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Abstract

The problems of determining the relationships of archeologically-derived human
skeletal populations are discussed. Multivariate analysis is examined in terms of its

statistical basis, its value as a tool in studies of human skeletal populations, and its

development and history of application in anthropology. The specific technique of

multiple-discriminant analysis and its application to problems of microevolutionary

change is discusssed.

One problem in studies of populations based on archeological sites

is delimiting the population's boundaries. This may be done on the basis

of grouping skeletal materials according to association with particular

assemblages of artifactual materials. If different populations resemble

one another in a number of diagnostic characteristics, they may be com-

bined into larger groupings. Temporal boundaries are established with

the aid of analysis of differences found in cultural materials at different

stratigraphic levels, and from the dating of specific periods in the overall

complex. Both temporal and spatial delimitation provide the framework
for the establishment of relationships of the population. The remains of

a specific culture are assumed to constitute an intrabreeding population

which may be characterized by a cluster of characteristics and form a

recognizeable stabilized entity, whose pattern of variation is known. Only

after analyzing the physical characteristics of the available remains and
comparing the results with other delimitable populations can particular

samples be identified as having a certain likelihood of relationship with

a particular archeological population or well-defined tribal grouping. Since

one purpose of many studies is the selection, identification, and evaluation

of traits having diagnostic phyletic significance for the samples involved,

attention must be given to the selection of traits that have historic mean-

ing at a particular level of differentiation. The premise is that these traits,

and functional combinations of them, will best reflect the genetic con-

tinuity of the populations in accord with other evidence. Once traits have

been identified, the populations may be compared to a number of other

series. It should be emphasized that combinations of traits rather than

individual traits, whether continuous or discontinuous in nature, serve

to delimit and identify a group.

Of the characteristics which can be studied in prehistoric bone

material, little is known of the specific genetic factors involved. Despite

this limitation, in almost every case nothing else remains of the biology

of early man, and as much reliable and useful information as possible must

be obtained. It is apparent from the nature of the patterns of distribution

of the values of the measurements and observations that these traits are

polygenic in nature. Although the genetic and environmental components
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are not presently quantifiable, this variation is in no way detrimental

to the use of these traits for comparative purposes; it is rather the nature

of varietal groupings to exhibit a degree of overlapping in their character-

istics, and the statistical methods employed in descriptive and inductive

presentations in general make use of, assess, and in fact require this varia-

tion for their proper application. Indicial traits, demonstrating an absolute

relationship of proportion between two measurements, may be employed

along with measurements and observations. Change on a varietal level

may occur in the form of an overall reduction or increase in gross size,

with the form of the cranial proportions remaining constant. This has

been demonstrated for Amerind varietal groups (1), and may reveal

relationships that are not obvious from measurements alone.

In an analysis that deals with relationships and similarities of human
skeletal populations it is appropriate to use a tool such as multivariate

analysis, which considers the total physical variation present, and assesses

the relative contributions of each variable in distinguishing between

groups. A condition which must be met for such an analysis is that the

same kinds of data be collected for all individuals of all groups under

consideration. Assumptions which must be made are that the various

samples have a multivariate-normal distribution, a common dispersion

matrix, and a linear correlation between variables. A multivariate analysis

is characterized by its consideration of a number of characteristics simul-

taneously in assessing the relationships or discriminating traits between

two-or-more groups or sample series. The important distinction of this

statistical approach is that the totality of biological variables are con-

sidered in combination, as systems. The interrelationship of all the

morphological characteristics of the individual and the relative signifi-

cance of each variable is considered. The significance for evolutionary

change of individual traits can only be assessed in terms of their relation-

ships to other traits. All biological characteristics interact. A bone or a

tooth or a skull is a unit, and should be dealt with as such rather than

as an assembly of individual traits. Bronowski and Long (4) said that

the correct statistical method for the study of discrimination in anthro-

pology must treat the set of variables as a single coherent matrix, a

capsule summary of the multiple-discriminant technique. The individual

is preserved as a vector of all his characteristics, taken together with all

they convey as to size and shape by both absolute magnitude and by

covariation. The relative contribution of each variable in discriminating

between groups is assessed, and "weights" are assigned accordingly.

Therefore, only what is really significant in the particular comparison

is utilized, and exactly which variables are important and in what magni-

tude is brought out by the technique. The technique deals with the possi-

bility of a particular variable, which in itself is not a good discriminator

between groups, emerging as highly valuable when taken in combination

with other variables.

The amount of calculation involved in this type of analysis has severely

limited its use of anthropology until recently; a computer is a necessity.

Pearson's "coefficient of racial likeness" or C2 was one of the earliest

statistics to utilize multiple measurements, and was a test of the statistical
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significance of difference between populations rather than a true measure
of biological distance. This statistic was later revised to be a measure of

biological distance, and to handle intercorrelations. Mahalanobis (9)

developed a still useful statistic referred to as D 2
, or the generalized

distance statistic. The D 2 procedure measures the extent and direction

of morphological separation between groups, and makes possible an
analysis of relationships between continuous variables, discounting the

correlation existing between them. Fisher (7) considered D2 as the best

available statistic for estimating biological similarities and differences

between groups. In 1936, the concept of discriminant function analysis

was introduced by Fisher, a new method of testing significance for

multiple measurements. A procedure was devised for estimating test

weights in such a way that a linear combination of the weighted scores

(called discriminant function coefficients) would provide a maximum
discrimination between groups of individuals. The compounded measure-

ments maximize the variation between groups, relative to the variation

within groups. The use of multiple-discriminant analysis in anthropo-

logical research is only now becoming common, and is not as yet

widespread. With the increasing availability of computer facilities the

calculation necessary for its application will become less of a problem.

A number of investigators have employed it in research of an anthropo-

logical nature (3,8,10). Fortran computer programs for multiple-

discriminant analysis are available (5,6). Dixon's BMD 04M program
computes means of the variables for each group and the mean difference,

variance-covariance matrix, inverse of the variance-covariance matrix,

discriminant function coefficients, Mahalanobis' D 2 and associated F sta-

tistics, and the discriminant scores for the groups with their means, vari-

ances, and standard deviations. Scaled vector values to show the relative

contributions of the variables to each function may be obtained from

the Fortran V program Multivariate Discriminant Analysis (2). Scaled

vector values are discriminant function coefficients computed after

standardization of variables, and give an accurate picture of the relative

contributions of the particular measurements or indices contributing to

discrimination. In applications of the method to hybridization or classifica-

tory studies, a high scaled vector value indicates a major contribution

to group separation, or a low relative similarity between groups for the

particular variable. A low scaled vector value indicates that the variable

does not contribute greatly to group separation, and is a biological feature

which has not changed between, for example, a hypothetical ancestral

population and a hybridized descendant group. A "morphological score"

is computed for each individual hybrid skull on the basis of the discrimi-

nant function coefficients obtained from the comparison with potential

ancestral or contributor series. The biological position of each individual

is assessed, in addition to the relationships between the series considered

as units. The relative contributions of each series, with respect to each

variable used, is obtained. In classificatory studies, the position of each

individual may be assessed and the specific factors accounting for this

position identified. An initial set of variables may be reduced to a smaller

number of variables for further studies, and the overall direction of

morphological trends in the samples obtained.
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Since in a multivariate analysis it is possible to treat a skull as a unit,

rather than as a series of single traits, and to compare these traits in

population terms, inter-related measurements likely to bring out aspects

of size and shape characterizing populations should perhaps be the goal

in mind. Characteristics which would be useful in characterizing popula-

tions may be identified which are not at all those which have been

traditionally used in univariate skeletal comparisons. In this regard,

there is much need for continued experimentation.
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