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ABSTRACT 

In the present study, 66 metric as well as numerous 

morphological observations are utilized from 299 

individuals representing a skeletal temporal series 

(Archaic, Woodland, Mississippian) from West, Middle, and 

East Tennessee. These groups reflect a documented 

subsistence shift from a relatively hard-textured, hunting 

and gathering Archaic to a soft-textured, Mississippian 

agricultural diet. Mandibular, craniofacial, and 

mandibular anterior dental dimensions are compared within 

and between these groups in order to evaluate a model of 

masticatory-related diachronic change in the mandibular 

complex. 

This model proposes strong correlations between 

mandibular, craniofacial, and mandibular anterior dental 

measurements within each group. Cumulative age-related 

functional stress is expected to be higher in the Archaic. 

Across the 

dimensions 

temporal groups, . gracilization 

of the mandible, lower face, and 

in linear 

mandibular 

anterior teeth is predicted, as well as change in the 

and orientation of masticatory muscles. Indications 

functional (masticatory-related) skeletal stress in 

size 

of 

the 

mandible and lower face are expected to decrease through 

time. It is hypothesized that these changes are the result 

of the documented dietary shift noted above. 

vi 



Results indicate a fair amount of congruency with the 

model expectations. Intercorrelations between the 66 

measurements are weaker than predicted; however, fairly 

strong relationships are noted between height of the 

mandible and face within both the Archaic and 

Mississippian. Mandibular measurement age variation is 

greater in the Archaic compared to the Mississippian. Thls 

difference is interpreted within the context of greater 

masticatory functional demands and thus cumulative stress 

for Archaic mandibles. Neither Archaic nor Mississippian 

facial dimensions vary significantly with age. Age-related 

dental variability is similar between the two groups. 

In the between-group (temporal) comparison, reductions 

in several linear dimensions of the mandible, lower face, 

and mandibular anterior dentition are documented through 

time. And, masticatory muscles become less robust and more 

posteriorly oriented. Many manifest
,

tions 

masticatory-related stress (e. g. , midfacial 

of skeletal 

prognathism) 

reduce as well. Several dimensions (e.g. , total mandibular 

length) , however, increase across the temporal span. All 

of these results are used in a revision of the model of 

masticatory-related 

craniofacial change. 

microevolutionary 
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CHAPTER 1 

INTRODUCTION--STATEMENT OF PURPOSE 

The goal of this study is to examine functional 

changes in human anatomy as they relate to changes in 

subsistence and other cultural factors. Effects of culture 

change upon the human skeleton are well-documented: 

etiological characteristics of many diseases have a 

cultural basis, as do intentional alterations of cranial 

and ·dental form. One of the most important examples of 

biocultural interaction, however, pertains to dietary 

change. Variability in subsistence (e. g. , transition to 

agriculture) and subsistence-related technology (e. g. , use 

of clay pottery) has resulted in dramatic impacts upon the 

human skeleton in many regions (see Cohen and Armelagos 

1984). 

For New World populations, prior research into these 

impacts has focused upon nutritional health changes 

associated with the shift from hunting and gathering to 

reliance upon maize agriculture. Most of these effects 

have been found to be detrimental in that increases in 

frequencies of skeletal indicators of stress (e. g. , enamel 

hypoplasia, Harris lines, porotic hyperostosis) have been 

correlated with a shift to agricultural dependence. 

Synergistic models incorporating interactions of maize 
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agriculture-associated malnutrition with factors relating 

to increased settlement density, disease susceptibility, 

and decreased host resistance in New World populations have 

recently been developed to explain these changes (Cohen and 

Armelagos 1984). 

Few researchers, however, have investigated the impact 

of adoption of agriculture upon craniofacial and mandibular 

morphology. In many regions, technological innovations 

such as the use of pottery in cooking and processing foods 

have influenced food texture. Transitions from a relative­

ly hard-textured (hunting and gathering) food bolus to a 

well-processed soft (agricultural) one have been hypoth­

esized (Hinton 1979, 1981a; M. Smith 1982). The impact 

of these cultural (dietary) factors upon the mandib­

ular and craniofacial region has been studied in detail 

in only a few regions (Carlson and Van Gerven 1977; Larsen 

1982, 1984; Martin et al. 1984; P. Smith et al. 1984). 

Researchers who have investigated these relationships 

have generally noted decreased robusticity of the neuro­

and splanchnocranium correlating with the dietary shift to 

agriculture. Reductions in linear dimensions of the 

mandible (length, breadth, height) and face (breadth, 

height, prognathism) have been documented. In short, a 

complex of gracilization changes particularly in the 

masticatory-related skeletal regions of the lower face and 

mandible have been observed (Carlson and Van Gerven 1977; 
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Larsen 1982, 1984; Martin et al. 1984). However, at 

present, it is not known if these changes are region­

specific, or instead represent a much broader functionally 

adaptive and patterned response to variations in 

biocultural stress. 

More detailed documentation of specific mandibular and 

craniofacial changes associated with this dietary shift is 

needed. And, since many of these changes are related to 

masticatory function, functional interrelationships between 

these anatomical areas must be considered in 

interpretations of skeletal change. 

In the present study, a region-specific examination of 

Tennessee skeletal samples manifesting such a cultural 

(subsistence) change is conducted. These samples are drawn 

from 16 sites in West, · Middle, and East Tennessee 

representing 

adaptations. 

Archaic, Woodland, and Mississippian 

Extensive archaeological and paleobotanical 

evidence from the Tennessee region documents the gradual in 

situ transition from hunting and gathering to agriculture 

across this 7500 year time span (Chapman and Shea 1981; 

Crites 1987; Yarnell and Black 1985). And, subsistence­

related technological change (differences in food 

preparation methods and equipment) have been noted as well 

(Lafferty 1981). 

The skeletal sample of 299 individuals from these 

Tennessee sites provides an excellent opportunity to 
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document skeletal effects of such cultural change. Since 

many of these changes involve the masticatory apparatus, 

this study will focus upon the mandibular, craniofacial, 

and anterior mandibular dental regions of the skeleton to 

elucidate more detailed variation in these areas. Sixty­

six measurements in addition to numerous morphological 

observations are recorded from these anatomical regions. 

These data are then used to investigate the following 

specific goals of this study: 

1. To outline a model of hypothesized mandibular and 

craniofacial gracilization. Based on previous 

research in other regions, this model predicts 

reductions in linear dimensions of the mandible 

and lower face with the adoption of agriculture; 

2. To examine the morphological interrelationships 

between the mandibular, dental, and craniofacial 

dimensions within each skeletal (temporal) 

group, and to more fully document the complex 

functional interactions between these skeletal 

areas; 

3. To documen£ the precise nature of microevolution­

ary variability and change across this temporal 

series in relation to the subsistence change; 

4. To compare this evidence to the previously estab­

lished gracilization model; 



5. To reassess the gracilization model in light of the 

congruency (or non-congruency) of the data to it; 

6. To discuss further testing of the gracilization 

model. 

Thus, this study will serve as a regional test of an 

evolutionary hypothesis pre9icting gracilization in linear 

dimensions of the mandible, lower face, and anterior 

mandibular dentition in response to the adoption of maize 

agriculture and associated subsistence technologies. 

Wolpoff (1976; also see Carlson and Van Gerven 1977) 

outlines three criteria necessary for constructing testable 

evolutionary hypotheses based on skeletal (or fossil) 

material: 

1. Presence of a large skeletal sample reflecting 

temporal distinctiveness; 

2. Knowledge of the function of the anatomical 

regions exhibiting change; 

3. Knowledge of the ecology of the skeletal 

groups represented. 

Control over the above three dimensions can result in a 

robust test of an evolutionary model. 

Just such a robust test of cultural (subsistence) 

change upon the skeletal dimensions of the mandible and 

lower face is provided by the samples analyzed here. As 

previously 

temporal 

mentioned, the skeletal samples are 

control of them fairly secure. 
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(theoretical) interrelationships between mandibular and 

craniofacial dimensions are hypothesized utilizing basic 

biomechanical principles and a knowledge of mandibular and 

craniofacial growth. These discussions are presented in 

Chapter 2. Examinations of the archaeological contexts of 

the skeletal samples, including site descriptions as well 

as considerations of chronology, settlement, and 

subsistence parameters of each temporal . group, are the 

subject of Chapter 3. Thus, the above three criteria are 

fully met. 

In addition, Chapter 4 details the metric and 

morphological dimensions recorded from these skeletal 

samples, as well as the methods and multivariate 

statistical techniques used to analyze the data. Results 

of the mandibular, craniofacial, and anterior mandibular 

dental analyses are presented in Chapters 5, 6, and 7, 

respectively. Interpretation of the results as well as 

reassessment of the gracilization model are found in the 

final chapter. 

This study is unique for several reasons. First, 

although the mandible is the primary focus of this study, 

it will not be considered in isolation. Instead, the 

mandible will be discussed within the larger context of its 

interrelated, adjoining craniofacial structures in an 

attempt to better define the nature of masticatory-related 

change. And, although this study involves human skeletal 
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remains, an attempt will be made to consider the 

correlative soft tissue dimensions as well. The hope is 

that ultimately the functional (or non-functional, as the 

case may be) implications of microevolutionary masticatory­

related change upon craniofacial and mandibular form will 

be determined. 

Secondly, this study 

multidisciplinary approach. 

a variety of disciplinary 

will involve the use of a 

Theoretical orientations from 

anthropological, 

will be utilized 

biomechanical, 

perspectives 

ontogenetic, 

(anatomical, 

allometric) 

in 

mandibular, dental, and 

an integrative 

craniofacial 

interpretation of 

change across these 

prehistoric skeletal groups. 

Another unique aspect of this study is its 

reexamination of several skeletal collections which were 

originally investigated and analyzed in some cases over 50 

years ago. It is hoped that the reuse of older skeletal 

samples for answering new questions will be recognized as 

utilization (and conservation) of a valuable scientific 

resource. 

Finally, the present investigation represents a study 

of one of the few well-documented temporal skeletal series 

in the southeastern United States. The transition from 

hunting and gathering to reliance on agriculture is 

illustrated in this series. Because of the quality of 

well­

the 

archaeological and skeletal data, a unique opportunity 
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exists for studying masticatory-related microevolutionary 

change upon the mandibulofacial complex. 

Thus, in this dissertation, metric and morphological 

dimensions of mandibular, dental, and craniofacial form 

are compared across a temporal series of prehistoric 

southeastern Indians manifesting an in situ transition from 

hunting and gathering to agriculture. These data are then 

interpreted in light of the resultant dietary change in an 

attempt to understand the morphological complexities of 

masticatory-related microevolutionary change. 
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CHAPTER 2 

THE MANDIBULAR FUNCTIONAL COMPLEX 

Introduction 

The human mandible has long been a focus of scientific 

investigation. Even as early as 1936, morphological and 

metric examinations of the mandible were occurring (�orant 

1936). More recent and intensive research of this area, 

particularly by the orthodontic community, has resulted in 

a wide body of data concerning mandibular structure, 

function, and growth dynamics. Most important has been the 

realization that . the mandible cannot be considered in a 

vacuum; instead, it is part of a functional complex of 

interrelated orofacial features (Molnar and Ward 1977). 

Biggerstaff (1977: 72), for example, describes the mandible 

as " .. . a complex bone with a basal core upon which related 

but independent, functioning units are superposed. " At 

least five distinct units can be recognized. First is the 

basal bony portion forming the actual mandible body and 

lower portions of the ascending ramus. Much ontogenetic 

and anatomical evidence points to the condyle and neck of 

the mandible as forming a separate and somewhat independent 

second unit (Biggerstaff 1977), while the coronoid process 

and associated temporal muscle component function as a 

third. Interactive functioning of the masseter and medial 
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pterygoid muscles with the mandibular angular process 

(gonion) represent a distinct fourth component (Moss and 

Salentijn 1969). Finally, the mandibular alveolar process 

is separate from the above four units and exhibits a 

strong association with the dental complex (Biggerstaff 

1977). In addition, the mental eminence has been treated 

by some (Biggerstaff 1977; DuBrul and Sieber 1954; Murphy 

1957) as a structurally distinct mandibular segment. 

These small independent, but interrelated, mandibular 

segments 

growth 

are, in turn, interacting with 

components. Moss (1960, 1971a, 

larger 

1975; 

orofacial 

Moss and 

Salentijn 1969; Moss and Simon 1968; also see Koski 1968) 

has termed this model the ''functional matrix" hypothesis--

the theoretical organization of the neuro- and 

splanchnocranium into functional units including not only 

the skeletal tissues, but all of the non-skeletal elements 

(muscles, veins, nerves, etc. ) ·involved in a particular 

function (mastication, olfaction, respiration, etc. ) as 

.well. While this theory has further implications for 

craniofacial growth which have not gone unchallenged (see 

below), its emphasis upon the interactive nature of form 

and function of interrelated mandibular and craniofacial 

segments is useful. Thus, any model of hominid mandibular 

morphology and change must consider the mandible within 

this larger (craniofacial) complex. While it is 

unfortunately not possible to directly study soft tissue 
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and muscle interactions with skeletal or fossil material, 

it is possible to functionally relate mandibular morphology 

to adjoining osteological units and to infer soft tissue 

effects. Just such an interpretive framework is utilized 

in this dissertation. 

Hypothesized Mandibular Function 

Muscles of Mastication 

The most obvious function of the mandible is in 

providing movement for assistance in trituration of food 

during mastication. The power force necessary for such a 

task is supplied by the primary muscles of mastication--the 

temporalis, masseter, medial (internal) pterygoid, lateral 

(external) pterygoid, and the digastric. Each muscle's 

line of action on the mandible is reflected in its origin 

and insertion on the cranium and/or mandible. For example, 

the fan-shaped temporalis muscle originates from an oval 

area on the side of the cranium encompassing the frontal, 

sphenoid, and zygomatic (Shipman et al. 1985:239) (see 

Figure 2.1). At about the region anterior and medial to 

the zygomatic arch, the fibers converge and insert on the 

coronoid process of the mandible. The masseter originates 

from the inferior medial portion of the zygomatic arch, 

running inferiorly and posteriorly toward an insertion on 

the lateral gonial angle of the mandible (Cartmill et al. 

1987:410-411; Shipman et al. 1985:240) (Figure 2. 1). Also 
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MASSETER 

Figure 2. 1. Masticatory Muscle Origins and Insertions-­
Temporalis and Masseter. 
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inserting on the mandibular angular process (but on the 

medial surface) is the medial pterygoid, which arises from 

the lateral pterygoid plate of the sphenoid (Cartmill et 

al. 1987:411; Shipman et al. 1985:240) (Figure 2. 2). 

The above three muscles--temporalis, masseter, and­

medial pterygoid--have traditionally been considered the 

chief elevators of the mandible, instrumental in closing 

the jaw (Hiiemae 1978). The remaining two muscles have 

been characterized as depressors, operating in jaw opening. 

The lateral pterygoid muscle, like the medial, also arises 

from the area of the sphenoid and passes laterally and 

posteriorly toward an insertion on the mandibular condyle 

neck, temporomandibular joint (TMJ) capsule, and the 

intermediate articular disc of the condyle (Cartmill et al. 

1987:41 1; Shipman et al. 1985:240) (Figure 2. 2). Finally, 

the digastric originates from the region of the digastric 

groove near the mastoid process and follows a circuitous 

course beneath the cranium in the direction of the hyoid, 

finally ending at the internal mandibular digastric fossa 

(Shipman et al. 1985:242). 

The traditional dichotomization of these masticatory 

muscles into elevators versus depressors has become much 

too simplistic for at least two reasons. First, all of the 

above mentioned muscles of mastication are functionally 

divisible into smaller components. Thus, as will be seen, 

the characterization of one entire muscle as operating 
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MEDIAL PTERYGOID 

�MANDIBLE 

Figure 2.2. Masticatory Muscle Origins and Insertions-­
Medial and Lateral Pterygoids. 
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purely as an elevator or depressor is not fully true. 

Second, the mandible is capable of, and manifests, 

additional motions beyond simply opening and closing in a 

single vertical plane (Kraus et al. 1975: 206 ) .  Dubner et 

al. (1978: 314) note the capacity of the mandible to move in 

two other dimensions: lateral and protrusive/retrusive. It 

is precisely the integrated action of various seemingly 

contradictory components of these muscles which allow the 

mandible to accomplish a variety of movements . 

For example, the temporalis is actually divisible into 

anterior and posterior fibers. Anterior fibers, some of 

them attaching to the anterior portion of the ascending 

ramus, pull the mandible up, while posterior fibers allow 

upward and backward (retrusive) mandibular movements. In 

addition, Dubner et al. (1978: 320 ) note lateral functional 

activity for the posterior temporalis in unilateral 

chewing. M�ller (1976:134 ) identifies the temporalis 

muscle as primarily responsible for mandibular support in 

the rest position. Previous electromyographic (EMG ) 

studies have led to the suggestion that during incisal 

biting, the temporalis is electrically quiet, thus, 

inactive. However, Hylander and Johnson (1985 ) ,  in an EMG 

study of human and macaque (Macaca fascicularis ) elevator 

muscles, have found significant electrical activity of both 

the anterior and posterior temporalis, as well as even more 

activity in the masseter, in incisive biting of apples. 
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Similarly, both a superficial and deep portion of the 

masseter have been recognized, resulting in overall 

elevation and protrusion movements of the mandible (Bacon 

et al . 1980; Osborn and Baragar 1985). The medial 

pterygoid, originating from two distinct heads (deep, 

superficial), also is effective in mandibular elevation, 

but more importantly is most involved in lateral movements. 

Evidence has accumulated which · supports the 

consideration of the lateral pterygoid as two distinct and 

somewhat contradictory functional units (correlating with 

the superior and inferior heads of that muscle) (Grant 

1973a; McNamara 1973). During EMG recording of the muscle 

in Macaca mulatta (McNamara 1973), the superior head 

indicates activity during closing moments of the mandible, 

operating to stabilize the head of the condyle duri ng this 

function . In contrast, the inferior head, in collaboration 

with the suprahyoid muscles, is instrumental in opening 

the mandible, �oving the mandibular condyle 

anteroinferiorly as well as contralaterally (Bacon et al. 

1980: 727 ) .  Dissection of this muscle in the rhesus macaque 

and biomechanical comparison to humans (Grant 1973a) 

confirm· the independent nature of the two heads and has led 

Grant ( 1973a) to describe them as antagonistic toward each 

other and representative of two separate muscles. 

The digastric muscle can also be subdivided--into the 

anterior and posterior bellies (Cartmill et al . 1987: 402), 
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both acting to open the mandible by dep�ession as well as 

retrusion of the bone. Ahlgren (1978), through an EMG 

study of muscles operative in opening the human mandible, 

delineates the digastric muscle as the instigator of this 

process. Dubner et al. ( 1978: 321) , however, note that it 

is primarily the anterior digastric which is most active in 

jaw opening. 

In addition, other smaller and somewhat peripheral 

muscles are important in jaw movement. Tonque (geniohyoid, 

genioglossus) as well as orofacial (infrahyoid, mylohyoid, 

buccinator, orbicularis oris) muscle activity during 

chewing and swallowing reflect the complex interaction of 

various craniofacial components operative during 

mastication and deglutition (Dubner et al. 1978: 321; Moller 

1976; Vitti and Basmajian 1977). 

As can be seen from the above admittedly abbreviated 

discussion, masticatory muscle orientation and structure 

result in an extremely complex series of movements 

necessary for the masticatory process. Hiiemae (1978: 382), 

in her analytical review of mammalian masticatory muscles, 

states: 

. •• when considering their mechanics in a single 
mammal or, more important, in the context of 
evolutionary change, due weight must be given to 
the likelihood that tqe proportions and internal 
architecture of each muscle or part thereof, 
have developed in relation to that muscle's op­
timum functional range within the envelope of 
motion rather than to its potential for force 
production in centric occlusion. 
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Along these same lines, Osborn and Baragar (1985) have 

developed a biomechanical model of jaw function delineating 

two separate masticatory muscle types--power versus control 

muscles. The superficial masseter, medial pterygoid, and 

(vertical) portions of the temporalis are considered power 

muscles, responsible for generating the main bite force 

and, in turn, displacing the mandible and condyle. Control 

muscles (deep masseter, · superior head of the lateral 

pterygoid, oblique portions of the temporalis) act to 

ameliorate this displacement by serving a counteractive 

stabilization 

slide. The 

function preventing, for example, condylar 

poor moment arms of these muscular units 

reflect their inability to generate large occlusal forces 

(Osborn and Baragar 1985). Thus, Osborn and Baragar 

(1985: 609) state: "All the jaw muscles have both power and 

control functions but one function usually predominates. " 

The implication here is that these muscles are composed of 

independent functional units which can act accordingly. 

The specific functional framework in which these muscular 

units operate has been the subject of much controversy, and 

is discussed below. 

The Temporomandibular Joint--The Lever Controversy 

Traditional theories of mandibular function have 

considered the working mandible to be biomechanically 

analogous to a lever system, wherein the mandibular condyle 
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serves as a fulcrum point integrating masticatory 

(power arm) and bite force (load arm) . In this 

masticatory muscle force (provided by the 

muscle 

model, 

medial 

pterygoid/masseter complex as well as portions of the 

anterior and posterior temporalis ) is channelled through 

the fulcum point of the condyle resulting in a subsequent 

bite force through the dentition and reaction force at the 

condyle (Hylander 1975: 240) . Most researchers have 

considered the mandible as analogous to a third class 

lever system (power arm is between fulcrum and load arm) 

(Kraus et al. 1975). As early as 1920, however, differing 

views on jaw mechanics emerged. These can be collectively 

referred to as non-lever hypotheses, all refuting the role 

of the TMJ as a fulcrum point in a lever system . 

Hylander ( 1975) has presented an excellent summary of 

the lever/non-lever debate, as well as a convincing defense 

of the lever hypothesis. According to Hylander, non-lever 

enthusiasts have challenged lever models on the basis of 

two primary lines of evidence: actual location of the 

reaction force and anatomical morphology of the condylar 

region of the mandible . For example, Wilson (1920, 1921) 

maintained that all of the resultant muscle force is 

perpendicular to the occlusal plane, while Robinson (1946) 

saw this 

through 

combined masticatory muscle 

M l . Either way, the presence 

force 

of 

as passing 

lever-related 

reaction force at the condyle is denied. Secondly, it has 
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been claimed that due to the morphology of the tissue 

structure of the TMJ, this region (particularly at the 

mandibular fossa ) is not capable of withstanding stresses 

expected in a lever system. Robinson (1946 ) viewed the 

presence of non-stress type synovial (vascular ) tissue in 

the condylar . region as proof of non-lever action. And, 

Taylor (1 986 ) saw no evidence of mechanical stress in the 

TMJ (fossa ) region and maintained that anatomically this 

region is incapable of sustaining lever-type masticatory 

stresses. 

In defense of the lever model , Hylander ( 197 2 ,  1 97 5, 

1978 ) as well as Picq et al. (1 98 7 ) have countered the 

above criticisms. For example , Hylander notes that stress­

bearing (avascular and dense ) tissue is located in the TMJ 

region--not in the mandibular fossa per se , but " . • . between 

the articular tubercle of the temporal bone and that part 

of the mandibular condyle facing it" (Hylander 1 97 2 : 209 ) .  

Thus, the TMJ is perfectly capable of withstanding 

significant amounts of stress. Hylander ( 197 5 : 236 ) ,  by 

measuring the cross-sectional area of the condylar neck, 

has calculated that the theoretical quantity of reaction 

force which would result in the bending or breaking of the 

neck (supposedly the weakest part of the the condylar 

region ) far exceeds any recorded bite force figures. 

Barbenel 

programming 

(197 2: 25 5 ) has used mathematical 

techniques to calculate theoretical 
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amounts at the TMJ and concludes no upper limit on · joint 

force exists. 

In addition, Rylander (1972, 1975, 1978) maintains 

that, contrary to Wilson (1920, 1921) and Robinson (1946) 

(both of whom Rylander claims have incorrectly analyzed 

muscle · and bite force positions), EMG studies have 

confirmed the presence of significant amounts of reaction 

force in the region of the mandibular condyle during molar 

biting. And, in a test involving application of incisal 

bite force in human subjects, Hylander (1978) has recorded 

EMG data reflecting both vertical and anterior mandibular 

force displacement. Heavy loading of the mandibular 

condyle and neck is indicated, supporting the hypothetical 

action of the condyle within a lever system during incisal 

biting , 

In addition to EMG evidence, recent biomechanical 

and mathematical models of jaw function have predicted the 

loading of the TMJ (Barbenel 1972) , Pruim et al , (1980), 

in considering bite force locations at the first premolar, 

first molar, and second molar, have calculated that the 

heaviest TMJ loading occurs when biting at the first 

premolar. In fact, Kashima (1965) has suggested that the 

more anterior the bite point, the greater the amount of 

resultant compressive strain level. In other words, TMJ 

compression 

mastication. 

is heaviest during incision compared to 

An identical conclusion is drawn by Simon 
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(1977) for the rat masticatory system . Groups of rats 

undergoing incisor removal and trimming exhibit much 

reduced amounts of compressive forces at the TMJ (as 

indicated by histological changes in the region involving, 

for example, thickness of the joint cartilage) compared to 

the control rat group . Simon suggests that the presence of 

external ,(compressive) forces at the TMJ are necessary . for 

normal cartilaginous growth in the joint . 

During unilateral biting at virtually any bite point 

along the tooth row, contralateral (balancing side) 

condylar reactio� force is greater (by a factor of 2 to 1) 

than that seen at the ipsilateral (working) condyle 

(Faulkner et al . 1987; Gysi 1921; Hylander 1975; R ,  Smith 

1978) . Hylander (1975; 1977a; 1979) has suggested that the 

presence of a fused symphysis in some primates is possibly 

an adaptation for transmitting muscle force from the 

contralateral to ipsilateral . side, thus " . .• maximizing 

occlusal force during unilateral molar (or premolar) biting 

by allowing a greater utilization of the balancing side 

musculature " (Hylander 1975: 240) . 

R .  Smith (1978) notes that lever models have been 

criticized because of their lack of attention toward the 

instantaneous center of rotation for the mandible . Moss 

(1972) views this point as occurring in the region of the 

mandibular foramen, while Grant (1973b) depicts the center 

as a continuous and variable path following a large curve 
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inferior and at times posterior (at closing) to the · center 

of the condyle, but " . . .  never at or near the mandibular 

condyle" (Grant 1973b: 112). Baragar and Osborn ( 1984: 765) 

have biomechanically calculated this fluctuating center of 

rotation: 

. . .  [ it ]  is first located behind and below the 
condyle, then moves downward, and finally moves 
forward and upward to end in front of the condyle 
as the mouth opens to forward gape. 

However, for the purposes of calculation of the lever model 

hypothesized muscle and bite force vectors, Stern (1974), 

Hylander (1975) , and R .  Smith (1978) have all noted ·that 

the instantaneous center of rotation is irrelevant, since 

the moments about the equilibrium center (wherever it is 

located) must equal zero. 

Alternative models for non-lever mandibular function­

ing have been offered. For example, Roberts ( 1974) and 

Roberts and Tattersall (1974) hypothesize masticatory 

forces aligned as a couple action, resulting in an occlusal 

force which is absorbed by a . "bilateral tripodal " area 

within the facial skeleton. This area theoretically 

encompasses the canine root, anteroinferior root of the 

zygomatic arch, anterior portion of the pterygoid laminae, 

nasal process of the maxilla , and supraorbital sections of 

the frontal bone (Roberts and Tattersall 1974: 4). However, 

R. Smith (1978: 342-343) correctly notes that not only are 

these masticatory forces (temporalis versus masseter/medial 
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pterygoid complex) not forming a force couple, but the 

proposed triangle of occlusal force dissipation is 

"entirely hypothetical. " While Roberts' designation of 

occlusal stress dissipation as a major factor in 

craniofacial form during hominid evolution has been 

supported (Rak 1986; Smith and Paquette In Press; Trinkaus 

1987) , the theoretical absorption of all of the reaction 

force in the face rather than at the condyle has not (see 

above). And , based on orientation of these force couples, 

Roberts and Tattersall ' s  (1974 : 9) prediction that mammals 

with short faces will have greater accentuation of vertical 

muscular units (anterior temporalis, for example), while 

long-faced ones will emphasize horizontally aligned 

muscles, is not only confusing but unsupported. 

Gingerich (1971) has suggested a "link" system rather 

than a lever for explaining mandibular function. In this 

model, the jaw is a functional link between muscle and bite 

force. During biting, the temporalis muscle (considered by 

Gingerich to be the primary elevator of the mandible) can 

efficiently align itself at any time with any bite point 

along the tooth row. Thus, the condyle is not seen as 

serving as a fulcrum point a·s in the lever model. 

Gingerich (1971) views this as a much more efficient system 

due to the absence of "wasted" force at the TMJ 

hypothesized during level · model functioning. However, 

Hylander (1975 : 231-233) notes Gingerich's omission of the 
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medial pterygoid and masseter from this model. Gingerich 

(197 1) apparently considers them not to be aligned with a 

particular bite point and thus contributors to a reaction 

force at the TMJ. Therefore , Hylander ( 1975 : 233) points 

out that, contrary to Gingerich's stated opinion, the above 

scenario in reality could be considered a "lever and link" 

model for jaw functioning. Hylander ( 1975: 233) also 

questions the validity of Gingerich's calculated bite force 

and mandibular movement trajectories. 

Other alternative models might be considered "modified 

lever" ones. For example, R. Smith (1978) agrees that the 

lever system operates during normal mandibular elevation, 

but duri�g generation of maximum masticatory force, he 

views the mandible as mechanically analogous to a 

"stationary beam or structural girder" (R. Smith 1978:347). 

This beam is theorized as supported at its two ends (the 

bite point and the articular fossa at the TMJ) during 

biting. Muscle forces combine into a single load 

distributed across the beam (including the condyle). Thus, 

R .  Smith ( 1978 : 344) sees elevation of the mandible and 

generation of bite force as " ... different processes, 

utilizing different amounts of force and perhaps requiring 

different structural adaptations. " Interestingly, a 

biomechanical stress analysis by Bacon et al. (1980) 

involving the irradiation of human mandibles with high­

intensity neutron beams to discern bone apatite crystal 
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orientation led these authors to an independently similar 

conclusion--that the mandibular body (and ramus ) 

structurally behaves similar to a hollow beam during 

biting. 

Thus, most researchers agree that considering the 

mammalian 

(consisting 

undoubtedly 

mandible a strict and simple lever system 

of a power and load arm and fulcrum point ) is 

an oversimplification (Hylander 197 2 ;  1 97 5 ; · 

Turnbull 1 97 0 ) .  For example, variability in location of 

bite point (incisor versus molar biting ) ,  direction of 

tooth movements during biting, as well as side of jaw being 

measured (contralateral versus ipsilateral ) have been found 

to significantly affect interpretations of mandibular 

function (Baragar and Osborn 1 98 7 ; Gibbs et al. 1 97 1 ; 

Hylander 1 97 7a, 1 979 ) .  In  addition, demographic factors 

such as age and sex also result in variability (Garner and 

Kotwal 1 97 3 ) .  Thus, the lever versus non-lever model for 

mandibular function is much more complex than is readily 

apparent. 

However, the proven capability of the condylar region 

for withstanding powerful stresses, as well as the direct 

EMG recording of stress in this area, provide 

incontrovertible evidence that some amounts of reaction 

force are occurring at the TMJ. Thus, a lever or modified 

lever principle is at work at least during some phases of 

mandibular function. This means that variability in the 
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length and orientation of the power and load arms can 

significantly affect the effectivenes s  of this masticatory 

system . For example , a more anteriorly oriented muscle 

( power ) arm in relation to the fulcrum results in a greater 

amount of force generated and delivered to the load arm . 

Acceptance of a lever model also means that masticatory­

generated reaction force cannot be totally accounted for by 

occlusal bite force- -significant reaction stres ses are 

dissipated elsewhere such as the TMJ and potentially the 

lower face . 

repercus sions 

Discussion of the evidence for 

of masticatory-gen�rated stress in 

mandibular and craniofacial region are presented below . 

and 

the 

Masticatory Function and Mandibular and Craniofacial Form 

Many studies have shown a direct relationship between 

the functional activities as sociated with mastication 

( generation and dissipation of occlusal force ) and the 

structural orientation of the mandible and lower face . For 

example , Kashima ( 1 9 6 5 ) recorded electrical strain gauge 

resistance levels for various dimensions of the face in 

relation to temporalis and mas seter functioning . He 

observed greater stres s accumulation in regions of the 

nasal root , zygomatic , lateral ridge of the piriform 

aperture , and lateral orbit during mas seter working, while 

temporalis activity correlated with stres ses at the nasal 

root and lateral piriform aperture . In addition, he noted 
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tension at the inferior border of the alveolus and · a 

"bending moment " at the supraorbital " ... caused by the mus­

cles of mastication" (Kashima 1965 : 66) . Although this 

represents an early attempt to elucidate patterning between 

masticatory stress and orofacial structure, the methodology 

employed in this study (e. g., using canvas to simulate 

muscle activity, omitting other masticatory muscles from 

consideration) indicates that these results must be 

approached with caution. 

In a more recent study, Ingervall (1974) notes a 

direct relationship between the height of the articular 

tubercle (reflecting, according to Ingervall ( 1974 : 21 ) , the 

rotational path of the condyle during mandibular 

translation) and several facial dimensions. Cephalometric 

roentogram measurement comparisons of over a hundred 

children and fifty adults reveal a positive correlation 

between articular tubercle height and dimensions reflecting 

posterior height of the face as well as prognathism and 

curvature of the mandible. Negative correlations are 

obtained between the tubercle height and inclination of the 

face. Ingervall (1974 : 22) explains these results in terms 

of the variability in orientation of the lateral pterygoid 

muscle--a more vertical pull of the lateral pterygoid would 

result in a larger tubercle height, posterior height of the 

face, and reduced inclination of the occlusal plane, 

although he avoids delineating causative roles for any of 
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these factors. It must also be recalled from the 

preceeding discussion of TMJ function that varying views 

exist on the path of the center of instantaneous rotation 

of the mandible. 

In a study examining the relationship between 

isometric bite force and selected craniofacial measurements 

using cephalometric radiographs of 29 female 

Ringqvist (197 3 ) uses stepwise regression to 

nurses, 

discern 

positive correlations of incisor and molar bite force with 

mandibular base length, as well as anterior cranial base 

and maxillary lengths. A negative correlation is found 

between the mandibular gonial angle and bite force ( larger 

force=smaller angle ) .  In addition, body height (stature ) 

also correlates well with bite force. [ Interestingly, a 

previous comparison of isometric bite force and general 

body build by Linderholm and Wennstr�m ( 197 0 ) found no 

correlation between these two variables ] .  Ringqvist 

(1 97 3 : 41 )  concludes : 

The strong systematic correlation between bite 
force and the size of the mandible may be an ex­
pression of a positive correlation between the 
size of a bone and the size of its muscles. 

Several studies point to the variation of occlusal 

force with regard to type and consistency of food eaten-­

hard-textured foods have resulted in a much greater bite 

force in many animals, including humans (Carlsson 1 974; 

DeBoever et al. 1978; Hylander 1 979 ) . These differences 
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have, in turn, led to variation in mandibular and 

craniofacial form. For example, in rats, hard-textured 

diets have 

(Barber et 

led to larger mandible and condyle dimensions 

al. 1963), while soft diets have resulted in 

reduced masticatory muscle and overall mandibular and 

cranial size (Moore 1965). However, it must be cautioned 

that in neither of the latter two studies were allometric 

effects taken fully into consideration. 

Weijs and Hillen (1986) have presented a multivariate 

study comparing computer tomography-generated cross­

sectional masticatory muscle areas (masseter, medial and 

lateral pterygoids, and temporalis) with 17 mandibular and 

facial dimensions (most taken via cephalometric 

radiographs) of 50 adult males. Factor and principal 

component analyses of these data sets reveal significantly 

positive correlations between temporalis and masseter 

muscle areas and facial width measures, while mandibular 

length correlates with medial and lateral pterygoid as well 

as masseter muscle cross-sections. Although allometric 

influences are ruled out as causative factors ( Weijs and 

Hillen 1986: 428) , specific cause/effect inferences are 

avoided. However, these results lead Weijs and Hillen to 

conclude that mandibular musculature is related to 

craniofacial form, and that this relationship can be 

" . •. traced back to local mechanical influences on growth 

sites" (Weijs and Hillen 1986: 429-430). 
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Several authors have correlated masticatory function 

with craniofacial and mandibular form using human skeletal 

material. For example, Hinton (1979 ) has extensively 

studied the functio�al anatomy of the human mandibular 

fossa. He has �onclusively shown that the depth of the 

mandibular fossa can be related to patterns of masticatory 

functional activity. In a multivariate comparison of fossa 

depth with craniofacial dimensions in five distinct 

skeletal samples (Eskimo, Australian, Southwest Amerindian, 

and American White and Black ) ,  he finds a significant 

correlation between fossa depth and measurements reflecting 

cranial and muscular size and robusticity within each 

group. In addition, orientation of masticatory muscle 

attachments as well as incisal and molar bite point 

positioning also affect fossa depth (Hinton 1 979: 270 ) .  

Hinton concludes that there is a significant relationship 

between mandibular fossa and craniofacial form; however , 

the lack of complete agreement with his biomechanical model 

expectations lead him to suggest the additional influences 

of intrinsic genetic factors in the modification of joint 

form (Hinton 1 979: 299 ) .  

I n  a multivariate comparison of five human skeletal 

samples and 70 craniofacial dimensions, Guagliardo · ( 1982 ) 

delineates significant age-related size and shape changes 

within three of these groups. These alterations include 

increased orbit and mastoid size and outward facial 
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projection as well as decreased protrusion of the subnasal 

area in relation to the zygomatics. Guagliardo (1982) 

correlates these changes with the cumulative effects of 

masticatory functional stress in the craniofacial region. 

Factor and canonical correlation comparisons of 

maxillary anterior tooth root measurements (maximum length , 

mesiodistal and buccolingual diameters) with selected 

facial dimensions from a large number of prehistoric 

Amerindian (Arikara) individuals by Paquette (1985) has 

resulted in the delineation of significant patterning 

between the two data sets. He has found a high degree of 

association between anterior tooth root length and measures 

of vertical facial displacement (alveolar height, upper 

facial height). In addition, significant relationships 

exist between root mesiodistal diameter and dimensions 

reflecting subnasal prognathism. Paquette views these 

expanded tooth roots as reflective of masticatory stress. 

He concludes that a significant correlation exists between 

masticatory-related dental and facial form. 

Similar functional relationships in mandibular, 

dental, and craniofacial form have been . suggested for 

hominid fossil material. For example , F. Smith and 

Paquette (In Press) have postulated an adaptive model for 

Neandertal facial form, wherein the distinctive midfacial 

prognathism and elongation are related to the dissipation 

of heavy anterior dental stress (also see F. Smith 1983 ; 
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Trinkaus and Smith 1985 ) .  Rak (1986) and Trinkaus (1987) 

also view Neandertal facial morphology as an adaptive 

reflection of stress dissipation in conjunction with 

anterior dental loading, although these researchers have 

presented contrasting biomechanical models explaining this 

facial reorientation. Some researchers view much of this 

stress as possibly paramasticatory in nature (Brace 1962, 

1964, 1967; F. Smith 1983; F. Smith and Paquette In Press) . 

Evidence for maintenance of large sized Neandertal anter­

ior teeth against a background of overall Middle and 

Upper Pleistocene dental reduction (Twiesselmann 1973), as 

well as greater incidences of enamel chipping and fractures 

and heavier (differential ) attrition of these teeth (Brace 

1962, 1967, 1975; F. Smith 1976; Wolpoff et al. 1981) 

support this theory. However, it must be noted that P. 

Smith (1976, 1982 ) and Wallace (1975) offer alternative 

explanations involving dietary adaptive variability. 

Paramasticatory stress and facial form relationships 

have also been explored in modern hominids. The best 

example of the use of teeth as tools in living 

comes from the Eskimo (see Baer [ 1956 ] ,  

Mayhall [ 1977 ] ,  Merbs [ 1968 ] ,  and Molnar 

populations 

Lous [ 1970 ] ,  

[ 1972 ) for 

detailed descriptions) . Hylander (1972, 1977b) , in his 

examination of modern Eskimo craniofacial and dental 

morphology, considers various unique Eskimo features in the 

mandible, face, and dentition to be adaptive responses to 
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the ethnographically documented heavy vertical occlusal 

pressures generated by and dissipated as a result of 

extensive paramasticatory use of Eskimo anterior teeth. In 

relation to generation of heavy occlusal forces within the 

mandible, these features include pronounced gonial eversion 

(reflecting well-developed masseter and medial pterygoid 

muscles) , robust anterior border of the ascending ramus and 

coronoid process (reflecting an enlarged temporalis) , 

increased bicondylar breadth (biomechanically resulting in 

a power/load arm orientation shift and thus increased 

efficiency in hard unilateral biting) , large ascending 

ramus breadth (relating to a more efficient anterior 

placement of the temporalis muscle ),  and · a low 

developed coronoid process (reflecting also 

vertical placement of the temporalis) (Hylander 

and well­

the strong, 

1977b : 143, 

146-148) . In addition, the presence of mandibular tori and 

increased mandibular height dimensions (at the symphysis, 

at Ml,  M2, etc . )  reflect functional modifications for the 

dissipation of these heavy vertical occlusal forces 

( Hylander 1977b : 149- 1 5 5) .  Hylander ( 1977b : 149 ) also 

relates Eskimo facial phenomena like the more anterior 

position of the anterior root of the zygoma and the 

zygomaxillary tuberosity to this masticatory functional 

adaptation. 

Thus, numerous examples in the literature exist in 

which significant correlative relationships are seen 
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between mechanistic (extrinsic) masticatory function 

(involving force generation and stress dissipation) and 

mandibular and craniofacial form. These studies support a 

functional basis for human craniofacial form. However, 

attempts at inferring causation have been few and have met 

with varied success. One primary reason for this is the 

additional influence of intrinsic (genetic) factors. It 

becomes readily apparent that the concomitant interplay of 

genetically controlled craniofacial growth processes with 

mechanistic ones transcends the understanding of 

craniofacial and mandibular form in simple functional 

terms. A brief review of these growth processes as they 

relate to the mandibular and craniofacial masticatory 

complex follows. 

Mandibular and Craniofacial Growth 

Introduction 

Research regarding processes and mechanisms of human 

mandibular and craniofacial growth has been prolific. 

Investigators have analyzed the topic from a variety of 

different perspectives using a multitude of means of 

measurement ( see Krogram [ 197 3 ] and P. Sullivan [ 1 976 ] for 

reviews of these major trends and methods, respectively) .  

However, for the purposes of this dissertation, only a 

brief review of the basic way in which the human mandible 

35 



and face grow, as well as a theoretical discussion of 

various craniofacial growth mechanisms, will be presented. 

Growth of the Mandible 

Enlow (1975a, 1975b) has summarized the major 

morphologic changes involved in the attainment of adult 

human mandibular form. First, posterior elongation of the 

mandibular corpus occurs in response to integration of 

deposition and resorption processes on various surfaces of 

the ascending ramus. This produces progressive posterior 

as well as vertical relocation of the ramus. Subsequently, 

the horizontal component of the ramus increases in response 

to functional requirements associated with the growth of 

the middle cranial fossa/pharanyx as well as nasomaxillary 

complexes (including dentition) . Finally, additional 

mandibular ramus remodelling adjusts the mandibular corpus 

for an optimum occlusal relationship with the maxillary 

corpus. Thus, the overall direction of mandibular growth 

as viewed from the perspective of the condyle is up and 

back; however, the end result of these growth forces is the 

displacement of the mandible inferiorly and anteriorly in 

conjunction with the remainder of the face (Enlow 1975a, 

1975b; Enlow and Moyers 1971; Moss 1960; Wright and Moffett 

1974; also see Sirianni et al. 1982 and Nanda et al. 1987 

for similar mandibular growth descriptions in 

nemestrina and Macaca fascicularis, respectively) . 
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However, the above-described pattern of mandibular 

growth is undoubtedly an oversimplification. Not only does 

the mandible " grow " in horizontal and vertical dimensions, 

but a considerable amoupt of rotation occurs as well. 

Enlow (1 975b }  outlines two specific types of mandibular 

rotation: remodelling and displacement. Remodelling 

processes involve resorption and deposition of bone at 

localized areas of the mandible (ramus, . corpus } producing 

" angular as well as dimensional changes" in these areas 

(Enlow 1 975b: 67 ) . Displacement, as the name implies, 

involves rotations of the entire mandible. In providing 

examples of the workings of these· two rotational movements, 

Enlow (1975b) notes that mandibular displacement can occur 

as a result of a relatively more " open" or "closed" cranial 

base angle in relation to the cranial floor (resulting in a 

downward and backward displacement of the mandible or the 

converse } .  Or, displacement rotation can result from an 

elongated or shortened nasomaxillary and dental vertical 

height (resulting in a downward and backward transposition 

of the mandible or the opposite ) .  Remodelling rotation 

primarily involves the ascending ramus and can occur to 

adjust the ramus and corpus in relation to the overall 

displacement rotations just discussed. In addition, 

remodelling at the ramus must orient the ramus more 

vertically with respect to the corpus because of continued 

ethmomaxillary and dental facial vertical enlargement. 
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This , in turn , is because vertical facial growth continues 

after horizontal ramal and corpus growth have ceased. 

Thus , in effect , continued ramal rotational remodelling 

must occur because of sustained facial growth (Enlow 

1975b : 7 0) . Ricketts (1975)  has described these rotations 

as resulting in a growth curve , and he has shown that by 

computing the radius of the arc of the curve , mandibular 

form and size can be predicted with a great amount of 

accuracy in adolescents. 

As can be seen from the above discussion , one cannot 

possibly explain the process of mandibular growth without 

considering interrelated ontogenetic changes within the 

craniofacial complex. Thus , in the following section , some 

of the major trends in craniofacial growth are described. 

Since this represents an admittedly limited and simplistic 

review of this complex and oft-studied subj ect , the reader 

is referred to additional references on craniofacial growth 

for more detailed information (such as Enlow [ 1 975a ] ) .  

Growth of the Midface 

Once again , Enlow (1975a) and Enlow and Moyers ( 1 97 1) 

have succintly outlined the major sequence of human facial 

growth. As with mandibular growth patterning, two maj or 

types of processes occur : displacement and direct cortical 

drift. Growth by displacement involves the transposition 

of entire areas of bones away from each other , while 
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cortical drift is formed by depositive and resorptive 

interactions upon localized bone surfaces. 

The traditional view of facial development envisions 

the anterior and inferior growth of the bones of the 

splanchnocranium ; however, Enlow and Moyers (197 1: 763) term 

this "a  misleading oversimplification. " Instead, the 

individual bones of the face· exhibit a variety of growth 

vectors, many occurring simultaneously. The end result is 

indeed a forward and downward expansion of the human face 

and mandible. For example, the horizontal (posterior ) 

increase in the maxillary dental arch (via cortical drift ) 

is accompanied by an anterior displacement of the entire 

nasomaxillary complex. The previously described horizontal 

posterior lengthening of the mandibular arch occurs at this 

point (also via cortical drift ) as a counterbalance to the 

increased maxillary length. In addition, anterior 

displacement of the mandibular corpus matches that of the 

nasomaxillary complex. Inferior and anterior deposition of 

bone along the upper margins of the mandibular corpus 

results in the development of the alveolus. 

Elongation of the cranial floor (particularly at the 

middle cranial fossa) , in conjunction with inferior 

expansion of the brain, results in the anterior 

displacement of the anterior cranial fossa and entire 

nasomaxillary complex. Subsequent readjustment of the 

maxillary and mandibular corpi occurs similar to the 
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methods described previously. Part of this horizontal 

mandibular readjustment results in increases in the 

vertical height of the ramus. Nasomaxillary vertical 

dimensions also increase. Superior and posterior fac ial 

sutural growth results in increases in maxillary height, 

while the combined upward growth and downward displacement 

of several fac ial sutures ( e. g. ,  frontomaxillary) lead to 

a lowering . of the palate and maxillary arch. 

Zygomaticotemporal and zygomaticofrontal superior sutural 

growth in  addition to other factors result in the 

anteroinferior positioning of the entire zygomatic  region. 

This, in turn, is balanced by growth of the orbital floor. 

One other very important unit has yet to be discussed­

-the dentition. Dental elements also are part of this 

interrelated growth system. For example, Bj�rk and 

Skieller ( 197 2) have shown that dental eruption path and 

alignment 

spac ing )  

( including occlusal relationships 

follow rotation of the mandible and 

and 

face. 

tooth 

The 

posterior dentition is noted as more reflective of these 

rotation patterns, while anterior teeth show greater 

influence from functional factors ( for example, position of 

the tongue ) .  

Moyers and Wainright ( 197 7 ) , i n  a comparison of serial 

casts and lateral cephalograms from a longitudinal sample 

of over 20 0 children, have found that cranial base and 

mandibular relative positioning were the most important 
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factors in the attainment of dental occlusion. In fact, 

they propose a feedback mechanism wherein cranial base, 

mandibular and nasomaxillary regions eventually adapt to 

the established occlusal form. Van der Linden (1970, 1 975) 

has outlined several important craniofacial and mandibular 

features which affect occlusal development. He notes that 

the alignment of the anterior teeth in the jaws depends 

primarily on size and location of . the apical base. 

Craniofacial dimensions such as height of the anterior 

maxilla, width of the piriform aperture (relative to 

canine roots) , and overall form of the anterior midface 

significantly affect the size and location of the maxillary 

apical base, while the mandibular apical base is influenced 

by the size and shape of the mandibular lower border as 

well as height of the anterior mandible (Van der Linden 

1 975: 1 08-1 09) . 

Thus, as can be seen, a complex set of morphogenetic 

interactions 

human face, 

act in a synergistic fashion to 

dentition, and mandible. It is 

develop the 

clear that 

these craniofacial, dental, and mandibular segment 

relationships are interdependent and that " . . .  the nature of 

alignment of one part directly affects the positioning of 

other bony parts in quite distant locations" (Enlow and 

Moyers 1 97 1: 770) . With such complex relationships in 

structure existing, it is not surprising that attempts at 

predicting craniofacial dimensions have met with varying 
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success ( e. g. ,  compare Hirschfeld and Moyers ( 1 97 1 ] with 

Ricketts ( 1 97 5 ] } . In  fact, Hirschfeld and Moyers (197 1)  

state that current craniofacial growth predictions are not 

very accurate or successful because of the complex 

variables associated with the growth process. These 

include such factors as variation in size and scaling and 

timing of growth events, as well as problems in outlining 

vectors of growth an�. understanding interrelationships of 

craniofacial segments. However, for the purpose of this 

dissertation, the most important controversial question 

concerns the control mechanisms of craniofacial growth. 

More specifically, are these mechanisms primarily of an 

intrinsic or extrinsic nature? This is discussed briefly 

below. 

Intrinsic versus Extrinsic Control Mechanisms 

Craniofacial and Mandibular Growth 

Several authors have attempted to delineate genetic 

(intrinsic) factors in the growth of the craniofacial 

complex (Harris et al. 1 97 3 ; Horowitz and Osborne 1 97 1; 

Hunter et al. 1970 ; Krogman 1 96 7 ; Nakata et al. 1 97 3,  

1 974) . For example, Nakata et al. (197 3 ,  1974)  have used 

multivariate comparisons of craniofacial data from 

adolescent monozygotic and dizygotic twins (as well as 

their parents) to elucida�e heritable components of the 

splanchnocranium. In the earlier study, six linear and two 
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angular craniofacial and mandibular dimensions are compared 

by means of multiple regression. Results denote a high 

heritability for all of the variables, with the twin data 

exhibiting greater heritability than the parent/offspring. 

In the later study, 33 cephalometric measurements (24 

linear, nine angular ) from adolescent twin pairs are 

compared via discriminant analysis . The . authors outline 

nine significant heritable as well as 1 1  environmental 

functions. The extrinsic factors appear to have greater 

influence on localized craniofacial regions. Interest­

ingly, hereditary components seem to be dichotomized into 

lower versus upper halves of the craniofacial complex. 

Nakata et al . (1974 ) conclude that multiple genetic factors 

influence growth processes in the superior (including 

maxilla ) and inferior (including mandible ) craniofacial 

regions, perhaps independently. 

Significant genetic contributions to craniofacial 

growth have also been delineated in separate studies by 

Harris et al. ( 1973 ) and Hunter et al. (1970 ) .  Harris et 

al. ( 1973 ) compare lateral cephalogram-derived measurements 

(six mandibular, three maxillary ) across like-sexed and 

unlike-sexed subadult sibling pairs as well as · nonrelated 

pairs. Results indicate a much higher "concordance" of 

measurements in siblings compared to non-siblings (although 

it must be noted that the assessment of these complex 

multivariate craniofacial relationships is accomplished via 
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univariate [ chi-square ] statistics) , Hunter et al , · (1 970) 

compute correlation coefficients for data representing five 

facial measurements from adult offspring and their parents. 

The authors feel that use of adult data eliminates 

complicating factors of growth timing and velocity. High 

correlation coefficients lead the authors to conclude : 

" • . .  facial dimensions are largely inherited" (Hunter et al. 

1970 : 1 3 3 ) . Further (multiple regression) analysis 

indicates a stronger heritability component between 

father/offspring pairs, particularly 

mandibular dimensions. 

Extrinsic control mechanisms of 

in rega_rd to 

mandibular and 

craniofacial growth have been proposed by numerous authors 

(e. g. , Graber 197 5 ; Humphrey 1 97 1 ; McNamara 197 5 ; McNamara 

et al. 1 9 7 5 ; Moss 197 1b, 1975 ; Petrovic et al. 1 9 7 5 ; 

Petrovic and Stutzmann 1 97 7) . Specifically, such diverse 

and extraneous factors as muscular and hormonal influences, 

action of applied force, and structural orientation and 

function of adjoining tissues have been linked to 

alteration of growth processes. 

For example, one of the most controversial " centers" 

of growth is purported to be at the mandibular condyle. 

Considerable debate revolves around the effect of intrinsic 

and extrinsic factors on growth in this region. Moss 

(1960, 1969, 1 97 1 a) and his colleagues (Moss and Salentijn 

1969 ; Moss and Simon 1 968) have denied the independent 
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(genetic) control of growth potential at the condyle, and 

instead view this area as totally subject to compensatory, 

extraneous factors related to demands of the surrounding 

functional matrix. Transplantation studies by Koski (1968, 

1977) as well as others have been used to support these 

conclusions--condylar cartilage transferrence does not 

result in independent and normal growth 

And, according to Koski (1968) , bilateral 

have no effect on "normal " growth of the 

of the tissue. 

condylectomies 

mandible. In 

addition, the condylar cartilage is seen by the researchers 

as "secondary" cartilage, very unlike 

cartilage . This view originates from a 

primary epiphyseal 

consideration of 

the evolutionary derivation of this tissue from a 

"secondary" temporomandibular joint at the transition from 

reptiles to early mammals (Crompton 1963; Crompton and 

Parker 1978; Kermack 1972; Mills 1972). Thus, these 

researchers challenge the designation of the mandibular 

condyle as an intrinsic primary growth center responsible 

for the direction of subsequent mandibular growth. 

In support of this contention, McNamara ( 1975) and 

McNamara et al. · c  1975) present results of the effect of 

application of extraoral force · upon the splanchnocranium of 

Macaca mulatta. The resultant alteration in mandibular 

function 

function . 

reveals 

correlates with a change in neuromuscular 

Histological examination of the TMJ region 

an increase in masticatory muscle function 
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(particularly the superior head of the lateral pterygoid ) 

in association with adaptive changes in the condylar 

cartilage resulting in bone deposition at the condyle. 

Thus, McNamara et al. (197 5 : 225 ) conclude : 

The structural adaptations within the mandibular 
condyle are usually related to changes in neuro­
muscular activity, particularly in the function of 
the lateral pterygoid muscle . . .  

They ( McNamara et al. 1 97 5 : 225 ) also state " . . .  condylar 

growth can be increased as a result of altered function. " 

Interestingly, experiments by Petrovic et al. ( 197 5 ) 

involving the resectioning of the 'lateral pterygoid in the 

rat are in agreement. They subsequently observe decreased 

condylar growth and note the muscle ' s  primary role in the 

differentiation of chrondroblasts from osteoblasts in the 

condylar cartilage . Thus, they designate this muscle as a 

key factor in growth regulation at the condyle, 

transmitting information via either biomechanical 

(compression, tension) , chemical, or electrical signals. 

In reviewing this rat data, McNamara ( 197 5 : 64) concludes : 

. . .  a prolonged contraction of the lateral pterygoid 
muscle produces acceleration of condylar growth 
while a reduction in contraction produces a slowing 
down ·in the growth of the condylar cartilage, thus 
establishing at least indirectly a .relationship be­
tween muscle function and osseous or cartilaginous 
growth. 

In humans, the effect of extrinsic factors on craniofacial 

growth has been reviewed by Graber (197 5 ) .  He, also, notes 

the significance of extraoral (orthopedic) force on growth 
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of  the face and mandible, and suggests that the magnitude 

and duration of such applications are key factors 

" ... because variations can cause opposite effects" (Graber 

1975: 80). In addition, he identifies other extrinsic 

agents which can be instrumental in growth regulation, such 

as pressures exerted by contiguous tissues and organs (for 

example, capillary tissues). Moss (1971b, 1975) has 

pointed to the importance of neurotrophic regulators in the 

Central Nervous System, while Petrovic and Stutzmann ( 1977) 

suggest the action of certain hormones like testosterone in 

the control of craniofacial growth. Humphrey (1971) has 

correlated photographically-observed human fetal activity 

with patterns of craniofacial growth. She finds increased 

growth of the face and mandible after the onset of muscular 

reflex activity. For example, she notes a rapid 

proliferation of mandibular growth after the onset of jaw 

depressor reflexes and after a positional change in the 

tongue and palatal shelves. 

states: 

She (Humphrey 1971: 1439) 

She · 

... the action of the muscles af fects the normal de­
velopment of the cartilaginous and skeletal frame­
work o f  both the upper facial region and the mandi­
ble through their attachments. In addition, the 
muscles themselves enlarge as a result of their 
activity, and influence the facial contours. 

concludes that muscular function is of primary 

importance in regulation of craniofacial growth. 

Thus, the influence of extrinsic factors (such as 

biomechanical functional stress) upon craniofacial and 
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mandibular growth processes appears well-established. 

However, Enlow (1968 ) ,  as well as Enlow and Azuma (197 5 ) 

and Enlow et al. (1969, 1 97 1) ,  have correctly noted that 

direct correlations between biomechanical stress in the 

craniofacial region and craniofacial growth (Wolff ' s  Law ) 

cannot be made- -areas of compression and tension due to 

musculoskeletal stress do not coincide with regions of bone 

deposition and resorption. And, muscle attachment patterns 

do not coincide with these areas either. Instead, Enlow 

(197 3)  suggests many different types of craniofacial 

control mechanisms (operating on different levels--e. g. , 

local versus non-local) may be involved, including those 

relating to genetic influences as well as ph, temperature, 

enzymatic, nutritive, and bioelectric factors. In 

addition, effects from adjoining and encompassed soft 

tissues (e. g. , brain, sense organs) may also be important 

considerations (Enlow 197 5a) .  

Other authors also see an interplay of intrinsic and 

extrinsic growth mechanisms (Currey 1 96 8; Hayes 1 97 1;  

Meikle 1 97 3 ; Proffit 1 97 8 ; Van Limborgh 1 97 0, 1 97 2) .  For 

example, Van Limborgh (1970, 1 97 2) sees a combination of 

genetic, environmental, and epigenetic ( " genetically 

determined factors which manifest themselves by an indirect 

way, that is by intervention . . .  of influences effected by 

other structures" )  (van Limborgh 1970 : 1 48)  factors 

operating in craniofacial growth. He believes genetic 
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factors play a more significant role in chondrocranial 

(cartilaginous) growth, while eipgenetic as well as local 

environmental influences are greater upon desmocranial 

(calvarial and facial intramembraneous) ossification. 

Controversy surrounding the role of intrinsic versus 

extrinsic variables in craniofacial growth ultimately can 

be traced back to fundamental disagreements as to how the 

mandible and face grow. Early theories of craniofacial 

growth such as the shifting theory (or 

"Fetalisationstheorie") of Bolk (1924), in which the 

anterior and posterior shifting of jaw segments was seen as 

producing normal adult jaw form, were replaced in the 1960s 

and 1970s by the more fashionable functional matrix 

hypothesis of Moss (1960, 1969, 1971a, 1975) and colleagues 

(Moss and Salentijn 1969; Moss and Moss-Salentijn 1978; 

Moss and Simon 1968). This theory contends that functional 

matrices--all of the skeletal and non-skeletal (muscles, 

nerves, blood vessels, skin, etc . )  tissues related to a 

particular orofacial function 

deglutition, etc. ) --are the 

craniofacial growth. In fact, 

(mastication, respiration, 

primary regulators of  

Moss (1971a: 10) states: 

"All skeletal tissue growth is a secondary, compensatory, 

and mechanically obligatory response to changes in the 

temporally prior demands of specific functional matrices. " 

And, he says: "In a very real sense, functional matrices 

grow, and skeletal tissues respond. " He concludes: 
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" . . .  there is no direct  genetic contro l  o f  skeletal - tis sue 

growth "  ( Mo s s  1 9 7 1 a :  1 0 ) .  

This can be considered the ultimate func tional 

approach to cranio facial structure and growth and it has 

not gone unc riticized . Johnston ( 1 9 7 6 ) , in particular , has 

seve re rly c ritiqued and c ountered this growth theory on the 

basis o f  seve ral considerations . For example , the 

sec ondary nature of c ondylar cartilage growth potential has 

recently been que stioned- - transplantation experiment s have 

been viewed with cautious scrutiny by many researche rs and 

conc lusions drawn from condylec tomie s may not be re levant 

to interpretations o f  "normal" growth processes  ( see  

( 1 9 7 6 ) Be rnabei and Johnston 1 9 7 8 ) . And , Johnston 

correc tly notes  the untestable nature of the hypothesis 

its e lf regarding the primary importance o f  func tional 

space s  in cranio facial growth . Thus , Johns ton ( 1 9 7 6 : 1 6 0 ) 

conc lude s :  

to  

• • •  it  would seem a more fruit ful approach to avoid 
dichotomie s and , instead , to assume that all tis ­
sue s and o rgans have both an ' int rinsic ' ability 
to grow and a capac i ty to reac t , eithe r o f  which 
may be rate- limiting for a given system , in a par­
ticular individual , at a certain time . 

Meikle { 1 9 7 3 : 5 9 )  calls the attempt by many re searche rs 

assign mutually exclusive int rinsic or extrinsic 

explanations for cranio facial growth cont ro l "naive " . More 

rec ent theorie s of c ranio facial growth have incorporated 

just  such advice .  " Syst ems theory"  approache s such as the 
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cybernetic model developed by Petrovic and Stutzmann , ( 1977) 

have placed craniofacial growth in the context of a variety 

of integrating mechanisms of both a biologic and 

mechanistic nature. And, some researchers (e. g. , Hoyte 

1976) have begun to look beyond the cranium into areas of 

the remainder of the skeleton for insights into 

craniofacial growth processes. Interestingly, old theories 

of craniofacial growth have, in some cases, experienced a 

revival. Biggerstaff (1977) , for example, has recently 

used a modified shifting theory to explain the growth and 

development of the human chin. 

Thus, in any model of human mandibular and 

craniofacial form, growth, and development, it must be 

recognized that both intrinsic (genetic) and extrinsic 

(biomechanical, etc. ) variables may be involved. This is 

especially crucial in understanding change in 

features through time. Previous studies of 

these 

human 

mandibulofacial evolutionary change have addressed this 

problem and attempted to integrate these two dimensions. A 

brief discussion of some of these studies follows. 

Previous Analyses of Mandibulofacial Evolutionary Change 

It is well established that the posterior dentition 

and surrounding masticatory complex have manifested a 

consistent evolutionary pattern of reduction �hroughout the 

Pleistocene (F. Smith 1976; P. Smith 1982; Twiesselmann 
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1973 ; Wolpoff 1975) . For example, Wolpoff (1975) has 

presented a comprehensive summary of Pleistocene hominid 

mandibular evolution. In comparison to Homo erectus, he 

considers European Neandertal mandibles to be reduced in 

terms of overal l  mandibular length, posterior tooth length, 

molar area, internal · torusing system, and ascending ramus 

size . Wolpoff views early modern Homo sapiens mandibles as 

showing even more accelerated trends toward gracilization 

as seen in reduced corpus height and breadth, ramus height, 

condyle breadth, and ascending ramus breadth (Wolpoff 

1975:5 3-5 5) .  Twiesselmann (1973) has also recorded 

reductions in anteroposterior dimensions of the mandible, 

in addition to the thickness and height of the mandibular 

corpus, from Australopithecus to Homo sapiens . 

F. Smith (1984:190) outlines more specific changes 

from early Central European Neandertal mandibles 

(represented mainly by Krapina, but also Ochoz) to late 

(represented primarily by Vindija and V S ipka) , These 

include reduction of the symphyseal angle (from > 90° to 

< 9cf ) and retromolar space, increased development of a 

trigone, and replacement of alveolar mandibular projection 

with more basal projection . This results in the more 

distinct mental eminence seen in late Neandertal and early 

modern human specimens from this region . 

Not only have morphological reductions in robusticity 

been documented for Pleistocene mandibles, but changes in 
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orientations of certai� mandibular dimensions have been 

noted as well. Osborn (1987) has recently conducted a 

biomechanical comparison of photographic tracings of 

selected recent as well as fossil hominid (and hominoid) 

mandibles. He finds a significant change in the "joint 

point"--the articular surface of the condyle--in terms of 

its height above the occlusal plane and distance behind the 

dentition. For example, he characterizes selected Homo 

erectus mandibles as having a high and posteriorly oriented 

joint point, with this point becoming more anterior with 

the emergence of early modern Homo sapiens. He relates 

these changes in joint point orientation to changes in 

biomechanical efficiency of masticatory function, and 

believes these modifications correlate with dietary change 

(although in what specific sense he does not explain). 

Many of these documented Pleistocene masticatory 

"gracilization" trends have continued to the present. For 

example, P .  Smith et al. (1984, 1986) have found 

significant reductions in corpus height, ramus width, crown 

length (molar and premolar), facial (nasion--prosthion) 

height , and bizygomatic breadth across a 12, 000 year time 

span involving crania and mandibles from several 

Near Eastern (Levant) sites. Maximum mandibular 

corpus length, and ramus height, however, increase 

selected 

length, 

through 

time. Overall, P. Smith et al. (1984: 1 18) note "reduced 

robusticity" in craniofacial morphology across the temporal 
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sequence, succeeded by reductions in the dentition. · Frayer 

(1978) sees significant reductions in both the posterior 

and anterior dentition from the European Upper Paleolithic 

to the Mesolithic. Brace (1976) has found greater Post­

Pleistocene dental reduction in regions of Asia which have 

experienced the greatest time depth of an agricultural 

subsistence economy (South China) . He contends that 

development of pottery was instrumental in the production 

of cooked, soft-textured foodstuffs, resulting in relaxed 

selection for continued maintenance of large tooth size. 

Decreased tooth size then accrued through operation of the 

Probable Mutation Effect. Brace (1980) attributes similar 

cultural factors (in addition to others) to the decrease in 

dental dimensions across selected Post-Pleistocene 

Australian populations through time. 

Moore et al. (1968) has compared six mandibular (five 

linear, one angular) and one mandibular dental (mesiodistal 

diameter of left molar) dimensions across a temporal sample 

consisting of Neolithic, Bronze Age, Romano-British, Anglo­

Saxon, Medieyal, 1 7th and 19th century British mandibles . 

A reduction in means occurs across all of the linear 

measurements through time, with ramus height . and minimum 

ramus breadth manifesting the · greatest change . Corpus 

length and symphysis height exhibit smaller reductions; 

however, Moore et al . (1968) note that corpus length 

dimensions are somewhat "erratic" in the earlier temporal 
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groups, presumably due to the smaller sample size. The 

mandibular angle (gonion) increases through time. The 

authors correlate these results with decreasing masticatory 

stress due to increasing soft consistency of the diet 

(e.g., refined flour) through time. 

In a unique study, Carlson and Van Gerven (1977; also 

see Carlson 1976; Martin et al. 1984) have analyzed a 

temporal sequence of Post-Pleistocene Nubian groups 

(representing pre-agricultural, transitional hunting and 

gathering/agricultural, and fully agricultural adaptations) 

in terms of their craniofacial variability. More 

specifically, the authors, through a multiple discriminant 

comparison of 16 selected craniofacial measurements, 

delineate significant changes in the maxillomandibular 

complex across the 10, 000 year time span. For example, 

muscles of mastication (temporalis, masseter, pterygoids) 

adopt more posteriorly-oriented points of origin through 

the temporal sequence, and the entire lower craniofacial 

region reduces in robusticity, becoming more infero­

posteriorly located compared to the cranial vault. And, 

the cranial vault exhibits a trend toward increased height 

and decreased length through time . Tooth size also 

decreases over time (Greene 1972; Martin et al. 1984; also 

see Calgano 1986), in addition to temporomandibular joint 

size ( Hinton and Carlson 1979). Carlson and Van Gerven 

(1977 ) explain these changes by means of an evolutionary 
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model relating to hypotheses involving the masticatory 

functional complex. They see reduced masticatory 

functional demands through subsequent Nubian populations 

(due to shifting dietary adaptations) as the primary 

determinant of Nubian craniofacial change. Cranial vault 

and tooth size changes are seen as 

responses to these more important 

alterations. 

somewhat compensatory 

masticatory-related 

In 

1982, 

the southeastern U. S. study area, 

1984) has compared (primarily 

Larsen ( 1981, 

via univariate 

statistics) cranial, postcranial, and dental dimensions of 

over 500 individuals representing a temporal skeletal 

series off the Georgia coast (St. Catherine's Island ).  

This series exhibits a well-documented dietary shift from 

hunting and gathering to reliance upon (maize) agriculture . 

Larsen has found significant reductions in size-related 

craniofacial dimensions like cheek height, temporal is 

length 

height, 

length . 

and height, bigonial 

symphysis height and 

breadth, 

thickness, 

ascending ramus 

and mandibular 

These reductions are more prominent in females 

compared to males. Female posterior tooth size also 

decreases; however, little variation in male dental 

dimensions occurs. Anterior tooth size differences across 

the series (for both sexes) are not significant. 

Postcranial reductions are also noted, and include stature 

differences between the pre-agricultural and agricultural 
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groups ; however, once again, this pattern is most visible 

with the females. Larsen concludes that these craniofacial 

and dental reductions are primarily related to reductions 

in masticatory functional stress due to the 

reliance on a soft-textured agricultural 

such as decreased mechanical stress 

adoption and 

diet. Factors 

and increased 

nutritional stress (protein deficiency , for example) due to 

a .more sedentary agricultural lifeway are utilized as 

potential explanations for postcranial reductions. 

Using many of the same skeletal samples utilized in 

this dissertation (Eva, Cherry, Ledbetter, Toqua) , Hinton 

( 1979, 1981a) has documented the gradual reduction in 

temporomandibular joint size through time (Archaic­

-Woodland--Mississippian) in several prehistoric Tennessee 

Indian populations. He adopts a functional approach by 

relating this decrease to differences in the magnitude of 

force habitually transmitted to the joint during 

mastication. He believes this, in turn, reflects not 

simply dietary differences across these temporal groups, 

but food preparation ones as well. The transition in the 

Mississippian period to cooked, soft, pliable foods such as 

found in soups and stews (compared to hard-textured, 

unprocessed Archaic foods) is proposed as accounting for 

these TMJ morphological and metric differences. 

The last three studies are unique in that they 

represent some of the few attempts to develop an 
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evol�tionary model of mandibular and craniofacial 

gracilization based on masticatory-related 

hypotheses regarding this complex. However, 

understanding of the regional variability 

functional 

greater 

of this 

morphological complex, as well as the more precise ways in 

which it changes through time, are needed to develop a 

realistic, testable model of mandibular and craniofacial 

microevolutionary change. 

Current Research Model 

Based upon the previous theoretical discussions of 

mandibular and craniofacial function and growth, the 

complex mechanisms operating to control this growth, and 

the documented evidence for mandibular, dental, and 

craniofacial reductions in correlation with a dietary shift 

from a hunting and gathering to a primarily agricultural 

way of life, several expectations can now be expressed 

regarding the present regional study. 

anticipated that within each skeletal 

Woodland, Mississippian) ,  significant 

exist betwen interrelated aspects of the 

First, it is 

group (Archaic, 

correlations will 

mandible, lower 

face, and mandibular anterior dentition. Thus, for 

example, height measures of the mandible should correlate 

highly with height dimensions of the face. 

Secondly, it is predicted that reductions in the 

amount of masticatory-related functional demands across the 
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temporal series will result in a gradual and consistent 

trend toward reduction of linear dimensions in height, 

breadth, as well as thickness of the corpus and ascending 

ramus of the mandible. And, possible changes in regard to 

expression and orientation of the primary muscles of 

mastication are expected to occur--functional requirements 

for increased masticatory efficiency due to chewing of a 

hard-textured food bolus in the pre-agricultural diet are 

predicted to be no longer necessary in the mastication of a 

soft-textured Mississippian agricultural diet. 

Concomitant reductions and restructurings are also expected 

in the functionally related dimensions of the lower face. 

In particular, measures which have been shown in past 

studies to reflect masticatory stress (lower alveolar 

prognathism and vertical facial height, for example) are 

expected to reduce across the temporal series. Finally, 

anterior dental dimensions are expected to follow the pre­

established documented trend toward reduction throughout 

the Holocene. 

In short, a testable model can be formulated which 

predicts morphological and metric changes acro�s a temporal 

skeletal series exhibiting a subsistence shift from hunting 

and gathering to agriculture. This model envisions a 

gradual and consistent trend toward masticatory-related 

gracilization of mandibular, dental, and 

dimensions across the temporal skeletal 
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addition , changes in masticatory muscle orientations and 

sizes are expected to occur . Skeletal manifestations of 

masticatory st ress (alveolar prognathism , for example ) are 

expec ted to reduce ac ross the temporal series. In essence, 

a functional model for subsistence- related mandibular, 

facial, and mandibular anterior dental change through time 

is formulated . This model will be tested against the 

present skeletal data sets . 
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CHAPTER 3 

THE SAMPLES--ARCHAEOLOGICAL CONTEXT 

The Archaic Data Base 

Introduction 

Four sites, all located in Middle and West Tennessee, 

comprise the Archaic sample (Figure 3. 1 ) . Three of these 

four ( Eva, Cherry, Ledbetter ) were part of the Works 

Progress Administration, Tennessee Valley Authority, and 

University of Tennessee joint exploration of the western 

Tennessee Valley prior to the flooding of the Kentucky Lake 

Reservoir in 194 1. The fourth, the Anderson site, was 

excavated by the Middle Cumberland Archaeological 

from 198 0  to 

archaeological 

198 1 . A brief 

investigations at 

description 

these sites, 

Society 

of . the 

and a 

consideration of Archaic chronology, subsistence, settle­

ment patterning, and evidence for environmental change, 

follow. 

Poor preservation of bone at' many of the sites reduced 

the total number of individuals which could be utilized 

from each site in this study. For each of the sites which 

were investigated in the late 193 0s and early 194 0s, both 

new and old site numbers are provided. 

61 



O') 

N 

{- 0 mllea 60 

0 km 100 

1--·- ·=-- · - ·- · 
• Archaic 

a Woodland 

• MIHIHipplan 

I �  

Figure 3 � 1 .  Location of Tennessee Archaic , Woodland , and Mis sissippian 
Sites Used in The Present Study . 



Eva ( 40BN12 or 6BN12 ) 

The Eva site was located on a broad floodplain at the 

right · bank of Cyprus Creek roughly four miles above its 

confluence with the Tennessee River in Benton County, 

Tennessee (Lewis and Kneberg 1959: 163; Lewis and Lewis 

1961: 1 ) . Although the site was approximately one mile from 

the Tennessee River at the time of excavation, it was 

speculated that because of changes in the course of the 

Tennessee, Eva may have been directly on the bank of the 

river at the time of occupation ( Lewis and Kneberg 194 7: 6) . 

Excavations in 1940 revealed a stratigraphic sequence 

encompassing five distinct layers spanning the Middle and 

Late Archaic te�poral periods . Based on this, Lewis and 

Kneberg ( 1959; Lewis and Lewis 1961) defined three 

chronologically separate complexes at Eva which were , in 

turn, components of three Archaic phases--Eva, Three Mile, 

and Big Sandy. Lewis and Lewis (1961: 13) state: 

There is little doubt that the phases represent a 
continuum with gradual change due to adaptation to 
varying ecological conditions, to internal develop­
ment, and to influence from other cultural 
traditions . 

An extensive shell midden deposit characterized the 

earliest Eva phase component at the site, in addition to 

numerous burials, hearths, and lithic . and faunal remains. 

Three Mile phase remnants also included shell middens, 

burials, hearths, bone, and assorted lithic artifacts. 
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However , the latest occurring Big Sandy phase component was 

significantly lacking in mussel shell remains. Very few 

features were located at any of these components, and no 

clear evidence for storage pits or structures was found. 

Although numbers vary across different sources , 

· approximately 1 8 3  human burials were originally noted by 

Lewis and Kneberg (194 7 : 7 )  as recovered from the various 

components at Eva. Of · this total, only 39 could be 

utilized in this study. Three of the 39 (7. 69%) reflect 

the earliest Eva phase ; the majority (24 or 61. 5 4% ) are 

from the Three Mile phase, while 9 (23. 08% ) individuals are 

from the Big Sandy component. Three skeletons (7. 69% ) are 

indeterminate in relation to exact archaeological phase at 

Eva. 

Cherry ( 40BN7 4  or 8 4 BN7 4 ) 

In  marked contrast to the floodplain-associated Eva 

site, the Cherry site was rather unique in its remote 

upland location. It was found between Rushing Creek and a 

small unnamed creek, both tributaries to the Big  Sandy 

River , approximately 0. 5 5  miles northeast of the town of 

Wyly in northwestern Benton County, Tennessee (Lewis and 

Kneberg 

roughly 

1 94 7 : 2 ; Bowen 197 7 : 1 07 ) .  The site was situated 

0. 95 miles east of the Big Sandy River (Magennis 

1 97 7 : 1 5 ) . Investigations in 194 1  revealed only one stratum 

approximately one and a half to two feet in depth . . This 
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stratum produced only a scattering of shell; however , 

numerous postholes and pits were encountered . Some of 

these pits contained an abundance of midden deposits 

particularly in the form of faunal remains; thus, a 

storage function has been suggested (Lewis and Kneberg 

1947: 2; Magennis 1977: 18). Other pits were very large (12 

to 20 feet in diameter) and shallow basins, also filled 

with midden. Lewis and Kneberg (1947: 2) have suggested 

that these reflect semi-subterranean houses; however , 

posthole patterning does not conform to this hypothesis. 

Many postholes formed linear and semi-circular patterns 

suggestive of possible windbreaks or cabanas (Bowen 

1977: 109). 

Approximately 70 human burials were recovered from the 

Cherry site (Lewis and Kneberg 1947: 2). Interestingly, 

many of these individuals were concentrated, along with an 

abundance of faunal debris, along the eastern portion of 

the site. Lewis and Kneberg (1947: 2) suggest the 

allocation of this area . possibly to refuse dump/cemetery 

activities. Magennis (1977), in her comparison of Middle 

and Late Archaic mortuary variability in the western 

Tennessee valley, finds no significant differences between 

Eva and Cherry site treatment of the dead. And, no 

indications of a stratified status-related social structure 

(as reflected by differential burial treatment) for either 
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site can be discerned. Twenty-one of the total number of 

individuals are utilized in the present analysis. 

Ledbetter Landing ( 40BN25 or 9BN25 ) 

Located on a slight rise between Morgan Creek and the 

west bank of the Tennessee River, Ledbetter Landing was 

about one-quarter mile below the confluence of the two 

bodies of water in southeastern Benton County, Tennessee 

(Lewis and Kneberg 1947: 9). The site was investigated in 

1940. Excavations unearthed two strata--one a two foot 

deep shell midden consisting of abundant fauna! remains, 

and the other a burned soil, sand, and ch�rcoal layer 

lacking animal remains. 

One hundred and fourteen human burials were noted 

( Lewis and Kneberg 1947: 9) --nine of which were cremations . 

Several of the individuals were interred with a variety of 

grave accompaniments--shell, copper, antler, and stone 

artifacts. Higgins (1982) has statistically compared 

mortuary characteristics of burials from Ledbetter Landing, 

in addition to the Cherry site and the Big Sandy component 

at Eva . In support of Magennis ( 1977), she finds a great 

deal of homogeneity in mortuary patterning between the 

sites. And, all variables indicate an egalitarian social 

system for this time period. Ten Ledbetter Landing 

individuals are utilized in the present study. 
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Anderson { 40WM9 ) 

In Williamson County, Tennessee, the Anderson site was 

found on an old channel of the Harpeth River near its 

intersection with a small tributary (Dowd 1981; Lindstrom 

and Steverson 1987: 1) approxi�ately two miles north of 

Franklin. Excavation of this Archaic shell midden was by 

six-inch arbitrary levels, reaching a maximum of eight 

levels in some squares. These levels produced an abundance 

of lithic, shell, and fauna! remains, as well as 48 

features including hearths and 

(Lindstrom and Steverson 1987: 3). 

refuse-filled pits 

Human burials recovered from this site numbered 73. 

An analysis of these human remains by Joerschke (1983) has 

resulted in a demographic profile as well as an 

investigation of stature and bone pathologies. Joerschke 

finds no evidence from any of these three parameters of 

substantial stress in the population. Fairly low infant 

mortality, comparability of long bone growth rates to other 

skeletal samples, and low amounts of pathological 

conditions (mainly involving degenerative [ age-related ] 

processes such as osteoarthritis) all support this 

conclusion. Approximately 12 Anderson individuals are 

included in the present analysis. 

Thus, the Archaic skeletal sample comprises 8 2  

individuals from four Middle and West Tennessee sites. 
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Since a considerable time range is being dealt with, an 

assessment of chronological relationships within the 

Archaic follows , 

Archaic Site Chronology 

A total of four radiocarbon dates exists from the 

Archaic sites discussed above : 

1 ,  Eva--bottom of Stratum IV ( Eva phase component )  

=5200 + /-. 500 years B ,  C. ( antler ) ( Lewis and 

Lewis 1961 : 13 ) ; 

2. Anderson--Level 7 ( deepest ) ,  Feature 3 8=6720 + /-

200 years B. P. or 4770 + /- 200 years B. C. 

{ charcoal ) ( Lindstrom and Steverson 1987 : 1 ) ; 

3 .  Anderson--Level 6, Feature 27=6495 + /- 205 years 

B.P . or 4550 + /- 205 years B.C. ( charcoal ) (Lind­

strom and Steverson 1987 : 1 ) ; 

4. Anderson--Levels 2 and 3,  Burial 73 =5680 + /- 200 

years B. P. or 3730  + /- 200 years B. C. ( calcined 

deer bone and antler ) ( Lindstrom and Steverson 

1987 : 1 ) . 

From a comparison of the above radiocarbon dates to 

Archaic chronological assessments from other areas of 

Tennessee ( e . g . , Chapman 1976, 1977, 1985 ) ,  the earliest 

component at Eva ( representing the Eva phase ) appears to be 

early Middle Ar·chaic in age. Estimates have placed the 
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beginning of this occupation at around 6 0 0 0  years B . C .  

( Lewis and Lewis 1 96 1 : 1 3 ;  Magennis 1 9 7 7 : 2 1 ) .  

Proj ectile point morphology at the second Eva phase 

component ( Three Mile ) has led Lewis and Lewis ( 1 9 6 1 ) . and 

Magennis ( 1 9 7 7 : 2 6 )  to assign it a late Middle Archaic 

temporal designation . Although considerable mixing of 

deposits has resulted in the presence of a variety of Late 

Archaic lithics, Middle Archaic points such as Eva I and 

II, Morrow Mountain I ,  Sykes , Big Sandy , and Cyprus Creek 

II predominate and have led Magennis ( 1 9 7 7 : 2 6 )  to suggest a 

date range of between 5 0 00 and 3 0 00 years B . C .  for this 

occupation . This is precisely the time period at which the 

Anderson site is estimated to have been occupied ( 4 700  

3 7 0 0  years B . C . ) ( Lindstro� and Steverson 1 9 8 7 : 1 ) . 

The final ( latest ) component at Eva- -representing the 

Big Sandy phase- -is Late Archaic in age . Once again , 

projectile point form ( straight-stemmed, corner notched ) 

supports this contention . Estimates for the duration of 

this occupation period in the Little Tennessee River valley 

approximate 3000  - 1 2 0 0  years B . C .  ( Chapman 1 9 8 5 : 1 4 6 ) . 

Habitations at Cherry and Ledbetter Landing ( Bowen 1 9 7 5 , 

1 9 7 7 , 1 9 7 9 ; Lewis and Kneberg 1 9 5 9 ) are thought to be 

coeval with the Late Archaic Big Sandy phase at Eva . 

Thus , the Archaic skeletal sample utilized in this 

study reflects a Middle and Late Archaic temporal series 

spanning approximately 5 0 00  years . However, it must be 
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noted that only three individuals originate from the 

earliest Eva phase occupation; therefore, the majority of 

the skeletons are late Middle and Late Archaic . 

Notwithstanding the rather long time period represented, 

the subsistence and settlement strategies employed by these 

inhabitants evince a great deal of homogeneity. A dis­

cussion of these aspects of the Archaic follows. 

Archaic Settlement, Subsistence, and Environmental Change 

Using archaeological trait lists from the first three 

sites discussed above, as well as other Archaic sites 

within the Kentucky Lake Reservoir inundation zone, Lewis 

and Kneberg (1959 ) have compared the western Tennessee 

valley Archaic to that in other regions in the Middle South 

(Kentucky, Alabama, and Georgia) . The result is the 

division of the Archaic into two "traditions "--Midcontinent 

and Eastern. The Midcontinent one contains all three 

components represented · at the Eva site as well as Cherry 

and other sites in the Kentucky region (e. g. , Indian 

Knoll ) ,  while the Eastern tradition involves Ledbetter 

Landing and other sites within the Ledbetter, Stallings 

Island, Lauderdale, Kays Landing, and Waldon phases. This 

distinction is based on such "key" traits as attitude 

toward dogs (careful burial with or apart from humans) and 

notching of projectile points (Lewis and Kneberg 1959: 174 ) .  

7 0  



However, Lewis and Kneberg (1959 : 173 )  note : 

Long-continued association of peoples of the two 
traditions in the same region resulted in gradual 
obliteration of distinctions in culture, and in 
development of a single, more uniform area 
tradition. 

Cole (19 75a) has analyzed skeletal representatives of 

the Midcontinent ( Eva, Three Mile, and Indian Knoll) and 

Eastern ( Kays Landing, Perry) traditions in the Midsouth to 

test the biological implications of this cultural division. 

In a statistical comparison of eight craniofacial variables 

from these individuals, no genetic dichotomization in the 

samples is indicated. She suggests that the 

Eastern/Midcontinent Archaic separation may be strictly a 

cultural rather than a biological distinction. 

Later investigators such as Bowen (1975, 197 7, 1979 ) 

have discarded these cultural distinctions within the 

Middle South. Instead, recent research has focused upon 

the nature of Archaic adaptation . in the region with an 

emphasis on the environment as well as settlement and 

subsistence pattern�ng. For example, Bowen (197 7) 

hypothesizes an Archaic settlement and subsistence model 

quite dif ferent from that proposed earlier. Contrary to 

Lewis and Lewis ( 1961), he interprets differences in site 

location (mainstream vs. upland) , shell content (abundant 

vs. scarce),  and feature presence (pits, postholes) between 

Ledbetter Landing and Cherry not as cultural distinctions 

but ecological variants of perhaps the same cultural group. 
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Thus, he challenges their contention that Archaic groups 

were primarily sedentary, year-round inhabitants of the 

same site. Instead, he formulates a seasonal round model, 

suggesting that the Cherry site represents an autumn, 

winter, and early spring occupation with a focus on plant 

food gathering and hunting, while Ledbetter Landing 

reflects a more temporary summer habitation emphasizing 

riverine resources ( Bowen 197 7: 1 1 5, 1 1 7 )·. He (Bowen 197 7: 

1 1 7 ) concludes: 

Due to the sites ' closeness to one another ( ca. 20 
to 25 miles ) and homogeneity in artifact morphology 
. . .  , it is sug gested that both assemblages ( 9BN25 
and 84BN74 ) were produced by the same population 
or segments thereof, or two culturally related 
units. 

Examinations of Eva artifact assemblages by Winters 

(1 969 ) have led him to delineate functional artifact 

categories 

activities. 

possibly reflecting different occupational 

He sug gests that strata reflecting the 

originally designated Big Sandy and Three Mile phases 

indicate possible base camps, while the lower stratum (Eva 

phase) suggests a hunting camp. Magennis ( 1 97 7 : 3 4 ) , in her 

summary comparison of Eva and Cherry site archaeological 

configurations , allocates differences in these two sites 

(in relation to site location and storage pit and structure 

presence or absence ) to variability in site function. Once 

again, a riverine, shell-oriented exploitation of the 
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floodplain site (Eva) contrasts with the hunting and 

gathering emphasis at the upland Cherry site. 

Archa ic settlement analyses in the Middle Tennessee 

valley ( Am ick 1984; Bowen 1979; Faulkner and McCollough 

1974) reveal similar patterning. Bowen ' s  ( 1979) review of 

site distribut ion within the Normandy Reservoir in the 

upper Duck R iver valley leads him to conclude that Late 

Archaic inhabitants of this region were occupying a 

transit ional ecological zone strategically placed between 

the floodplain and the uplands in order to capitalize on 

the diversity of resources represented by these ecozones. 

Once again, a partially nomadic seasonal round model is 

promulgated. 

Amick (1984), in a comparison of seven Middle and Late 

Archaic lithic assemblages from sites within the central 

Duck R iver Basin in M iddle Tennessee, suggests important 

differences between the two temporal periods in terms of 

organi zational strategies. Lithic raw material variability 

as well as other factors indicate a h igher degree of 

residential mobility within the Middle Archaic as well as 

technology reflecting greater expediency (for example, .less 

craft specialization). In contrast, Late Archaic lithic 

assemblages form a pattern denoting a decrease in the 

frequency of residential mobility accompanied by an 

increase in logistical mobility. And, increases in 

technological specialization reflect a less expedient 
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approach to tool manufacture. In short , "egalitarianism 

decreases as political and social organization increases in 

complexity and integration " ( Amick 1984: 266) . Amick 

believes stresses associated with population pressure 

(related to environmental change in the Middle Archaic 

hypsithermal) to be important factors in this strategic 

difference. 

Subsistence data relating to plant utilization in the 

Middle and Late Archaic in the ,southeast has recently been 

summarized by Yarnell and Black (1985). In a survey of 

numerous reports on southeastern sites containing floral 

remains, they compile statistics regarding nut and seed as 

well as cultigen quantities across the Archaic and Woodland 

and outline general trends in the use of these remnants. 

In the Middle and Late Archaic , hickory nut appears to be 

the most important plant food source in the Tennessee 

region ; however , other nuts such as acorn and walnut are 

also prevalent (Yarnell and Black 1985: 97 , 100 ; see also 

Chapman and Shea 1981). Nut counts from western Tennessee 

valley sites such as Ledbetter Landing support this .finding 

( Bowen 1979: 143) . 

Seed 

(maygrass , 

legumes) , 

utilization in the form of 

knotweed , chenopod, amaranth, 

greens (polkweed, purslane) , and 

small grains 

and various 

fleshy fruits 

( grape, 

sumac , 

persimmon, honey locust, cherry � plum, 

bramble , and maypop) are relatively 

hackberry, 

rare in 
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occurrence in the Tennessee region until Late and Terminal 

Archaic temporal periods (Yarnell and Black 1985 : 101-103). 

First evidence of cultigen use in the southeast occurs in 

Middle and East Tennessee in the Late and Terminal Archaic 

time periods--from the Tellico Reservoir, dates of 2500 

years B. C. are obtained for early squash remains, 1300 

years B. C. for bottle gou·rd, and 2000 years B. C. for 

maygrass (Chapman and Shea 1981). In the nearby Watts Bar 

Reservoir in southeast Tennessee, early sunflower has been 

dated to 900 years B. C. (Brewer 1973 ) .  

Fauna! data from these same time periods in Tennessee 

are poorly represented and reported. For example, Chapman 

(1985 : 151) notes the virtual absence of fauna! remains from 

the Late Archaic in the lower Little Tennessee River valley 

due to poor bone preservation. In the western Tennessee 

valley, Lewis and Lewis (1961 : 17, 20 ) designate mammal 

bone, in particular that of deer, as the 

fauna! remain found throughout the three 

However, it must be noted that modern 

most frequent 

Eva components. 

fauna! analyses 

employing different analytical techniques (such as 

calculation of MN!) might produce varying results. 

Interestingly, Lewis and Lewis (1961 : 20) note a 

decrease in deer bone frequency from the Eva to the Three 

Mile phase. They hypothesize from this a reduction in the 

deer population during Three Mile phase times due perhaps 

to the warming and drying effects of the Altithermal and/or 

75 



overexploitation of this resource by the human inhabitants. 

They also 

disappearance 

use environmental change to explain 

of mussel shell within the final Big 

the 

Sandy 

component at Eva. The end of the Altithermal by this time 

(and the onset of the cooler Medithermal period) is thought 

to result in increased precipitation and water levels and 

thus more inaccessible shell resources. Alternatively, 

Lewis and Lewis (196 1: 20) also suggest that a change in the 

course of the Tennessee River could have been responsible 

for this shell. variability. While recent sediment core 

pollen analyses from two Middle Tennessee sites do 

support for the presence of a possible Altithermal 

and drying trend from 6000 to 3000 years B.C. 

1985: 149; Delcourt 1979) , the impact of 

provide 

warming 

(Chapman 

such an 

environmental change upon faunal resources in upland or 

floodplain regions of Middle and West Tennessee is unknown. 

Thus, as stated above, faunal data reflecting the 

importance of this food source to Archaic inhabitants are 

limited. It can only be inferred from the wide 

availability of animal resou�ces in the region at this time 

and from tool technology and probable functions, that these 

foods were utilized, but to what extent remains 

speculative. In addition, the great quanitites of mussel 

shell at most of these sites reflect the relatively great 

importance of this food source in the Middle and Late 

Archaic. 
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For the purposes of this dissertation, more important 

than what was eaten in the Middle and Late Archaic was how 

the material was prepared (or not) (see Brace 1977). This, 

of course, can only be inferred from such indirect sources 

as ethnohistoric analogies or paleofecal analyses. 

Smith 

Archaic 

( 1982 : 68) has provided an excellent review 

paleofecal evidence. She concludes 

of 

that 

M. 

such 

the 

documented large degree of indigestible floral and faunal 

fragments in the Archaic diet indicates minimal preparation 

of food remains. Thus, rough-textured and relatively 

unprocessed food resources characterize the Archaic food 

bolus. The rather ubiquitous presence of manos and metates 

at most Tennessee Archaic sites (for example, the Anderson 

site [ Lindstrom and Steverson 1987 ] ), as well as the 

presence of parching and charring of many Tennessee Archaic 

paloebotanical remains, suggest at least some processing of 

plant food remains (Chapman 1985 : 147). And, the cave 

context for much of the paleofecal data cannot be 

considered to reflect normal food processing modes. As for 

mussel shell, Trinkley ( 1985 : 117) hypothesizes a steaming 

activity 

Woodland 

pattern from a shell ring midden from the 

Lighthouse Point site in South Carolina. 

Early 

It 

cannot be ascertained from the western and Middle Tennessee 

valley Archaic sites, given the nature of archaeological 

recovery th�re, if their method of shell preparation was 

similar. In sum, while at least some processing of Archaic 
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foodstuffs (hickory nuts, for example) must have occurred 

for ingestion to be possible, overall the amount of Archaic 

food processing appears to have been minimal. A relatively 

hard-textured food bolus is thus indicated for the Archaic. 

Archaic Summary 

A relatively nomadic hunting and gathering settlement 

and subsistence model has been proposed by several 

researchers for Middle and Late Archaic inhabitants of the 

Middle and western Tennessee valley. This model involves 

optimal utilization of food resources from a variety of 

ecozones, possibly on a seasonal basis. Dietary items most 

likely to have been of importance in this exploitation 

include nut crops and riverine shell deposits, as well as 

mammals such as white-tailed deer. Seed exploitation begins 

in the Late or Terminal Archaic. Preparation of these food 

items for consumption appears to have been slight to 

minimal. Thus, mastication of a rather hard-textured food 

bolus is indicated for the Archaic inhabitants. 

The Woodland Data Base 

Introduction 

Skeletal remains from six sites , all located within 

Bradley, Meigs, Rhea, and Roane counties of East Tennessee, 

form the Woodland sample (Figure 3.1 : page 62 ) .  Two of 

these--Candy Creek and Hiwassee Island--were primarily 
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explored as part of WPA, TVA, and the University of 

Tennessee ' s  joint investigation of the Chickamauga 

Reservoir inundation impact area from 1936 to 1939 at the 

time of the construction of Chickamauga Dam (Lewis and 

Kneberg n , d , a., 1941) , The four remaining sites (all 

mounds) were partially excavated in 1940 and 1941 by 

representatives from the same parties listed above due to 

inundation impact assessment associated with the Watts Bar 

Reservoir (Cole 1975b) , Only one of the six site areas has 

been formally described and interpreted (Hiwassee Island-­

Lewis and Kneberg 1946); thus , the author relied on 

original field notes and secondary summaries for reviews 

of the other five sites. Once again, both new and old site 

numbers are presented . 

Candy Creek (40BY14 or 17BY14 ) 

Located on the left bank of Candy Creek at its 

confluence with the Hiwassee River, the Candy 

was excavated from January to April, 1939 

Creek site 

(Lewis and 

Knebe rg n.d.a , ,  1 941) , The site is described as a small 

village area located on a restricted table of land about 

five feet 

topography 

higher in elevation than the surrounding 

( Lidberg n.d.). Much evidence of soil erosion 

and flooding is noted. A test trench directed through this 

table of land revealed no visibly inherent stratification; 

thus, further excavations were in arbitrary six-inch 
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levels. Approximately 1 7  features were located--most of 

these were fire or midden pits; however, one feature is 

described as evincing a possible postmold pattern ( Lidberg 

n. d. ) . Very little shell or non-human bone were present. 

The wide presence of limestone-tempered ceramic sherds 

has prompted Lewis and Kneberg ( 194 1 : 32-3 3)  to assign the 

primary occupation at this site to the Woodland temporal 

period . The Candy Cre ek Phase is readily distinguishable 

from the later Hamilton Phase on the basis of certain 

ceramic wares--greater frequencies of sand-tempered as well 

as limestone-tempered stamped ceramics are more common at 

Candy Creek Phase components ( Schroedl and Boyd 1 986) . 

However, the presence of several shell-tempered whole 

vessels in issociation with a few Candy Creek site burials 

suggests Mississippian use of the site as well. 

While . the Candy Creek site is inundated at full pool 

levels of the Chickamauga Reservoir, pool fluctuation 

allowed the visitation of the area by the author in March 

of 1986 ( Boyd 1 986a) . No ceramic remains were noted ; 

however, an abundance of lithic debitage, fire-cracked 

rock, projectile points, and a possible intact aboriginal 

feature were observed. Approximately 1 00 burials were 

originally located at Candy Creek, the majority being very 

fragmentary. Only nine of these are utilized in the 

present study, all of which represent the Woodland 

occupation at the site. 
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Hiwassee Island ( 40MG3 1 or 42MG3 1 ,  46MG3 1 )  

This large island, originally located at the 

confluence of the Hiwassee and Tennessee Rivers in Meigs 

County, Tennessee (seven miles south of Dayton) , actually 

contained over a hundred archaeological regions. Only two 

of these units (Units 42 and 46) are considered in the 

present study, Investigation of this island began early : 

J, W, Emmert, representing the Bureau of American Ethnol�gy 

(under the direction of Cyrus Thomas ( 1 894 ] ) ,  was one of 

the first to explore the island in 1 8 8 5, Twenty-four 

mounds were identified on the island at this time. In 1 9 1 4  

and 191 5, Clarence B, Moore conducted partial excavations 

of the area (Moore 191 5) , including Unit 46, In 1 92 2, M, 

R, Harrington published a monograph focusing primarily on 

his activities at Hiwassee Island, He identified 1 6  

mounds, excavating two of these fully and two others 

partially, However, his excavations did not include the 

two mounds used in this study, In addition, he also 

excavated the village area at the upper end of the island, 

As a result of this work, Harrington (192 2 : 1 43-144) 

allocated three separate occupation regions to three 

distinct cultural groups--the early " Round Grave " people 

utilizing crude soapstone vessels, an unnamed later group 

without these same vessels (but with " unsophisticated" 

pottery wares and a tendency toward partial cremation of 
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their dead) , and a third "Cherokee " group manifesting 

celts, triangular projectile points, and assorted bone 

implements. 

From April, 1937 

investigated jointly 

to April, 1939, this island 

by TVA, WPA, and the University 

was 

of 

Tennessee. At this time, only six mounds (five conoidal 

and one truncated) were readily recognizable as such. Also 

present were numerous small shell middens, a large 

habitation midden area, and a supposed artificial pond 

(Lewis and Kneberg 1946 : 1, 2). 

Unit 42 was located opposite the Hiwassee River mouth 

(approximately one-quarter mile from shore ) and measured 

eight feet high and 55 feet in diameter (Lewis and Kneberg 

1946 : 23) . Three mound construction phases were present, in 

addition to abundant mussel shell and 78 human burials. 

Forty-three of these burials were attributable . to the 

earliest Hamilton Focus, while two belonged to the later 

Dallas component, 23 were historic, and ten were 

unidentifiable as to temporal context. In this study, 

three individuals are utilized from this unit, all of which 

represent the earliest Hamilton component. 

Unit 46, also reflecting three mound construction 

phases, was similar in diameter to Unit 42, but its height 

of 9. 6 feet made it the tallest conical mound remaining at 

the time of this excavation (Lewis and Kneberg 1946 : 24) . 

One hundred and twenty-five human burials were recovered 
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from this unit, of which 117 were attributable to the 

Hamilton component. Two of these 

individuals are utilized in this study , 

Hamilton-associated 

Three components are attributed to Hiwassee Island by 

Lewis and Kneberg (1946). The earliest (Late Woodland) 

Hamilton component is found at the majority of the conoidal 

burial mounds as well as numerous small midden areas. The 

later Hiwassee Island component exhibits many structure 

patterns and assorted midden deposits and is an Early 

Mississippian manifestation, while the final Dallas 

component also contains structures and the village deposits 

at the head of  the island (Lewis and Kneberg 1946: 34) and 

is considered Late Mississippian in temporal af filiation. 

Alford (40RE4 or 10RE4) 

Located in an apparent cluster of  mounds on the R. H. 

Alford Farm, this area was about two miles south o f  

Kingston in Roane County, Tennessee . This particular mound 

comprised part of a group of five mounds about 3000 feet 

from the Tennessee River, while five others were found 

closer to the water (about 600 feet) ( Cole 1975b: 43; 

Walker n. d.a.). While brief excavations by Moore (1915) 

focused on the mound group closest to the river, in 1940 

all o f  the remaining mounds were surveyed by Walker 

(n. d.a. ) ,  Unit 10 was excavated at this time. 

Five construction phases were defined for the mound at 

Unit 10 . And, 28 human burials were noted as inclusive to 
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these layers, with the majority occurring in the third and 

fourth construction stages ( Cole 1975b : 45; Walkner n. d. a . ). 

Only one of these individuals could be included in the 

present study . Based on recent dating of southeastern 

ceramic artifacts ( Kimball 1985; Lafferty 1981; Schroedl et 

al. 1985 ) ,  the presence of limestone-tempered plain 

ceramics in the mound fill suggests a Late Woodland date 

for this mound. 

Wilson (40RE6 or 23RE6 ) 

Seven mounds were located on land owned by Dr . Charles 

Wilson approximately a mile from Rockwood Landing on a 

bluff overlooking the west bank of the Tennessee River . 

Although the mounds were noted by Moore · (1915), formal 

excavation of them did not occur until late 1940 and early 

1941 (Burroughs n. d . ) .  

Unit 23 was a mound exhibiting three construction 

phases . Unstemmed as well as stemmed projectile points, 

conch columellae, 

tempered ceramics 

shell beads, and limestone­

were found throughout the 

and grit­

mound fill 

(Burroughs n. d . ;  Cole 1975b : 46-47) . In addition, 19 human 

burials were recovered from the mound--17 from the earliest 

Phase A and one each from Phases B and C. Only two of 

these individuals are included in the present study . 
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Montgomery (40RE8 or 78RE8 ) 

Seven mounds and a village area were situated on the 

Montgomery Farm eight miles southwest of Rockwood in Roane 

County , Tennessee. The archaeological areas were located 

on the right bank of the Tennessee River at the head of 

Half Moon Island (Nash n. d. a. ).  In the early 1940s, three 

of the seven mounds were formally excavated, in addition to 

portions of the Mississippian village midden area. 

Unit 78 was separated from the remainder of the 

Montgomery mounds because of its placement on a crest of an 

upland terrace. It was approximately 1000 feet from the 

village area and measured 50 to 60 feet in diameter and 12 

feet . high (Nash n.d. a. ).  Profiled excavations revealed 

four distinct construction phases. Ceramics in association 

with all of the mound fill were limestone-tempered. In 

addition, chipped and smoothed celt, lithic, and fauna! 

remains were noted. Twenty-three human burials were 

recovered from this mound (Nash n , d. a. ). Only one of these 

could be utilized in the present study. 

Hampton Place (40RH41 or 86RH41, 89RH41 ) 

Three and a half to four miles south of the confluence 

of White Creek with the Tennessee River in Rhea County, 

Tennessee, five mounds and a village area were located on 

Hampton Farm (Walker n. d. b. ).  Only one of the mounds (Unit 

89) and the village area (Unit 86) are discussed here. 
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Unit 86 represents a stratified Woodland and 

Mississippian village site approximately three-quarters of 

a mile northeast of the five mounds. Located on a high 

terrace on the right (west ) bank of the Tennessee River, 

the unit was 8 0 0  feet north of the Mississipian village 

component represented at Unit 8 5. Excavations from 194 0  to 

1 94 1  in six-inch arbitrary levels revealed a fairly large 

village area (1 7 5  feet east/west diameter ) with heavy shell 

deposits. Mississippian and Late Woodland strata were 

mixed and occurred primarily in the plowzone. The Early 

Woodland (Stratum I I ) deposit was separated from the above 

mixture by a sterile Stratum I. Numerous postmolds were 

identified in this Early Woodland stratum; however, no 

structure ·patterns could be discerned. Artifacts recovered 

from this deposit included quartz-tempered cord wrapped 

dowl-impressed ceramics, steatite bowl fragments, hematite, 

proj ectile points, and ground stone. In addition, mussel 

shell was fairly abundant. Twenty-four human burials were 

associated with the Early Woodland component, all of which 

were pit burials. Three of these are used in . this study. 

Unit 89 was one of five Woodland mounds situated on a 

high bluff above a broad floodplain on the right (west ) 

bank of the Tennessee River (Walker n. d. b. ) .  This mound 

was the largest of the group, with limestone slabs covering 

the sides. While it was recorded by Moore (191 5 ) ,  formal 

investigations did not occur until 1 94 1  (Walker n. d. b. ) .  
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However , WPA labor difficulties prevented these excavations 

from being completed. Three arbitrary mound levels were 

assigned: A ,  B, and C; however, little difference could be 

distinguished between them. Limestone-tempered ceramics 

were found in the soil deposits. A total of nine burials 

was located--only one could be included in this study. 

Woodland Site Chronology and Settlement 

Of the six aforementioned Woodland sites, only one-� 

Unit 86 of the Hampton site--represents an Early Woodland 

occupation. One other site--Candy Creek--reflects a Middle 

Woodland manifestation in the form of the Candy Creek Phase 

( Lewis and Kneberg 1 94 1 ) .  No radiocarbon dates exist from 

either site; however, Candy Creek/Connestee Phase component 

dates from the nearby Icehouse Bottom site as well as the 

Westmoreland Barber site in Southeast Tennessee and Garden 

Creek Mound Number 2 in North Carolina (Chapman and Crites 

1 98 7; Keel 1976; Kimball 198 5) ,  along with other 

archaeological data, have led some researchers to suggest a 

date range of between A. D. 3 5 0  and 7 0 0  ( Schroedl and Boyd 

1987: 1 38) for the Middle Woodland period in East Tennessee. 

Early Woodland is proj ected at 1 0 0 0  years B. C. to A. D. 3 5 0  

for the same area ( Lafferty 1 98 1 ) .  

Settlement data for the East Tennessee Early and 

Middle Woodland are lacking. Lewis and Kneberg ( 194 1: 3 0 ) 

describe Candy Creek Phase populations as "semi-sedentary "  
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due to the absence of · associated structures. However , 

numerous circular pits ( with and without fire-cracked rock ) 

in relation to this culture suggest the widespread 

presence of cooking and storage activities. And, circular 

structures are noted for other Upper Valley cultures (to 

which Candy Creek is assigned ) (Lewis and Kneberg 1 946 ) .  

Circular and rectangular structures are noted at the 

temporally similar Garden Creek Mound Number 2 in North 

Carolina (Keel 1 976 ) .  

Chronological and settlement data for the remainder of 

the Woodland sites are even more scarce. These sites 

belong to what has generally been referred to as the Late 

Woodland Hamilton culture by Lewis and Kneberg (1946) or 

burial mound complex by Schroedl and Boyd (1986, 1 98 7) .  

Only a single radiocarbon date exists from these sites--a 

date of A. D. 1 0 20 + /- 1 5 0 years was obtained from the 

Alford mound deposits ( Crane and Griffin 1 961 : 1 1 4) .  Based 

on other radiocarbon dates from the nearby McDonald mounds 

( Schroedl 1 97 3 ) as well as from 4 0 RE1 24 (Schroedl 1 97 8a) , 

Schroedl and Boyd (198 7 : 1 4 0)  assign a date of between A , D ,  

7 0 0  and 1 20 0  to the Hamilton mortuary complex. 

Thus, the integrity of the Late Woodland Hamilton 

" culture" as defined by Lewis and Kneberg (1 946) has been 

severely called into question (Schroedl 1 978a; Schroedl and 

Boyd 1 986, 198 7) . Radiocarbon dates from Hamilton mounds 

(Schroedl 1 97 8a) clearly indicate that this burial pattern 

8 8  



was used by Late Woodland and Early Mississippian cultures. 

Because no residential characteristics ( structures , 

features, etc. ) have been directly associated with these 

burial mounds, the phenomenon must be considered a burial 

complex and not the remains of a distinct culture. For 

this reason, the skeletal samples from the previously 

discussed " Late Woodland" mounds used in this study may 

originate from Late Woodland or Early Mississippian time 

periods and may crosscut several cultural groups in a 

restricted geographic region. 

Cole (1 97 5b ) , utilizing two of the mounds discussed in 

this dissertation (Alford and Wilson ) in addition to 1 2  

other Hamilton mounds in East Tennessee, delineates 

important patterning with regard to this mortuary 

Through a statistical comparison of over 5 0  

complex. 

burial 

characteristics, she notes the consistent geographic 

spatial clustering of these mounds as well as alignment of 

burial orientation (e. g. ,  with the sun or river ) .  She 

isolates 

mounds 

1 7  variables which were common to most of 

( such as mode of interment , mound fill and 

and 

these 

burial 

feels covering types , grave good associations, etc. ) 

that these dimensions best characterize the Late Woodland 

Hamilton complex. However, the variability with respect to 

these features leads her to suggest " . . .  the possibility 

that distinct Hamilton groups rather than a single , uniform 
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Late Woodland culture may have existed in East Tennessee" 

(Cole 1975b : 87). 

Helmkamp (1985 : 152 )  describes Late Woodland Hamilton 

biosocial organization in East Tennessee as " ... partitioned 

into numerous small-scaled socio-political organizations" 

with " ... highly impermeable boundaries at intervals averag­

ing about twelve kilometers" and with a. high degree of "lo­

cal (intra-organizational) integration." He sees a very 

close evolutionary relationship between these Late Wood­

land organizational strategies and those seen in the Early 

and Middle Mississippian of the same area. In fact, he 

attributes much of the East Tennessee Mississippian period 

social organization to a Late Woodland in situ origin. 

Woodland Subsistence 

Due to the absence of abundant shell or other raunal 

remains at the Candy Creek site, Lewis and Kneberg 

(194 1 : 30 )  propose that the gathering of wild plants was the 

most important subsistence activity of this Middle Woodland 

group . In contrast, large amounts of mussel shell were 

recorded from the majority of the Hamilton mounds. 

and Kneberg (1941 : 30) infer the importance of 

resources for these inhabitants, in addition 

Lewis 

riverine 

to the 

gathering of plants. Absence of floral data from any of 

these sites makes these statements speculative at best. 

More recent investigations of subsistence economies at 
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other Woodland sites in the Tennessee area have produced 

more substantial information. In Yarnell and Black ' s  

(1985) review of the literature concerning paleobotanical 

remains in the region, they note continued high frequencies 

of nutshell remains (hickory, walnut, acorn) throughout the 

Woodland in East Tennessee contexts ; however, a small, 

gradual decline in these resources (particularly walnut) 

occurs from late Middle Woodland to late Late Woodland. 

Seed plant utilization increases substantially in the 

Woodland period compared to the Archaic. Early cultigens 

previously discussed (squash, gourd, sunflower) which 

appear in the southeastern paleobotanical record in the 

Late and Terminal Archaic continue to be of importance 

throughout the Woodland p�riod of East Tennessee. And, for 

the first time, other cultigens such as corn begin to 

appear. An Accelerated Mass Spectrometry date of a maize 

kernal from the Icehouse Bottom site in the Tellico 

Reservoir of East Tennessee produced a date of 1775 + /- 100 

years B.P. (or A.O. 175) (Chapman and Crites 1987 : 352 ) .  

Other radiocarbon dates from corn-containing contexts at 

this site indicate an average date of A.O. 439 + /-75 

(Chapman and Shea 1981). The above dates represent 

earliest evidence for the occurrence of maize in 

years 

the 

the 

southeast (Chapman and Crites 1987 ; Yarnell and Black 

1985). However, extensive utilization of these cultigens 

apparently does not occur until the Mississippian time 
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period. Other (non-cultigen ) seed plants such as those of 

small grains (knotweed, for example ) ,  greens (pokeweed, 

purslane ) ,  and fleshy fruits (grape, persimmon ) continue to 

be of great importance throughout the Woodland period of 

East Tennessee (Yarnell and Black 1985 ) .  Similar patterns 

in plant food utilization have been noted by Crites (1985, 

1987 ) for Middle Tennessee. 

Few faunal remains were recovered from any of the 

Woodland sites used in this study. However, faunal data 

from other East Tennessee Woodland sites indicate a 

continued use of such resources as white-tailed deer, 

squirrel, raccoon, eastern box as well as softshell turtle, 

fish like freshwater drum, and assorted avians (Cridlebaugh 

198 1; Schroedl 1978b). 

The most important innovation in the Woodland period 

of Tennessee, however, was the adoption of clay pottery for 

use in food processing. Radiocarbon dates ranging from 

1000 to 700 years B. C. from Swannanoa Phase crushed quartz 

ceramics from the Phipps Bend site in East Tennessee 

(Lafferty 198 1: 500, 506) �epresent some of the earliest 

pottery in the Tennessee region. Limestone-tempered pot­

tery appears slightly later in this region (700 to 600 

years B. C.). The use of pottery results in a more 

efficient food processing technology primarily because 

foods can now be cooked or boiled at higher temperatures 

for much longer periods of time (Braun 1983; Munson 1988 ) .  
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Munson (1988 : 13) notes a 10-25%  caloric gain associated 

with the boiling of animal products into soups. In 

addition, undesirable (e. g. , poisonous) or peripheral 

(e.g. , oils) food substances can be extracted from the 

primary food substrate. M�nson (1988) views the adoption 

in the Early Woodland of clay pottery as a primary factor 

in the development of. larger and more sedentary groups in 

the Midwest and regions of Eastern North America at this 

time. For the present research, this very significant 

technological innovation results in greater processing of 

food substances. In short, a softer-textured food bolus is 

indicated for the Woodland period. 

Woodland Summary 

Very little settlement information exists 

to the Early, Middle and particularly Late 

pertaining 

Woodland 

skeletal samples utilized in this dissertation. In fact, 

the validity of the distinctiveness of Late Woodland 

Hamilton as a culture has been challenged. The presence of 

primarily mortuary-related information with regard to the 

Late Woodland Hamilton era in East Tennessee must lead one 

to entertain the 

mortuary complex 

possibility that 

(and not a culture) 

this represents a 

extending possibly 

into the Early Mississippian and involving perhaps more 

than one cultural group. 

Available subsistence 
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continued use of nut crops such as hickory and acorn, but 

·with the gradual replacement of these by seed crops by the 

Late Woodland. And, evidence for early cultigens such as 

maize begins to accrue, although extensive reliance on such 

foods does not occur until the Mississippian. The most 

important change, however, is a technological one--the 

documented adoption of clay pottery. All of these factors 

result in a softer-textured Woodland food bolus compared 

to the Archaic. 

The Mississippian Data Base 

Introduction 

Six sites--one in Middle and the remainder in East 

Tennessee--form the Mississippian skeletal sample used in 

the present study (Figure 3. 1: page 62) . Four of the six 

(Mouse Creek, Rymer, Ledford Island, and Dallas) were first 

formally investigated from 1936 to 1939 as a result of 

impact assessment related to the construction of 

Chickamauga Dam and Reservoir (Lewis and Kneberg n. d. a. , 

1941) . The other two sites (Toqua and Averbuch) have been 

studied more recently; however, both the quantity and 

quality of information available from all of these sites 

are impressive. Both old a�d new site numbers are listed 

for the older sites. 
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Ledford Island (40BY13 or 16BY13) 

Located on the southern end of a large island in the 

Hiwassee River approximately one and a half miles 

downstream from the mouth of North Mouse Creek in Bradley 

County, Tennessee, the Ledford Island site was investigated 

in 1938 and 1939. The site was roughly 2300 feet from the 

area of Candy Creek. Excavations at this time revealed a 

village area containing 16 structures, numerous hearths 

and burned clay regions, and an open plaza area notably 

devoid of cultural material ( L. Sullivan 1986: 278, 281-

283) . In addition, a palisade and parallel ditch were 

located around the southern and western end of the site; 

however, it is not known whether these were contemporaneous 

with each other (L. Sullivan 1986: 283-286) . 

Lewis and Kneberg (n. d. a. , 1941) have identified two 

components at this site. A small Candy Creek component 

(Middle Woodland ) was overlain by a much more extensive 

Late Mississippian Mouse Creek Phase occupation. However, 

more recent analyses of Ledford Island lithic remains has 

led L. Sullivan ( 1986 : 289 ) to delineate small Early, 

Middle, and Late Archaic components as well. In addition, 

the Woodland ceramics from this site may reflect Middle 

Woodland Connestee and late Early Woodland Long Branch 

Phase as well as Candy Creek Phase occupations. No 
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features could be assigned to any of the Archaic or 

Woodland components. 

Approximately 468 human burials were recovered from 

the site. Eighty-nine of these were clustered in a 

probable cemetery area to the northeast 

region ( L. Sullivan 1986 : 293). Many of 

individuals were found in association 

of the 

the 

with 

structure floors (Boyd 1984 : 14). Thirty-five 

village 

remaining 

village 

Ledford 

Island individuals are included in the present study. All 

of these originate from the Mouse Creek Phase component at 

the site. 

Ledford Island is not completely inundated by the 

Chickamauga Reservoir at full pool. Visitation of the site 

by the author in March of 1986 revealed abundant lithic, 

. ceramic, and fauna! remains, including additional human 

bone (Boyd 1986a : 46-48). 

Rymer (40BY11 or 15BY11 ) 

The Rymer site was located on a high river terrace 

overlooking the south bank of . the Hiwassee River one mile 

above its confluence with South Mouse Creek in Bradley 

County, Tennessee. The area originally encompassed three 

Hamilton mounds in addition to the Late Mississippian 

village component--approximately one-half mile separated 

these two regions (L. Sullivan 1986 : 261) . Excavation of 

the village area in 1937 and 1938 revealed over 20 
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structures in addition to numerous other features such as 

hearths and midden deposits. While the main component of 

the Rymer village is attributable to the Late Mississippian 

Mouse Creek Phase, L. Sullivan (1986 : 271), on the basis of 

projectile point morphology, notes the presence of small 

Archaic and Woodland occupations as well. However, no 

features could be assigned to either of these latter 

components. 

One hundred and sixty-eight burials were located at 

the Rymer site (L. Sullivan 1986 : 272) . Most of these were 

in association with village structures. Of this total, 

only 17 could be used in the present study. All represent 

the Late Mississippian occupation at the site. 

Mouse Creek (40MN3 or 3MN3 , 4MN3 ) 

Located in McMinn County, this site was about one mile 

downstream from Rymer on the north bank of the Hiwassee 

River. In 1938, excavations concentrated on two distinct 

units (3 and 4) at the site. Approximately 1000 feet 

separated these units , with no cultural debris observed 

between them. Ethnographic records denote the presence of 

considerable flooding and erosional activity in this 

region; however, it cannot be ascertained whether two 

separate occupations are represented by these units or just 

one (Lewis and Kneberg 1941; L. Sullivan 1986 : 237). 

The north unit (4MN3) excavations produced 

approximately 11 structures \ . 
in addition to numerous 
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hearths, storage pi ts, and a palisade { L. Sullivan 

1986 : 240, 243-244). Eighty-five burials were excavated 

from this unit (L. Sullivan 1986 : 259 ) --only two of these 

could be included in the present study. 

(n.d.a.), based on the presence of 

ceramics, suggest the existence of 

Lewis and Kneberg 

limestone-tempered 

a Late Woodland 

Hamilton component at this unit. In addition, L. Sullivan 

( 1986 : 245, 259) notes the presence of Middle and Late 

Archaic projectile points to the west and southwest of the 

unit; however, again, no definite feature associations 

could be made. The primary occupation at the unit is the 

Late Mississippian Mouse Creek Phase, and it is this 

component from which the individuals used in the present 

study are derived. 

Investigations at the southern unit (3MN3) also 

revealed 11 definite structures and numerous hearths and 

pit features. In addition, the remains of a Late Woodland 

Hamilton mound and associated borrow areas were located in 

the south-central portion of the the excavated unit (L. 

Sullivan 1986 : 253-254) .  Small Late Archaic and Early 

Mississippian (Hiwassee Island) occupations were also 

identified at this unit; however, the major component is 

that of the Late Mississippian Mouse Creek Phase (L. 

Sullivan 1986 : 260). Eighty-one burials were recovered from 

this unit (L. Sullivan 1986 : 260 ) . Of this total, only 

three ( from the Late Mississippian component) could be 
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included in this study, Skeletal remains from the Mouse 

Creek site, in addition to Rymer and Ledford Island , have 

been described by Boyd (1984 ) .  

The three aforementioned sites, all located within 

three miles of each other in the Chickamauga Reservoir of 

Southeast Tennessee, have been used by previous researchers 

(Lewis and Kneberg n.d.a. , 1941 ) to define the Mouse Creek 

Phase. This phase has, in the past , been seen as 

distinctly separate from the other Late Mississippian sites 

to be discussed next--Dallas and Toqua representing the 

Dallas Phase and Averbuch reflecting the Middle Cumberland 

culture. 

Dallas (40HA1 or 7HA1, 8HA1 ) 

Also in the Chickamauga Reservoir, this site was on 

the east (left) bank of the Tennessee River at its 

confluence with Maddux Branch opposite the foot of Dallas 

Island . Two units were represented at the site--Unit 7 

encompassed the village area , while Unit 8 was the mound to 

the south of the village , Excavations from November, 1936 

to March, 1937 unearthed approximately 20 structures, 

numerous hearths, cache pits, and other cultural remains, 

as well as evidence for a fortification structure 

surrounding the village area (Nash n.d.b.) . Nash 

(n.d.b.: 3 )  identified three distinct strata from each unit, 

with the primary occupation level (Stratum I I ) evidencing 

abundant shell-tempered ceramic remains. Four distinct 
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mound stages were noted, with remnants of a structure 

located on the Primary Mound area (Nash n .d.b. ) .  

Approximately 278 individuals were recovered from this 

site, of which 117 were from the village area . Thirty­

eight Dallas skeletons are included in the present 

Mississipian sample--16 from Unit 7 and 22 from Unit 8. 

All reflect the Late Mississippian occupation at the 

site . 

Toqua (40MR6) 

The Toqua site was originally investigated in 1884 by 

John W. Emmert, under the direction of Cyrus Thomas of the 

Bureau of American Ethnology (Thomas 1894) . At this time, 

two substructure Mississippian mounds as well as a village 

area were tested. The site was again visited in the 1930s 

by George D .  Barnes, a commercial collector , (Polhemus 

1987) . However, it was not until 1975 through 1977 that 

extensive and formal investigation of Toqua occurred as a 

result of the impending inundation by the Tellico 

Reservpir. The site was located on the south bank of the 

Tennessee River about four and a half miles east of Vonore, 

Tennessee. It was a multicomponent site, exhibiting 

several periods of aboriginal occupation (Archaic through 

Mississippian) ; however, the Late Mississippian Dallas 

Phase component was the most extensive and was the focus of 

the more recent investigations. 

Excavation of Mound A to the west of the site revealed 
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nine construction phases, while that of Mound B to the east 

identified two. Numerous structures and other features, as 

well as a plaza and palisade, characterized the Toqua 

village area. Approximately 477 human burials representing 

500 individuals were recovered as a result of these later 

excavations. These have been extensively described by 

Parham (1982) . Only fourteen of these skeletons could be 

used in the present analysis, all representing the Late 

Mississippian occupation at the site. 

Averbuch (40DV60 ) 

Averbuch represents the largest formally 

Middle Cumberland site and skeletal series 

investigated 

to date. 

Situated on the southern portion of a hill 300 meters east 

of Drake Branch in Davidson County, Tennessee, it was 

located between the Nashville Basin and Highland Rim of 

Middle Tennessee (Berryman 1981; Reed 1984). The site was 

systematically tested and excavated from 1975 through 1978 

by the University of Tennessee and the Tennessee Division 

of Archaeology as a result of impact mitigation from 

construction of a subdivision. 

Excavations at the site revealed a Mississippian 

village area and three associated cemeteries. Abundant 

cultural remains were recovered (see  Klippel and Bass 

1984); however, it was estimated that because of 

construction, over 30% of the site 

destroyed (Berryman 1981: 8). A total of 

101 

had 

887 

already been 

individuals 



was recovered from Averbuch--many of these were from . stone­

lined graves. These have been extensively described by 

Berryman ( 1 98 1, 1984) and Eisenberg ( 1986) , while all other 

aspects of the site have been presented by Klippel and Bass 

( 1 984) . Eighty-six Averbuch skeletal individuals are 

included in the present study. All are representative of 

the Late Mississippian temporal period. 

Mississippian Site Chronology and Settlement 

All of the previously discussed Mississippian sites 

belong to the Late Mississippian temporal period of Middle 

and East Tennessee. Chronological dating information for 

the three Mouse Creek Phase sites (Ledford Island, Rymer, 

and Mouse Creek) is rare due to the time at which these 

sites were excavated. Lewis and Kneberg (1 941 ) have 

proposed a rather late date (after A. D. 1540--contact 

period) for the phase based partially on the presence of a 

small number of European trade items in the archaeological 

collections from the sites. However, a recently obtained 

date from a paraffin-decontaminated wood sample from 

Ledford Island produced a dendrocalibrated date range of 

A. D. 1 420 - 1 470 (L. Sullivan 1986 : 1 25-1 26 ) . This, in 

addition to other archaeological data, has ied L. Sullivan 

(1986 : 1 27) to suggest a temporal span of A. O. 1 400 to 1600 

for the Mouse Creek Phase. The Ledford Island site 

probably represents the longest occupation, thereby 
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temporally overlapping with the Rymer and Mouse Creek site 

time periods; however, it cannot be determined if these 

latter two sites are contemporaneous ( L . Sullivan 

1986 : 510). The presence of Spanish trade items, as well as 

a radiocarbon date of A , D ,  1530 + /- 98 years (corrected) 

from a standing charred wall post from a structure at the 

supposed Mouse Creek Phase town of Hampton Place (40HA146) 

at Moccasin Bend in Chattanooga, Tennessee (Mccollough and 

Bass 1983; McCollough and Alexander 1987), suggest similar 

dates for the Mouse Creek Phase . 

Similarly, dating of the Dallas site is problematic-­

no absolute dates exist. Lewis and Kneberg (1941, 1946) 

have viewed the Dallas Phase [ Focus ] as immediately 

preceeded by the Hiwassee  Island Phase [ Focus ].  

radiocarbon dating of other Dallas Phase 

Subsequent 

sites has 

supported this sequence (Hatch 1976) , although the 

"replacement" model of Lewis and Kneberg regarding Dallas 

and Hiwassee  Island Phases has not rece ived support . These 

radiocarbon dates have led some researchers (Hatch 1976; 

Parham 1982; L. Sullivan 1986)· to suggest date ranges of 

about A. D. 1200 to 1600 for the Dallas Phase. Recent 

radiocarbon dates from the Toqua site support this temporal 

span. Six Dallas Phase dates from this site range from 605 

+/- 120 years B .P. (A , D .  1345) for Structure 14 on the 

initial construction stage of Mound A to 280 + /- 105 years 

B , P. (A. D ,  1670) for the latest structure just beneath the 
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plowzone on the summit of Mound A (Kimball 1 98 5 : 28 8; 

Tellico C l 4  Dates on file, Frank H. Mcclung Museum, 

Knoxville, Tennessee) , 

The Middle Cumberland culture is believed to date to 

between A, D, 1 20 0  and 1 40 0  (Berryman 198 1 : 3; also see 

Broster 1 98 8 ) ,  Radiocarbon dating at Averbuch, i n  addition 

to analyses of archaeological remains from the site, have 

placed the Averbuch site in the 1 4th century A, D, 

and Bass 1 984 ) ,  

(Klippel 

L. Sullivan (1986, 198 7) has recently documented 

settlement as well as mortuary patterning within and 

between the three Mouse Creek Phase sites. Households 

containing single family groups appear to be the primary 

cohesive entity in Mouse Creek Phase society . In  terms of 

status and rank, the Mouse Creek Phase does not conform to 

the traditional chiefdom model of Late Mississippian 

sociopolitical organi zation in the Southeast--status 

differentiation was based primarily on age and sex and 

perhaps personal merit . L. Sullivan (1986 : 5 06 ) notes that 

the social organization exhibited by the more egalitarian 

historic Cherokee and Creek form a better analogy for the 

Mouse Creek Phase. She hypothesi zes that, of the three 

Mouse Creek Phase sites., Ledford Island was perhaps the 

most prominent. The presence of the plaza, council house, 

and cemetery area denotes the importance of this site in 

Mouse Creek Phase society. She suggests the possiblity 
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that " •. . the Rymer and Mouse Creek sites represent outlying 

settlements of the same social and political entity" (L. 

Sullivan 1986 : 5 11 ) . 

In contrast, the Dallas Phase has been characteri zed 

as a ranked, chiefdom-level society, involving a greater 

amount of ascribed rather than achieved status (Hatch 1976; 

Parham 1982; Polhemus 1987 ).  For example, Hatch and Willey 

(1974) have found significant differences in Dallas Phase 

(representing several Dallas sites in East Tennessee ) male 

stature estimates correlating with status indicators. High 

status males (as measured by proximity to mound as well as 

number and type of artifact associati ons ) ,  in general 

exhibit higher stature compared to lower status ones. 

The female pattern is more equivocal. 

In addition, trace element comparisons of high (mound 

associated ) and low status Dallas subadults by Hatch and 

Geidel (1983) delineate greater amounts of plant (corn?) 

material in the low status diet, while the diet of higher 

status subadults reflects a greater balance of vegetable 

and meat sources. Comparisons of transverse lines as well 

as cortical bone thicknesses across different Dallas status 

groups reveal similar patterning (Hatch et al. 

Non-mound males. manifest greater amounts of 

transverse lines (and thus stress ) than higher 

1983) . 

subadult 

(mound) 

status males. And, cortical bone is thinner (implying less 

strenuous physical activity ) in higher status Dallas 
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individuals. These results not only strongly suggest the 

effect of social organization upon biological parameters , 

but reinforce the presence of strong social patte�ning at 

Dallas Phase sites (Hatch et al , 1983) , However, at Toqua, 

Parham (1982) could find no biological evidence for this 

kind of status differentiation--there are no discernible 

differences in mortality, pathology occurrence, stature·, or 

nutritional indicators (e. g. , porotic hyperostosis) across 

the status groups , He concludes that status at Toqua may 

have been achieved rather than ascribed. 

Klippel and Reed (1984) note the position of the 

Averbuch site as somewhat aberrant in spatial location in 

comparison to other Middle Cumberland (and Dallas Phase) 

sites. Unlike these more mainstream, floodplain-associated 

areas (see Broster 1988) , Averbuch represents an alterna­

tive site choice which reflects optimal utilization of 

fertile phosphate-enriched soils , Jolley (1983) , however, 

views the presence of substantial salt springs and 

subsequent associated animal resources as well as an 

extensive trail network "hub" as primary factors in 

settlement density in the Late Mississippian Nashville 

Basin area. 

As . can be seen from the previous discussion, the six 

Mississippian sites (and the three "cultures" to which they 

have been designated) exhibit numerous similarities with 

each other. Temporally, all of the Late Mississippian site 
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samples utilized in this dissertation may be roughly 

contemporaneous. And, five of these sites are in close 

geographic proximity to each other. Because of these 

similarities in temporal and spatial affinities, many 

questions have been raised regarding the genetic and ethnic 

relationships between the three cultural groups they 

represent. For example, Lewis and Kneberg ( n. d. a., 1 94 1 , 

1 946 ) ,  on the basis of variability with regard to Dal las 

and Mouse Creek Phase ceramics, architectural and mortuary 

patterning as wel l  as community plan, deny an association 

between the Mouse Creek and Dal las Phase populations. 

Instead, they hypothesize a Middle Cumberland origin, and 

thus, affiliation, for the Mouse Creek Phase. More recent 

analyses of biological (Boyd · 1 98 4, 1 986b) as wel l  as 

archaeological (L. Sul livan 1 986 ) dimensions involving 

these samples have not supported this hypothesis. Evidence 

for a genetic or ethnic relationship between Mouse Creek 

and Dal las Phase individuals is increasing (Boyd 1 98 4, 

1 986b; Boyd and Boyd 1 98 7; Schroedl 1 986) . 

Thus, three possible scenarios can be proposed 

regarding ethnic relationships between these three cultural 

groups, particularly those of Mouse Creek and Dal las. 

First is the potentiality that Mouse Creek and Dal las do 

represent distinct cultural groups living contemporaneously 

but maintaining their own cultural uniqueness. Given the 

increasing biological and archaeological data regar�ing 
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relationships between these two skeletal samples ( Boyd 

1 9 84, 1 9 86b; Boyd and Boyd 1 9 8 7) ,  this seems unlikely. 

Secondly, Mouse Creek Phase settlements may represent 

more hinterland, frontier occupations subsumed within the 

larger Dallas Phase organizational strategy. Finally, it 

has been proposed that perhaps Mouse Creek occupations 

represent , in some areas, the collapse of Dallas Phase 

societies (Schroedl 1 9 86) and potential antecedents to the 

later occurring historic Cherokee. Helmkamp ' s  (1 9 8 5) model 

for East Tennessee biosocial organization in the 

Mississippian period can be seen as support for this idea-­

the increase in social integration as well as boundary 

permeability throughout the Mississippian may have 

necessarily resulted in a decline in status differentiation 

due partially to the increased inability of high ranking 

members to control the ranking system. Further 

consideration of this problem is beyond the scope of this 

dissertation. 

Mississippian Subsistence 

As far as can be determined , subsistence economies of 

the three Late Mississippian cultures discussed above were 

similar (Klippel and Bass 1 9 84; Schroedl 1 986 : 1 2 9 ) .  

plant foods as well as local fauna (like white-tailed deer, 

assorted birds and fish ) continue to be gathered and hunted 

(Bogan 1 9 8 2 ) .  Exploitation of early cultige�s (such as 
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squash, gourd, and sunflower) originating in the Terminal 

Archaic and Woodland periods of Tennessee continues, and, 

in fact, increases within the Mississippian. And, new 

cultigens such as beans and particulary maize begin to 

dominate Mississippian subsistence economies. Thus, diets 

within this temporal period begin to focus on agricultural 

foodstuffs, with a concomitant reduction in nutshell 

resources ( Chapman and Shea 1 98 1 ; M. Smith 1 98 2  ) '. 

Buikstra et al. ( 1 98 8) , in a comparison of stable 

carbon isotope values from a diachronic sequence of human 

skeletons from the Nashville Basin of Middle Tennessee 

( including Averbuch) , have found a dramatic rise in 

positive b 1 3C estimates correlating with the onset of the 

Mississippian period. They attribute this pattern to 

increased maize dependence in this region and characterize 

this dietary shift as rapid and intensive ; however, the 

presence of possible non-dietary factors in carbon isotope 

analyses ( for example, variability in carbon isotope values 

across different environmental conditions or maize types) 

is yet to be clarified. 

Although regional variability in terms of Mississippian 

subsistence exploitation of agricultural cultigens has been 

documented ( Masters 1 98 7 ; Milner 1 98 2) ,  perhaps most 

important for the present research is the continued use of 

clay pottery in food processing. The Mississippian use of 

shell as a tempering agent results in better bonding with 
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clay and a harder and more resistant vessel wall (Bronitsky 

and Hamer 1986). This allows heating at greater 

temperatures for longer periods of time. M. Smith (1982 : 70-

72 ) reviews ethnographic sources ·which detail extensive 

preparation of food resources in the southeastern contact 

period. If ethnographic analogies between these proto­

historic and historic groups are accepted, then processing 

techniques ranging from the boiling of corn into a meal 

soup to the shredding and pounding of meats before cooking 

are suggested (see Swanton 1948). In short, M. Smith 

(1982) hypothesizes a soft-textured food 

dominating the Late Mississippian Tennessee diet. 

bolus as 

Biological research supports this contention. For 

example, M. Smith (1982, 1986, 1987) has compared oral 

morphology of Archaic (involving the Cherry, Eva, and 

Anderson sites ) and Mississippian (Toqua) skeletal remains. 

She has found significant increases in number and locations 

of dental caries in combination with a substantial decrease 

in attrition rates through time. And, antemortem molar 

tooth loss increases substantially across the temporal 

samples. Smith attributes these patterned changes to 

subsistence-related differences across these groups- -large 

amounts of unprocessed foods result in high Archaic 

attrition levels, while intensive reliance upon maize 

agriculture in the Mississippian period results in greater 

caries and periodontal disease leading to molar tooth loss. 
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The decrease in tooth size documented across these 

Tennessee populations from the Archaic to Mississippian 

periods ( Hinton et al. 1 9 80; F. Smith et al. 1 9 80) taken 

with evidence for decreased temporomandibular j oint and 

interstitial wear facet sizes ( Hinton 1 9 8 1a) all support 

the pattern of decreased masticatory stress related to 

adoption and increased dependence upon a soft-textured 

agricultural diet. Thus, M. Smith ·c 1 9 8 2 :  7 2) states : 

It appears that the variable which has altered the 
most between the diets of the two samples [ Tennessee 
valley Archaic and Mississippian ] ,  apart from the 
inclusion of the primary domesticates in the latter 
sample, is the amount of food processing which is 
performed on the plant food before it is ingested. 

Mississippian Summary 

The Mississippian skeletal data base includes 

individuals from six sites reflecting three Late 

Mississippian cultural manifestations in Middle and East 

Tennessee. While ethnic and genetic relationships between 

these cultures are poorly understood, it is felt that the 

close geographic and temporal similarities as well as 

comparable ecological adaptations j ustify the compilation 

of data from these groups. Similarities in settlement as 

well as subsistence patterning across the groups support 

this contention. Documented dietary changes occurring in 

the Late Mississippian groups primarily involve increased 

reliance upon agricultural cultigens, particularly maize. 

However, the greatest change is purported to be in the 
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texture o f  the food bolus . I ncreased tec hno l o g i cal 

process ing  o f  the food i tems , such as occurs w i th use o f  

shell- tempered clay po ttery , results i n  a s o f t - textured 

Miss iss i pp ian food bolus . 

The Temporal Series 

Table 3 . 1  summari zes the chronolo g i cal t ime peri od 

enc ompassed by the Tennessee s keletal populat i o ns ut ili zed 

in this d issertat ion . These skeletal remai ns represent a 

temporal series covering a peri od o f  over 750 0 years . This 

series man i fes ts a d ietary shi ft  from a primarily hunt i ng 

and gathering t o  an agricultural subs is tence ec onomy . While 

no d irec t evidence ex ists support i ng a genet i c  relat ionship 

between these Archai c ,  Wo odland , and Miss iss ippian 

populat i o ns , absence o f  reliable data sugges t i ng large­

s cale mi grat ion  o f  populat ions into  the area ( result ing  i n  

s i gni f i cant culture change ) makes an assumpt i on o f  

c ont inuous predominantly i n  s i tu cultural development 

reasonable . Previous mi grat i o n  models ( e . g . , Lewis and 

Kneberg 1946 ) have 

analyses ( Schroedl 

not been subs tant iated by 

and Boyd 19 8 7 ) .  While 

current 

i t  is 

unreas onable to  assume s tri ct  genet ic  c ont i nu i t y  over the 

ent ire 750 0 years ( e . g . , gene flow must have occurred ) ,  i t  

i s  argued here that i n  s p i te o f  a poss i ble lac k o f  genet i c  

cont i nu i ty , the funct i o nal model for subs is tence-related 

mandi bular and cran i o fac ial change can s t ill be tested . 
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Table  3 . 1 .  Summary o f  Chrono l o gy for  The Tenne s see  
Archai c ,  Woodland , and Mi s s i s s ipp i an S i t e s  
Used i n  The Pre sent S tudy . 

T i me Pe r i od Dat e s  

Late M i s s i s s ippian A . D .  1 2 0 0 - 1 6 0 0  

Late Woodl and / 
Early Mi s s i s s ippian 
{ Hami l to n  Compl ex ) A . D .  7 0 0 - 1 2 0 0  

Middl e Woodland A . D .  3 5 0 - 7 0 0· 

Earl y Wo odland 1 0 0 0  B . C . -A . D .  3 5 0  

Late Archaic  3 0 00 - 1 0 0 0  B . C .  

M idd le  Archaic  6 0 0 0 - 3 0 0 0  B . C .  
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Given the geographic and ecological similarities and 

temporal continuity of the skeletal samples, as well as the 

extensive documentation in the Tennessee region of gradual 

subsistence change ( replacement of wild nut and seed crops 

by cultigens) , it is unlikely that genetic or ethnic 

variation would mimic the functional subsistence-related 

predictions of the present model . In other words, even if 

these skeletal samples do not reflect a strict temporal 

series in the genetic sense , functional adaptation in 

response to documented subsistence change in the restricted 

geographic (and ecologically similar ) region considered 

should be observable and measurable . 
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CHAPTER 4 

ANALYTICAL METHODS AND PROCEDURES 

Introduction 

From the 16  previously discussed Tennessee Indian 

sites , a total of 299 skeletonized individuals was 

analyz ed. Of this total , 8 2  ( 27. 42% ) are representative of 

Archaic (pre-agricultural ) ,  22 (7. 36% )  are Woodland or Late 

Woodland/Early Mississippian ( incipient agricultural) , and 

195 ( 65. 22% ) reflect fully Mississippian ( intensive 

agricultural ) temporal groups. Both morphologic as well as 

metric data are collected from these samples. Precedent to 

this , however , is an evaluation of the age and sex status 

of the remains--variability in researcher determination of 

age and sex across the different skeletal samples makes a 

consideration of criteria used necessary. This chapter 

addresses these issues ,  in addition to the particular 

statistical methods used in data analysis. 

Age and Sex Determination 

Previous research has shown morphologic and metric 

variation to exist in the mandible and lower facial region 

with respect to age ( Buschang et al. 1986 ; Carlson et al. 

1 97 8; Guagliardo 198 2; Harris et al. 197 7; Hinton 198 1b; 

Morant 1936 ) , sex , and race ( Harris et al. 197 7 ; Kile 
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1 9 8 3 ) .  S ince all of the present skeletal remains are 

homogeneous with respect to race , only age and sex will be 

di scus sed . All of the skeletal remains utili zed in this  

study had been analyzed by previous investigators with 

reference to the determination of age and sex . Mcclung 

Museum skeletal individuals ( which include all except 

Averbuch and Anderson ) were first studied by Lewis and 

Kneberg ( n . d . b . ) in the 1 9 3 0 s  and 1 94 0 s  as a result of WPA­

as sociated reservoir projects . Burial cards on file at 

Mcclung Museum reflect their demographic as sessments . A 

previous test compari son ( involving a 5%  random sample 

selected from Ledford Island , Rymer , and Mouse Creek 

individuals ) by the author delineated s ignificant 

di screpancies in these older age and sex determinations and 

those performed recently by the author ( Boyd 1 9 84 : 3 1 - 3 3 ) .  

More recently ,  however , a reanalys is  of all of these 

Mcclung Museum remains has begun as part of a recuration 

effort headed by Dr . Maria O .  Smith . At the time of thi s  

study , this  project was still ongoing . Thus , the author 

relied both on thi s information ( where available ) as well 

as her own judgements regarding age and sex of the remains . 

In  the case of Averbuch and Anderson , the author was 

fortunate to be able to consult Berryman ( 1 9 8 1 , 1 9 84 ) and 

Joerschke ( 1 98 3 ) ,  respectively , for confirmation of age and 

sex determinations of skeletal remains from these two 

sites . 
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Aging Conside rations 

Only adult ( rou ghly 1 8  years and older ) skeletal 

remains are considered in this analysis . This status is 

j udged by the pre sence o f  unification of the epiphyses and 

diaphyses  o f  the maj ority o f  long bone s ( excepting c lav­

icle ) and eruption o f  the third mo lars , if present . Sinc e 

dental att rition is a c oded variable used in later  anal-

se s , it is no t also used as an aging c riterion . Fo r the 

purposes o f  further analyses , only general adult age 

categorie s are nec e s sary ; the re fo re , individuals are 

promulgated into age categorie s o f  1 8 - 2 9 , 3 0 - 4 4 , and 4 5 + . 

Thus , young , middle and old adult age c ategorie s are 

established . 

Fac tors inf luential in the author ' s  judgement o f  age 

inc lude conside ration of morpho lo gical attributes of the 

pubic symphsis ( McKern and Stewart 1 9 5 7 ; Todd 1 9 2 0 , 1 9 2 1 ) ,  

as we ll as  othe r  de generative changes  such as degree o f  

ve rtebral osteoarthritic lipping ( St ewart 1 9 5 8 ) , lowe ring 

and broadening o f  the f ive lumbar ve rtebrae ( Eric ksen 1 9 7 6 , 

1 9 78 a , 1 9 7 8b ) , and degree o f  pre-mo rtem dental los s � On 

rare occ asions when no appropriate po stc ranial element s are 

pre sent , ec toc ranial as  we ll as endoc ranial suture c losure 

comparisons to  McKern and Stewart ( 1 9 5 7 : 2 8 - 3 0 ) and Todd and 

Lyon ( 1 9 2 4 : 3 4 5 , 3 5 1 , 3 5 7 ) are made with caution . While 

this aging technique has been found to exhibit significant 
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var i ab i l ity  ( Brooks 1 9 5 5 ; S i nger 1 9 5 3 : 5 6 ) ,  more str ingent 

appl icat ion of the bas ic  suture closure premise  has led to 

a re surgence of thi s me thod in the forens ic  fi eld ( Bake r 

1 9 84 ; Me indl and Love j oy 1 9 8 5 ) .  

Sexing Cons ide rat ions 

Whi l e smal l sample s i zes , part icul arl y o f  the pre ­

ag ricul tural group , preclude the stat i s t i cal anal ys i s  o f  

the data separat ely  w i t h  regard t o  sex ( s ex was cent ered i n  

these cases ) ,  vi sual observat i on o f  trends with re spect  to 

sex is made . Mo rphologic  observat ions of dimens ions o f  

bo th  the i nnomi nate and cranium are s i gni ficant i n  the 

j udgement 

of the 

of sex . 

sub-pub ic  

The length o f  the pubic  port i on , 

ang le  ( Bass  1 9 8 7 : 2 00 ) ,  width o f  

width 

the 

sc iat i c  notch , de gree of  bu il d-up o f  bone upon the sacro­

il iac art i cul ar surface ( Bas s 1 9 8 7 : 2 0 2 ) , pre sence of a 

vent ral arc or  sub-pubic  concavi ty , w idth o f  the med i al 

aspect  o f  the i schi o-pub ic  ramus ( Phenice 1 9 6 9 : 2 9 8 - 3 0 0 ) ,  

and shape o f  the pre-auricul ar groove ( Houghton 1 9 7 4 : 3 8 1 ) 

are al l important innominate feature s  cons idered . Cranial 

trai t s  no ted inc lude browr idge s i ze  ( Bas s 1 9 8 7 : 8 1 ;  Ke en 

1 9 5 0 : 6 9 - 7 0 ) ,  uppe r eye orbit  bo rde r shape ( dull  versus 

sharp ) ,  amount of  muscle  marki ngs ( Bas s 1 9 8 7 : 8 1 ) ,  shape of  

chin  ( square versus round ) ( Bass 1 9 8 7 : 8 1 ) , mastoid  process  

s i ze , and overall appearanc e ( robust ve rsus grac i le ) ( Bas s 

1 9 8 7 : 8 1 ;  Keen 1 9 5 0 : 6 8 - 7 0 ; Kro gman and ! �can 1 9 8 6 ) . 
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Curvature of the sacrum (Bass 1 987 : 206) as well as femoral 

head diameter as compared to Thieme and Schull ( 1 957 : 249) 

are used as supplemental sex indicators. 

Other Morphological Observations Noted 

Franz Weidenreich, in his detailed monograph dealing 

with the Sinanthropus pekinensis mandibles (1 9 36 ) ,  was one 

of the first researchers to present extensive descriptions 

of non-metric characteristics of the human mandible. This 

study , along with Larnach and Macintosh ' s  ( 1 971 ) review of 

eastern Australian aborigine mandibles and Wolpoff ' s  (1 9 75 )  

comprehensive summary of mandibular features important 

throughout hominid evolution, serve as the basis for the 

present non-metric assessment. 

Figure 4 . 1 presents a listing of the various 

morphological features noted from the mandibular samples 

analyzed here. There is no question that the assessment of 

many of these characteristics is subj ective. Comparative 

data outlining feature variability within other mandibular 

samples are rare. Furthermore , the existence of 

identifiably patterned variability of many of these traits 

as well as usefulness of this information in delineating 

meaningful differences in skeletal form have not gone 

unquestioned ( e. g. ,  see Rightmire 1 972 ; Zegura 1 975 ) .  

Nevertheless, it is primarily because of this dearth of 

knowledge and comparative data surrounding non-metric 
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Symphysis Contour 

Digastric Fossa Form 

Subl ingual Fossa Develo�ment 

Submaxillary Fossa Development 

Genial Spine Development 

Mandibular Torus Form 

Mental Eminence Development 

Submental Notch Development 

Gnathal Projection 

Anterior Marginal Tubercle Development 

Mylohyoid Ridge Development 

Mylohyoid Sulcus Morpholdgy 

Dental Arcade Form 

Mandibular Notch Morphology 

Gonial Eversion or Inversion Degree 

Figure 4.1. Morphological Observations Recorded From The 
Mandible . 
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mandibular variation that these features are recorded and 

explored here. 

In addition to the morphologic characteristics noted 

in Figure 4. 1, general impressions regarding origins, 

pathways, and insertions of the major muscles of 

mastication on the mandible and cranium are also noted (see 

Figures 2. 1 and 2. 2 :  pages 12, 14). Particular emphasis is 

placed upon the variability of these anatomical structures 

with regard to the orofacial masticatory functional 

complex. 

Because the presence of both intentional (including 

fronto-occipital, lambdoidal, and occipital) and uninten­

tional (post-mortem warping) cranial deformation has been 

found to significantly affect cranial morphological and 

metric assessments (Berryman and Owsley 1984) , this 

variable is also noted in the present study. Incidences of 

cranial deformation ( whether due to cradleboarding practi­

ces or post-depositional factors) in the Mississippian per­

iod samples are widespread. This variable is coded on a 

simple ordinal-level scale o f  increasing severity ranging 

from 1 ( absent) through 4 (most severe) , regardless of 

cause. 

Traditional differences in attrition rates between 

populations have been explained primarily in terms of diet. 

For example, Lavelle (1970) , in a comparison of maxilliry 

and mandibular attrition rates across modern as well as 
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19th  c entury Br i t i sh , Anglo - Saxon , We st  A f r i can , and 

Au s t ralian abo r i g i ne dent i t ions , no tes  a low att r i t ion  rate 

in  the two Br i t i sh sample s .  Thi s  d i f ference i s  at t r i buted 

to d i e tary d i f fe renc e s  between the  group s . Howeve r , Molnar 

( 19 6 8a ,  19 7 1 ) ,  McKee and Molnar ( 19 8 8 ) , as well as Wolpo f f  

( 19 7 1a ) , have �1 1 po inted to  the variab il i t y  inhe rent i n  

tooth wear development and have outl i ned many fac t o r s  

cont r i bu t i ng t o  the proc e s s  be s ide s d i e t  ( e . g . , . tooth  s i z e , 

po s i t i on ,  and angulat ion , cusp mo rpholo gy , enamel th i c k-

ne s s , sexual d i mo rph i sm , e tc . ) .  Age appears t o  be o f  

primary impo rtanc e in dental wear var iat i on . Thu s , 

causat i ve agent s o f  human dental at t r i t io n  are nume rous . 

Howeve r , the relat i onship  o f  d i e t  and dental att r i t i o n  

remains  a s i gni f i cant re search que s t ion  t o  b e  explo red . I n  

th i s  s tudy , dental at t r i t i on i s  coded o n  an o rd i nal scale 

follow i ng that o r i g i nally de f i ned by Molnar ( 19 6 8 b ) and 

lat er modi f ied  by H inton ( 19 7 9 ) and Guagl iardo ( 19 8 2 : 3 8 -

4 0 ) .  F i gure 4 . 2  illus t rat e s  the coding fo rmat . 

to  Guagl iardo ( 19 8 2 : 4 0 ) : 

Acco rd i ng 

Cat e g o ry 1 teeth may show some pol i shing  o f  enamel 
at po int s o f  occlus ion , but no expo sure o f  dent i n . 
Cat e g o ry 2 inc i so r s  and can ine s vary from a p i n­
po int or thi n  line o f  v i s i ble dent i n  to a stage 
whe re even a casual glance di sclo s e s  the fac t o f  
dent i n  expo sure . . . .  Clas s i f i cat i on o f  Category 3 
ant e r i o r  teeth  i s  qu i te subj ect ive , but become s 
easy and repli cable through expe r i ence . Dent in 
expo sure i s  qu i t e  pronounced , but  plenty of  ena­
mel i s  s t ill pre sent , and the c rown as a whole 
cannot ye t be de s c r i bed as a " nub " . . . .  Ant e r i o r  
t e e th o f  Category 4 are l i ttle mo re than nubs 
w i th l i ttle and s ome t i me s  no enamel apparent . 
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I NC I SORS AND 

CANINES 

• 

WEAR 

CATEGORY 

1 

2 

3 

4 

MOLARS 

0 e 

Figure 4 . 2 .  Dental Attrition Scoring System ( from Guag­
liardo 1 98 2 : 3 9 ) . 
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Onl y anteri or mand i bular teeth_ are s cored for dental 

attri t i on . Onl y  one at tri t i on score ex i s t s  for each 

ind i v i dual , due t o  the averag ing o f  the overall appearance 

o f  al l the i nc i s ors and canines present in each mand i ble . 

Several researchers ( Bro thwell 195 9 ; H i llson 1 9 7 9 : 

Mandel 19 7 9 ; Mayhall 19 7 0 , 1 9 7 7 ) have no ted an i ncrease i n  

caries w i th a cul tural shi ft t o  a more modern agricultural ­

based d iet . Vi sual o bservat i ons o f  caries and abs ces s 

inc idences are recorded acro s s  the Archaic , Woodland , and 

Mi s s i s s ipp ian s keletal groups . 

Finally , the las t  morpho l o g i cal feature t o  be no ted i s  

that o f  degree o f  preservat ion . S i nce only wel l -preserved 

spec imens were selected for inclus ion  i n  thi s s tudy , t he 

part i cular focus  o f  thi s variable i s  ident i f i cat i on o f  

degree and locat i on o f  

renovat ions , are , for 

prev i ous researchers ; 

s keletal 

the mo s t  

recons truc t i on . These 

part , 

however , in  a few 

the product 

ins tances , 

o f  

t he 

recons truc t i on o f  mand i bles and/ or faces was made by the 

author . A code o f  1 ,  i nd i cat i ng the absence o f  any 

re structuring o f  the mand i b le or face , i s  fairl y rare for 

these samples . Codes o f  2 and 3 ,  deno t ing sli g ht but 

rel iable 

mand i b l e , 

amount s  o f  reconstruct i on  i n  the face and 

respec t ivel y , are more common . A code o f  4 

i nd i cates small degrees o f  rest orat i o n  i n  both . I n  no 

case , however , are gro s s  and tenuous  reconstruct i o ns o f  t he 
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craniofacial and mandibular regions accepted for inclusion 

in this study. 

Metric Variables Coded 

A total of 66 metric observations is recorded for each 

individual in this analysis--36 are mandibular and 25 are 

facial. In addition, five measurements are taken from each 

available anterior mandibular tooth for which mandibular 

dimensions are also obtained. Measurements are, for the 

most part, restricted to regions of the mandible and lower 

face for two reasons. First, measurements are selected for 

inclusion in this study to reflect mandibular and orofacial 

structural and functional variability with regard to the 

masticatory complex. And, limiting measurements to lower 

regions of the face and mandible has been found in previous 

studies to ameliorate biasing metric effects of cranial 

deformation (Berryman and Owsley 1984) . 

A listing of the metric variables recorded, including 

variable code names, is located in Appendix A. Definitions 

of these measurements can also be found in this appendix. 

A sliding dial caliper measuring to the nearest 0.1 

millimeter is used for the maj ority of the measurements; 

however, coordinate and spreading calipers as well as a 

goniometer and radiometer are also utilized. 

Fourteen of the 66 measurements are unconventional 

ones uniquely designed by the author and Dr. Fred H .  Smith. 
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These cons i st of mandibular radi i and proj ections and are 

meant to ali gn many mandibular dimensions with an 

independent reference point. All are taken in relation to 

the bicondylar axis--a proj ected horizontal chord stretched 

from one condyle to the other. In the present study, a 

2.80 millimeter thick dowl is extended acros s the max imum 

superior b icondylar breadth di stance ( F igure 4 • 3 ) • 

Measurements are taken from the particular mandibular point 

(such as infradentale inferius) straight back to this line . 

Proj ections are taken via the sliding caliper, while the 

radii requires the coordinate caliper. 

Two other measurements are also taken via  

unconventional means. Symphyseal angle i s  measured by a 

portable hand-held goniometer placed against the mandi ble 

while resting on a horizontal plane ( in this case, a very 

th in ( 0.80 millimeter ] piece of cardboard ) ( Figure 4.3 ) .  

And, coronoid proces s  angle deflection i s  noted by the 

superimposition of a protractor horizontally acros s the 

posterior tooth row. A vertical dowl is placed in front of 

this protractor and in line with the coronoid proces s. The 

ang le of flare is thus read from the coincidence of dowl 

with protractor (Figure 4.3 ) .  As wil l  be seen in the next 

section, succes s with both of these latter methods must be 

considered tentative .. 

For dimens ions involving symmetry, all measurements 

are taken from the left side; however, when the left side 
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a 

Figure 4 , 3. Illustration of Selected Measurement Methods : 
(a) Mandibular radius and projection; 
(b) Symphyseal angle; (c) coronoid process 
angle. 
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i s  mi ssing or damaged , the right si de i s  used. · Only 

readily replicable me asurements are taken--no dimensions 

are e stimated . All me asurements are taken by the author . 

Throughout the measurement proce s s , two individuals 

serve as the control specimens. All 66 measurements are 

taken from Control #1 after each 50 i ndividual interval ; 

thus , approximately seven sets of measurements pertai n to 

thi s control specimen. Control #2 i s  measured more 

infrequently (after about every 100 individuals ) --three 

sets of measurements apply here. In addition , teeth from 

Control #2 are measured at specified intervals similar to 

tho se de scribed for Control #1--six se t s  of value s  are 

collected for the dental measurements . In thi s way , 

replicability , reliability , and preci si on of all of the se 

measurements can be obj ectively asses sed . 

Data Analysi s 

Poor pre servation o f  Tenne ssee  Woodland period 

skeletal remains  and the re sultant small Woodland sample 

si z e  preclude the use  of the Woodland data in  the maj ori ty 

of stati stical analyse s . Vi sual compari son of Woodland 

data means to tho se of the other temporal groups i s  

performed . Multivariate stati stical compari son of the 

mandibular , craniofacial , and dental dimensions with 

re spect to temporal group ( Archaic versus Mi s si s sippi an) i s  

accompli shed vi a · correlation and canonical correlation  

128 



analyses as well as multiple analysis of variance (MANOVA) . 

However, first, univariate statistics ( means, standard 

deviations) for all of the measurements are generated, 

control spec imens are analyzed to assess error potential , 

some measurements are deleted due to small sample sizes or 

high error , and missing values are estimated. A discussion 

of all of these aspects of data analysis follows. 

Descriptive Statisti cs 

Means, standard deviations, minimum and maximum data 

range, and the sample sizes upon which these statistics are 

calculated, are first generated for all of the mandibular 

and fac ial measurements. This is accomplished via the PROC 

MEANS method of SAS (SAS Institute, Inc. 1985 ) .  These 

data are located in Appendix B and are arranged by separate 

sex for each temporal group ( includ ing Woodland) .  Similar 

descriptive statistics for the tooth measurements can be 

found in Append ix C. 

Control Spec imens 

To assess the error potential inherent in the 

previously described measurements, the control spec imen 

data are first also subjected to SAS PROC MEANS ( SAS 

Institute , Inc. 1985 ) per individual. Using the mean 

estimates ( i )  and the standard deviations ( s ) ,  coeffic ients 

of variation ( CV ) are then calculated for all 66 

measurements for the two control spec imens separately 
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( Control Specimen # l =seven sets of measurements ; Control 

Specimen #2=three sets of measurements) based on the 

following equation :  CV=s/x X 100. Since coefficients of 

variation express " sample variability independent of mean 

size '' ( Thomas 1976: 83 ) ,  high CV values for particular 

measurements suggest, in this case, high measurement 

errors . Table 4.1 outlines a ranking of all of the 61 

mandibular and facial measurements in terms of their 

coefficients of variation for , Control Specimen # 1 . 

Rankings for the more infrequently measured Control 

Specimen #2 are, for the most part, similar and are not 

presented here. Tooth control specimen coefficients of 

variation for the five dental dimensions ( involving six 

sets of measurements } are shown in Table 4.2. 

Based upon these rankings, five measurements are 

j udged to have unacceptable amounts of error. Symphyseal 

angle, coronoid process angle, infratemporal fossa length 

and width, and symphysis width (alveolar ) are thus removed 

from further statistical analyses. Measurements of 

alveolar height, zygomat ic arch thickness, condyle 

thickness, coronoid process radius and proj ection, and 

pogonion/gnathion also exhibit rather high CVs for 

Control Specimen #1, but not Control Specimen #2. These 

dimensions are not deleted. 

In addition to the five measurements noted above, 

others are also omitted. Three 
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Table 4.1. Cont rol Mandibular and Facial �easurement s 
Ranked In Orde r of Greate s t  Error (Based 
on Coe fficients  of Variation- -CV).� 

Measurement CV Measurement CV 

CPA 13.57 PBR 1.16 
IFL 10.17 PLB 1. 15 
AVH 10.14 SSR 1.14 
ZAT 7.82 TMB 1.04 
SWA 7.63 TML 1.04 
IFW 6.58 PBP 0.9 9  
CDT 5.78 GBP 0.97 
CPR 5.76 CMP 0.92 
CPP 5.15 IBR 0.87 
PGN 4.74 EZP 0.79 
SMA 4.51 ZRS 0.74 
CDH 3.97 BGB 0.71 
CTR 3.73 IDR 0.67 
CSH 3.12 FMR 0.67 
MBR 2.80 EIS 0.66 
ART 2.79 CDW 0.65 
CPT 2 . 31 GNR 0.61 
SWB 2.30 NAR 0.54 
PLL 2.20 ZMR 0.51 
WMH 2.13 CPH 0.50 
SMH 2.04 GMA 0.46 
PTP 2.02 PRR 0.38 
BCN 2.00 XCB 0.38 
IBP 1.98 FRC 0.35 
CTP 1. 61 XCL 0.33 
EUP 1. 51 ARB 0.30 
PTR 1. 50 BBH 0.28 
UFH 1.44  BZB 0.28 
PTL 1. 32 CPG 0.2 1 
ARH 1.31 BCB 0.09 
MBP 1.30 

- �Measurement defini tions may be found in Appendix A. 
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Tab le 4 . 2 .  Control  Ant e r i o r  Mand i bular Tooth Measurements 
Ranked In Orde r of Greate st Erro r ( Based on 
Co e f f i c i ents of Var iat i on- -CV ) . � 

Measurement CV 

ROL - ri ght late ral inc i so r  5 . 8 7 
RMD - r i ght late ral inc i s o r  3 . 1 4 
ROL - r i ght canine 3 . 0 1 
RMD - l e ft central inc i s or  2 . 8 7 
ROL - l e ft central inc i s or  2 . 4 9 
RMD - l e ft late ral inc i s or  2 . 2 5 
ROL - l e ft l ate ral inc i sor  2 . 0 8 
C�D - ri ght canine 2 . 0 5 
CMD - l e ft central inc i sor  1 . 8 8 
CBL - r i ght canine 1 .  8 4  
RMD - ri ght canine 1 .  6 5  
ROL - ri ght central inc i so r  1 . 4 7 
RMD - r i ght central inc i so r  1 . 4 4 
RBL - r i ght central inc i so r  1 .  3 5  
CMD - right l ate ral inc i so r  1 .  3 5  
CBL - l e ft central inc i s o r  1 . 3 2 
CBL - right c entral inc i s or  1 .  3 0  
CBL - r i ght late ral inc i so r  1 . 2 4 
RBL - l e ft central inc i s or  1 . 0 5 
RBL - right canine 1 . 0 1 
CMD - l e ft l ate ral inc i s o r  0 . 9 5 
RBL - ri ght lateral  inc i so r  0 . 8 0 
CMD - r i ght central inc i s or  0 . 7 7 
CBL - l e ft l ate ral inc i s o r  0 . 7 6 
RBL - l e ft l ate ral inc i s o r  0 . 6 4 

�Me asurement de f initi ons may be fo und in Appendix A .  
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cranial form ( maximum cranial length, breadth, and basion­

bregma height ) are dropped from further statistical 

analyses because of the aforementioned biasing effects of 

cranial deformation on many of the Mississippian 

individuals , And, nine mandibular and facial measurements 

(palate length and breadth, bizygomatic breadth, bicondylar 

breadth, condyle width, gnathion radius, infradentale 

radius, eminence point/upper molar point, and lower molar 

point/bicondylar proj ection) are deleted due to inadequate 

sample sizes. Thus, only 4 4  mandibulofacial attributes 

(30 mandibular, 1 4  facial) are utilized 

analyses. All five dental measurements ( crown 

in further 

mesiodistal 

and buccolingual diameters, root length, root mesiodistal 

and buccolingual diameters) are used in the analyses 

reported here. 

Missing Value Estimation--Stepwise Regression 

The everpresent nemesis of any multivariate analysis 

centers around missing values for certain measurements. 

This problem in the present study proved 

challenging. Many alternatives exist which can 

no less 

partially 

ameliorate this situation--ranging from using group means 

for particular missing measurements to estimating these 

values based op pre-existing data. In the present study, 

the latter method is j udged to be more · accurate. 

Stepwise regression is an exploratory approach to 
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multivariate regression which operates to isolate the 

particular independent variables which are most important 

in predicting a " best fit " model equation ( SAS Institute, 

Inc. 1982 : 101) . Many methods are available which implement 

PROC STEPWISE ; however, the Maximum R-square Improvement 

approach (MAXR) ( SAS Institute, Inc. 1985) to stepwise 

regression is j udged to be the most appropriate for this 

analysis. MAXR sequentially explores the best one variable 

model, best two-variable model, etc. , in order to produce 

the best model fit based on the number of variables desired 

( SAS Institute, Inc. 1982 : 102) . In this study, PROC 

STEPWISE with the MAXR option is used to estimate missing 

data via regression. Approximately 48 values are 

estimated utilizing 29 dif ferent regression equations and a 

total of 15 measurements. These equations are calculated 

separately as to temporal group and sex. In no case are 

more than two of the 44 utilizable mandibular and facial 

measurements estimated for a particular individual. In 

sum, the number of estimated values is less than 1% of the 

total data set--thus, minimal to no biasing effects from 

missing value proj ection are anticipated. 

Correlation Analysis 

The CORR procedure of SAS ( SAS Institute, Inc. 

1979 : 173) produces Pearson ' s  correlation coef ficients 

( product-moment and weighted product-moment) between two 

134 



sets of variables. These variable sets are usually 

considered criterion and predictor variables. The 

correlation coefficient 

relationship between 

measures the strength 

them (Hair et al. 

of the 

1979 : 3 2 ) .  

Correlation coefficients of +1 indicate a perfect ( and 

positive ) predictive . association between the variables, 

while negative values suggest inverse relationships. 

Coefficients near zero imply no relationship between the 

variables ( Hair et al. 1979 : 32) .  

In the present study, correlation coefficients are 

generated in three instances : 

1. To explore the interrelationships between the 30  

mandibular measurements; _ 

2. To assess the intercorrelation of the 14 facial 

dimensions; 

3. To investigate the intercorrelation of the five 

mandibular anterior dental measures. 

Thus, PROC CORR is applied to three 

(mandibular, facial, and dental) 

separate 

with a 

data sets 

primarily 

exploratory goal of elucidating interrelationships within 

the various variable sets. In addition, these analyses are 

performed separately as to temporal group ( Archaic versus . 

Mississippian ) and then compared. In all cases, variables 

are centered on respective sex means (via PROC STANDARD of 

SAS [ SAS Institute, Inc. 1985 ] )  and combined. 
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Canonical Correlation Analysis 

Canonical correlation is a powerful multivariate 

technique useful in exploring the statistical interrela­

tionships between two sets of variables. When one set of 

variables is. considered dependent and the other set 

independent, the method can be employed in the prediction 

of these multiple dependent variables from the multiple 

independent ones (Hair et al. · 1979 : 180 ) .  However, the 

technique can also simply determine the magnitude of 

relationship ( if any) between two variable sets. PROC 

CANCORR ( SAS Institute, Inc. 1985 ) accomplishes this by 

deriving maximum linear combinations (canonical variables) 

from each variable set which successively form optimum 

canonical functions or correlations. These canonical 

correlations can be tested for the overall significance of 

the relationship. Thus, each canonical function consists 

of two variates, representing the two variable sets ( Hair 

et al. 1979 : 18 3) . Correlation coefficients ( or loadings ) 

are useful in interpreting these variates : 

Just as with factor analysis, these coefficients 
reflect the importance of the original variables 
in deriving the canonical variates. Thus, the 
larger the coefficient the more important it is 
in deriving the canonical variates ( Hair et al. 
1979 : 18 3) . 

While methodological intricacies of canonical 

correlation analysis are well-established, interpretation 
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o f  the results is st ill somewhat tenuous . Hai r e t  al . 

( 19 7 9 : 19 1- 19 2 ) have outl i ned several impo rtant limitat i ons 

o f  the techn i que .  Fo r example , the der ived canon ical 

co rrelat i on relates to  the var iance shared by the l i near 

comb inat ions o f  the variable sets , not the o r i g inal 

var iables themselves . Als o , canoni cal load ings and 

especially wei ghts tend to be somewhat " sample-spec i f i c " - ­

that is , some deg ree o f  i ns tab il i ty occurs across d i f ferent 

data sets . And , small wei ghts o r  load ings fo r a part i cular 

var iable can reflect the overall unimpo rtance o f  the 

measurement in  the part i cular relat ionship ; however , this 

may als o  mean that the variable was " part ialed out  of the 

relat i onship because o f  a hi gh deg ree o f  mult i coll i near i ty "  

( Hai r et al . 19 7 9 : 18 9 ) . Thus , many researchers suggest the 

use o f  caut i on in the interpretat ion  o f  canonical 

co rrelat i o n  results . Even s o , when approached w i th such 

care , this techn i que can be very effect ive in  delineat i ng 

relat ionships between two sets o f  mult iple var iables . 

I n  this analys is , canoni cal co rrelat ion  is used to 

examine the following relat i onships : 

1 ,  the mand i bular versus the face measu rements ; 

2 .  the mandi bular versus the anter i o r  teeth 

var iables ; 

3 .  the face versus the anter i o r  teeth var iables . 

These procedures are per fo rmed separately as to tempo ral 

g roup . Sexes are comb i ned and centered ( means = O ) by 
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the PROC STANDARD technique of SAS ( SAS Institute , Inc . 

1985 ) .  

Regression--Multiple Analysis of Variance ( MANOVA) 

The analysis of variance approach to regression 

( ANOVA ) is  a statistical technique designed to study the 

relationships between one dependent metric and one or more 

independent non-metric variables . PROC GLM ( SAS Institute, 

Inc . 1985) implements this method by partitioning the total 

sum of squares ( SSTO=total variation) associated with the 

dependent variable into the sum of squares due to 

regression ( SSR) and due to residual ( SSE) ( Neter and 

Wasserman 1974 : 77) . 

Multiple analysis of variance ( MANOVA ) relates several 

metric dependent ( response) variables to a set of non­

metric independent ( predictor) variables . MANOVA is unique 

in that it treats the dependent measures as vectors rather 

than individual responses, and it uses the sum of squares 

cross-product ( SSCP) matrices ( rather than just sum of 

squares ) in its calculations . This technique evaluates the 

presence of differences in these mean vectors ( Hair et al . 

1979 : 127) --a Wilk ' s  Lambda statistic is provided which 

tests the overall significance of this relationship . An 

advantage of MANOVA is that it " . . .  allows simultaneous 

testing of all the variables and considers the various 

interrelationships among them" (.Hair et al . 1 979 : 1 45) . 
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Thus , intercorrelation among dependent variables is 

accounted for by MANOVA. Assumptions preceeding the use of 

this technique include a normally distributed residual 

variance which should be equal among cells and a low 

correlation among cell observations ( assumed when from 

randomly sampled groups) . Even when these assumptions are 

not met, MANOVA and ANOVA have been found to be very robust 

techniques ( Hair et al. 1979 : 13 2) .  

In this analysis, the 4 4  metric mandibulofacial 

measurements as well as the five dental ones are considered 

to be dependent variables. A one-way MANOVA is first used 

to test the relationship between all of the craniofacial, 

mandibular, and dental measurements with respect to the 

three age categories ( independent categorical variables ) .  

This is done to assess the effect of possible functional 

age-related stress on mandibular and craniofacial 

masticatory-related dimensions previously found to be 

significant in research by Guagliardo ( 198 2 ) ,  

A one-way MANOVA is also used to test the null 

hypothesis that no differences exist between the 

measurement centroid means with regard to the temporal 

groups (also independent variables ) .  In other words , 

MANOVA tests the hypothesis that no difference exists 

between Archaic and Mississippian sample individuals in 

regard to the mandibular and facial measurements under 

investigation. A similarily designed one-way MANOVA is 
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also applied to the anterior mandibular tooth dimensi ons in 

relation to temporal group . In all cases, variables are 

centered on respective sex means by PROC STANDARD ( SAS 

Institute, Inc . 1985 ) . Thus, these MANOVAs represent 

combined, but centered sex analyses. 

Controlling Allometric Influences--Femur Length and 

Geometric Body Scaling 

One maj or potential bias in any investigation of 

multivariate change in skeletal dimensions through time is 

the effect of body size . For example, it is entirely 

conceivable that observed reductions in craniofacial, 

dental, and mandibular variables through time are 

attributable to decrease in body size across this time span 

rather than to masticatory-related functional factors. 

Just such a phenomenon has been documented by Oleksiak 

(1987 ) concerning Upper Pleistocene early modern Homo 

sapiens sapiens tooth and body size . Thus, in the present 

study, some method of assessing body size differences 

across the temporal groups is needed . One such technique 

is a comparison of femur length means . 

Maximum femur lengths were measured and recorded by 

the author for the Archaic sites of Eva, Cherry, and 

Ledbetter, and the Mississippian site of Dallas . These 

values are then compared to published femur length means 

from the Archaic Anderson site ( Joerschke 1983 ) as well as 
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the Mississippi an sites of  Toqua (Parham 1982 ) , Averbuch 

(Berryman 1981 ) , Ledford Island , Rymer , and Mouse Creek 

(Boyd 1984 ) . These femur mean length comparisons 

( including standard deviations and sample sizes ) are 

presented (by sex ) in Table 4.3 . Little di fferences exist 

between Tennessee site Archaic and Mississippi an femur 

lengths. In six separate T-tests comparing male and female 

Archaic (Eva , Cherry , and Ledbetter combined mean femur 

lengths ) with Mouse Creek Phase (Ledford Island , Mouse 

Creek , Rymer sites ) ,  Dallas Phase (Toqua and Dallas sites ) 

and Averbuch male and female mean femur lengths , only the 

Archaic versus Averbuch male comparison exhibits 

signi ficant di fferences (t=3.25; df=150 ) at the 0. 05 level. 

Berryman (1981 : 143 ) notes that Averbuch males mani fest one 

o f  the highest recorded femur length means o f  any 

prehistoric Amerindi an group. Thus , it does not appear that 

overall body size (at least in regard to femur length ) 

changed across this temporal · span. 

However , a better control of  allometric influences can 

be accomplished by use of  a geometric body sc aling 

statistical program in which the raw data undergo a log­

arithmic transformation. The program used in the present 

study is similar to one used by Mosimann and James (1979 ) 

and Darroch and Mosimann (1985 ) , as modi fied by Anthony 

Falsetti at the University o f  Tennessee , Knoxville. This 

program does not remove allometric influences , but instead 
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Table 4 . 3. A Comparison of Tennes see Archaic and Mis sis s ­
ippian Site Maximum Femur Lengths . �  

Female 
Site - S. D. X n 

Archaic 

Andersonb 40. 27 2. 20 7 
Eva 40. 27 2. 10 21 
Cherry 41. 3 3  2. 22 10 
Ledbetter 42 . 08 2. 23 5 

Mis sis sippian 

Ledford 
Island c.. 40. 82 1. 78 41 
Rymer � 41. 56 1 . 39 15 
Mouse Creekc:. 41. 24 2 . 15 9 
Toqua d 41. 50 1 .  78 37 
Averbuch"' 42. 30  1. 79 73 
Dallas 41. 25 1. 73 22 

�easurements are in centimeters. 

� Joerschke ( 1983 ) 

c.Boyd ( 1984 ) 

JParham ( 1982) 

e..Berryman ( 1981 ) 
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Male 
- S . D. X n 

43. 93 1 .  93 6 
43. 56 1. 99 24 
43. 92 2. 63 12 
44. 06 1. 29 11 

44. 38 2 . 37 3 9  
44.63 1. 37 21 
4 4. 72 1 . 66 8 
44. 31  1. 75 43 
44.81 1 . 81 105 
44. 45 1 .  68 35 



controls body size across the temporal groups. While 

Corruccini ( 1 987) believes that linearly transformed data 

sets do not "cancel out " size effects, he (Corruccini 

1987 : 292) states : 

... procedures such as Mosimann and James ' ( 1 979) 
while aiming not to produce statistically uncorre­
lated size and shape (but geometrically meaningful 
definitions thereof), do lead easily and naturally 
to adjusting shape vectors for lesser correlation 
with size over defined segments of the sample 
range. 

In the present study, each measurement variable is 

divided by the total variable set mean. These data are 

then logarithmically transformed and used in 

analyses identical to the ones previously 

(mandibular measurements versus temporal group; 

MANOVA 

described 

facial 

dimensions versus temporal group; dental measures versus 

temporal group) . These corrected MANOVA results are then 

compared to the uncorrected MANOVAs to assess allometric­

related dimensional size changes and distinguish these 

changes from shape-related ones. 

Summary 

Both morphological as well as metric ( univariate, 

multivariate) dimensions are recorded and compared across 

the temporal data sets. The Multiple Analysis of Variance 

(MANOVA) approach to regression is used to assess the 

variability of these mandibular, facial, and dental 

measurements with respect to temporal group (Archaic, 



Mississippian ) .  Body size variation is control led via the 

use of a geometric body scal ing program which 

the groups with respect to logarithmical ly standardizes 

body size. Thus, primari ly shape differences across these 

temporal groups are isolated. 

Before assessing 

variab i l ity, however, 

intercorrelation of 

the between-group multivariate 

an exploration of the wi thin-group 

measurements is accompl ished via 

Correlation and Canonical Correlati on analyses. And, 

within-group MANOVAs are performed to 

differences in craniofacial , dental, and 

dimensions with regard to age. In this 

assess the 

mandibular 

way, biasing 

effects of functional age-related masticatory changes may 

be isolated. 
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CHAPTER 5 

RESULTS--MANDIBLE 

Introduction 

Although previous chapters have emphasized the 

interrelatedness of 

dental dimensions 

mandibular complex, 

the mandibular, craniofacial, and 

within the masticatory-associated 

for simplification, presentation of 

results of the analyses discussed in the preceeding chapter 

must be subdivided. Thus, discussion of the results 

fol lows a logical pattern--in this chapter, data are 

presented concerning intercorrelation as wel l  as within­

and between-group variability of the mandibular dimensions, 

while in Chapters 6 and 7 the focus is primarily upon 

regions of the lower face and mandibular anterior 

dentition, respectively. 

these dimensions are 

However, it must be stressed that 

interrelated and these 

interconnections are discussed more ful ly in Chapter 8. 

Intercorrelation of Mandibular Measurements 

As mentioned in Chapter 4, the PROC CORR technique is 

performed separately by temporal group. The results are 

presented accordingly. 
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Archaic 

Partial results of the correlation analysis for the 30 

mandibular measurements, representing skeletal samples 

ranging from approximately 79 to 82 Archaic individuals, 

can be found in Table 5. 1.  As expected, the highest 

correlation coefficients exist between the complementary 

mandibular radii and proj ections. For example, the 

correlation coefficient between infradentale inferius/ 

bicondylar radius and projection (IBR and IBP, respective­

ly) is quite high--0. 95 23 3.  I nterestingly, all but one of 

these measures exhibit high correlations strictly with each 

other or dimensions of total or posterior tooth row length 

(TML, PTL) . The exception relates gonion/bicondylar 

projection (GBP) to ascending ramus height (ARH) . Thus, 

the majority of these measures express in varying degrees 

the length and projection of the mandible. 

The remainder of the dimensions manifest much lower 

correlation coefficients . Most height 

height, CPH--corpus height, SMH--symphyseal 

width/thickness (CPT--corpus thickness, 

breadth, ART--ascending ramus thickness, 

(CDH--condyle 

height) and 

BGB--bigonial 

CDT--condyle 

thickness, SWB--symphysis width, basal)  variables correlate 

highly among themselves, respectively. And, dimensions of 

the coronoid process (CSH, CMP, CPG) are fairly strongly 

correlated with each other. Interesting, however, is the 
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Table 5.1 .  Highest Correlation Coefficients ( via PROC 
CORR ) Among Archaic Mandibular Dimensions. 

Correlation Coefficientsh 
Measure-
menta.. 

BCN 
CPH 
CPT 
CDH 
BGB 
CPG 
ART 
ARB 
ARH 
TML 
PTL 
! BR 
PBR 
CPR 
PTR 
MBR 
CTR 
IBP 
PBP 
CPP 
PTP 
CTP 
GBP 
PGN 
CDT 
GMA 
CSH 
CMP 
SMH 
SWB 

M l  Cl M2 C2 M3  C3 

PTL 0.3 1 205 IBP 0.29038 TML 0 . 27030 
SMH 0.57939 PBP 0 . 46641 CPG 0 . 44398 
SWB 0 . 63903 ART 0 . 5463 1 BGB 0 . 41 795 
GBP 0 . 29560 CPP 0 . 293 30  CPG 0.2741 0 
CPT 0 . 41795 CMP 0.372 1 4  SWB 0.32439 
GBP 0 . 70435 ARH 0.69394 CMP 0 . 61 1 22 
CPT 0 . 5463 1  SWB 0.4291 3  CDT 0 . 38591 
CTR 0 . 62777 CTP 0 . 5563 3  IBP 0 . 50409 
GBP 0.71810  CPG 0.69394 GMA -0.65265 
PTL 0 . 92001 PBR 0 . 90348 PBP 0.851 23 
TML 0.92001 PBR 0 . 87269 ! BR 0.86742 
IBP 0 . 9523 3 PTR 0 . 87355 PTL 0 . 86742 
PBP 0.95402 TML 0.90348 PTL 0 . 87269 
CPP 0.92657 CTR 0 . 81707 CTP 0 . 77057 
! BR 0.87355 PTP 0.86448 PBR 0.82360 
PBR 0 . 84491 PBP 0.82659 PTR 0.80862 
CTP 0.91 004 CPR 0.81 707 CPP 0.81 042 
! BR 0.9523 3 PBR 0 . 863 1 6  PBP 0 . 86040 
PBR 0 . 95402 IBP 0 . 86040 TML 0.851 23 
CPR 0. 92657 CTR 0 . 81 042 CTP 0 . 75390 
PTR 0.86448 IBP 0.82467 ! BR 0.81 645 
CTR 0 . 91004 CPR 0.77057 CPP 0 . 75390 
ARH 0.7181 0 CPG 0.70435 PBP 0 . 50751 
ARB 0 . 23941 CTP 0 . 22 1 56 PTL 0 . 21 3 1 9 
SWB 0 . 42320 ART 0.38591 CPT 0.3 3224 
ARH -0.65265 CPG -0 . 46888 TML 0 .  39237-
CMP 0 . 46245 CPG 0.45760 CPR -0 . 25858 
CPG 0 . 61 1 22 PBP 0.5291 3 IBP 0 . 47476 
CPH 0 . 57939 PBP 0 . 41 1 48 PTL 0.403 37 
CPT 0 .  63903 · CPH 0 . 441 32 ART 0 . 4291 3  

4Measurement definitions may be found in Appendix A. 

bMl,  Cl = the first highest measurement and correlation 
coefficient, respectively ; 

M2, C2 = the second highest measurement and correlation 
coefficient, respectively ; 

M3,  C3 = the third highest measurement and correlation 
coefficient, respectively. 
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association of bicanine width ( BCN ) with measures of the 

length of the mandible ( PTL, IBP, TML ) ,  although it must be 

noted that these correlations are rather low ( 0.3 1 and 

below ) . And, gonial angle ( GMA ) exhibits a high negative 

correlation with measures of the height of the ascending 

ramus ( ARH, CPG ) .  

Mississippian 

Table 5 . 2  lists similar data for approximately 192 to 

1 95 Mississippian mandibles. When compared to that of the 

Archaic, the correlative pattern is very similar . Once 

again, mandibular radii and projections correlate highly 

with one another and measures of the length and projection 

of the mandible. And, various height variables show high 

correlations amongst themselves . Width measures also 

exhibit fairly strong intercorrelations. Bicanine . width 

( BCN ) manifests the same association with length and 

projection of the mandible ( I BR, PBP ) ,  while gonial ang le 

{ GMA ) shows an even higher inverse relationship with 

ascending ramus height. 

Thus, in both Archaic and Mississippian samples, a 

strong relationship exists between· the various length and 

projection measures of the mandible .  The majority of the 

remainder of the measurements reflect various height and 

breadth dimensions of the lower j aw. 
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Table  5 . 2 .  Hi ghest Corre lation Coefficients (via PROC 
CORR ) . Among Mississippian Mandibular 
Dimensions . 

Correlation Coe f ficients I, 
Measure-
ment o. M l  C l  M2 C2 M3 C3 

BCN 
CPH 
CPT 
CDH 
BGB 
CPG 
ART 
ARB 
ARH 
TML 
PTL 
IBR 
PBR 
CPR 
PTR 
MBR 
CTR 
IBP 
PBP 
CPP 
PTP 
CTP 
GBP 
PGN 
CDT 
GMA 
CSH 
CMP 
SMH 
SWB 

IBR 0 . 334 4 4  PBP 0 . 31864 PTR 0 . 31104 
SMH 0 . 70009 PBP 0 . 55165 PBR 0 . 53592 
SWB 0 . 52246 ARB 0 . 43607 CDT 0 . 31397 
GBP 0 . 42235 CTP 0 . 41296 CTR 0 . 38075 
BCN o . . 26051 GMA 0 . 21745 PBR 0 . 20415 
GBP 0 . 61864 GMA -0 . 55516 CMP 0.51915 
CPT 0 . 30259 SWB 0 . 22947 CMP 0 . 22483 
CTR 0 . 54256 CTP 0 . 54053 CPT 0 . 43607 
GBP 0 . 77641 GMA -0 . 73297 CPG 0 . 62157 
PBR 0 . 84942 PBP 0 . 79817 PTL 0 . 79476 
TML 0 . 79476 IBR 0 . 74942 PTR 0 . 72290 
IBP 0 . 95533 PTR 0 . 86283 PBR 0 . 84118 
PBP 0 . 95788 TML 0 . 84942 IBR 0 . 84118 
CPP 0 . 89226 CTP · 0 . 81519 CPR 0 . 81043 
PTP 0 . 92685 MBR 0 . 87128 IBR 0 . 86283 
PTR 0 . 87128 PTP 0 . 84 423 PBR 0 . 80176 
CTP 0 . 94054 CPP 0 . 81278 CPR 0 . 81043 
IBR 0 . 95533 PTR 0 . 84569 PTP 0 . 83999 
PBR 0 . 95788 PBP 0 . 81793 IBP 0 . 81346 
CPR 0 . 89226 CTP 0 . 82187 CTR 0 . 81278 
PTR 0 . 92685 MBR 0 . 84 423 IBP 0 . 83999 
CTR 0 . 94054 CPP 0 . 82187 CPR 0 . 81519 
ARH 0 . 77641 CPG 0 . 61864 GMA -0 . 47419 
ART 0 . 21801 PTL 0 . 20465 ARB 0 . 16529 
ARB 0 . 41809 ARH 0 . 38064 GBP 0 . 34836 
ARH -0 . 73297 CPG -0 . 55516 GBP -0 . 47419 
CPG 0 . 47629 CMP 0 . 47480 BGB 0 . 17310 
CPG 0 . 51915 CSH 0 . 4 7480 MBR 0 . 450 80 
CPH 0 . 70009 PBR 0 , 52368 PBP 0 . 50820 
CPT 0 . 52246 PBR 0 . 32408 PBP 0 . 30548 

�easurement de finitions may be found in  Appendix A .  

b M l , Cl = the fi rst hi ghest measurement and correlation 
coeffici ent , respective l y; 

M2 , C2 = the second hi ghest measurement and correla­
tion coefficient , respectivel y; 

M3 , C3 = the third highest measurement and corre lation 
coefficient ,  respective l y . 
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Within-Group ( Age) Variability 

Before a consideration of change in mandibular 

measurements through time can be investigated, the effect 

of age biases on these measurements must be explored. This 

aspect is discussed below . 

Archaic 

MANOVA partial results for the age versus mandibular 

measurement comparison for the · Archaic individuals are 

presented in Table 5.3. Only the dimensions which exhibit 

differences with regard to age at the 0.0 5 · level are 

listed. As can be seen, there is a significant overall 

difference in the Archaic mandibular dimensions with 

respect to the age categories--the Wilks ' Criterion F value 

of 1.60 results in a probability value ( >  F) of 0.007. 

Several measurements contribute to this relationship. 

These include dimensions of the thickness of the corpus 

(CPT), breadth of the ascending ramus (ARB ) and mandibular 

dental arch (BCN ) ,  as wel l as height o f  the condyle (CDH ) 

and overall length of the mandible ( !BR, IBP) . If one 

examines the means for these measurements with respect to 

the age categories, it is noted that all  of these 

dimensions decrease from young to old age, with one 

important exception. Female condyle height experiences a 

substantial increase across these age categories. 
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Table 5 . 3 .  MANOVA ( Si gnificant Variables Only )  Compari­
son Among Age Cl asses For Archaic  Mandibul ar 
Dimensions . a.; 

Measurement -4>  R-Square F Value Probabi li ty > F 

BCN 0.14 3 . 91 0 . 01 
CPT 0 . 12 3 . 25  0 . 0 3 
CDH 0 . 13 3.74 0 . 01 
ARB 0 . 17 4 . 98 0 . 0 0 
! BR 0.10 2.81 0.0 4 
IBP 0 . 10 2 . 68 0 . 0 5 

°'Wi l ks ' Criterion= 0.107 ; F= l.60 ; Probabi li ty > F= 0.0 07 ; 
Deg rees of Freedom : Model = 3 ; Error=72 ; Correc ted Total 
=75; n=76 .  

�easurement defini tions may be found in Appendix A .  
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Mississippian 

Similar MANOVA comparisons are generated for 

Mississippian mandibular measurements with respect to age . 

Table 5.4 summarizes these results. There is 

significant overall relationship between the two variable 

sets ( Wilks ' Criterion Probability > F value=0.398) ; how­

ever, the measure of condyle thickness ( CDT) is the only 

one of the 30  mandibular dimensions to show significant 

variation--it increases in both males and females with 

advancing age. 

Thus , there are significant age-related overall 

differences in Archaic mandibular dimensions , but not 

Mississippian ones. Implications for this patterning are 

discussed further in Chapter 8 .  

Between-Group ( Temporal) Variability 

Archaic versus Mississippian 

Results of the between-group ( uncorrected for body 

size ) MANOVA comparison of the mandibular measurements and 

the two temporal groups ( Archaic and Mississippian ) are 

summarized in Table 5. 5. A Wilks ' Criterion of 0. 445 and 

associated F value of 9. 69 ( significant at the 0.0001 

level) clearly allow the rejection of the null hypothesis 

of no dif ferences between Archaic and Mississippian 

mandibular dimensions. Approximately 18 of the original 30  

152 



Table 5.4. MANOVA ( Significant Variables Only) Comparison 
Among Age Classes For Mississippian Mandibular 
Dimensions.a.,, 

Measurement 1, R-Square F Value Probability > F 

CDT 0.07 4.72 o . o o 

�ilks ' Criterion=0.578 ; F= l .04 ; Probability > F=0.398 ; 
Degrees of Freedom: Model = 3 ; Error=184 ; Corrected To ­
tal =187 ; n=18 8. 

b Measurement definitions may be found in Appendix A. 
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Table 5 . 5 .  MANOVA (Significant Var iables Only) Comparison 
Of Mandibular Measurements Between Archaic and 
Mississippi an Samples.o., 

Measurement0 R-Square F Value Probability > F 

BCN 0 . 07 21 . 42 o . o o 

CPH 0 . 04 11 . 75 o . o o 

ART 0 . 11 31 . 89 0 . 00 
ARH 0 . 05 12 . 72 o . o o 

TML 0.11 33 . 09 0 . 00 
PTL 0 . 03 7 . 13 0 . 01 
IBR 0 . 07 20 . 30 o . o o 

PBR 0.11 31 . 42 0 . 00 
CPR 0.06 ·16 . 39 0 . 00 
PTR 0 . 02 6.64 0 . 01 
MBR 0 . 02 6 . 16 0 . 01 
IBP 0 . 03 8 . 79  0.00 
PBP 0.06 16.29 o . o o 

CPP 0.04 10.30 0.00 
GMA 0 . 10 28.71 o . o o 

CMP 0 . 11 32.86 0 . 00 
SMH 0.21 68.97 o . o o 

SWB 0 . 04 9.87 o . o o 

°'Wilks ' Crite ri on=0 . 445; F = 9 . 69 ;  Probability > F=0 . 0001; 
Degrees of Freedom : Model= l; Erro r=262; Corrected Total 
=263; n=264. 

�easurement definiti ons may be found in Appendix A .  
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mandibul ar measurements manifest this vari abi lity. · Eight 

of these are mandibul ar radii and proj ections. In 

addition, total mandibular length and posterior tooth row 

length (TML and PTL, respectively ) also are significantly 

different across the temporal groups. Other dimensions 

showing change include two re lating to the mandibul ar 

symphysis (SMH- -symphysis height and SWB- -symphysis width, 

basal) , two concerning height and thickness of the 

ascending ramus { ARH and ART ) ,  and another reflecting 

height of the corpus (CPH). Final ly, coronoid point/ lower 

molar point (CMP ) ,  bicanine width (BCN ) ,  and gonial angl e 

(GMA ) also manifest significant differences . 

More important than merely the establishment of 

significant dif ferences is the documentation of a pattern 

in these data. It can be seen from a review of these 

measurement means by group and sex in Table 5 . 6 that such 

an identifi able  pattern exists. Al l of the separate sex 

mean comparisons exhibit the same pattern of change. 

Fourteen of the 18 vari abl es incre ase from the Archaic to 

the Mississippi an . Most of these are measures of the total 

l ength and proj ection of the mandible; however, it should 

be noted that proj ection and radius of the coronoid process 

{ CPP and CPR, respecti vely ) decre ase. In addition, 

ascending ramus height (ARH ) and symphysis width, basal 

(SWB) also decrease through time . Measures of height (CPH, 

SMH ) as we l l  as width/thickness (BCN, ART ) of the mandible  
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Table  5 . 6 .  Me ans and Sample  S i z es  o f  S i gn i f icant ly · 
D i f f e rent ( vi a  MANOVA ) Mand i bu l ar D imens ions  
From Archa ic  and M i s s i s s ipp i an Females  and 
Mal es .ca.,, 

Measure - Archaic M i s s i s s i22 ian 
ment '1 Female Mal e Female  Mal e  

-

x x X n X n n n 

BCN 1 8 . 2 3 3 9  1 8 . 84 4 2  1 9 . 4 3 94  1 9 . 5 9 1 0 1  
CPH 3 0 . 2 5 4 0  3 3 . 1 6 4 2  3 1 . 6 6 94  3 3 . 9 2 1 0 0 
ART 1 0 . 6 3 4 0  1 1 . 1 8 4 2  1 1 . 5 4 94  1 2 . 0 7 1 0 1  
ARH 5 4 . 8 2 3 9  6 1 . 5 9 4 2  5 2 . 3 2 9 4  5 8 . 6 9 1 0 1  
TML 9 7 . 1 8 3 9  1 0 1 . 0 2 4 2  1 0 0 . 9 7 9 3  1 0 5 . 1 3 1 0 1  
PTL 8 7 . 0 8 3 9  9 0 . 5 5 4 2  8 8 . 7 1 9 3  9 2 . 1 4  1 0 1  
IBR 8 6 . 3 1 3 8  8 9 . 3 6 4 2  8 9 . 3 5 9 3  9 2 . 2 6 1 0 0  
PBR 9 3 . 8 9 3 8  9 8 . 6 7 4 2  9 7 . 4 3  9 3  1 0 2 . 5 8  1 0 1  
CPR 3 1 . 9 7 3 8  3 1 . 9 7 4 1  2 9 . 9 9 9 3  3 0 . 6 8 1 0 1  
PTR 8 0 . 0 8 3 8  8 3 . 0 2 4 2  8 2 . 1 3 9 3  8 4 . 6 4 1 0 1  
MBR 6 0 . 6 2 3 7  6 3 . 9 5 4 2  6 2 . 2 8 9 2  6 5 . 4 6 1 0 1 · 
I BP 8 8 . 6 7 3 8  9 2 . 4 6 4 2  9 0 . 6 2 9 3  94 . 2 1 1 0 0  
PBP 9 8 . 5 9 3 8  1 0 4 . 1 5 4 2  1 0 1 . 1 2  9 3  1 0 6 . 9 9 1 0 1  
CPP 3 3 . 1 3 3 8  3 3 . 1 9 4 1  3 1 . 5 9 9 3  3 2 . 3 9 1 0 1  
GMA 1 1 7 . 9 0 4 0  1 1 5 . 4 0 4 2  1 2 2 . 9 4 94  1 1 9 . 5 8 1 0 1  
CMP 4 4 . 0 3 3 9  5 0 . 6 1 3 9  4 7 . 9 1 9 2  5 3 . 1 0 1 0 0 
SMH 3 1 . 3 4  4 0  3 2 . 9 5 4 2  3 4 . 0 4 9 4  3 6 . 5 8 1 0 1  
SWB 1 3 . 7 5 4 0  1 5 . 0 5 4 2  1 3 . 4 0 9 4  1 4 . 1 2 1 0 1  

°'Measurements  are i n  m i l l imeters . 

bMe asurement de f i n i t ions  may be found in  Append ix A .  
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increase from the Archaic to the Mississippian, along with 

the dimension of genial angle ( GMA ) . 

Woodland 

Before conclusive statements about changes in 

mandibular measurements through time can be made , Woodland 

mandibles must be considered. As previously mentioned, 

small Woodland sample sizes preclude the use of statistical 

analysis and interpretation for this data set , However, 

visual inspection of the means and standard deviations for 

those dimensions which exhibit variability from the Archaic 

to the Mississippian may provide additional insight into 

the presence 

measurements 

of 

through 

identifiable patterning 

time. Table 5. 7 · lists 

in 

such 

these 

data . 

When compared to the previous table ( Table 5 , 6 )  containing 

Archaic and Mississippian means for the same measurements , 

almost all of the Woodland mandibular dimensions fit within 

the pre-established pattern of increase or decrease from 

Archaic to Mississippian. Interestingly ,  the two main 

exceptions involve similar measurements ( CPR , CPP) for the 

same sex (female) . 

Before these results can be accepted with 

however, a final cause for error or bias 

investigated . The possibility that some of 

described differences relate to allometric 
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Table 5. 7. Means, Standard Devi ations, and Sample Sizes· 

Measurement'-

BCN 
CPH 
ART 
ARH 
TML 
PTL 
IBR 
PBR 
CPR 
PTR 
MBR 
IBP 
PBP 
CPP 
GMA 
CMP 
SMH 
SWB 

of Selected Mandibular Dimensions From Woodland 
Females and Males.a.., 

Female Male 
S.D. - S.D. X n X n 

19.50 0.82 8 19.10 2.29 15 
31.84 2.20 9 33.81 2.65 16 
12.00 2.77 9 12.59 1.23 16 
52.44 5.46 9 58.69 4.74 16 

101.44 5.90 9 104.19 4.90 16 
90.67 5.66 9 92.12 4.18 16 
89.55 4.75 9 91.62 3.22 16 
9 7.78 5.12 9 101. 25 3.66 16 
32.78 3.38 9 30 . 87 4.06 16 
83.55 3.91 9 85.31 3.94 16 
63.00 3.12 9 64.3 7 3.84 16 
90.91 5.53 9 93.39 3.41 16 

101.57 4.91 9 105.56 3.84 16 
34.13 3.77 9 32.19 3.85 16 

122.55 7.42 9 117.94 5.96 16 
44.81 2.58 9 50.64 5.54 16 
33 . 33 2.90 9 34.75 3.10 15 
13. 73 0.69 9 14.53 1.26 16 

°'Measurements are in millimeters. 

&Measurement defini tions may be found in Appendix A ,  
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be tween Archaic and Mississippian individuals exists �  This 

question is explored in the next section . 

Geome tric Body Scaling 

The 30 mandibular measurements from the two t emporal 

groups ( Archaic and Mississippian ) are subjected to 

logarithmic transformation ( controlling body siz e  across 

the groups) via the previously described geometric body 

scaling statistical program . A MANOVA comparison identical 

to the one described above investigating the variation of 

these measurements with regard to temporal group is then 

performed .  Partial results showing only the mandibular 

measurements which are significantly different across time 

are presented in Table 5 . 8. As can be seen when compared 

to Table 5 . 5, there are virtually no differences in results 

when body siz e  is controlled. The only chang e is the 

addition of one measurement ( CSH--coronoid process 

height) , which, in the uncorrected MANOVA 

significant only at the 0 . 0505 level . 

comparison, is 

This dimension 

significantly 

Mississippian. 

increases from the Archaic to the 

Thus, allometric factors do not appear to 

be important across this temporal span in relation to these 

mandibular measurements . 

Summary 

· Both within- and between-group analyses are conducted 

upon the mandibular data . Within each temporal group 

1 59 



Tab l e  5 . 8 .  MANOVA ( S i gn i f icant Var i abl e s  Onl y ) Compar i son  
Of  Logari thmi c Mand i bu l ar D i mens ions Between 
Archaic  and Mi s s i s s ipp i an Samples  ( Body S i z e  
Di ffe renc e s  Control l ed ) . � 

MeasurementAt R- Square F Value Probab i l i ty > F 

BCN 0 . 0 8 2 2 . 0 2 o . o o 

CPH 0 . 0 5 1 3 . 0 3 o . o o 

ART 0 . 1 1 3 2 . 7 1 0 . 0 0 
ARH 0 . 0 5 1 2 . 9 8 0 . 0 0 
TML 0 . 1 1 3 3 . 9 0 0 . 0 0 
PTL 0 . 0 3 7 . 2 6 0 . 0 1 
I BR 0 . 0 7 2 1 . 0 8 0 . 0 0 
PBR 0 . 1 1 3 2 . 1 3 0 . 00 
CPR 0 . 0 6 1 5 . 4 7 o . o o 

PTR 0 . 0 3 7 . 0 0 0 . 0 1 
MBR 0 . 0 2 6 . 4 0 0 . 0 1 
IBP 0 . 0 3 9 . 1 6 0 . 0 0 
PBP 0 . 0 6 1 6 . 8 9 0 . 0 0 
CPP 0 . 0 3 9 . 4 5 0 . 0 0 
GMA 0 . .  1 0  2 9 . 0 8 0 . 0 0 
CSH 0 . 0 1 4 . 0 4 0 . 0 4 
CMP 0 . 1 2 3 4 . 98 o . o o 

SMH 0 . 2 1 7 1 . 1 8 0 . 0 0 
SWB 0 . 0 3 9 . 5 4 0 . 0 0 

a.w i l ks ' Cri te r i o n = 0 . 4 3 4 ; F= 9 . 7 6 ;  Probab i l i ty > F=0 . 0 0 0 1 ; 
De gree s o f  Freedom : Mode l = l ; Erro r = 2 6 2 ; Corrected  To tal 
= 2 6 3 ; n = 2 6 4 . 

b Me asurement de f i n i t i on s  may be found i n  Append ix A .  
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( Archaic, Mississippian ) ,  correlation analyses indicate 

strong relationships between many mandibular dimensions. 

For example, high correlations exist between the various 

length and pro j ection measures of the mandible. 

variables correlate fairly hi ghly to gether, 

Height 

as do 

width/thickness mandibular measurements. Overall, the 

pattern of Archaic mandibular intercorrelations is very 

similar to that seen in the Mississippian. With regard to 

age variability, however, the two temporal groups differ. 

MANOVA comparisons indicate that Archaic mandibular 

dimensions vary significantly with age--corpus thickness, 

bicanine width, ascending ramus breadth, and overall length 

of the mandible decrease significantly with increasing 

age, while condyle height increases , However, overall, 

Mississippian mandibular dimensions do not vary with age. 

Between-group MANOVA analyses reveal that a 

( 18/30 ) of the utilized mandibular measurements 

maj ority 

exhibit 

significant differences across the temporal groups. 

Suprisingly, li of these increase from the Archaic to the 

Mississippian. For example, in comparison to Archaic 

mandibles, Mississippian lower j aws increase in length and 

pro j ection. In addition, the symphysis and corpus are 

higher and width at bicanine and thickness at the ascending 

ramus greater in Mississippian mandibles. However, height 

of the ramus, thickness of the base of the symphysis, and 

radius and pro j ection of the coronoid process decrease 
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through time. Visual inspection of Woodland means for 

these same dimensions corroborates these patterns. When 

the MANOVAs are performed on mandibular dimensions 

logarithmically transformed ( body size controlled across 

the temporal groups ) ,  very similar results are obtained , 

Thus, allometric biases do not appear to be contributing to 

the patterns observed , 

It is primarily the focus of the next chapter to 

delineate changes in craniofacial dimensions across this 

time span. In addition, correlations between ·these 

craniofacial and mandibular measurements will be explored, 

and age-related craniofacial variability will be investiga­

ted. 

162 



CHAPTER 6 

RESULTS--THE LOWER FACE 

Introduction 

Similar analyses conducted in the previous chapter for 

the mandibular dimensions (such as intercorrelation, 

within- and between-group measurement variation) are pre­

sented here for the 1 4  measures of the lower face. In 

addition, the relationship between these mandibular and 

facial variables is explored. 

Intercorrelation of Facial Measurements 

Correlation matrices a�e generated for the facial 

measures of each temporal group via the PROC CORR 

technique. Discussion of these results follows. 

Archaic 

Table 6.1 lists the three highest correlation 

coefficients obtained for each Archaic facial dimension. 

As can be seen, the highest correlations are between the 

various radii of the face--prosthion, subspinale, nasion, 

zygomaxillare, and frontomalare ( PRR, SSR, NAR , ZMR, and 

FMR, respectively ) .  These radii reflect measures of the 

proj ection of the lower and midface. Dimensions of the 

height of the face ( AVH--alveolar height, UFH--upper facial 
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Table 6 . 1 .  Highest Correlation Coefficients ( v ia PROC 
CORR ) Among Archaic Facial Dime�sions . 

Correlation Coefficients4 
Measure-
menta. Ml Cl  M2 C2 M3 C3 

AVH 
UFH 
WMH 
ZAT 
ZRS 
EZP 
EIS 
TMB 
PRR 
NAR 
SSR 
ZMR 
FMR 
FRC 

UFH 0 . 609 97 EIS 0.47800 WMH 0.28759 
AVH 0 . 609 97 EIS 0.52144 WMH 0.25020 
EIS 0 . 3 5158 AVH 0.28759 EZP 0 . 27712 
FRC 0.15457 TMB 0 . 13817 ZMR -0 . 13538 
EZP 0.52664 ZMR 0 . 42572 SSR 0 . 31555 
ZMR 0.7293 9 SSR 0 . 63634 ZRS 0.52664 
PRR 0 . 57588 EZP 0.54768 NAR 0.52988 
NAR 0.3823 9 FMR 0 . 30574 FRC 0 . 29685 
SSR 0 . 7273 9 NAR 0 . 59687 EIS 0 . 57588 
SSR 0 . 70083 PRR 0.59687 FMR 0 . 55414 
PRR 0 . 7273 9 NAR 0 . 70083 EZP 0.63634 
EZP 0.7293 9 SSR 0 , 61502 FMR 0.59 950 
SSR 0 . 63150 ZMR 0.59 950 NAR 0 . 55414 
TMB 0.29685 NAR 0 . 26528 SSR 0 . 22125 

41-feasurement der initions may be found in Appendix A ,  

hMl , Cl = the first hi ghest measurement and canonical 
correlation , respectively ; 

M2 , C2 = the second highest measurement and canonical 
correlation ,  respectively ; 

M3 , C3 = the third hi ghest measurement and canonical 
correlation ,  respectively , 
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height , WMH--cheek height ) are all fairl y correlate� with 

one another. And, finally , measures of the breadth and 

proj ection of the lateral (zygomatic) facial region ( ZRS, 

EZP, ZMR) correlate fairly highly together. 

Mississippian 

As expected , the same correlative patterns can be 

discerned in the correlation coefficients between 

Mississippian facial dimensions (Table 6.2 ) .  The facial 

radi i manifest the highest correlations with each other , 

wh ile heights of the face ( AVH , UFH , WMH) and dimensions 

reflect ing breadth and projection of the lateral face 

(ZRS , EZP , ZMR ) are correlated highly among themselves as 

well. 

In sum , while minor differences ex ist, the with in-

group facial correlation pattern for 

Mississippian individuals is the same . 

Archaic and 

The 1 4  facial 

dimensions reflect the height , breadth, and proj ection of 

the lower and midface in each temporal group. 

Correlations Between Facial and Mandibular Dimensions 

Archaic 

In Table 6.3, partial results of the canonical 

correlation (CANCORR) comparison of Archaic mandi bles and 

faces are presented. The Wilks ' Criterion F value of 1.46 

(and Probability > F value of 0.0042) allows the rejection 
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Tab l e  6 , 2 ,  H i ghe st Co rre l at ion  Coe f f i c i ent s ( via PROC 
CORR ) Among M i s s i s s ippian Fac ial Dimen s i on s . 

Co rre l at i on C o e f f icient s' 
Measure-
menta.. Ml  C l  M2  C2  M3  C 3  

AVH 
UFH 
WMH 
ZAT 
ZRS 
EZP 
EI S 
TMB 
PRR 
NAR 
S S R  
ZMR 
FMR 
FRC 

UFH 0 . 6 2 5 6 0 PRR 0 . 5 0 0 4 2  E I S  0 . 4 9 2 0 1  
AVH 0 . 6 2 5 6 0 PRR 0 . 5 5 6 0 2  E I S  0 . 4 5 1 1 3  
UFH 0 . 2 2 9 2 0  FRC 0 , 2 2 0 6 7  FMR 0 . 1 8 1 8 4 
TMB 0 . 2 6 8 8 5  ZRS 0 . 2 3 5 7 8  WMH 0 . 1 7 3 0 0  
EZP 0 . 5 6 7 5 1  E I S  0 . 4 1 4 0 4  ZMR 0 . 3 9 8 1 8  
ZMR 0 . 7 9 9 5 2 ZRS 0 . 5 6 7 5 1  E I S  0 . 5 5 0 2 5  
PRR 0 . 6 9 8 9 8 EZP 0 . 5 5 0 2 5 AVH 0 . 4 9 2 0 1  
ZAT 0 . 2 6 8 8 5  ZRS 0 , 2 1 6 1 1 FRC - 0 . 1 1 9 9 5  
SSR  0 . 8 3 8 9 3  E I S  0 . 6 9 8 9 8 ZMR 0 . 6 6 3 7 2  
FMR 0 . 7 4 0 5 2  S SR 0 . 7 2 7 5 0  ZMR 0 . 6 4 8 2 2  
PRR 0 . 8 3 8 9 3  NAR 0 . 7 2 7 5 0  ZMR 0 . 6 3 8 9 4  
EZP 0 . 7 9 9 5 2  PRR 0 . 6 6 3 7 2  FMR 0 . 6 5 9 3 1  

. NAR 0 , 74 0 5 2 S SR 0 . 5 2 3 8 4  PRR 0 . 5 1 5 6 9  
UFH 0 . 3 6 3 7 4 NAR 0 . 3 6 2 8 9  PRR 0 . 2 7 8 7 9  

°Mea su rement de f i n i t i ons may be fo und i n  Appe nd ix A .  

hM l , C l = the f i rs t  h i ghe st  measuremen� and canon i cal 
corre l at i on , re spe c t ive l y ; 

M2 , C2  = the second hi ghe s t  me asu rement and canon ical  
c o r re l a t i o n , re spec t ive l y ; 

M3 , C 3  = the third h i g he s t  measurement and canoni cal 
c o rrelat i on , re spec t ive l y . 
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Tab l e  6 . 3 .  Wi thin- g roup CANCORR Compar i son  Stat i s t i c s  
Fo r Archa i c  S i te Mand i bular  Ve rsus Fac i al 
D imens i ons . 0,# 

S t at i st i c  Value F DF Pro b > F  

W i l ks ' C r i t e r i on 0 . 0 0 0 0  1 .  4 6 1  4 2 0  0 . 0 0 4 2  
P i l lai ' s  Trace 9 . 5 1 8 0  1 . 4 1 6  4 2 0  0 . 0 0 0 9  
Hot e l l ing - Lawl ey Trace 1 1 9 . 1 3 6 1  1 . 4 5 9  4 2 0  0 . 0 2 5 2  
Roy ' s Greatest  Root 5 4 . 7 5 1 4  3 6 . 5 0 1  3 0  0 . 0 0 0 1 

�Based  on 5 1  obse rvat ions . 
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of the null hypothesis that no significant relationship 

exists between mandibular and facial dimensions in Archaic 

individuals . Other measures of the significance of the 

relationship ( such as Pillai ' s  Trace , Hotelling-Lawley 

Trace , and Roy ' s  Greatest Root) concur. Canonical 

correlation likelihood ratios and associated F and 

Probability > F values for the fi rst five canonical 

functions (Table 6.4 ) reveal that only the fi rst canonical 

function is significant at the 0.05 level . 

A squared canonical correlation estimates the amount 

of shared var iance between the canonical var iates . In this 

case , a value of 0 . 98 (Table 6 . 4 ) indicates a very high 

amount of shared variance (98% ) .  Another measure of shared 

var iance between var iables is a redundancy index. 

According to Hai r  et al . ( 1979 : 187 ) ,  it is : 

. . .  the equivalent of computing the squared multiple 
correlation coefficient between the total predictor 
set and each variable in the cr iter ion set , and 
then averagin� these squared coefficients to arrive 
at an average- R �. 

The redundancy index can be calculated as follows: R X 

VED , where VED = i,L or sum of dependent variable squared 

canonical loading/the number of var iables . Or , the 

REDUNDANCY option of SAS PROC CANCORR (SAS Institute , Inc. 

1985 ) can be specified and similar statistics generated . 

The latter approach is used in this analysis . Redundancy 

calculations for the amount of shared ( raw) var iance 

between the mandibular and facial data sets for the fi rst 
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Table 6.4. Within-group Summary Statistics For CANCORR 
Comparison of Archaic Site Mandibular Versus 
Facial Dimensions For The First Five 
Canonical Functions.� 

Fune-
tion 

1 
2 

3 
4 
5 

Corre- Corre.:.. 

lation lation2.. 

0 . 9909 0.9820 
0.9834 0.9671 
0.9467 0.8963 
0.9426 0.8885 
0.9084 0.8252 

Eigenvalue 
Raw Cum.'-

54.75 0.46 
29.42 0.71 

8.64 0.78 
7.97 0.85 
4.72 0.89 

�Based on 51 observations. 

�Cum.=Cumulative. 
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Likelihood F Prob> F  
Ratio 

0.0000 1.46 0.0042 
0.0000 1 . 22 0.0852 
0.0000 1.03 0.4306 
0.0000 0.96 0.6267 
0.0000 0.86 0.8395 



canonical function indicate that roughly 8% of the variance 

of the mandibular variables can be explained by the facial 

canonical variables , A similar value exists between facial 

variables and mandibular canonical variables , 

If one looks at the canonical structure comparing the 

· mandibular measurements with the canonical variables of the 

face for the first canonical function (Table 6 , 5 ) , it can 

be seen that measures of the height of the mandible are 

reflected most strongly , The highest correlation 

coefficient of 0. 5706 for symphysis height (SMH) and the 

similarly large coronoid process/gonion ( CPG ) correlation 

of 0. 4952 and corpus height (CPH) correlation coefficient 

of 0 . 4741 support this pattern. Canonical correlations 

between the facial measurements and canonical variables of 

the mandible for the first canonical function (Table 6 . 6) 

also denote strong involvement of height (AVH--alveolar 

height ) as 

infradentale 

well as 

superius) 

projection 

and width 

(EIS--eminence point/ 

( ZAT--zygomatic arch 

thickness ) dimensions of the lateral midface , 

In sum , CAN�ORR comparisons indicate that there is a 

significant correlation 

faces at the 0 . 05 level , 

between Archaic mandibles and 

This relationship primarily 

involves fairly high correlations of measures of the height 

of the mandible with height of the lower face , as well as 

proj ection of the lateral midface , 
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Table  6 . 5 .  Canonical  Co rrelat ion  Structure Compar i s on o f  
Archaic  Mand i bular Mea surement s and Cano n i ­
c a l  Var i ab l e s  o f  The Face . 

Mand i bular 
Measuremento.-

BCN 
CPH 
CPT 
CDH 
BGB 
CPG 
ART 
ARB 
ARH 
TML 
PTL 
! BR 
PBR 
CPR 
PTR 
MBR 
CTR 
I BP 
PBP 
CPP 
PTP 
CTP 
GBP 
PGN 
CDT 
GMA 
CSH 
CMP 
SMH 
SWB 

Canoni cal Fac e 
Var i ab l e  

0 . 1 0 5 5  
0 . 4 7 4 1  
0 . 3 1 9 4 

- 0 . 0 9 2 3  
0 . 2 8 6 4 
0 . 4 9 5 2  
0 . 3 9 5 0  
0 . 1 9 8 4  
0 . 1 2 7 2  
0 . 1 5 7 7  
0 . 2 0 6 9  
0 . 3 70 3  
0 . 2 6 2 7  

- 0 . 1 6 4 0  
0 . 2 6 3 0  
0 . 2 3 7 2 

- 0 . 1 2 6 5  
0 . 3 7 2 5  
0 . 2 8 4 4 

- 0 . 1 6 9 1  
0 . 3 1 2 4 

- 0 . 1 4 7 0 
0 . 3 7 2 7  
0 . 0 5 3 3  
0 . 2 0 1 8  

- 0 . 0 0 0 8  
0 . 0 0 9 2  
0 . 3 6 1 1  
0 . 5 7 0 6  
0 . 2 4 3 7  

°"Measurement de f i n i t i ons may be found i n  Append ix A .  
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Table 6.6. Canonical Correlation Structure Compari son of 
Archaic Facial Measurement s  and Canonical Var­
iables of The Mandible. 

Fac ial 
Measuremento. 

AVH 
UFH 
WMH 
ZAT 
ZRS 
EZP 
EIS 
TMB 
PRR 
NAR 
SSR 

· ZMR 
FMR 
FRC 

Canonical Mand ibular 
Variable 

0.5366 
0. 3 267 
0.1080 
0 . 5125 
0.2647 
0.1 467 
0.4476 
0.3 483 
0.079 9 
0.1205 

-0.0883 
-0. 0316 
-0.153 9 

0.2884 

· �easurement definitions may be found in Appendix  A. 
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Mississippian 

Similar CANCORR statistics are presented in Tables 6 . 7 

through 6 , 11 for Mississippian mandibles and faces . The 

Wilks ' Cr iter ion F 

estimate of 0.0001) 

value of 1.56 (and Probability > 

( Table 6.7) indicates there is 

F 

a 

significant relationship between mandibles and faces within 

this temporal group . Other measures of the signifi cance of 

the relationship ( Pillai ' s  Trace , Hotelling-Lawley Trace, 

Roy ' s  Greatest Root) concur . F approximations ( and 

Probability > F values) for canoni cal correlation likeli­

hood ratios ( Table 6. 8 )  indi cate that two canoni cal 

functions are signifi cant at the 0.05 level . Squared 

canoni cal correlat ion estimates of 0.86 for the fi rst 

canoni cal function and 0. 7 7  for the second canonical 

function indi cate fai rly large amounts of shared var iance 

between these var iable sets. Raw redundancy statistics 

(Table 6 . 9) indicate that for the fi rst canoni cal function, 

approx imately 0 . 2235 or 22% of the var iance of the 

mandibular measurements can be explained by the fac ial 

canoni cal var iables. With the addition of the second 

signifi cant canonical function, this shared var iance 

estimate (CANl and CAN2 ) inc reases to 26% ( 0 . 2640 ) .  

Conversely, for CANl ,  approximately 20% (0 . 1982) of the 

fac ial measurement variance is attr ibutable to the 

mandibular canoni cal var iables. This inc reases to 2 4% 
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Table 6.7. Within-group CANCORR Comparison Statistics For 
Mississippian Site Mandibular Versus Facial 
Dimensions .o. 

Statistic Value F DF Prob > F  

Wilks ' C riterion 0 . 0 0 010 "1 . 561 420 0.0 001  
Pillai ' s  Trace 5.89329 1.4 05 420 0 . 0 001 
Hotelling-Lawley Trace 17.41536 1 . 789 420 0.0 001  
Roy ' s  Greatest Root 6.01159 11.622 3 0  0.0 0 01 

�Based on 89 observations. 
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Table 6.8. Within-group Summary Statistics For CANCORR 
Comparison of Mississippian Site Mandibular 
Versus Facial Dimensions For The First Five 
Canonical Functions.� 

Fune-
tion 

1 
2 
3 
4 
5 

Corre- Corre- Eigenvalue 
lation lation �  Raw Cum.'-

0.9259 0.8574 6.01 0.34 
0.8750 0.7657 3.27 0.53 
0.793 8 0.63 02 1.70 0.63 
0.7528 0.5667 1. 31 0.71 
0.7322 0.5361 1. 15 0.77 

�Based on 89 observations. 

0cum.= Cumulative. 
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Likelihood F Prob >F 
Ratio 

0.0001 1. 56 0.0001 
0.0007 1.30 0.0021 
0.0032 1. 13 0.1081 
0.0087 1.04 0.3 598 
0.0202 0.96 0.6309 



Tab le  6 . 9 .  M i s s i s s ipp i an �and i bular  Ve r su s  Fac ial  Canon­
i c al Co rre l at i on Raw Redundanc y Stat i s t i c s  
Fo r The F i r s t  Two Cano n i cal Func t i o ns . 

Measurement Mand i bul ar Fac ial 
C l a s s  Canoni cal Var iable  Canoni cal Var i ab l e  

Shared Var i ance Shared Var i ance 

CAN l 

Mand i ble  0 . 2 6 0 6  0 , 2 2 3 5  
Face  0 . 1 9 8 2  0 . 2 3 1 1  

CAN 2 

Mand i ble  0 . 0 5 2 9  0 . 0 4 0 5  
Fac e 0 . 04 4 5  0 . 0 5 8 2  

CAN l and CAN 2 

Mand i bl e  0 . 3 1 3 6 0 , 2 6 4 0  
Fac e  0 . 2 4 2 7  0 . 2 8 9 3  
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Table 6.10. Canonical Correlation Structure Comparison of 
Mississippian Mandibular Measurements and Can­
onical Variables of The Face. 

Mandibular Canonical Face Variable 
Measuremento- CANl CAN2 

BCN 0.2027 0.0524 
CPH 0.6962 -0.0858 
CPT 0.3081 -0.047 5  
CDH 0.2365 0.0575 
BGB -0.0469 0.0180 
CPG 0.4294 0.3015 
ART 0.0407 0.0874 
ARB 0.4126 0.2338 
ARH 0.3751 0.1118 
TML 0.5 547 0.1118 
PTL 0.6517 0.0269 
IBR 0.6417 0.2733 
PBR 0.6026 0.25 53  
CPR 0.2782 0.25 93 
PTR 0.6658 0.2704 
MBR. 0.5 9 91 0.2202 
CTR. 0.2933 0.3428 
IBP 0.6169 0.3124 
PBP 0.6028 0.2479 
CPP 0.1908 0.2690 
PTP 0.6780 0.2 5 58 
CTP 0.2920 0.3306 
GBP 0.3728 0.085 9 
PGN 0.0802 0.1248 
CDT 0.3041 0.1353 
GMA -0.1212 0.0027 
CSH -0.0735 0.2346 
CMP 0.4100 0.1 733 
SMH 0.6972 -0.2405 
SWB 0.1988 0.0901 

•Measurement definitions may be found in Appendix A. 
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Tab l e  6 . 1 1 .  Canonical Co rrelat i o n  S t ruc ture Compari son  o f  
M i s s i s s i pp i an Fac ia l Measurements  and Cano n i ­
c al Var iabl e s  o f  The Mand i b l e . 

Fac ial 
Measuremento... 

AVH 
UFH 
WMH 
ZAT 
ZRS 
EZP 
E I S  
TMB 
PRR 
NAR 
SSR  
ZMR 
FMR 
FRC 

Canonica l Mand i bular  Var i ab l e  
CAN l CAN 2 

0 . 6 1 7 9 
0 . 6 0 5 5  
0 . 3 0 1 8  
0 . 1 3 2 2  
0 . 3 3 5 8  
0 . 3 0 7 1  
0 . 5 2 8 0  

- 0 . 0 2 4 6  
0 . 7 1 1 8  
0 . 3 6 0 7  
0 . 4 2 6 9  
0 . 4 5 0 7  
0 . 4 6 7 5  
0 . 4 3 4 4 

- 0 . 3 7 1 7  
- 0 . 0 6 9 1  

0 . 0 0 6 7  
- 0 . 0 7 0 3  

0 . 4 2 7 6 
0 . 4 4 6 7  
0 . 0 3 1 4  

- 0 . 0 5 0 9  
0 . 0 7 2 6  
0 . 2 2 0 6  
0 . 1 0 5 8  
0 . 3 2 2 3  
0 . 0 5 7 6 
0 . 2 4 8 6  

�Measurement de f i n i t i ons may b e  found i n  Append i x  A .  
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(0.242 7) with the addition of CAN2. Thus, within the 

Mississippian , there is a fairly strong correlation between 

metric dimensions of the mandible and face. A closer· look 

at the particular variables involved in this relationship 

follows. 

CANl.  Table 6 . 10 contains the canonical structure 

comparison of Mississippian mandibular measurements and 

facial canonical variables for the two significant 

canonical functions. For CANl , high correlations exist for 

several mandibular height measurements. For example , the 

highest coefficients are for corpus and symphysis heights 

(CPH=0.6962 ; SMH=0.6972) .  Also loading highly are some of 

the measures of mandibular length and proj ection (PTP , PTR, 

PTL ) .  Facial measurements correlating highly with 

mandibular canonical variables for CANl ( Table 6. 11) 

reflect height ( AVH--alveolar height ; UFH--upper facial 

height ) and projection ( PRR--prosthion radius) measures of 

the face. Thus, for the first canonical function 

(accounting for the maj ority of the shared variance) , 

significant correlation between Mississippian mandibles and 

faces involves height ( and secondly , length ) of the 

mandible and height and proj ection of the lower face. 

CAN2. Canonical correlation structure comparisons 

between Mississippian mandibular dimensions and facial 

canonical variables for the second canonical function 
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( Table 6.10 , see CAN2) reveal high correlations involving 

measures of the length of the mandible , particularly at the 

coronoid proc ess ( CTP , CTR , CPG) . Facial measurement and 

mandibular canonical variable correlation comparisons for 

CAN2 (Table 6.11) involve high loadings on dimensions of 

breadth and proj ection of the midfac e  ( EZP , _ ZRS, ZMR ) .  

And , a fairly high negative value exists for alveolar 

height (AVH=-0.3717 ) .  

Therefore , there is a significant relationship betwe en 

Mississippian mandibular and facial dimensions. This 

correlation primarily relates height of the mandible with 

height of the face and lower facial proj ection. 

length of the mandible correlates highly with 

and breadth of the lateral midfac e .  Now 

Secondly, 

proj ection 

that an 

understanding of the association of mandibular and facial 

dimensions in each temporal group has been obtained , 

analyses of within-group differenc es 

measurements with respect to age follow. 

Within-Group ( Age ) Variability 

across these 

Just as with the mandible , within-group MANOVAs are 

performed for all 14 craniofacial measurements with re gard 

to the three age categories. Results are presented by 

temporal group. 
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Archaic 

In the MANOVA comparison of Archaic facial dimensions 

and age, no facial measurements are found to significantly 

vary with the different age categories . The overal l Wilks ' 

Criterion F val ue of 1 , 07 and associated Probability > F 

value of 0 , 3793 corroborate these results , However, it 

must be cautioned that Archaic sample sizes in this 

comparison are less than ideal . 

Mississippian 

Table 6 . 12 summarizes results of the MANOVA comparison 

of Mississippian facial dimensions and age . As can be 

noted from the Wilks ' Criterion F value and associated 

probability level, there is no overal l  relationship between 

Mississippian facial measurements and the age categories ; 

however, 

facial,  

measures of height of the face (alveolar, 

frontal chord ) do show significant variation 

upper 

with 

age--al l increase with increasing age . 

Thus, overal l ,  

facial dimensions 

neither Archaic 

exhibit significant 

nor Mississippian 

variability with 

respect to age . However, Mississippian individuals do show 

significantly greater facial height with advancing age . 
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Tabl e 6 . 1 2 .  MANOVA ( S i g ni fic ant Var iab l e s  Onl y ) Compa r i s o n  
Amo ng Age Cla s s e s  F o r  M i s s i s s ipp i an Cran i o ­
fac i al Dimens i ons .c:L 

Measurement•  

AVH 
FRC 
UFH 

R- Square 

0 . 0 7 
0 . 0 7 
0 . 0 6 

F Value 

3 . 3 5 
3 . 3 7 
3 . 0 3 

Probab i l i ty > F 

0 . 0 4 
0 . 04 
0 . 0 5 

ca.wi l ks ' Cri ter ion= 0 . 6 4 9 ; F= l . 2 8 ;  Probab i l i ty > F= 0 . 1 7 7 7 ; 
De g rees  o f  Freedom : Mode l = 2 ; E r ro r= 8 7 ; Co rrected  Total = 
8 9 ; n = 9 0 . 

bMe asurement de f i n i tions  may be found i n  Append ix  A .  
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Between-Group ( Tempo ral ) Var iab il i ty 

Archaic versus Miss iss ippian 

Results o f  the fac ial measurement MANOVA compar isons 

( unco rrec ted f o r  body s i ze )  between the Archaic and 

Miss iss i ppian tempo ral groups are presented in Table 6 . 1 3 .  

Once agai n , only the fac ial dimens i ons wh ich mani fes t 

s i gni f i cant d i f ferences at the 0 . 05 level are lis ted . The 

Wilks ' C r i ter ion  F value o f  13 . 0 4 ( and asso c iated 

probab il i ty value o f  0 . 0 0 0 1 )  ind i cates a very s t ro ngly 

s i gni f i cant d i f ference between Archaic and Miss iss ipp ian 

faces . N i ne o f  the t otal 1 4  fac ial var iables cont r i bute t o  

this d i vers i ty .  All three o f  the hei ght measures o f  the 

face ( alveolar , upper fac ial , and cheek he i ght ) are 

i nvolved i n  this relat i o nshi p ,  i n  add i t i o n  to  several 

d imens i ons reflec t i ng mid fac ial pro gnath ism ( subspinale , 

z ygomax illare rad i i ) and breadth/pro jec t ion  ( t ransmeatal 

b readth , z ygomat i c  roo t  po i nt / zygomat i c o tempo ral suture ,  

emi nence po int / zygomat i c  roo t  p o i nt , emi nence po i n t /  

i n fradentale super ius ) .  

Table 6 . 14 lists o r i g i nal means and standard 

deviat i ons ( separate sex ) fo r these s i gni f i cantly d i f ferent 

fac ial measurements . I t  can be seen that bo th hei ght and 

pro jec t i o n  o f  the overall face (AVH , UFH , WMH , E I S , TMB ) 

i nc rease from the Archaic t o  the Miss iss i ppian . 

1 8 3  
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Table 6.13. MANOVA (Significant Variables Only ) Comparison 
Of Craniofacial Measurements Between Archaic 
and Mississippian Samples.� 

Measurementb R-Square F Value Probability > 

AVH 0.28 56.01 0.00 
UFH 0.28 56.19 o . o o 

WMH 0.13 20.54 0.00 
ZRS 0.18 31.46 0.00 
EZP 0.15 25.99 0.00 
EIS 0.05 8.27 0.01 
TMB 0.11 17.40 0.00 
SSR 0.09 13.75 0.00 
ZMR 0.19 32.72 o . o o 

�Wilks ' Criterion=0.414 ; F=13 . 04 ;  Probability > F= 
0.0001 ; Degrees of Freedom : Model= ! ;  Error=142 ; 
Corrected Total=143 ; n=144 . 

�Measurement definitions may be found in Appendix A. 
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Table 6.14. Means and Sample Sizes of Significantly 
Different (via MANOVA) Facial Dimensions 
From Archaic and Mississippian Females and 
Males . Cl..  

Measure- Archaic Mississi22ian 
ment� Female Male Female Male 

- - -n X n X n X 

AVH 17.28 27 18.59 36 21.25 75 21.90 
UFH 64.44 25 69.47 36 70. 81 53 73.57 
WMH. 21 . 48 28 23.74 38 23.17 71 24.87 
ZRS 35.42 25 36.83 34 31. 83 48 34.23 
EZP 51.19 25 53.06 36 48.56 48 49.66 
EIS 96.58 25 100.07 36 99.35 48 101.85 
TMB 163.17 24 167.17 36 166.98 47 171. 90 
SSR 91.35 23 92.94 35 88.46 46 90.06 
ZMR 69.56 23 72.54 35 66.98 46 67.73 

°"Measurements are in millimeters. 

n 

75 
55 
67 
51 
53 
52 
53 
50 
52 

�Measurement definitions may be found in Appendix A. 
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lateral and central midfacial prognathism and projection 

(as reflected by zygomaxillare [ ZMR ] and subspinale [ SSR ] 

radii, zygomatic root point/zygomaticotemporal suture 

( ZRS ] ,  and eminence point/zygomatic root point [ EZP ] ) 

decrease through time. 

Woodland 

Once again, sampling problems restrict an evaluation 

of Woodland craniofacial morphology to a purely descriptive 

venture. Table 6.15 lists Woodland means and standard 

deviations for the above-discussed facial measurements 

showing 

Again, 

change across 

most of the 

the Archaic 

Woodland means 

and Mississippian. 

corroborate the 

previously discerned pattern of change. A few exceptions 

( EIS, TMB, SSR males ) manifest close proximities to Archaic 

means and exhibit standard deviations great enough ( for 

example, SSR=5. 11 ) and sample sizes small enough to make 

conclusive interpretations tenuous. 

Geometric Bodv Scaling 

Table 6.16 presents results of the between-group 

MANOVA comparison of logarithmically-transformed cranio­

facial dimensions with temporal group ( Archaic versus 

Mississippian) . As can be seen when compared with the 

uncorrected Table 6.13 ( page 184 ) ,  MANOVA results are the 

same when body size is controlled across these temporal 

groups. Thus, as with the mandibular temporal comparison , 
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Tabl e 6 . 1 5 .  Me ans , Standard Dev iat i ons , and Sampl e S i z e s  
o f  Selec ted Fac ial  D imen s i ons From Woodl and 
Females  and Male s .� 

Measurement!, 
Female Mal e 

- S . D .  
-

S . D .  X n X n 

AVH 2 0 . 1 0 1 . 7 1 6 2 1 . 1 9 3 . 5 9 1 2  
UFH 6 7 . 7 5  2 . 4 9 4 6 9 . 1 6 5 . 3 3 7 

WMH 2 2 . 1 5 1 .  9 7  6 2 4 . 6 7 2 . 5 4 7 
ZRS 3 2 . 1 7 4 . 2 5 3 3 5 . 0 3 3 . 8 9 6 
EZP 4 8 . 1 7 2 . 8 9 3 5 0 . 9 4 2 . 4 5 7 
E I S  9 7 . 2 0 5 . 5 2 3 9 9 . 1 2 2 . 0 9 6 
TMB 1 6 4 . 6 7 5 . 5 1  3 1 6 4 . 5 0 1 . 7 6 6 

SSR  8 9 . 0 0 4 . 0 0 3 9 3 . 1 7 5 . 1 1 6 
ZMR 6 5 . 6 7 3 . 5 1 3 6 9 . 3 3 3 . 6 1 6 

0'Measurement s are in  mi l l ime t ers . 

�Me asurement de f in i t ions  may be fo und in Appe nd ix A ,  

1 8 7  



Table 6 . 16.  MANOVA ( Significant Variables Only ) Comparison 
Of Logarithmic Craniofacial Dimensions Between 
Archaic and Mississippian Samples (Body Size 
Differences Controlled) . �  

Measurement' R-Square F Value Probability > 

AVH 0.30 60.83 0 . 00 
UFH 0.29 57 . 80 0 . 00 
WMH 0.13 20.85 0.00 
ZRS 0.18 31.77 0 . 00 
EZP 0.15 26.03 0.00 
EIS 0 . 06 8.38 o . o o 

TMB 0.11 17 . 21 0.00 
SSR 0.09 13.85 0.00 
ZMR 0.18 32.10 0.00 

°wilks ' Criterion=0.410 ; F=12.27 ; Probability > F =  
0.0001 ; Degrees of Freedom : Model= l ;  Error=142 ; 
Corrected Total= l 43 ;  n=144 . 

bMeasurement definitions may be found in Appendix A. 
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allometric factors do not appear to be a major determinant 

of these metric changes through time .  

Summary 

Correlation analyses of facial dimensions within both 

the Archaic and the M ississippian indicate strong 

correlations between the various proj ection measures ( e . g . ,  

prosthion, nasion, subspinale, zygomaxillare, frontomalare 

radi i )  of the lower and midface . In addition, hei ght varia­

bles of the face (such as alveolar, upper facial, and cheek 

heights ) correlate hi ghly with each other, as do dimensions 

expressing the breadth and proj ection of the lateral face 

( e . g . , zygomatic root point/ zygomaticotemporal suture, emi ­

nence point/ zygomatic root point ) . Thus, the intercorrela­

tive pattern of Archaic and Mississippian fac ial measure­

ments is very similar . 

Canonical correlation comparisons between facial and 

mandibular dimensions within both the Archaic and 

M ississippian show similar patterning across the temporal 

groups . In the Archaic, there is si gnificant correlation 

between mandibular and craniofacial dimensions , primarily 

centering around height measures of both, in addition to 

lateral midfacial proj ection .  Mississippian mandibular and 

fac ial measurements also exhibit si gnificant correlations, 

involving height measures of the mand ible and face as well 
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as lower facial projection, and secondly, mandibular . length 

and midfacial proj ection dimensions. 

Age does not prove to be of significance with regard 

to either 

craniofacial 

Archaic or 

variability. 

Mississippian within-group 

However, Mississippian facial 

height does increase with advancing age. 

In the between-group multivariate MANOVA comparison, 

nine of the total 14 facial dimensions exhibit significant 

variability across the Archaic and Mississippian time 

per iods . Facial height ( such as alveolar, upper facial, 

cheek ) as -well as overall projection ( eminence point/ 

infradentale superius, transmeatal breadth ) measures signi­

ficantly increase from the Archaic to the Mississipp­

ian. However, central and lateral midfacial prognathism 

and projection dimensions ( such as zygomaxillare and sub­

spinale radi i,  zygomatic root point/zygomat icotemporal su­

ture , and eminence point/ zygomatic root point ) decrease 

across the temporal span. Visual inspection of Woodland 

means for these same dimensions generally supports this 

pattern . As with the mandibular data , craniofacial 

measurements logarithmically transformed ( body size 

controlled across the temporal span ) . yield identical MANOVA 

results when compared with the uncorrected craniofacial 

MANOVA analysis . 
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CHAPTER 7 

RESULTS--ANTERIOR MANDIBULAR DENTITION 

Introducti on 

While the two previ ous chapters have been concerned· 

with the interrelati onships among the 44 mandibular and 

crani ofacial variables as well as change in  these 

measurements through time , the focus of the present chapter 

is upon the five dental dimensi ons recorded from the 

mandibular lateral and central incisors and canine. As 

with the mandibular and crani ofacial analyses, 

intercorrelati on of dental variables among themselves is 

first explored. Then, the relati onships between these 

measurements and the mandibular and facial ones are 

investigated. Within-group age variability is evaluated by 

a MANOVA comparison of dental dimensi ons across the three 

age categori es for the Mississippian peri od samples. While 

small sample sizes do not permit this same within-group 

MANOVA comparison of age categori es and Archaic temporal 

group dental measures , Archaic site age-related dental 

variability is assessed by visual comparison of dental 

means across the three age categori es. Finally, a between­

group MANOVA analysis is performed to discern possible 

differences in these dental dimensions across time. 

results are then compared 

1 91 
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lo gari thm i cally- trans formed 

po tent ial allometri c bias es . 

dental data t o  el�c idate 

Intercorrelat ion  o f  Anteri or Mand i bular Dental Dimens i ons 

SAS PROC CORR ( SAS I ns t i tute , I nc . 19 85 ) is appl i ed t o  

the anteri or mand i bular dental data and 

matrices are generated by temporal group . 

Archai c 

I n  Table 7 . 1 , the three hi ghest 

correlat i o n  

correlat i o n  

coe f f i c i ents are l isted  for each dental variable from each 

Archai c  tooth  measured . As expected , roo t  leng ths for the 

lateral ( LROL ) and central ( MROL ) inc isor teeth  are h i g hly 

correlated w i th each other ; however , canine ro o t  leng th 

( CROL ) does no t f i t  this pat tern . This measurement is 

assoc iateq , i ns tead , w i th lateral and central inc isor 

bucc ol i ngual d imens i ons o f  the ro o t . Also somewhat 

expected is the relat i onship  be tween the roo t  and crown 

reg i ons for the buccolingual d imens i ons w i thin  each t o o th--

all three teeth  show this  h i gh c orrelat i ve pattern . While 

buccol ingual measurements correlate hi ghly among  themselves 

w i t h i n  each tooth , mes iodistal variables c orrelate hi ghly 

between teeth . For example , the mes i od is tal measurement 

for the lateral i nc isor roo t  ( LRMD ) is h i ghly related to 

the same measure from the central i nc isor roo t  ( MRMD ) ( and 

vice  versa ) .  The one except i on , however , is the canine . 

For this tooth , h 1 g h  c orrelat ions ex ist between the can i ne 
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Table 7.1 , H i ghest Correlation Coefficients (via PROC 
CORR ) Among Archaic Anterior Mand ibular Teeth , 

Correlat ion Coef f icientsl:. 

Measure-
mente&- M l  Cl M2 C2 M3 C3 

Lateral Incisor 

LROL MROL 0.67796 CROL 0 , 60716 LCMD 0.41588 
LRMD MRMD 0.74939 CRMD 0. 71773 CCMD 0.60350 
LRBL LCBL 0.86973 CRBL 0.73279 MRBL 0.72751 
LCMD CCMD 0.60344 MCMD 0.54370 CRMD 0.45376 
LCBL LRBL 0.86973 MCBL 0.73653 CRBL 0.72783 

Central Incisor 

MROL LROL 0.67796 CROL 0.47517 CRBL 0.34596 
MRMD LRMD 0.74939 CCMD 0.60684 MRBL 0.57979 
MRBL MCBL 0.83804 LRBL 0.72751 LCBL 0.72404 
MCMD LCMD 0.54370 CCMD 0.50876 CROL -0.42149 
MCBL MRBL 0.83804 CCMD 0.78008 LCBL 0.73653 

Cani ne 

CROL 
CRMD 
CRBL 
CCMD 
CCBL 

LRBL 0.69873 MRBL 0.69805 LCBL 0.66287 
CRBL 0.78159 LRMD 0. 71773 CCBL 0. 70315 
CCBL 0.93380 CRMD 0.78159 LRBL 0.73279 
MCBL 0 .178008 MRBL 0.65327 MRMD 0. 60684 
CRBL 0.93380 CRMD 0.70315 LCBL 0.69213 

°'Measurement defi nitions may be found in Appendix A. 

�M l , Cl = the first highest measurement and correla­
tion coefficient, respectively; 

M2 , C2 = the second highest. measurement and correla­
tion coefficient, respectively; 

M3 , C3 = the third highest measurement and correla­
tion coefficient, respectively. 
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mesiodistal and buccolingual root dimensions C CRMD--CRBL )  

as well as between the canine mesiodistal and central 

incisor buccolingual crown variables (CCMD--MCBL) . 

Mississippian 

High correlation coefficients for each mandibular 

anterior Mississippian dental dimension are presented in 

Table 7.2. Once again , root lengths between all teeth are 

highly correlated ( including the canine) .· And also, as 

with Archaic teeth , root and 

are closely related 

crown buccolingual 

measurements within each tooth. 

Similarly, mesiodistal Mississippian dental variables mimic 

the Archaic pattern in that they highly correlate with 

similar mesiodistal variables from different teeth. Again , 

the exception is the canine, in which the root mesiodistal 

dimension ( CRMD) correlates highly with the root 

buccolingual measure ( CRBL) of the same tooth. 

Thus, intercorrelation patterns among various 

mandibular anterior dental variables are very similar 

between Archaic and Mississippian individuals. Both 

manifest a high degree of correlation between the various 

root lengths. Root and crown buccolingual measures of the 

same tooth are highly correlated with each other, as are 

mesiodistal dimensions between different teeth. The next 

section entails an examination of how these dental 
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Table 7.2. Highest Correlation Coefficients (via PROC 
CORR ) Among Mississippian Anterior Mandibular 
Teeth. 

Correlation Coefficients' 
Measure-
men ta. Ml Cl M2 C2 M3 C3 

Lateral Incisor 

LROL MROL 0.63 049 CROL 0.60954 LRBL 0.32755 
LRMD MRMD 0.49470 LCMD 0.39085 CRBL 0.3 8 78 8  
LRBL LCBL 0.86658 MRBL 0.68046 MCBL 0 . 62252 
LCMD MCMD 0.61730 CCMD · o.47935 LRMD 0 . 39085 
LCBL LRBL 0 . 86658 MCBL 0.73012 MRBL 0.65722 

Central Incisor 

MROL LROL 0.63 049 CROL 0.45963 LRBL 0.3 093 8 
MRMD LRMD 0.49470 CRMD 0.43558 LRBL 0.34463 
MRBL MCBL 0.80784  LRBL 0.68046 LCBL 0.65722 
MCMD LCMD 0.61730 CCMD 0.36442 CROL -0.21244 
MCBL MRBL 0.80784 LCBL 0.73012 LRBL 0.62252 

Canine 

CROL 
CRMD 
CRBL 
CCMD 
CCBL 

LROL 0.60954 MROL 0.45963 CCBL 0.3 0619 
CRBL 0.64445 CCBL 0.54911 MRBL 0.49705 
CCBL 0.86701 CRMD 0.64445 MRBL 0.62939 
LCMD 0.47935 CRMD 0.42908 MCMD 0.36442 
CRBL 0.86701 LCBL 0.57395 CRMD 0. 54911 

°Measurement definitions may �e found in Appendix A. 

�Ml ,  C l = the first highest measurement and correla­
tion coefficient, respectively; 

M2, C2 = the second highest measurement and correla­
tion coef ficient, respectively; 

M3, C3 = the third highest measurement and correla­
tion coefficient, respectively. 
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variables relate to  the prev iously d is cussed mand i buiar and 

fac ial ones . 

Correlat ions Between Anter i o r  Mand i bular Teeth and 

Mand i bular and Fac ial D imens ions 

The SAS PROC CANCORR ( SAS I ns t i tute , I nc . 19 8 5 ) method 

is appl ied t o  the dental data set in the follow ing manner 

· in  o rder t o  examine the· relat ionship between the mand i bular 

lateral and cent ral inc isors and canine and the prev iously 

d iscussed mand i bular and c ran i o fac ial var iables : 

1 .  Mand i bular versus Lateral I nc isor  Measurements ; 

2 .  Mand i bular versus Cent ral I nc is o r  Measurements ; 

3 . Mandi bular versus Canine Measurements ; 

4 • Fac ial versus Lateral I nc is o r  Measurements ; 

5 . Fac ial versus Cent ral Inc isor  Measurements ; 

6 • Fac ial versus Canine Measurements . 

This fo rmat is followed because o f  the l i m i tat i on o f  small 

dental sample s i zes - - the number o f  cases i n  whi ch an 

Archaic  ind ividual man i fes ts all f i ve dental d imens i ons 

from all three teeth ,  for  example , precludes the 

comb i nat i on o f  all three teeth for  s tat is t i cal 

interpretat i on . I n  add i t i on , the res t r i c ted dental sample 

s i ze necess i tates the reduc t i on o f  the t o tal mand i bular 

( from 3 0  to 15 ) and c ran i o fac ial ( from 14 to 10 ) var i ables 

ut il i zed . 

which , 

Measurement candidates for  delet i on are those 

from the prev iously 
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proc edure s , we re found t o  be s omewhat redundant and 

superfluous  ( I BR and I BP i n  re lat ion  t o  to tal mand i bular 

l ength , f o r  exampl e ) . 

Archai c 

Mand i bl e . I n  t he canoni cal co rrelat i on compar i son  

be tween the late ral inc i so r  and mand i bular dimens i on s , a 

W i l ks ' Cri t e r i on F value o f  1 . 10 0 and as soc iated 

probab i l i ty e s t imate of  0 . 3 3 do no t al l ow the re j e c t i on o f  

the nul l  hypo the s i s  o f  no s i gn i f icant re lat i onship between 

Archai c mand i bular and lateral i nc i sor measurement s . A 

s quared canoni cal correlat i o n  o f  0 . 6 5  re fl ect s the amount 

of shared var iance between the two var iabl e s e t s . Raw 

redundancy s tat i s t i c s  fo r the f irst canoni cal func t i on show 

that roughly 12% ( 0 . 1158 ) of the raw var iance of the 

mand i bular measurements  can be �xplained by the dental 

canoni cal var iabl e s , whi l e  17% o f  the dental measurement 

raw var iance is attri butable  t o  the mand i bular canon i cal 

variabl e s . 

S im i l arly , t he W i l ks ' C r i teri on F value o f  1 , 4 76 and 

as soc iated probab il i ty e st imate o f  0 . 08 f o r  the mand i ble 

ve rsus  central inc i so r  compar i son  ind i cat e s  no s i gni f i cant 

mand i b l e /central i nc i so r  re lat i onship . The s quared canon i ­

cal c o rrelat i on e s t imate o f  shared variance i s  0 . 9 1 .  Raw 
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redundancy shared variance estimates range from seven to 

1 1 %. 

A canine versus mandible CANCORR Wilks ' Criterion F 

value of 1.293 and associated probability estimate of 0.1 7  

also denote no significant relationship between these 

variable sets . The squared canonical correlation estimate 

for shared variance is 0 . 81 .  Raw redundancy statistics for 

the first canonical function indicate that approximately 7% 

(0 . 0687 ) of the variance of the mandibular dimensions can 

be e�plained by trre dental canonical variables, while. 

roughly 22% ( 0 . 21 75) of the dental measurement variance is 

explained by the mandibular canonical variables . 

Thus, in all of the above analyses, no overall 

significant relationships are elucidated between Archaic 

mandibular and anterior mandibular dental dimensions . 

A consideration of Archaic facial and anterior mandibular 

dental variable correlations follow . 

Face . A face versus lateral incisor Wilks ' Criterion 

F value of 1 . 1 09 and associated probability estimate of 

0 . 35 indicate no significant relationship between these 

data sets. Raw shared variance ( redundan9y analysis ) 

calculations between the face and lateral incisor 

dimensions approximate 1 0%, while the squared canonical 

correlation estimate is 0 . 75. 

Central incisor versus face CANCORR results also do 

not support an Archaic face/anterior mandibular dentition 
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relationship. The Wilks ' Criterion F value of 1.627 . yields 

a probability estimate of 0.13. The squared canonical 

correlation value approximates 0.96. Only 10% (0.09 77) of 

the raw variance of the facial measurements can be 

explained by the dental canonical variables ; however , 

roughly 20% ( 0 , 19 9 2) of the raw variance of the central 

incisor measurements is explainable by the facial canonical 

variables . 

A Wilks ' Criterion F value of 1 . 520 and associated 

probability measure of 0 . 11 designate the absence of a 

significant overall relationship between craniofacial and 

canine variables. Raw redundancy statistics for the first 

canonical function indicate that 17% ( 0 . 1711) of the raw 

variance of the facial measurements may be explained by the 

dental canonical variables. Approximately 12% of the raw 

variance of the dental measurements is attributable to the 

facial canonical variables. The squared canonical 

correlation value is 0.91. 

Thus, within the Archaic, no significant overall 

relationships are found between dental ( anterior mandibular 

lateral and central incisors and canine) and mandibular or 

craniofacial variables. In other words , the selected 

dental variables ·have little predictive power in relation 

to the mandibular and facial variables . 
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Mississippian 

Mandible. CANCORR comparisons between mandibular and 

lateral incisor variables indicate no significant 

relationship between these data sets (Wilks ' Criterion F 

value= l .263 ; probability estimate=0 . 08 ) . Redundancy analy­

sis calculations for the amount of raw shared variance be­

tween the two variable sets range only from 3 to 8%, while 

the squared canonical correlation estimate of 

variance approximates 0.3 2 .  

shared 

Table 7.3 presents partial canonical correlation 

results for the mandible versus mandibular central incisor 

comparison. 

associated 

The Wilks ' Criterion F value of 1 . 583 and 

probability estimate of 0.003 denote a 

significant relationship between the two variable sets. 

Other measures testing the relationship ( such as Pillai ' s  

Trace, Hotelling-Lawley Trace, and Roy ' s  Greatest Root ) 

also indicate significance at the 0.05 level. Canonical 

correlation statistics in Table 7.4 ( including Probability 

> F )  designate. two canonical functions as significant . 

Squared canonical correlation estimates of shared variance 

approximate 0 , 31 for CANl and 0.27 for CAN2 . Redundancy 

statistics in Table 7 . 5  indicate that only approximately 1% 

( 0.0151) of the raw variance of the mandibular measurements 

can be explained by the central incisor canonical variables 
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Tab l e  7 . 3 .  W ithin- g roup CANCORR Compari son  Stat i s t i c s  Fo r 
M i s s i s s ipp ian S i te  Mand i bu l ar Cent ral Inc i s o r  
Ve rsus  Fac ial Dimens ions .°" 

S t at i s t i c  Value F DF Pro b > F  

Wi l k s ' C r i t e r i on 0 . 2 7 7 9 6  1 . 5 8 3  7 5  0 . 0 0 3 0  
P i l l a i ' s  T race 1 , 1 1 4 9 3  1 . 6 0 7  7 5  0 . 0 0 2 1  
Ho t e l l ing-Lawl ey Trace 1 . 4 8 3 1 8  1 . 5 5 0  7 5  0 . 0 0 4 4  
Ro y ' s Greate s t  Ro ot  0 . 4 5 0 0 6  2 . 5 2 0  1 5  0 . 0 0 4 0  

°t3ased o n  1 0 0 o bservat ions . 

2 0 1  



Tab l e  7 . 4 .  Within- g roup Summary Statis tic s For CANCORR 
Comparison o f  Mis sis sippian Site Mandibul ar 
Cent ral I nciso r  Ve rsus  Mandibular Dime nsions  
Fo r The Five Canonic al Func tions . �  

Fune -
tion 

1 
2 
3 
4 
5 

Corre- Co rre -
l a tion l ation2. 

0 . 5 5 7 1  0 . 3 1 04 
0 . 5 2 2 0  0 . 2 7 2 5  
0 . 4 8 0 9  0 . 2 3 1 2  
0 . 4 2 8 9  0 . 1 8 4 0  
0 . 3 4 1 8  0 . 1 1 6 9  

Eige nvalue
6 Raw Cum . 

0 . 4 5 0 . 3 0 
0 . 3 7 0 . 5 6 
0 . 3 0 0 . 7 6 
0 . 2 2 0 . 9 1 
0 . 1 3 1 . 0 0 

�as ed on 1 0 0 o b s e rvations . 

bcum . = Cumul ative . 

2 0 2  

Like lihood F Prob > F  
Ratio 

0 . 2 7 8 0  1 . 5 8 0 . 0 0 3 0  
0 . 4 0 3 0  1 . 4 9 0 . 0 1 8 6  
0 . 5 5 4 0  1 .  3 8  0 . 0 7 7 5  
0 . 7 2 0 7  1 . 2 3 0 . 2 2 2 3  
0 . 8 8 3 1  1 . 0 1 0 . 4 4 4 5  



Table 7.5 .  Mississippian Mandibular Central Incisor Versus 
Mandible Canonical Correlation Raw Redundancy 
Statistics For The First Two Canonical 
Functions. 

Measurement Central Incisor Mandibular 
Class Canonical Variable Canonical Variable 

Shared Variance Shared Variance 

CANl 

Central Incisor 0.4829 0.1499 
Mandible 0.0151 0.0486 

CAN2 

Central Incisor 0.2485 0.0677 
Mandible 0.0253 0.0929 

CANl and CAN2 

Central Incisor 0.7 315 0.2176 
Mandible 0.0404 0 . 1415 
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for the first canonical function. When CAN2 is added, the 

amount of shared variance between these two data sets 

increases to 4% (0.0404--CANl and CAN2) , The raw variance 

of the central incisor measurements explained by the 

mandibular canonical variables approaches 15% (0 . 1499 ) for 

CANl and 22% (0 . 2176 ) for CANl and CAN2 . This difference · 

in raw redundancy estimates of shared variance is most 

likely due to the greater number of mandibular dimensions 

compared to the dental ones . 

The canonical structures involved in this predictive 

relationship are· found in Tables 7 . 6  and 7 . 7 .  For the 

first canonical function containing correlations between 

mandi bular measurements and central incisor canonical 

variables (Table 7 . 6--CANl ) ,  ascending ramus thickness 

(ART=0 . 3561 ) and symphyseal breadth, basal ( SWB=0 . 1613 ) 

exhibit the highest positive correlations, while height 

measures of the mandible (ARH=-0 . 1774 ; CPH=-0 . 1875 ; CDH= 

-0 . 1579 ) manifest fairly high negati ve correlations . 

Correlation structure comparisons between the central 

incisor measurements and the mandibular canonical variables 

for the first canonical function (Table 7 . 7--CANl ) isolate 

root length ( MROL =0.4412 ) and, secondly, mesiodistal crown 

diameter (MCMD=0. 3020 ) as importani dental dimensions 

involved in the correlative relationship . 

For the second canonical function, 

measurement versus ceritral incisor canonical 
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Table  7 . 6 .  Canonical  Corre lat ion  S truc ture Compar i s on o f  
Mi s s i s s ipp i an Mandi bul ar Measurement s and 
Cano n i cal  Var iabl e s  o f  The Mandibul ar Cent ral 
Inc i s o r . 

�fand i bul ar 
Measurement"-

BCN 
CPH 
CPT 
CDH 
BGB 
CPG 
ART 
ARB 
ARH 
TML 
I BR 
CDT 
GMA 
SMH 
SWB 

Canoni c al Cent ral 
I nc i s o r  Var i able 

CAN l CAN2 

- 0 . 0 8 0 6  
- 0 . 1 8 7 5 

0 . 0 5 1 5  
- 0 . 1 5 7 9 
- 0 . 0 9 4 5  
- 0 . 0 7 7 2  

0 . 3 5 6 1  
0 . 0 6 0 5  

- 0 . 1 7 74  
0 . 0 9 9 0 
0 . 0 1 7 0 
0 . 0 8 8 4  
0 . 1 3 3 5  
0 . 0 7 7 6  
0 . 1 6 1 3  

- 0 . 1 5 4 3  
0 . 2 2 3 4  
0 . 0 6 3 3  
0 . 1 0 8 1  
0 . 1 1 1 3  
0 . 0 8 6 7  
0 . 0 0 3 3  
0 . 1 2 7 6 
0 . 2 8 0 2  
0 . 1 4 4 3  
0 . 1 2 7 6  
0 . 1 6 4 1  

. - 0 . 1 0  2 7 
0 . 2 0 7 1  
0 . 1 8 0 6  

�easurement de fi ni t i ons may b e  found i n  Append ix A .  
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Table  7 . 7 .  Canoni cal Co r rel at i on S truc ture Compar i s on o f  
M i s s i s s ipp i an Mand ibular Cent ral Inc i s o r  Meas­
urements  and Cano n i cal Va r i abl e s  of  The 
Mand i b l e . 

Central Inc i so r  
Measuremento.. 

MROL 
MRMD 
MRBL 
MCMD 
MCBL 

Cano n i cal Mand i bu l ar 
Var i ab l e  

CANl 

0 . 4 4 1 2  
0 . 2 3 3 9  
0 . 2 3 8 6  
0 . 3 0 2 0  
0 . 2 1 2 2 

CAN2 

0 . 2 1 8 9  
-0 . 1 3 4 3  

0 . 2 3 7 9 
- 0 . 3 8 9 7  

0 . 2 3 8 5  

°"Measurement de f i n i t ions may be found i n  Append ix A .  
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comparisons ( Table 7 . 6--CAN2) show that mandibular · height 

measures have the highest positive correlations 

( ARH=0 . 2802 ; CPH=0 . 2234) . For the central incisor 

measurement/mandibular canonical variable comparison ( Table·  

7. 7--CAN2) , mesiodistal crown diameter exhibits a high 

negative correlation ( MCMD=-0. 3897 ) .  

In sum , the first canonical function structure 

involves high loading s for mandibular thicknes s  ( ART , SWB ) 

and central incisor root variables , with mandibular heights 

showing a high negative correlation . The second canonical 

function involves high positive loading s  for mandibular 

height and a negative value for central incisor mesiodistal 

crown diameter. 

Table 7 . 8 lists partial canonical correlation results 

for the comparison betwen Mis sis sippian mandibular and 

mandibular canine variables . The Wil ks ' Criterion F value 

of 1 . 554 and as sociated probability estimate of 0. 0042 

indicate a significant relationship between these two data 

sets. Pil lai ' s Trace, Hotel ling-Lawley Trace, and Roy ' s  

Greatest Root statistics agree. Canonical correlation 

statistics ( Table 7 . 9 )  isolate the first canonical function 

as responsible for this relationship . A s quared canonical 

correlation estimate for shared variance between the two 

variable sets approaches 0 . 40 (0 . 3 980) . Raw redundancy 

calculations indicate that only approximately 1% ( 0. 0098) 

of the variance of the mandibular measurements can be 
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Table 7 . 8. Within-group CANCORR Comparison Statistics 
For Mississippian Site Mandibular Canine Ver­
sus Mandibular Dimensions. a.. 

Statistic Value F DF Prob> F  

Wilks ' Criterion 0. 29143 1 . 554 75 0 . 0042 
Pillai ' s  Trace 1. 03 48 3 1. 496 75 0.0077 
Hotelling-Lawley Trace 1. 49691 1. 605 75 0. 0023 
Roy ' s  Greatest Root 0 . 66125 3 .791 15 0. 0001 

�ased on 102 observations . 
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Table 7.9. Within-group Summary Statistics For CANCORR 
Comparisons of Mississippian Site Mandibular 
Canine and Mandibular Dimensions For The Five 
Canonical Functions.� 

Fune-
tion 

1 
2 
3 
4 
5 

Corre- Co rre- Eigenvalue 
lation lation'2. Raw Cum , b 

0.6309 0.3980 0.66 0. 44 
0.5641 0.3182 0. 47 0.75 
0. 4188 0.1754 0. 21 0.90 
0 . 3159 0. 0998 0. 11 0.97 
0.2082 0 . 0434 0. 04 1.00 

O.:Sased on 102 measurements , 

�Cum. = Cumulative. 
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Likelihood F Prob>F 
Ratio 

0.2914 1.55 0.0042 
0. 4841 1.90 0.1805 
0. 7101 0.71 0. 8182 
0.8611 0.55 0.9569 
0.9566 0.35 0.9697 



explained 

about 2% 

by the dental canoni cal vari able s, 

( 0 . 0 169 ) of the vari ance  of 

whi l e  only 

the dental 

measurement s i s  explainable by the mandi bular canoni cal 

vari able s .  Table 7 . 10 contains the correlation structure 

between the mandi bular measurement s and the canoni c al 

variable s of the c anine dimensions for the first  canoni c al 

function . 

thi ckne s s  

Condyle height ( CDH= -0 . 3159) and corpus 

( CPT=-0 . 240 9 ) exhi bit fairly high negative 

correlations . Correlations between the c anine measure s and 

the canonical variable s of the mandibular dimensions ( Table 

7 .  1 1  ) i solate mesiodi stal di ame ter of the crown 

( CCMD=0 . 3528 ) and, secondly, root ( CRMD=0 . 2642 ) as  impor­

tant dental contri butors to thi s relationship . 

Thus, in the Mi s si s sippian , there i s  a significant 

overall relationship between both the central inci sor and 

canine in regard to the mandi bular dimensions . Correlation 

between the 

signifi c ant . 

Face . 

correlation 

lateral inci sor and mandible i s  not 

Table 7 . 1 2 pre sent s Mis sis sippian canonical 

st atistic  summarie s for the separate 

compari sons of all three teeth wi th the craniofacial 

dimensions . As  can be seen by looking at the Wilks ' 

Cri terion F value s and as soci ated probabili ty e stimate s, 

none of the teeth exhibi t a si gnificant relationship wi th 

the faci al dimensions at the 0 . 05 level . Very low raw 
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Table 7.10. Canoni cal Correlation Structure Comparison of 
Mississippian Mandibular Measurements and 
Canonical Variables of The Mandibular Canine. 

Mand ibular 
Measuremento.. 

BCN 
CPH 
CPT 
CDH 
BGB 
CPG 
ART 
ARB 
ARH 
TML 
!BR 
CDT 
GMA 
SMA 
SWB 

Canonical Canine 
Variable 

0.067 9 
-0.1616 
-0. 24 09 
-0.3159 
-0.0178 

0 . 1450 
0.0862 

-0.0512 
-0.1068 
-0.0688 

0.0763 
-0.1175 
-0.0690 

0.09 78 
-0.0709 

�easurement def initions may be found in Append ix A ,  
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Table 7 . 11 .  Canonical Correlation Structure Comparison of 
Mis sis sippian Mandibular Canine Measurements 
and Canonical Variables of The Mandible. 

Canine 
Measuremento... 

CROL 
CRMD 
CRBL 
CCMD 
CCBL 

Canonical Mandibular 
Variable 

-0.0155 
0.2642 

-0 . 1366 
0.3528 
0. 03 90 

a.Measurement definitions may be found in Appendix A. 
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Tabl e 7 . 1 2 .  Canoni cal Corre l a t i on Summary S t at i s t i c s  Fo r 
M i s s i s s ipp i an Mand i bul ar An terior  Tooth Ve rsus  
Fac e Compari son . 

Compar i son"- W i l ks ' Pro b . CAN Raw Redun- n 
F > F CORR� dancy 

Late ral I *  
Face 0 . 8 2 1  0 . 7 9 1 8  0 . 3 5 1 - - 6% 5 3  

Central I *  
Fac e  1 . 1 4 9  0 . 2 5 6 7  0 . 4 1 1 - - 1 3 % 5 0  

C anine*  
Face 1 . 0 4 2  0 . 4 1 2 9  0 . 4 0 4%  4 9  

4r = I nc i s or . 

I' 

2 1 3  



redundancy statistics and shared canonical correlations 

indicate small amounts of shared variance between the 

variable sets. 

In sum , within the Mississippian , no significant 

overall relationships between the lower face and the 

mandibular anterior dentition are found. 

parallels that seen in the Archaic. 

Within-Group ( Age ) Variability 

This situation 

Small tooth sample sizes from the Archaic skeletal 

remains preclude the statistical exploration of within­

group Archaic dental variability with regard to age. 

However , visual comparison of dental means across age 

categories is possible. Mississippian within-group 

variation involving the relationship between the mandibular 

anterior dental dimensions and the three age categories is 

assessed statistically. These results are presented below. 

Archaic 

Tables 7.13 and 7.14 present comparisons of mandibular 

anterior dental variable means with respect to the three 

age categories for Archaic females and males , respectively. 

As can be seen , sample sizes for the older aged individuals 

are small. Generally , however , lateral incisor root 

lengths tend to decrease , while central incisor and canine 

root lengths increase with increasing age. Mesiodistal 

diameters of the root of all thre� teeth show a mixed 
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Table 7.13. Comparison of Female Archaic Mandibular 
Anterior Tooth Means and Sample Sizes With 
Respect to Age.� 

18-29 years 30-44 years 45+ years 
Measure-
me ntlo x 

-

x n X n n 

Lateral Incisor 

LROL 14.78 12 14.10 4 0 
LRMD 3.80 14 3.88 4 0 
LRBL 5.96 14 6.00 4 0 
LCMD 6.07 14 5.4 3  4 0 
LCBL 6.10 14 6 . 18 4 0 

Central Incisor 

MROL 1 2 . 77 9 13 . 07 3 0 
MRMD 3.40 10 3.7 7  3 0 
MRBL 5.39 10 5 . 87 3 0 
MCMD 5.14 10 4.53 3 0 
MCBL 5.65 10 5.7 7  3 0 

Canine 

CROL 16.42 6 17.83 6 14.80 1 
CRMD 4.87 6 5.35 6 · 5.00 1 
CRBL 7.13 6 7 . 4 3  6 7.40 1 
CCMD 6.83 6 6 . 68 6 6.20 1 
CCBL 7.28 6 7.47 6 7.30 1 

°"Measurements are in mil limeters. 

�easurement def.ini tions may be found in Appendix A. 
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Table 7.14.· Comparison of Male Archaic Mandibular Anter­
ior Tooth Means and Samples Sizes With 
Respect To Age.a. 

18- 29 years 30-44 years 45+ years 
Measure-
mentb x 

-

n X n X n 

Lateral Incisor 

LROL 15.02 9 13.98 6 15.00 3 
LRMD 4.13 9 3.83 8 3.60 3 
LRBL 6.03 9 6.08 8 6.13 3 
LCMD 5.93 9 5.68 8 5.3 3  3 
LCBL 6.08 9 6.16 8 6.17 3 

Central Incisor 

MROL 13.16 8 13.78 6 12 .2 0  1 
MRMD 3.63 8 3.46 7 2.70 1 
MRBL 5.56 8 5.73 7 4.90 1 
MCMD 4.73 8 4.70 7 3.60 1 
MCBL 5.56 8 5.87 7 5.10 1 

Canine 

CROL 18.89 7 18.96 8 19.80 3 
CRMD 5.66 7 5.79 8 5.3 3 3 
CRBL 7.69 7 8.10 8 7.47 3 
CCMD 7.11 7 6.99 8 6.40 3 
CCBL 7.81 7 8.19 8 7.53 3 

�Measurements are i n  millimeters. 

� Measurement definitions may be found in Appendix A. 
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pattern of variation, while mesiodistal crown diameters 

decrease slightly with older individuals . Most 

buccolingual diameters tend to increase with advancing age . 

Mississippian 

Table 7 . 1 5  presents summary statistics from three 

separate MANOVA comparisons of Mississippian mandibular 

anterior dental measurements with the age categories . As 

can be noted from an analysis of the overall Wilks ' 

Criterion F values and associated probabilities, both the 

lateral and central mandibular incisors vary significantly 

( at the 0 . 05 level ) with age . These relationships 

primarily involve mesiodistal dental diameters ( of the root 

in the lateral incisor and crown in both the lateral and 

central incisors) as well as root length ( for the central 

incisor ) .  A comparison of female and male dental means 

across the Mississippian age categories reveals that, for 

the most part, the mesiodistal diameters of the root and 

crown decrease with increasing age, while root length 

increases with older individuals . 

In sum, the increase in central incisor root length 

and decrease in mesiodistal diameters of the lateral and 

central incisor with increasing age in the Mississippian 

appear to generall y support the age-related dental 

variability patterning observed for the Archaic. However, 

small Archaic dental sample sizes prohibit further 
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Table 7.15. MANOVA ( Significant Variables Only ) Comparison 
Among Age Classes For Mississippian Anterior 
Mandibular Dental Dimensions , 

Measuremento.. R-Square F Value Probability > 

Lateral Inc isorf:, 

LRMD 0 . 10 4.09 0.01 
LCMD 0. 14 6. 43 0.00 

Central Incisorc 

MROL 0.13 4.9 9 0.00 
MCMD 0.27 11. 98 0.00 

a.Measurement definitions may be found in Appendix A ,  

� Wil ks ' Criterion F=3 , 19; Probability > F=0 , 0001; 
n=118. 

ewil k s ' Criterion F=4 . 49; Probability > F=0.0001 ; 
n=103 . 
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tooth/age variability comparisons between these temporal 

groups , 

Between-Group (Temporal ) Variability 

Archaic versus M ississippian 

MANOVA summary results for mandibular anterior dental 

measurements exhibiting significant variability (at the 

0 , 05 level ) across the Archaic and Mississippian temporal 

groups are presented in Table 7 . 16 ,  For the lateral 

incisor, both the root and crown buccolingual dimensions 

mani fest signficant differences through time. The Wilks ' 

Criterion F value of 2 , 34 and associated probability 

measure of 0 , 0444 indicate that there is a significant ( at 

the 0 . 05 level ) overall difference iri these lateral incisor 

metrics with regard to the two temporal groups , 

Mandibular central inc isor ( Table 7 . 16) variables 

which are different across the temporal groups also include 

the buccolingual root measure ; in addition, root length and 

the mesiodistal crown dimension are also involved , An F 

value of 3 . 78 for the Wilks ' Criterion and associated 

probability estimate of 0 . 0032 allow the rejection of the 

null hypothesis of no overall variability between Archaic 

and M i ssissippian central incisor dimensions. 

Table 7 . 16 also contains similar data for the 

mandi bular canine. A significant difference in Archaic and 

M ississippian canine dimensions is evident at the 0 . 05 
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Table 7.16. MANOVA (Significant Variables Only ) Comparison 
of Mandibular Anterior Dental Dimensions Be­
tween Archaic and Mis sis sippian Samples. 

MeasurementCL R-Square F Value Probability > 

Lateral I nc iso rb 

LRBL 0.04 6.66 0.01 
LCBL 0.03 4.57 0. 03 

Central I nc iso rC. 

MROL 0.03 3.99 0. 05 
MRBL 0.07 9. 72 o . o o 

MCMD 0.03 4.48 0.04 

Canine cl 

CROL 0.03 4.16 0.04 
CCMD 0.03 4.62 0. 03 

°"Measurement definitions may be found in Appendix A. 

bwilks ' Criterion=0. 928 ; F=2.34 ;  Probability > F= 
0. 0444 ; Degrees of Freedom : Model = l ; Error=155 ; 
Corrected Total =156 ; n=157. 

Cwilks ' Criterion=0.870 ; F= 3.78 ; Probability > F= 
0.0032 ; Degrees of Freedom : Model = l ; Error=130 ; 
Corrected Total =131 ; n=132. 

iWilks '  Criterion=0.875 ; F= 3.78 ; Probability > F= 
0.0032 ; Degrees of Freedom : Model = l ; Error=136 ; 
Corrected Total =137 ; n= l 38 . . 
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level ( Wilks ' Criterion F value=3. 78 ; Probability > F= 

0.0032 ) .  Two of the five total dental variables contri­

bute to this relationship--root length and the mesiodistal 

dimension of the crown. 

Thus, 

significant 

all three mandibular anterior teeth 

differences across the Archaic 

show 

and 

Mississippian. This variability is related to measures of 

root length , root and 

mesiodistal diameters. 

crown buccolingual and crown 

In order to obtain a clearer 

assessment of the pattern of these differences, a review of 

the original means and standard deviations across each 

temporal group is in order. 

Table 7. 17 presents such a reexamination for Archaic 

and Mississippian females and males. Both measurements 

involved in mandibular lateral incisor variability ( LRBL, 

LCBL ) decrease across these groups. 

incisor variables 

buccolingual diameter 

show a mixed 

decreases, while 

Mandibular central 

pattern--the 

root length 

root 

and 

crown mesiodistal diameter increase. Both measurements of 

the canine which are involved in the significant variation 

for this tooth increase from the Archaic to the 

Mississippian. An alternative mode of describing these 

results reveals the presence of an important pattern--root 

lengths and crown mesiodistal diameters increase, while 

root and crown buccolingual measures decrease across these 

temporal groups. 
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Table 7.1 7. Means and Sample Siz es of Significantly 
Diffe rent (via MANOVA ) Mandibular Ante rior 
Tooth Measurements From Archaic and Missi­
ssippian Females and Males.� 

Measure- Archaic Mississi1212ian 
mentb Female Male Female Male 

x x n n n X 

Lateral Incisor 

LRBL 5.97 1 8  6.05 21 5.76 62 5.90 
LCBL 6.12 1 8  6.13 21 5.95 62 5.99 

Central Incisor 

MROL 1 2.84 12 1 3.35 15 13.21 49 1 3.85 
MRBL 5.50 13 5.59 16  5.27 49 5.34 
MCMD 5.00 1 3  4.64 16  5.00 49 5.09 

Canine 

CROL 16.95 1 3  1 9.07 18 1 7.88 55 1 9.44 
CCMD 6.7 1  1 3  6.94 1 8  6.92 55 7.19 

�easurements are in millimete rs. 

n 

57 
56 

54 
54 
54 

52 
52 

0Measurement definitions may be found in Appendix A. 
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Woodland 

Sample sizes for Woodland tooth data are extremely 

small ; thus, only a non-statistical, impressionistic 

appraisal of the congruence of the Woodland tooth data with 

the pattern outlined above can be made , Table 7.18 

contains Woodland means and standard deviations ( and sample 

sizes) for the above-discussed significant dental variables 

for males only ( female sample sizes are too small for 

consideration ) .  Only one tooth comprises the canine male 

sample ; t�us, this tooth is excluded also. Of the 

remaining dimensions, it can be seen that the buccolingual 

root diameters of the lateral ( LRBL ) and central ( MRBL ) 

incisors do appear to fall within the pattern of reduction 

through time. Central incisor root length and crown 

mesiodistal diameter also fit the previously established 

example of increase from the Archaic to the Mississippian ; 

however, the Woodland increase is even greater than that 

seen in the equivalent Mississippian dimensions. Finally, 

the lateral incisor buccolingual crown diameter mean for 

the three Woodland males does not fit the previous pattern 

of reduction through time. However , it must be reiterated 

that sample size limitations for Woodland dental data must 

breed caution in the interpretation of any of the above 

comparisons. 
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Table 7.18. Means, Standard Deviations ,  and Sample Sizes 
of Selected Mandibular Anterior Tooth Dimen­
sions From Woodland Males.a.. 

Measurement' - S. D. X n 

Lateral Incisor 

LRBL 6.03 0.15 3 
LCBL 6.20 0. 10 3 

Central Incisor 

MROL. 14.07 0.9 8  3 

MRBL 5.40 0.62 4 
MCMD 5.43 0 . 47 3 

a.Measurements are in millimeters .. 

�easurement definitions may be found in Appendix A. 
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Geometric Bodv Scaling 

Just as with the mandibular and craniofacial data , the 

mandibular anterior dental measurements are subj ected to 

the logarithmic geometric body scaling transformation 

described previously to control body size differences 

across the two temporal (Archaic and Mississippian ) groups . 

Table 7. 19 presents the results of the MANOVA comparison 

between the three mandibular teeth and temporal group based 

on these corrected data. When this table is compared to 

the uncorrected MANOVA results of Table 7. 16 (page 220 ) ,  it 

can be seen that the results are identical. Thus , once 

again , allometric variability across this time span does 

not appear to be an important consideration in explaining 

the nature of the metric changes. 

Summary 

As with the mandibular and craniofacial data sets, the 

intercorrelative patterns between dental dimensions for the 

Archaic and Missis�ippian are very similar. Within both 

the Archaic and Mississippian , high correlations exist 

between various root length dimensions of the mandibular 

anterior dentition. And, root and crown buccolingual 

measures of the same tooth and mesiodistal diameters of 

different teeth stongly correlate together. 

In the CANCORR comparison of anterior mandibular 
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Table 7 . 1 9 .  MANOVA ( S i gnificant Vari ables Only ) Compar i son 
Of Logar i thmic  Mandibul ar Anter ior Dental 
D imens ions  Between Archa ic  and M i s s i s s i ppian 
Samples ( Body S i ze Differences Control led ) .  

Measurementa. R-S quare F Value Probab i l i ty > F 

Lateral I nc i sorb 

LRBL 0 . 0 4 6 . 1 1  0 . 0 1 
LCBL 0 . 0 3 4 . 1 1 0 . 0 4 

Central  I nc i sore, 

MROL 0 . 0 3 4 . 4 3 0 . 0 4 
MRBL 0 : 06 8 . 9 7 0 . 0 0 
MCMD 0 . 0 3 4 . 1 4 0 . 0 4 

Can i nec:l 

CROL 0 . 0 3 4 . 60 0 . 0 3 
CCMD 0 . 0 3 4 . 62 0 . 0 3 

<lMeasurement defin i t ions may be found in Append ix A .  

bwi l ks ' F= l . 9 7 ;  Probab i l i ty > F=0 . 0 7 3 4 ; n= 1 5 7 . 

�i l ks ' F= 3 . 76 ;  Probabi l i ty > F = 0 . 0 0 3 9 ; n= 1 3 2 .  

eiWi l ks ' F= 3 . 5 9 ;  Probab i l i ty > F=0 . 0 0 4 5 ; n= l 3 8 . 
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dental measurements and mandibular variables, none of the 

three teeth exhibit overall significant (at the 0 . 05 level ) 

relationships with the Archaic mandibles , Mississippian 

mandibles do show significant correlations with dimensions 

involving the central incisor and canine , These 

c orrelations involve height and thic kness _ dimensions of the 

mandible with root length and crown and root mesiodistal 

diameters , Craniofacial comparisons with these anterior 

dental dimensions indicate no significant overall 

correlations between either Archaic or Mississippian faces 

and anterior mandibular teeth , 

Within-group age variability with respect to the 

dental dimensions can only be statistically investigated 

(via MANOVA ) with regard to the Mississippian period ,  Age 

is seen to be a significant factor with regard to dental 

variability for the central and lateral incisors, involving 

decreases in mesiodistal root and · crown diameters and 

increases in ro ot length with advancing age , Similar 

(although somewhat variable) non-statistical observations 

are noted for Archaic dental dimensions with regard to the 

three age categories , 

Between-group ( temporal) MANOVA analyses reveal clear 

evidence for a significant (0 , 05 level ) reduction in 

buccolingual diameters of 

lateral incisors through 

the root of 

time . In 

the central and 

addition, lateral 

incisor crown buccolingual diameter also decreases from the 
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Archai c to the Mississippi an . Root length as well as 

mesiodistal crown vari ables for the central i ncisor and 

cani ne increase across these temporal groups. Although 

sample sizes are very small , visual inspection of Woodland 

male dental means and standard deviations generally 

supports these pat terns . As wi th the mandibular and 

cranio facial data , allometri c vari abili ty is not a 

contributing fac tor i nvolved in  these metric changes. 

2 2 8  



CHAPTER 8 

EVALUATION AND INTERPRETATION 

Introduction 

At the end of Chapter 2 of this dissertation , several 

expectations were outlined regarding the nature of the 

present data comparisons. For example, it was predicted 

that , because of the previously discussed complex 

functional interrelationships of the mandible, lower face, 

and anterior mandibular dentition, high correlations would 

be found between measurements from these data sets. In 

regard to variation in these dimensions across the temporal 

skeletal series, a model involving masticatory-related 

gracilization in the mandibulofacial and dental region was 

formulated . In this model, it was predicted that because 

of the dietary shift from a hard-textured. ( Archaic hunting 

and gathering ) food bolus to a soft-textured ( Mississippian 

agricultural ) one, reductions in linear dimensions of the 

mandible and face ( height, length, breadth ) would occur. 

In addition, anterior mandibular dental dimensions ·were 

expected to decrease. Possible changes in orientation and 

size of masticatory muscles were also theorized . In short, 

the present data were utilized in a test of this model of 

masticatory-related mandibular, craniofacial, and dental 
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change through time. It is now time to assess the 

correspondence of the results presented in the three 

preceeding chapters with predictions generated from this 

model. 

Intercorrelation of Measurements 

As noted in Chapter 6, significant correlations exist 

between craniofacial and mandibular dimensions within both 

the Archaic and Mississippian samples. There are sig-

nificant correlations between Archaic height measures of 

the mandible and height of the lower face as well· as 

lateral midfacial breadth and proj ection. Significant 

Mississippian correlations relate mandibular height 

dimensions with lower facial height and proj ection; 

secondly, length of the mandible correlates fairly highly 

with proj ection and breadth of the lateral midface. 

Significant correlations are noted in Chapter 7 

between anterior mandibular dental and mandibular 

measurements. These associations are significant at the 

0.0 5 level in only two instances, both involving the 

Mississippian period samples--mandible versus central 

incisor and mandible versus canine. Interestingly, when 

the actual canonical structures denoting variables involved 

in these relationships are examined, it can be seen that 

both of these instances involve fairly high correlations 

between mandibular thickness and height measures and root 
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length or crown or root mesiodistal diameter. For example, 

fairl y h i gh correlations exist between the mandibular 

dimensions of ascending ramus thickness, height, symphyseal 

breadth ( basal ) , and corpus height with central incisor 

root length and mesiodistal crown diameter. For the 

mandibular canine, condyle height and corpus thickness 

correlate fairly strongly ( and negatively ) with mesiodistal 

crown and root diameters. Thus, significant intercorre-

lation relationships are noted between height and thickness 

measures of the mandible and mesiodistal diameters of the 

root and crown as well as root length. 

The above intercorrelation pattern between dental and 

craniofacial variables corroborates to some extent similar 

findings by Paquette ( 1985 ) and Smith and Paquette ( In 

Press ) in relation to maxillary anterior dental and facial 

dimensional relationships. Within the prehistoric Arikara 

population, they find ( through a canonical correlation 

analysis ) high correlations between craniofacial 

measurements reflecting vertical displacement ( height) of 

the face ( alveolar, upper facial heights ) as well as 

prognath ism of the lower face ( subnasal, canine radi i )  wi th 

mes iodistal diameter as well as length of the anterior 

maxillary tooth roots. They conclude that a significant 

relationsh ip exists between anterior tooth size and 

vertical facial displacement and lower facial prognathism 

(Paquette 1985 : 89 ) .  
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Given the previously discussed documentation of 

functional integration of mandibular , craniofacial , and 

mandibular anterior dental dimensions within the 

masticatory-related mandibular complex , why are not the 

intercorrelative relationships between the mandibulofacial 

and dental variables stronger? It is the author ' s  belief 

that complex intrinsic ( genetic) craniofacial variability 

(discussed in Chapter 2 )  may be a complicating factor--the 

statistical analyses performed here measure phenotypic 

rather than genetic variation . The well known conservative 

nature of the dentition also understandably would result in 

rather weak associations between dental and craniofacial 

dimensions. 

Within-Group (Age ) Variability 

Within the Archaic , several mandibular dimensions vary 

significantly with respect to age. Width and thickness 

measurements ( corpus thickness, bicanine width , ascending 

ramus breadth) as well as length of the mandible decrease 

w ith increasing age , while condyle height increases . No 

correlations are noted for Archaic facial dimensions and 

the three age categories. Age-related mandibular anterior 

tooth changes could not be statistically asessed, but 

central incisor and canine root lengths appear to increase , 

while mesiodistal diameters show a somewhat mixed pattern 
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of variation with increasing age. Buccolingual diameters 

tend to increase with older individuals. 

The Mississippian within-group correlations with age 

reveal different patterning. Overal l mandible/age as wel l  

as face/age relationships are not significant at the 0.05 

level ; however, condyle thickness as wel l  as facial height 

are greater in older individuals. Dental /age relationships 

are similar to those noted for the Archaic. 

These results, particularly the differences between 

Archaic and Mississippian mandibular measurements with 

regard to age, form an important pattern. Guagliardo 

( 1 982 ) relates age-associated changes in the cranium to 

accumul ation of increased amounts of masticatory functional 

stress . Thus, in this study, the differences in Archaic 

and Mississippian mandibles noted above are potential ly 

interpretable in terms of functional occlusal force 

differences between the two temporal groups. Greater 

amounts of masticatory force in Archaic mandibles 

led to more severe accumulation of age-related 

stress in these mandibles, compared to those 

Mississippian. 

Between-Group ( Temporal ) Variability 

possibly 

skeletal 

of the 

Figure 8 . 1 il lustrates the metric changes occurring 

across the Archaic and Mississippian mandibular samples. 

Wel l  over half (28/44--corrected MANOVA ) of the total 
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- ARCHAIC 

- - MISSISSIPPIAN 

Figure 8 . 1 .  Illustration of Mandibular Metric Changes 
Occurring Across The Archaic and 
Mississippian Samples . 
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selected mandibular and craniofacial dimensions compared 

across the · Archaic and Mississippian skeletal series 

exhibit significant ( 0.05 level ) differences. As expected , 

several of these dimensions of the mandible and lower face 

decrease across this time period. These include 

measurements reflecting prognathism of 

( subspinale and zygomaxillare radii ) as well 

ramus height and symphysis width at the 

the mid face 

as ascending 

base. And, 

buccolingual diameters of the root and crown of the mandib­

ular lateral incisor and root of the central incisor 

significantly reduce in size through time. 

However, contrary to expectations, the majority of the 

dimensions which show change through time { 15/19 mandibu­

lar ; 5/ 9 facial--corrected MANOVA ) increase from the Arch-

aic to the Mississippian. These measurements involve re-

flections of length (total mandibular and posterior tooth 

row lengths, infradentale inferius/bicondylar radius and 

proj ection, pogonion/bicondylar radius and projection , P3 / 

bicondylar radius, lower molar point/bicondylar radius ) ,  

height (symphysis, corpus, and coronoid process heights , 

coronoid process/lower molar point ) ,  width ( bicanine 

width ) ,  and thickness ( ascending ramus thickness ) of the 

mandible as well as height ( alveolar, upper facial, cheek ) 

of the lower face . In addition, root lengths as well as 

mesiodistal crown diameters of the mandibular central 
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incisor and canine increase significantly (0.05 level ) 

across the temporal span . 

These results at first glance do not appear to fit the 

pre-established model of masticatory-related mandibular and 

craniofacial gracilization through time at all . In fact, 

the converse seems to be happening . Control of allometric 

variables throughout this study rules out body size 

differences as a possible explanation . 

comparison of Woodland means to these 

And, visual 

Archaic and 

Mississippian dimensions corroborates the pattern of 

consistent and gradual increases through time . Given the 

previously documented dietary shift . from a hard- to soft­

textured food bolus through time, an increase in linear 

dimensions of the mandible, lower face, and anterior 

mandibular dentition appears to refute the gracilization 

model . However, when these results are more closely 

examined in light of the previously discussed principles of 

masticatory function, some very interesting patterns 

emerge . These are discussed below . 

Heavv Occlusal Force Generation and Masticatory Efficiency 

There are several ways in which a masticatory system 

can be made more " efficient" in terms of - generating and 

dissipating heavier amounts of occlusal force . In his 

examination of the Eskimo masticatory system, Rylander 

( 19 72 : 222 ) notes that increased mechanical efficiency 
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results from an increase in the length of the · power 

(masticatory muscle ) arm or a decrease in the length of the 

load ( dental arch) arm. An increased power arm length can 

be ac complished by moving the masticatory muscles more 

anterior in relation to the lever-hypothesized fulcrum at 

the TMJ , Increasing the size and robusticity of the 

musc les also results in a greater power arm. A shortened 

load arm can result when the teeth are moved closer to the 

condyle ( fulcrum ) .  If one examines more closely the 

results of 

comparisons, 

the 

it 

between-group ( temporal ) 

can be seen that all of 

multivariate 

the above 

reorientations characterize Archaic mandibles and lower 

faces in contrast to those of Mississippian individuals. 

These aspects are discussed below. 

Masticatory Muscle Size. Hinton ( 1979: 119 ) provides 

measurements and methods which est�mate masticatory muscle 

size. The distance from zygomatic root point to 

zygomaticotemporal suture ( ZRS ) approximates the size of 

the masseter. As can be seen in Table 6.13 and 6.14 ( pages 

184-185) , this dimension is significantly larger in Archaic 

faces compared to Mississippian ones at the 0.05 level . 

Hinton ( 1979 : 119) also cites zygomatic arch thic kness ( ZAT ) 

as reflective of masseter size. In this study, there is 

little difference in female zygomatic arch thic kness, but 

male ZAT measurements decrease from Archaic to 

Mississippian ( although not enough to be significant at the 
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0.05 level) , 

multiplication 

Hinton 

of these 

( 1979 : 119) notes 

two measurements 

that 

( ZRS x 

the 

ZAT ) 

provides an estimate of masseter cross-sectional area , In 

the present study, an Archaic female cross-sectional 

masseter area of 161.51 mm 1 is substantially greater than 

the 147 . 69 mm� estimate for Mississippian females. The 

same pattern can be observed for the males ( Archaic male 

masseter cross-sectional area=192 , 62 mm�; Mississippian= 

175.26 mm� ) .  Thus , for both Archaic males and females , 

cross-sectional areas and overall sizes of the masseter are 

larger compared to the Mississippian. 

Similar patterning can be noted for the temporalis 

muscle. Hinton ( 1979 : 119 ) notes that measurements 

concerning the infratemporal fossa ( length , width ) reflect 

size of the temporalis , Infratemporal fossa length ( IFL ) 

multiplied by width ( IFW ) approximates the cross-sectional 

area of the temporalis , Unfortunately, these two measure­

ments were not included in the multivariate statistical 

comparison ; however , their means ( see Appendix B )  can be 

statistically compared across the Archaic and Mississippian 

time periods . T-test comparisons of the means indicate · 

that the female !FL mean is significantly ( at the 0.05 

level) larger than that of the Mississippian ( Archaic=33 . 71 

mm ; Mississippian=32.44 mm ; t= l. 90 ,  df=70 ) .  The Archaic 

male IFL dimension mean ( 35.06 mm ) is also significantly  

larger than the mean for the same Mississippian measurement 
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(32.89 mm ) (t=3 . 06, df=82) . A similar signi ficant 

relationship is discerned for the IFW mean male comparison 

(Archaic=25 . 40 mm ; Mississippian=24 . 29 mm ; t=2.27, df=77 ) ; 

however, the female IFW sample size is not large enough for 

statistical analysis . 

When means from these two dimensions (IFL, IFW ) are 

multiplied to arrive at temporalis cross-sectional area 

estimates, once again, differences can be seen . rhe male 

Archaic · cross-sectional temporalis area of 890 . 52 

substantially greater than the Mississippian area 

� mm 1s 

estimate 

(798 . 9 0 mm�) . Because of the slightly larger Mississippian 

female IFW mean , the female cross-sectional temporalis 

areas are more similar ( Archaic=761 . 17 mm�; Mississippian 

=769 . 15 mm�) . Thus, it can be stated that, at least for 

the males , Archaic temporalis muscle size and cross­

sectional area , as with the masseter, are greater in the 

Archaic in comparison to the Mississippian . Table 8 . 1 

presents an adaptation of two tables from Hinton (1979 : 214, 

215 )  comparing the cross-sectional areas of the Archaic and 

Mississippian temporalis and masseter muscles with five 

populations analyzed by Hinton . It can be seen that in 

almost all cases, the Archaic data falls between the 

traditionally heavily stressed masticatory systems of the 

Eskimo and Australian aborigine and the less stressed 

agriculturally based Southwestern Amerindian group 

representing Western Pueblo populations of circa A.O . 1 280 
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Table 8.1. Compar ison of Masseter and Temporalis Cross­
secti onal Muscle Areas Across Several Human 
Populati ons. a.. 

Muscle Human Population Muscle Area• 

Eskimo Aust. Archa- M ississ- SW Am. Am. 
Aba r. ic  ippian Amer. Whi te Black 

Masseterc 

· Female 164.4 172.0 161.5 147.7 145.4 132.8 142.7 
Male 219.7 223.1 192.6 175.3 178.3 162.6 184.4 

TemporalisJ 

Female 839.6 785.9 761.2 769.1 707 . 9 606.0 704.3 
Male 946.7 920.5 890.5 798.9 808.5 734.1 801.2 

�dapted· from Tables 9.3 and 9.4 { pages 214-215) of 
Hinton { 1979 ) ;  

bAust. Abor.=Aust ralian abo rigine ; Archaic and Missi­
ssippian=samples collected fo r the present study ; SW 
Amer.=Southwestern U.S. Amerindians ; Am. White and 
Am. Black=modern American Wh ite and Black popula­
t i ons ; 

4masseter area= ( in mm�) zygomat ic  root  po int/zygoma­
tico tempo ral suture X zygomatic arch thickness ; 

d temporalis area= (in mm -2-) infratempo ral fossa length 
X width , 

240 



to 1600 ( Hinton 1979 ) . The Mississippian areas fall . closer 

to the Southwestern Amerindian agricultural group . 

Masticatory Muscle Orientation . Not only are Archaic 

masticatory muscles more robust than Mississippian ones, 

they are located more anterior in relation to the 

hypothesized 

masticatory 

condylar 

muscles . 

fulcrum than 

For example , Hinton 

Mississippian 

(1979 : 120) 

designates the measurement from eminence point to zygomatic 

root point ( in this study, EZP) as reflective of the 

anterior extent of the masseter . As can be seen from 

Tables 6 . 13 and 6 . 14 (pages 184-18 5 ) ,  this dimension is 

significantly larger in Archaic faces compared to 

Mississippian ones at the 0 . 05 level . In other words, 

Archaic masseter muscles are positioned more anterior in 

relation to the fulcrum and bite points compared to 

Mississippian masseter orientation . 

In addition, Hinton ( 1979 : 120 ) notes that the distance 

from the most superior point on the head of the mandibular 

condyle ( condylion) to the most anterior convex point on 

the coronoid process ( coronoid point) represents the moment 

or power arm of the temporalis muscle . In the present 

study, the measurements of CTR and CTP (coronoid point 

radius and proj ection) as well as CPR and CPP (cornoid 

process radius and proj ection ) are designed to approximate 

this distance . As can be seen in Tables 5 . 5  and 5 . 6 (pages 
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154, 156 .) ,  while almost all of the significantly different 

( 0 . 05 level) linear length measures of the mandible are 

smaller in Archaic mandibles compared to Mis s i s sippian 

ones, the only two which are s ignificantly larger are CPR 

and CPP--coronoid proces s  radius and proj ection. And, if 

one compares the means for CTR and CTP acros s  the Archaic 

and Mi s sis sippi�n (Appendix B ) ,  one can see that these 

length dimensions are also larger in male and female 

Archaic mandibles (excepting CTR for males ) ,  although not 

enough to be s ignificant at the 0. 05 level. Thi s  means 

that, compared to Mi s sis s ippian mandibles, Archaic 

mandibl es manifest a longer and more anterior positioning 

of the temporali s  muscle in relation to the temporomandibu­

lar joint. 

Hylander (1972 : 227 ) notes for hi s heavily masticatory­

stres sed Eskimos that a low and robust coronoid proces s 

reflects a robust temporali s  muscle which is reoriented 

more vertically in relation to the occlusal plane. This 

rearrangement results in an increased vertical mandibular 

force generation potential (Hylander 1972 : 227 ) .  In the 

present study, it is very interesting to note that both 

measures of coronoid proces s height ( coronoid process /lower 

molar point--CMP, coronoid proces s  height--CPH, corrected 

MANOVA ) are significantly (at the 0. 05 level ) smaller in 

the Archaic and increase in the Mis sis sippian. 

Thus, for both the mas seter and temporalis muscles, 
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the greater si ze  and more anterior placement in the Archaic 

reflect essenti ally a longer and more powerful muscle 

( power ) arm in relation to load arm. The significantly 

greater lateral and lower midfaci al Archaic prognathism ( as 

reflected by subspinale and zygomaxillare radii) (Tables 

6.13 and 6.14, pages 184 -185 ) reflect this rearrangement. 

At  the same time, i t  can be seen that the load arm 

wi thi n  Archaic mandibles is reduced compared to the 

Mississippian si tuation. It is very interesting to note  

that eight of the 19 mandibular dimensions which show 

significant' (0.0 5 ) variabili ty from the Archaic to the 

Mississippian (Tables 5.5, 5. 6 and 5. 8 : pages 15 4, 156, 160 ) 

reflect various anterior and overall length measures of the 

body of the mandible. All of these (excepting CPP and CPR, 

discussed previously) are smaller in  the Archaic. This 

means that wi thin the Archaic, the dental arch ( load arm) 

is closer to the fulcrum point at the condyle compared to 

Mississippi an mandibles. 

Further evidence for this pattern can be gleaned by an 

analysis of mandibular and maxillary incisor and molar bi te  

point locations . Hinton ( 19 7 9 : 120) defines the distance 

from condyli on to lower molar point as reflective of the 

mandibular molar bi te  point, while condylion to 

infradentale inferius represents the mandibular incisal 

bi te  point. In this study, lower molar point/bicondylar 

radius ( MBR ) and infradentale inferius/bicondylar radius 
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( IBR) approximate the molar and incisal bite · point 

distances for the mandible, respectivel y .  For the maxil la, 

Hinton ' s  (1979 : 120) eminence point/upper mol ar point (EUP ) 

reflects the maxil lary molar bite point, while eminence 

point/infradentale superius (EIS )  denotes the incisal bite 

point. Both of these measurements are used in the present 

study . As can be seen from Tables 5.5, 5.6, 6 . 13, and 6.14 

( pages 154, 156, 184-185) , dimensions of MBR, IBR, and EIS 

are significantly  (at the 0. 05 level)  different in the 

Archaic compared to the Mississippian--al l are smal ler .  

The measurement of EUP was unfortunately  not included in 

the multivariate comparison due to reduced sample size, but 

a comparison of Archaic and Mississippian means ( Appendix 

B) shows that the female Archaic mean is smal ler than the 

Mississippian one ( although not statistical l y  so 

indicated by a T-test } .  The male means are more similar. 

as 

Thus, in effect, Archaic power ( muscle) arm is larger 

and more anteriorly positioned relative to the fulcrum and 

occlusal plane, while the load (bite point) arm is shorter 

compared to the Mississippian . This is further il lustrated 

by computation of muscle/bite point ratios . Hinton 

(1979 : 211 ) devises measurement ratios of temporal is/incisal 

bite point, temporalis/molar bite point, masseter/incisal 

bite point, and masseter/molar bite point for the mandible 

as wel l  as the maxil la . In  the present study , similar 

ratios are devised, with the dimension of coronoid point 
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radius (CTR ) approximating the temporalis muscle arm and 

eminence point /zygomatic root point ( EZP ) the masseter 

muscle arm. Mandibular and maxi l l ary bi te points are as 

defined above ( MBR, IBR, EUP , EIS) . Table 8.2 presents 

ratios denoting temporalis and masseter muscle arms in 

rel ation to incisal and mol ar mandibul ar and maxi l l ary bi te 

force distances for Archaic and Mississippian females. As 

can be seen, in al l instances, Archaic muscle to bi te point 

ratios are l arger than Mississippi an ones. Table 8.3 shows 

a simi lar  pat tern for the male comparison- -al l but one 

ratio are l arger in the Archaic. Measurement ratios for 

temporalis/molar maxi l l ary bi te point ( CTR/EUP) are the 

same. Thus, there is no question that the temporalis and 

masseter muscle power arms are located much more anterior 

in rel ation to mol ar and incisal bite points in the Archaic 

compared to the Mississippian. 

In sum, assuming a lever model for mandibular function 

and a fulcrum point at the condyle, increased masticatory 

efficiency is evident when the load arm (dental arch) is 

shortened in combination wi th a lengthened and more 

anterior power ( muscle) arm. This is precisely the 

si tuation wi th Archaic mandibles and i t  is proposed here 

that this is an adaptive measure for generating l arge 

amounts of occlusal force. Mississippi an mandibles mani ­

fest smal ler and more posteriorly located masticatory 
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Table  8 , 2 ,  Compari son o f  Archa i c  and Mi s s i s s ipp ian Female 
Mu s c l e  and B i te Po int Rat i o s . 

Rat ioCL 

Tempo ral i s  

CTR/MBR 
CTR/ IBR 
CTR/EUP 
CTR/E I S  

Mas s e t e r  

EZP/MBR 
EZP/ I BR 
EZP/EUP 
EZP/ E I S  

Archa i c  Mi s s i s s ipp i an 

0 . 6 6 0 . 6 2 
0 , 4 6 0 , 4 3 
0 . 6 8 0 . 6 5 
0 . 4 2 0 . 3 9 

0 . 8 4 0 . 7 8 
0 . 5 9 0 . 5 4 
0 , 8 7 0 . 8 1 
0 . 5 3 0 . 4 9 

a.Me asurement de f i n i t i ons  may be found in  Append ix A ,  

2 4 6  



Table 8.3.  Comparison of Archaic and Mis sissippian Male 
Muscle and Bite Point Ratios. 

Rat i oO.. 

Temporal is 

CTR/MBR 
CTR/IBR 
CTR/EUP 
CTR/EIS 

Masseter 

EZP/MBR 
EZP/IBR 
EZP/EUP 
EZP/EIS 

Archaic Mississippian 

0.64 0.62 
0.45 0.44 
0 , 66 0.66 
0 . 41 0.40 

0.83 0.76 
0 . 59 0 . 54 
0 . 86 0.81 
0 . 53 0.49 

°'Measurement definitions may be found in Appendix A .  
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muscles , combined with longer dental arches . The result is 

less capability for generating heavy occlusal biting force. 

Stress Dissipation 

Concomitant with this occlusal · force 

differential is a necessity for mechanisms 

capability 

allowing 

dissipation of resultant masticatory stress . Many of these 

adj ustments are , in fact, seen in Archaic mandibles . For 

example, Hylander (1975 ) notes that the more narrow dental 

arch is an adaptive response for withstanding heavy amounts 

of vertical incisal biting . It can be seen in Tables 5.5 

and 5.6 (pages 154, 156 ) that bicanine width (BCN ) is in­

deed significantly (at the 0 . 05 level ) smaller in Archaic 

mandibles compared to Mississippian ones . And, Hylander 

(1977c ) suggests that reduced length of the dental arch is 

related to heavy amounts of dental attrition (and, 

therefo�e , masticatory stress ) .  Reduced dental occlusal 

heights also result . The reduced lengths of the anterior 

and overall Archaic mandibular corpus have 

noted . Archaic dental attrition rates, 

discussed later, were high. 

already been 

as will be 

Hinton ( 1979 : 120 ) notes that large symphyseal breadth 

dimensions act to " counter torsion resulting from heavy 

unilateral molar chewing" .  Tables 5 . 5 ,  5 . 6  and 5 . 7 ( pages 

154 , 156, 158 ) reveal that symphyseal width at the base 

(SWB) is indeed significantly (at the 0 . 05 level) larger in 
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Archaic mandibles and undergoes a steady reduction through 

the Woodland and Mississippian. 

Final ly, Ringqvist (1973 ) correlates a smal l gonial 

angle with the generation of a large bite force . Tables 

5.5 and 5.6 (pages 154, 156) show that this measure is 

significantly (at the 0.05 level ) smal ler in Archaic 

mandibles compared to Mississippian ones. Interestingly, 

the previous correlation analysis investigating the 

interrelationships of the mandibular measurements (Chapter 

5) shows a high negative { inverse } correlation between 

gonial angle and ascending ramus height. And, as can be 

seen in Tables 5.5 and 5.6 (pages 154, 156) , while gonial 

angle significantly increases through the temporal span, 

ascending ramus height experiences a significant decrease. 

Many studies (e.g., Paquette 1985 ; Rak 1986 ; F ,  Smith 

1983, 1984 , 1985 ; Smith and Paquette In Press ; Trinkaus 

1987 ) have il lustrated the role of lateral and lower 

midfacial prognathism in the dissipation of heavy occlusal 

forces. And, as already mentioned, measures used in this 

dissertation to reflect this prognathism (subspinale and 

zygomaxil lare radii) manifest a significant ( 0 . 05 level ) 

pattern of decrease from the Archaic to the Mississippian. 

Other facial prognathism measures like frontomalare (male 

and female ) ,  nasion (males and females) , and prosthion 

(males) radii also show decreases across the Archaic/ 
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Mississippian temporal span (see Appendix B ) ,  aithough 

not enough to be significant at the 0.05 level, 

Hylander ( 1972: 251 ) and Hinton ( 1979 : 216) both cite 

the presence of large vertical height measures of the 

mandible and face as adaptive responses for the dissipation 

of heavy occlusal force , In fact, many researchers have 

noted this pattern (e.g., Corruccini et al. [ 1985 ] for 

rural Kentucky populati ons; Larsen ( 1981, 1982, 1984 ] for 

St. Catherine ' s  Island ) .  However, in l ooking at the 

results of this dissertati on ( Tables 5 , 5, 5.6, 6.13, 6.14; 

pages 154, 156, 184-185) , it can be seen that with only one 

excepti on ( ascending ramus height ) ,  al l of the height 

measures of the mandible (corpus, symphyseal heights) and 

face ( alveolar, upper facial, and cheek heights ) which are 

significantly ( 0.05 level) different across the temporal 

span are smal ler in the Archaic and increase by the 

Mississipp ian period , At present, it is unknown why this 

increase in vertical crani ofacial and mandibular height 

occurs, but one potential clue l ies in an analysis of 

mandibular anteri or dental change through time. 

Anteri or Dental Change 

As expected, several mandibular anterior dental 

dimens i ons ( lateral incisor root and crown buccol ingual 

diameters, central incisor bucco l ingual diameter of the 

root ) de�rease across the temporal span. Wo lpoff ( 1971b) 
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has suggested that tooth area (length x breadth ) is perhaps 

a better indication of tooth size than individual length or 

breadth measures alone . Table 8 . 4  presents crown and root 

tooth area calculations (buccolingual x mesiodistal 

diameters )  for the mandibular lateral incisor, central 

incisor, and canine acros s the Archaic and Mis sis sippian . 

Most of these tooth areas decrease acros s the temporal 

span. F .  Smith et al . ( 1980 : 84) suggest that buccolingual 

dental dimensions are les s  affected by attrition and thus 

are more indicative of genetic tooth size. As can be seen 

in Tables 7 . 16 and 7 . 17 (pages 220, 222 ) ,  these dimensions 

significantly reduce through time . This agrees with 

previous research by Hinton et al . (1980 ) ,  M .  Smith (1982 ) ,  

and F .  Smith et al . (1980 )  (involving many of these same 

skeletal samples } denoting a gradual reduction in the 

anterior dentition through time . 

Contrary to expectations, however, is the increase in 

some dental dimensions .  And, interestingly, the particular 

tooth measures which increase illustrate an important 

pattern . Tables 7 . 16 and 7 . 17 ( pages 220, 222 ) reveal that 

central incisor and canine root lengths and mesiodistal 

diameters of the crown show the significant ( 0 . 05 level) 

increases . In fact, these very dimensions were shown to 

have a high canonical correlation with measures of vertical 

facial and mandibular height in the Mis sis sippian (see 

Chapter 7, pages 204, 210) . Thus, both the height of the 
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Table 8.4. Comparison of Anterior �andibular Crown and 
Root Dental Areas Between Archaic and M i ssiss­
ippian Samples . 

Tooth Archaic AreaG.. M ississ i�� ian Areaa-

Measurement Female Male Female Male 

Lateral Incisor 

Crown 36 . 29 35 . 37 35 . 64 35.76 
Root 2 2 . 80 23.72 21 . 89 2 2.66 

Central Incisor 

Crown 2 8 . 40 26 . 31 27.50 2 8 . 25 
Root 19.14 19.51 17 . 71 18 . 42 

Canine 

Crown 49.45 55 . 03 51 . 00 56 . 44 
Root 37.18 44.32 36.21 43.24 

�rea measurements are in square millimeters . 

252 



face and mandible and the root length and mesiodistai crown 

di ameters of the anterior mandibular dentition (at least 

the central incisor and canine) are increasing in unison 

across the Archaic/Mississippi an transition . Whether the 

teeth are responding to the incre a�ed facial height or vice 

versa is not known, but given the traditionally 

conservative nature of the dentition, the former seems more 

likely , The question of  causation, however, still remains. 

But it must be cautioned that mesiodistal dental dimensions 

are more susceptible to attrition e f fects (F. Smith et al. 

1980) . Thus, the observed smaller Archaic mesiodistal 

dental dimensions may be a consequence of the documented 

extensive Archaic dental attrition. 

While Henneberg ( 1988) has noted a microevolutionary 

trend toward decrease of crani al vault size throughout the 

Holocene, it is interesting to note that Carlson and Van 

Gerven (1977 ) see an overall increase in crani al vault 

height across their Nubian temporal sequence. These 

authors describe this change as secondary and compensatory 

in relation to the more important masticatory muscle 

changes (more posterior origins and attachments, for 

example) occurring through time. Although not included in 

the multivariate statistical comparison of the present 

study due to possible bi asing e f fects of Mississippi an 

period crani al de formation, the measure of  overall cranial 

vault height (basion/bregma height- -BBH) does exhibit a 
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signifi cant increase in both females and males across the 

Archai c /Mississippian transition. The relationship between 

the increases in cranial and fac ial height through time 

across the present skeletal samples requires further 

investigation. 

Trends in Non-Metric  Observations 

As expected, non-metri c  skeletal indi cations of 

masti catory muscle robustic ity are noted for Archaic  

mandibles and lower faces. For example, the temporal line 

is often more pronounced on Archaic crania compared to 

Mississippian ones. And, the region of mandibular gonion 

is equally more robust in the Archaic . Gonial eversion is 

much more frequent for Archaic mandibles, acc ompanied by 

thi ckening and at times crenulation of the entire gonial 

region. And, in a few cases, these reinforcements are 

combined with a unique incurvature of the posterior and 

inferior mandibular corpus directly anterior to gonion. 

These phenomena are much less common for Mississippian 

mand ibles , w ith ful l genial inversion more frequent. 

Moss and Simon ( 1 968 ) and Bacon et al. ( 1 980 ) see 

Whi le 

the 

degree of gonial eversion/ inversion as an age-related 

factor ( eversion is more common in older individuals ) and 

Larnach and Mac intosh ( 1 971 ) view it as a sex indi cator 

( eversion is more common in males ) ,  Hylander ( 1972 : 1 88 ) 

regards lateral flaring of the mandibular gonion as a 
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functional adaptation for increased mas seter muscle size 

and, thus, generation of heavy occlusal force. The 

previously  discus sed attachments of the mas seter and 

internal pterygoid masticatory muscles on the lateral and 

medial gonial surfaces of the mandible, · ·respectively, 

support this last contention. 

Al so as expected, dental attrition is much more severe 

for Archaic mandibles compared to Mis sis sippian ones. 

Dental caries and absces ses are more frequent in the 

Mis sis sippian mandibles. These results agree with previous 

dental research on many of these same skeletal samples by 

M. Smith ( 1982) , as well as many other temporal studies 

examining the skeletal e f fects of a dietary ( hunting and 

gathering to agriculture) shift on the oral health status 

of aboriginal populations ( e. g. ,  see the maj ority of 

research studies summarized in Cohen and Armelagos [ 1984 ] ) .  

Other non-metric observations ( see Figure 4. 1: page 

120 ) ,  however, do not appear to be patterned acros s  the 

temporal groups. Morphological dimensions such as 

mylohyoid ridge and sulcus, sublingual, submaxillary, and 

digastric fos sae, genial spine, submental notch, and 

mandibular foramen development exhibit variability both 

within and between the Archaic, Woodland, and Mi s sis sippian 

skeletal samples. The previously documented variation in 

these non-metric traits acros s  human populations has 

already been discus sed. 
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Summary 

Both morphological and metric skeletal dimensions are 

utilized in an investigation of mandibular, craniofacial, 

and anterior . mandi bular dental variab ility across a 

Tennessee temporal series. This series exhi b its a clear and 

gradual transition from a hard-textured ( hunting and 

gather ing )  Archaic to a soft-textured ( agricultural ) 

Mississippian diet. The following changes are the most 

important ones delineated across the time span : 

1. Increases in mandibular overall length and pro­

j ection as well as height ( symphysis, corpus ) ,  

thickness at the ascending ramus, and b icanine 

width ; 

2 ,  Decreases in mandi bular coronoid process and 

coronoid point radi i and projections as well 

as ascending ramus height and symphyseal 

breadth ( basal ) ; 

3 .  Increases in facial height measures ( upper 

facial, alveolar, cheek ) ;  

4. Decreases in lower and lateral midfacial pro­

jection ; 

5. Increases in mandibular anterior dental 

mesiodistal diameters and root lengths ; 

6. Decreases in mandibular anterior dental areas 

and buccolingual diameters , 

25 6 



The maj ority of the above changes have been explained 

in the context of functional differences in masticatory­

related adaptations in the mandibular, dental, and cranio­

facial regions of Archaic and Mississippian individuals. 

For example, across this temporal series, the following 

functional adaptations have been documented : 

1. Reductions in masticatory muscle size and robust­

icity; 

2 .  Adoptions of more posterior points of masticatory 

muscle attachments relative to the TMJ and occlu­

sal plane; 

3 .  · oecreased length of power ( muscle ) arm in conj unc­

tion with an increased length of load ( dental 

arch ) arm; 

4 .  Decreased muscle/bite point ratios; 

5.  Reductions in adaptive mechanisms for masticatory 

stress dissipation. 

These 

variability 

differences are seen as reflective 

in the functional demands of the 

of 

two 

masticatory systems in terms of occlusal force generation 

and dissipation. Dietary change is viewed as the primary 

reason for the documented mandibular, craniofacial, and 

dental differences noted in this study , 
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Revision of the Model of Masticatory-Related Mandibular 

and Craniofacial Change 

It is clear from the previous discussion of the 

results of this dissertation that a model of masticatory­

related mandibular, dental, and craniofacial gracilization 

resulting from a shift from a hard- to a soft-textured diet 

through time is much too simplistic . While many of the 

changes documented across the Archaic and Mississippian 

data sets indeed do involve reductions in masticatory 

muscle robusticity and size, facial prognathism, and dental 

size, other differences are more complex. These involve 

functional reorientations of muscle and bite point 

positions leading to increased masticatory ( occlusal force 

generation ) efficiency. Other changes relate to heavy 

masticatory stress dissipation . Thus, size of linear 

dimerisions alone cannot be assumed to reflect dietary­

related functional variability in the human mandi ble, 

dentition, and lower face. For example, measurements 

reflecting positioning of masticatory muscles in relation 

to the rest of the face and mandible, length of power and 

load arms, and occlusal stress dissipation must also be 

considered in any analysis of diachronic functional change 

in the mandibular complex. 

Thus, for documented archaeological transitions from a 
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hard-textured hunting and gathering diet to a more heavily 

processed soft agricultural one, revised expectations can 

be generated. It is predicted that in addition to 

decreased robusticity of musc les of mastications ( as 

reflected by their skeletal correlates ) ,  these muscles will 

adopt more posterior points of attachment through time. In 

addition, lower and midfacial prognathism is expected to 

reduce. Bite points ( molar, incisal ) will be more anterior 

in relation to the muscle arms and the condyle through 

time. Skeletal adaptations to withstanding heavy occlusal 

forces and 

bicanine 

symphysis 

predicted 

the stresses which result (as seen in a small 

width, low coronoid process, and thickened 

breadth at the base in the present study ) are 

to be no longer needed in a soft-textured 

subsistence situation. 

The above discussion does not, however, explain how 

these morphological and metric changes occur. Given the 

previously discussed complex craniofacial and mandibular 

functional interrelationships and growth-regulating mecha­

nisms, there is little doubt that an interplay of genetic 

and mechanistic factors is at work. It is suggested here 

that the decrease in heavy occlusal force necessity with 

the adoption of a soft�textured Mississippian agricultural 

diet results in a concomitant reduction in the functional 

demands on the Mississippian masticatory complex both in 

terms of occlusal force generation and dissipation , These 
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reduced functional energy demands, in turn, can lead to 

relaxed selection in terms of the structural skeletal 

correlates of this no-longer-needed adaptation . Thus, 

masticatory-related functional change in the mandible and 

lower face can become incorporated into the genome, 

resulting in microevolutionary change in the mandibular 

functional complex through time . 

Testing The Model 

The functional model of microevolutionary mandibular 

and craniofacial change in relation to the dietary shift 

presented above is directly testable , Other temporal 

skeletal series exhibiting similar dietary shifts from 

hard- to soft-textured diets should exhibit comparable ( but 

not necessarily identical) changes. Some skeletal and 

muscular alterations reflecting reduced masticatory force 

generation and stress dissipation requirements are expected 

to occur across the dietary shift. However, as this study 

has shown, the human masticatory apparatus is extremely 

complex . Thus, a variety of adaptational adj ustments can 

occur as a result of changing diet and food texture . 

Finally, it is recommended that a functional approach 

( utilizing measurements which illustrate these complex 

interrelative relationships ) to the delineation of 

masticatory-related diachronic change be considered , While 

there is no doubt that functional approaches cannot ( and 
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shou ld no t ) be used to  explain al l mo rpho l o g i cal chariges i n  

skeletal d imens i ons ac ross t ime ,  inves t i gat ion o f  adapt ive ,  

func t i onal relat i onships between many skeletal d i mens i o ns 

( part i culary those i nvolved i n  mast icat i on ) can prov i de 

ins i ght i nto  the mechan isms o f  this o bserved var iab i l i t y . 

Many o f  the 

M iss iss i pp ian 

documented d i f ferences i n  Archaic and 

mand i bular and c ran i o fac ial mo rpho l ogy 

del ineated in  this d issertat ion  are no t unders tandable 

otherw ise . 
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APPENDIX A 

Coding Format and Measurement Definitions 

Measurement Definition 

Mandibular Dimensions 

S�H 

SWB 

SWA 

BCB 

BGB 

BCN 

CPH 

CPT 

Symphysis Height - maximum distance from gnath­
ion (the meeting point of the inferior border · 
of the median plane ) to the infradental point 
(the highest point of the alveolar margin be­
tween the two medial incisors) (Olivier 1969 : 
189 ) .  

Symphysis Width (Basal) - the horizontal dist­
ance between lateral and mesial aspects of the 
corpus at the inferior border of the symphy­
sis. 

Symphysis Width (Alveolar) - the horizontal dis­
tance between the lateral and mesial · aspects of 
the corpus at infradentale . inferius. 

Bicondylar Breadth - the maximal breadth taken 
between the most lateral parts of the condyles 
( Olivier 1969 : 185 ) .  

Bigonial Breadth - the distance from gonion to 
gonion ( the point of intersection b�tween the 
posterior tangent tri the ascending ramus and 
the inferior tangent to the border of the bone 
on that side ) (Olivier 1969 : 186 ) .  

Bicanine Breadth - the maximum diameter between 
the canines at the midpoint of the alveolus 
(Paquet te 19 85 : 48 ) .  

Corpus Height - the vertical distance from the 
inferior border of the mandibular corpus to a 
point on the alveolus between P4 and Ml.  

Corpus Thickness - the horizontal distance be­
tween the lateral and mesial aspects of the 
corpus between P4 and Ml. 
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CDH 

CDT 

CDW 

TML 

PTL 

ARH 

ART 

ARB 

CPG 

PGN 

Measurement Definition 

Condyle Height - the max imum proj ected vertical 
distance from the tangent to the lateral as­
pect of the mandibular notch to the tip of the 
condyle . 

Condyle Thi ckness the max imum horizontal dis­
tance between the lateral and mesial aspects 
of the mandibular condyle . 

Condyle Width - the max imum horizontal distance 
between the anterior and posterior aspects 
of the mandibular condyle . 

Total Mandibular Length - the distance of the 
anterior margin of the chin from a center 
point on a projected straight line placed 
along the posterior border of the two genial/ 
mandibular angles ( Moore-Jansen and Jantz 
1986 : 64) , *  

Posterior Tooth Row Length - on a proj ected 
straight line, the distance from the genial 
angle to the perpendi cular �t the point of 
prox imal P3 . * '  

Ascending Ramus Height - the distance from gon­
ion to the upper part of the condyle measured 
along the posterior part of the bone ( Olivier 
1969 : 186 ) . *  

Ascending Ramus Thickness - the max imum horizon­
tal distance between the mesial and lateral 
aspects of the ramus, measured at a point per­
pendi cular to the occlusal plane . 

Ascending Ramus Breadth - the minimal distance 
between the anterior and posterior margins, 
measured perpendicular to the height ( Olivier 
1969 : 187 ) .  

Coronoid Process to Gonion - the max imum dist­
ance between the tip of the coronoid process 
and gonion . 

Pogonion to Gnathion - the max imum distance 
from pogonion to gnathion .  
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CSH 

CMP 

Measurement Definition 

Coronoid Process Height - the maximum distance 
from a tangent drawn from the mandibular notch 
to the most superior point on the coronoid 
process . 

Coronoid Process/Lower Molar Point - the maximum 
vertical distance from the most superior as­
pect of the coronoid process to the lower 
molar point on the same side of the mandible . 

Mandibular Radii and Proj ections 

IBR 

IBP 

PBR 

PBP 

CPR 

CPP 

PTR 

PTP 

MBR 

Infradentale inferius/Bicondylar Radius - the 
perpendicular to the bicondylar axis from in­
fradentale inferius . *  

Infradentale inferius/Bicondylar Proj ection -
the proj ected straight-line distance from in­
fradentale inferius to the bicondylar axis . *  

Pogonion/Bicondylar Radius � the perpendicular 
to the bicondylar �xis from gnathion . *  

Pogonion/Bicondylar Proj ection - the projected 
straight-line distance from gnathion to the 
bicondylar axis . *  

Coronoid Process/Bicondylar Radius - the perpen­
dicular to the bicondylar axis from the coro­
noid process . *  

Coronoid Process/Bicondylar Proj ection - the 
proj ected straight-line distance from the cor­
onoid process tip to the bicondylar axis.* 

P3/Bicondylar Radius - the perpendicular to the 
bicondylar axis from the midpoint of the lat­
eral alveolus to mandibular P3.* 

P3/Bicondylar Proj ection - the proj ected 
straight-line distance from the midpoint of 
the lateral alveolus at mandibular P3 to the 
bicondylar axis . *  

Lower Molar Point/Bicondylar Radius - the per­
pendicular to the bicondylar axis from the 
lower molar point . *  
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MBP 

CTR 

CTP 

GBR 

GBP 

Measurement Definition 

Lower Molar Point/Bicondylar Proj ection - the 
proj ected straight-line distance from the low­
er molar point to the bicondylar axis. * 

Coronoid Point/Bicondylar Radius - the perpen­
dicular to the bicondylar axis from the coro­
noid point.* 

Coronoid Point/Bicondylar Proj ection - the pro­
j ected straight-line distance from the coro­
noid point to the bicondylar axis . * 

Gonion/Bicondylar Radius - the perpendicular to 
the bicondylar axis from gonion.* 

Gonion/Bicondylar Projection - the proj ected 
straight-line distance from gonion to the bi­
condylar axis , * 

Mandibular Angles 

SMA 

GMA 

CPA 

Symphyseal Angle - the most acute angle between 
the horizcintal plane ( the inferior tangent to 
the inferior border of the bone ) and that of 
the �hin ( the tangent to the mental eminence, 
starting from the infradental point ) ( Olivier 
1969 : 189 ) .  

Genial ( Mandibular) Angle - the angle formed by 
the 'inferior border of the corpus and the pos­
terior border of the ramus (Moore-Jansen and 
Jantz 1986 : 65 ) .  

Coronoid Process Angle - the angle formed by the 
deflection of the coronoid process in relation 
to the dental arch , 

Facial Dimensions 

AVH 

UFH 

Alveolar Height - the distance from nasospinale 
( or subspinale ) to alveolare ( infradentale 
superius) ( Paquette 1985 : 48 ) .  

Upper Facial Height - the distance from nasion 
to alveolare ( or infradentale superius ) ( Bass 
1987 : 75 ) .  
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WMH 

BZB 

PLL 

PLB 

ZAT 

ZRS 

IFL 

IFW 

Measurement Defini t ion 

Cheek Height - the minimum distance, in any dir­
ect ion, from the lower border of the orbit to 
the lower margin of the maxi l la, mesial to the 
masseter attachment, on the left side ( Howel ls 
1973 : 180) . 

Bizygomatic Breadth - the maximum breadth across 
the zygomat ic arches, wherever found, perpen­
dicular to the median plane ( Howel ls 1973 : 173 ) .  

Palate Length - the distance between orale (the 
median point of a l ine tangent to the poster­
ior alveolar border of the median incisors ) to 
staphyl ion (the median oint of the notches in 
the posterior border of the palate (Bass 1987 : 
79 } .  

Palate Breadth - the maximum interproximal 
breadth of the palate between Ml and M2 ( Pa­
quette 1985 : 48 ) . 

Zygomatic Arch Thickness - the h�rizontal dist­
ance from the lateral to the medial border of 
the zygomatic arch directly posterior to the 
zygomaticotemporal suture ( Hinton 1979 : 108 ) .  

Zygomatic Root Point/ Zygomaticotemporal Suture -
the distance from the most anterior extension 
of the zygomatic arch at the po int where it 
merges into the maxi l la ( ZRP ) to the suture 
joining the zygomat ic process of the maxi l la 
and the zygomatic process of the temporal 
bone ( ZTS ) : Approximates the length of 
masseter origin ( Hinton 1979 : 108, 117 ) .  

Infratemporal Fossa Length - the maximum dist­
ance measured along the long axis of the in­
fratemporal fossa, oriented perpendicular to 
infratemporal fossa width ( Hinton 1979 : 108) . 

Infratemporal Fossa Width - the distance between 
the medial surface of the zygomatic arch and 
the infratemporal crest, perpendicular to the 
sagittal plane ( Hinton 1979 : 108) . 
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EZP 

EUP 

EIS 

XCL 

XCB 

BBH 

TMB 

Measurement Defini tion 

Eminence  Point /Z ygomatic Root Point - the dis­
ance  from the point of maximum convexi ty on 
the articular tubercle ( EP )  to the most 
anterior extension of the zygomati c arch at 
the point whe re it  me rges into the maxilla 
( ZRP ) (Hinton 1979 : 108, 115, 117) . 

Eminence Point /Uppe r Molar Point - the distance 
from the point of maximum convexi ty on the ar­
ti cular tube rcle ( EP )  to the intersection of 
the maxillary alveolar border  and the distal 
surface of the fi rst maxillary molar ( UMP) 
( Hinton 1979 : 115, 117-118) . 

Eminence  Point/Infradentale Superius - the dist­
ance  from the point of maximum convexi ty on 
the articular tube rc le  ( EP) to the most an­
te rosuperior int erdent al point on the alveolar 
arch between the maxillary c ent ral incisors 
( IS) ( Hinton 1979 : 115 -116, 118). 

Maximum Crani al Length - the maximum distanc e 
from glabella to opisthoc ranion (Bass 1987 : 
62 ) .  

Maximum Crani al Breadth - the maximum c ranial 
breadth perpendicular to the medi an sagittal 
plane ( above the supramastoid c rests ) ( Howells 
1973 : 172 ) . 

Crani al (Basion /Bregma) Hei ght - the distanc e 
from basion to bregma ( Bass 1987 : 62) . 

Transmeatal Breadth - the maximum breadth from 
one external audi tory meatus to  the other. 

Faci al Radii and Chords 

PRR 

GNR 

NAR 

Prosthion Radius - the perpendi cular to the 
t ransmeatal axis from prosthion· ( Howells 1973 : 
183 ).* 

Gnathion Radius - the perpendicular to the 
transmeatal axis from gnathion.* 

Nasion Radius - the perpendi cular to the t rans­
meatal axis from nasion ( Howells 1973 : 183) . *  
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SSR 

ZMR 

FMR 

IDR 

FRC 

Measurement Definition 

Subspinale Radius - the perpendicular to the 
transmeatal axis from subspinale ( Howells 
1973 : 18 3 ) . *  

Zygomaxillare Radius - the perpendicular to the 
transmeatal ax is from the left zygomaxillare 
anterior (Howells 1973 : 184 ) .* 

Frontomalare Radius - the perpendicular to the 
transmeatal axis from the left frontomalare 
anteri or (Howells 1973 : 18 3 ) .* 

Infradentale Radius - the perpendicular to the 
transmeatal axis from infradentale inferius.* 

Frontal Chord - the direct distance from nasion 
to bregma, taken in the midplane and at the 
external surface (Howells 1973 : 181) . *  

Dental Dimensions 

ROL 

RMD 

RBL 

CMD 

CBL 

Root Length - the distance from the cemento­
enamel j unction to the apex. 

Root Mesiodistal Diameter - the maximum diameter 
of the root mesiodistally. 

Root Buccolingual Diameter - the max imum diame­
ter of the root buccolingually . 

Crown Mesiodistal Diameter - the maximum diame­
ter of the crown mesiodistally. 

Crown Buccolingual Diameter - the maximum diame­
ter of the crown buccolingually. 

LROL, LRMD, LRBL, LCMD, LCBL=Lateral Incisor Dimensions 

MROL, MRMD, MRBL, MCMD, MCBL=Central Incisor Dimensions 

CROL, CRMD, CRBL, CCMD, CCBL=Canine Dimensions 

*denotes measurements taken to the nearest milli­
meter ; all other measurements are taken to the nearest 
tenth of a millimeter . 

3 0 2  



APPENDIX B 

Descriptive Statistics- -Mandibular and Craniofaci al 
Dimens ions 
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APPENDIX C 

Descriptive Statistics- -Dental Dimensions 
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Group l =Archaic, 2=Woodland, 3=Mississippian; 
Sex l =Female, 2=Male. 

310 



VITA 

Donna Cather ine Markl and Boyd wa s bo rn June 1 5 , 1 9 60 , 

in  Johns on C i t y , Tenne s s ee . She graduated from Unive r s i t y 

H i gh School in 1 9 7 7 , and , after  v i s i t i ng Eu rope entered the 

Univers ity  of Tenne ssee  in  Sept ember , 1 9 7 7 . She graduat ed 

magna cum laude with a Bachelor  of Art s degree in 

Anthropo logy  in Dec ember , 1 9 8 1 , and in De cember , · 1 9 8 4 , 

. rece ived a Mas ter  o f  Art s in Anthropo logy  

served as a Teaching As s i stant in the 

at UT . She 

anthropo lo gy  

department for  two ye ar s and a Graduate Teaching As s i s tant 

for one ye ar . She rece ived the Doctor  o f  Phi l o sophy tlegree 

in Ant hropo logy  in  December , 1 9 8 8 . 

Her res ea rch inte re sts  inc lude s kel etal biology  o f  

southeastern �kel etal popu lat i ons , human o s teo l o gy , human 

pal eonto l o gy , pr imat e pal eonto l o g y , and archaeo logy  of the 

southeastern U .  S .  She i s  a membe r o f  the Ame r i can 

As soc iat i on of  Phys ic al Anthropol o g i s t s , the Southeastern 

Archaeolog ical Conference , the Tenne s see Anthropol o g ical 

As soc iat i on , Phi Kappa Phi , and the S i gma Xi Re search 

Soc iet y . 

She i s  ma rried to  Dr . C .  C l i f ford Boyd , Jr . , As s i s tant 

Pro fe s s or  of Anthropology  at Rad ford Un ive r s ity , Virg i nia , 

3 1 1  




