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ABSTRACT 

The primary objective of this study is to test the validity of 

one of the currently popular archaeological interpretations regarding 

the distribution of prehistoric Mississippian cultural remains through

out the Southeastern United States. One interpretation suggests that, 

on the basis of the archaeological evidence, the distribution of Mis

sissippian culture was the result of a single biological population 

that had migrated from the major ceremonial center of Cahokia, Illinois. 

Skeletal remains recovered from geographically diverse Mississippian 

groups are examined to ascertain whether or not they could be considered 

as samples obtained from a single biological population. 

In order to summarize briefly the current state of knowledge 

and to outline the general approach (or model) to be followed in this 

study, a detailed review of a considerable portion of the literature 

pertaining to the variety of osteological studies is presented. In

cluded in this review are brief discussions of the history of the de

velopment of osteology, some of the aims and goals of osteological 

analyses, as well as the theoretical and methodological approaches 

that have been applied to the study of human skeletal remains. 

To provide the necessary archaeological background and perspec

tive, a detailed discussion of the literature concerning the Mississip

pian phenomenon is reviewed. In addition, in-depth discussions of the 

archaeological context from which each of the six skeletal samples 

xii 
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analyzed in this study were obtained are presented. The skeletal sam

ples chosen for analysis include those from the Kane Burial Mounds and 

Dickson Mounds sites in Illinois; the Hazel, Vernon Paul, and Upper 

Nodena sites in Northeastern Arkansas; and the Irene Mound site on the 

coastal plain of Georgia. Data were collected by this author for the 

skeletal samples from the Kane, Hazel, Vernon Paul, and Upper Nodena 

sites, whereas published sources provided data for the Dickson and 

Irene samples. 

The four previously unreported skeletal collections were rigor

ously examined in order to determine the statistical and biological 

nature of these samples. The preliminary analyses of these samples 

focused attention upon the types and quantities of data available for 

analysis, the biases that were introduced in the recovery of these 

skeletons, as well as the basic techniques and controls employed in 

recording the various data categories. The results of the preliminary 

analyses for all six skeletal samples, in the form of basic descriptive 

summaries (age and sex distributions, descriptive statistics for metric 

variables, and types and frequencies of discrete variables), are dis

cussed in the text and presented in the accompanying appendices. 

In order to test the primary hypothesis that the six geographi

cally diverse skeletal samples were obtained from a single biological 

population, five separate but interrelated subsidiary hypotheses were 

tested employing both Univariate and Multivariate Approaches with 

polygenic (metric) data and single gene (discrete) data whenever pos

sible. Based upon three "types" of distance measures (F and t-tests, 



xiv 

2 2 
Mahalanobis1 D , and 0 ) between the sexes and among the six sites, I 

was unable to support or confirm the hypothesis that the six skeletal 

samples could have been obtained from a single biological population. 

The biological data, then, fails to support the archaeological inter

pretation that Mississippian culture was the product of a single popu

lation that migrated to various regions throughout the Southeast during 

late prehistoric times. 



INTRODUCTION 

Prehistoric peoples have long been the object of considerable 

popular interest as well as intense scientific inquiry. Major portions 

of the scientific study have, ostensibly, been devoted to answering such 

basic questions as: What are the origins of the various prehistoric 

populations? What are the biological and cultural characteristics of 

each population? What was the environmental milieu in which a particu

lar population existed? To what extent and in what direction(s) did 

these populations subsequently move? And, what were the factors that 

contributed to a particular population's demise or continued existence? 

In light of the magnitude of these questions and because of the absence 

of a comprehensive theoretical model, both archaeologists and physical 

anthropologists have focused their attention upon more specific, re

stricted questions. As a consequence of focusing attention upon narrow, 

restricted topics, there have been few attempts and minimal progress 

towards developing a comprehensive model that would allow for the inte

gration and synthesis of widely diverse empirical facts into an ex

planatory whole. Until anthropologists develop more sophisticated 

integrative models for explaining osteological phenomena, skeletal 

studies are destined to remain as basically esoteric appendices to 

archaeological site reports. 

1 
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It is the purpose of this study to broaden the scope of inquiry 

in an attempt to provide at least partial answers to some of the general 

questions previously posed. No attempt will be made, at this time, to 

present in final version a highly formalized model. Instead, a gener

alized populational model or approach that includes some aspects of 

paleodemographic and microevolutionary analyses will be employed in an 

attempt to ascertain what is the biological nature of the Mississippian 

"population" as reflected in the skeletal remains recovered from the 

Southeastern United States. Skeletal data from three Northeastern 

Arkansas sites and from the Cahokia area in Illinois will be examined 

in detail. These skeletal data as well as published summary information 

from the Dickson Mounds (Central Illinois River Valley) and Irene Mound 

site (Coastal Georgia) will be employed to "test" the validity of one 

of the several current archaeological explanations concerning the ori

gins and development of prehistoric Mississippian culture. As is often 

the case, archaeological interpretations of Mississippian culture are 

based primarily, if not solely, upon material cultural remains and do 

not include a biological perspective. 

One of the most important sources of primary data for answering 

the aforementioned questions is the archaeologically derived skeletal 

material. Being of a more or less durable nature, depending upon a 

number of variables, human skeletal remains comprise a very plentiful 

portion of the material recovered from archaeological excavations. The 

nature of these data, even though often fragmentary, makes them emi

nently suited for study by the researcher who is interested in human 
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variation and its sources. The temporal and spatial dimensions that are 

represented by the archaeological record allow the physical anthropolo

gist to observe phenomena and processes which occurred over long periods 

of time (centuries or even millenia). These long-term phenomena and 

processes are impossible to duplicate or observe among extant groups. 

Thus skeletal populations, in addition to satisfying our curiosity 

about prehistoric peoples, provide a natural laboratory of sorts for 

the study of human biological systems and their interaction with the 

social-cultural and environmental systems. 

If viewed from an historical perspective, the year 1856 provides 

a convenient reference point for tracing the early development of oste

ology as one of the major cornerstones of physical anthropology. With 

the discovery of the skeletal remains of "Neanderthal Man" by workmen 

in 1856 and the subsequent reports by Fuhlrott (1857) and Schaaffhausen 

(1857), a major controversy developed over the significance of the find. 

At issue in this controversy was whether the skeleton represented a 

pathological modern individual (Blake, 1864; Davis, 1865; and Virchow, 

1872) or the remains of an earlier fossil form of man (Schaaffhausen, 

1857). As a direct result of this controversy, anatomists, paleontolo-

'gists, and physical anthropologists sought to substantiate the evolu

tionists' claim for the antiquity of man (Darwin, 1872). By 1900, 

numerous other "fossil man" discoveries had been made—including several 

in the New World. Among the New World finds of purported antiquity were 

such controversial finds as the Lagoa Santa Cave (Lund, 1842), the 

Natchez pelvis (Dickeson, 1846), Trenton Man (Abbott, 1876), the 
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Calaveras skull (Whitney, 1879), and others. And slowly, the idea that 

man had a long, though ill-defined evolutionary history was being 

accepted in the scientific world. The search for "missing links" con

tinued at an accelerated rate well into the twentieth century in various 

parts of the world, including the Western Hemisphere. 

In spite of Ales Hrdlicka's resolute denials that "early man" 

lived in the Americas (Hrdlicka, 1907, 1923, 1937, 1942), the search for 

"fossil man" or at least "Pleistocene Man" continued in earnest through

out the New World. This search, in conjunction with a flurry of archae

ological activity that sought to explain the origins and development of 

American Indian cultures, produced large collections of prehistoric 

skeletal materials which could be described in minute detail and com

pared with those from other parts of the world. 

This very cursory review of one aspect of the early development 

of osteological studies will, perhaps, serve to illustrate one of the 

motivating forces that has resulted in the accumulation of a large body 

of literature over the past century. Based upon a fairly intensive 

survey of this literature, I estimate that there are in excess of 6,000 

primary sources for, what I would call, purely descriptive osteological 

reports. Generally speaking, these studies can arbitrarily be grouped 

into a number of loosely defined categories. Included among these cate

gories of descriptive studies are those which have as their primary 

emphasis: (1) osteological features; (2) structural-functional rela

tionships or "behavior scars"; (3) "osteobiographies" of individual 
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skeletons; (4) summaries of skeletal "populations"; and (5) criteria 

for ascertaining such variables as age at death, sex, racial affili

ation, and the diagnoses of nutritional status and/or pathology. 

Early workers recognized the need to document the amount of 

osteological variation present in the human species in order to provide 

reference points for making comparisons among contemporary races as well 

as those separated through time. Thus, descriptive anatomical feature 

studies were among the first to receive the added stimulus of the "Nean

derthal Man" controversy. The publication of Leidy (1888), Russell 

(1900), Le Double (1903 and 1906), Sullivan (1922), Oetteking (1930), 

Wood-Jones (1931, 1933, and 1934), Krogman (1932), and Akabori (1933) 

comprise the major portion of the comprehensive osteological feature 

studies. Numerous other workers have reported upon the investigation 

of one or, perhaps, several features in any given publication. Table 1 

provides a representative sample of the scattered literature on indi

vidual osteological features. 

In addition to discrete observable features, many workers sought 

to describe aspects of skeletal morphology in terms of size, shape, 

and/or volume. In attempting to be objective and precise in expressing 

size and shape variation, numerous anatomical landmarks and indices have 

been defined. As early as 1876, Broca defined the orbital index to ex

press variation in the size and shape of the eye orbit. The biometric 

approach, at the descriptive level, appeared to reach its peak of popu

larity during the 1920s and thereafter declined. Much of this very 

early literature has been reviewed and summarized rather completely in 



TABLE 1 

A PARTIAL LISTING OF THE LITERATURE REPORTING UPON OSTEOLOGICAL FEATURES 

Type of Feature Investigator and Publication Date 

Ossicles 
"wormian" bones Dorsey (1897) , Hess (1946) 
Os Inca 
Os Japonicum 
epiteric 

Foramina 
emissary 
mental 
optic 
infraorbital 
pterygospinous 

Sutures 
metopic 
tempro-frontal 
pterion 

Canals 
general 
hypoglossal 

Processes 
styloid 

Rivero and Tschudy (1853), Matthews (1889) 
Smith and Wood-Jones (1910) 
Montagu (1933) , Murphy (1956) 

Boyd (1930) 
Simonton (1923), Risenfeld (1956) 
Keyes (1935) 
Risenfeld (1956) 
Chouke (1946) 

Bolk (1917), Hess (1945), Woo (1949) 
Collins (1926) 
Collins (1930) 

Dixon (1904) 
Lillie (1917) 

Guthrie (1924) 

Tori 
palatine 
mandibular 

Fossae 
Allen 
pharyngea 
glenoid 

Tubercles 
precondylar 

Dorrance (1929) , Matthews (1933) 
Matthews (1933), Johnson, Gorlin and Anderson (1965) 

Meyer (1924, 1934) 
Sullivan (1920), Collins (1927) 
Sullivan (1917) 

Marshall (1955), Broman (1957) 

Condyles 
mandibular Hrdlicka (1941) 
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the reports of the Anthropometric Conferences at Monaco (Papillault, 

1906) and Geneva (Duckworth, 1912) as well as in the works of Hrdlicka 

(1920a), Wilder (1920), Stewart (1936), Montagu (1960), Anderson (1962), 

Brothwell (1965), Olivier (1969), and Bass (1971). 

As early workers began to examine larger and larger collections 

of skeletal materials from diverse groups of prehistoric peoples, they 

observed differences in the structure and morphology of various parts 

of the skeleton which could not be attributed to strictly biological 

causes. These differences in detail were, instead, the result of cul

turally influenced behavioral activities either of a prolonged, repeated 

nature or the result of a single event (trauma). Studies were conducted 

to discover the cause-effect relationships between the activities and 

the observed osteological manifestations. Other studies focused upon 

the geographical and temporal distributions of such behavior scars. 

Again, a representative sample of this literature can be found in 

Table 2. 

"Osteobiographies" of individuals, or the reconstruction of the 

various biological events and environmental stresses (disease, trauma, 

malnutrition, deformity, etc.) that are reflected in the human skeleton 

provide yet another category of descriptive osteological studies. At

tention is again focused upon the abnormal, unique, or atypical skele

tons. But in this case, the approach tends to be more holistic. The 

discovery of such skeletons seemed to arouse the curiosity of the early 

workers. As early as 1858, Leidy reported upon the skeleton of an un

usual child which he diagnosed as a case of acephalia. Since that time, 
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TABLE 2 

A PARTIAL LISTING OF THE LITERATURE REPORTING UPON BEHAVIOR SCARS 

Type of Behavior Scar Investigator and Publication Date 

Surgical Practices 
trephining 

amputation 

Hrdlicka (1897), Muniz and McGee (1897) , 
Bandelier (1904), Cosgrove (1929) , 
Daland (1935), Powell (1970) 

Stewart (1937a), Brothwell and M^ller-
Christensen (1963), Aldred (1964) 

Scalping Neumann (1940), Nadean (1941), Hamperl and 
Laughlin (1959), Hamperl (1967) 

Cranial Deformation Hrdlicka (1923), Stewart (1937b, 1941a), 
Imbelloni and Dembo (1938), Neumann (1942), 
Moss (1958), Carlson and Armelagos (1965) 

Wounds Wilson (1901), Ravines (1967) 

"Atlatl Elbow" Benfer and McKern (1966), Glanville (1967), 
Ortner (1968) 

Dental Anomalies 
unusual features 

wear patterns 

Hrdlicka (1920b), Sullivan (1922) 

Ubelaker, Phenice, and Bass (1969), Turner and 
Cadien (1969), Molnar (1970) 

tooth mutilations Saville (1913), Jackson (1914), Borbolla 
(1940), Stewart (1941b), Fastlicht (1948), 
Holder and Stewart (1958) 



numerous other reports have been published—including Hrdlicka's 

description of an anomalous skeleton from Mexico (1899), Parker's 

discussion of rheumatoid arthritis in Lansing Man (1904), Derry's 

diagnosis of hydrocephalia (1913), Eiseley and Asling's report of a 

case of scaphocephalia (1944), Brothwell, Sandison, and Gray's report 

on the Guanche mummy with anthracosis (1969), Soriano's diagnosis of 

Periostitis deformans (fluorine poisoning) in the femur of Pithecan

thropus erectus (1970), Saul's accounts of the nutritional status of 

the individuals from Altar de Sacrificios (1972), and Hall's report 

upon the old woman from China (1974). 

Anthropologists, from the earliest beginnings of the discipline, 

appear to have felt a strong sense of responsibility or obligation to 

"science" to publish their data, at least, in a summary form. And, as 

more and more skeletal materials accumulated in museums around the coun

try, summary descriptions of the morphology of various skeletal popula

tions appeared in the literature. Frequently, these descriptive reports 

have been included as sections, chapters, or appendices to archaeo

logical site reports or published separately but in conjunction with 

archaeological site reports. The anthropological literature abounds 

with such site reports and summary skeletal reports that have been 

published to fulfill some type of salvage contract or institutional 

annual report. Fortunately, it is beyond the scope of this paper to 

review all of the literature comprising the category defined by this 

author as "summaries of skeletal populations." A very brief survey of 

this literature includes Hrdlicka's 1908 and 1909 reports on crania 



from Arkansas and Louisiana; Hooton's 1920 report on the village and 

cemetery site near Madisonville, Ohio; MacCurdy's 1923 report on the 

skeletal materials from the highlands of Peru; Hooton's 1930 classic 

report on The Indians of Pecos Pueblo; Wakefield, Dellinger, and Camp's 

1937 study of the mound builders of eastern Arkansas; Hulse's 1941 

report on the skeletal remains from the Irene Mound site; Newman and 

Snow's 1942 report on the skeletal materials from the Pickwick Basin; 

Bass' 1964 report on the prehistoric Plains Indians; Robbins and 

Neumann's 1972 report on the Ohio Valley Fort Ancient skeletal remains; 

and, finally, Buikstra and Goldstein's 1973 report on the remains from 

a crematory located in the Lower Illinois River Valley. 

The final category of principally descriptive osteological 

studies includes the myriad of "how to" reports. Methodological ap

proaches as well as field and laboratory techniques for deriving the 

maximal amount of information from osteological materials were from 

the very beginning, considered to be essential for defining, organizing, 

and standardizing the description of skeletal data. As a consequence, 

the literature is replete with methodological studies, ranging from 

how to age individuals from dental eruption patterns (Saunders, 1837) to 

the neutron activation analyses of trace elements in skeletons for diag

nosing skeletal pathologies (Robbins, 1974). Various osteology manuals 

(Montagu, 1960; Krogman, 1962; Anderson, 1962; Brothwell, 1965; and 

Bass, 1971) provide fairly comprehensive and detailed discussions of 

such topics as preservation, reconstruction, ageing, sexing, ascer

taining racial affiliation, and the diagnoses of pathologies and health 



status. In addition, literally thousands of individual studies can be 

found in the literature. A sampling of the variety of these individual 

reports can be found in Table 3. 

One methodological approach that has not been adequately dis

cussed in the literature is the problem of sampling. Only recently has 

any real concern been voiced for the development of sampling methodolo

gies to control for the biases introduced through differential inter

ment, preservation, recovery, and analyses. Vallois (1960), Genoves 

(1963) and Brothwell (1971) discuss the under-representation of infants 

and juveniles in archaeological samples which they attribute to differ

ential preservation. On the other hand, Bass (1963) utilized heavy 

equipment to expose large areas of two sites along the upper Missouri 

River in an attempt to achieve maximum recovery of all skeletal remains. 

This large-scale field sampling technique aptly illustrated the selec

tivity previously employed by other workers. Bass noted an unusually 

large percentage of subadults in his sample when compared to those 

from other sites. He attributed the discrepancies to selectivity in 

the field with only certain burials encountered actually being brought 

back to the museum or laboratory. 

In reviewing collections from Indian Knoll, Illinois burial 

mounds, South Dakota cemeteries, and the Terry Collection, Stewart 

(1969) also concluded that selective sampling in the field and in the 

laboratory had resulted in a distorted picture of aboriginal populations 

in many collections. In some, only the individuals exhibiting patholo

gies were retained or analyzed; in others, only the healthy; and in 
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TABLE 3 

A PARTIAL LISTING OF METHODOLOGICAL STUDIES IN OSTEOLOGY 

Method Developed Investigator and Publication Date 

Ageing Criteria 

skull (general) 

occipital bone 

tooth wear 

pubic bones 

epiphyseal union 

ossification centers 

bone microstructure 

summaries of ageing 
criteria 

Montagu (1938) 

Redfield (1970) 

Butler (1972) 

Todd (1920, 1921, 1923, 1930), Stewart (1957), 
McKern and Stewart (1957), Gilbert and 
McKern (1973) 

Stevenson (1924), Johnston (1961) 

Hill (1939), Francis and Werle (1939) 

Schranz (1959), Kerley (1965), Singh and 
Gunberg (1970) 

Stewart and Trotter (1954), Hunt and 
Gleiser (1955), McKern and Stewart (1957) 

Sexing Criteria 

skull (general) 

dentition 

clavicles 

scapula 

pelvis 

Keen (1950), Giles and Elliot (1963) 

Bailit and Hunt (1964), Ditch and Rose (1972), 
Baum and Cohen (1973) 

Jit and Singh (1966) 

Bainbridge and Genoves (1956) 

Derry (1909), Letterman (1941), Washburn 
(1948), Hanna and Washburn (1953) , Boucher 
(1955, 1957), Coleman (1969), Phenice (1969) 

long bones Hanihara (1958), Garn, Nagy, and Sandusky 
(1972), Van Gerven (1972) 
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TABLE 3, Continued 

Method Developed Investigator and Publication Date 

Disease Diagnoses 

bacterial 

cancer 

parasitic 

degenerative 

physiological 

"constitutional" 

arrested growth 

Moore (1961) 

Beldon (1925), Brooks and Melbye (1967), 
Morse, Dailey, and Bunn (1974) 

Lambrecht (1967), Fry and Moore (1969), 
Moore, Fry, and Englert (1969), 
Allison et al. (1974) 

Parker (1904), Long (1931), Ortner (1968), 
Brothwell, Sandison, and Gray (1969), 
Perzigian (1973) 

Foote (1927), Moore (1929), Denninger (1933), 
Caffey (1937), Collins (1956), Eng (1958), 
Zaino (1967) 

Keith (1913), Hohenthal and Brooks (1960), 
Ferembach (1963), Bennett (1972) 

Harris (1931), Wells (1964, 1967), 
McHenry (1968), Garn and Baby (1969), 
Gindhart (1969) 



many, only the full-grown individuals were represented. In part, the 

selectivity of only healthy adults for recovery and analysis apparently 

stemmed from the notion that only adults are of anthropological value. 

At least, this appears to have been the case when anthropology was 

preoccupied with racial typologies. Support for this contention can 

be found in the following passage: "In any event, the skeletons of 

young subjects are of comparatively little anthropological value" 

(Hooton, 1930: 15). Many recent workers, most notably Angel (1969a) and 

Osborne (1969), have stressed the need to adequately sample the archaeo

logical record—not only for the skeletons themselves, but also for any 

supplementary data, e.g., insect exoskeletons useful for seasonal dating 

of the burials (Gilbert and Bass, 1967). However, few solutions to the 

many sampling problems have thus far been reported in the literature. 

The merit or intrinsic value in all of the descriptive types of 

osteological studies is that they provide a low-level, simplistic frame

work for explaining static relationships among classes of objects (e.g., 

correlations between head shape and the various ossicles), events (e.g., 

birth, death, trauma), and phenomena (e.g., tooth wear, progression of 

infectious disease). Accurate description is the very beginning of 

organized theoretical knowledge. For without the accurate and precise 

description of static relationships, no dynamic explanatory models are 

possible. 

The original theoretical "model" or approach utilized in synthe

sizing the empirical evidence obtained from the descriptive studies dis

cussed above has been termed the typological approach. The typological 



approach had its roots in the developing nineteenth century evolutionary 

theory. And because it was an "evolutionary" model, it was quickly 

adopted by physical anthropologists as the perspective for classifying 

and interpreting variation among races—both prehistoric and extant. A 

basic tenet of this model is the "ideal" type which is essentially im

mutable. To determine what the ideal type should be, one had only to 

deduce from a body of data a composite individual that would represent 

the total group. The generalized type was constructed from the average 

size, shape, and the most frequently occurring traits. The only excep

tion to the rule of immutability that was recognized was change induced 

through the mixing of "pure" types. In osteological analyses, the 

typological approach persisted until the late 1940s, and was best exem

plified in the works of Georg K. Neumann (see Neumann, 1947 and 1952). 

Recently, this theoretical approach has again been criticized (Bennett, 

1969) on the basis that the ideal types are constructs that are virtu

ally untestable within a scientific framework. Bennett argues that, in 

dealing with questions of human variation, the use of ideal types mini

mizes the differences among individuals within groups and exaggerates 

differences between groups. The distortion of differences, which are 

often subtle, can mask the biological meaning of the differences when 

attempting to subdivide the continuum of human variation. One final 

criticism can be added to the long list of criticisms of the typo

logical model that have been voiced by Bennett and a host of others. 

This criticism being that, as a heuristic device, the typological model 

fails because it is a static "clockwork" model. One can dismantle a 
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clock mechanism piece by piece describing each part and how it articu

lates with other parts, but the model still does not explain how and 

why the clock keeps time. 

Dissatisfaction with the typological approach as a heuristic 

model for reconstructing prehistoric populations can be traced at least 

as far back as 1930 to the publication of Hooton's massive tome entitled 

The Indians of Pecos Pueblo. In this lengthy volume, Hooton included 

not only the "standard" descriptive data in summary form and a typo

logical classification and comparison of "races," but he also attempted 

a paleodemographic analysis. Clearly, Hooton recognized that the indi

vidual skeletons recovered from the archaeological site represented the 

fragmentary remains of a once-living biological population which itself 

could be treated as an analytical unit. The only valid criticism of 

this effort that can be made is that it lacked the mathematical sophis

tication that is possible today. 

Since the publication of Hooton's pioneering effort, numerous 

others have contributed to various aspects of a paleodemographic model. 

The paleodemographic model has, essentially, been patterned after or 

adapted from demographic models developed for living peoples. Before 

discussing the current paleodemographic model, perhaps a brief review 

of the development of demography and its models is in order. 

Demography, as a formal field of investigation, has been traced 

to the 1662 writings of John Graunt in which he produced the first 

life table and studied the population of London (Sutherland, 1963). 

The early use of mathematical models in demography is credited to 



Malthus (1798: 21), Lotka (1907), and Sharpe and Lotka (1911). Today, 

demography can be described as a mature discipline with a sound theory 

that relies heavily upon mathematical models. The use of statistics 

and mathematical formulae as a research tool permit the demographer to 

take into account process and change. 

The following brief synopsis of the demographic model, which by 

necessity must be a gross over-simplification, includes a number of 

basic concepts, assumptions, and variables that must be considered and 

controlled for in a demographic analysis. The individual is considered 

as a primary biological "unit" with a given life span. The population 

is considered to be an intrabreeding aggregate of individuals who are, 

presumably, members of a common gene pool. The population is spatially 

distributed in some patterned fashion. The composition of the popula

tion is constantly changing through the addition of individuals (births) 

and the loss of individuals (deaths). Migrations into and out of the 

population can also alter the composition of the population. When the 

birth rate(s) and death rate(s) are equal, the population size and 

structure remain constant—the population is in a state of equilibrium. 

When these two variables (birth and death) are unequal, the size and 

structure of the population are subject to predictable change over time. 

The critical variables that must be stringently controlled for during 

the data collection process include: population size, age and sex of 

the individuals, health status, fertility—or at least fecundity, lon

gevity, birth rates and mortality rates. With adequate controls and 

fairly complete data, reliable and valid inferences can be obtained in 
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the analysis of living populations (see Roberts, 1956 and 1968; Bonne, 

1963; Kuchemann, Boyce, and Harrison, 1967; MacCluer, Neel, and Chagnon, 

1971; and others). 

In attempting to apply this stochastic model to archaeologically 

derived skeletal populations, major methodological and theoretical dif

ficulties are encountered. The first difficulty is primarily a method

ological one and is common to all osteological studies—this being the 

quality and quantity of the data at hand. Though constantly being 

refined and improved, both precision and reliability in ascertaining 

age, sex, fecundity, etc., and the diagnoses of pathology and nutri

tional status are usually less than 95% accurate. Without reliable 

information for these variables, the estimation of demographic param

eters becomes highly subject to error. Table 4 lists some of the at

tempts to predict or ascertain demographic variables from archaeological 

materials. 

The second major problem with the paleodemographic model stems 

from the failure to define all of the biological parameters of the 

skeletal population in question adequately. More often than not, most 

workers have uncritically accepted the assumption that the skeletal 

sample was drawn from a single population and that the sample is repre

sentative of the population from which it was obtained. Granted that 

the data are incomplete and fragmentary and that some controls are 

provided through the archaeological context, it is, nevertheless, unten

able to assume that the skeletal sample represents a biological popu

lation because error is introduced through differential interment, 



TABLE 4 

A SAMPLING OF LITERATURE CONCERNED WITH ESTIMATING PALEODEMOGRAPHIC PARAMETERS 

Paleodemographic 
Variables 

Author and Publication Date Comments on Approach and/or Results 

Population Size Cook (1947a) 
Swartz (1956) 

Drucker and Heizer (1960) 
Howells (1960) 

Cowgill (1962) 

Population size dependent on food production 
Simulated population based on pottery frequency 

and distribution 
Area and agricultural productivity 
Ethnohistorical records and living space 

requirements 
Agricultural potential and ethnographic analogy 

Longevity Pearson (1901) 
MacDonnell (1913) 
Hooton (1930) 

Angel (1947) 
Cook (1947b) 

Senyurek (1947) 
Deevey (1960) 

Mann (1968) 
McKinley (1971) 
Bennett (1973) 

Ethnohistoric information 
Ethnohistoric—epigraphic data 
Historical records and frequency of skeletal 

cohorts 
Frequency of skeletal cohorts 
Ethnographic analogy and frequency of skeletal 

cohorts 
Frequency of skeletal cohorts 
Ethnohistorical records and skeletal cohort 

frequency 
Fossil cohort frequency 
Fossil cohort frequency 
Frequency of skeletal cohorts 

vo 



TABLE 4, Continued 

Paleodemographic 
Variables 

Author and Publication Date Comments on Approach and/or Results 

Population Control 

cultural behavior Cook (1946) 

disease and 
nutrition 

Mortality Rate 

Fertility 

General Population 
Structure 

Moodie (1917) 
Goldstein (1953) 

Angel (1968a) 

Kennedy (1969) 
Angel (1969b) 

Todd (1927) 
Carrier (1958) 
Genoves (1963) 

Blakely and Walker (1968) 
Dethlefsen (1969) 
Blakely (1971) 

McKinley (1971) 

Churcher and Kenyon (1960) 
Cook (1960) 
Vallois (1960) 
St. Hoyme (1963) 
Angel (1968b) 
Angel (1969a) 

Sacrifice as population balance 

Disease causes extinction of some groups 
Improved nutrition yields excess of females; 

poor nutrition yields excess of males 
Improved nutrition based on agriculture reduces 

disease 
Epidemic diseases limit size 
Poor nutrition and disease limit fertility 

Skeletal ageing criteria review 
Statistical technique from age at death 
Review of skeletal ageing criteria to determine 

frequency of deaths 
Frequency of death by skeletal cohorts 
Historical records and epitaphs 
Frequency of death by skeletal cohorts 

Birth "model" based on extant Homo sapiens 

Reconstructed population structure 
Review of controls for variables 
Age and sex criteria for population pyramids 
General parameters from skeletal variables 
Unequal sex ratios due to differential interment 
Method for estimating paleodemographic parameters 



preservation, recovery, and selective analysis (see Bass, 1963; Stewart, 

1969; and others). The methodology (biological and statistical) is 

available to test the validity of the assumption that a skeletal sample 

represents the population from which it was recovered. 

The third difficulty with the current paleodemographic model, 

and perhaps the most serious from a theoretical point of view, is that 

the model is designed to accommodate only data obtained from a station

ary or stable population. From all indications based upon living popu

lations, a stationary population is a special case—one that is not 

often found in nature. Consequently, if the assumption of a stationary 

population is found to be violated by the archaeological and skeletal 

data, little can be done to account for those conditions and any infer

ences concerning population change over time are subject to error. At 

best an approximation of reality is all that can be hoped for under 

those conditions. The most comprehensive discussion of these problems 

can be found in Demographic Models for Anthropology (Weiss, 1973), 

therefore, further review of these problems is unnecessary here. 

The only other change-process model to be found in the litera

ture is the microevolutionary change model. As in the case of the 

demographic model, the microevolutionary model requires modification 

before it can be utilized with prehistoric skeletal materials. The key 

constructs of this model are the individuals (as distinct phenotypes 

and genotypes), the population as a semi-isolated gene pool, and change 

which results through the operation of the mechanisms of selection, 

drift, gene flow, and mutation. If the allele frequencies of various 



single, "epigenetic," and polygenic traits remain constant between 

generations, then Hardy-Weinberg equilibrium is maintained. If the 

allele frequencies change over time, then either selection, drift, 

gene flow, or mutation or any combination of these mechanisms is oper

ating to upset the allele frequency equilibrium. 

A number of assumptions must be met before equilibrium can be 

demonstrated. Included among these assumptions are: no selection 

operating (both natural and cultural), random mating within the gene 

pool (panmixis), an infinitely large population to preclude the oper

ation of drift, no mutation—or the mutation rate remaining at least 

constant, no gene flow into or out of the population, equal sex ratios 

with no cross-generational matings or meiotic drive operating. Data 

for many different variables must be collected in order to validate 

these assumptions. The population size and structure as well as ef

fective breeding size, mating patterns including inbreeding, the sex 

ratio, generation length, fertility, and mortality (from genetic and 

environmental sources) are all critical variables necessary to define 

the population gene pool and its boundaries. 

Once the necessary controls have been established, then allele 

frequencies can be calculated and any observed changes between gener

ations measured. Two factors dictate which phenotypic traits are useful 

in measuring microevolutionary change: (1) whether the mode of inheri

tance is known for that trait, and (2) whether the frequency of the 

alleles for a given trait can be accurately determined from among the 

phenotypes present in the population. The most ideally suited traits 
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for measuring microevolutionary change are single-gene traits—those 

with two or more alleles at a single locus—because the genetic contri

bution of such traits appears to be totally responsible for the pheno-

typic expression of that trait. The "epigenetic" or "quasi-continuous" 

traits can also be useful for measuring microevolutionary change even 

though the alleles have not been determined. Such traits are probably 

polygenic in nature, but "behave" like single-gene traits because of 

the threshold effect. But like polygenic traits, epigenetic traits 

are, in all probability, partially influenced by environmental stresses 

in terms of their phenotypic expression. Least suited for microevolu

tionary change studies are the polygenic traits because they are often 

strongly influenced by environmental factors, for example, the herita-

bility of fingerprint ridge counts has been estimated to be 0.71 

(McKusick, 1969: 159). 

As noted previously in the review of literature dealing with 

discrete osteological features, the works of Russell (1900), Le Double 

(1903 and 1906), Sullivan (1922), Oetteking (1930) and Wood-Jones (1931) 

were, to varying degrees, comprehensive in their discussions of discrete 

osteological traits. At the same time, these workers noted the frequen

cies and distributions of those traits within and among various groups. 

This information was utilized, within the typological framework popular 

at the time, to develop racial classifications. The principle criticism 

of employing these features and the information about their frequencies 

and distributions for establishing racial classifications was the lack 

of control over the sources or causes of these phenotypic traits. At 



that time, little or no information existed on the genetic control of 

these osteological phenotypic characteristics. And as far as anyone 

knew at the time, the phenotypic expression of osteological features 

could be under direct genetic control, partially genetic and partially 

environmental control, or totally influenced by environmental factors. 

If these features were totally controlled by environmental influences, 

then they would be of absolutely no value as criteria for racial 

classification. 

Concurrent developments, outside of the field of osteology 

were taking place which, today, permit the microevolutionary model to 

be applied to prehistoric populations. In 1900, Landsteiner reported 

that the blood from different individuals agglutinated, thus the ABO 

blood group system was discovered. In 1910, Von Dungern and Herszfeld 

demonstrated that the blood types of the ABO system were inherited. 

This discovery launched the development of the field of human genetics. 

Numerous other genetic traits with a known mode of inheritance have 

been discovered for humans over the intervening decades—some of which 

are dental and osteological features. Physical anthropologists wel

comed, sometimes too hastily, alleged discoveries on the inheritance of 

nonpathological physical traits in man. Preliminary investigations sug

gested that practically all physical characteristics in humans were in

herited in a simple Mendelian fashion. Cranial measurements (length, 

breadth, height, etc.), stature and other body dimensions, skin color, 

body types, and a host of others were reported to be single-gene traits 
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that could be employed in the classification of the living races of man 

(Krogman, 1936). More careful investigations revealed that the inheri

tance of these and other traits was much more complex. As a conse

quence, the initial enthusiastic welcome of genetics by physical 

anthropologists—particularly osteologists—waned with the realization 

that genetics was not the "instant" solution to all questions of human 

variation. Nevertheless, progress has continued in unraveling the 

inheritance of many human characteristics—in fact, McKusick (1971) 

lists 1,789 single-gene traits for man. Among these, there are a great 

many which relate to nonpathological variation in the species rather 

than having an allele which results in some ailment. 

In 1956, interest was rekindled in attempting to apply the 

microevolutionary model developed for living populations to prehistoric 

skeletal remains. Laughlin and Jorgensen published an article in which 

they utilized eight cranial variants of known or presumed genetic origin 

and some metric data to distinguish four breeding isolates among Green

land Eskimos. Since the publication of this innovative work, numerous 

others have utilized the same approach—Brothwell (1959) employed ten 

discrete traits to measure distance between fourteen widespread geo

graphical populations; Berry and Berry (1967) utilized thirty epigenetic 

traits to measure distances between eight skeletal populations; Turner 

(1967) calculated allele frequencies for three dental traits among Es

kimo generations and suggested that the lack of Hardy-Weinberg equi

librium was due to gene flow; Ossenberg (1969) estimated "genetic 

distance" between various skeletal samples from North America based upon 



discrete traits; Kellock and Parsons (1970a) utilized ten significant 

variants to measure distance between ten Australian Aborigine groups; 

Rightmire (1970a) utilized metrics (as polygenic traits) to measure 

distances between various African groups; Turner (1971) suggested that 

three-rooted molars are inherited among Aleuts as an X-linked recessive 

trait and that the high incidence may have been selected for prehistori-

cally among Aleuts and Eskimos; Corruccini (1972), utilizing both dis

crete traits and metric data, suggests that drift accounts for the 

genetic differences among three Southwest Pueblo groups; Jantz (1973), 

from measuring distance utilizing metric variables, concluded that gene 

flow accounts for differences between prehistoric and historic Arikara; 

Berry (1974) employed thirty cranial variants in twenty-one European 

samples to document population movements based on estimates of genetic 

divergence among groups. In all of these studies, and in others not 

cited for the sake of brevity, attempts to apply at least some aspect(s) 

of the microevolutionary model to archaeological data have met with 

varying degrees of success. A recent article by Corruccini (1974) pro

vides a succinct critique of many of the methodologies, approaches, and 

results of the myriad of reports being published. Therefore, further 

review by this author is not necessary. To summarize briefly, the 

critical variables that must be controlled for if the microevolutionary 

model is to be of practical utility in prehistoric analyses are: the 

size and boundaries of the gene pool, the number of generations repre

sented in the skeletal sample, the total range of genetic variation 
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present in each generation, and the traits available with a known mode 

of inheritance. 

Without belaboring the point further, suffice it to say that, 

after a fairly extensive review of the available literature, I can find 

little evidence to support the contention that any of the available 

models—typological, paleodemographic, or microevolutionary—have proven 

to be totally adequate for answering completely the large-scale ques

tions about the origins and development of prehistoric populations. 

This does not mean, however, that such questions are unanswerable—only 

that we need to focus attention on those questions while, at the same 

time, working toward the development of a general model or framework 

that more fully takes into account the vast array of data recovered 

from the archaeological record. 



THE ARCHAEOLOGICAL CONTEXT 

For almost a century, archaeologists have been excavating and 

studying the prehistoric cultural remains which are known today as 

"Mississippian." Historically, Cole and Deuel (1937) first employed 

the term "Middle Mississippi" to denote a late prehistoric culture 

period for west-Central Illinois. Since that time, numerous other 

workers (among them, Wissler, 1938; Ford and Willey, 1941; Griffin, 

1952a, 1952b, and 1967; Willey, 1966; Fowler, 1969; Perino, 1971; 

Morse, 1973; and Ford, 1974) have amplified the term and applied it to 

a broad spectrum of archaeological phenomena. Mississippian has been 

used to denote a geographical region, a stage, a phase, an horizon, a 

period, a pattern, a tradition, a single culture, as well as a series 

of cultures in time and space. Through interpretations of excavated 

data, archaeologists have attempted to explain not only the origins 

and development of material cultural items identified as Mississippian, 

but also the overall cultural and biological histories of the people 

who were responsible for those cultural remains. Literally thousands 

of sites (and burials) have been excavated during the past century in 

hopes of recovering information that would permit a reconstruction of 

those histories. The end product of a century of archaeological re

search is a number of complex regional sequences containing detailed 

descriptions of the material cultural remains. Attempts to ascertain 

who were the practitioners of Mississippian culture have, generally, not 

28 
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been successful—with the possible exceptions of equating the historic 

Natchez to their prehistoric ancestors (Quimby, 1942; Neitzel, 1965) 

and tracing the historic Shawnee to the Fort Ancient Aspect (Griffin, 

1952b and 1967). 

For the purposes of this dissertation, I shall define Missis-

sippian as those archaeological remains which reflect a late prehis

toric cultural and ecological adaptation to a rich and relatively 

unexploited econiche in the Eastern Woodlands. The expansion of popu

lations into alluvial valley ecozones (bluff, meander belt, and ridge 

zones) is now considered by Larson (1972) and Smith (1974) to be one of 

the key variables in the historical development of Mississippian cul

ture. The movement of populations into this econiche and the subsequent 

development of the necessary behavior patterns for their successful 

exploitation of this niche occurred, in some areas, as early as A.D. 

1550 or until European contact interrupted this cultural system. 

At least three major features of this cultural adaptation are 

represented in the archaeological record. These features are: 

1. The continued intensive hunting and gathering of natural forest 
products in ecotonal areas of major river valleys. The har
vesting of forest products continued in conjunction with the 
development of intensive agriculture utilizing such foods as 
corn, beans, squash, sunflowers, and pumpkins. 

2. The conceptual development and practical implementation of a 
farmstead-hamlet-village-palisaded village/ceremonial center 
settlement pattern that permitted maximal exploitation of the 
ecotonal conditions within the alluvial valley environment. 

3. The development of "complex class-structured" societies with 
extensive political and/or economic "interaction spheres." 

Support for this operational definition as well as indications of the 
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kinds of archaeological interpretations that have been made can be found 

in the following brief summary of the archaeological literature. 

In terms of a review of the literature, it would seem most logi

cal to begin with literature based upon the work conducted in the geo

graphical region known as the "Middle or Central" Mississippi River 

Valley because it is this area that has been called "the heartland of 

the Mississippian tradition" (Caldwell, 1964: 33). Here in the broad, 

fertile alluvial floodplains of the Mississippi River between the mouth 

of the Missouri River on the north and the mouth of the Arkansas River 

to the south have been recorded the largest number of Mississippian 

sites. Many of these sites were concentrated on the east bank of the 

Mississippi River, the northern part of which came to be known as the 

American Bottoms (Moorehead, 1928: 9). The American Bottoms, stretching 

from the mouth of the Wood River (near Quincy, Illinois) south to the 

mouth of the Ohio River, became the focus of archaeological interest as 

early as the middle of the nineteenth century with the "rediscovery" of 

the Cahokia Mound Group. And although little actual fieldwork was con

ducted at the Cahokia site until the 1920s, Cahokia has dominated the 

interest of archaeologists working in the area for almost a century. 

Since the 1920s and continuing until today, serious archaeo

logical fieldwork has begun at Cahokia. The earlier workers (such as, 

Higgins, Moorehead, and Bushnell) were content to map, survey, and tun

nel into some of the 85 original mounds at the site—particularly those 

being destroyed by urban construction. Of the original 3,000 acres of 

the ceremonial center, only 144 acres remain including Monk's Mound 



which covers approximately 16 acres. Of the original village site di

rectly associated with the ceremonial center, only isolated pockets 

still exist. According to Moorehead (1928: 25-32) , this village ex

tended for at least six miles to the southeast and varied from several 

hundred yards to a mile in width. Continuing research at Cahokia has 

led to a broader interpretation of the site—that is, the site is now 

considered to be an urban center. The ceremonial center was palisaded 

(Anderson, 1969) and many of the mounds were in use contemporaneously. 

The mound groups in St. Louis, East St. Louis, those at the Lunsford-

Pulcher site, and those at the Mitchell site were functional at the same 

time and, in all probability, were more than just satellite sites. The 

notion is being considered by Fowler, Rackerby, and others that the 

whole complex of mound "sites" was actually one single functioning unit. 

The chronology of Mississippian occupation at Cahokia is divided into 3 

14 
major phases—based upon ceramic sequences and 76 C dates. These 

phases are: Lunsford-Pulcher Phase, A.D. 800-1050; Old Village Phase, 

A.D. 1050-1300; and Trappist Phase, A.D. 1300-1550. 

The development of agriculture as a major factor in the subsis

tence economy is documented at Cahokia by the recovery of 8, 10, and 12 

row corn (Cutler and Blake, 1969), agricultural implements, and the 

farmstead-hamlet-village settlement pattern surrounding the ceremonial 

center with its palisades, temple mounds, plazas, cemeteries, and 

burial mounds. Implications of social stratification are found in the 

burial practices (dedicatory burials, sacrificial burials, and "rich" 

burial offerings for some individuals). The implications of craft 



specialization can be found in the elaborate shell-tempered pottery, 

specialized tool "kits," as well as trade in raw materials—copper from 

Michigan, salt(?) from Missouri, chert from the Mill Creek, Illinois 

quarries, and shell from the Atlantic and Gulf Coasts. Efficient po

litical organization and, perhaps, a market economy (Porter, 1969), 

though not clearly demonstrated, probably existed to facilitate con

struction of the huge ceremonial center and to provide the necessary 

distributive functions. 

Innumerable other Mississippian sites, including ceremonial 

centers of various sizes, villages, hamlets, farmsteads, burial mounds, 

cemeteries, and mortuary houses, have been excavated both within the 

Central Valley and elsewhere throughout the Southeast. However, only a 

small sampling of these sites can be mentioned here. Attention will be 

focused upon those sites which are pertinent to the question of who were 

the practioners of Mississippian culture (see Figure 1). 

Before leaving the Central Valley, two other varieties of Mis

sissippian sites should be discussed—the "structured" cemetery and the 

accretionary burial mound. Of the many that have been excavated, two 

are of interest here. One of these, the Kane Burial Mounds, is located 

on the high bluffs bordering the American Bottoms. The Kane site is 

located directly east of the Mitchell site and just north of "downtown" 

Cahokia (see Figure 2). In the opinion of this author, the Kane site 

should be considered as a segment of the Cahokia complex. Even today, 

one can see Monk's Mound from the Kane site, providing the smog isn't 

too heavy. In addition to proximity, the grave goods and burial 
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orientation suggest Cahokia affiliation. Melbye (1963: 7-9) noted that 

the burials were either oriented east-west or northeast-southwest in a 

direct line with the Mitchell mounds and Monk's Mound respectively. On 

the basis of this, Melbye (1963: 9) suggested that these people repre

sent a social class beneath the "elite" buried within the ceremonial 

centers themselves and a class above the "peasants" buried beneath the 

house floors of the farmsteads and hamlets. 

The other variety of Mississippian site of importance here is 

the "structured" cemetery. Structured cemeteries have been reported 

throughout the Central Valley and the Southeast. However, the Schild 

site provides, perhaps, the best example, in terms of careful excavation 

and documentation, of this variety of Mississippian site. The Schild 

site is a "Late" Old Village (A.D. 1000-1150) cemetery located northeast 

of Cahokia on the eastern bluffs of the Lower Illinois River Valley. 

This cemetery contained nearly 300 skeletons identified as Mississip

pian. And, according to Perino (1971: 136): "Graves were found in 

groups, and each seemed to contain at least one person of importance 

judging from the burial position and artifacts found with them." The 

cemetery was geographically divided into two main parts, "Knoll A" which 

contained five subgroups and "Knoll B" which contained eight subgroups. 

Again, close affiliations with Cahokia are postulated for these rural 

Mississippians on the bases of Cahokia manufactured shell beads, pipes, 

copper ornaments, and Cahokia-style ceramic vessels. These Mississip

pians are considered by Perino (1971: 140) to have been Late Woodland 

people who were acculturated into the "Mississippian way of life." 
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To the north and east of the Central Valley, another burial 

mound site, the Dickson Mounds, in Fulton County, Illinois has received 

considerable archaeological attention. From the 12 superimposed or 

overlapping mounds comprising the site, a total of 1,039 of an estimated 

3,000 skeletons have been exposed during the last century (Harn, 1971). 

Of those which have been exposed, a total of 234 individuals have been 

preserved in situ. Culturally, the Dickson Mounds were utilized as a 

cemetery area by 2 distinct groups, as evidenced by the Late Woodland, 

or Sepo, component and the "classic" Middle Mississippian component. 

The Dickson Mounds are thought to have been utilized as a cemetery for 

about 400 years. The initial utilization of the area by the Late Wood

land group occurred circa A.D. 900. From approximately A.D. 1000 to 

A.D. 1150, both Late Woodland and Old Village Mississippian groups used 

the mounds as a cemetery area. From A.D. 1200 to A.D. 1300, the site 

appears to have been exclusively utilized by Mississippian people. And, 

according to Harn (1971: 76): "It is doubtful that any burials were 

made at Dickson much after A.D. 1300, for no evidence of Oneota influ

ence is present." 

Based upon intrasite comparisons of the adult male crania of 

these culturally distinct groups, Blakely (1974: 32) concludes that, 

biologically, "... the Late Woodland and Middle Mississippian popu

lations were relatively distinct and since the Sepo (Late Woodland) 

sample represents the earlier inhabitants, it seems probable that the 

Mississippians were immigrants into the Fulton County area. . . . they 

most likely migrated from the Cahokia area." These conclusions were 
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based upon both univariate and multivariate analyses of the cranial 

materials. However, one note of caution should be added, the sample 

sizes are relatively small: the Sepo Late Woodland sample (A.D. 900 to 

A.D. 1150) contained 27 adult male crania; the Mississippian-B sample 

(A.D. 1000 to A.D. 1200) contained 19 adult male crania; and the Mis-

sissippian-A sample (A.D. 1200 to A.D. 1300) contained 49 adult male 

crania. The total sample available for study probably only represents 

an 8-10% sample and the adult males that have been studied represent 

approximately 2% of the individuals interred at the site. 

Other Central Valley sites that should be briefly mentioned at 

this point include a number of smaller ceremonial centers. Among these 

are the Hazel, Vernon Paul, and Upper Nodena sites located on the 

western banks of the Mississippi River in Northeastern Arkansas and the 

Chuckalissa site located in Memphis, Tennessee. These sites represent 

ceremonial centers with mounds, plazas, cemeteries, and associated vil

lages that have been extensively excavated. In addition, skeletal 

samples of reasonable size and completeness have been recovered from 

these sites. 

To the north of the Central Valley, there seems to be only one 

major Mississippian ceremonial site of any consequence which has been 

excavated. This site is Aztalan in Wisconsin. In general, this cere

monial center represents another palisaded site that was occupied during 

Old Village times and, according to Bennett (1952: 119), the occupation 

resulted from a direct migration of peoples from Cahokia. Presumably, 

Aztalan was a frontier station that functioned as an outpost near the 
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copper producing area. Virtually no information is available concerning 

skeletal materials recovered from the site. 

To the south of the Central Valley, the archaeological situation 

changes. Not only is there a considerable number of large and complex 

sites, but there is also, again, cultural evidence of "hybridization." 

Beginning with the lower St. Francis River Valley of Arkansas, one 

enters the Caddoan area of the Lower Mississippi Valley. According to 

Orr (1952) , many archaeological aspects of the Caddoan area are similar 

to if not identical with Mississippian manifestations. The dating of 

the sites in this general area falls between A.D. 1200 and A.D. 1650 

(Davis, 1966: 2). Throughout the remainder of the Lower Valley, in

cluding Louisiana and most of Mississippi, little is known, or has been 

published about Mississippian peoples. The presence of temple mounds, 

plazas, and large sites suggests that they were there as does the wide

spread occurrence cTfTffhe Coles Creek-Troyville pottery. And historical

ly, this area seems to have been the only area where the "Mississippian 

Tradition" was being practiced at the time of European contact. 

In turning eastward from the Caddoan and Plaquemine peoples of 

the Lower Valley, the second largest Mississippian site found is the 

ceremonial center at Moundville, Alabama. Moundville, located upon 

the banks of the Black Warrior River, has also received considerable 

archaeological interest (see DeJarnette, 1952; and Peebles, 1971). 

Although little has been published on the work conducted at Moundville— 

including data for the more than 3,000 skeletons unearthed—it is ap

parent that the "proper Mississippian traits" occur here. It has been 
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suggested by Coe (1967: personal communication) that Moundville may 

represent yet another site at which there was a direct migration of 

peoples into the Southeast from the Central Valley. The approximate 

time for such a migration is speculated to have occurred between A.D. 

1200 and A.D. 1400. 

In moving to Georgia, one again reads about Mississippian migra

tions and/or invasions (Fairbanks, 1952: 294; and Griffin, 1967: 189), 

but this time into the Macon Plateau. Within the Macon Plateau area, 

such sites as Etowah near Cartersville and Ocmulgee Fields near Macon 

are of primary importance. Within the ceramic sequences at these sites 

and others in the area, there is some support for the migration hypothe

sis. However, I find it difficult to believe that the pottery of this 

area indicates all that is being ascribed to it—particularly in the 

absence of supporting biological evidence. Many of the behavior pat

terns of the "Mississippian Culture" have been identified at these 

sites and with the historic Creeks, but it has not been clearly demon

strated, except on the basis of stamped pottery, whether the Creeks were 

the "invaders" or the subsequent indigenous "reconquerors." Of the 

more than 350 burials excavated at Etowah and the probably comparable 

number excavated at Ocmulgee Fields, I have been unable to locate any 

published data concerning the Mississippian skeletal materials recovered 

from these sites. 

Further east and near the mouth of the Savannah River is located 

the Irene Mound site which was extensively excavated during the late 

1930s. This site represents a small ceremonial center with a temple 



mound, burial mound, mortuary house, and miscellaneous other structures 

(Caldwell and McCann, 1941; and Caldwell, 1952). Irene apparently func

tioned as a ceremonial center only and did not have an associated vil

lage nearby (Caldwell and McCann, 1941: 69). Culturally and temporally, 

the Irene site is considered to be Mississippian. Nearly 150 skeletons, 

the majority of which are considered to be Mississippian, were recovered 

from this site and have been reported upon by Hulse (1941). Employing 

a univariate approach with metric data, Hulse (1941: 68) concluded that 

the Indians at Irene resembled others in the Southeast of the same time 

period and differed from the later (or protohistoric and historic) 

groups, particularly in terms of stature. Temporally, the Irene skele

tons have been dated as Savannah II and Irene I periods on the basis of 

14 
the ceramic sequences. More recent dating, based upon C samples, 

suggests that the general time span for Savannah II and Irene I falls 

between A.D. 1300 and A.D. 1550 (Griffin, 1952c; and Williams, 1968). 

With regard to other archaeological features, Mississippian cul

ture can be characterized, on the basis of this survey, in the following 

general terms. Mississippian groups utilized the riverine environment 

with their sites located on terraces adjacent to rich bottomlands or on 

natural levees in the bottomlands themselves. The sites were generally 

intensively occupied for extended periods of time (100 to 200 years) as 

evidenced by the large temple mounds and relatively deep refuse middens. 

From the site reports, it is valid to conclude that com, beans, squash, 

pumpkins, and sunflowers were widely grown. The dependence upon agri

culture has been hypothesized by Larson (1972) as the key variable 
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controlling the distribution of sites in relation to particular soil 

types which permit high yields of corn to have been produced. In addi

tion, large quantities of animal bone, shell, and various seed fragments 

indicate that these people still depended upon hunting and collecting 

for a substantial part of their diet. 

The earthen mounds with their superstructures have been linked 

to both political and religious functions and seem to be a hallmark of 

Mississippian culture. The number of successive stages in the construc

tion of these pyramids probably served more than a "let's build a bigger 

mound" function because, in many instances, the mounds were cleaned of 

all debris and covered with as little as a few inches of new soil. In 

most instances, the superstructures were of wattle-and-daub construc

tion. The distribution of temple mounds, in relation to other features 

of the Mississippian settlement pattern, varies in time and space. In 

the earlier periods, the temple mounds seemed to serve as ceremonial 

centers only, whereas in the later periods (particularly in the South

east), a village was often intimately associated with the mounds and 

plazas. 

Burial practices vary in time and space too. In the Central 

Valley, it was common to bury individuals under the rectangular wattle-

and-daub house floors, in accretionary mounds, in clearly demarcated 

cemeteries, or intrusive into and, sometimes, under temple mounds. 

These individuals were, in the majority of cases, buried extended and 

in the flesh. Sometimes, partial cremation was practiced with grave 

"offerings" at the chest and/or waist being burned. Occasionally, some 
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individuals were reburied as secondary bundle burials. Later throughout 

the Southeast, individuals were buried either temporarily or permanently 

in mortuary houses, in cemeteries, in accretionary mounds, under house 

floors, intrusive into temple mounds, or scattered throughout the vil

lage middens. Again, most individuals were buried extended, but some

times the individuals were interred semiflexed, as secondary bundle 

burials, or in large burial urns. 

Trade in raw materials and manufactured goods (fashioned from 

copper, shell, mica, and flint), differential treatment of burials 

(including "Cult objects" with some), and the settlement pattern all 

seem to indicate differences in social class. These features (and 

others) have been interpreted within the framework of Elman Service's 

(1962) evolutionary levels of society. The application of Service's 

"model" to Mississippian culture is, perhaps, most explicit in the 

publications of Morse (1973: 65-85), Larson (1971: 66-67), and Peebles 

(1971: 87-89). However, archaeologists have been unable to decide 

whether the cultural remains of Mississippian groups represent those 

of tribes, chiefdoms, or a state. 

In the above discussion, I have attempted to support my eco

logical definition and, at the same time, to summarize some of the 

interpretations of Mississippian culture through a review of various 

data, inferences, and interpretations obtained from the archaeological 

work. The survey was limited to the Central Valley and to some regions 

in the Southeastern United States. No attempt has been made to include 

"the western front of Mississippian influences"—the Plains areas of 
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Texas, Western Arkansas, or Oklahoma with its major center at Spiro. 

Also neglected in this review are the Oneota cultures of the Upper Mis

sissippi and Missouri River drainages. During this review, a major 

problem was encountered. Important sites (e.g., Town Creek, North Caro

lina; Moundville, Alabama; Etowah, Georgia; and even Cahokia, Illinois) 

have not been reported upon in depth. Consequently, one must depend 

upon firsthand knowledge or secondary sources and summaries. 

In terms of knowledge about the people themselves, I can con

clude little because there is little data that has been reported in 

detail with the exceptions of the reports by Hrdlicka (1908 and 1909), 

Hulse (1941), and Blakely (1974). It would seem that the historical 

tribes of the Creeks, the Chickasaw, and some of the Siouan peoples 

are the descendants of the Mississippians (Caldwell, 1964: 36). But 

these interpretations are based upon small samples from archaeological 

sites and attempts to trace historic tribes back in time. The area of 

the Central Valley is particularly confusing because, following DeSoto's 

expedition in 1541, the area was depopulated by the time of later Euro

pean intrusions into the area. As a consequence, several interpreta

tions have been proposed from time to time. 

Among the current interpretations, three are being seriously 

considered. Support for each can be found in the material cultural 

remains. These three interpretations include: 

1. A single Mississippian culture was developed at Cahokia by a 
single biological group. Over time, this population increased 
in size. Culturally (and biologically) this group dominated 
and eventually supplanted other cultures and populations 
throughout the Southeast. 
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2. Mississippian culture was developed at Cahokia by a single 
group. Over time, this culture spread to other groups via 
diffusion. Implicit in this explanation is the assumption 
that the culture was borrowed or imposed (by conquest) upon 
a series of indigenous populations. 

3. Mississippian culture can also be explained as a series of 
cultures that were developed by a series of populations more 
or less independently and simultaneously. 

One other interpretation is possible although I have not seen it dis

cussed in the literature. The development of Mississippian culture 

could have been the result of a combination of two or even all three of 

the above processes—the dominant culture hypothesis, the diffusion hy

pothesis, and the parallel development hypothesis. 

Because the archaeological record of cultural materials alone 

has not provided the information that would permit us to make a decision 

about which, if any, of the three hypotheses is correct, archaeologists 

have sought other approaches and information that would provide the nec

essary data. One approach, the direct ethnohistorical approach, pro

vides some information about the various tribes who were practicing, to 

varying degrees, the Mississippian pattern after A.D. 1541. However, 

because of many difficulties—notably, documented movements of his

torically known tribes, extinction of tribal groups, admixture (cul

turally and biologically) of two or more groups, and others—the 

attempts to trace the prehistoric origins of historically known tribes 

have met with limited success. 

Another approach that has been applied, though to a very limited 

extent, is the biological approach. It should be possible to derive 

some indications, inferences, and/or statistically supported conclusions 
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from analyses of the vast numbers of skeletons that have been excavated 

from Mississippian contexts. These biological data should shed some 

light upon the problem of who were the practitioners of Mississippian 

culture. Perhaps, we may find some support for one of these alternative 

explanations concerning the Mississippian phenomena in the skeletal 

remains themselves. 

Of the thousands of burials unearthed from Mississippian con

texts throughout the Southeast, few skeletal collections have been 

saved, much less analyzed or reported upon in the literature. Virtually 

no published skeletal data is available for Cahokia, Kincaid, Aztalan, 

Moundville, Etowah, Ocmulgee Fields, and Angel—to mention only a few 
• v.* 

of the ceremonial centers. Instead, the literature contains some infor

mation for only a few geographically scattered skeletal collections 

which were recovered from smaller Mississippian sites. The principle 

collections for which some information is available are summarized in 

Table 5. 

In addition to the scattered reports in the literature, at least 

nine major skeletal collections are known to have partially survived the 

onslaught of both time and archaeologists. These include the collec

tions from the Schild site, the Kane Burial Mounds, and the Dickson 

Mounds in Illinois; the collections from the Hazel, Vernon Paul, and 

Upper Nodena sites in Arkansas; the Chuckalissa collection from Memphis, 

Tennessee; the Moundville, Alabama collection; and the Irene Mound site 

collection from Georgia. These collections, because of their relative 

sizes and completeness, could provide answers to questions concerning 



TABLE 5 

LITERATURE CONTAINING BIOLOGICAL DATA FOR SKELETAL COLLECTIONS FROM A MISSISSIPPIAN CONTEXT 

Mississippian Skeletal 
Collections 

Sample 
Size 

Location 
Investigator(s) and Date of 
Publication or Analysis 

Menard Mound 4 Arkansas County, Arkansas Hrdlicka (1908) 

Greer Cemetery 8 Jefferson County, Arkansas Hrdlicka (1908) 

Boytt's Field 36 Union County, Arkansas Hrdlicka (1909) 

Irene Mound 143 Chatham County, Georgia Hulse (1941) 

Roger's Island 
(Complex 2) 

20 Lauderdale County, Alabama Newman and Snow (1942) 
Lane (1969) 

Kane Burial Mounds 87 Madison County, Illinois Melbye (1963) 

Dickson.Mounds 17* 
17* 
68* 

Fulton County, Illinois Neumann (1937) 
Harn (1971) 
Blakely (1974) 

^Indicates that only adult males were analyzed 
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the biological nature of Mississippian groups where the interpretations 

based upon material cultural remains alone have failed. Furthermore, it 

is highly improbable that cultural data alone will ever provide all of 

the answers to questions of the origin and development of prehistoric 

groups. Therefore, we must employ biological data to answer essentially 

biological questions. 

Ideally, all skeletal data recovered from a Mississippian con

text should be employed in attempting to ascertain which, if any, of 

the archaeological interpretations is correct. However, for pragmatic 

reasons this is not feasible. Consequently, only skeletal data col

lected by this author and published summary information for a total of 

six skeletal collections are available for analysis. In terms of pub

lished information, the sample from Arkansas (Hrdlicka, 1908 and 1909) 

must be rejected as possible choices for analysis on the basis of small 

sample sizes and questionable archaeological context. The Roger's Is

land Mississippian collection, though from a reasonably well-documented 

archaeological context, must also be rejected on the basis of sample 

size (Newman and Snow, 1942; and Lane, 1969). Of the remaining two 

skeletal collections for which published information exists, only 

Hulse's data (1941) for the Irene Mound site and Blakely's data (1974) 

for the Dickson Mounds are useful in terms of archaeological context 

and sample sizes. 

Of the skeletal collections that have not been reported upon in 

the literature, availability was the primary criterion employed in the 

selection of those collections for analysis. Ease of access, time, 
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money, and facilities were all factors that influenced the availability 

of the various collections. As a result of the interaction of these 

factors, the collections from the Kane Burial Mounds in Illinois and 

the Hazel, Vernon Paul, and Upper Nodena sites from Northeastern Arkan

sas were selected as collections that were readily available. Cri

teria—other than availability, sample size, and adequate archaeological 

documentation—that influenced the selection of collections for analysis 

included reasonable temporal controls and overall comparability. Tem

poral control will be discussed in detail in the descriptions of each 

site. Comparability among the collections was achieved rather fortu

itously, but it, nevertheless, plays an important role. Archaeologi-

cally, it appears that the skeletal samples from the Kane Burial Mounds, 

Dickson Mounds, Irene Mound site, the Hazel, Vernon Paul, and Upper 

Nodena sites all represent approximately the same "social class." The 

social class represented at each of these sites is neither the "elite" 

nor the "peasants," but rather the "middle class" which is presumably 

composed of artisans, craftsmen, lesser political figures, and mer

chants. 

In turning now to the specific archaeological contexts from 

which the skeletal samples used in this study were obtained, the three 

Northeastern Arkansas sites—Hazel Place (3P06), Vernon Paul (3CS25), 

and Upper Nodena (3MS4)—are located on the western portion of the 

Mississippi River floodplain in the lower (southern part) of the Central 

Valley (see Figure 3). These sites were originally located during the 

latter decades of the nineteenth century and, therefore, have sustained 
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Figure 3. Location of Hazel, Vernon Paul, and Upper Nodena Sites 
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a long history of amateur as well as professional archaeological field-

work. A brief synopsis of the fieldwork conducted at these sites is 

outlined in Table 6. 

TABLE 6 

A PARTIAL HISTORY OF THE ARCHAEOLOGICAL FIELDWORK CONDUCTED AT THE 
HAZEL, VERNON PAUL, AND UPPER NODENA SITES 

Site Dates Investigator(s) 

Hazel Place 
(3P06) 

1894 
1933 
1964 
1968 
1969 

Cyrus Thomas* 
James Durham 
Charles R. McGimsey III 
Sam Smith and Dan Morse 
Michael Hoffman and Albert Goodyear 

Vernon Paul 
(3CS25) 

1908-1909 
1934 and 1936 
1935 

Clarence B. Moore** 
C. A. Self*** 
Samuel C. Dellinger, James Durham, 

and Charles Finger 

Upper Nodena 
(3MS4) 

1897-1941 
1932 

1932 
1973 

James K. Hampson 
Walter Jones, David DeJarnette, 

James DeJarnette, and Jimmy Hayes 
James Durham and Charles Finger 
Dan Morse 

*Site was then called the "Thorton Group" 

**Site was then called the "Jones and Borum Places" 

***Site was then called the "Pemescot Mounds" 
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On the basis of the information in archaeological fieldnotes, 

reports, and site records, these three sites can be considered as Middle 

Mississippian sites. The following brief descriptive summary contains 

only some of the major features of these sites and ignores many of the 

specific details. 

Hazel Place (3P06) represents a village-ceremonial center lo

cated upon a natural levee of the Left Hand Chute of the Little River. 

The present channel of the Left Hand Chute occupies an old abandoned 

crevasse channel of the Mississippi River. Apparently, the Mississippi 

River abandoned this channel between A.D. 900 and A.D. 1300 (Smith and 

Morse, n.d.). A general reconstruction of the site indicates that the 

village area was at least five acres—probably more of the site has been 

destroyed through road building and farming activities. The houses 

within the village area were constructed of wattle-and-daub and were 

arranged in an orderly fashion of six rows. Distinct cemetery areas 

have been identified as having been associated with these house clus

ters. At least three pyramidal mounds were associated with the plaza 

area. There appear to have been two occupations at the site—at least 

two "strata" were discernible in six feet of midden deposit. The ear

lier occupation (or "Lawhorn Phase") is thought to have occurred between 

A.D. 1300 and A.D. 1450 (Morse, 1973: 40; and Smith and Morse, n.d.). 

The second occupation (or "Parkin Phase") has been dated at A.D. 1450 

to A.D. 1600. The dating of the "Parkin Phase" is based upon ceramic 

14 
seriation, a series of C dates, and alpha track dating of the mica 
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inclusions found in the pottery (Blumthal and Garrison, 1974: personal 

communication). 

Few detailed records are available for the Vernon Paul site 

(3CS25); consequently, much of the following description is based upon 

inference. The Arkansas Archaeological Survey's site form states that 

the Vernon Paul site is a "large town site of the St. Francis type with 

(two) large platform mounds and plaza arrangement." In addition, two 

conical mounds have been reported for the site. Between 1940 and 1947, 

Phillips, Ford, and Griffin (1951) surveyed the area along the middle 

St. Francis River and located a number of sites. Based upon surveys of 

twenty-one sites (including the Vernon Paul site), they defined the "St. 

Francis type" of site as: 

. . . a planned village laid out in rectangular form. . . . The 
plaza with its surrounding mounds, has become the center of 
town. ... a stockade as well as a ditch probably protected as 
well as defined the village area. . . . The dominant temple 
mound was uniformly located near the center of the western side 
of the site (Phillips, Ford, and Griffin, 1951: 329). 

The exact size and features of the Vernon Paul site, located upon the 

east bank of the St. Francis River, has not been reported, but was prob

ably eleven to fifteen acres in extent. Again, the present St. Francis 

River is thought to occupy an abandoned overflow channel of the Missis

sippi River. The only dates available for delimiting the occupation of 

the Vernon Paul site are the general ones for the St. Francis type sites 

which are given as circa A.D. 1450 to A.D. 1650. 

The Upper Nodena site (3MS4) is the best documented site of 

the three. This "Nodena Phase" village-ceremonial center occupies 

approximately 15h acres of the Congress Ridge (a natural levee of the 
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Mississippi River). Here too, there are two temple mounds, a plaza, 

and houses arranged in rectangular "wards" (see Figure 4). The entire 

village was surrounded by a stockade and a ditch. Over the years, ap

proximately one-half of the Upper Nodena site has been excavated. And 

according to Morse (1973: 71), at least one-third and, perhaps, one-half 

of the skeletons "have been accounted for" in the excavated "family" 

cemeteries. The Upper Nodena site is thought to have been occupied for 

approximately one hundred years during the time span from A.D. 1400 to 

14 
A.D. 1700. One C date suggests that the site was occupied in A.D. 

1320 ± 250 (Crane, 1956: 665). 

Archaeologically recovered data indicate that the Hazel, Ver

non Paul, and Upper Nodena sites are three late prehistoric village-

ceremonial centers located in the Mississippi River floodplain. Based 

upon the size and number of houses, cemeteries, and other features, 

these sites appear to have supported fairly large populations for at 

least one hundred years and, in one instance, as long as two hundred 

years (or four to eight generations). Also, it appears that the occu

pations at these sites were contemporaneous or at least overlapped. The 

differences that do exist between these sites are manifested in differ

ences in frequencies of pottery styles and projectile point types as 

well as some minor architectural features which appear to be related to 

localized topographical differences. Communication between the three 

sites prehistorically would have been relatively easy because of the 

distances involved (e.g., the overland distance between Upper Nodena 

and Hazel is approximately 20.7 miles; the downriver distance between 
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Hazel and Vernon Paul is approximately 16.2 miles; and the overland 

distance between Vernon Paul and Upper Nodena is approximately 32.3 

miles) and because of the absence of any physiographic/topographic 

barriers. A number of trails used historically and prehistorically 

have been mapped for the area along both sides of the Mississippi River 

(see Myer, 1928; and others) which would provide easy access to pre

historic sites in the area. 

Without a detailed knowledge of the excavation techniques or 

the post-excavation history of the skeletons unearthed by other insti

tutions and individuals, I cannot comment further on those skeletons. 

However, I can comment and, to a degree, do feel obligated to comment 

upon those skeletons recovered under the auspices of the University of 

Arkansas Museum from the Hazel, Vernon Paul, and Upper Nodena sites. 

The need for such comments is two-fold: (1) to characterize adequately 

the skeletal sample available for analysis in terms of the biases which 

were introduced in the collection process, and (2) to raise an issue of 

vital importance to the profession of physical anthropology. In fact, 

the sad history of the post-excavation treatment of these materials 

raises the issue of the professional ethics involved in the purposeful 

destruction of skeletal materials for the "sake of scientific knowl

edge." 

The skeletal materials (sample) available for the present study 

are a part of those which were recovered during the 1932, 1933, and 

1935 excavations conducted at these sites. The three "archaeological 

expeditions" were conducted under the direction of S. C. Dellinger, then 



Curator of the University Museum and the Chairman of the Department of 

Zoology. The primary objective of these "expeditions," though not ex

plicitly stated, appears to have been to obtain a collection of arti

facts—particularly pottery vessels—for the Museum collections. And 

as previous experience in eastern Arkansas had shown, the excavation of 

burials was likely to be the most productive in terms of the recovery 

of complete and intact pottery vessels. Consequently, graves were 

highly "prized" features within these sites and were actively sought 

utilizing metal probes. 

The composition of the field crews and the excavation method

ologies at the Hazel, Vernon Paul, and Upper Nodena sites followed a 

similar pattern. The actual excavations were directed by James Durham 

and Charles Finger, graduate students from the University of Arkansas. 

The following excerpts from the Nodena fieldnotes (Durham, 1932) suc

cinctly summarize the procedures employed at these sites: 

Most of the day was spent in getting organized and set up. 
Trenches were staked and mapped in with plane table and ali
dade, using a scale of 1 inch to 10 feet. Twelve diggers were 
hired at $.75 per day. Several skilled laborers were also 
hired at $1.50 per day. The probe was used, wherever feasible, 
to locate burials. Each skeleton was mapped and recorded, 
after being cleaned with trowel and brush, and then photo
graphed. ... On the third day of work we uncovered 32 burials 
and a total of 50 vessels. 

After reading the fieldnotes, burial cards, and field catalogue records, 

it becomes apparent that all graves encountered were excavated. Based 

upon the available records, I would estimate that these excavations 

exposed approximately 10% of the area containing burials at the Hazel 

site, possibly 3% of the area at the Vernon Paul site, and approximately 
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6.5% of the area containing graves at the Upper Nodena site. From the 

respective areas excavated at the 3 sites, the 1933 excavations at Hazel 

yielded a total of 509 skeletons; the 1935 excavations at Vernon Paul 

yielded a total of 142 skeletons; and the 1932 excavations at Upper 

Nodena produced 327 skeletons. However, not all of the skeletons exca

vated were saved. A preponderance of adults was actually removed, 

boxed, and transported to the Museum at Fayetteville. The exact number 

of skeletons (both partial and complete) that were brought to Fayette

ville will probably never be known for reasons that will be discussed 

later. The selection, in the field, of adults over infants and sub-

adults does not appear to have been related to differential degrees of 

preservation because the records indicate that preservation of skeletal 

materials, with few exceptions (e.g., those struck by plowing or those 

in the deepest parts of the sites) was excellent. The skeletons that I 

examined support the field descriptions. The tongue-in-cheek remarks 

about being able to "knock the dirt off the bones by striking them upon 

the sides of the burial pits" would appear to be true in these cases. 

One speculation concerning the reason for the lack of younger indi

viduals being represented in the samples is the problem of sampling 

error. In a 1969 salvage operation at the Hazel site, Morse (n.d.) 

reports upon an area that contained 62 skeletons. Within this area, a 

distinct and separate "children's cemetery" (containing 7 "infants and 

children") was recorded. Perhaps, failure to expose differential age-

graded interment areas accounts for the discrepancies noted above. 



The presence or absence of noticeable pathology do not appear to 

have been criteria for selecting which burials to save—at least I could 

find no indications for this either in the notes or in the skeletons 

themselves. However, without adequate records, it is difficult to mea

sure the degree to which "abnormality" may have served as a criterion 

for selecting skeletons. After examining all of the available skele

tons, I recorded 58.82% of the 154 skeletons from Hazel, 42.86% of the 

86 skeletons from Vernon Paul, and 45.45% of the 90 skeletons from Up

per Nodena as possessing observable "anomalies"—that is, those which 

could be visually observed. These anomalies ranged from such obvious 

conditions as cranial deformations to the less readily detectable con

ditions of minor cortical thickening of some bones or small areas of 

porotic lesions, etc. The apparent lack of training of the fieldworkers 

lends credibility to the inference that pathology was not a criterion 

employed in selecting skeletons to be retained during the excavations 

at these sites. 

After excavation, those skeletons which had been saved were 

brought to the Museum. Each skeleton was stored, along with copies of 

the field records, in an individual box. As time permitted, the skele

tons were cleaned and labeled. As part of the present research—which 

began in 1972—each skeleton was cleaned again, preserved with a solu

tion of Gelva and alcohol, reconstructed (when necessary and possible), 

and additional information was then recorded (see Appendix A for data 

which were recorded for each skeleton). The "normal" sequence of events 

(which would have been cleaning, labeling, preserving, reconstructing, 
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and recording) was interrupted in 1965. At that time, the entire 

skeletal collections of 800 plus individuals (of which ca. 90-95% had 

been cleaned, but only ca. 50% had been catalogued) were sent to the 

Laboratory of Physical Anthropology at the University of Texas at 

Austin. Of the 800 plus skeletons sent to Texas no more than 75% were 

returned and those that were returned were broken and comingled. 

As accurately as I have been able to determine, a combined total 

of at least 3,069 burials have been excavated at the Hazel, Vernon Paul, 

and Upper Nodena sites. Archaeologists exposed a minimum of 511 skele

tons at the Hazel site, 142 at the Vernon Paul site, and 2,416 skeletons 

at the Upper Nodena site. In addition, an unknown number of graves have 

been destroyed through the activities of "pot hunters." Based solely 

upon the proportion of grave containing areas which have been excavated 

at each of these sites, compared to the remaining unexcavated areas, I 

estimate that the excavated sample represents approximately one-third of 

those individuals who potentially were buried at these sites. In other-

words, archaeologists probably exposed a 30-35% sample which, if still 

intact, would provide a useful and valid statistical sample. As indi

cated previously however, the excavated sample has been reduced in size 

over the intervening years. Of the 511 skeletons excavated at the Hazel 

site under controlled conditions, only 154 (30.14%) partial skeletons 

have survived. Of the 142 skeletons exposed at the Vernon Paul site, 

only 86 (60.56%) reasonably complete skeletons have survived. Of 

the 2,416 skeletons exposed at the Upper Nodena site, only a small 

proportion has survived. A total of 327 burials were excavated by the 
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University of Arkansas and only 90 (27.52%) have survived. Of the 1,264 

graves exposed (many containing multiple skeletons) by James K. Hampson, 

only 32 skulls survive in the Hampson Museum collections. These 32 

skulls were examined in 1970 by Georg K. Neumann, but none of these data 

have been published. I have been unable to determine the fate of the 

799 skeletons from Upper Nodena which were excavated by the Alabama 

Museum of Natural History in 1932. In summary, of the 3,069 skeletons 

excavated from these 3 sites (which probably represents a 30-35% sample 

of the skeletons interred at these sites), only 330 partial skeletons 

(10.75%) are available for the present research. This "sample" size 

must be kept in mind when attempting to evaluate the results of the 

analyses attempted in this study. Obviously, a 10% sample is far from 

ideal. 

As previously indicated, the Kane Burial Mounds (20B2-28) are 

located at the periphery of the largest ceremonial center, Caholcia, in 

what is now East St. Louis. The site, consisting of 4 mounds, was 

first located in 1962 by James Porter during a survey of the proposed 

right-of-way for Federal Interstate Highway 270 in Madison County, 

Illinois. Preliminary excavations by Porter (1962) revealed that this 

site, only 7.5 miles northeast of Monk's Mound in "downtown" Cahokia 

and 4 miles east of the Mitchell site, contained Middle Mississippian 

cultural and skeletal remains. The 4 Kane Burial Mounds are situated 

on the crest of a narrow ridge of the bluff bordering the American Bot

toms. These mounds are approximately 40 meters apart and are distrib

uted north and south along the crest of the ridge. The largest mound 
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is the most northerly one and lies partially within the modern St. 

Elizabeth's Cemetery. The southern 2 mounds fell within the right-of-

way and were, thus, threatened with imminent destruction. Consequently, 

the 2 southern-most mounds were completely excavated in the summer of 

1963. From these 2 mounds, an estimated 87 individuals were recovered. 

A closer examination of the skeletal remains in the laboratory revealed 

that a total of 147 individuals were represented in the sample. Based 

solely upon the proportion of excavated area to the total area of the 

site, this sample probably represents a 35-40% sample of the individuals 

interred at the Kane Burial Mound site. 

At the time of excavation, the site was covered with dense 

underbrush and did not appear to have been excavated previously. The 

loess comprising the site contained a very high concentration of calcium 

carbonates which contributed to the high degree of preservation of the 

skeletal materials recovered. Due to the nature of the loess deposits 

at the site, no apparent stratigraphy was recorded. According to Melbye 

(1963: 6-7), it could not be determined whether the individual graves 

were the result of digging a pit or simply placing the individual upon 

the "old" ground surface and then covering the body with basket-loads 

of soil. At any rate, definite mounds containing skeletons were present 

and these burials were not randomly distributed, but were oriented 

either towards the Mitchell Mounds or Monk's Mound. 

Dating the use of the Kane Burial Mounds is somewhat of a 

problem. Although a number of charcoal samples were recovered at the 

site—including samples from grave offerings burned in situ with some 
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14 
individuals—no C dates are available at this time. As a consequence, 

the only temporal controls that can be established are based upon the 

ceramic vessels included as grave goods accompanying some individuals 

and the indications of relationship between the use of the Kane Burial 

Mounds and the occupations at Cahokia and Mitchell. In general, the 

vessel "types" (water bottles, effigy vessels, jars, and bowls) point 

to an Old Village time period (A.D. 1050-A.D. 1300). However, if indeed 

the Kane Burial Mounds were used as a cemetery by the occupants of the 

Mitchell and Cahokia villages—and the nonrandom burial orientations 

suggest that this is the case—then greater temporal precision is pos-

14 
sible. A series of C dates as well as a series of tree ring dates 

taken from a large cypress log recovered at the Mitchell site suggest 

that the Kane Burial Mounds were in use from A.D. 1081 to A.D. 1195. 

On the basis of the archaeological evidence, it would seem reasonable 

to accept that the Kane Burial Mounds were probably in use from ap

proximately A.D. 1100 to A.D. 1200. 

To briefly summarize, the skeletal data to be examined in this 

dissertation are outlined in Table 7. These data, from various geo

graphical locations throughout the Southeast, will be used to test the 

validity of several archaeological interpretations concerning who were 

the practitioners of Mississippian culture. 



TABLE 7 

MISSISSIPPIAN SKELETAL DATA AVAILABLE FOR ANALYSIS 

Site Name Location "Type" of Site 
Time of Site 
Utilization 

Source of Data 
Sample 
Sizes 

Kane Burial Mounds Illinois Accretionary Mound A.D. 1100 to 
A.D. 1200 

Skeletons 147 

Hazel Site Arkansas Ceremonial Center 
with Village 

A.D. 1300 to 
A.D. 1450 

Skeletons 154 

Vernon Paul Site Arkansas Ceremonial Center 
with Village 

A.D. 1450 to 
A.D. 1550 

Skeletons 96 

Upper Nodena Site Arkansas Ceremonial Center 
with Village 

A.D. 1400 to 
A.D. 1500 

Skeletons 90 

Dickson Mounds Illinois Accretionary Mound A.D. 1000 to 
A.D. 1300 

Published Data 68 

Irene Mound Site Georgia Ceremonial Center A.D. 1300 to 
A.D. 1550 

Published Data 143 

ON 
10 



THE SKELETAL SAMPLES 

Up to this point, I have been summarizing what is known or has 

been recorded about the archaeological contexts from which the skeletal 

samples from the Kane Burial Mounds, the Dickson Mounds, the Irene Mound 

site, and the Hazel, Vernon Paul, and Upper Nodena sites were drawn. 

Additional archaeological data, when available, will be included to pro

vide supportive or corroborative evidence. Also, I have been describing 

the nature of the skeletal collections in terms of their degree of pres

ervation, the methodologies and controls employed in their recovery, and 

the probable sampling errors that were introduced during and after their 

excavation—that is, whenever this information was available. Although 

somewhat lengthy, the basic description of the data at hand as well as 

a review of some of the biases that have been introduced through the 

imposition of minimal controls is an important and necessary step in 

attempting to draw valid inferences and conclusions from these skeletal 

collections. The amount and "quality" of data can significantly affect 

the strength and validity of any conclusions reached. 

As the next logical procedure, I will now turn attention to a 

more detailed characterization of the skeletal collections. But first, 

I should make some general comments about these "samples." At this 

point, the collections of skeletons representing individuals interred 

at the six sites comprise a "total sample." The exact nature of this 

sample is unknown at this point—the sample may simply be a collection 

64 



65 

of skeletons, it may be a sample of one or more biological populations 

(gene pools) , or it may simply be a statistical sample that is mathe

matically valid but biologically meaningless. The only information that 

would permit us to make some decision about what kind of sample these 

skeletal remains represent is the observable phenotypic attributes found 

in the skeletons themselves. These attributes, which reflect the under

lying genetic structure, can be employed singly or in various combina

tions to construct "individual" or composite analytical features through 

the application of appropriate measurement scales. For reasons dis

cussed earlier (e.g., differential preservation, recovery, and post-

excavation destruction), none of the skeletons comprising the total 

sample are complete and intact. Some individuals are represented by 

as little as a single mandible, femur, or humerus. Other individuals 

are reasonably complete with, perhaps, only the hand or foot bones 

missing, or complete except for the ribs and vertebrae. In an attempt 

to quantify the amount of skeletal material available for analysis, each 

skeleton from the Kane, Hazel, Vernon Paul, and Upper Nodena sites was 

examined in terms of what "parts" were represented (e.g., cranium only, 

cranium and post-cranial skeleton, or post-cranial skeleton only) and 

which individual bones were present and their condition. The details 

of the ordinal scales employed in this skeletal catalogue can be found 

in Appendix A. In the case of the collections from the Dickson Mounds 

and Irene Mound sites, it was not possible to quantify the skeletal 

inventory as only summary information for the phenotypic attributes 
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(i.e., means and standard deviations for cranial length, etc.) is pre

sented in the notes and published reports. 

Of the 447 skeletons from the Kane Burial Mounds and the 3 Ar

kansas sites that were examined by this author, 89 individuals (19.91%) 

were represented in the collections by cranial materials only and 82 

(18.35%) were represented by some post-cranial materials only. Obvi

ously, a considerable amount of data is missing. Missing values for 

variables (phenotypic attributes) is, perhaps, the most troublesome and 

frustrating aspect of working with prehistoric skeletal materials for 

two reasons. First, missing data reduces the accuracy and precision in 

making estimates for age and sex. And second, even though the total 

samples may be adequate for statistical analyses, the sample size for 

any given variable may not be sufficient to produce statistically reli

able results. In addition, unequal sample sizes for a given set of 

variables places severe restrictions upon the use of many multivariate 

computer programs which normally require equal sample sizes for compu

tations. With regard to the problem of missing data, the present solu

tions to this problem are not completely satisfactory. 

Because of missing data, the widest variety of methods possible 

were employed during the preliminary analyses of the four unreported 

collections in order to estimate such basic information as an indi

vidual's age at death, sex, health status, etc. The limitations imposed 

upon this broad spectrum approach were those of the completeness of the 

skeletons and the lack of access to sophisticated laboratory equipment 

(e.g., x-ray equipment, bone microtome, neutron accelerator, etc.). The 



methods employed during the preliminary analyses ranged from "simple" 

visual observations with nominal and ordinal measurement scales being 

applied to standard osteometric measurements with interval measurement 

scales being employed (Montagu, 1960; Brothwell, 1965; and Bass, 1971). 

The methods and the measurement scales, which were utilized in an at

tempt to maximize the amount of information obtained, are briefly sum

marized below. 

Ageing Criteria 

The development of the three phenotypic attributes (dorsal mar

gin, ventral rampart, and symphyseal rim) of the pubic symphysis for 

males (McKern and Stewart, 1957) and for females (Gilbert and McKern, 

1973) were considered as the most precise and reliable method for esti

mating the age at death for an individual. This technique, utilizing 

casts illustrating various "stages," requires a high degree of preser

vation of the pubic symphysis region of the innominates—a situation not 

often encountered with prehistoric skeletal materials. The measurement 

scale is an ordinal one. This technique was employed whenever possible 

in the analysis of the collections from the Kane, Hazel, Vernon Paul, 

and Upper Nodena sites. 

The development of the dentition (deciduous, mixed, and perma

nent) was considered as the next most reliable technique available for 

individuals younger than twenty-five years of age. Both the number and 

types of teeth as well as the degree of development (eruption into the 

occlusal plane) are the phenotypic attributes that could be observed. 

The numbers and types of teeth were scaled as nominal data (present or 



absent) and the degree of eruption was scaled on an ordinal scale ac

cording to the methods described by Schour and Massler (1941) and 

Diamond (1952). The attributes of tooth wear and attrition (Brothwell, 

1965) were considered by this author to be too unreliable because no 

standards have been established for prehistoric Mississippian groups. 

For this reason, dental wear and attrition were employed in ageing an 

individual only if no other criteria were available and then, estimates 

were considered as little more than guesses. The ordinal scales of 

"old adult, adult, and young adult" were used. 

Epiphyseal union, the most frequently employed criterion for 

ageing, was not considered to be particularly precise and/or reliable 

because, more often than not, only a few epiphyses could be observed 

for any one individual due to the partial and incomplete nature of the 

skeletons. The scaling was ordinal (0-4 ranks) and followed the stan

dards of McKern and Stewart (1957) and Krogman (1962). 

Because of the widely recognized lack of reliability of suture 

closure (McKern and Stewart, 1957; Krogman, 1962; Brothwell, 1965; 

Bass, 1971; and others), cranial suture closure, with the exception of 

the basi-sphenoid synchondrosis, was not attempted unless those pheno-

typic attributes were the only ones available upon which to base an age 

estimate. The ordinal scales used were "young adult," "adult," and 

"old adult." In the case of the sphenoid-occipital union, an ordinal 

scale of 0-4 was employed with an age range for closure from 18 to 25 

years of age. Even though McKern and Stewart (1957: 35) claim complete 

closure by age 21, no standards for prehistoric skeletons are accepted 



universally and 25 years appears to be the more conservative estimate 

for complete closure among prehistoric groups. 

In the case of very young individuals, the method developed by 

Redfield (1970), based upon the size and degree of development of the 

occipital bone, was employed whenever possible to estimate the age at 

death. The scaling utilized in this technique is both interval (length 

and breadth measured in centimeters) and ordinal. The development of 

the occipital bone, when combined with dental development, fusion of 

the mandibular symphysis, and the appearance and size of the mastoid 

processes, was considered as the most accurate combination of methods 

for estimating the age of immature individuals. 

Sexing Criteria 

The innominates are universally considered as the most reliable 

structure for estimating the sex of an individual. Consequently, as 

many phenotypic features of the innominates were observed as possible 

and a variety of methods were employed—depending upon the completeness 

of the available innominates. The method devised by Phenice (1969) 

which utilizes the attributes of the ventral arc, subpubic concavity, 

and morphology of the medial aspect of the ischio-pubic ramus, is ap

proximately 95% accurate and utilizes both nominal and ordinal scales. 

In addition, other features of the innominates were observed (Krogman, 

1962: 129; Bass, 1971: 156-162). These features include the degree of 

development and/or shape of the sciatic notch, subpubic angle, obturator 

foramen, acetabulum, preauricular sulcus, rugosity of iliac crest and 

tubercles, symphysis height, and anterior-posterior iliac slope. 
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Cranial morphology has also, according to Krogman (1962: 114), 

been another skeletal structure that has been traditionally employed as 

a means for estimating the sex of an individual. But as Krogman points 

out, most of the phenotypic attributes have been scaled in an ordinal 

fashion rather than utilizing interval scales. Because no standards of 

the interval type were available for prehistoric Mississippian groups, 

the more subjective ordinally scaled attributes were employed in at

tempting to sex individuals from the four collections on the basis of 

skull morphology. Individuals from the four sites who could be aged, 

either by dental development or pubic symphysis development as at least 

20 ± 3 years or older, and who could be sexed on the basis of innominate 

morphology, were utilized as an intrasample control group. These in

cluded 39 males and 38 females. The crania of these individuals were 

then examined in terms of the attributes of overall size, rugosity, 

size of mastoid processes, degree of rugosity of nuchal muscle attach

ment areas on the external occipital, frontal and parietal eminences, 

shape and form of the margins of the eye orbits, forehead morphology, 

mandibular symphysis size, ramus angle, minimum ramus breadth, and 

symphysis height. These features were scaled in ordinal ranks which 

were converted to rankits. These variables could then be treated as 

interval scaled variables in the subsequent analyses. This intrasample 

scaling provided better control over the estimates of sex than could be 

achieved by employing the general scales discussed by Krogman (1962: 

115) or Brothwell (1965). 
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Sex estimates based upon size and morphology of long bones 

and/or other post-cranial materials have achieved varying degrees of 

precision and reliability (Krogman, 1962: 143-149). However because of 

the amount of missing data, it was necessary to employ one of these 

techniques in an attempt to sex 47 individuals in the collections. Of 

the many techniques available, the estimation of sex based upon the ver

tical diameters of the humeral and femoral heads (on an intrapopula-

tional level) appears to be the most reliable method. 

Again, adult skeletons (those which could be reliably aged as 

20 ± 3 years or older) that had been sexed on the basis of innominate 

morphology were utilized as an intrapopulational sample. All of these 

individuals were selected from the Arkansas collections and it was 

assumed, at this point, that the sample was drawn from a biological 

population. Because this assumption was, as yet, untested, the conclu

sions were considered as provisional and subject to error. Should the 

results of a subsequent test of this assumption prove negative (that the 

Arkansas collections did not represent a biological population) then 

those 47 individuals that had been sexed upon the basis of humeral and 

femoral head diameters would have been deleted from the sample. At any 

rate, the risk of accepting an invalid assumption regarding the nature 

of the Arkansas collections was weighed against the prospect of not 

being able to establish any sexing criteria other than the general ones 

developed by Pearson (1919) for the femora of a British population. 

And in this case, the decision was made to accept the risk of an error 

margin. 
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The data for 46 male humeri and 49 femora were pooled, as were 

data for 37 female humeri and 44 femora to yield 2 samples. The sample 

means, standard error of the means, and the standard deviations were 

calculated for each sex. The results of these computations are pre

sented in Table 8. 

TABLE 8 

SEX DIFFERENCES IN VERTICAL HEAD DIAMETERS FOR HUMERI AND FEMORA 

Humeral Head Diameters Femoral Head Diameters 

Sex 
Sample 
Size 

X a 
m 

6 Sex 
Sample 
Size 

X a 
m 

6 

Males 46 45.17 0.07 0.24 Males 49 46.18 0.06 0.26 

Females 37 39.13 0.06 0.19 Females 44 40.63 0.04 0.22 

Note: Measurement scale is in millimeters 

Based upon these values, 5 ordinal categories were established as stan

dards for the "population." These categories are: 

X 40.0 female 

40.1 41.5 probably female 

41.6 43.0 indeterminate 

43.1 44.5 probably male 

44.6 X male 

The female and male categories were based upon the values of the respec

tive means and 3 standard deviations above or below those means. Thus, 



I am confident that, 95% of the time, females and males will fall within 

those categories. The other 3 categories in the standards were based 

upon equal subdivision of the remaining interval range. These scales 

compare favorably with those established by Pearson and were, therefore, 

deemed as reasonable standards that could be applied to these Mississip-

pian skeletal remains. 

In all instances, both visual observations and osteometric mea

surements were either performed by me or were verified by me if per

formed by others. In addition, randomly selected skeletons (a 20% 

sample) from the Arkansas collections were "rescored" at a later date. 

The rescoring of a sample of skeletons served as a check on the accuracy 

and reliability of the original scaling. Due to limitations of time, 

no rescoring was possible for the Kane Burial Mounds collection. Dif

ferences of one millimeter between the original measurement and the 

subsequent remeasurement were deemed an acceptable margin of error. 

Variables requiring more subjective scaling (e.g., morphological traits 

such as chin form, tooth wear, pubic symphysis morphology, etc.) were 

made by comparing the "unknown" with a standardized comparative series. 

A few minor differences (nine) in scaling the nominal and ordinal data 

were detected—four one-rank differences were noted for chin form as

sessments, and three cusp pattern assessments were scored for indi

viduals with moderately worn dentition. In addition, a re-examination 

of the entire sample resulted in a change in the sex estimate for five 

partially complete skeletons. In spite of these measurement errors, I 
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feel that an acceptable level of accuracy and reliability was achieved 

for the measurements of the four skeletal collections. 

All data were recorded, initially, on the revised laboratory 

forms (Appendix A). These data were then keypunched and verified for 

computer analyses. The information, recorded on a computer card "master 

deck," was then duplicated in the form of another data deck as a safety 

precaution. In addition, the information was then copied on a nine-

track magnetic tape as a permanent data file. 

Summaries of the preliminary examination of the skeletons from 

the Kane Burial Mounds and the Hazel, Vernon Paul, and Upper Nodena 

sites are presented in Appendix B. Because these skeletons were re

covered as four separate samples and because there is, at present, no 

justification to consider these samples otherwise, the age and sex es

timates for these individuals are presented by site. For comparative 

purposes, the age and sex estimates for the skeletal samples from the 

Dickson Mounds and the Irene Mound site are also presented in Appen

dix B. The information for the Dickson Mounds materials was abstracted 

from Harn (1971: 27-51). The information for the Irene Mound site 

sample was abstracted from Hulse's unpublished field and laboratory 

notes (Hulse, 1939). 

Although the criteria and methodologies employed for estimating 

age and sex for the skeletal remains from each of the sites are similar, 

some of the details of the methodologies and the manner in which the 

results of these preliminary analyses are reported differ somewhat. 

Because these data strongly influence the kinds of interpretations 
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possible, a brief review of these differences is in order here. The 

character of these differences reflects investigator biases. 

In the skeletal inventory of the Dickson Mounds collection, 

Harn (1971: 32) states that: 

The various parts of the skeleton considered in sexing 
were the skull and teeth, pelvis, sternum, long bones, ver
tebral column, scapula (when available), and clavicle. 

Estimation of the individual's age was based on tooth 
eruption, bone size (of fetuses and some infants), epiphy
seal union, pubic symphysis, the skull and its suture clo
sure, and dental attrition. 

And based upon these criteria, Harn (1971: 28-51) summarizes the exam

ination of the Dickson Mounds skeletal sample according to the following 

format: 

The first burial found in the Dickson Cemetery-Mound is 
an extended supine adult (male?)—24 years of age. 

Number 4, an 8%-month foetus, has a small Busycon spp. 
shell pendant. 

Number 30, a newborn infant, has only the back of its 
skull exposed. 

Number 6, a 12-year-old female, has no associated arti
facts . 

Note that the specific criteria employed for the age and sex estimates 

are not given and the age is stated as a single figure with no ± values.. 

This author could not achieve the same degree of precision with regard 

to the collections from the Kane Burial Mounds, the Hazel, Vernon Paul, 

and Upper Nodena samples. 

Though not explicitly stated, Harn apparently based this skele

tal inventory on the information derived from Georg K. Neumann's origi

nal examination of these skeletons (Neumann, 1937: 227-264). In a more 
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recent multivariate analysis of the metric data recorded for the Dickson 

Mounds skeletons, Blakely (1974: 10) utilized and reported upon some of 

these same skeletons. Again, indications in Blakely's discussion sug

gest that the data as well as the age and sex estimates for the sixty-

eight male Mississippian skeletons analyzed were the ones originally 

recorded by Neumann. 

In reviewing the discussion of the methodology employed in 

ageing and sexing the skeletal remains from the Irene Mound site, some 

differences were again noted. According to Hulse (1941: 57): 

Two hundred and sixty-five burials were located. From these 
we have obtained the skeletons of seventy-four adult males, 
seventy-five adult females, sixteen adolescents, thirty-eight 
children and infants, as well as sixty-two skeletons which were 
too fragmentary for determination of either age or sex. . . . 

The age of each skeleton was determined by an examination 
of the degree of suture closure, the degree of tooth eruption, 
the degree of tooth wear, and in some instances, the state of 
ossification of the epiphyses of the long bones. Since there 
may well be minor differences between the growth rate of Irene 
Indians and modern whites, no attempt has been made to state 
the actual age in years. 

Apparently, the features of the skull and post-cranial skeleton which 

were "standard" at the time were employed in attempting to ascertain 

the sex of individuals in the Irene collection. 

With these differences in mind, a summary of the age and sex 

structure for each of the six skeletal samples is presented in Table 9. 

It should be noted that the scaling (age ranges in years) does not apply 

to the Irene sample. Also, the numbers for the males and females in the 

various age categories differ from those reported by Hulse for the Irene 

sample. These discrepancies are the result of the loss, during the 



TABLE 9 

THE AGE AND SEX STRUCTURE OF THE SIX SKELETAL SAMPLES 

Site Sex Estimate Adult 
(25+) 

Age Estimate 

Young Adult 
(15-25) 

Adolescent Child Infant Indeterminate 
(10-14) (2-9) (X-l) 

Total 
Sample 
Size 

Hazel 

Vernon 
Paul 

Upper 
Nodena 

Kane 

Dickson 

Irene 

Total 

Male 57 25 1 
Female 26 27 154 
Indeterminate 2 11 5 

Male 26 12 2 
Female 19 11 1 86 
Indeterminate 9 6 

Male 34 13 
Female 28 13 1 90 
Indeterminate 1 

Male 36 21 
Female 30 16 1 147 
Inde terminate 2 5 24 6 6 

Male 59 7 1 
Female 47 23 6 1 240 
Indeterminate 3 45 46 2 

Male 49 16 4 
Female 41 24 6 1 263 
Indeterminate 11 7 2 28 6 68 

Male 261 94 8 0 0 0 
Female 191 114 15 1 0 1 980 
Indeterminate 13 7 12 118 69 76 

Note: Age scaling in years does not apply to the Irene sample 
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intervening years, of data sheets for some of the Irene burials. Thus, 

the numbers for adult males, adult females, and adolescents have been 

reduced and the number of individuals in the "indeterminate" category 

have been increased. 

Although numerous other descriptive features of the six skeletal 

samples have been recorded (e.g., burial orientations, dental anomalies, 

wounds and other traumas, etc.), only those aspects which are relevant 

to the sample structures or those pertinent to later analyses will be 

presented here. The additional relevant descriptive aspects of the 

skeletal samples are summarized in Table 10. Because of differences in 

recovery and sampling methods, data collection techniques, and reporting 

procedures, the differences reflected in Table 10 are, in all probabil

ity, the result of sampling error and are not due to true biological or 

cultural differences. As a consequence of insufficient comparability 

among these samples, a typical demographic analysis of these skeletal 

collections is not possible. 

Some additional comments about the composition of the skeletal 

samples, but from a nonbiological perspective, are in order here. The 

perspective, in this instance, is that of probability theory and statis

tical sampling. Ideally, a research design to properly test the popu-

lational nature of diverse Mississippian groups would include provisions 

for excavating random and representative samples from a variety of Mis

sissippian sites throughout the entire Southeast. Such samples are ones 

that would meet the following requirements: 

1. Size—a sample that will be statistically valid is one that is 
large enough to minimize the effects of sampling error and will 



TABLE 10 

SOME ADDITIONAL DESCRIPTIVE FEATURES OF THE SIX SKELETAL SAMPLES (ADULTS ONLY) 

Site 
Sex Ratio 

(Male s/Females) 

X Age at Death X Age at Death Percentage of Percentage of 
for Males for Females Cranial Deformation Cranial Deformation 
(S.D.) (S.D.) for Males for Females 

Hazel 1.55 
24.65 
(3.98) 

22 .62  
(3.81) 

35.5 30.4 

Vernon 
Paul 

1.27 
25.73 
(5.47) 

24.94 
(3.99) 

16.7 30.8 

Upper 
Nodena 

1.15 
25.75 
(4.42) 

24.38 
(3.57) 

36.2 40.0 

Kane 

Dickson 

1.24 

0.94 

23.81 
(4.83) 

42.0* 

22.76 
(7.18) 

37.2* 

15.6 

24.3* 

25.9 

38.3** 

Irene 1.00 no data no data 33(2)*** 33 ( ?) *** 

*Based upon information reported by Ham (1971: 63) 

**Based upon information reported by Blakely (1974: 11) 

***Based upon information reported by Hulse (1941: 59) 



80 

permit, within acceptable limits, the estimation of population 
parameters. 

2. Structure—the sample should contain, again within acceptable 
limits, the same degree and proportion of variation that was 
present in the population from which the sample was obtained. 

These criteria must be met or controlled for if one wishes to make any 

inferences regarding the population based upon the statistical samples 

obtained. If the statistical samples grossly violate these require

ments, then only summary descriptive statistics about the samples them

selves and some low-level inferences concerning these samples are 

possible. 

The selection or structuring of a valid statistical sample can 

be achieved through the utilization of various sampling methodologies. 

However, there are three basic types of samples, each requiring somewhat 

different sampling techniques. These three types are the simple random 

probability sample, the stratified probability sample, and the clustered 

probability sample (Phillips, 1971: 309-313). The first, or random 

probability sample, is the least complicated mathematically, but the 

most difficult to achieve in an archaeological situation. The other 

two are more complicated statistically but are, often, more easily at

tained because of patterns that are detectable in the archaeological 

record. 

A simple random probability sample is based upon the concept 

that each individual (unit) in a population has an equal chance of being 

selected and a known probability of being selected for the sample. The 

method of selecting a random probability sample of individuals involves 

setting the desired sample size and then assigning numbers from a table 



of random numbers to each individual in the population. Then the de

sired sample size can be selected. Although various sample sizes— 

ranging from 20 to 50%—are deemed ideal, most authorities consider a 

5 to 10% sample as minimally adequate. 

A stratified sample is based upon the concept that all individ

uals do not have an equal chance of being selected because the popu

lation is not homogeneous—that is, the population contains different 

classes or strata. As a consequence, each stratum must be randomly 

sampled. If a population contains 60% males and 40% females, both the 

male stratum and the female stratum must be randomly sampled. Further

more, the sample should represent the disproportionate sex distribution. 

A clustered probability sample is one which reflects a known 

structure of clusters or groupings in a population and, in this sense, 

is similar to the stratified sample. A random sample of the clusters 

is selected from which individuals are randomly selected. An example 

of this sampling methodology would be the hypothetical situation in 

which an archaeological site contains 10 cemeteries each with 2,000 

graves. A random sample of 3 cemeteries could then be selected and a 

10% random sample of those graves excavated. The disadvantages of both 

stratified and clustered sampling methodologies are: (1) one must have 

prior knowledge of all strata or clusters, (2) not all individuals will 

have the same probability of being selected, and (3) which is related 

to number two, there is a greater chance of either over or under-

representing a particular group in these samples than is the case for 

a simple random probability sample. 



In the present study consisting of the four unreported samples 

and the two which have been reported upon in the literature, the initial 

sampling (excavation) was performed by others who, apparently, were not 

at all concerned with providing statistical samples. As a result, the 

three Arkansas samples (collections recovered from the Hazel, Vernon 

Paul, and Upper Nodena sites) are a combination of all three types of 

statistical samples. These three samples seem to be random with regard 

to sex and gross abnormalities, stratified with regard to age, and clus

tered with regard to sampling units (excavated areas). The skeletons 

recovered from the Kane Burial Mounds appear to be fairly random with 

regard to age, nonrandom with regard to sex, and clustered with regard 

to sampling units. The Dickson Mounds collection appears to be a non-

random clustered sample in terms of sampling units, but random with 

regard to the age and sex distribution within the clusters. The Irene 

Mound site collection represents a stratified sample with the strata 

appearing to have been randomly sampled with regard to age and sex. 

Because these collections represent different types of statistical sam

ples for which the proper controls may not have been imposed, this situ

ation requires that caution be exercised while interpreting the results 

of the statistical analyses. 

Because of differences in temporal controls within and among 

sites, sampling strategies (excavation and recovery methodologies em

ployed) , as well as the types of data collected and analyzed in the 

laboratory, the skeletal samples from the six sites are not totally 

comparable. As indicated previously, the six sites were only 



approximately contemporaneous in terms of occupancy or utilization. In 

addition, Hulse (1941: 57) and Blakely (1974: 10) have reported temporal 

differences within the Irene Mound site and the Dickson Mounds site re

spectively. For the Irene Mound site, Hulse noted that the skeletons 

recovered from the burial mound were early—Savannah ceramic period— 

whereas those from the mortuary house were later—Irene ceramic period. 

Blakely reports temporal differences within the Dickson Mounds sample 

with the Mississippian-B group (or Eveland Phase) skeletons dating from 

A.D. 1000 to A.D. 1200 and the Mississippian-A group (or Larson Phase) 

interments dating from A.D. 1200 to A.D. 1300. Intrasite temporal con

trols are not available to this author for the Kane Burial Mounds, 

Hazel, Vernon Paul, or Upper Nodena sites, although Zinke (1974: per

sonal communication) reports that temporal differences, as measured by 

the ceramic sequence, do exist within the Hazel site collection. As a 

consequence of these differences in temporal controls, the samples from 

the Kane, Hazel, Vernon Paul, Upper Nodena, and Irene sites will each 

be treated as a single analytical unit. Each of the subsamples from 

the Dickson Mounds collection will be treated as a separate analytical 

unit in this study. 

Rather than being totally negative about the nature of the skel

etal samples to be analyzed in this study, the above discussion is in

tended to serve two positive purposes. First, it is my intention to 

focus upon and to re-emphasize some of the problems encountered when 

working with prehistoric skeletal materials that have not been excavated 

within the context of an adequate research design. And second, it was 



also my intention to alert the reader to the tentative nature of the 

final conclusions and interpretations which are based upon these less 

than ideal skeletal samples. Even with all of the differences that do 

exist among these six skeletal collections, I am reasonably confident 

that, overall, these six samples can be legitimately compared—particu

larly if we take into account and attempt to control for these differ

ences . 



HYPOTHESES TESTING AND THE ANALYSES OF DATA 

To briefly reiterate here, prehistoric Mississippian culture is 

thought, on the basis of material cultural remains, to have originated 

among Indians who were indigenous to the Central Mississippi River Val

ley. The Cahokia site is considered to be the "original" ceremonial 

center. From this focal point, Mississippian culture, as reflected in 

a wide variety of preserved cultural features, spread throughout the 

Southeastern United States during late prehistoric times. Because of 

the relative homogeneity of excavated material cultural remains and the 

relatively short temporal dimension, three different interpretations— 

all, essentially, based upon the same corpus of archaeological data— 

have been formulated to explain how and why Mississippian culture spread 

throughout the Southeast. One interpretation alleges that the wide

spread distribution of Mississippian culture was the result of actual 

migrations of people out of the Central Valley. The directions of move

ment were, initially, "downriver" into the Lower Valley and then east

ward as far as the Atlantic Coast. Another interpretation of the 

archaeological evidence suggests that Mississippian culture, again 

developed at Cahokia, spread to other, unrelated groups by diffusion 

with little actual movement of people, except perhaps for small groups 

of "conquerors" and/or "high" status individuals. The third interpre

tation hypothesizes that various groups developed similar cultural 

behavior patterns in response to similar environmental conditions. 

85 
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This latter interpretation does not totally exclude the exchange of some 

ideas or the movements of small groups of people. Of the three, the 

"migration theory" has received the greatest amount of attention in the 

archaeological literature. 

There are two distinct though interrelated questions that must 

be answered before we will be in a position to make a decision about 

which, if any, of the three interpretations is probably the correct one. 

First, we must determine, on the basis of biological and not cultural 

data, who were the bearers of this cultural system. The crucial ques

tion becomes, to what degree were the various Mississippian groups 

throughout the Southeast related? Were they, as the migration interpre

tation suggests, a single biological population (gene pool) or were they 

separate populations which experienced varying degrees of admixture 

(gene flow) as suggested by the dominant culture and parallel develop

ment interpretations? If the question of the degree of biological 

relationship among the various groups can be answered, then perhaps, 

the question of cultural process can be answered too. 

If the migration interpretation were the correct one, we would 

expect to find, on the basis of random and representative samples, very 

little biological (genetic) difference among the groups from the various 

geographical regions in the Southeast. Few differences would be ob

served, that is, if the migrant groups were truly representative of the 

parent population from which they emmigrated and microevolutionary 

change, particularly drift, gene flow, and selection, did not occur to 

any significant degree after the groups separated. Adequate sampling 
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of the parent and migrant populations, accurate genetic information, and 

proper temporal controls would all be critical variables necessary to 

the testing of this interpretation. 

In the case of the dominant culture interpretation, we might 

expect considerably more genetic diversity—exactly how much more would 

depend upon the genetic diversity of the ancestral groups and the degree 

of admixture (gene flow) between the "dominant" Mississippians and the 

other indigenous groups. Not only would all of the various Mississip-

pian groups have to be adequately sampled in each region, but also each 

ancestral population (Mississippian and other) would have to be identi

fied and sampled. Again, sample size and structure, genetic controls, 

and precise temporal controls are important variables necessary to test 

the validity of this interpretation. 

And finally, in the case of the parallel development interpre

tation, one might expect the greatest amount of genetic diversity to 

exist because of the implicitly minimal amount of genetic admixture. 

This presumes, of course, that considerable diversity existed among the 

ancestral groups. As in the case of the dominant culture interpreta

tion, the ancestral groups as well as those identified as Mississippian 

would have to be adequately sampled. Very precise and accurate temporal 

and genetic controls would be necessary in order to distinguish between 

the dominant culture and the parallel development interpretations be

cause the degree of difference in admixture between these two situations 

is likely to be minimal at best. 
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In order to test the validity of each of these interpretations, 

one would, ideally, develop a research design that would provide the 

necessary samples and controls. This would necessitate obtaining random 

and representative samples consisting of, perhaps, as many as several 

thousand skeletons from known sites in each geographical region in the 

Southeast and for each generation in the 400 to 500 year time span. 

Pragmatically, this is not possible due to limitations of time and re

sources—financial and archaeological. As a consequence, a test of all 

three interpretations is beyond the scope of this dissertation. There

fore, I will only be able to conduct a preliminary test of the validity 

of the migration interpretation. 

With at least a ten percent sample of the burial "population" 

from each of the six sites distributed among three major geographical 

regions (Coastal Georgia, Lower Central Valley, as well as the American 

Bottoms and an adjacent area), we are now in a position to examine the 

biological nature of these Mississippian groups and, perhaps, to make 

some valid inferences about the populations from which these samples 

were derived. As previously indicated, these samples, though not neces

sarily random, are probably representative of the populations occupying 

or utilizing those sites. In terms of the migration interpretation, the 

archaeological context suggests that the individuals recovered from the 

Hazel, Vernon Paul, Upper Nodena, Kane, Dickson, and Irene sites were 

members of a single biological population that existed over time. 

However, the assumption that a shared culture equals biological 

affinity is sometimes accepted uncritically. Similarity of material 
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cultural remains is not "proof" that the users of those material goods 

belonged to the same population gene pool. The presence of the ubiqui

tous Coca-Cola bottle in a remote Indian village in Mexico today would 

not be mistaken as an indication that the Indians share a common gene 

pool with any of the populations in the United States. If this basic 

assumption is not supported by independent biological data, then such 

interpretations are likely to be little more than speculations. Numer

ous examples abound in the literature dealing with prehistoric materials 

in which the authors have failed to test the validity of that assumption 

or, at least, have failed to document adequately the justification for 

accepting that assumption (e.g., Steele and McKern, 1969; Kellock and 

Parsons, 1970a and 1970b; Rightmire, 1970a and 1970b; Corruccini, 1972; 

Jantz, 1973; Berry, 1974; and others). 

Primary Hypothesis 

Because of the need to ascertain the biological affinity of the 

skeletal samples from these six geographically diverse sites, the fol

lowing hypothesis can be formulated and tested: 

General Statement of Hypothesis I: The six skeletal samples were 
obtained from a single biological population. 

In its present form, Hypothesis I is untestable and must be stated in a 

more precise and testable fashion as: 

Hq = no significant genetic differences exist among the six skeletal 
samples which indicate that the samples were obtained from sep
arate and distinct biological populations (gene pools). 

= significant genetic differences exist among the six skeletal 
samples which indicate that the samples were drawn from sep
arate and distinct biological populations (gene pools). 
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If this hypothesis can be supported, then a firm basis for accepting the 

migration interpretation would be provided. If it cannot be supported, 

then we must examine the other two interpretations as possible explana

tions for the development and spread of Mississippian culture throughout 

the Southeast. 

Major Assumptions and Their Justifications 

Before we can proceed with a test of Hypothesis I, a series of 

assumptions must be examined and their acceptance justified. Herein 

lies a major problem, that of totally justifying the acceptance, without 

qualification, of all of the assumptions that must be made. At present, 

only minimal justification can be achieved for some of the assumptions, 

a situation which necessarily reduces the strength of any conclusions 

reached. As a result, all conclusions reached must be considered as 

tentative and subject to future revision as more and better controlled 

data become available. 

First, it must be assumed that the skeletal collections are sta

tistically and biologically representative samples of the populations 

inhabiting the various geographical localities. As we have seen, the 

skeletal samples from Illinois (the Kane and Dickson sites), Arkansas 

(the Hazel, Vernon Paul, and Upper Nodena sites), and Georgia (the 

Irene site) are only approximately equivalent culturally and temporally. 

However, the skeletons, on the basis of the archaeological context, 

appear to represent the same social status, that of the "middle class." 

Statistically, the skeletons appear to represent, in some instances, 

only a 10% sample and in other instances, perhaps, as high as a 60% 



sample of the burial "population" at these sites. Presumably with sam

ples as large as these, the burial population samples are, by chance 

alone, biologically representative of the populations living at or near 

these sites. This is not to say that cultural selectivity, in relation 

to who was interred at these sites, could not have occurred. There is 

simply no information available in the archaeological record which would 

permit us to verify these assumptions. The only clues that do exist are 

the relatively "large" sample sizes and the age and sex structures of 

these samples. Based upon relative size alone, these six skeletal sam

ples are probably representative of the living populations from which 

they were derived even though the samples only approximate an expected 

age and sex structure. Furthermore, there is, at present, no means for 

estimating what proportion of the total living population in these 3 

regions during the given time span is represented by the 980 skeletons 

comprising the 6 samples. Because of the limitations of the archaeo

logical record, the acceptance of each of these assumptions can only be 

partially justified. 

Another series of assumptions which are of considerable theo

retical importance here and, therefore, must be examined before Hypothe

sis I can be tested, relate to our ability to determine accurately, at 

least, a part of the total genetic structure of both individuals (geno

types) and populations (gene pools) from prehistoric skeletal remains. 

Since we cannot directly observe the genetic structure of either indi

viduals or populations, even among the living, we must infer genetic 

structure from the observation and/or measurement of phenotypic 



characteristics. If we can determine genetic structure accurately and 

precisely, then we can compare both individuals and groups in terms of 

their genetic similarities and differences in an attempt to estimate the 

degree of relationship among individuals and groups. 

As geneticists have repeatedly documented, there are two major 

sources or causes of phenotypic variation—the environment and genetic 

structure, including the single gene component and the polygenic com

ponent. In some instances, the environment alone is responsible for 

the observed phenotypic variation. An example of environmentally con

trolled phenotypic variation observable in prehistoric skeletal remains 

is the variation in head shape due to the cultural practices of arti

ficial cranial deformation. In other instances, the possession of 

certain alleles at a single locus are solely responsible for a given 

phenotypic trait. Many, if not most, discrete (non-metric) traits are 

considered to be inherited in a single gene or Mendelian fashion. How

ever, with only a few exceptions (see Table 11), accurate genetic infor

mation is not available for the majority of discrete phenotypic traits 

of the human skeleton. More often, it is assumed, on the basis of 

genetic studies with mice and other animals, that "what is the case for 

the inheritance of osteological features in the mouse is also true for 

man." Nevertheless, sufficient genealogical evidence does exist for the 

inheritance of some discrete traits in man (McKusick, 1971) to warrant 

accepting, in general, the assumption that discrete phenotypic traits 

of the skeleton, in all probability, reflect to some degree the single 

gene component of the genetic structure in man. However, some caution 



TABLE XI 

THE GENETIC INHERITANCE OF SOME DISCRETE TRAITS 

Phenotypic Trait Mode of Inheritance Investigator(s) 

Carabelli's Trait 
Codominant Alleles 
Epigenetic 

Kraus (1951, 1959), Turner (1967) 
Goose and Lee (1971) 

Shovel-Shaped Incisors Dominant Allele 
Turner (1969) 
Portin and Alvesalo (1974) 

Third Molar Agenesis 

Protostylid 

Dominant Allele 
Epigenetic 

Dominant Allele 

Erpenstein and Pfeiffer (1967) 
Garn, Lewis, and Vicinus (1963) 

Dahlberg (1945) 

Parietal Foramina Dominant Allele 
Goldsmith (1922) 
Pepper and Pendergrass (1936) 
Murphy and Gooding (1970) 

Squamo-Parietal Synostosis Dominant Allele Nance and Engel (1967) 

Torus Palatinus 
and 

Torus Mandibularis 
Dominant Alleles 

Sukuki and Sakai (1960) 
Gould (1964) 
Johnson, Gorlin, and Anderson (1965) 



should be exercised in accepting the proposition that all discrete 

traits are phenotypic expressions of an underlying genetic structure. 

Each trait should be considered, whenever possible, on an individual 

basis until we have complete genealogical information for all such 

traits. 

It has also been demonstrated that both the environment and the 

genetic structure interact to produce observable phenotypic variation 

in the human skeleton. But in this case, even less information about 

the loci and alleles controlling skeletal traits is available. Metric 

dimensions as well as epigenetic (or as sometimes called, "quasi-

continuous") traits are considered to be the phenotypic result of this 

kind of interaction. Stature, as well as the individual components of 

stature, is recognized as a polygenic trait with both a genetic and an 

environmental component (Stern, 1960: 359; and McKusick, 1969: 159). 

Numerous stature regression formulae (Trotter and Gleser, 1952 and 1958; 

Genoves, 1967; and others) have been developed to predict total stature 

on the basis of the lengths of various long bones. Fairly strong evi

dence in the form of genealogical ascertainment and intrapopulational 

distributions exist to justify the consideration of stature and other 

metric variables as polygenic in nature even though we cannot measure 

precisely the contribution of either the genetic or the environmental 

components to the phenotype (Hulse, 1960; and Tanner, 1968). 

The apparently sharp dichotomy between the single gene and poly

genic components of a genotype or a gene pool are not so obvious or 

clear-cut in terms of the phenotypic expression of some genetic traits. 



The epigenetic traits are considered to be polygenic in nature, but to 

"behave" as if inherited in a Mendelian fashion. Environmental inter

action is thought to operate on the basis of a "threshold effect." If 

the environment produces conditions of the necessary type, intensity, 

and duration, then the epigenetic trait (if the appropriate alleles are 

present in the individual) will be phenotypically expressed to some 

degree. If the environmental conditions are not present, then the trait 

will not be expressed even though the individual possesses the appro

priate alleles. In these environmentally governed circumstances, these 

traits superficially appear to resemble simple Mendelian traits. How

ever, once the "threshold" has been crossed, the trait will be expressed 

to the degree controlled by the particular combination of alleles pos

sessed by the individual. And in these circumstances, the trait "be

haves" like a "normal" polygenic trait in terms of its phenotypic 

expression. Because of differences in recording discrete traits (nomi

nal versus ordinal scales), some phenotypically discrete traits which 

were formerly considered to be single gene traits are now considered as 

epigenetic traits. Though not totally documented, third molar agenesis 

(Garn, Lewis, and Vicinus, 1963) and Carabelli's trait (Goose and Lee, 

1971) are likely candidates as epigenetic traits and others may well be 

discovered from among those currently considered as single gene traits. 

In the archaeological situation represented at the six sites, 

we may assume that many of the environmental stresses (e.g., general 

diet, disease risks, cultural responses to climatic conditions, as well 

as general hazards) were relatively constant and uniform for the entire 



population occupying a given settlement. At least, no evidence was 

recorded which would indicate any substantial differences or changes 

in the environmental circumstances during the occupations of the Hazel, 

Vernon Paul, Upper Nodena, Kane, Dickson, and Irene sites. However, 

this is not to suggest that the various environmental stresses acted 

in an identical fashion upon each and every individual at a given site 

or that the conditions at all six sites were identical. Instead, I am 

suggesting that, in the absence of any evidence to the contrary, various 

environmental influences appear to have been uniform within a given site 

if not among the six sites. In other words, there is nothing recorded 

in the archaeological record from these sites that would suggest that 

any of the observable biological differences that exist can be directly 

attributed to environmental factors. 

Data Available for Analysis 

As indicated in the discussion of major assumptions, there are 

two generally recognized components of the genetic structure of indi

viduals and populations—a single gene component and a polygenic compo

nent. Each is thought to influence or directly control the expression 

of a large number of phenotypic characteristics in the human skeleton. 

It would seem logical that, working from the phenotypic data, we should 

be able to infer the underlying genetic structure. However, there are 

advantages and disadvantages in working with phenotypic traits of each 

genetic component in attempting to characterize the overall genetic 

structure of a population based upon the structures of a sample of 

individuals. 



Discrete traits, as an indirect means of phenotypically mea

suring the single gene component of an individual's or a population's 

genetic structures, offer at least three advantages. First, phenotypic 

traits that are inherited as single gene traits (e.g., Polydactyly, 

brachydactyly, etc.) are easily observed and measured. They are either 

present or absent and can, thus, be treated as nominal data. Another 

advantage of single gene traits is that they are not environmentally 

influenced. In other words, the phenotypic expression of the trait is 

totally the result of the genetic inheritance. And finally, if the 

phenotypic expression is truly the result of Mendelian inheritance and 

pleiotropism is not operating, these traits will be independent of each 

other. Berry and Berry (1967) , Kellock and Parsons (1970a), Benfer 

(1970), Bang and Hasund (1972) and others have generally concluded that 

the majority of these traits are independent. Corruccini (1974) con

cluded that significant correlations do exist among various hypostotic 

and hyperstotic traits. His results appear to confirm those of 

Ossenberg (1969 and 1970). It does appear that clusters of discrete 

traits are independent of each other. Among the disadvantages of em

ploying single gene traits to measure genetic structure are the problems 

of ascertainment and of low frequencies. Without genealogical informa

tion, it is difficult to be certain that the phenotypic attribute is 

the result of the inheritance of alleles at a particular locus or 

whether the phenotypic expression is the result of a phenocopy. It is 

highly unlikely that we will ever obtain any genealogical information 

for non-extant groups. Also, the alleles responsible for the expression 
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of discrete traits are very often present in extremely low frequencies 

in various gene pools so that, by chance alone, the presence of the 

trait may not be recognized. For example, of the 447 skeletons I per

sonally examined, there were no phenotypic examples of Os Japonicum. 

The advantages offered by continuous or metric variables as the 

phenotypic means for measuring the polygenic component of genetic struc

tures are two-fold. These features, singly or in various combinations, 

are what I would term universal and vital traits—everyone had a head 

and, therefore, a cranial length, breadth, and height, but not everyone 

had or needed a double mental foramen on their mandible or an Os Inca 

on their occipital bone. The other major advantage is that these vari

ables are recorded as interval or ratio scaled variables. Traits scaled 

in this fashion permit more sophisticated mathematical analyses to be 

performed. There are two significant disadvantages in employing such 

complex phenotypic traits to measure the polygenic component of genetic 

structure. First, it is difficult to identify and quantify the environ

mental contribution to the final phenotypic expression of such traits. 

And second, we cannot, as yet, identify the genes and alleles comprising 

the polygenic component and can only infer their existence. In other 

words, we are not exactly sure what it is that we are measuring in such 

a precise fashion. 

Although there has been considerable debate over which type of 

phenotypic traits and, therefore, which underlying genetic component is 

the better measure of genetic structure (Ossenberg, 1969; Rightmire, 

1972; Jantz, 1973; Berry, 1974; Corruccini, 1974; and a host of others), 



I have chosen to investigate both components, insofar as the available 

data will permit. Rather than becoming embroiled in a somewhat fruit

less argument over the relative merits of each approach, it would seem 

more logical to examine both components. Each component measures a 

different aspect of genetic structure and would, therefore, serve as a 

more or less independent check on the other. Also, because of the frag

mentary nature of prehistoric skeletal remains it is highly unlikely 

that we will obtain a complete characterization of either component. 

In combination, we are more likely to achieve a representative sampling 

of the total genetic structure of a given group than is possible by 

sampling either component alone. 

For these reasons, data were collected for 58 metric traits 

(interval and ratio scaled variables) and 74 discrete traits (nominal 

scaled variables) for the skeletons from the 4 unreported samples 

(Hazel, Vernon Paul, Upper Nodena, and Kane sites). These data cate

gories and the scaling employed are outlined in the skeletal recording 

form (see Appendix A). At the time of analysis, comparable data for 

the Dickson and Irene samples were available in the reports for only 22 

metric variables. These data were available in the form of sample 

sizes, means, and standard deviations for each variable. The data cate

gories common to all 6 skeletal samples are outlined in Table 12. 

Controls Imposed upon the Data 

For a number of pragmatic as well as theoretical reasons, it is 

necessary to impose some additional controls upon the data to be em

ployed in a test of Hypothesis I. These controls have the net effect 
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TABLE 12 

COMPARABLE METRIC VARIABLES AND INDICES WHICH WERE RECORDED 
FOR ALL SIX SKELETAL SAMPLES 

Interval Scaled Variables Ratio Scaled Variables 

cranial height 
cranial length 
cranial breadth 
upper facial height 
total facial height 
minimum frontal breadth 
nasal height 
nasal breadth 
left orbital height 
left orbital breadth 
bizygomatic breadth 
external palatal length 
external palatal breadth 
bicondylar breadth 

cranial index 
upper facial index 
total facial index 
nasal index 
external palatal index 
left orbital index 
cranial breadth-height index 
cranial length-height index 

of further reducing the size of the samples and altering their struc

ture. The proposed changes in the samples are not considered by this 

author to pose a serious threat to the validity or reliability of the 

test results. Rather, these additional controls should enhance the 

reliability and validity of the testing methodology and, thereby, the 

results. 

Because of the age dependent factor in the phenotypic expression 

of both discrete and continuous traits and because these data were only 

available for adults in the Dickson and Irene samples, only adults are 

employed in a test of Hypothesis I. In this instance, an adult is 

defined as an individual whose mean age at death was at least 15 years 
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or an individual whose skeleton clearly evidenced the development of 

secondary sexual characteristics indicating sexual maturity. This par

ticular chronological age estimate in years appears to be, according to 

Angel (1969a), the youngest age at which individuals can be reliably 

sexed. To be cautious, one might choose age 18 or even 20 as the mini

mum age for defining who was an adult, but the older the age, the 

smaller the sample sizes are likely to be. For this reason, age 15 was 

chosen as the minimum age for defining who was an adult. 

The universally accepted existence of sexual dimorphic differ

ences in the human skeleton requires that each site sample be treated 

as two—a male sample and a female sample—when examining polygenic 

traits. The well-documented multiple criteria for making sex estimates 

of skeletal materials (cranial, innominate, as.well as long bone mor

phology) provide strong justification for accepting this assumption. 

Additional evidence for the acceptance of this assumption is provided 

in the results of various discriminant function analyses of sexual 

dimorphic differences employing metric variables (Pons, 1955; Thieme 

and Schull, 1957; Giles and Elliott, 1963; and others). Sex differences 

with regard to the occurrence of discrete traits were thought to be non

existent. Berry and Berry (1967) attempted to test this proposition 

with a prehistoric skeletal sample from an ill-defined context and con

cluded that there are no sexual dimorphic differences with regard to 

the inheritance of discrete traits. However, Corruccini (1974: 431) 

concluded that sex differences do exist in the occurrence of some dis

crete traits in the male and female crania of the Terry Collection. 
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The differences he noted were in the occurrence of frontal grooves, 

palatine tori, and accessory mylo-hyoid foramina among Whites and mas

toid foramina and bifaceted condyles for Blacks. Because of this dis

crepancy, it was deemed prudent to separate the sexes in the analyses 

of the discrete traits too. 

The affected variables for individuals exhibiting a pathological 

or biologically "abnormal" condition which influenced the final pheno-

typic expression of those traits were either deleted from the six 

samples or those individuals were treated as members of a separate 

subsample within the respective male and female samples from each site. 

In the instances where individuals exhibited cranial deformation (in

cluding artificial and postmortem deformation), those individuals were 

treated as separate subsamples with regard to the variables of cranial 

length, height, and breadth—the variables most likely to be influenced 

by the environmental sources of variation. In other instances such as 

a grossly pathological or deformed femur, the affected variables—length 

and/or mid-shaft diameters—were simply deleted from the samples for 

analysis. For this reason and because of missing data, the sample sizes 

for any given set of variables are likely to differ within a particular 

sample. For example, among the Hazel males, data might be recorded for 

44 femoral lengths, 38 a-p mid-shaft diameters, and 41 m-1 mid-shaft 

diameters, etc. 

In response to the imposition of these controls (age, sex, and 

presence of abnormalities), the data were organized into a file and 

subfile structure in accordance with the conventions necessary for 
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creating an SPSS data file (Nie et al., 1975). The highly structured 

data file was created in order to facilitate the analyses of large 

quantities of widely diverse data. The controlling variables of site, 

age, sex, and deformity permitted easy access to and rapid manipulation 

of data within the total data set. 

Testing Methodology 

In the analyses of human phenotypic and, ultimately, genetic 

variation within and among groups, there are two basic problems—how we 

perceive the observed variation and how we measure that variation. If 

we perceive the variation to be "simple," we are likely to treat it as 

such and if we perceive the variation as "complex," we tend to treat 

the variation in a complex fashion. In other words, how we perceive 

biological variation dictates, in a large part, how we measure that 

variation in an attempt to quantify, compare, and determine the bio

logical meaning of the observed variation. How we measure variation— 

whether we scale it as nominal, ordinal, or interval data—dictates what 

sorts of summary descriptive statistics we obtain and what statistical 

tests of significance are appropriate. These two levels of perception 

have led to the development of two different theoretical approaches 

with each employing and being dependent upon different statistical 

techniques. These two approaches are commonly termed the Univariate 

and Multivariate Approach. 

Historically, much of the human variation within and among 

groups was thought to be the result of natural selection and adaptation. 

Attention was focused upon features believed to be inherited in a 
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Mendelian fashion and the environmental factors which functioned as 

selective mechanisms. At first, variables such as head length, head 

breadth, nose form, and many others were thought to be inherited as 

either dominant or recessive traits that were independent of all other 

traits (Krogman, 1936) and could, thus, be treated statistically on an 

individual or trait-by-trait basis. Theoretically, the emphasis was 

placed upon cause-and-effeet rather than upon biological relationship 

among variables or groups of individuals. This perception of biological 

variation and its causes led to the development of the Univariate Ap

proach. Statistically, the Univariate Approach relies upon relatively 

"simple" though highly versatile statistical tools—the basic summary 

descriptive statistics (frequencies, means, standard deviations, etc.) 

and tests of statistical significance (Chi-square, t-tests, F tests, 

etc.). The major methodological criticism of this approach is that, 

although differences can be quantified and compared for each variable, 

the Univariate Approach provides no statistical framework for inter

preting relationships among variables. 

As more reliable and accurate genetic information became avail

able for many of the phenotypic characteristics of man, it became ap

parent that a significant proportion of those traits were not inherited 

in a Mendelian fashion. Instead, they were inherited as complex poly

genic traits, many of which were interdependent. The perception of a 

large proportion of human variation as being "complex" and, at the same 

time, a shift of theoretical emphasis from questions of adaptation to 

questions of relationship among groups led to the development of the 
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Multivariate Approach. The Multivariate Approach is based upon the 

premise that variables, when considered one at a time, do not measure 

either relationships within groups of individuals or even relationships 

among variables within a given individual. This second approach has 

led to the application of progressively more sophisticated and complex 

statistical techniques to "discover" relationships among variables 

within individuals (e.g., principle components analyses, discriminant 

function analyses, Q and R mode cluster analyses, canonical variate 

2 2 
analyses, etc.) and to measure "distances" among groups (e.g., D , E , 

2 2 
B , Gower's distance, theta , etc.). Some major methodological criti

cisms of this approach are that it is too complex since it requires a 

computer for the calculations and that it requires a complete data set. 

In practically all instances dealing with skeletal materials, the multi

variate approach has, for all intents and purposes, ignored the post-

cranial skeleton. In fact, both approaches have focused attention 

predominantly upon phenotypic attributes of the crania. 

Based upon a review of some of the relevant literature, it ap

pears that both approaches have made contributions to our understanding 

of human phenotypic variation, including skeletal variation. Although 

not explicitly stated and debated, I have detected an undercurrent of 

controversy concerning the merits of these two theoretical positions 

and their applications. Proponents of each approach intimate that their 

approach is the "better" of the two. Implicit in these discussions is 

the proposition that, depending upon individual viewpoint, one or the 

other is "wrong" or at least inappropriate for measuring biological 
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variation. Rather than viewing these two positions as being in direct 

competition, I view these two approaches as being complementary. Sup

port for this viewpoint can be found in numerous examples in the liter

ature, but is perhaps best illustrated in the following example. 

In applying multivariate techniques to human cranial data, 

Howells (1951 and 1957) attempted to identify the various components of 

cranial size and shape. Based upon these analyses, he concluded that 

there are at least four major "aspects of cranial development" (Howells, 

1957: 25). These aspects include facial length, lateral development of 

the head, calvarial size (which is associated with head length), and 

brain size (as reflected in breadth measures). The final size and form 

of the head is related to overall skeletal size and brain size. In a 

comparison of the Univariate Approach with his Multivariate Approach 

to the question of cranial size and shape, Howells (1957: 44) com

mented that the choice by proponents of the Univariate Approach of 

". . . length, breadth, and height as major and independently signifi

cant measures were not bad selections after all." 

We can see here that, in the case of cranial size and shape, the 

results of one approach were confirmed by those of the other approach. 

The strength and validity of the conclusions reached independently by 

both approaches is thereby increased. We can be more confident that the 

variables of length, breadth, and height as measures of size and shape 

of the cranium do indeed have biological meaning. Consequently, I have 

incorporated the methodologies of both approaches into the present 

analyses. Hopefully, each approach will produce concordant results. 
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In turning now to the specific task of testing Hypothesis I— 

that the six skeletal samples were all obtained from a single biological 

population distributed throughout the entire Southeast—we will see that 

there are a number of interrelated test implications as well as a number 

of limitations in the data that restrict the total range of test possi

bilities. There are only a small number of variables (twenty-two) for 

which I have data from each of the six site samples and, in the case of 

the Dickson Mounds sample, these data are available for adult males 

only. These twenty-two variables are metric or ratio scaled attributes 

which are, in all probability, phenotypic expressions of some aspects 

of the underlying polygenic component of genetic structure. In the case 

of the Irene Mound sample, data for these same twenty-two variables are 

available for both adult males and adult females. A greater variety of 

metric data are available for both sexes from the samples recovered from 

the Kane, Hazel, Vernon Paul, and Upper Nodena sites. In addition to 

the metric data, a large corpus of discrete data, representing the 

single gene component of genetic structure, is available for these four 

site samples. 

Broadly speaking, these six sites and their respective skeletal 

samples represent three major geographical areas of Mississippian cul

tural influence. And, although the distribution of sites within these 

geographical regions is unequal—two sites in Illinois, three in Arkan

sas, and only one from Coastal Georgia—it would be more appropriate 

culturally and statistically to compare these samples on a regional 

basis. By pooling the data from sites within each of the two regions 
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with multiple sites represented, we would substantially increase the 

respective sample sizes and, therefore, increase the statistical 

strength and reliability of any conclusions reached. Tests of whether 

or not it is legitimate to pool the samples within a given region would 

also serve as a partial test of Hypothesis I because, if the samples 

from sites within a region cannot be shown to be related, it is possible 

but unlikely that those from different regions could have been obtained 

from a single population. 

Test Situation 1 

The Univariate Approach employing metric variables is used to 

test the validity of pooling the .three Arkansas samples into one re

gional Arkansas sample. 

Hypothesis la: The three skeletal samples from Northeastern Arkan
sas were obtained from a single regional biological population. 

H = no significant genetic differences exist among the three skele
tal samples from Northeastern Arkansas which indicate the sam
ples were obtained from separate populations. 

= significant genetic differences exist among the three skeletal 
samples from Northeastern Arkansas which indicate the samples 
were obtained from separate populations. 

The Available Data 

One body of data available to test Hypothesis la is the 58 met

ric variables recorded for the adult males and adult females from each 

of the Arkansas site samples. These metric variables, as phenotypic 

measures of the polygenic component of genetic structure, should meet 

the following requirements. These variables should be: (1) continuous 

variables which have been scaled in an interval or ratio fashion, 
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(2) variables which are independent of each other in order to avoid 

redundancy, (3) these variables should be normally distributed, and 

(4) adequate controls should be imposed to eliminate the influences of 

extraneous environmental factors such as artificial deformation. 

Test Statistics 

There are two statistical methods (test statistics) applicable 

to metric data that are appropriate to testing Hypothesis la—that the 

three Arkansas skeletal samples were obtained from one population. 

These are the t-test and the F test. They are both methods for evalu

ating whether a group of sample means—in this case, the three sample 

means per sex—for each continuous, independent, and normally distrib

uted variable can be considered as a random sample of means from the 

same population or whether the means for each variable are sufficiently 

different so that they can no longer be considered as a sample of means 

obtained from the same population (Sokal and Rohlf, 1969). 

In terms of hypothesis testing, t-tests and F tests permit us 

to accept or reject the null hypothesis. Symbolically, this can be 

stated as: 

Ho - "l • "2 

Hj I1 Uj i< P2 

The acceptance or rejection of the null hypothesis (Hq) is based upon 

the probability of obtaining a t or F value as large or larger from the 

known t and F distributions by chance alone. The decision to accept or 
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reject the null hypothesis is governed by the confidence level (5%, 1%, 

etc.) selected by the researcher prior to performing the tests. 

Basically, a t-test measures the observed differences in sample 

means as a ratio of that difference to the combined variability of the 

samples. Mathematically, this can be expressed as: 

X- - X„ where: X.. = mean of sample 1 
t = g 

difference ^ = me£m of sample 2 

6^ = standard deviation /r ~ of sample 1 

+ A_ 
i—- )—- 6. = standard deviation 
/n-1 vn-1 2 c 0 of sample 2 

The evaluation of a t-value is determined by two factors, the degrees of 

freedom and the sampling distribution of the known t-values. Degrees of 

freedom are obtained according to the formula: 

d.f. = (Nx - 1) + (N2 - 1) 

The known distribution of t-values for large samples is based upon the 

Z score normal distribution and, for small sample (N f 30), follows the 

special t-distribution. 

The more robust, though computationally more difficult of the 

two tests, is the F test. The F test is a form of an analysis of vari

ance in which the actual testing is accomplished by comparing the com

puted F value to the known sampling distribution of the F ratio. The 

analysis of variance technique employing the F ratio is a statistical 

method which provides an objective criterion for deciding whether the 

variability between groups is large enough in comparison with the 
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variability within groups to justify the inference that the sample means 

were obtained from different populations. 

A very generalized formula for the F test can be given as: 

•p _ between groups mean squares 
within groups mean squares 

If the computed F value is larger than the known F value (for the ap

propriate number of degrees of freedom—N - 1 groups and N - 1 scores), 

then the null hypothesis (Hq) that there are no significant differences 

for the sample means must be rejected in favor of the alternate hypothe

sis (H^). Again, the F value significance is determined by the confi

dence level selected (5%, 1%, etc.)- Because of the complexity of the 

required computations, most often F tests are machine computed (i.e., 

SPSS subprogram BREAKDOWN). 

Significance Level 

The significance levels chosen for these analyses are an alpha 

level of 0.05 (5%) for two-tailed tests (Hq = = 1^2 and 4 t • 

These levels were chosen because, in the cases of small sample sizes 

(N - 30), the probability of making a beta error increases as a function 

of the ratio of the true variances. 

Preliminary Analyses 

In order to proceed with the t-tests and F tests, it was first 

necessary to compute the standard descriptive statistics—means, stan

dard error of the means, standard deviations, etc.—to determine which 

of the variables are normally distributed or could be treated as if they 

were normally distributed. In addition, it was necessary to compute the 
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Correlat'i-OfN coefficients for each metric variable with all other metric 

variables Cn order to ascertain which, if any, of these variables are 

independent variables. All means, standard deviations, and standard 

error o? the means were first calculated by hand and then computed using 

the srss subprogram CONDESCRIPTIVE (Nie et al., 1975). The results of 

these calculations are presented in Appendix C. The choice of the SPSS 

package over other computer statistical packages (e.g., BMD, NTSYS, 

etc.) was dictated by the fact that the SPSS package contains a MISSING 

VALUES OPTION which permits the statistics to be computed for samples 

with varying sizes and includes the level of significance for each cal

culation. A]I computer analyses were performed at the Department of 

Anthropology's remote terminal of the University of Arizona's CDC 6400 

computer facilities. 

The SPSS program PEARSON CORRELATION was then run to obtain the 

necessary correlation coefficients. The PEARSON CORRELATION subprogram 

|s fea&ica\ly a correlation program designed to measure the linear rela-

tiofishvp between two metric variables. The correlation coefficient (r) 

is ftoovpu"t£<i according to the formula (Nie et al., 1975: 280): 

Ei=lXiYi ~ Ẑi=iXi Ẑi=:iYi N̂ 

Ĉ i<LXi ~ (ELlXi)2/NHEi=iYi " (^Y.)2/^}^ 

The cance of each Pearson r is computed from a t-test with N - 2 

degrees of freedom and either a one-tailed or two-tailed option in ac-

c-ordance. wi-th the formula (Nie et al., 1975: 281): 
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With this program, a total of 24,800 preliminary correlation 

coefficients were computed for the 6 subsamples—adult males and adult 

females from each site. The purpose of the Pearson correlation analyses 

was to attempt to determine which variables are strongly related to each 

other and which ones are independent variables. Obviously in any one 

given individual who is (or was) a functional biological entity, one 

would not expect many variables, if any, to be absolutely and totally 

unrelated to all other variables. It would not make any sense biologi

cally to expect that an individual is composed of totally unrelated 

parts. 

The questions become, instead of relationship or no relation

ship, one of to what degree are the various parts or structures and 

their component variables related to each other and do these inter

relationships have biological meaning? If variable A and variable B 

are components of the same phenotypic pattern or structure, then an r 

value of 0.8859 or 0.9103, each with a significance level of 0.001, 

reflects a high degree of relationship between the variables A and B. 

If on the other hand, variables A and B are components of different 

patterns or structures, then an r value of 0.0031 or -0.0006, with a 

significance level of 0.9950 or 1.000, reflects a strong independence 

of variables A and B. In the latter instance, the variables A and B 

can be statistically treated as if they were biologically independent 

variables. Numerous investigators have contributed to our understanding 

of human phenotypic patterns as well as the factors, structures, and/or 

components of those patterns (Baer, 1956; Howells, 1957; Knott, 1961; 
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Landauer, 1962; Krogman, 1967; Moss and Simon, 1968; Nakata, Yu, and 

Nance, 1974; and others). Their findings must be kept in mind when 

attempting to interpret biological meaning. However, in this case the 

primary question to be answered is that of statistical independence. 

Since not all biological variables are known to be related in a 

linear fashion (Howells, 1957; Furusho, 1968; Nakata, Yu, and Nance, 

1974), 100 variable combinations with a Pearson r value between -0.30 

and +0.30 were randomly selected and the correlation coefficients were 

recomputed. A logarithmic correlation formula which takes into account 

non-linear relationships of the growth curve (Brownlee, 1965) was em

ployed. The computation formula is: 

y = a + b In X 

EY lnX, - ̂ ElnX.EY. 

a = N(ZYi " bZlnXi) b = 21 h 
EUnX^T - ̂ (ZlnYp2 

, {EY.lnX. - rjElnX. EY. }2 
_ I i N x l 

{EUnXp2 - |(ElnX.)2} {EY? - §(EY.)2} 

The underlying assumption here is that the linear correlation test is 

not sufficiently robust to indicate a valid correlation between vari

ables if the relationship is non-linear. A surprising result of the 

comparison between the two methods of computing correlation coefficients 

is that no significantly different values were obtained. Apparently, 

the Pearson r is a robust statistical test for detecting relationships 

between variables. 



Summary of Analyses 

As previously indicated, the results of the SPSS program CON-

DESCRIPTIVE are presented in Appendix C. A brief summary of selected 

correlation coefficients is presented in Tables 13, 14, and 15. It is 

important to note here that only a few of the correlation coefficients 

are shown. It was deiemed impractical to reproduce all 24,800 coeffi

cients. Instead, only some of those which clearly indicate the inde

pendence of any two variables are included. The major disadvantage of 

presenting an abridged correlation matrix is that it precluded the 

presentation of all patterns observable in the original correlation 

matrices. However, these abridged matrices are intended to serve as 

illustrations of independence only. And finally, the results of the 

t-tests and F tests are presented in Tables 16, 17, 18, and 19. Im

plicit in these tables is a restatement of the null hypothesis for 

Hypothesis la as a series of null hypotheses—one for each variable 

under consideration. 

In reviewing the results of the descriptive and correlation 

analyses, a number of interesting observations can be made. But because 

the main task at hand is a test of Hypothesis la, I will restrict the 

discussion to those observations which are pertinent to that test. 

Although considerable skewedness was evidenced in the distributions of 

some of the metric variables, no bimodal distributions were clearly 

indicated which would suggest the mixing of samples from two popula

tions. The apparent lack of bimodality in the distributions of these 



TABLE 13 

SELECTED PEARSON CORRELATION COEFFICIENTS ILLUSTRATING 
INDEPENDENCE OF VARIABLES (HAZEL SAMPLE) 

Variable (A) with Variable (B) Pearson's r Significance Level 

Males 

cranial height 
interorbital breadth 
orbital breadth 

-0.0189 
-0.0208 

0.965 
0.961 

cranial length 
upper facial height 
orbital height 
foramen magnum length 

0.0197 
0.0027 
-0.0152 

0.967 
0.995 
0.969 

cranial breadth 
cranial length 
total facial height 

-0.0068 
0.0366 

0.981 
0.963 

total facial height 
nasal height 
mandibular symphysis height 

-0.0068 
0.0397 

0.981 
0.960 

nasal height minimum ramus breadth 0.0003 0.999 

interorbital breadth ascending ramus height 0.0260 0.956 

mandibular symphysis height bigonial breadth -0.0073 0.973 

bigonial breadth corpus thickness -0.0108 0.952 



TABLE 13, Continued 

Variable (A) with Variable (B) Pearson's r Significance Level 

Females 

cranial height ascending ramus height 0.0265 0.955 

cranial length 
foramen magnum breadth 0.0007 0.999 

cranial length 
mandibular symphysis height -0.0006 0.999 

upper facial height ascending ramus height 0.0530 0.966 

total facial height ascending ramus height 0.0150 0.990 

basion-prosthion length interorbital breadth 0.0327 0.958 

minimum frontal breadth 
nasal height 0.0003 1.000 

minimum frontal breadth 
orbital height 0.0207 0.961 

nasal height ascending ramus height -0.0275 0.953 

nasal breadth foramen magnum length -0.0430 0.954 

palatal length mandibular symphysis height 0.0000 1.000 

corpus thickness 
foramen magnum breadth 
bicondylar breadth 

0.0356 
-0.0082 

0.957 
0.977 



TABLE 14 

SELECTED PEARSON CORRELATION COEFFICIENTS ILLUSTRATING 
INDEPENDENCE OF VARIABLES (VERNON PAUL SAMPLE) 

Variable (A) with Variable (B) Pearson's r Significance Level 

Males 

minimum ramus breadth 

mandibular symphysis height 

bicondylar breadth 
bigonial breadth 

corpus thickness 

0.0099 
0.0005 

0.0152 

0.977 
0.998 

0.959 

palatal length 

minimum frontal breadth 

palatal breadth 

Females 

biorbital breadth 

mandibular symphysis height 

interorbital breadth 
orbital breadth 
minimum ramus breadth 

0.0750 

-0.0025 

0.0000 
0.0000 
0.3540 

0.952 

0.996 

1.000 
1.000 
0.977 



TABLE 15 

SELECTED PEARSON CORRELATION COEFFICIENTS ILLUSTRATING 
INDEPENDENCE OF VARIABLES (UPPER NODENA SAMPLE) 

Variable (A) with Variable (B) Pearson's r Significance Level 

Males 

cranial breadth mandibular symphysis height -0.0035 0.993 

total facial height foramen magnum breadth 0.0114 0.981 

orbital height 0.0141 0.959 
nasal breadth biorbital breadth 0.0000 1.000 

palatal length -0.0073 0.979 

orbital breadth bicondylar breadth 0.0002 1.000 

bizygomatic breadth interorbital breadth -0.0149 0.981 

foramen magnum length mandibular symphysis height -0.0308 0.961 

ascending ramus height 
biorbital breadth 
mandibular symphysis height 

0.0172 
0.0165 

0.960 
0.957 

corpus thickness 
cranial breadth 
basion-prosthion length 

-0.0068 
0.0400 

0.985 
0.960 



TABLE 15, Continued 

Variable (A) with Variable (B) Pearson's r Significance Level 

Females 

orbital height 0.0138 0.960 
cranial height bicondylar breadth -0.0747 0.952 

corpus thickness -0.0165 0.962 

cranial length minimum ramus breadth 0.0016 0.995 

cranial breadth total facial height -0.0031 0.992 

upper facial height foramen magnum length -0.0170 0.968 

basion-prosthion length 
orbital breadth 0.0100 0.977 

basion-prosthion length 
foramen magnum breadth 0.0036 0.993 

minimum frontal breadth foramen magnum length -0.0097 0.974 

nasal height bigonial breadth 0.0000 1.000 

orbital height minimum ramus breadth -0.0071 0.980 

orbital breadth 
interorbital breadth 0.0109 0.966 

orbital breadth 
corpus thickness 0.0113 0.971 

bigonial breadth 
palatal length 
mandibular symphysis height 

0.0297 
0.0066 

0.950 
0.982 
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TABLE 16 

F TESTS FOR SIGNIFICANT DIFFERENCES IN SAMPLE MEANS FOR 
ARKANSAS ADULT MALES (TWO-TAILED TESTS) 

Variable F Value df Significant at 5% Level 

minimum frontal breadth 5.26 57 
orbital height 2.39 32 
orbital breadth 0.12 31 
external palatal breadth 2.53 34 
mandibular symphysis height 4.52 57 
bicondylar breadth 3.16 36 
bigonial breadth 4.24 75 
ramus height 2.12 80 
ramus breadth 3.30 98 
corpus thickness 15.78 82 
humerus length 0.01 78 

vertical head diameter 0.02 82 
a-p mid-shaft diameter 2.19 88 
m-1 mid-shaft diameter 0.90 88 

ulna length 1.21 40 
radius length 0.59 57 
femur length 2.18 99 

vertical head diameter 0.43 102 
bicondylar length 2.48 99 
a-p mid-shaft diameter 2.55 111 
m-1 mid-shaft diameter 1.20 111 

tibia length 0.46 79 
a-p mid-shaft diameter 0.67 96 
m-1 mid-shaft diameter 1.57 96 

fibula length 0.11 27 
stature 1.26 105 
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TABLE 17 

t-TESTS FOR SIGNIFICANT DIFFERENCES IN SAMPLE MEANS FOR HAZEL 
AND UPPER NODENA ADULT MALES (TWO-TAILED TESTS) 

Variable t-Value df Significant at 5% Level 

cranial height 1. 04 25 
cranial breadth 1. 77 38 
cranial length 2. 03 40 
upper facial height 0. 10 21 
total facial height 1. 21 12 
basion-prosthion length 0. 13 16 
nasal height 1. 54 25 
nasal breadth 0. 52 28 
biorbital breadth 0. 08 26 
interorbital breadth 1. 69 26 
bizygomatic breadth 2. 03 9 
palatal length 0. 32 25 
foramen magnum length 0. 28 19 
foramen magnum breadth 0. 50 22 

TABLE 18 

t-TESTS FOR SIGNIFICANT DIFFERENCES IN SAMPLE MEANS FOR HAZEL 
AND UPPER NODENA ADULT FEMALES (TWO-TAILED TESTS) 

Variable t-Value df Significant at 5% Level 

basion-prosthion length 

bizygomatic breadth 

0.05 

0.59 

14 

6 
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TABLE 19 

F TESTS FOR SIGNIFICANT DIFFERENCES IN SAMPLE MEANS FOR 
ARKANSAS ADULT FEMALES (TWO-TAILED TESTS) 

Variable F Value df Significant at 5% Level 

cranial height 1.01 34 
cranial length 1.59 37 
cranial breadth 1.37 36 
upper facial height 0.66 21 
total facial height 0.36 15 
minimum frontal breadth 2.02 53 
nasal height 0.96 26 
nasal breadth 0.32 29 
biorbital breadth 0.59 28 
interorbital breadth 0.09 26 
orbital height 0.16 31 
orbital breadth 0.76 33 
external palatal length 0.37 21 
external palatal breadth 0.78 32 
foramen magnum length 2.03 24 
foramen magnum breadth 4.60 22 
mandibular symphysis height 5.75 45 
bicondylar breadth 1.43 29 
bigonial breadth 3.82 63 
ramus height 0.41 69 
ramus breadth 2.65 78 
corpus thickness 6.95 74 
humerus length 0.86 48 

vertical head diameter 0.60 45 
a-p mid-shaft diameter 0.42 57 
m-1 mid-shaft diameter 1.11 57 

ulna length 0.83 24 
radius length 0.27 34 
femur length 0.18 57 

vertical head diameter 0.51 61 
bicondylar length 0.13 57 
a-p mid-shaft diameter 2.72 66 
m-1 mid-shaft diameter 1.80 66 

tibia length 0.27 53 
a-p mid-shaft diameter 1.61 59 
m-1 mid-shaft diameter 0.77 59 

fibula length 0.48 18 
stature 0.63 67 
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variables could be a result of small sample sizes and could be explained 

as simply a statistical "artifact." 

Even with a large number of missing values in the data set, the 

correlation analysis of the metric variables for the crania generally 

confirms the results obtained by Howells (1957), Landauer (1962), and 

Colby and Cleall (1974). Although many of the cranial variables are 

strongly correlated with each other, those that are components of dif

ferent structures appear to be relatively independent of each other. 

Again, these results may be a function of small sample sizes. Never

theless, the patterns that do emerge from the correlation matrices are: 

1. The cranial vault component variables of length, breadth, and 
height are not strongly correlated with each other. 

2. The cranial vault is relatively independent of the face and 
its component structures of an orbital complex, a nasal com
plex, a maxillary complex, and a mandibular complex. 

3. Of the facial component structures, the mandibular complex 
appears to be the "most" independent both of the other facial 
structures and the cranial vault. 

4. Post-cranially, similar patterns of strong correlation between 
variables are detectable (e.g., femur length X tibia length, 
r = 0.4461 with the significance level = 0.001) which is the 
expected pattern. However, other variables evidenced equally 
strong independence (e.g., femur length X m-1 mid-shaft diame
ter of the tibia, r = 0.0003 with a significance level of 
0.997). 

No attempt is being made here to infer any causal relationships to ac

count for these general patterns. Instead, they are presented as indi

cations that the two major prerequisites for conducting the F tests and 

t-tests have been reasonably met. Again, it should be emphasized that 

caution should be exercised though in accepting these indications as 
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either statistically or biologically valid in light of the small sample 

sizes and the possible, if not probable, sampling error. 

In reviewing the results of the F and t-tests with the signifi

cance level established at 0.05, the following inferences can be made: 

1. Of the 26 F values computed for the 3 Arkansas male samples, 
only 5 (19.23%) are significant at the 5% level. Of the 38 
F values computed for the 3 female samples, only 4 (10.53%) 
are significant at the 5% level. 

2. In both sexes, mandibular corpus thickness, mandibular symphysis 
height, and bigonial breadth differ significantly among the 3 
site samples. For males, minimum ramus breadth and minimum 
frontal breadth are the other 2 variables which differ signifi
cantly. Among females, foramen magnum breadth is the other 
variable to differ significantly. 

3. For the males from Hazel and Upper Nodena, no t-values are sig
nificant at the 5% level for the 14 which were computed. Nei
ther of the 2 t-values computed for the females from Hazel and 
Upper Nodena sites is significant. 

By chance alone, we would expect at least 2 of the 40 variables to dif

fer significantly. The fact that there were 5 significant differences 

for males and 4 significant differences for females could be the result 

of true biological differences, sampling error, or environmental dif

ferences. In both sexes, 3 of the differences are found in the mandi

ble. Corpus thickness and mandibular symphysis height may not be 

continuous variables in the polygenic sense, but either single gene 

traits or epigenetic traits with an environmental component (Sukuki 

and Sakai, 1960; Gam, Lewis, and Vicinus, 1963; Gould, 1964; and 

Johnson, Gorlin, and Anderson, 1965). If these hypotheses were con

firmed on a large-scale basis that included prehistoric skeletal mate

rials, then very strong evidence would exist to exclude these variables 

as phenotypic expressions of the polygenic component of genetic 
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structure. At present, it seems reasonable to exclude corpus thickness 

(which is possibly affected by the inheritance of torus mandibularis 

and probably modified by human behavior) and mandibular symphysis height 

(which is possibly inherited as a single gene trait) as continuous vari

ables based upon the available, though inconclusive genetic evidence. 

The net result of the decision to omit these two variables is to reduce 

the number of statistically significant variables to only three for 

males and two for females. 

Based upon these results and inferences, sufficient evidence 

exists to warrant accepting the null hypothesis that these three Arkan

sas samples were probably obtained from a single population. Though 

not conclusive and based upon meager evidence, the results of the Uni

variate Approach (F and t-tests) suggest that a pattern of similarity 

exists among the individuals as measured by a series of relatively 

independent variables. Such a pattern indicates that these samples 

were drawn not only from a statistically valid population but also, 

probably, from a biological population. At any rate, there is insuf

ficient evidence to suggest that these skeletons could have been ob

tained from separate populations. 

Test Situation 2 

The Univariate Approach employing metric variables is used to 

test the validity of pooling the two Illinois samples into one regional 

sample. 
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Hypothesis lb: The Kane skeletal sample from the American Bottoms 
and the Dickson Mounds sample from the Central Illinois River Valley 
were obtained from a single regional (Illinois) biological popu
lation . 

H = no significant genetic differences exist between the two skele-
° tal samples from Illinois which indicate the samples were 

obtained from separate populations. 

H^ = significant genetic differences exist between the two skeletal 
samples from Illinois which indicate the samples were obtained 
from separate populations. 

The Available Data 

A total of 29 metric (interval and ratio scaled) variables were 

recorded for the skeletal remains of adult males from the Kane and 

Dickson sites. No data are available for adult females from the Dickson 

site. Therefore, comparisons of the genetic structure, as represented 

by the phenotypic expression of polygenic traits, are not possible for 

the females from these two sites. The recorded data for the males per

tained only to cranial traits. 

Test Statistic 

Again, the t-test is an appropriate univariate test statistic 

for ascertaining the validity of Hypothesis lb. F tests would not be 

particularly appropriate in this case because there are only two groups 

and t-tests are robust enough to measure differences between two sam

ples. 

Significance Level 

The significance levels chosen for the t-tests in these analyses 

are an alpha level of 0.05 (5%) for the two-tailed t-tests. As in the 
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testing procedure employed for testing Hypothesis la, small sample sizes 

dictated the choice of the 5% level as the confidence level. 

Summary of Analyses 

The results of the univariate t-tests for significant differ

ences in sample means between the Kane Mounds adult male sample and the 

Dickson Mounds adult male sample are presented in Table 20. A total of 

9 significant differences were obtained among the 29 variables measured. 

The observed differences between the Kane males and the Dickson males 

were manifested in different and relatively independent structures of 

the cranium. Cranial length was significantly larger in the Dickson 

males as was bizygomatic breadth, upper facial height, palatal length, 

mandibular ramus breadth, and mandibular angle. The Kane males evi

denced significantly greater interorbital breadths, orbital heights, 

and total facial heights. With the deletion of the artificially de

formed crania prior to the analyses, none of these variables are defi

nitely known to be drastically affected by environmental influences. It 

seems reasonable to accept the proposition that the observed differences 

represent true biological differences. And by inference, these differ

ences represent differences in the polygenic component of the genetic 

structures of the 2 groups. 

By chance alone, one would expect significant differences be

tween these 2 male samples to occur for 1 or, perhaps, 2 variables due 

to sampling error. However, 9 such differences were observed among the 

29 variables which represented relatively independent structures. On 
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TABLE 20 

t-TESTS FOR DIFFERENCES BETWEEN MEANS FOR KANE MOUNDS SAMPLE 
AND DICKSON MOUNDS MISSISSIPPIAN-A SAMPLE (MALES) 

Variable t-Value df Signitieant at 
5% Level 

Interval Scaled Variables 
cranial height 1.265 37 
cranial length 6.303 49 * 
cranial breadth 1.059 49 
upper facial height 2.461 44 * 
total facial height 0.987 34 
basion-prosthion length 1.825 34 
minimum frontal breadth 0.518 54 
nasal height 1.240 45 
nasal breadth 0.000 49 
biorbital breadth 0.711 42 
interorbital breadth 2.873 53 * 
orbital height 3.200 52 * 
orbital breadth 0.200 47 
bizygomatic breadth 26.415 32 * 
external palatal length 1.795 51 
external palatal breadth 2.633 47 * 
mandibular symphysis height 1.625 59 
bicondylar breadth 0.371 44 
bigonial breadth 1.058 54 
minimum ramus breadth 3.760 65 * 
mandibular angle 23.780 65 * 

Ratio Scaled Variables 
cranial index 0.050 48 
upper facial index 1.276 30 
total facial index 2.805 27 * 
nasal index 0.024 43 
external palatal index 0.319 45 
orbital index 1.730 47 
cranial breadth-height 0.730 37 
cranial length-height 1.195 37 
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this basis, the weight of the evidence requires that we reject the null 

hypothesis, that the samples were drawn from a single population, and 

accept the alternate hypothesis, that the samples were probably obtained 

from different populations. In this instance, it would not be legiti

mate to pool the Kane and Dickson Mounds samples into a regional Illi

nois sample. 

Test Situation 3 

The Univariate Approach employing metric variables is used to 

test the validity of pooling the four regional samples into one Missis-

sippian sample. 

Hypothesis Ic: The four regional skeletal samples (the Arkansas 
sample, the American Bottoms sample, the Illinois River Valley sam
ple, and the Coastal Georgia sample) were obtained from a single 
biological population distributed throughout the entire Southeast. 

H = no significant genetic differences exist among the four re
gional skeletal samples which indicate the samples were ob
tained from separate populations. 

= significant genetic differences exist among the four regional 
skeletal samples which indicate the samples were obtained from 
separate populations. 

The Available Data 

As previously indicated, data for only 22 metric variables have 

been recorded for all 6 sites comprising the 4 regional samples. These 

data were recorded for both males and females from 5 of the sites 

(Hazel, Vernon Paul, Upper Nodena, Kane, and Irene), but were recorded 

only for the males from the Dickson Mounds site. Based upon the results 

of the univariate tests of Hypothesis la, these data were pooled for the 

males and females from the Northeastern Arkansas sites to provide an 
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Arkansas regional sample. The descriptive statistics for these data 

recorded for the Arkansas sample are presented in Appendix C. The 22 

interval and ratio scaled data were recorded for cranial features of 

the skeletons comprising the total sample. 

Test Statistic 

T-tests for the significance of the differences in pairs of sam

ple means were chosen as the appropriate test statistic for ascertaining 

the validity of Hypothesis Ic—that the four regional skeletal samples 

were obtained from a single biological population. The t-tests were 

computed for the following site and sex combinations: Arkansas males 

and Dickson males; Arkansas males and Irene males; Irene males and 

Dickson males; Kane males and Irene males; Arkansas females and Irene 

females; Kane females and Irene females. Although other test combina

tions are possible, the t-tests for those other combinations were not 

computed because those test implications were examined in the multi

variate analyses to be discussed later. 

Significance Level 

The significance level selected as appropriate for the t-tests 

computed in testing Hypothesis Ic are an alpha level of 0.05 (5%) for 

the two-tailed tests. Again, the decision to employ the 5% confidence 

level was based upon the relatively small sizes for some of the samples. 

Summary of Analyses 

The results of the univariate t-tests for significant differ

ences in sample means for the adult female and/or adult male samples 
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from the 4 regional samples are presented in Tables 21, 22, 23, and 24. 

As can be seen from an inspection of these tables, significant differ

ences were recorded in all test cases for the 4 regional samples. Nu

merically, these significant differences ranged from a low of 5/22 

variables to as many as 15/22 variables. Because of the number of com

parisons made in the test of Hypothesis Ic, each set of comparisons will 

be examined individually. 

In looking first at the comparisons between the Kane Mounds 

skeletal sample and the Irene Mound site sample, 6 significant differ

ences were recorded among the means for the cranial features of adult 

males. Among the Kane males, the upper and total facial indices were 

greater than those of the Irene males. These indices, as ratios of 

facial height to facial breadth, reflect not only significantly greater 

bizygomatic breadths of the Irene males, but also the actual differences 

in the facial height proportions of the Kane males. The facial heights 

per se were not significantly different, but when the greater height 

dimensions were combined with narrower bizygomatic breadths, longer, 

narrower faces were noted for the Kane males. Also among the Kane 

males, the cranial breadth-height index was significantly smaller, a 

reflection of greater cranial height for the Kane males even though the 

variable cranial height alone was not significantly different. The 

cranial index was significantly larger among the Irene males. This dif

ference reflects the contribution of cranial breadth as the major factor 

in the difference recorded. When we sort out the apparent redundancy 

among the significant differences (upper facial and total facial 



TABLE 21 

t-TESTS FOR DIFFERENCES BETWEEN MEANS FOR KANE MOUNDS AND IRENE MOUND SAMPLE 

Males Females 
Variable 

^ , ,, Significant at „ „ , Significant at 
t-Value df &

co. _ n t-Value df T i 
5% Level « 5% Level 

Interval Scaled Variables 
cranial height 0.09 34 1.99 26 
cranial length 0.51 71 0.56 57 
cranial breadth 2.97 63 * 0.82 55 
upper facial height 0.49 37 3.21 28 A 

total facial height 0.85 31 - -

minimum frontal breadth 0.00 59 1.74 52 
nasal height 1.46 41 10.12 32 * 

nasal breadth 1.26 45 1.95 33 
orbital height 0.95 32 0.19 19 
orbital breadth 1.35 30 8.03 13 * 

bizygomatic breadth 12.29 21 * 5.94 12 * 

palatal length 0.72 40 0.76 28 
palatal breadth 0.25 51 0.09 38 
bicondylar breadth 0.52 43 1.28 42 

tio Scaled Variables 
cranial index 2.14 60 * 1.24 46 
upper facial index 7.83 18 * 6.23 10 * 

total facial index 6.65 15 * - -

nasal index 0.22 37 10.40 28 * 

palatal index 0.35 34 1.85 24 
orbital index 0.00 29 1.83 12 
cranial breadth-height 1.88 31 * 5.49 27 * 

cranial length-height 0.87 33 0.29 27 
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TABLE 22 

t-TESTS FOR DIFFERENCES BETWEEN MEANS FOR IRENE MOUND SAMPLE AND 
DICKSON MOUNDS MISSISSIPPIAN-A SAMPLE (MALES) 

Variable t-Value df Slg"",lcan? at 
5% Level 

Interval Scaled Variables 
cranial height 2.04 55 * 
cranial length 4.98 92 * 
cranial breadth 0.12 84 
upper facial height 4.25 67 * 
total facial height 4.56 59 * 
minimum frontal breadth 0.63 81 
nasal height 2.64 72 * 
nasal breadth 1.78 78 
orbital height 1.93 64 
orbital breadth 3.19 61 * 
bizygomatic breadth 0.31 53 
palatal length 3.61 61 * 
palatal breadth 3.78 78 * 
bicondylar breadth 0.44 71 

Ratio Scaled Variables 
cranial index 5.38 82 * 
upper facial index 6.02 48 * 
total facial index 4.40 42 * 
nasal index 0.45 70 
palatal index 2.72 61 * 
orbital index 4.26 60 * 
cranial breadth-height 4.34 52 * 
cranial length-height 0.38 54 



TABLE 23 

t-TESTS FOR DIFFERENCES BETWEEN MEANS FOR EASTERN ARKANSAS POPULATION AND IRENE MOUND SAMPLE 

Males Females 

Variable Significant at ^ ,T i ,r Significant at 
t-Value df °c„, T .. t-Value df °t.„ T , 

5% Level 5% Level 

Interval Scaled Variables 
cranial height 0.48 51 1.88 55 
cranial length 3.42 101 A 4.57 92 * 

cranial breadth 0.18 96 0.35 94 
upper facial height 1.05 53 1.87 51 
total facial height 2.94 41 A 1.83 41 
minimum frontal breadth 0.21 102 0.98 99 
nasal height 1.23 61 1.21 60 
nasal breadth 5.24 67 * 0.24 53 
orbital height 5.14 57 * 7.47 49 * 

orbital breadth 5.91 56 * 0.71 47 
bizygomatic breadth 1.48 32 2.64 19 * 

palatal length 0.79 51 1.15 43 
palatal breadth 1.43 76 1.85 67 
bicondylar breadth 3.11 72 * 0.78 68 

Ratio Scaled Variables 
cranial index 0.52 90 2.04 82 * 

upper facial index 0.59 25 0.08 13 
total facial index 1.59 20 0.32 15 
nasal index 2.12 58 * 0.89 55 
palatal index 2.83 50 * 0.86 42 
orbital index 2.14 54 * 0.45 44 
cranial breadth-height 0.58 48 2.02 55 * 

cranial length-height 3.02 49 * 0.97 53 
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TABLE 24 

t-TESTS FOR DIFFERENCES BETWEEN MEANS FOR EASTERN ARKANSAS POPULATION 
AND DICKSON MOUNDS MISSISSIPPIAN-A SAMPLE (MALES) 

Variable t-Value df 
Significant at 

5% Level 

Interval Scaled Variables 
cranial height 
cranial length 
cranial breadth 
upper facial height 
total facial height 
minimum frontal breadth 
nasal height 
nasal breadth 
orbital height 
orbital breadth 
bizygomatic breadth 
palatal length 
palatal breadth 
bicondylar breadth 

1.53 
7.83 
2.50 
3.06 
4.24 
0.48 
1.55 
2.50 
7.93 
14.39 
1.67 
3.73 
4.74 
3.02 

54 
79 
91 
60 
44 
97 
65 
71 
77 
74 
43 
62 
72 
73 

A 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Ratio Scaled Variables 
cranial index 
upper facial index 
total facial index 
nasal index 
palatal index 
orbital index 
cranial breadth-height 
cranial length-height 

3.08 
2.18 
2 . 0 2  
2.36 
4.61 
10.48 
1.88 
4.63 

78 
37 
32 
64 
62 
73 
54 
53 

* 

* 

* 

* 

* 
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indices, cranial breadth and breadth-height index), 4 significant dif

ferences remain. We would expect, by chance alone, that only 1 of these 

22 variables would show significant differences. 

In the comparisons of sample means for the Kane and Irene fe

males, 7 significant differences were recorded. Of these, 5 probably 

represent separate structures and/or independent variables and 2 are 

redundant measures. As in the case of the males, the Kane females 

exhibited smaller bizygomatic breadths, and longer, narrower faces. 

They also exhibited narrower eye orbits, and shorter, broader noses 

than the Irene females. These differences are reflected in the signifi

cant differences recorded for upper facial height, nasal height, orbital 

breadth, bizygomatic breadth, upper facial index, nasal index, and 

cranial breadth-height index. Again, when we remove the redundant mea

sures, at least 5 significant phenotypic traits remain. And based upon 

the weight of evidence for both the males and females in the Kane and 

Irene samples, we must reject the hypothesis that these 2 samples were 

obtained from the same population. 

In the comparisons of the Dickson Mounds males with the Irene 

males, 14/22 significant t-values were obtained. The only variables 

that were not significantly different, with the exception of orbital 

height, were the breadth dimensions—cranial breadth, frontal breadth, 

orbital breadth, nasal breadth, bizygomatic breadth, and bicondylar 

breadth. All of the length and height measures were different with the 

Dickson Mounds males exhibiting the larger values in all instances ex

cept palatal length, orbital breadth, and the cranial index. After the 
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removal of redundant dimensions, a total of 11 significant t-values re

main. It is highly unlikely that we could accept the null hypothesis 

under these circumstances. 

With regard to the comparisons between the Arkansas population 

and the Irene sample, again both males and females exhibited significant 

differences with 10/22 significant t-values occurring for males and 5/22 

significant t-values occurring for females. Among the Irene males, 

cranial length, total facial height, orbital breadth, and bicondylar 

breadth were all variables that are significantly larger. The Arkansas 

males exhibited greater values for nasal breadth and the cranial, nasal 

and palatal indices. Significant differences among the males were mani

fested in the cranium, upper, middle, and lower facial structures and, 

after removal of redundant measures, a total of 8 significant t-values 

remain. 

The Irene and Arkansas females appear to resemble each other 

more closely than any other groups with only 5/22 significant t-values 

for cranial features being recorded. The Arkansas females exhibited 

significantly larger values for cranial breadth-height index, cranial 

index and orbital height. The Irene females exhibited greater cranial 

lengths and bizygomatic breadths. Four of the 5 significant differences 

reflect differences in separate traits or structures. By chance alone, 

we would expect 1 or, perhaps, 2 such differences to occur and not the 

4 which were recorded. 

The t-tests computed for the comparisons between the Arkansas 

males and the Dickson Mounds males reveal that 16 of the 22 variables 
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produced significant t-values. The only variables and/or structures 

that did not exhibit significant differences were cranial height, mini

mum frontal breadth, bizygomatic breadth, nasal height, and the total 

facial and cranial breadth-height indices. In other words, they dif

fered in some aspects of every cranial vault and facial structure mea

sured. Among the Arkansas males, the variables and/or structures that 

exhibited significantly larger values include total facial height, 

orbital height as well as the cranial, cranial length-height, nasal, 

and orbital indices. Obviously these two groups of males are pheno-

typically very different and it is highly unlikely that they could be 

considered as samples obtained from the same population in light of 

the results of these univariate analyses. 

Based upon the results of the comparisons between the Kane and 

Irene males, Kane and Irene females, Irene and Dickson Mounds males, 

Arkansas males and Irene males, Arkansas females and Irene females, and 

the Arkansas and Dickson Mounds males, it would be extremely difficult 

to justify the acceptance of the null hypothesis that the four regional 

samples were obtained from a single population. In fact, the weight of 

the evidence requires that we accept the alternate hypothesis that these 

regional samples were obtained from separate populations. The consis

tent pattern of differences, as measured by the Univariate Approach, 

fails to support the archaeological interpretation that a single bio

logical population was responsible for the widespread existence of 

Mississippian culture throughout the Southeast. 
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Test Situation 4 

The Multivariate Approach employing metric variables is used to 

test the validity of pooling the three Arkansas and the Kane Mounds sam

ples into a single population. 

Hypothesis Id: The three skeletal samples from Northeastern Arkan
sas and the Kane Mounds skeletal sample from the American Bottoms, 
Illinois were obtained from a single biological population. 

H = no significant genetic differences exist among the four skele-
° tal samples which indicate the samples were obtained from 

separate populations. 

= significant genetic differences exist among the four skeletal 
samples which indicate the samples were obtained from separate 
populations. 

The Available Data 

Data for a total of 58 metric variables (including 10 ratio 

scaled indices, 7 rankit scaled features, and 41 interval scaled dimen

sions) were recorded for both adult males and adult females from each 

of the 4 sites—Hazel, Vernon Paul, Upper Nodena, and Kane Mounds sites. 

Variables representing the polygenic component of cranial and post-

cranial phenotypic traits are included in this total. Many of these 

variables, particularly the interval scaled dimensional ones, are the 

same ones employed in the univariate analyses previously discussed. 

However, the seven rankit scaled variables are "new" to the 

analyses. These variables include such features as mastoid size, con

dyle projection, prognathism, chin form, genial tubercles, and gonial 

eversion. Normally, these features would be ordinally ranked (absent, 

small, medium, large, etc.) and would, therefore, be excluded from both 

univariate and multivariate analyses because of the unequal and 
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subjective nature of the scaling. Oftentimes, one feature will be re

corded within a scale of four ordinal ranks and another feature scaled 

on the basis of five ordinal ranks making comparisons difficult if not 

impossible statistically. Because these features do evidence readily 

observable differences and such differences may, in most cases, have 

biological meaning, these features were compared to standards estab

lished from within the total sample and recorded as rankits (also called 

"standard scores," "standard deviation units," or "Z-scores"). Thus, 

each observation was measured against a mean of zero in increments of 

standard deviation units. Scaling in this manner removes the subjec

tivity and permits treating these data as if they were interval scaled 

data. Consequently, these features are included in the analyses. 

Test Statistics 

One of the many types of multivariate statistical techniques 

available for measuring similarities and differences among groups is 

the technique that has been generically termed, discriminant function 

analysis (McHenry and Giles, 1971; Ditch and Rose, 1972; Goodman, 1973; 

Nie et al., 1975; and others). Although many variations of the proce

dure exist, the primary objective of all discriminant function analyses 

is to maximize the "distance" between or among groups by weighting and 

combining, in a linear fashion, the variables that "best" distinguish 

the groups from each other. The potential number of discriminating 

functions is equal to one less than the number of groups and equal 

to the number of variables. These functions, which of necessity, 
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are machine computed sequentially and can be mathematically symbolized 

as: 

D. = d.,Z. + d._Z0 + . . . + d. Z 
i il 1 i2 2 ip p 

where: D. = discriminant function i 
x 

d = weighting coefficients 

Z = standardized values 

p = number of discriminating variables 

The final form of the discriminant function formulae depends 

upon which variables from the total data set contain the greatest amount 

of information and which statistical tests are employed. The one vari

able with the highest discriminating value, based upon the selection 

criterion (test statistic), is entered first into the equation. The 

significance of this initial variable, as well as all subsequent vari

ables entered, is determined by the F ratio of the particular variable 

in question. The initial variable is then paired with each of the other 

variables in the data set to select the next variable, which in combi

nation with the first variable, provides the next function that maxi

mizes the greatest amount of information. This selection process 

continues until all of the variables have been entered into the formula, 

even those which add no additional information about the "distance" 

among the groups. These latter variables, those which add no signifi

cant information, produce "noise" and should be deleted from the data 

set. 

A stepwise discriminant function analysis has two major features 

which are of use here—an analysis feature and a classification feature. 
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In terms of the analysis feature, a stepwise discriminant function anal

ysis determines both the number and the identity of the variables in 

the total data set that contribute most to differentiating among the 

groups. This is accomplished by defining, in geometric space, the mean 

for each group (as measured by its centroid) and the unique (orthogonal) 

dimensions or axes (as measured by the discriminant functions) between 

the groups. In this way, a discriminant function analysis serves as a 

"discovery" technique which permits us to determine which variables and 

their combinations are contributing the most information about the dif

ferences among the groups. 

The classification feature of discriminant function analysis 

facilitates the identification of probable group membership for any one 

individual within the total sample. By classifying individuals (cases) 

used to derive the discriminant functions and then comparing the pre

dicted group membership with the actual group membership, one can em

pirically measure the reliability of the discriminant functions by the 

proportion of correct classifications. The classification formulae are 

derived from the centroids and the pooled within-group covariance matrix 

to produce classification coefficients. The classification coefficients 

are then entered into the following general formula used in assigning 

probable group membership. 

C. = c,.V, + c.0V0 +. . ,+c.V +c.n 
i ll 1 i2 2 xp p iO 

where: C. = classification score V = raw score for discrimi-
for group i nating variables 

c^. = classification C^Q = constant 
coefficients 
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The computer program selected for the discriminant function 

analyses to measure the distance among the four sites (Hazel, Vernon 

Paul, Upper Nodena, and Kane) is the SPSS program DISCRIMINANT. Among 

the variety of test statistics included in this program are two of 

2 
importance here—Rao's V and Mahalonobis' D . The basic formulae for 

these two test statistics are: 

P ij k _ _ _ _ 
V, ... = Z Z a E N (X. - X.)(X. - X.) 
(p+q)k .... . , r lr 1 jr y 
* H i,j=l P+q r=l J J 

where the differences in V can be evaluated as a chi-square statistic 

with q(k-l) degrees of freedom (Rao, 1952: 257). 

2 pp . . _ _ _ _ 

D ' H HlJ (Xil " X12><Xjl " V 

Significance Levels 

As indicated above, significant changes in Rao's V are measured 

by the chi-square statistic at the 0.05 level. In addition, the F 

ratio of the discriminant functions for entry are measured at the 0.01 

level and, for exclusion, at the 0.005 level. The values obtained for 

the relative percentages of the eigenvalues serve as another measure of 

significance. And finally, the chi-square statistic with significance 

at the 0.05 level serves as another measure of the significance obtained 

for Wilk's lambda. 

Summary of Analyses 

Six separate discriminant analysis "runs" were made in attempt

ing to measure accurately the distance between the two sexes from each 
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of the four sites (eight subgroups). These runs included the following 

data, controls, test statistics, and program options: 

Analysis #1: 
a. Groups = 8, 4 undeformed adult male samples and 4 undeformed 

adult female samples 
b. Variables = all 58 metric variables including cranial and 

post-cranial variables 
c. Test Statistic = Rao's V 
d. Options = print plot of cases and territorial map 

Analysis #2: 
a. Groups = 4 undeformed adult male samples 
b. Variables = all 58 metric variables 
c. Test Statistic = Rao's V 
d. Options = print plot of cases and territorial map 

Analysis #3: 
a. Groups = 4 undeformed adult female samples 
b. Variables = all 58 metric variables 
c. Test Statistic = Rao's V 
d. Options = print plot of cases and territorial map 

Analysis #4: 
a. Groups = 8, 4 undeformed adult male samples and 4 undeformed 

adult female samples 
b. Variables = maxsteps (30), include only the 30 "best" dis

criminating variables from the total of 58 
c. Test Statistic = Rao's V 
d. Options = print plot of cases, classify individuals, and 

print territorial map 

Analysis #5: 
a. Groups = 4 undeformed adult male samples 
b. Variables = maxsteps (30), include only the 30 "best" dis

criminating variables 
c. Test Statistic = Rao's V 
d. Options = print plot of cases, classify individuals, and 

print territorial map 

Analysis #6: 
a. Groups = 4 undeformed adult female samples 
b. Variables = maxsteps (28), include only the 28 "best" dis

criminating variables 
c. Test Statistic = Rao's V 
d. Options = print plot of cases, classify individuals, and 

print territorial map 
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If the distances are small among the groups, we can be reason

ably confident that these subgroups within the total sample are closely 

related phenotypically and, by inference, genetically. If on the other 

hand, the distances are large, we could not seriously postulate a close 

biological relationship among the samples from the four sites. Both of 

these possibilities represent extremes on either end of the continuum 

of biological relationship. We could also expect to record distances 

that indicate intermediate degrees of relationship as postulated in the 

parallel and dominant culture interpretations. 

Of the six discriminant function analyses, the first three, em

ploying all of the variables, served as preliminary, exploratory analy

ses with the primary purpose to determine how many variables of the 

total set were important discriminators and which ones added little or 

no information thus producing "noise." Generally speaking, the vari

ables that add little or no information inhibit the discrimination 

among groups and, thereby, reduce the accuracy of the distance measures 

achieved. Nevertheless, these first three discriminant analyses did 

tentatively identify the variables that possessed significant discrim

inatory power. 

To summarize very briefly, the first discriminant function anal

ysis which included both sexes from each of the four sites and all of 

the variables in the data set achieved, as expected, only moderate suc

cess in separating the groups. Stepwise, the first 34 variables were 

significant as measured by changes in Rao's V (variable 34 = palatal 

length; change in Rao's V = 13.68791; significant at the 0.057 level). 
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These 34 variables combined to form 7 discriminant functions (number of 

groups - 1) of which the first 4 accounted for approximately 85% of the 

variability within the 8 groups. These 7 functions are summarized in 

Table 25 and Figure 5. 

The first 4 functions have been interpreted as: (1) a sexual 

dimorphic function, (2) a robusticity function, (3) a cranial size and 

shape function, and (4) a skeletal size and shape function. The SPSS 

program DISCRIMINANT has the capability of plotting the first 2 func

tions with the first discriminant function plotted along the horizontal 

axis and the second function plotted along the vertical axis. The re

sults of plotting these 2 functions are presented in Figure 5. Based 

upon all 7 functions, 56.7% of the known cases were correctly classi

fied—or more than 4 times the proportion expected by random chance. 

In the second and third discriminant function analyses, the sex

ual dimorphic function was removed by separating the sexes from each of 

the 4 sites—analysis #2 contained only males and analysis #3 contained 

only females. Again, all of the variables in the total set were in

cluded for analysis. With the removal of sex as the major discriminat

ing function, 3 size and shape functions emerged as the most important 

discriminators among the males and females. The first function is basi

cally a cranial size and shape function; the second, an overall size and 

shape function; and the third, relates to the size and shape of the 

post-cranial skeleton. The second discriminant function analysis, for 

the males only, achieved a success of 63.1% correct classification of 

individuals. The third discriminant function analysis, for females, 



TABLE 25 

A SYNOPSIS OF DISCRIMINANT FUNCTION ANALYSIS #1, 8 GROUPS 
(MALES AND FEMALES) AND ALL VARIABLES 

„ - Canonical Percentage . _ , , Significance 
Function Eigenvalue _ - _ r Wilk s Lambda T -

Correlation of Trace Level 

1 1.13741 0.72948 34.8 0.08030 0.000 
2 0.76129 0.65744 23.3 0.17277 0.000 
3 0.46215 0.56221 14.1 0.30430 0.000 
4 0.36336 0.51625 11.1 0.44494 0.000 
5 0.24425 0.44306 7.5 0.60661 0.061 
6 0.20077 0.40890 6.1 0.75478 0.438 
7 0.10338 0.30609 3.2 0.90631 0.925 

Centroids of Groups in Reduced Space 
Subsample 

Function Function Function Function Function Function Function 
1 2 3 4 5 6 7 

Hazel Males 
Hazel Females 
V. Paul Males 
V. Paul Females 
Nodena Males 
Nodena Females 
Kane Males 
Kane Females 

0.80918 
-0.67989 
0.74011 
-1.89412 
0.89501 
-1.50160 
1.09113 
-0.83891 

-0.18414 
-0.42994 
-0.07659 
-0.91796 
0.95615 
1.95203 
-0.19895 
-1.04417 

-0.26791 
-0.64067 
-0.79026 
-0.59445 
0.65628 
0.02070 
0.19538 
1.43013 

-0.22160 
0.21920 
-0.01862 
0.71170 
1.25209 
-0.64909 
-0.66999 
-0.25169 

0.30885 
0.74706 
-1.10649 
-0.42874 
0.04537 
-0.05590 
0.02057 
-0.18962 

0.37110 
0.09351 
0.38974 
-0.63355 
-0.09125 
0.04068 
-0.88004 
0.36969 

0.41579 
-0.48616 
-0.32704 
0.48422 
-0.03263 
0.04307 
-0.12380 
-0.10023 
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Figure 5. Territorial Map: First 2 Discriminant Functions, 58 Variables and Both Sexes 
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correctly classified 78.9% of the cases. Because these 2 analyses are 

intermediate analyses, their graphical representations were deemed un

necessary here. For males, the first 30 variables contributed signifi

cantly to the discrimination among groups, whereas there were only 28 

variables that contributed significantly to the discrimination among the 

females. The remaining variables, in both instances, produced "noise." 

The first 3 discriminant function analyses were repeated em

ploying the same numbers of groups (analysis #4 = 8 groups, combined 

sexes; analysis #5 = 4 groups, males only; and analysis //6 = 4 groups, 

females only), but in these instances, only the variables that contrib

uted significantly to the discrimination among the groups were included 

(30 variables, 30 variables, and 28 variables respectively). The analy

ses of these groups were repeated employing only the significant vari

ables in an attempt to improve the discriminatory power by removing the 

nonsignificant variables. The results of these analyses (analysis #4, 

analysis //5, and analysis #6) are presented in Tables 26, 27, and 28 

and Figures 6, 7, and 8. In analysis #4, 60.9% of the males and females 

were correctly classified. In analysis #5, 60.4% of the males were 

correctly classified. And in analysis #6', 75.4% of the females were 

correctly classified. Obviously, the removal of the "nonsignificant" 

variables did not improve the discriminatory ability of the analyses. 

Apparently, the "nonsignificant" variables did contribute some to the 

discrimination among the groups. 

In Figure 6 containing all groups, we see the 7 levels of re

lationship corresponding to the 7 discriminant functions (along the 



TABLE 26 

A SYNOPSIS OF DISCRIMINANT FUNCTION ANALYSIS #4, 8 GROUPS 
(MALES AND FEMALES) WITH 30 SIGNIFICANT VARIABLES 

Order of Variable Entry 
Change in 
Rao's V 

Sig. 
Level 

Order of Variable Entry 
Change in 
Rao's V 

Sig. 
Level 

1 mastoid size 143.75018 0.000 16 femur length 25.59028 0.001 

2 stature 111.71018 0.000 17 femur, bicondylar length 24.51582 0.001 

3 cranial length 94.35728 0.000 18 nasal height 21.48910 0.003 

4 corpus thickness 48.87760 0.000 19 bizygomatic breadth 19.62187 0.006 

5 humerus, m-1 diameter 42.77315 0.000 20 condyle projection 19.58369 0.007 

6 cranial breadth 42.22055 0.000 21 chin projection 19.96810 0.006 

7 minimum ramus breadth 37.54385 0.000 22 minimum frontal breadth 17.31454 0.015 

8 nasal breadth 36.50966 0.000 23 tibia, m-1 diameter 18.73354 0.009 

9 bigonial breadth 34.66557 0.000 24 tibia length 16.44813 0.021 

10 orbital breadth 31.75349 0.000 25 tibia, a-p diameter 17.72347 0.013 

11 mandibular symphysis height 26.62363 0.000 26 cranial index 17.44453 0.015 

12 femur, m-1 diameter 22.00239 0.003 27 orbital height 18.12735 0.011 

13 cranial length-height index 22.12712 0.002 28 orbital index 17.72673 0.013 

14 mandibular angle 21.65066 0.003 29 chin form 17.84903 0.013 

15 femur, head diameter 21.69010 0.003 30 ramus height 14.89167 0.037 



TABLE 26, Continued 

F Matrix (d.f^ = 30, d.f.2 = 356) 

Subsample 
Hazel Hazel V. Paul V. Paul Nodena Nodena Kane 
Males Females Males Females Males Females Males 

Hazel Females 3.10610 

V. Paul Males 1.70187 3.10050 

V. Paul Females 5.74980 1.84023 4.54075 

Nodena Males 3.91712 5.18622 3.19176 6.47438 

Nodena Females 7.79742 4.77157 5.80908 4.67051 6.43938 1 

Kane Males 1.65079 4.32842 2.25591 6.15276 3.59528 7.39512 

Kane Females 5.10207 3.42093 5.16693 3.37814 6.19427 6.82580 4.57163 

Function Eigenvalue 
Canonical 
Correlation 

Percentage 
of Trace 

Wilk's Lambda 
Significance 

Level 

1 1.00306 0.70765 37.7 0.12302 0.000 

2 0.63907 0.62442 24.0 0.24641 0.000 

3 0.37234 0.52088 14.0 0.40388 0.000 

4 0.30381 0.48272 11.4 0.55425 0.000 

5 0.14958 0.36071 5.6 0.72264 0.001 

6 0.12924 0.33830 4.9 0.83073 0.036 

7 0.06599 0.24881 2.5 0.93809 0.467 



TABLE 26, Continued 

Centroids of Groups in Reduced Space 

Function Function Function Function Function Function Function 
1 2 3 4 5 6 7 

Hazel Males -0. 75006 0. 19071 -0. 35001 -0. 21809 -0. 32900 -0.20441 0.31553 

Hazel Females 0. 72817 0. 36095 -0. 54681 0. 28305 -0. 51297 -0.02769 -0.42369 

V. Paul Males -0. 69850 -0. 17301 -0. 72218 0. 11788 0. 83272 -0.43817 -0.18950 

V. Paul Females 1. 71632 0. 65151 -0. 46170 0. 73377 0. 38345 0.52878 0.39359 

Nodena Males -0. 85627 -0. 86737 0. 80358 1. 03056 -0. 09685 0.03691 -0.00430 

Nodena Females 1. 45820 -1. 69136 0. 13059 -0. 67546 0. 00621 -0.05048 0.03915 

Kane Males -1. 03176 0. 18693 0. 13359 -0. 59476 0. 12816 0.68384 -0.15578 

Kane Females 0. 68996 1. 19662 1. 13403 -0. 30003 0. 15389 -0.34681 -0.03770 

Ul 
OJ 



TABLE 27 

A SYNOPSIS OF DISCRIMINANT FUNCTION ANALYSIS #5, 4 GROUPS 
(MALES ONLY) WITH 30 SIGNIFICANT VARIABLES 

Order of Variable Entry 
Change in 
Rao's V 

Sig. 
Level 

Order of Variable Entry 
Change in 
Rao's V 

Sig. 
Level 

1 cranial breadth 41.30856 0.000 16 fibula length 5.60322 0.133 

2 nasal height 21.45555 0.000 17 mandibular angle 6.58929 0.086 

3 corpus thickness 19.36380 0.000 18 femur, a-p diameter 7.41708 0.060 

4 femur, m-1 diameter 13.44529 0.004 19 humerus, a-p diameter 5.59007 0.133 

5 palatal length 12.07867 0.007 20 femur, head diameter 6.24041 0.100 

6 tibia, m-1 diameter 10.30210 0.016 21 foramen magnum breadth 5.19814 0.158 

7 ramus height 11.33424 0.010 22 bigonial breadth 6.86378 0.076 

8 palatal breadth 10.13908 0.017 23 cranial length-height index 3.84300 0.279 

9 gonial eversion 8.85950 0.031 24 upper facial height 4.20913 0.240 

10 mandibular symphysis height 10.08259 0.018 25 femur length 2.74670 0.432 

11 minimum frontal breadth 8.00738 0.046 26 femur, bicondylar length 8.14691 0.043 

12 mastoid size 9.40477 0.024 27 humerus length 3.45459 0.327 

13 ramus breadth 8.47316 0.037 28 tibia length 3.36033 0.339 

14 humerus, m-1 diameter 6.29138 0.098 29 radio-humeral index 3.48461 0.323 

15 orbital height 8.17302 0.043 30 robusticity index 5.59850 0.133 



TABLE 27, Continued 

Subsample 

F Matrix (d.f.^ = 30, = 189) 

Hazel 
Vernon 
Paul 

Upper 
Nodena 

Vernon Paul 

Upper Nodena 

Kane 

2.01918 

3.17221 

1.63861 

3.57314 

2.80955 3.29531 

Function Eigenvalue 
Canonical 
Correlation 

Percentage 
of Trace 

Wilk's Lambda 
Significance 

Level 

1 

2 

3 

0.61975 

0.44189 

0.20930 

0.61856 

0.55359 

0.41602 

48.8 

34.8 

16.5 

0.35407 

0.57350 

0.82692 

0.000 

0.000 

0.082 

Subsample 

Centroids of Groups in Reduced Space 

Function 
1 

Function 
2 

Function 
3 

Hazel 

Vernon Paul 

Upper Nodena 

Kane 

0.29865 

0.71746 

-1.47520 

0.30477 

0.09717 

-1.12171 

-0.22193 

0.90835 

0.55642 

-0.40665 

-0.08362 

-0.49975 



TABLE 28 

A SYNOPSIS OF DISCRIMINANT FUNCTION ANALYSIS #6, 4 GROUPS 
(FEMALES ONLY) WITH 28 SIGNIFICANT VARIABLES 

Order of Variable Entry 
Change in 
Rao's V 

Sig. 
Level 

Order of Variable Entry 
Change in 
Rao's V 

Sig. 
Level 

1 cranial length 57.00404 0.000 15 genial tubercles 10.57428 0.014 

2 mastoid size 34.80738 0.000 16 femur, bicondylar length 10.04065 0.018 

3 radio-humeral index 22.77306 0.000 17 palatal index 11.75849 0.008 

4 corpus thickness 24.36569 0.000 18 femur length 13.38583 0.004 

5 orbital breadth 22.57919 0.000 19 femur, m-1 diameter 9.27738 0.026 

6 bigonial breadth 21.03510 0.000 20 tibia, a-p diameter 9.38753 0.025 

7 chin projection 17.23957 0.001 21 tibia, m-1 diameter 13.68494 0.003 

8 mandibular symphysis height 16.92926 0.001 22 humerus length 7.16733 0.067 

9 femur, a-p diameter 12.09860 0.007 23 cranial index 7.12819 0.068 

10 fibula length 12.44260 0.006 24 foramen magnum breadth 7.70042 0.053 

11 minimum ramus breadth 10.34197 0.016 25 mandibular angle 8.64811 0.034 

12 nasal breadth 10.71225 0.013 26 chin form 8.44498 0.038 

13 condyle projection 13.79229 0.003 27 radius length 6.71500 0.082 

14 minimum frontal breadth 9.67787 0.022 28 humerus, a-p diameter 6.42907 0.093 



TABLE 28, Continued 

Subsample 

F Matrix (d.f.^ = 28, = 140) 

Hazel 
Vernon 
Paul 

Upper 
Nodena 

Vernon Paul 

Upper Nodena 

Kane 

2.91895 

3.68629 

3.54447 

4.33461 

4.98548 5.66060 

Function Eigenvalue 
Canonical 
Correlation 

Percentage 
of Trace 

Wilk's Lambda 
Significance 

Level 

1 

2 

3 

1.15763 

0.87568 

0.45856 

0.73248 

0.68327 

0.56071 

46.5 

35.1 

18.4 

0.16941 

0.36553 

0.68561 

0.000 

0.000 

0.000 

Subsample 

Centroids of Groups in Reduced Space 

Function 
1 

Function 
2 

Function 
3 

Hazel 

Vernon Paul 

Upper Nodena 

Kane 

0.02440 

-0.62311 

-1.27143 

1.58718 

-0.30157 

-1.61044 

1.12712 

0.41262 

-0.97427 

0.71452 

0.26435 

0.40853 
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horizontal axis) and varying degrees of relationship (as measured by the 

relative distances along the vertical axis) among the 8 groups. Again, 

the very strong sexual dimorphic difference function is illustrated by 

a complete separation of the sexes. In addition, there are several pat

terns that emerge within the sexes. If these groups were closely re

lated, we would expect to find approximately the same magnitude of 

distance along both axes. Instead, we find differing patterns within 

and among the sexes. 

Among the males (Figure 6), those from the Hazel and Kane sites 

are most closely related (as measured by the relative distances between 

the group centroids). The distance between the Hazel and Vernon Paul 

males is intermediate, whereas, the Hazel and Upper Nodena males are 

the least closely related. In fact, the Upper Nodena males are the 

most different of all the male groups in the site-by-site comparisons. 

A slightly different pattern is observable for the females in Figure 6. 

The Hazel and Vernon Paul females are, phenotypically, the most closely 

related (as measured by the relative distances among group centroids). 

These two groups are most closely related to the Kane females. And, as 

in the case of the males, the Upper Nodena females are the most dis

tantly related of all groups. However, in this case, the magnitude of 

the relative distances between female groups is approximately twice as 

large as that noted for the site-by-site comparisons among the males. 

When the sexes are separated (Figures 7 and 8), the same general 

patterns of distance relationships are observed even though the geomet

ric shape of the configurations have changed. These shape differences 
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appear to be due, in part, to the interrelationship between the sexual 

dimorphic function and the overall size and shape functions. With the 

effects of the sexual dimorphic function removed by treating the sexes 

separately, the magnitude of the distances between the four sites is 

approximately twice as large for both males and females as when the 

sexes are combined. 

Because of the inherent difficulties in visualizing the dis

tances among these groups as measured along the discriminant function 

axes and the group centroids in n-dimensional space, the final F values 

2 
in the F matrices were converted to Mahalanobis' D distances. These 

conversions were computed in accordance with the following formula 

(Taylor, 1975: personal communication): 

2 q(N± + NjXN - Ng) 

\j (N±) (Nj) (N - Ng - q + 1) F(q' N - Ng " q + D 

where: N = the total number of individuals 

q = number of variables 

N = number of groups 
O 

i,j = pair under consideration 

2 
The resulting D matrices (Tables 29, 30, and 31) were then keypunched 

for entry into the computer program DENDROGRAPH (McCammon and Wenniger, 

1970) as modified for the Anthropology Department at the University of 

Arizona by David K. Taylor (1975: personal communication). Basically, 

the DENDROGRAPH program plots, in two dimensions, the n-dimensional 

relationships among the distance measures. The final plots of the 

program DENDROGRAPH are presented in Figures 9, 10, and 11. 



TABLE 29 

D2 MATRIX FOR COMBINED GROUPS (MALES AND FEMALES) WITH THIRTY SIGNIFICANT VARIABLES 

Hazel Hazel 
Males Females 

Vernon Vernon Upper Upper 
Paul Paul Nodena Nodena 
Males Females Males Females 

Kane Kane 
Males Females 

Hazel 
Males 

0.00000 

Hazel 
Females 

3.11533 0.00000 

Vernon Paul 
Males 

2.04562 4.41277 0.00000 

Vernon Paul 
Females 

8.26513 3.05243 8.43522 0.00000 

Upper Nodena 
Males 

4.23513 6.75475 4.79208 11.24515 0.00000 

Upper Nodena 
Females 9.07122 6.60681 9.19907 8.49588 9.41931 0.00000 

Kane 
Males 

1.67524 5.35022 3.23727 10.27815 4.72497 10.32648 0.00000 

Kane 
Females 

5.67280 4.56052 7.91610 5.97103 8.74177 10.19396 6.14836 0.00000 
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TABLE 30 

D2 MATRIX FOR MALES WITH THIRTY SIGNIFICANT VARIABLES 

Hazel Vernon Paul Upper Nodena Kane 

Hazel 

Vernon Paul 

Upper Nodena 

Kane 

0.00000 

2.58856 

3.65801 

1.77355 

0.00000 

5.72173 

4.30009 

0.00000 

4.61898 0.00000 

TABLE 31 

D2 MATRIX FOR FEMALES WITH TWENTY-EIGHT SIGNIFICANT VARIABLES 

Hazel Vernon Paul Upper Nodena Kane 

Hazel 

Vernon Paul 

Upper Nodena 

Kane 

0.00000 

4.98442 

5.25454 

4.86447 

0.00000 

8.11724 

9.07179 

0.00000 

8.70295 0.00000 
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Figure 9. Biological Distance among Sites 
Measured by Mahalanobis' D2 for 30 Variables and Both Sexes 
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Figure 11. Biological Distance among 
Females Measured by Mahalanobis' for 28 Variables 



In reviewing the results of the multivariate analyses employing 

metric data for both the males and females from the Hazel, Vernon Paul, 

Upper Nodena, and Kane sites, it becomes increasingly difficult to ac

cept the null hypothesis that these four skeletal samples were drawn 

from a single biological population. A number of significant differ-

2 
ences as measured by Rao's V and Mahalanobis' D are recorded. Even 

though the exact probability of accepting the alternate hypothesis (H^) 

cannot be computed, the weight of the evidence strongly favors the ac

ceptance of the alternate hypothesis—that these skeletal samples were 

probably drawn from at least three biologically distinct populations. 

These interpretations, based upon different statistics, are concordant. 

Test Situation 5 

The Multivariate Approach employing discrete variables is used 

to test the validity of pooling the three Arkansas and the Kane Mounds 

samples into a single population. 

Hypothesis Ie: The three skeletal samples from Northeastern Arkan
sas and the Kane Mounds skeletal sample from the American Bottoms, 
Illinois were obtained from a single biological population. 

H = no significant genetic differences exist among the four skele
tal samples which indicate the samples were obtained from 
separate populations. 

H^ = significant genetic differences exist among the four skeletal 
samples which indicate the samples were obtained from separate 
populations. 

The Available Data 

Data were recorded for the occurrence of some of the many known 

discrete traits for the adult males and adult females in these skeletal 



site samples. Among these traits, 24 cranial traits were scored bilat

erally (48 possible observations per individual) and 4 cranial traits 

were scored medially (only 1 observation per individual possible). As 

indicated previously, the discrete traits were scaled as nominal data 

(present or absent) and, based upon the body of available evidence, 

probably represent phenotypic expressions of the single gene component 

of genetic structure. These data provide an independent means for 

testing the hypothesis that the three Arkansas and the Kane samples 

were derived from the same population. The traits included for analy

ses are presented in Table 32. 

Test Statistics 

There are two test statistics appropriate to the test of hy

pothesis Ie, the Chi-square test and the Mean Measure of Divergence 

2 (0 ). The Chi-square test statistic is applicable to the preliminary 

analyses for tests of independence (among the traits, between the 

sexes, and between deformed and undeformed individuals) as well as a 

test of significance for the distribution of 0 values. The Mean Mea-

2 
sure of Divergence (MD or © ), as a test statistic appropriate to the 

analysis of single gene traits to measure significant genetic differ

ences among groups, was first developed for the analyses of distance 

among mouse strains (Grewal, 1962). Since that time, the test statis

tic has been modified a number of times and employed in a large number 

of analyses of discrete phenotypic traits in humans (Berry, Berry, and 

Ucko, 1967; Rightmire, 1970b; Kellock and Parsons, 1970b; Turner, 1971; 

Corruccini, 1972; Finnegan, 1972; and others). Theta square is based 



TABLE 32 

DISCRETE CRANIAL TRAITS EMPLOYED IN DISTANCE ANALYSES 

Bilateral Phenotypic Traits Medial Phenotypic Traits 

Auditory Tori 

Mandibular Tori 

Os Inca 

Os Apicus 

Torus Palatinus Coronal Ossicles 

Lambdoidal Ossicles Metopic Suture Open 

Epiteric Ossicles 

Asterionic Ossicles 

Accessory Infraorbital Foramina 

Zygo-Facial Foramina 

Supraorbital Foramina 

Frontal Foramina 

Parietal Foramina 

Mastoid Foramina 

Posterior Condylar Canal Foramina 

Huschke Foramina 

Posterior Malar Foramina 

Accessory Lesser Palatine Foramina 

Hypoglossal Canal Double Foramina 

Double Mental Foramina 

Supraorbital Notch 

Parietal Notch Bone 

Squamo-Parietal Suture Closed 

Petro-Squamosal Suture Open 

Mylo-Hyoid Bridging 

External Frontal Sulcus 
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upon the statistical principle of the arcsin transformation, 0 = arcsin 

(1 - 2p), measured in radians. The formula for distance between groups 

for a given trait (variable) became: 

2 11 11 
X = (0- - 0O) - fc- + tt ) with (tj- + ) = the sum of the variances 

1 1 W1 N2 W1 2 for 0X and 02 

These variances, as a measure of distance, are distributed as: 

<§ +| ><x2 - 1) 
W1 w2 

For human skeletal population analyses, the formula (in order 

to take into account problems of bilaterality of traits, and unequal 

sample sizes for groups and traits) evolved into the following formula: 

I (N +i )l(0li - V2 - (K + H >J 

j 1 11 21 3 3 lj 2j 

MD = 4 
2 
r 

with the significance measured by the formula: 

4<W + I >!;{(ei1 " 021>2 " 4 +N )} 
lj 2j 3 lj 2j 

or MD is significant if the mean value is twice as large or larger than 

its standard deviation (Constandse-Westermann, 1972: 117-120). 

Because of several pragmatic as well as theoretical problems 

with the above MD formula in its present form (Sj^vold, 1973; and 

Suchey, 1975), the distance formula was modified to produce the fol

lowing computer program formula: 

*13 " "x"ik + + fzc*/ [xlk + (i + I.)] [Xy + (i + |)] + i ) 
i k J k j k  
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where the quotient is distributed as chi-square with the appropriate 

degrees of freedom (Taylor, 1975: personal communication). 

Significance Levels 

The 0.05 (5%) level was chosen for all chi-square distributions. 

2 
These include the Chi-square tests of independence and the 0 distance 

measures. In addition, the MD value equal to or larger than twice the 

value of the standard deviation is considered significant. 

Summary of Analyses 

Before calculating the theta distances to measure divergence 

among the groups, it was first necessary to establish that the discrete 

cranial traits available for analysis are independent. For this reason 

630 Chi-square tests were computed employing the SPSS program CROSSTABS 

to ascertain whether there existed any associations among the traits, 

whether any of the traits were sex dependent, in their expression, and 

whether cranial deformation influenced the expression of any of these 

traits. Of the 630 Chi-square tests, only 6 exhibited significant as

sociation values. The 6 "dependent" associations are presented in 

Table 33. In all 6 cases, the "correlation" of a given trait was with 

artificially deformed females. Because of the small sample sizes in

volved and the apparent lack of biological meaning to any of these 

associations, I feel that it is reasonable to attribute the significant 

associations to random chance. In other words, I feel that the asso

ciations are merely "statistical artifacts," and for this reason, these 

traits can legitimately be treated as independent traits. 
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TABLE 33 

ASSOCIATIONS AMONG DISCRETE CRANIAL TRAITS AND CRANIAL 
DEFORMATION IN HAZEL AND UPPER NODENA FEMALES 

Site Variable 
Total Sample 

Sizes 
Significance 

Level 

Hazel Left Mandibular Tori 18 0.04977 

Hazel Left Frontal Foramina 19 0.03989 

Hazel Left External Frontal Sulcus 19 0.04954 

Hazel Right External Frontal Sulcus 17 0.04299 

Upper Nodena Left Mandibular Tori 17 0.02763 

Upper Nodena Left Zygo-Facial Foramina 23 0.03640 

These cranial discrete trait data, in the form of phenotypic 

frequencies (see Appendix D), were then entered into the MEAN MEASURE 

OF DIVERGENCE program for analysis. In addition, these data were 

entered in a subfile structure format—by site, by sex, and, in the 

case of bilateral traits, by side (in order to provide control over the 

effects of bilaterality). Four separate computer analyses were per

formed employing the discrete cranial trait data. The results of these 

analyses are presented in Tables 34, 35, 36, and 37. 

In the first analysis, the controlling variables were site, sex, 

and bilateral traits scored by side. In the second analysis, the sexes 

were combined to form site samples and the controlling variable was bi

lateral traits scored by side. The third analysis included the combined 

sexes, but in this case, the frequency of occurrence of bilateral traits 



TABLE 34 

0 DISTANCE MATRIX FOR MEDIAL AND BILATERAL DISCRETE TRAITS 
RECORDED BY SIDE WITH THE SEXES SEPARATED 

Hazel Hazel 
Males Females 

Vernon Vernon Upper Upper 
Paul Paul Nodena Nodena 
Males Females Males Females 

Kane Kane 
Males Females 

Hazel 
Males 

Hazel 
Females 

Vernon Paul 
Males 

Vernon Paul 
Females 

Upper Nodena 
Males 

Upper Nodena 
Females 

Kane 
Males 

Kane 
Females 

0.00000 

6.35950 0.00000 

8.16910 6.41140 0.00000 

9.75520 6.68190 5.50620 0.00000 

5.18650 4.17970 7.63770 9.38330 0.00000 

7.82490 6.03410 8.31560 10.04960 4.21600 0.00000 

9.91440 7.55870 11.04870 11.91700 5.20060 5.94880 0.00000 

9.20780 6.47360 10.17820 10.30500 4.25610 5.19920 0.43930 0.00000 
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TABLE 35 

0 DISTANCE MATRIX FOR MEDIAL AND BILATERAL DISCRETE TRAITS 
RECORDED BY SIDE WITH THE SEXES COMBINED 

Hazel Vernon Paul Upper Nodena Kane 

Hazel 

Vernon Paul 

Upper Nodena 

Kane 

0.00000 

6.00580 

1.32280 

5.28110 

0.00000 

6.47290 

9.41320 

0.00000 

2.35390 0.00000 

TABLE 36 

0 DISTANCE MATRIX FOR MEDIAL AND BILATERAL DISCRETE TRAITS 
RECORDED BY INDIVIDUAL WITH THE SEXES COMBINED 

Hazel Vernon Paul Upper Nodena Kane 

Hazel 

Vernon Paul 

Upper Nodena 

Kane 

0.00000 

3.28460 

1.08230 

4.62480 

0.00000 

5.60920 

7.34910 

0.00000 

2.39680 0.00000 



TABLE 37 

0 DISTANCE MATRIX FOR MEDIAL AND BILATERAL DISCRETE TRAITS 
RECORDED BY INDIVIDUAL WITH THE SEXES SEPARATED 

Hazel 
Males 

Hazel 
Females 

Vernon 
Paul 
Males 

Vernon 
Paul 
Females 

Upper 
Nodena 
Males 

Upper 
Nodena 
Females 

Kane 
Males 

Kane 
Females 

Hazel 
Males 

0.00000 

Hazel 
Females 

1.66740 0.00000 

Vernon Paul 
Males 

3.58460 3.52370 0.00000 

Vernon Paul 
Females 

5.43110 4.89150 3.26630 0.00000 

Upper Nodena 
Males 

7.01260 7.74230 4.34760 6.25770 0.00000 

Upper Nodena 
Females 

4.03460 3.15710 5.66580 7.10150 2.73510 0.00000 

Kane 
Males 

5.44190 4.43830 8.62740 8.39770 2.96790 4.31260 0.00000 

Kane 
Females 

6.62040 5.19680 6.60450 5.50100 4.37110 4.70940 1.49180 0.00000 
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was analyzed by individuals. If the trait occurred on either or both 

sides, it was scored as present. In the fourth computer run, the sexes 

were again separated and the frequency of occurrence for bilateral 

traits was analyzed by individual. 

2 
As in the case of the D matrices, it is difficult to visualize 

2 
the distances among groups from numbers alone. Therefore, the 0 dis

tance matrices were also entered into the program DENDROGRAPH. The 

results of the 0 distance plots are presented in Figures 12, 13, 14, 

and 15. The patterns that emerge are: (1) the same configurations oc

cur irrespective of whether the traits are scored by individual or by 

side with only minor differences in the magnitude of the differences 

noted; (2) within sites, the sexes are closely related, indicating that 

they are members of the same gene pool (the discrepancy noted for the 

Vernon Paul males and females can be accounted for as sampling error 

due to small sample sizes); and (3) the distances among the sites are, 

generally, large. The Hazel and Upper Nodena samples are the most 

closely related and the Kane and Vernon Paul samples are the least re

lated to each other or to the Hazel and Upper Nodena samples. Based 

upon these results, the null hypothesis that these samples were drawn 

from a single population, as measured by the single gene component of 

genetic structure, must be rejected in favor of the alternate hypothesis 

that these samples were probably drawn from separate gene pools. Though 

in the case of the Hazel and Upper Nodena samples, some genetic simi

larity is indicated possibly suggesting gene flow between these groups. 
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Figure 12. Biological Distance among Sites Measured 
by 0^ for Discrete Traits Scored by Side with Sexes Separated 
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Summary and Conclusions 

The original goal of this dissertation was to examine in de

tail, from a biological perspective, one of the several archaeological 

interpretations proposed to account for the distribution of prehistoric 

Mississippian culture throughout the Southeastern United States. Spe

cifically, this research was designed to confirm or invalidate the 

proposition that the presence of Mississippian cultural remains in the 

Southeast was the result of a single biological population that origi

nated in the American Bottoms of the Central Mississippi River Valley 

and, then, spread throughout the Southeast as the result of population 

migrations. This archaeological interpretation is based primarily upon 

the types and distributions of material cultural remains. In order to 

test the validity of this archaeological migration interpretation, 

independent biological data in the form of human skeletal remains 

recovered from six Mississippian sites in various geographical regions 

in the Mississippian culture "area" were employed to test the impli

cations of this archaeological interpretation. 

As the major or primary hypothesis, it was proposed that, if 

the distribution of Mississippian cultural remains was the result of 

the movements of groups belonging to a single biological population 

(gene pool) , no significant genetic differences would be observed among 

the various geographical groups (represented by the six skeletal sam

ples) . In order to test the primary hypothesis, five test situations 

and subsidiary hypotheses were tested employing Univariate and 
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Multivariate Approaches with polygenic (metric) data and single gene 

(discrete) data which had been recorded for the skeletal samples. 

Even though there were some severe limitations in the kinds 

and quantities of archaeological as well as biological data available 

for analyses (i.e., less than ideal sample sizes, minimally precise 

temporal controls, no discrete data recorded for the Dickson Mounds 

and Irene Mound site samples, and only limited metric data available 

for the Dickson and Irene samples), four subsidiary hypotheses con

cerning the validity of pooling the samples from the various sites into 

either three regional samples or one single population sample were 

tested employing the Univariate Approach. In only one instance, the 

univariate testing of the validity of pooling the three Arkansas site 

samples, could the null hypothesis that no differences existed be 

tentatively accepted. The acceptance of this null hypothesis was later 

refuted during the multivariate analyses of both the metric and discrete 

data from these site samples. In all other tests, three univariate and 

two multivariate, the null hypotheses of no differences were rejected 

in favor of the alternate hypotheses that the samples were derived from 

at least four and perhaps six different populations (and by inference, 

gene pools). Based upon the weight of the evidence, it is highly un

likely that the skeletal samples were obtained from a single population. 

In other words, the biological data fails to support the migration hy

pothesis . 

Though modest indeed and far from being "the definitive" study 

in attempting to reconstruct the biological history of the prehistoric 
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Mississippian peoples, I feel that this dissertation, as a preliminary 

step in the investigation of the Mississippian phenomenon, has made a 

theoretical and methodological contribution to our understanding of 

prehistoric Mississippian peoples. Based upon biological data, I was 

unable to support or confirm the archaeologically popular migration 

interpretation. These results should stimulate interest in collecting 

additional data under more stringently controlled circumstances that 

would permit a "retest" of these conclusions as well as an in-depth 

examination of the other two archaeological interpretations—the domi

nant culture interpretation and the parallel development interpretation. 
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Site No. 

Cultural Affil. 

176 

180 

Acc. No. 

Skeleton No. 

Intrasite Location 

Grid Coordinates 

horizontal 

vertical 

Lab. Recorder 

Date 

178 Feature No. 

Preservatives Employed 

Field 

Lab 

Photo Cat. No. 

186 

1005 

6000 

6004 

6006 

6008 

60 

6010 

6012 

Cranium 

1. Condition of Calvarium: 

complete and intact 
complete but disarticulated 
partial with remaining bones articulated 
partial with remaining bones disarticulated 
bones too fragile to be recovered 
no cranium present 

2. Bones Recovered and Their Condition: 

6020 

frontal 6022 
parietal L R 6024 
occipital 
temporal L R 

6026 
6028 

sphenoid 
ethmoid 

6030 
6032 

nasal L R 6034 
vomer 6036 
intranasal 
concha 

L R 6038 
intranasal 
concha 

lacrimal L R 6040 
malar L R 6042 
palatine L R 6044 
maxilla L R 6046 
mandible 6048 
malleus L R 6050 
incus L R 6052 
stapes L R 6054 

scale: 

complete 5 
3/4 4 
1/2 3 
1/4 2 
trace 1 
absent 0 
reconstructable * 

3. Anomalies 

6055 



4. Cranial Features 

Artificial Deformation 

Tori: 

auditory 
mandibular 
palatine 

Ossicles: 

bregmatic 
coronal 
lambdoidal 
Os Inca 
Os Japonicum 
tempro-squamosal 
epiteric 
asterionic 
Os Apicus 

Foramina: 

lacrimale 
accessory infraorbital 
zygo-facial 
supraorbital 
frontal 
parietal 
mastoid 
posterior condylar canal 
dehiscene (Huschke) 
pterygospin (Civinini) 
pterygo-alar (Hyrtl) 
posterior malar 
accessory lesser palatine 
spinosum open 
hypoglossal canal double 
double mental 
accessory mandibular 

Other: 

supra orbital notch 
parietal notch bone 
metopic suture open 
squamo-parietal suture closed 
petro-squamosal suture open 
supra trochlear spur 
mylo-hyoid bridge 
external frontal sulcus 
double condylar facet 

6060 

L R 6062 

L R 6064 
6066 

L R 
6080 
6082 

L R 6084 

L R 
6086 
6088 

L R 6090 
L R 6092 
L R 6094 

6096 

L R 6120 
L R 6122 
L R 6124 
L R 6126 
L R 6128 
L R 6130 
L R 6132 
L R 6134 
L R 6136 
L R 6138 
L R 6140 
L R 6142 
L R 6144 
L R 6146 
L R 6148 
L R 6150 
L R 6152 

L R 6180 
L R 6182 

L R 
6184 
6186 

L R 6188 
L R 6190 
L R 6192 
L R 6194 
L R 6196 
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Cranial Measurements: 

palate breadth (ecm-ecm) 

foramen magnum length 
(ba-o) 

6250 

6252 

6254 

6256 

6258 

6260 

6264 

6266 

6268 

height (ba-br) 

maximum length (gl-op) 

maximum breadth (eu-eu) 

upper facial (na-sub. ns) 

total facial (na-gn) 

basion-prosthion length 

minimum frontal breadth 
(ft-ft) 

nasal height (na-ns) 

maximum nasal breadth 

biorbital breadth 
(ec-ec) 

interorbital breadth 
(mf-mf) 

maximum orbital height (L) 
(90° angle to mf-ec 
thru or) 

maximum orbital breadth 
(L) (mf-ec) 

bizygomatic breadth 
(zy-zy) 

palate length (pr-posterior 
border of maxillary 6280 
tuberosities) 

6288 

6270 

6272 

6274 

6276 

6278 

6282 

6290 

6292 

6286 

foramen magnum breadth 
(maximum transverse 
diameter) 

symphyseal height 
(gn-idi) 

bicondylar breadth 
(cd-cd) 

bigonial breadth 
(go-go) 

ascending ramus height 
(go-cd) 

minimum ramus breadth 

corpus thickness 
(ecm-enm) 

mandibular angle 
(cd-go-gn angle) 

Cranial Indices: 

cranial 6340 

upper facial 6342 

total facial 6344 

nasal 6346 

external palatal 6348 

left orbital 6350 

cranial breadth-height 6352 

cranial length-height 6354 

6294 

6296 

6298 

6300 

6304 
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Anthroposcopic Traits (intra-populational) 

Supraorbital Ridges 

median 

divided 

continuous 

size: small -0.85 

medium 0.00 

large 0.85 

Styloid Size 

small -0.85 

medium 0.00 

large 0.85 

Sagittal Elevation 

none -1.03 

6400 slight -0.30 

medium 0.30 

large 1.03 

6400 

Chin Projection 

negative -1.16 

neutral -0.50 

slight 0.00 

6402 medium 0.50 

large 1.16 

6410 

6412 

Condyle Projection 

slight -0.85 

medium 0.00 

large 0.85 

Mastoid Processes 

small -1.03 

medium -0.30 

large 0.30 

very large 1.03 

6404 

6406 

Genial Tubercles 

none -1.03 

pit -0.30 

small 0.30 

large 1.03 

Gonial Eversion 

none -0.85 

slight 0.00 

medium 0.85 

6414 

6416 

Prognathism 

none 

slight 

small 

medium 

large 

-1.16 

-0.50 

0.00 

0.50 

1.16 

6408 

Chin Form 

triangular -0.85 

median 0.00 

bilateral 0.85 

6418 
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Post-Cranial Materials 

Condition: 
complete and intact 
complete but broken 
partial with remaining bones 
partial with remaining bones 

hyoid 

cervical vertebrae 
I 
II 
III 
IV 
V 
VI 
VII 

thoracic vertebrae 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XII 

lumbar vertebrae 
I 
II 
III 
IV 
V 

sacrum 
# of fused elements 

coccyx 
4 segments 
5 segments 

sternum 
manubrium 
body 
xiphoid process 

6600 

scale: 

complete 5 
3/4 or diaphysis and ^ 
epiphyseal cap(s) 

1/2 or diaphysis only 3 
1/4 or part of dia. 2 
trace 1 
absent 0 
reconstructable * 

scapula L R 6662 

clavicle L R 6664 

ribs 
I L R 6666 
II L R 6668 
III L R 6670 
IV L R 6672 
V L R 6674 
VI L R 6676 

. VII L R 6678 
VIII L R 6680 
IX L R 6682 
X L R 6684 
XI L R 6686 
XII L R 6688 

humerus L R 6690 

radius L R 6692 

ulna L R 6694 

innominate L R 6696 

femur L R 6698 

patella L R 6700 

tibia L R 6702 

fibula L R 6704 

intact 
broken 

6602 

6604 
6606 
6608 
6610 
6612 
6614 
6616 

6618 
6620 
6622 
6624 
6626 
6628 
6630 
6632 
6634 
6636 
6638 
6640 

6642 
6644 
6646 
6648 
6650 

6652 

6654 

6656 
6658 
6660 
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Post-Cranial Anomalies 

6743 

Post-Cranial Measurements: 

humerus: 

maximum length 6752 

maximum head diameter 6754 

anterior-posterior mid-shaft diameter 6756 

medial-lateral mid-shaft diameter 6758 

ulna: 

maximum length 6760 

radius: 

maximum length 6762 

femur: 

maximum length 6768 

maximum head diameter 6770 

bicondylar length 6772 

anterior-posterior mid-shaft diameter 6774 

medial-lateral mid-shaft diameter 6776 

tibia: 

maximum length 6778 

anterior-posterior mid-shaft diameter 6780 

medial-lateral mid-shaft diameter 6782 

fibula: 

maximum length 6784 
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Post-Cranial Indices: 

radio-humeral index 

robusticity 

6820 

6824 

Morphological Traits: 

squatting facets, femur 

squatting facets, tibia 

6826 

6828 

Ageing Criteria: 

1. Dentition: Eruption Age Ranges 

Deciduous Permanent 

1. ci 5-12 month Ml 6 th year 

u. i 6-14 month CI 7 th year 

1. li 8-20 month LI 8 th year 

ml 13-20 month 6832 PM3 9 th year 

c 13-30 month PM4 10th year 

m2 18-38 month C ll-12th year 
M2 12-13th year 
M3 17-25th year 

"6834 

2. Epiphyseal Closure: 

medial clavicle 18-•30 years 
proximal humerus 16-•25 years 
distal radius 15-•23 years 
proximal ulna 13-•19 years 
iliac crest 16-•23 years 
acetabulum 13-•16 years 
femur, distal 16-•23 years 
tibia, distal 16-•20 years 
femur head 17-•18 years 
humerus, medial 

17-•20 
epicondyle 

17-•20 years 

proximal tibia 17-•23 years 
other 

scale: 

0 = open 

1 = 1/4 closed 

2 = 1/2 closed 

3 = 3/4 closed 

4 = closed 

3. Fontanelle Closure: 

sagittal (obelion) 
posterior apex of occipital 
anterio-lateral (paired at pterion) 
posterio-lateral (paired) 
bregmatic 

blrth-4 months 
2 mo. after birth 
3 mo. after birth 
12 mo. after birth 

12-24 months 

6838 

4. Mandibular Symphysis 12-24 months 6840 

5. Mastoid Processes Appear 12-24 months 6842 
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Sutures: 

occipital: 

squama/lateral fusion 
laterals/basi-occipital 
basi-occipital/basi-sphenoid 

medio-frontal 

sagittal 

coronal 

lambdoidal 

*period of most rapid closure 

McKe rn-S tewart Te chnique: 

3-5 years 
4-5 years 
18-25 years 

6-24 months 

22-35 years (26-31)* 

24-38 years (26-38)* 

26-47 years (26-31)* 

6844 

Component I 

0 
1 
2 
3 
4 
5 

6846 

Component II 

0 
1 
2 
3 
4 
5 

6848 

Component III 

0 
1 
2 
3 
4 
5 

6850 

Sex Total Score 6852 

Stature Estimation: 

1. Trotter and Gleser—Mongoloid Males 

2.40 fib + 80. 56 + 3.24 

2.39 tib + 81. 45 + 3.27 

2.15 fem + 72. 57 + 3.80 

2.68 hum + 83. 19 + 4.25 

1.22 feti + 70. 37 + 3.24 

Genoves—Mexican Indians 

Males Females 

2.26 fem + 66.379 ± 3. 417 2.59 fem + 49. 742 ± 

1.96 tib + 93.752 ± 2. 812 2.72 tib + 63. 781 ± 
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Sexlng: Morphological Traits (Female vs Male) 

Skull 

supraorbital ridges smaller 6880 
pedomorphic 6882 
forehead straight 6884 
frontal bossing greater 6886 
parietal bossing greater 6888 
supranuchal line less developed 6890 
mastoid processes shorter and smaller 6892 
supramastoid crests less developed 6894 
occipital condyles smaller 6896 
supraorbital border sharper 6898 
chin less pronounced 6902 
ascending ramus narrower 6904 
ascending ramus obtuse angle 6906 

Long Bones 

humeral head smaller (see scale below) 6908 
femoral head smaller (see scale below) 6910 
olecranon fossa perforated 4x as often 6912 
saccral centrum less than 1/3 width of sacrum 6914 
sacrum less curved 6916 
sacrum broader and shorter 6918 

Innominates 

preauricular sulcus marked 6920 
iliac crest less rugged 6924 
iliac tubercles less marked 6926 
anterior/posterior iliac slope less 6928 
iliac blades more vertical 6930 
pubic symphysis broader and lower 6932 
symphyseal height less 6934 
subpubic angle greater . 6936 
sciatic notch greater 6938 
acetabulum smaller 6940 
ischial portion of pubic bones 6942 
lipped, curved, constricted below symphysis 

Vertical Humeral and Femoral Head 0 - _ _ . 
General Features Scale 

Diameters Scale 1 

X - 40.0 mm. female (1) 
0 = male 

40.1 - 41.5 mm. probably female (2) 
1 = female 

41.6 - 43.0 mm. indeterminate (3) 
2 = indeterminate 

43.1 - 44.5 mm. probably male (4) 
- = absent feature 

44.6 - X mm. male (5) 
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Phenice Method: 

1. ventral arc present absent 6950 

2. subpubic concavity well developed absent 6952 

3. ischio-pubic ramus constricted broad 6954 

Age Estimate 6980 

Criteria Employed 6982 

Sex Estimate 6984 

Criteria Employed 6986 

Stature Estimate 6988 

Criteria (formula) Employed 

Other Notes and Comments: 

6990 

6992 
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TABLE B.l 

SKELETONS RECOVERED FROM THE HAZEL SITE (3P06) 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Males (n=83) 

7 19±4 242 27±2 387 25+ 
20 25+ 249 22±3 391 25+ 
30 23+ 251 30+ 395 25+ 
43 25+ 252 28±2 400 25±3 
52 25+ 262 30+ 402 25+ 
63 24±1 266 25+ 403 25+ 
64 23+ 268 20+ 408 30+ 
65 23+ 274 25+ 416 30+ 
67 25+ 288 25+ 417 15±2 
68 25+ 291 21+2 418 25+ 
70 25+ 292 25+ 421 17+2 
75 25+ 298 35+ 424 30+ 
123 20±3 303 30+ 428 25+ 
128 23±2 307 30+ 431 25+ 
163 23±3 308 25+ 434 25+ 
183-1 29±3 309 30+ 437 25+ 
183-2 25+ 313 17±2 447 30+ 
200 25±3 315 25+ 448 23±2 
208 25+ 326 31±7 455 25+ 
212 25+ 337-1 25+ 458 23+2 
214 23+ 340 23±2 465 13±1 
218 25+ 341 . 30+ 466 23+ 
219 20±3 344 25+ 467 30+ 
220 20±3 346 15+2 469 25+ 
227 25+ 348 25+ 473 25+ 
229 30+ 355 25+ 475 25+ 
234 18±2 359-1 15 ±2 506 25+ 
236 30+ 377 25+ — — 
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TABLE B.l, Continued 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Females (n=53) 

8 19±4 241 25+ 343 30+ 
18 21±4 245 25+ 359 15 ±2 
19 18±2 247 22±3 380 23±2 
22 25+ 249-1 20±2 405 25+ 
25 25+ 254 15±2 406 20±2 
32 25+ 257 25+ 426 30+ 
66 25+ 258 25+ 427 25+ 
112 23+ 261 25+ 435 25+ 
122 20±3 265 25+ 436 25+ 
175 20±3 270 20±3 441 25+ 
192 20±3 271 20+ 442 25+ 
213 16±4 299 15 ±2 444 21+2 
221 19±3 301 25+ 461 15+1 
223 20±3 319 23+2 462 20±2 
224 19±3 324 25+ 471 24±1 
225 19±3 328 23+2 476 25+ 
237 30+ 337 25+ 509 25+ 
238 25+ 342 25+ — — 

Indeterminate Sex (n=18) 

13 0+0.25 232 911 339 512 
66X 0.25±0.25 244-1 2.5810.58 380-1 210.50 
140 2±1 269 10+3 432 610.75 
226 1±0.17 272 3+1 433 410.75 
228 0+0.25 273 510.75 463 0.5010.50 
230 1.6710.33 291-1 1311 478 4+1 
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TABLE B.2 

SKELETONS RECOVERED FROM THE VERNON PAUL SITE (3CS25) 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Males ( n=40) 

6 18±1 58 25+ 94 30+ 
9 30+ 59 30+ 95 18±2 
10 30+ 62 23±2 95-1 20+2 

12 30+ 71 25±3 97 13±2 
18-1 17±2 73 30+ 99 22±2 
20 25+ 74 20±2 102 30+ 
24 30+ 77 19±1 104 25+2 
30 24±2 78 30+ 108 25+ 
32 25+ 82 30+ 111 30+ 
42 30+ 83 35+ 112 30+ 
48 30+ 84 30+ 112-1 25+ 
48-1 20+ 86 26±3 123 25+ 
50 25+ 88 30+ 125 35+ 
55 13±1 — — — 

Females (n=31) 

4 20+ 63 23+2 96 30±3 
7 17±3 66 25+ 100 25±3 
8 30±2 69 21±3 103 30+ 
18 24±2 72 23+ 105 20+2 
23 14±2 79 30+ 106 24+2 
35 25+ 81 30+ 107 25+ 
47 25+ 89 25±2 109 25+ 
49 25+ 90 25+ 110 26±3 
52 30+ 91 25+ 113 25+ 
53 30+ 93 21±2 114 25+ 
61 30+ — — — — 

Indeterminate Sex (n=15) 

31 8±0.50 65 4±1 85 4±0.75 
56 4±1 67 4±1 101 1.50±0.25 
56-1 1.25±0.25 68 4±1 116 1±0.25 
60 6±2 70 0.50±0.50 120 1.50±0.50 
64 1.17±0.17 80 4±1 126 2±0.50 
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TABLE B.3 

SKELETONS RECOVERED FROM THE UPPER NODENA SITE (3MS4) 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Males (n=47) 

1 25+ 58 25+ 205 21+ 
2 25+ 75 20+ 220 25+ 

2-1 25+ 76 30+ 235 25+ 
4 30+ 97 22±2 250 25+ 
6 28±6 98 22±5 254 25+ 
7 25+ 107 23+ 259 25+ 
8 25+ 116-1 25+ 278 25+ 
9 25+ 130 25+ 287 23+ 
10 25+ 130-1 25+ 294 25+ 
12 47+ 143 23+ 304 35 ±5 
12-1 25+ 145 30+ 307 25+ 
15 23±3 153 30 ±6 322 25±5 
20 23±3 161 30+ 325 22+ 
25 25+ 163 25±5 326 28±4 
48 21±2 171 25+ 327 21+ 
53 33±3 182 25+ — — 

Females (n=42) 

1-1 25+ 54 13±2 132-1 24±6 
3 25+ 55 25+ 156 25+ 
4-1 25+ 68 25+ 170 22+5 
5 22±5 70 31±7 191 30±5 
5-1 35 ±5 103 28±6 209 28±4 
8-1 25+ 105 23±5 215 25+ 
11 25+ 115 28±6 227 25+ 
12-2 25+ 120 21±3 256 25+ 
14 21+ 123 30+ 261 25+ 
16 25+ 126 25+ 265 25+ 
49 . 21+ 127 21+ 266 25+ 
50 21±4 127-1 25+ 272 25+ 
51 18±2 131 25+ 319 25+ 
52 20±3 132 23±3 323 22+5 

Indeterminate Sex (n=l) 

23 7±0.25 
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TABLE B.4, Continued 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Females (n=47) 

2 15±1 
3 25+ 
5-1 26±2 
5-3 17±2 
6 47+7 
8 20+ 
11 23+ 
12 15+ 
13 27±2 
14 39±8 
15 18±2 
16 30+ 
17 25+ 
17-3 25+ 
19-1 20+ 
19-2 15+ 

21 27±3 
25 17±2 
28 25+ 
30 23+ 
32-1 25+ 
34 25+ 
39 26 ±5 
46 25+ 
47-6 25+ 
47-7 25+ 
50-1 25+ 
50-2 25+ 
51 18±2 
52 25+ 
54 32+5 
58 20+ 

59 25+ 
60 25+ 
61 25+ 
61-1 14±2 
62 23+ 
64 24±3 
65 33±9 
66 17+5 
76 25+ 
78 25+ 
79 25+ 
80 35+ 
82 25+ 
84 25+ 
88 15+2 

Indeterminate Sex (n=43) 

1-1 1.50+0.50 41 10±2 77 ? 

3-1 110.50 42 3+0.25 77-1 25+ 
7 6±1 43 7±1 77-2 8±4 
10-1 1 47-3 5±1 ' 78-1 5+2 
11-1 5±1 48 4+2 79-1 7 ±2 
11-2 1 50 • 5±2 81-1 5+2 
15-1 1±0.50 51-1 ? 82-1 13+2 
17-1 7±5 60-1 1±0.50 82-2 25+ 
20-1 5±0.75 63 10±2 85 2+1 
23-1 1 67 5+1 85-1 2.50±1 
26-1 13±3 68 5+1 88-1 2+1 
27-1 1.50±0.50 68-1 6±1 88-2 5±1 
28-1 8±4 69 10±1 88-3 1±0 
39-1 8+4 74 8+4 89 9 

40 3+1 - — — — 
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TABLE B.5 

SKELETONS RECOVERED FROM THE DICKSON MOUNDS SITE 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Males (n=67) 

1 24 70 44 153 47 
2 45 71 57 160 50 
3 46 77 38 162 42 
5 20 79 35 163 47 
7 47 85 41 165 42 
10 32 90 49 167 50 
11 46 91a 41 168 49 
18 52 91b 46 170 46 
20 53 92 51 172 54 
21 44 94 42 177 45 
24 65 106 40 178 55 
25 67 109 35 . 180 27 
28 28 110 41 181 53 
29 59 112 24 188 38 
35 50 114 37 190 13 
39 24 115 34 194 55 
40 41 119 37 212 48 
43 38 122 52 • 219 28 
44 32 128 37 221 17 
48 75 137 . 18 224 43 
57 39 138 20 227 30 
59 38 144 30 229 45 
69 39 — _ — — 



46 
55 
19 
60 
30 
20 
36 
40 
50 
49 
60 
22 
12 
46 
41 
58 
45 
15 
35 
50 
19 
20 
46 

TABLE B.5, Continued 

Burial Age Burial Age Burial 
Number Estimate Number Estimate Number 

Females (n=77) 

6 45 82 48 150 
9 11 83 13 152 
14 5 84 22 154 
15 32 86 24 155 
19 22 88 60 156 
23 24 89 21 157 
26 45 91c 26 159 
27 70 97 25 164 
31 28 99 41 166 
32 35 100 20 171 
33 25 101 41 175 
36 15 102 11 185 
37 46 108 17 187 
41 47 111 19 . 189 
46 20 113 12 193 
47 40 116 63 195 
52 47 117 47 200 
53 38 120 65 201 
56 49 121 41 202 
58 34 125 11 1 203 
60 17 126 35 216 
62 15 131 - 38 217 
63 45 133 25 218 
64 55 146a 27 220 
72 26 148 51 228 
81 28 149 27 _ 
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TABLE B.5, Continued 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Indeterminate Sex (n=96) 

4 fetus, 8% mo. 87c fetus, 7 mo. 158 20 months 
8 26 months 93 27 months 161 6 months 
12 6 months 95 11 years 169 6 years 
13 26 months 96 6 years 173 fetus, 6 mo. 
16 9 months 98a newborn 174 lh years 
17 26 months 98b fetus, lh mo. 176 fetus, 6 mo. 
18a adult 103 2 years 179 3 years 
18b 10 years 104 3 years 182 2 years 
22 newborn 105a fetus, 8 mo. 183 2 years 
30 newborn 105b fetus, 7 mo. 191 6 months 
34 fetus, 7 mo. 105 c fetus, 6% mo. 192 6 months 
38 3 years 105 d fetus, 6 mo. 196b 5 years 
42 26 months 107 no data 198 2% years 
44 26 months 118 6 months 204 6 years 
49 fetus, 8 mo. 123 9 years 205 5 years 
50 6 months 124 3 years 207a fetus, 8h mo 
51 10 months 127 newborn 207b fetus, 9 mo. 
54 newborn 129 8 years 208 newborn 
55 6 months 130 6 years 209 1 year 
61 6 years 132 newborn 210 2 years 
65 5 years 134 2 years 211 22 months 
66 2h years 135 fetus, 7 mo. 213 6 years 
67 10 years 136 8 years 214 8 years 
68 2% years 139 fetus, 9 mo. 215a fetus, 7 mo. 
73 2 years 140 newborn 215b fetus, 7 mo. 
74 26 months 141 7 years 222 7 months 
75 2 months 142 newborn 223 3 years 
76 26 months 143 fetus, 6% mo. 225 fetus, 6 mo. 
78 10 months 145 6 years 226 22 months 
80 2h years 146b 7 years 230 6 years 
87a fetus, 7 mo. 147 7 years 231 1 month 
87b fetus, 7 mo. 151 2 years 234 newborn 

Source: Harn, 1971: 27-51 
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TABLE B.6 

SKELETONS RECOVERED FROM THE IRENE MOUND SITE 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Males (n=69) 

1 old adult 79 old adult 171 adult 
3 old adult 83 old adult 179 adult 
4 young adult 89 young adult 192 adult 
5 young adult 97 adult 201 adult 
8 adult 99 adult 204 adult 
10 young adult 105 adult 205 adult 
11 adolescent 107 adult 209 adult 
13 adult 109 old adult 212 adult 
16 old adult 116 adult 213 adult 
17 young adult 120 young adult 214 adolescent 
20 young adult 122 adult 216 adult 
21 adult 123 adult 218 adult 
26 adult 126 adult 225 adult 
30 old adult 127 young adult 228 adolescent 
32 young adult 129 young adult 231 adult 
37 adult 130 adult 238 young adult 
41 adult 134 adult 239 adult 
44 young adult 138 adult 246 adult 
46 adolescent 143 adult 248 adult 
58 young adult 148 young adult 250 adult 
64 young adult 155 adult 253 adult 
70 adult 158 adult 254 adult 
75 young adult 163 old adult 261 adult 
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TABLE B.6, Continued 

Burial Age Burial Age Burial Age 
Number Estimate Number Estimate Number Estimate 

Females (n=72) 

2 adult 72 old adult 151 young adult 
7 young adult 73 adult 152 adult 
12 young adult 74 young adult 153 young adult 
14 young adult 76 young adult 154a adult 
19 young adult 78 adolescent 154b adult 
22 adult 80 adult 159 adult 
23 young adult 81 adult 164 adult 
24 young adult 82 young adult 167 adult 
25 adolescent 90 young adult 168 adult 
28 adult 95 young adult 169 adolescent 
31 old adult 104 old adult 172 adult 
38 no data 106 young adult 174 adult 
47 adult 108 young adult 176 adult 
48 young adult 110 young adult 178 adult 
52 adult 111 young adult 186 adolescent 
53 adult 113 young adult 189 adolescent 
55 adolescent 117 adult 191 adult 
56 adult 118 young adult 196 adult 
57 young adult 121 old adult 197 young adult 
61 adult 128 young adult 199 young adult 
63 adult 137 adult 207 adult 
65 adult 139 adult 211 adult 
67 adult 147 adult 230 adult 
69 adult 149 adult 247 adult 

Indeterminate Sex (n=124) 

6 child 39 no data 62 adult 
9 no data 40 no data 66 adult 
15 infant 43 young adult 68 infant 
18 adult 45 young adult 71 child 
27 old adult 49 child 77 child 
29 young adult 50 adult 84 child 
33 child, 4 or 5 51 adolescent 85 old adult 
34 child, < 10 54 infant 86 young adult 
35 child 59 young adult 87 young adult 
36 child, < 10 60 no data 88 old adult 



93 
94 
96 
98 
100 
101 
102 
103 
112 
114 
115 
119 
124 
125 
131 
132 
133 
135 
136 
140 
141 
142 
144 
145 
146 
150 
156 
157 
160 
161 

TABLE B.6, Continued 

Age Burial Age Burial 
Estimate Number Estimate Number 

Indeterminate Sex (n=124) 

no data 162 no data 222 
no data 165 no data 223 
child 166 no data 224 
young adult 170 no data 226 
no data 173 child 227 
infant 175 no data 229 
child 177 no data 232 
child, < 10 180 no data 233 
child, 4 or 5 181 no data 234 
child 182 no data 235 
no data 183 no data 236 
not human (?) 184 no data 237 
adult 185 no data 240 
child 187 child 241 
adult 188 no data 242 
not human (?) 190 no data 243 
adolescent 193 no data 244 
adult 194 no data 245 
no data 195 no data 249 
no data 198 child 251 
child 200 child 252 
no data 202 no data 255 
no data 203 adult 256 
no data 206 no data 257 
child 208 no data 258 
child 210 no data 259 
no data 215 no data 260 
no data 217 no data 262 
no data 219 child 263 
no data 220 no data 264 
no data 221 no data 265 
no data — _ 

Hulse, 1939 



APPENDIX C 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES 

RECORDED FOR THE SIX SKELETAL SAMPLES (ADULTS ONLY) 

209 



TABLE C.l 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR HAZEL MALES 

_ 2 
Type of Variable n X a 6 6 c m 

Interval Scaled Variables 

cranial height 13 14. .05 0. .14 0 .50 0 .250 
cranial length 16 17. ,03 0. ,15 0 .60 0 .360 
cranial breadth 18 13. .86 0, .17 0 .73 0 .533 
upper facial height 8 6. .84 0, .19 0 .54 0 .292 
total facial height 4 11. .10 0, .53 1 .06 1 .124 
basion-prosthion length 8 10, .24 0, .47 1 .33 1 .769 
minimum frontal breadth 23 9. .32 0, .05 0 .24 0 .058 
nasal height 11 5, .22 0, .11 0 .36 0 .130 
nasal breadth 12 2, .62 0, .07 0 .23 0 .053 
biorbital breadth 9 9, .73 0, .15 0 .46 0 .212 
interorbital breadth 12 2, .30 0, .11 0 .37 0 .139 
orbital height 13 3. .43 0, .10 0 .38 0 .144 
orbital breadth 13 3, .89 0. .12 0 .44 0 .194 
bizygomatic breadth 5 13, .02 0, .31 0 .69 0 .476 
external palatal length 11 5, .23 0, .09 0 .30 0 .090 
external palatal breadth 15 6, .56 0, .14 0 .53 0 .281 
foramen magnum length 11 3, .73 0, .11 0 .37 0 .137 
foramen magnum breadth 11 2. .96 0. .05 0 .17 0 .029 
mandibular symphysis height 29 3, .37 0, .04 0 .23 0 .053 
bicondylar breadth 19 11, .89 0, .18 0 .78 0 .608 
bigonial breadth 42 9, .92 0, .12 0 .76 0 .574 
ramus height 43 6, .30 0, .09 0 .57 0 .325 
minimum ramus breadth 52 3, .32 0, .05 0 .34 0 .116 
corpus thickness 44 1, .45 0, .03 0 .19 0 .036 
mandibular angle 51 98, .43 0. .85 6 .05 36 .610 



TABLE C.l, Continued 

_ 2 
Type of Variable n X °m ^ ^ 

humerus length 
vertical head diameter 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

ulna length 
radius length 
femur length 

vertical head diameter 
bicondylar length 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

tibia length 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

fibula length 
stature estimate 

44 
47 
51 
51 
27 
33 
55 
56 
55 
62  
62  
42 
52 
52 
16 
59 

32.34 
4.51 
2.11 
2.07 
27.51 
25.51 
45.11 
4.60 
44.54 
2.98 
2.65 
37.82 
3.23 
2.28 
36.16 
168.19 

0.19 
0.03 
0.03 
0.04 
0.27 
0.33 
0.29 
0.03 
0.29 
0.03 
0.03 
0.27 
0.05 
0.04 
0.39 
0.53 

1.28 
0.24 
0.18 
0.28 
1.41 
1.88 
2.14 
0.23 
2.14 
0.27 
0 . 2 2  
1.72 
0.35 
0 .26  
1.54 
4.10 

1.638 
0.058 
0.032 
0.078 
1.988 
3.534 
4.580 
0.053 
4.560 
0.073 
0.048 
2.958 
0.123 
0.068 
2.372 
16.777 

Ratio Scaled Variables 

cranial index 
upper facial index 
total facial index 
nasal index 
external palatal index 
orbital index 
cranial breadth-height 
cranial length-height 
radio-humeral index 
robusticity index 

15 
3 
2 
10 
10 
12 
12 
12 
26 
55 

81.59 
50.01 
80.77 
49.73 
127.54 
89.11 
101.18 
83.52 
79.27 
2.38 

1.41 
2.53 
2.20 
1.40 
2.87 
2.33 
1.92 
0.86  
1.18 
0.01 

5.46 
4.39 
3.10 
4.41 
9.07 
8.07 
6 . 6 6  
2.99 
6 . 0 2  
0.11 

29.775 
19.236 
9.636 
19.466 
82.203 
65.162 
44.389 
8.955 
36.283 
0.012 



TABLE C.2 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR HAZEL FEMALES 

_ 2 
Type of Variable n X a 6 5 J m 

Interval Scaled Variables 

cranial height 12 13. 81 0. .40 1. .38 1 .904 
cranial length 12 16. 49 0. ,13 0. ,45 0 .203 
cranial breadth 13 13. 84 0. .19 0. ,69 0 .476 
upper facial height 6 6. 60 0. .12 0. ,28 0 .078 
total facial height 3 10. 47 0. .32 0. ,55 0 .303 
basion-prosthion length 5 9. 54 0. .13 0. .30 0 .090 
minimum frontal breadth 17 9. 18 0. ,11 0. ,47 0 .221 
nasal height 10 4. 65 0. .16 0. ,49 0 .240 
nasal breadth 9 2. 41 0. ,05 0. ,15 0 .023 
biorbital breadth 8 9. 36 0. ,07 0. ,20 0 .040 
interorbital breadth 8 2. 28 0. .09 0. .25 0 .063 
orbital height 10 3. 39 0, .06 0. .20 0 .040 
orbital breadth 12 3. 81 0. .08 0, .27 0 .073 
bizygomatic breadth 2 12. 70 0. .50 0, .71 0 .504 
external palatal length 7 5. 09 0, .06 0, .15 0 .023 
external palatal breadth 9 6. 36 0. .15 0, .44 0 .194 
foramen magnum length 9 3. 47 0. .07 0, .20 0 .040 
foramen magnum breadth 8 2. 99 0, .06 0, .17 0 .029 
mandibular symphysis height 20 3. 09 0, .06 0, .25 0 .063 
bicondylar breadth 15 11. 57 0, .13 0, .50 0 .250 
bigonial breadth 27 9. 29 0, .14 0, .72 0 .518 
ramus height 27 5. 73 0, .10 0, .52 0 .265 
minimum ramus breadth 33 3. 16 0, .04 0, .24 0 .058 
corpus thickness 35 1. 52 0, .03 0, .16 0 .026 
mandibular angle 31 103. 77 1, .23 6, .86 47 .047 



TABLE C.2, Continued 

_ 2 
Type of Variable n X cr 6 6 

m 

humerus length 
vertical head diameter 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

ulna length 
radius length 
femur length 

vertical head diameter 
bicondylar length 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

tibia length 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

fibula length 
stature estimate 

21 
19 
24 
24 
13 
13 

24 
26 
24 
27 
27 
24 
26 
26 
9 
29 

30.80 
3.91 
1.98 
1.71 
25.80 
23.65 

42.17 
4.06 
41.73 
2.56 
2.40 
35.28 
2.81 
2.07 
32.67 

160.08 

0.25 
0.05 
0.04 
0.05 
0.23 
0 . 2 6  
0.35 
0.04 
0.35 
0.05 
0.04 
0 . 2 8  
0.05 
0.05 

0.91 
0.74 

1.15 
0.23 
0.21 
0.23 
0.81 
0.93 
1.72 
0 . 2 2  
1.72 
0 . 2 8  
0.19 
1.35 
0 . 2 6  
0.24 
2.74 
4.00 

1.315 
0.053 
0.044 
0.053 
0.656 
0.865 
2.958 
0.048 
2.971 
0.078 
0.036 
1.823 
0.067 
0.058 
7.515 
15.981 

Ratio Scaled Variables 

cranial index 
upper facial index 
total facial index 
nasal index 
external palatal index 

orbital index 

cranial breadth-height 
cranial length-height 
radio-humeral index 
robusticity index 

12 
1 
1 
9 
6 
10 
11 
10 
11 
24 

83.62 
54.10 
83.61 
52.49 
121.72 
90.51 

101.06 
83.81 
76.53 

2.52 

1.32 

2.58 
4.15 
2.31 

3.18 
2 . 2 6  
0.56 
0.02 

4.59 

7.73 
10.17 
7.29 
10.55 
7.16 
1.86 
0.10 

21.068 

59.777 
103.446 
53.142 
111.244 
51.270 
3.460 
0.010 



TABLE C.3 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR VERNON PAUL MALES 

_ 2 
Type of Variable 11 X a 5 5 

Interval Scaled Variables 

cranial height 1 14.50 - - -

cranial length 5 17.14 0.32 0.73 0.533 
cranial breadth 6 14.12 0.50 1.23 1.518 
upper facial height 1 8.10 - - -

total facial height 0 - - - -

basion-prosthion length 1 9.70 - - -

minimum frontal breadth 8 8.90 0.16 0.45 0.206 
nasal height 1 5.90 - - -

nasal breadth 1 2.60 - - -

biorbital breadth 1 9.20 - - -

interorbital breadth 1 2.10 - - -

orbital height 2 3.85 0.35 0.49 0.240 
orbital breadth 2. 3.95 0.15 0.21 0.044 
bizygomatic breadth 1 13.80 - - -

external palatal length 1 3.50 - - -

external palatal breadth 4 6.40 0.21 0.42 0.176 
foramen magnum length 1 3.70 - - -

foramen magnum breadth 1 3.10 - - -

mandibular symphysis height 16 3.40 0.08 0.31 0.096 
bicondylar breadth 11 12.17 0.17 0.56 0.314 
bigonial breadth 2i 10.18 0.18 0.81 0.656 
ramus height 21 6.11 0.12 0.55 0.303 
minimum ramus breadth 26 3.24 0.05 0.25 0.063 
corpus thickness 23 1.62 0.04 0.19 0.036 
mandibular angle 24 100.96 0.91 4.45 19.781 



TABLE C.3, Continued 

Type of Variable n X a 
m 

6 
2 
6 

humerus length 27 32.35 0.25 1.29 1.673 
vertical head diameter 27 4.51 0.06 0.31 0.094 
a-p mid-shaft diameter 29 2.15 0.05 0.24 0.058 
m-1 mid-shaft diameter 29 2.12 0.04 0.20 0.040 

ulna length 11 26.71 0.39 1.29 1.664 
radius length 20 25.00 0.33 1.49 2.220 
femur length 27 44.40 0.40 2.09 4.350 

vertical head diameter 29 4.56 0.05 0.28 0.078 
bicondylar length 27 43.99 0.39 2.03 4.121 
a-p mid-shaft diameter 32 2.86 0.05 0.28 0.078 
m-1 mid-shaft diameter 32 2.54 0.04 0.21 0.044 

tibia length 24 37.70 0.53 2.57 6.617 
a-p mid-shaft diameter 28 3.13 0.07 0.35 0.123 
m-1 mid-shaft diameter 28 2.38 0.07 0.38 0.144 

fibula length 8 36.50 0.57 1.61 2.577 
stature estimate 29 166.71 1.00 5.37 28.835 

Ratio Scaled Variables 

cranial index 5 81.55 3.03 6.78 45.975 
upper facial index 0 - - — — 

total facial index 0 - — — — 

nasal index 1 44.07 — — — 

external palatal index 1 174.30 - — — 

orbital index 2 97.26 5.15 7.28 52.942 
cranial breadth-height 1 102.80 — — — 

cranial length-height 1 82.86 - — -

radio-humeral index 18 77.37 0.63 2.69 7.251 
robusticity index 27 2.40 0.02 0.11 0.012 



TABLE C.4 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR VERNON PAUL FEMALES 

Type of Variable n X CT 5 6 
JC m 

2 

Interval Scaled Variables 

cranial height 4 13.25 0.24 0.48 0.230 
cranial length 6 16.45 0.27 0.65 0.427 
cranial breadth 7 13.81 0.12 0.31 0.096 
upper facial height 2 7.20 0.30 0.42 0.176 
total facial height 2 11.70 0.60 0.85 0.723 
basion-prosthion length 1 9.70 - - -

minimum frontal breadth 11 8.82 0.14 0.47 0.221 
nasal height 2 4.90 0.40 0.57 0.320 
nasal breadth 3 2.50 0.15 0.26 0.068 
biorbital breadth 3 9.40 0.25 0.44 0.194 
interorbital breadth 3 2.30 0.30 0.52 0.270 
orbital height 3 3.43 0.07 0.12 0.014 
orbital breadth 3 3.73 0.07 0.12 0.014 
bizygomatic breadth 0 - - - -

external palatal length 3 4.97 0.62 1.07 1.140 
external palatal breadth 4 6.35 0.13 0.26 0.068 
foramen magnum length 4 3.50 0.04 0.08 0.006 
foramen magnum breadth 3 3.00 0.17 0.30 0.090 
mandibular symphysis height 12 3.21 0.08 0.28 0.078 
bicondylar breadth 9 11.60 0.19 0.56 0.314 
bigonial breadth 19 9.42 0.13 0.55 0.303 
ramus height 21 5.61 0.11 0.51 0.260 
minimum ramus breadth 22 3.10 0.05 0.24 0.058 
corpus thickness 18 1.50 0.04 0.17 0.029 
mandibular angle 21 105.71 1.44 6.57 43.214 



TABLE C.4, Continued 

Type of Variable n X a 6 6 
m 

2 

humerus length 20 30.95 0.24 1.08 1.166 
vertical head diameter 20 4.03 0.04 0.19 0.036 
a-p mid-shaft diameter 26 2.04 0.03 0.14 0.020 
m-1 mid-shaft diameter 26 1.76 0.03 0.14 0.020 

ulna length 10 25.28 0.40 1.26 1.588 
radius length 18 23.38 0.24 1.03 1.070 
femur length 23 42.31 0.34 1.64 2.698 

vertical head diameter 24 4.10 0.04 0.20 0.040 
bicondylar length 23 41.73 0.33 1.57 2.477 
a-p mid-shaft diameter 28 2.52 0.03 0.18 0.032 
m-1 mid-shaft diameter 28 2.44 0.03 0.16 0.026 

tibia length 20 35.05 0.61 2.71 7.347 
a-p mid-shaft diameter 24 2.66 0.07 0.32 0.102 
m-1 mid-shaft diameter 24 2.09 0.05 0.25 0.063 

fibula length 6 33.78 0.93 2.28 5.186 
stature estimate 27. 158.46 1.45 7.51 56.466 

:io Scaled Variables 

cranial index 5 84.70 1.98 4.42 19.575 
upper facial index 0 - - - -

total facial index 0 - - - -

nasal index 2 53.08 0.25 0.35 0.123 
external palatal index 3 113.97 5.17 8.96 80.210 
orbital index 3 92.06 3.00 5.19 26.936 
cranial breadth-height 4 97.05 1.43 2.87 8.213 
cranial length-height 3 82.38 0.39 0.68 0.462 
radio-humeral index 15 75.63 0.78 3.01 9.071 
robusticity index 23 2.52 0.02 0.09 0.008 



TABLE C.5 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR UPPER NODENA MALES 

_ 2 
Type of Variable n X a S 6 
Jr m 

Interval Scaled Variables 

cranial height 12 14.25 0.15 0.52 0.270 
cranial length 24 16.62 0.19 0.92 0.840 
cranial breadth 24 14.90 0.18 0.89 0.797 
upper facial height 15 6.79 0.33 1.27 1.613 
total facial height 10 9.57 0.75 2.38 5.685 
basion-prosthion length 10 10.30 0.34 1.07 1.145 
minimum frontal breadth 29 9.51 0.11 0.60 0.360 
nasal height 16 4.79 0.23 0.91 0.828 
nasal breadth 18 2.61 0.04 0.16 0.026 
biorbital breadth 19 9.72 0.05 0.23 0.053 
interorbital breadth 17 2.52 0.07 0.28 0.078 
orbital height 20 3.59 0.04 0.19 0.036 
orbital breadth 19 3.85 0.05 0.21 0.046 
bizygomatic breadth 6 13.65 0.18 0.44 0.194 
external palatal length 16 5.49 0.09 0.35 0.123 
external palatal breadth 18 6.82 0.07 0.30 0.092 
foramen magnum length 10 3.54 0.09 0.30 0.087 
foramen magnum breadth 13 2.94 0.06 0.21 0.044 
mandibular symphysis height 15 3.59 0.05 0.20 0.040 
bicondylar breadth 9 12.61 0.23 0.69 0.476 
bigonial breadth 15 10.53 0.14 0.55 0.308 
ramus height 19 6.00 0.13 0.58 0.332 
minimum ramus breadth 23 3.50 0.04 0.20 0.040 
corpus thickness 18 1.73 0.04 0.16 0.026 
mandibular angle 22 96.82 1.21 5.68 32.251 



TABLE C.5, Continued 

_ 2 
Type of Variable n X a S 6 

m 

humerus length 10 32.28 0.37 1.18 1.384 
vertical head diameter 11 4.53 0.09 0.28 0.078 
a-p mid-shaft diameter 11 2.26 0.06 0.21 0.044 
m-1 mid-shaft, diameter 10 2.15 0.05 0.17 0.029 

ulna length 5 27.16 0.89 1.98 3.933 
radius length 7 25.11 0.55 1.46 2.132 
femur length 20 45.70 0.49 2.20 4.858 

vertical head diameter 20 4.63 0.06 0.26 0.068 
bicondylar length 20 45.38 0.48 2.15 4.632 
a-p mid-shaft diameter 20 3.03 0.08 0.36 0.130 
m-1 mid-shaft diameter 20 2.78 0.05 0.23 0.053 

tibia length 16 38.32 0.56 2.24 5.031 
a-p mid-shaft diameter 19 3.20 0.09 0.39 0.152 
m-1 mid-shaft diameter 19 2.41 0.10 0.42 0.170 

fibula length 6 36.20 0.94 2.29 5.256 
stature estimate 20 168.37 1.00 4.49 20.152 

tio Scaled Variables 

cranial index 23 89.76 1.97 9.44 89.091 
upper facial index 5 47.88 4.97 11.11 123.349 
total facial index 3 66.73 13.81 23.93 572.543 
nasal index 16 56.02 3.40 13.60 185.058 
external palatal index 15 124.49 1.94 7.49 56.147 
orbital index 19 93.12 0.89 3.86 14.907 
cranial breadth-height 12 97.71 1.76 6.11 37.299 
cranial length-height 12 84.93 1.41 4.88 23.831 
radio-humeral index 5 76.72 0.91 2.04 4.177 
robusticity index 20 2.34 0.02 0.11 0.012 



TABLE C.6 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR UPPER NODENA FEMALES 

_ 2 
Type of Variable n X a S S 

m 

Interval Scaled Variables 

cranial height 18 13. ,81 0. .15 0. ,62 0. ,384 
cranial length 26 15. ,47 0. ,19 0. ,96 0. ,917 
cranial breadth 29 14. ,16 0. .16 0. ,88 0. ,774 
upper facial height 16 6. .36 0. ,30 1. ,19 1. ,416 
total facial height 13 10. .43 0. ,61 2. ,18 4. ,772 
basion-prosthion length 11 9. .56 0. ,13 0. ,44 0. ,197 
minimum frontal breadth 28 9, .11 0. .10 0, .50 0, .254 
nasal height 17 4, .92 0, .12 0, .48 0. .230 
nasal breadth 20 2, .44 0, .04 0. .16 0, .026 
biorbital breadth 20 9, .25 0, .07 0. .32 0, .102 
interorbital breadth 18 2, .32 0, .06 0. .23 0. .053 
orbital height 21 3, .37 0, .04 0. .18 0. .032 
orbital breadth 21 3. .60 0. .04 0, .18 0. .032 
bizygomatic breadth 6 12. .43 0, .22 0. .53 0. ,283 
external palatal length 14 5. .19 0, .10 0. .37 0. .137 
external palatal breadth 22 6, .48 0, .04 0. .20 0. .040 
foramen magnum length 14 3. .29 0, .08 0, .28 0, .078 
foramen magnum breadth 14 2, .74 0, .06 0. .21 0. .044 
mandibular symphysis height 16 3. .39 0, .07 0, .29 0. .084 
bicondylar breadth 8 12, .04 0, .34 0, .96 0, .922 
bigonial breadth 20 9, .90 0, .11 0, .51 0, .260 
ramus height 24 5. .60 0, .13 0, .62 0. .384 
minimum ramus breadth 26 3, .25 0, .04 0, .20 0, .040 
corpus thickness 24 1. .65 0, .02 0, .12 0, .014 
mandibular angle 24 101, .67 1, .11 5, .45 29, .710 



TABLE C.6, Continued 

Type of Variable n X a 6 5 Jtr m 

2 

humerus length 10 30.33 0.52 1.63 2.671 
vertical head diameter 9 4.03 0.10 0.30 0.090 
a-p mid-shaft diameter 10 2.07 0.04 0.13 0.017 
m-1 mid-shaft diameter 10 1.86 0.07 0.22 0.048 

ulna length 4 25.85 0.55 1.11 1.232 
radius length 6 23.33 0.73 1.78 3.163 
femur length 13 42.54 0.63 2.28 5.178 

vertical head diameter 14 4.13 0.06 0.22 0.048 
bicondylar length 13 42.02 0.64 2.32 5.399 
a-p mid-shaft diameter 14 2.69 0.05 0.19 0.036 
m-1 mid-shaft diameter 14 2.51 0.05 0.17 0.029 

tibia length 12 35.60 0.55 1.90 3.625 
a-p mid-shaft diameter 12 2.73 0.10 0.34 0.116 
m-1 mid-shaft diameter 12 2.18 0.06 0.21 0.044 

fibula length 6 33.48 0.55 1.35 1.814 
stature estimate 14 160.07 1.47 5.50 30.288 

:io Scaled Variables 

cranial index 27 92.42 1.82 9.47 89.746 
upper facial index 3 53.71 2.40 4.15 17.256 
total facial index 4 86.74 5.99 11.99 143.712 
nasal index 17 50.13 2.14 8.82 77.733 
external palatal index 14 123.98 2.05 7.67 58.841 
orbital index 21 93.71 0.90 4.14 17.154 
cranial breadth-height 18 96.98 1.85 7.86 61.734 
cranial length-height 18 90.46 1.31 5.56 30.948 
radio-humeral index 6 77.15 1.09 2.67 7.148 
robusticity index 12 2.52 0.04 0.14 0.020 



TABLE C.7 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR KANE MALES 

_ 2 
Type of Variable n X a 6 6 
Jr m 

Interval Scaled Variables 
cranial height 9 14. ,11 0 .18 0. 54 0. 296 
cranial length 15 17. .53 0 .31 1. 18 1. 397 
cranial breadth 15 13. .77 0 .18 0. 71 0. 508 
upper facial height 8 7, .19 0 .13 0. 37 0. 136 
total facial height 4 12, .18 0 .35 0. 70 0. 482 
basion-prosthion length 4 9. .18 0 .39 0. 78 0. 609 
minimum frontal breadth 17 9, .34 0 .11 0. 45 0. 203 
nasal height 8 5, .29 0 .13 0. 36 0. 127 
nasal breadth 9 2, .57 0 .04 0. 13 0. 017 
biorbital breadth 7 9, .99 0 .15 0. 39 0. 151 
interorbital breadth 12 2, .22 0 .10 0. 34 0. 114 
orbital height 10 3. .57 0 .04 0. 13 0. 018 
orbital breadth 9 4, .07 0 .09 0. 27 0. 075 
bizygomatic breadth 1 12, .20 -

external palatal length 16 5, .53 0 .10 0. 41 0. 167 
external palatal breadth 11 6, .45 0 .14 0. 45 0. 203 
foramen magnum length 10 3, .77 0 .06 0. 18 0. 031 
foramen magnum breadth 11 3, .02 0 .04 0. 13 0. 016 
mandibular symphysis height 21 3, .62 0 .10 0. 48 0. 226 
bicondylar breadth 9 12, .46 0 .35 1. 04 1. 090 
bigonial breadth 19 10, .20 0 .17 0. 73 0. 537 
ramus height 27 6, .47 0 .11 0. 55 0. 301 
minimum ramus breadth 28 3, .38 0 .05 0. 25 0. 062 
corpus thickness 32 1, .47 0 .03 0. 16 0. 027 
mandibular angle 30 97, .67 0 .79 4. 30 18. 507 



TABLE C.7, Continued 

_ 2 
Type of Variable n X a S S 

m 

humerus length 
vertical head diameter 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

ulna length 
radius length 
femur length 

vertical head diameter 
bicondylar length 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

tibia length 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

fibula length 
stature estimate 

14 
21 
22 
22 
9 
12 
16 
24 
14 
29 
29 
17 
26 
25 
8 
24 

32.15 
4.49 
2.07 
2 .06  
26.80 
24.94 
44.76 
4.62 
44.76 
2.89 
2.61 
37.55 
3.19 
2.16 
35.64 
167.14 

0.41 
0.09 
0.05 
0.05 
0.36 
0.41 
0.65 
0.08  
0.70 
0.05 
0.05 
0.59 
0.06 
0.04 
0.95 
1.12 

1.54 
0.39 
0 . 2 2  
0.23 
1.07 
1.42 
2.61 
0.39 
2.61 
0.27 
0.25 
2.42 
0.30 
0 . 2 0  
2 . 6 8  
5.50 

2.358 
0.153 
0.049 
0.055 
1.152 
2.003 
6.795 
0.155 
6.824 
0.073 

0.061 

5.856 
0.091 
0.041 
7.180 
30.244 

Ratio Scaled Variables 

cranial index 
upper facial index 
total facial index 
nasal index 
external palatal index 
orbital index 
cranial breadth-height 
cranial length-height 
radio-humeral index 

robusticity index 

14 
1 
1 
6 
10 
9 
9 
9 
8 
15 

79.62 
56.56 
91.80 
47.88 

118.65 
88.42 

101.88 
82.06 
77.87 
2.38 

2.31 

1.85 
2 .02  
2.71 

1.54 
1.69 
0.93 
0.04 

8.65 

4.52 
6.39 
8.11 
4.61 
5.07 
2 . 6 2  
0.14 

74.892 

20.471 
40.849 
65.833 
21.258 
25.713 
6.870 
0.019 



TABLE C.8 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR KANE FEMALES 

_ 2 
Type of Variable n X a S S 

m 

Interval Scaled Variables 

cranial height 5 13.70 0.10 0.24 0.055 
cranial length 10 16.44 0.30 0.93 0.869 
cranial breadth 10 13.83 0.27 0.84 0.711 
upper facial height 1 7.10 - - -

total facial height 0 - - - -

basion-prosthion length 1 9.60 - - -

minimum frontal breadth 9 9.30 0.16 0.47 0.220 
nasal height 1 4.60 - - -

nasal breadth 2 2.70 0.10 0.14 0.020 
biorbital breadth 3 9.37 0.50 0.87 0.763 
interorbital breadth 2 2.20 0.10 0.14 0.020 
orbital height 3 3.47 0.12 0.21 0.043 
orbital breadth 2 4.35 0.05 0.07 0.005 
bizygomatic breadth 1 12.50 - - -

external palatal length 9 5.37 0.12 0.36 0.127 
external palatal breadth 6 6.43 0.16 0.40 0.159 
foramen magnum length 5 3.10 0.46 1.02 1.035 
foramen magnum breadth 5 2.84 0.11 0.25 0.063 
mandibular symphysis height 15 3.20 0.06 0.22 0.049 
bicondylar breadth 7 11.40 0.25 0.66 0.437 
bigonial breadth 9 9.46 0.19 0.56 0.308 
ramus height 17 5.71 0.06 0.25 0.064 
minimum ramus breadth 18 3.13 0.07 0.29 0.081 
corpus thickness 17 1.40 0.05 0.22 0.048 
mandibular angle 17 105.00 1.42 5.86 34.375 



TABLE C.8, Continued 

_ 2 
Type of Variable n X a 6 8 

m 

humerus length 
vertical head diameter 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

ulna length 
radius length 
femur length 

vertical head diameter 
bicondylar length 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

tibia length 
a-p mid-shaft diameter 
m-1 mid-shaft diameter 

fibula length 
stature estimate 

7 
13 
19 
18 
9 
9 
9 
14 
9 
21 
21 
7 
17 
17 
2 

12 

29.76 
3.99 
2.01 
1.74 
24.71 
23.11 
41.58 
4.02 
41.24 
2.43 
2.35 
35.44 
2.72 
1.90 
34.45 
156.78 

0.27 
0 .06  
0 .06  
0.04 
0.33 
0 . 2 0  
0 . 6 2  
0 .06  
0.61 
0.05 
0.04 
0.57 
0 .06  
0.05 
0.25 
1.13 

0.71 
0.23 
0 .26  
0.17 
0.99 
0.61 
1.86 
0.21 
1.83 

0.24 
0.16 
1.51 
0.23 
0 .20  
0.35 
3.92 

0.503 
0.052 
0.065 
0.030 
0.976 
0.374 
3.457 
0.043 
3.330 
0.059 
0.027 
2.286 
0.051 
0.040 
0.125 

15.394 

Ratio Scaled Variables 

cranial index 
upper facial index 
total facial index 
nasal index 
external palatal index 
orbital index 
cranial breadth-height 
cranial length-height 
radio-humeral index 

robusticity index 

8 
1 
0 
1 

5 
2 
5 
5 
4 
8 

81.86 
56.80 

56.52 
114.96 
81.66 
103.20 
81.62 
77.17 
2.54 

2.51 

3.56 
4.39 
0.91 
1.39 
0 . 6 2  
0.04 

7.09 

7.95 
6.21 
2.04 
3.11 
1.24 

0.11 

50.311 

63.173 
38.544 
4.165 
9.650 
1.534 

0.013 
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TABLE C.9 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED 
FOR DICKSON MOUNDS MISSISSIPPIAN-A SAMPLE (MALES) 

_ 2 
Type of Variable n X 6 6 

Interval Scaled Variables 

cranial height 30 14.36 0.44 1.936 
cranial length 36 18.05 0.57 3.284 
cranial breadth 36 13.99 0.50 2.500 
upper facial height 38 7.57 0.40 1.624 
total facial height 32 12.59 0.54 2.949 
basion-prosthion length 32 10.02 0.53 2.798 
minimum frontal breadth 39 9.42 0.65 4.212 
nasal height 39 5.38 0.33 1.109 
nasal breadth 42 2.57 0.15 0.213 
biorbital breadth 37 10.11 0.34 1.136 
interorbital breadth 43 1.91 0.22 0.048 
orbital height 44 3.41 0.16 0.243 
orbital breadth 40 4.09 0.19 0.373 
bizygomatic breadth 33 14.02 0.39 1.490 
external palatal length 37 5.74 0.30 0.900 
external palatal breadth 38 6.87 0.44 1.918 
mandibular symphysis height 40 3.81 0.29 0.812 
bicondylar breadth 37 12.60 0.50 2.500 
bigonial breadth 37 10.42 0.70 4.942 
minimum ramus breadth 39 3.62 0.26 0.650 
mandibular angle 37 117.20 0.51 2.591 

:io Scaled Variables 

cranial index 36 77.51 3.01 9.060 
upper facial index 31 55.98 2.49 6.200 
total facial index 28 89.90 3.52 12.390 
nasal index 39 47.93 3.96 15.680 
external palatal index 37 119.46 8.30 68.890 
orbital index 40 83.29 4.72 22.280 
cranial breadth-height 30 103.16 3.48 12.110 
cranial length-height 30 79.84 2.64 6.970 

Source: Blakely, 1974: 41-43 



TABLE C.10 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES RECORDED FOR IRENE MOUND TOTAL SAMPLE 

Males Females 
Type of Variable ~ £ ~  ̂

n X 6 5 n X 6 6 

Interval Scaled Variables 
cranial height 27 14. ,09 0. 53 0. 281 23 13. ,35 0. 60 0. 360 
cranial length 58 17. ,36 0. 75 0. 563 49 16. ,62 0. 58 0. 336 
cranial breadth 50 14, .38 0. 62 0. 384 47 14. ,07 0. 60 0. 360 
upper facial height 31 7, .11 0. 47 0. 221 29 6. ,90 0. 33 0. 109 
total facial height 29 11. .82 0. 71 0. 504 25 11. ,32 0. 56 0. 314 
minimum frontal breadth 44 9. .34 0. 46 0. 212 45 8. ,99 0. 42 0. 176 
nasal height 35 5. .19 0. 28 0. 078 33 4, ,94 0. 19 0. 036 
nasal breadth 38 2. .50 0. 19 0. 036 33 2, .42 0. 18 0. 032 
orbital height 24 3. .51 0. 22 0. 048 17 3, .50 0. 17 0. 029 
orbital breadth 23 3. .93 0. 19 0. 036 13 3, .65 0. 18 0. 032 
bizygomatic breadth 22 13, .97 0. 66 0. 436 13 13, .10 0. 35 0. 123 
external palatal length 26 5, .44 0. 33 0. 109 21 5, .26 0. 30 0. 090 
external palatal breadth 42 6, .49 0. 45 0. 203 34 6, .26 0. 45 0. 203 
bicondylar breadth 36 12, .66 0. 64 0. 410 37 11, .77 0. 64 0. 410 

Ratio Scaled Variables 
cranial index 48 83.12 6.24 38.938 40 85.38 5.70 32.490 
upper facial index 19 50.73 3.16 9.986 11 50.36 3.27 10.693 
total facial index 16 83.88 4.61 21.252 11 84.73 4.35 18.923 
nasal index 33 48.36 3.99 15.920 29 49.62 3.51 12.320 
external palatal index 26 119.54 6.91 47.748 21 122.86 7.07 49.985 
orbital index 22 88.41 4.29 18.404 12 93.25 4.16 17.306 
cranial breadth-height 24 98.38 4.28 18.318 24 94.50 5.82 33.872 
cranial length-height 26 80.27 5.04 25.402 24 82.12 3.90 15.210 

Source: Hulse, 1941: 61-65 



TABLE C.ll 

DESCRIPTIVE STATISTICS FOR INTERVAL AND RATIO SCALED VARIABLES 
RECORDED FOR REGIONAL ARKANSAS TOTAL SAMPLE 

Males Females 
Type of Variable ~ ~ ~ ~ 

n X 6 6 n X 6 6 

Interval Scaled Variables 
cranial height 26 14 .16 0. ,51 0. 260 34 13. ,74 0. 94 0. 884 
cranial length 45 16 .82 0. ,81 0. 656 44 15. ,87 0. 93 0. 865 
cranial breadth 48 14 .41 0. ,99 0. 980 49 14. ,02 0. 78 0. 608 
upper facial height 24 6 .86 1. ,07 1. 145 24 6. ,49 1. 01 1. 020 
total facial height 14 10 .01 2, .17 4. 709 18 10. .58 1. 90 3. 610 
minimum frontal breadth 60 9 .36 0. ,51 0. 260 56 9. .08 0. 50 0. 250 
nasal height 28 5 .00 0. .76 0. 578 29 4. ,82 0. 49 0. 240 
nasal breadth 31 2 .61 0, .18 0. 032 32 2. .43 0. 16 0. 026 
orbital height 35 3 .87 0. .31 0. 096 34 4, .18 0. 46 0. 212 
orbital breadth 34 3 .90 0. .22 0. 048 36 3. .68 0. 23 0. 053 
bizygomatic breadth 12 12 .68 2. .85 8. 123 8 12. .50 0. 54 0. 292 
external palatal length 28 5 .32 0. .49 0. 240 24 5, .13 0. 44 0. 194 
external palatal breadth 37 6 .67 0, .44 0. 194 35 6, .43 0. 29 0. 084 
bicondylar breadth 39 12 .14 0, .75 0. 563 32 11, .64 0. 73 0. 533 

Ratio Scaled Variables 
cranial index 43 85. ,72 8. ,87 78. .677 44 89. .14 8. .89 79. .032 
upper facial index 8 48. .68 8. ,79 77. .264 4 53. .81 3. ,40 11. .560 
total facial index 5 72. .34 18. .65 347. .823 5 86. .11 10. .48 109, .830 
nasal index 27 53. .30 11. .24 126, .338 28 51. .10 8. ,08 65, .286 
external palatal index 26 127. .58 12, .41 154, .008 23 122, .08 8. .76 76, .738 
orbital index 33 91. .50 6. .33 40. .069 34 92, .60 5, .35 28, .623 
cranial breadth-height 25 99, ,58 6, .39 40. .832 33 98. .34 8, .49 72. .080 
cranial length-height 25 84. ,20 3. .95 15, .603 31 87, .53 6, .74 45. .428 
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TABLE D.l 

PHENOTYPIC FREQUENCIES OF DISCRETE TRAITS RECORDED FOR THE HAZEL SITE 

t, j *  ̂ M . Males Females Combined Sexes 
Recorded Trait „ „ 

% n % n % n 

Tori 
left auditory 76 29 52 21 66 50 
right auditory 72 29 52 21 64 50 
left mandibular 88 48 70 30 81 78 
right mandibular 88 48 74 35 83 83 
palatine 0 18 1 13 3 31 

Ossicles 
left coronal 41 27 44 18 42 45 
right coronal 50 26 50 18 50 44 
left lambdoidal 84 31 95 19 44 50 
right lambdoidal 84 31 95 19 50 50 
Os Inca 4 26 6 18 5 44 
left epiteric 33 12 15 13 24 25 
right epiteric 18 11 20 15 19 26 
left asterionic 88 24 78 18 83 42 
right asterionic 72 25 63 19 68 44 
0s Apicus 35 23 67 12 46 35 

to 
W 
o 



TABLE D.l, Continued 

, , _ .. Males Females Combined Sexes 
Recorded Trait „ 

/ i n  %  n  %  n  

Foramina 
left accessory infraorbital 74 19 45 11 63 30 
right accessory infraorbital 68 19 60 15 65 34 
left zygo-facial 95 22 90 10 94 32 
right zygo-facial 92 24 94 16 92 40 
left supraorbital 93 30 95 20 94 50 
right supraorbital 0 27 85 20 36 47 
left frontal 63 27 53 19 59 46 
right frontal 65 26 65 20 65 46 
left parietal 67 30 42 19 57 49 
right parietal 61 31 80 20 69 51 
left mastoid 96 28 88 17 93 45 
right mastoid 96 27 83 18 91 45 
left posterior condylar canal 89 19 0 10 58 29 
right posterior condylar canal 95 19 85 13 91 32 
left Huschke 83 29 68 19 77 48 
right Huschke 83 29 63 19 75 48 
left posterior malar 96 23 82 11 91 34 
right posterior malar 96 25 82 17 90 42 
left accessory lesser palatine 94 16 0 11 59 27 
right accessory lesser palatine 89 18 92 13 90 31 
left hypoglossal canal double 5 20 25 16 14 36 
right hypoglossal canal double 14 21 20 15 17 36 
left double mental 6 50 3 33 5 83 
right double mental 4 50 11 37 7 87 



TABLE D.l, Continued 

„ , , „ ,. Males Females Combined Sexes 
Recorded Trait „ „ 

To IX % H To tl 

Other 
left supraorbital notch 61 31 56 18 59 49 
right supraorbital notch 65 23 42 19 55 42 
left parietal notch bone 32 25 22 18 28 43 
right parietal notch bone 28 25 33 18 30 43 
metopic suture open 0 30 0 22 0 52 
left squamo-parietal suture closed 14 28 22 18 17 46 
right squamo-parietal suture closed 11 27 21 19 15 46 
left petro-squamosal suture open 39 18 33 12 37 30 
right petro-squamosal suture open 33 18 25 16 29 34 
left mylo-hyoid bridge 14 49 16 31 15 80 
right mylo-hyoid bridge 19 43 16 31 18 74 
left external frontal sulcus 18 29 53 17 30 46 
right external frontal sulcus 44 27 53 19 48 46 

to CO 
ro 



TABLE D.2 

PHENOTYPIC FREQUENCIES OF DISCRETE TRAITS RECORDED FOR THE VERNON PAUL SITE 

Recorded Trait 
Males Females Combined Sexes 
x n /o n % n 

Tori 
left auditory 69 13 45 11 58 24 
right auditory 64 11 67 9 65 20 
left mandibular 73 26 95 22 83 48 
right mandibular 72 25 95 21 83 46 
palatine 0 12 0 8 0 20 

Ossicles 
left coronal 0 4 75 12 81 16 
right coronal 60 5 67 12 65 17 
left lambdoidal 0 11 90 10 95 21 
right lambdoidal 89 9 90 10 89 19 
Os Inca 0 12 9 11 4 23 
left epiteric 25 4 25 4 25 8 
right epiteric 0 4 0 6 0 10 
left asterionic 50 8 90 10 72 18 
right asterionic 83 6 73 11 76 17 
Os Apicus 33 9 25 8 29 17 

NJ 
CO 



TABLE D.2, Continued 

_ , , „ Males Females Combined Sexes 
Recorded Trait „ c/ „ 

% n /o n % n 

Foramina 
left accessory infraorbital 83 6 67 6 75 12 
right accessory infraorbital 67 3 40 5 50 8 
left zygo-facial 0 9 0 7 0 16 
right zygo-facial 90 10 0 7 53 17 
left supraorbital 0 12 94 17 55 29 
right supraorbital 0 14 0 16 0 30 
left frontal 78 9 38 13 55 22 
right frontal 89 9 43 14 61 23 
left parietal 50 14 69 13 59 27 
right parietal 79 14 69 13 74 27 
left mastoid 92 12 80 9 85 21 
right mastoid 92 12 91 11 91 23 
left posterior condylar canal 0 1 0 4 0 5 
right posterior condylar canal 0 1 0 6 0 7 
left Huschke 90 10 50 10 70 20 
right Huschke 25 4 44 9 38 13 
left posterior malar 88 8 83 6 86 14 
right posterior malar 89 9 86 7 87 16 
left accessory lesser palatine 0 8 0 8 0 16 
right accessory lesser palatine 0 9 0 5 0 14 
left hypoglossal canal double 33 3 29 7 30 10 
right hypoglossal canal double 0 4 17 6 10 10 
left double mental 8 24 18 22 13 46 
right double mental 17 23 0 20 9 43 

ro 
<j0 



TABLE D.2, Continued 

_ , , _ .^ Males Females Combined Sexes 
Recorded Trait „ „ 

% n % n % n 

Other 
left supraorbital notch 60 10 69 16 65 26 
right supraorbital notch 50 10 57 14 54 24 
left parietal notch bone 45 11 63 8 53 17 
right parietal notch bone 25 8 20 10 22 18 
metopic suture open 0 13 0 15 0 28 
left squamo-parietal suture closed 0 13 20 10 9 23 
right squamo-parietal suture closed 8 12 42 12 25 24 
left petro-squamosal suture open 40 5 57 7 50 12 
right petro-squamosal suture open 50 4 33 6 40 10 
left mylo-hyoid bridge 9 23 20 20 14 43 
right mylo-hyoid bridge 22 23 20 20 21 43 
left external frontal sulcus 58 12 58 14 58 26 
right external frontal sulcus 46 13 50 14 48 27 

to 
Oi 
Ui 



TABLE D.3 

PHENOTYPIC FREQUENCIES OF DISCRETE TRAITS RECORDED FOR THE UPPER NODENA SITE 

_ , , _ .. Males Females Combined Sexes 
Recorded Trait „ „ 

/o XI /o tl /o XI 

Tori 
left auditory 63 27 44 27 54 54 
right auditory 68 28 46 28 57 56 
left mandibular 75 24 65 23 70 47 
right mandibular 77 22 69 26 73 48 
palatine 0 21 0 23 0 44 

Ossicles 
left coronal 25 24 11 27 18 51 
right coronal 29 24 11 27 20 51 
left lambdoidal 76 25 75 28 75 53 
right lambdoidal 84 25 82 28 83 53 
Os Inca 4 25 0 29 2 54 
left epiteric 5 25 0 24 10 49 
right epiteric 18 22 90 23 13 45 
left asterionic 57 23 58 24 57 47 
right asterionic 68 22 57 23 62 45 
Os Apicus 42 24 46 24 44 48 

ro 
co 
<r> 



TABLE D.3, Continued 

„ j j m Males Females Combined Sexes 
Recorded Trait „ 

% n % n % n 

Foramina 
left accessory infraorbital 47 19 35 23 40 42 
right accessory infraorbital 35 23 33 21 34 44 
left zygo-facial 90 21 74 23 82 44 
right zygo-facial 92 25 74 23 83 48 
left supraorbital 79 29 54 28 72 57 
right supraorbital 79 29 64 28 71 57 
left frontal 44 27 63 27 56 54 
right frontal 41 27 46 28 45 55 
left parietal 36 28 41 27 39 55 
right parietal 36 28 45 29 40 57 
left mastoid 83 24 41 29 77 53 
right mastoid 85 26 71 24 81 50 
left posterior condylar canal 80 15 85 27 81 42 
right posterior condylar canal 88 16 78 18 84 34 
left Huschke 56 27 94 18 79 45 
right Huschke 56 27 46 28 51 55 
left posterior malar 73 22 43 28 58 50 
right posterior malar 83 23 74 23 79 46 
left accessory lesser palatine 90 21 78 23 84 44 
right accessory lesser palatine 90 21 90 21 90 42 
left hypoglossal canal double 11 18 92 24 52 42 
right hypoglossal canal double 0 19 25 20 13 39 
left double mental 0 22 16 19 7 41 
right double mental 5 21 4 24 4 45 



TABLE D.3, Continued 

„ j j m •*. Males Females Combined Sexes 
Recorded Trait „ 

to t t  To Ii /o XX 

Other 
left supraorbital notch 68 28 0 27 35 55 
right supraorbital notch 59 27 59 27 59 54 
left parietal notch bone 4 23 12 26 8 49 
right parietal notch bone 4 25 8 26 6 51 
metopic suture open 0 29 4 28 2 57 
left squamo-parietal suture closed 0 26 0 26 0 52 
right squamo-parietal suture closed 0 27 7 28 4 55 
left petro-squamosal suture open 12 26 9 23 11 49 
right petro-squamosal suture open 9 22 27 26 19 48 
left mylo-hyoid bridge 25 20 5 22 14 42 
right mylo-hyoid bridge 10 20 9 23 9 43 
left external frontal sulcus 21 29 23 26 22 55 
right external frontal sulcus 18 28 23 26 20 54 

to 
CJ 
00 



TABLE D.4 

PHENOTYPIC FREQUENCIES OF DISCRETE TRAITS RECORDED FOR THE KANE BURIAL MOUNDS 

t> j j m Males Females Combined Sexes 
Recorded Trait „ 

% n % n L n 

Tori 
left auditory 3 30 7 28 5 58 
right auditory 0 31 7 28 3 59 
left mandibular 3 29 5 19 4 48 
right mandibular 3 32 11 18 6 50 
palatine 5 19 25 12 13 31 

Ossicles 
left coronal 9 23 22 23 15 46 
right coronal 13 24 10 20 12 44 
left lambdoidal 76 29 74 23 75 52 
right lambdoidal 76 29 68 25 72 54 
Os Inca 7 29 0 25 4 54 
left epiteric 15 13 20 5 17 18 
right epiteric 15 13 0 5 11 18 
left asterionic 78 27 65 17 73 44 
right asterionic 77 26 56 16 69 42 
Os Apicus 28 25 33 18 30 43 

(O 
IO 
VO 



TABLE D.4, Continued 

•n j j m Males Females Combined Sexes 
Recorded Trait „ „ „ 

% n % n % n 

Foramina 
left accessory infraorbital 17 18 33 6 21 24 
right accessory infraorbital 44 9 13 8 29 17 
left zygo-facial 58 24 67 9 61 33 
right zygo-facial 57 21 79 14 66 35 
left supraorbital 68 22 79 14 72 36 
right supraorbital 76 21 86 14 78 35 
left frontal 0 22 5 20 2 42 
right frontal 0 21 9 22 5 43 
left parietal 17 29 36 25 23 54 
right parietal 53 32 41 27 47 59 
left mastoid 88 24 53 15 74 39 
right mastoid 92 25 78 18 86 43 
left posterior condylar canal 72 18 79 14 75 32 
right posterior condylar canal 80 20 91 11 84 31 
left Huschke 38 26 32 22 35 48 
right Huschke 37 27 23 26 30 53 
left posterior malar 54 26 38 8 50 34 
right posterior malar 70 23 67 12 69 35 
left accessory lesser palatine 92 12 71 7 84 19 
right accessory lesser palatine 92 12 67 3 87 15 
left hypoglossal canal double 36 14 27 11 32 25 
right hypoglossal canal double 22 18 29 14 25 32 
left double mental 7 f 31 0 18 4 49 
right double mental 7 ' 30 11 18 8 48 



TABLE D.4, Continued 

„ , , „ ... Males Females Combined Sexes 
Recorded Trait „ „ „ 

% n % n % n 

Other 
left supraorbital notch 48 23 47 15 48 38 
right supraorbital notch 48 21 38 13 44 34 
left parietal notch bone 26 19 40 15 32 34 
right parietal notch bone 15 20 7 14 12 34 
metopic suture open 3 36 7 31 4 67 
left squamo-parietal suture closed 0 24 0 14 0 38 
right squamo-parietal suture closed 4 27 7 14 5 41 
left petro-squamosal suture open 8 13 0 5 6 18 
right petro-squamosal suture open 23 13 17 6 21 19 
left mylo-hyoid bridge 4 26 7 15 5 41 
right mylo-hyoid bridge 12 26 6 16 10 42 
left external frontal sulcus 4 26 0 23 2 49 
right external frontal sulcus 4 28 8 25 6 53 
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