identification of racial or ethnic
affiliation. The application of the preceding findings of
secular trends and geographic variation to the question of
a more appropriate calibration data for the identification
of contemporary forensic cases, can now be addressed.
An examination of the trends observed show general 1linear
patterns, which are relatively uninterupted in positive or
negative directions. It is clear from these finding that
contemporary groups differ significantly from preceding
generations. However, no clear break is apparent between
appropriate samples and less appropriate samples for the
identification of contemporary groups. It appears that an
arbitrary decision based on relative contemporaneity and

considerations regarding sample size may be sufficient.
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The approach taken here 1is to define relative
contemporaneity of a calibration sample to include the
individuals of three adult generations. This is meant to
include all individuals born since 1910 in the calibration
sample. This standard was used for the determination of
eligible specimens of EBuro-American females and males in
the calibration sample. However, due to the smaller
sample size available for Afro-American crania, the cut-
off date was moved back one more decade include all Afro-
American individuals born since 1900. Two additional
series of American Indian and male Hispanic-American
crania were added to expand on the discriminant functions
application. The Hispanic-American groups includes only
individuals born since 1900. However, American Indian
group includes specimens born no earlier than 1750 as well
as a smaller number of contemporary specimens.

The inclusion of a temporal giroup of American Indians
ranging over 200 years admittedly re-opens the debate
concerning recent temporal variation in these crania.
This study does not address this issue as related to
American Indian crania, primarily due to the smaller
sample sizes available and the less accurate method of
aging and determining year of birth. The present sample
represents a wide range groups and tribes from the Plains

area, the Midwest, the South, Southwest and the Northeast.
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All regions are not equally represented in this sample,
and this series does not address all the problems of
geographical representation. In spite of these
shortcomings, it 1is suggested that the present American
Indian series 1is a desirable alternative to other more
temporally distant and geographically homogenous samples
such as the Indian Knoll series which predates the present
sample by approximate 5,000 years and is restricted in its
geographical representation to a small area within the
Southeast.

The demographic profile of the calibration wused in
the derivation of discriminant functions for the
identification of racial or ethnic affiliation is shown in
Table 35. The sample is clearly not balanced but does

reflect reasonable representation of each group.

Craniometric Variation in Contemporary Groups

Craniometric variation of the calibration sample
is explored to elucidate the pattern of among-group
relationships. Four groups of male crania (Afro-American,
Euro-American, American Indian and Hispanic-American) and
three groups of female crania (Afro-American, Euro-
American and American 1Indian) are examined by way of
canonical discriminant analysis to illustrate both the

relationships among groups and to illustrate the main
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Table 35.

Sample size,

mean age,

year of birth and year

of death, by ethnic affinity and gender for crania used in
the calibration of the discriminant functions.

Past 1900 Post 1910 Historicfost 1900 Post. 1900
Afro—Amar ican Euro-fAnerican Arerican Indian Hispr-Rmor-iican
Females Males Famale= Males Famales Males Males

Samwple Size:

Nusbor L 3 D e 4 ° 24
Ago:

Maan 29.9R .36 33.95 37.9 X.63 3.43 34.71

Stadsd deviation 13.72 1S5.71 12.41 13.06 10.28 9.4 14.12

Rerge 1°>-a0 177 1661 1765 1°>-e2 19-63 1°-71
Oate of Birth:

Maan 1922.2%6 1916.31 1940. 79 1939. 2 1863.4 1660.63 1938.99

Stadsd deviation 21.58 15.97 18.56 13.9% 2°.3 33.09 21.63

Rerge 1901-19651 1901190 1911-1967 1911-1963 17631965 18041964 18901966
Oste of Dosth:

Maan 1962. 18 19499.68 1974. 74 1977.11 1996.03 1835.06 1973.69

Stadsd deviation 13.81 23.13 10.06 10.24 S22 34.54 16.39

Rerge 1923-1987 1913-1988 19661998 19G2-19698 160019892 18461962 1320-19896




variables contributing to the separation of groups.
Mahalanobis generalized distances for the three female and
four male groups are illustrated in Table 36 along with
their associated probabilities. All distances are highly
significant in both females and males. The greatest

distances are observed in both sexes among American

Indians and Afro-Americans. American Indian females are
closest to Hispanic-American males. Euro-American males
and females displays the 1least distance. However,

Hispanic-Americans differ significantly from all groups.
Six significant canonical axes are identified. Thes axes
account for the total group variation. Only three of the
canonical variates accounting for 89 % of the group
variation are interpreted here for purposes of
illustration (Table 37). Group means on the three
variates are listed in Table 38. A graphic illustration
of the relationship among groups reflected by the group
means along the first and second canonical variates are
shown in Figure 38.

The first canonical variate (CAN1l) shows no clear
separation of gender. 1Instead it appears to represent
racial variation. The first canonical variate separates
American Indian females and males from Afro-American and
Euro-American groups. Hispanic-American males represent

an overlapping buffer between Euro-American and American
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Table 36. Mahalanobis distances betweend groups among the
calibration sample.

Euro- Afro- American Hispanic
American Ameri1can Indian American
Males Females Males Females Males Females Males
Euro—feerican
Males - 3.9974 S.2473 S5.9246 S.1961 6.4123 5.1288
Females 0.0001 - 6.2402 5.2177 S.7917 5.3688 3.6600
Afro-American
Males 0.0001 0.0 - 3.8229 S.4349 6.5341 6.1303
Females 0.0001 0.0001 0.0001 = 6.0217 S5.7430 S.1371
American Indian
Males 0.0 0.0 0.0 0.0 - 3.6725 S.3660
Females 0.0 0.0 0.0 0.0 0.0001 = 4.7132
Hispanic—American
Males 0.0001 0.0001 0.0001 0. 0001 0.0001 0.0001 -

#¥Distance are listed above the diagonal, corresponding probabilities
C PR > Mahalanobis distance) are listed below.
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Table 37. cCanonical discriminant analys of recent
forensic calibration sample.

Rppraximate Squsod Roproximate
Caronical Stavisd Csronical Likel ihood F
N Corelation Ervor Covelation Eigawalue Proportion Ratio Ratio PR > F
1 0.910505 0.887241 O0.dBa3 0.6823019 0.39%64 0.3 5548 S. 7660 0.0
2 0. BB 0. 067 0.011041 0. D6 0.2978 0.@@Bw29 <4.3839 0.0
3 0.841413 0.807203 0.019200 0. 7FINS 0.197¢7 0.039%694%69 3.013% 0.0
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Table 38. Class means on canonical variates CAN1 and CAN2
and CAN3 for the forensic calibration sample.

Group/crania CAN1 CAN2 CAN3

Euro-RAmerican

Males -2.3437 0. 2468 -2.4553

Females -1.9870 2.3221 0.4248
Rfro—-American

Males -1.3923 -3.7846 0.2538

Females -1.3336 -2.0290 2.7169
RAmerican Indian

Males 2.3283 -0.7745 -1.7266

Females 2.9798 0.8851 0.9850

Hispanic-American
Males -0.5209 1.5201 1.0730
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Figure 38. Plot of recent calibration sample crania along the first

and second canonical variates (CAN2*CANl1l). 1 = Euro-

American males; 2 = Euro-American females; 3 = Afro-
American males; 4 = Afro-American females; 5 = American
Indian males; 6 = American Indian females; 7 = Hispanic-

American males.



Indian crania. The second canonical variate (CAN2) is
more complex and appears to reflect a confounding of race
and sex. Most apparent is the separation of Afro-American
and Euro-American crania along the second axis. However,
males are separate from females within each group, with
females occurring in the upper portion of each group
cluster and males occurring in the lower portion. The
third axis (CAN3) also appears confounded for gender and
racial affiliation. This axis separates sexes even 1less
clearly than is observed in the second axis CAN2.

The total canonical structure is presented for the
first three canonical variates in Table 39 to permit a
morphological interpretation of the individual wvariables
and their contribution to group separation. The first
axis 1is characterized by high loadings on facial and
cranial base breadth dimensions (ZYB, AUB, JUB, ZMB),
clearly separating American Indian crania from all other
groups. The second canonical variate displays high
loading for cranial height (BBH), frontal curvature (FRF)
and facial angles (NAA, PAA), separating Afro-American
crania and gender. The third axis is defined by facial
projection (BPL, PRR), palatal shape (MAB, MAL), orbital
breadth (OBB) and facial breadth (JUB, FMB) . The
contribution of CAN3 to the separation of groups is 1less

distinct, but appears similar to CAN2. In spite of its
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Table 39. Total canonical structure for female and male crania
of the forensic calibration sample.

Code CAN1 CAN2 CAN3 Code CAN1 CAN2 CAN3

GOL ~-0.1656 0.3077 0.4277 FRC -0.0989 0.4174 0.2298
NOL -0.1297 0.2540 0.4186 FRS -0.462149 0.0200 -0.0864
BNL 0.0597 0.49708 0.3729 FRF 0.0742 0.5821 0.1901
BBH -0.3189 0.60496 0.2113 PALC -0.5415 0.0842 0.3397
XCB 0.2058 0.4380 0.2105 PRS ~-0.4625 0.133149 0.1589
XFB -0.1831 0.4751 0.2981 PAF -0.49291 0.1680 0.2593
HFB -0.1162 0.2263 0.3748 ncc -0.2659 0.3090 0.1373
2ve 0.6749 0.3549 0.4566 0CS 0.179°7 0.04972 -0.1302
AUB 0.6451 0.42914 0.2866 OCF =0.2657 0.2572 0.0571
HCB 0.4080 0.1955 0.3877 FOL 0.0162 0.3079 0.2272
ASB -0.1032 0.5036 0.1717 FOB 0.0773 0.4774 0.1312
BPL 0.1702 ~-0.15495 0.5696 NAR 0. 1486 0.3723 0.3539
NPH 0.3347 0.2555 0.4543 SSR 0.3335 0.1518 0.494959
NLH 0.3749 0.49257 0.3282 PRR 0.2568 ~0.1421 0.5490
Jus 0.6087 0.1788 0.5189 DKR 0.1326 0.2682 0.30014
NLB 0.49795 ~-0.1260 0.3937 Z0R 0.2205 0.1971 0.2861
HAB 0.385149 ~0.1773 0.5705 FHR 0.3018 0.3339 0.2786
HAL 0.0966 -0.19049 0.5499 EKR 0.32914 0.2625 0.31926
HOH -0.2901 0.3009 0.5913 ZHR 0.4158 0.1567 0.2930
HOB -0.0351 0.2361 0.4333 AVR 0.3110 ~-0.0590 0.49706
0BH 0.3639 -0.10314 0.0939 BRR -0.3799 0.5226 0.2657
0BB 0.1758 0.3078 0.2781 VRR -0.4527 0.49795 0.2955
DKB 0.0743 -0.2649 0.5039 LAR -0.4557 0.14961 0.4175
NDS -0.0571 0.2520 0.2518 OPR 0.0738 0.49318 0. 1022
HNB -0.0740 -0.0393 0.0655 BAR 0.0265 0.2941 -0.0152
SIS -0.1897 0.49993 0.0199 NAA 0.0628 -0.6303 0.2816
ZHB 0.7843 ~-0.0553 0.3319 PRA -0.24969 0.5681 -0.3393
SSS -0.1902 0.1093 0.2338 BAA 0.2641 0.122149 0.0830
FHB 0.3039 - 0.0833 0.5337 NBR -0.49123 0.2772 ~-0.0993
NRS -0.2691 0.18495 0.2285 BER 0.1719 =0s291 1 -0.0291
EKB 0.4185 0.0305 0.52414 SSA 0.5821 -0.1291 ~-0.0108
DKS -0.3908 0.0357 0. 1673 NFA 0.3915 -0.1671 -0.0503
IHL 0.2056 -0.12114 0.4229 DKR 0.49606 0.0690 -0.0909
XHL 0.194149 0.0220 0.4595 NDR 0.1193 -0.3969 0.0566
HLS 0.1632 -0.1107 0.2749 SIA 0.1470 =-0.4976 0.0021
HHH 0.3926 0.1784 0.1986 FRA 0°.4985 0.2025 0.2002
S0S -0.1230 0.3623 0.43849 PAA 0.2842 -0.1148 ~-0.0058
GLS -0.0480 0.4638 0.4331 ocCA -0.33142 0.0872 0.1857
STB -0.3622 0.3678 0.1502 STRH 0.6010 -0.1718 0.1676

STS -0.6014% 0.2779 -0.0808 CBR 0.1271 -0.1907 0.0935



complexity, the third axis appears to separate Afro-

American crania from the other groups as well as gender.

Stepwise Selection and Discriminant Functions

Identifying group affiliation of crania using
discriminant functions is considered justifiable for the
calibration sample based on the préceding demonstration of
cranial variation among groups. Individual vectors of
measurements representing models of least number of
measurements displaying maximum discriminating ability
among groups are selected by way of stepwise selection.
To be included in the model, a variable must be
significant at 1less than .05. Prior probabilities and
covariance matrices are assumed to be equal for the
purpcoses of the present study.

Four group functions are calculated for males only.
Three group functions for Afro-American, Euro-American and
American Indian are calculated for females and males and
pooled sexes. Two group functions are computed for Afro-
American and Euro-American crania. Two group functions
are also calculated for Euro-American and American Indian
series for females and males and combined sexes. A two
group function is also calculated for Euro-American and
Hispanic-American male crania. The stepwise models for

variable selection are presented in Appendix E, and their
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corresponding discriminant functions are presented in
Appendix F, G, H, I. J and K for a full eigthy variable
data set, a reduced data set without angles, subtenses and
fractions, and a Forensic Data Bank compatible data set.

The three and four group functions are applied by
multiplication of individual measurements and the
corresponding coefficient of the discriminant function. A
constant 1is added to the score, and classification is
determined by the magnitude of the scores. The group
displaying the highest score reflects highest probability
of group membership. For two group functions, individual
measurements are multiplied by the corresponding
coefficients and summed. A constant is added.
Classification 1is determined by whether the score is
positive of negative. Correct classification is 1listed
for each group for all functions.

In Appendix F through K, it is interesting to note
that the better variables for the separation of groups are
frequently not the standard measurements used in past
research. A particularly useful variable is the
bimaxillary breadth (ZMB), often associated with a cranial
height dimension. Note that radii defining the vault
height (VRR, BRR) prevail over total height (BBH) when the
former are included in the data set. A notable absence of

length dimensions is recorded. However, variable
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selection conforms to statements made by previous
investigators regarding the superiority of breadth
dimension in group separation (Howells 1970; Sokal and
Uytterschaut 1987). Due to the 1lack of sufficient
independent test samples, no testing was performed on the
functions presented in Appendix E, other than the
calibration sample. Testing of the present functions is
critical to the evaluation of their efficiency and
appropriate application. This is particularly important
with the American Indian sample, which is largely historic
and is only a "best" alternative to the estimation of
racial or ethnic affiliation of contemporary American
Indians. It is hoped that future investigation will

provide sufficient samples to enable further testing.
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IX. SUMMARY AND CONCLUDING REMARKS

The present study was undertaken to illustrate
craniometric variation in time and space among modern
Afro-American and Euro-American skeletal series. A
temporal study of craniometric changes within several
anatomical series was performed to illustrate the efféct
of secular change within a period of 230 years. A
comparative study of the Hamann-Todd and R. J. Terry
collections was carried out to identify within-group
patterns of ethnic specificity.

A main objective was to define a temporal bias in the
crania of earlier skeletal collections such as Hamann-Todd
and R. J. Terry. This bias serves to illustrate why more
contemporary cranial series would be more desirable in
future medico-legal application of craniometric research
in determining racial or ethnic group affiliation.

Statistically significant temporal changes were
discovered for both Afro-American and Euro-American
groups. A negative secular trend is illustrated for Afro-
American females and males and reflects an overall
decrease in size with only minor evidence of specific
changes in <cranial shape. Afro-American crania display
evidence of a decrease in length, breadth and height.
Changes in the face include a narrowing of the face and a

narrowing of the nasal aperture and orbits. A contrasting
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feature is an increase in bijugal breadth and minor
increases in facial and nasal height. The cranial base is
reduced in both breadth and length dimensions.

Changes in the Euro-American cranium are sexually
dimorphic and require separate analysis of female and male
cranial series. Euro-American male crania are getting
larger with an increase in height, a longer base, 1longer
mastoid processes, orbital and nasal breadth and a slight
increase in upper facial height. This is contrasted by a
slight decrease in vault breadth and interorbital breadth.

The Euro-American female cranium is characterized by
more distinctive changes including a prominent increase in
height and a noticeable decrease in vault breadth. Female
changes in vault effect do not affect biasterionic breadth
in the 1lower part of the vault. The increase in vault
height is largely a reflection of changes in the superior
segment of the cranial height characterized by vertex and
bregma radii. In contrast, 1little change is observed in
the basion radius. The female Euro-American crania
exhibit a reduction of orbital and nasal breadth in
contrast to the trend observed in males. The female face
is also more pointed.

While temporal trends occur in both Afro-American and
Euro-American groups, they follow different directions.

The causes of these trends have not been addressed in the
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present study and is clearly a complex issue. While
numerous theories have been proposed to explain secular or
temporal cranial change, there does not appear to be a
clear explanation of the phenomenon. The three major
structures of the cranium for which secular changes were
observed include the base, the vault and the face. of
these, the cranial base is by far the most stable single
structure, followed by the vault and then the face.
Ontogenetically, the stability of the cranial base over
the vault and face is fully expected. The delayed
maturation of the vault and face relative to the Dbase
renders the two former more susceptible to environmental
stress or influence during childhood. The face 1is even
susceptible into adolescence.

Yet, despite its demonstrated stability, the cranial
base may reflect some changes as in the timing of the
fusion of the three segments of the sphenoid process.
Changes in timing may affect the length of the cranial
base, which in turn influences the shape or curvature of
the vault (Michejda 1972; Taylor and DiBennardo 1980).

Under these circumstances, what would cause changes in
the growth of the cranial base? Changes in nutrition or in
hormone secretion which may affect fetal development have
been proposed as a possible cause (Tanner 1972). Genetic

influences may also help explain temporal variation. Such
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genetically influenced changes would be more micro-
evolutionary in nature. The cranium is considered to be
under strong genetic control (DuBrul and Laskin 1961),
despite its plasticity. Accordingly, it may be that
temporal trends are indeed genetically determined rather
than environmental. Is it possible that increasing
heterogeneity among groups may explain temporal changes?

The contrasting directions of the trends between Afro-
and Euro-American crania are not easily explained as due
to admixture or increased heterogeneity. On the contrary,
changes appear to work in opposite directions in the two
groups compared, making the heterogeneous.

A possible explanation of the phenomenon observed in
the Afro-American crania may be reflect either genetic
and/or nutritional influences. As stated in the
presentation of the Afro-American series in section three,
the early nineteenth century sample may have been better
off socio-economically, and therefore healthier than the
later Afro-American series from the Hamann-Todd and R. J.
Terry collections. Could it be that increased
urbanization played a role in the decrease in size in the
Afro-American skull because of poorer socioeconomic
conditions? However, this 1is contrary to suggestions by

other researchers, of poor health and hygeine suggested to
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be common to early nineteenth century Afro-Americans
(Angel 1982).

Finally, 1is there any evidence of selection toward a
larger physical size during the late eighteenth and early
nineteenth centuries which was followed by a relaxation of
the selective pressure resulting in a decrease in Afro-
American skull size? This and other questions cannot be
answered at the present time.

In case of the Euro-American crania it may be possible
to explain, at least in part, the observed variability.
As demonstrated among the Hamann-Todd and R. J. Terry
collections, there does seem to be an ethnic basis for the
observed differences between the two series. The majority
of the Euro-American series used in the present study is
probably more representative of recent immigrants to the
United states than it is of the so-called "0ld American"
group (Hrdlicka 1925). Accordingly, the variation
observed in Hamann-Todd and R. J. Terry along with the
temporal trends observed may be used to suggest that there
is some confounding of ethnic variation and secular trends
in the findings of the present study. Accordingly,
contemporary forensic cases which represent the most
recent group in the temporal analysis, would be most

distant from the immigrant parents and grandparents.
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How does age and cranial age changes influence the
determination of secular trends? It may be arqgued that
age effects can obscure the reality of a potential secular
trend (Hertzog et al 1969). Due to the confounding of the
two effects with 1little indication of the individual
contribution of either, it would be preferable to
eliminate the age factor prior to further analysis of a
secular trend. Unfortunately, the sample used here is
composed of a cross sectional series representing several
cohorts and does not lend itself to factofing out of age.
However, it is estimated from the direction of the known
trend of age change and from the observed pattern of the
secular trend that the overall effect of the confounding
of the two effects may represent little more than a minor
masking of a negative trend or perhaps a slight
exaggeration of a positive secular effect.

There is no <clear explanation of the phenomena
observed in terms of the secular or temporal trend. The
differences characterized between the Hamann-Todd and R.
I Terry collections may ascribe 1largely to ethnic
variation between the two cities and may render these two
collections 1less appropriate for research concerning the
contemporary U.S. population in forensic identification.

Having demonstrated temporal and group variation, an

alternative calibration sample of crania of contgmporary
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U. S. females and males was composed for the calculation
of discriminant functions for application in the
identification of racial or ethnic affiliation in forensic
anthropology. A unique contribution of two, three and
four group discriminant functions were devised for the
specific purpose of forensic applications. This was done
to fulfill the need for additional research tools in
forensic investigation and to provide an aid to the
criminal justice program. It is meant to offer a better
selection of available and appropriate measures for the
craniometric analysis of race.

In conclusion, I have successfully demonstrated a
significant secular effect in cranial variation among
recent Afro- and Euro-American populations in North
America. In addition, I have pointed out a particular
ethnic specificity regarding the cranial variation between
the Hamann-Todd and the R. J. Terry skeletal collections.
I conclude that these and probably other older anatomical
collections maintained across the United States do not
accurately reflect the contemporary U.S. population. From
this it is further concluded that application of these
series are 1less appropriate in terms of forensic
applications, such as the determination of racial or
ethnic affiliation from craniometric data. Finally, I

offer an alternative calibration sample and discriminant
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functions for racial identification. It 1is recognized
without further say that this sample it not without its
problems, but I would argue that it reflects a relatively
contemporary sample of the U.S. population. It also
provides an alternative set of discriminant functions
which complement previously published data using segments
of the present data base. It is realized that continued
research in the area of metric identification is important
and that many areas have been left unexplored here. It is
hoped that the present study will provide a stepping stone
for further research in the area of skeletal biology,

craniometrics and forensic anthropology.
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