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ABSTRACT 

Numerous postcranial discrete characters and cranial and post

cranial metric traits are compared among skeletal samples derived 

from four east-central Arizona Western Pueblo sites that were inhabited 

from the 12th through the 14th centuries A.D.: Grasshopper, Kinishba, 

Point of Pines, and Turkey Creek. Pearson's Lambda Criterion and 

discriminant analysis are used to reveal patterns of morphological 

variation among the four groups from which their biological relation

ships could be inferred. It is concluded that both discrete and 

metric skeletal traits should be used for biologically differentiating 

human skeletal series. 

After all traits were checked for intraobserver error, pre

liminary data analyses were conducted to elicit appropriate traits 

for differentiating the groups. Based on these ana.ly..::,es, It is notable 

that 1) the discrete traits of the postcranium used in this study 

are relatively independent of age, sex, robusticity, and each other, 

2) craniofacial metric traits are influenced little by either occipital 

or lambdoidal deformation, 3) several post cranial metric traits signifi

cantly differ between younger and older adults, though this is not 

so for cranial metric traits, and 4) correlations among post cranial 

metric traits are moderate to strong; among cranial metric traits 

they are rather weak, and very weak among cranial and post cranial 

metric traits. 

xiv 



For both metric and discrete traits, biological distance 

results obtained from analyses of axial and appendicular sketetal 

xv 

data are discordant. For the axial skeleton, excluding the mandible, 

the four Western Pueblo groups are relatively biologically homogeneous. 

For the appendicular skeleton the opposite is the case. Distance 

results provided by metric and dis~rete traits, respectively, of 

the axial skeleton are much more consistent than are those yielded 

by metric and discrete traits, respectively, of the appendicular 

skeleton. It is suggested that the axial skeleton, omitting the 

mandible, is probably less plastic than is the appendicular skeleton 

and is the appropriate unit of analysis in studies of biological 

differentiation of skeletal samples. 



CHAPTER 1 

INTRODUCTION 

Statement of Problem 

The biological interpretations of prehistoric peoples are 

based mainly on their preserved skeletal material and occasional 

mummified soft tissues. Information that can be gleaned from the 

skeleton, in addition to sex and age at death, includes stature, 

cultural practices which modify the skeleton (e.g., artificial cranial 

deformation, dental mutilation, trephanation), pathological alterations 

(such as result from caries, neoplasms, arthritic and other degenera

tive changes, infectious processes, nutritional and metaQolic disorders), 

congenital malformations (e.g., cleft palate, spondylolysis), and 

responses to physical stresses and traumata of various sorts. Thus, 

results of the interactions of people with their sociocultural, biotic 

and abiotic environments can be observed in their bones and teeth. 

It is difficult, though, to infer prehistoric genetic inter

action among groups of people because of the usually inadequate sample 

sizes of recoverable hUman osteological material and the apparent 

lack, as yet, 0' firmly established genetic traits observable in 

bones. Nevertheless, it has become popular to compare incidences 

of discrete skeletal traits (also called non-metric or discontinuous 

traits), such as various foramina, excess bony developments, and 

ossicles occurring in sutures, among skeletal samples from a particular 

1 



region in order to measure biological distances and test hypotheses 

of biological relationships. "Biological distance may be broadly 

defined as the degree to which populations descended from a common 

ancestral population have undergone evolutionary changes which have 

made them biologically different (Greenwood and Stini 1977: 20)." 

Regrettably, most attempts have fallen short of expectations and 

have shown conflicting results due to a variety of reasons. 

Ideally, in order to demonstrate biological relationships 

between skeletal samples, we should use skeletal traits which have 

2 

a strong genetic component so that environmental "noise" can be reduced 

to a minimum. Many researchers have employed discontinuous traits 

to measure biological differences accurately (e.g., Anderson 1968; 

R. J. Berry 1968; Kellock and Parsons 1970a and 1970b; Pietrusewski 

1971; Berry and Berry 1972; Buikstra 1972; Finnegan 1972; Lane and 

Sublett 1972; Bennett 1973; Birkby 1973; A. C. Berry 1974; Suchey 

1975; Ossenberg 1976; Sj~vold 1977; Saunders 1978). It is believed 

that they are more strongly genetically determined and are less cor

related with age and sex and each other than are metric traits, but 

this has yet to be firmly established. 

I have examined in detail the literature on the hereditary 

and environmental aspects of many non-metric traits to discover those 

whose genetic component is understood, and could be used to establish 

genetic "identity". It appears, though, that most discrete traits, 

like metric traits, are the likely result of the interaction of polygenic 

inheritance and diverse environmental agents, and there is no direct 



way of measuring the environmental and genetic inputs involved. 

This does not mean that discrete skeletal traits cannot be used to 

divulge population relationships. However, we must carefully choose 

those cranial and postcranial discrete traits that can appropriately 

reveal biological distances among the particular skeletal samples 

we are analyzing. 

The purpose of this dissertation is to aid in the development 

of methods for interpreting biological relationships and "distances" 

among extinct populations, using both discrete and metric traits 

of the cranium and postcranium. To achieve this purpose four' Western 

Pueblo human skeletal samples fpom east-central Arizona are compared 

morphologically. The sites from which these samples were excavated 

are coeval and are culturally similar and spatially close. They 

are located in very similar geographic environments, around 6,000 

feet elevation. The inhabitants of these sites employed an agri

cultural sUbsistance strategy based on maize, beans, and squash. 

Birkby (1973) assessed the b~ological relationships of the 

individuals from the sites I am studying, Grasshopper, Point of Pines, 

Turkey Creek, and Kinishba, which range in time from 1100 to 1450 

A.D. Based on discrete cranial traits, he observed that all four 

cranial series significantly differed from each other, but that Grass

hopper, Point of Pines, and Turkey Creek crania were much more similar 

to each other than were any of them to those of Kinishba. Birkby 

applied the Constandse-Westermann (1972) distance formula (derived 
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from the original C.A.B. Smith Mean Measure of Divergence (MMD) statistic 



(Grewal 1962», utilizing 54 cranial variants. The MMD derived, 

however, cannot appropriately be tested for significance, since the 

estimate of the variance "when the populations are divergent differs 

from the (estimate of the) variance under the null hypothesis, that 

is, when there is no divergence between the populations (Sj6vold 

1977: 17-18)." Green and Suchey (1976) suggest that the Freeman-

Tukey (1950) inverse sine transformation should be used, since the 

Grewal-Smith transformation does not stabilize the variance of the 

MMD as well. Black (1978) reevaluated Birkby's (1973) data through 

4 

the Freeman-Tukey transformation. He found that, based on 27 traits 

recorded by Birkby, the Grasshoppe~ Point of Pines, and Kinishba 

samples did not significantly differ, but all differed from the earlier 

Turkey Creek sample. Randomly selected subsets of 18 variables tended 

to show no significant differences among all four cranial series. 

Recently, Miller (1981) estimated biological relationships 

among various Pueblo groups from central Arizona, including those 

of Grasshopper, Turkey Creek, and Point of Pines, among others. 

Both metric and discrete cranial trait analyses suggest "morphological 

homogeneity" (Miller 1981: iii) among the skeletal series, although 

significant differences are noted. Analyses using Penrose's (1954) 

Size and Shape formulae indicate that among sites females are more 

similar than males. The Penrose Size and Shape and Discriminant 

Analysis statistics separate the Turkey Creek series from those of 

Grasshopper and Point of Pines. The discrete trait analysis, using 

the MMD as employed by Suchey (1975), shows signifir.ant differences 



among these three skeletal series, with the Point of Pines sample 

significantly differing the most. 

Biological distance results vary, depending on the number 

of discrete traits and the kind of distance statistic used. Inasmuch 

as there is an inverse square relationship between the number of 

traits and the variance (as given in Sj6vold (1973», significant 

differences in the MMD become more likely as the number of traits 

is increased. If significant differences are found, subsets of the 

original data set should be analyzed to see if these differences 

persist in order to analyze the effect of the trait number on the 

MMD (Black 1978). 

I am investigating further biological distance among the 

Grasshopper, Kinishba, Point of Pines, and Turkey Creek skeletal 

samples and the populations they represent, using metric in addition 

to discrete data. However, "Oliver's x2" distance coefficient is 

used for biological differentiation based on discrete traits (see 

Constandse-Westermann 1972: 128-129). I analyzed the same 27 discrete 

cranial traits through Oliver's x2 that Black (1978) analyzed through 

the Freeman-Tukey transformation. My results are essentially the 

same as those der'ived by Black (see Table 1). 
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Based on the discussion of Oliver's x2 by Constandse-Westermann 

(1972: 128-131), there are several beneficial features to this statis

tic. In this particular forcula x2 is expressed in terms of absolute 

numbers rather than percentages or frequencies, the two sample sizes 

are allowed to differ, and it can be tested for significance. Fisher 



Table 1. Calculations of Pearson's Lambda Criterion between Groups Based on 27 
Discrete Cranial Traits* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 40.48 55.41 78.13 
(.80, 48 d. f.) ( . 30, 50 d. f. ) (.01, 52 d. f. ) 

Turkey Creek 66.62 76.21 
(.025, 46 d.f.) (.005, 48 d. f. ) 

Point of Pines 41.92 
(.60, 44 d. f. ) 

*Significance levels and degrees of freedom are in parentheses. 
A level of .05 is considered significant. Note that degrees of freedom vary. 
This is due to some traits which show zero occurrances in both of the samples 
being compared. 

()\ 



(1958: 99) noted that "the sum of a number of values of l is itself 

distributed in the x2 distribution with the appropriate number of 

degrees of freedom." Thus, probabilities from tests of significance 
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of any number of dicrete traits may be combined and tested for signifi

cance, based on Pearson's Lambda Distribution, which is -2LlnPj (Rao 

1952: 44, 217-218; this is referred to as X2 in Constandse-Westermann g 

(1972: 130) and as Pearson's Lambda Criterion (PLC) in Marascuilo 

and McSweeney (1977: 64-65, 115, 213-214), as it is henceforth called). 

The traits utilized should not be strongly correlated with each other. 

The probabilities obtained from Student's t-test (based on 

metric traits) can also be tested through PLC (Constandse-Westermann 

1972: 129-131). Therefore, we have a direct way to compare results 

of biological differentiation derived from discrete traits with those 

obtained from metric traits. In addition, we can combine probabilities 

derived from both x2 and t-tests in PLC, ostensibly permitted by 

the "algebraic properties of probability distributions" (Constandse-

Westermann 1972: 129). This, I believe, might allow us to assess 

the relative value of discrete and metric data for the morphological 

differentiation of skeletal samples. 

Other multivariate statistical methods I am employing for 

the analysis of metric skeletal data include Discriminant Function 

Analysis (Fisher 1936) and Mahalanobis' D2 (Mahalanobis 1936). Dis-

criminant functions consist of linear arrangements of weighted variables 

which contribute the most information regarding differences between 

group centroids. D is a ~easure of the distance between these centroids 



in multivariate space. There is an abundance of research to justify 

their use on osteometric and anthropometric data (e.g., Rao 1948, 

1952; Mahalanobis, Majumdar, and Rao 1949; Bronowski and Long 1951; 

Mukherjee, Rao, and Trevor 1955; Majumdar and Rao 1960; Howells 1966, 

1973a; Blackith and Reyment 1971; Constandse-Westermann 1972; Gower 

1972; Reyment 1973; Bleibtreu and Taylor 1976; and Pimentel 1979). 

Based on the archaeological and paleoenvironmental contexts 

of Grasshopper, Point of Pines, Turkey Creek, and Kinishba, I would 

not expect significant biological differences among the gene pools 

of the prehistoric peoples representing these sites. It appears, 

however, that the Turkey Creek population may have been biologically 

different from the other groups which seem relatively biologically 

similar. The occupation of the Turkey Creek site began around 1100 

A.D., 100 years before the other sites were constructed. This may 

be an important factor in the possible biological distinction of 

the Turkey Creek skeletal sample. This site represents a change 

from the Mogollon pattern to a "syncretism" of Mogollon, Anasazi, 
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and Hohokam influences, resulting in the Western Pueblo Culture (Johnson 

1965: 7-8,14-16). 

Based especially on ceramic analyses, by 1300-1350 A.D. the 

pueblos in east-central Arizona were interacting economically, and 

to some extent they were interdependent (Griffin 1969 and Tuggle 

1970). Exogamous marriage among Grasshopper and other pueblos was 

probably practiced, too (Griffin 1969: 169). If the prehistoric 

Puebloans in east-central Arizona had practiced matrilocality and 



male exogamy for many generations, I would expect females to differ 

more biologically than males among sites. However, Miller (1981) 

found that the opposite may be the case. 

In this study among Western Pueblo Indian groups, I am employ

ing postcranial discrete characters (some of which, to my knowledge, 

have never been reported in the literature) and metric traits to 
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see if the biological distance results are similar to those obtained 

from cranial data. Postcranial metric data are used since the skeletal 

samples represent peoples who shared similar geographic areas and 

sUbsistence activities. Any differences in the postcranium among 

samples, then, may reflect actual biological differences. 

The following hypotheses, phrased as questions, are tested 

in this dissertation: 

1) Are post cranial discrete traits correlated with sex, age, 

robusticity, and each other? 

2) Are any craniofacial measurements influenced by occipital 

and lambdoidal deformation? 

3) Do the cranium and postcranium differ in size between younger 

and older adults? 

4) Do metric traits and discrete characters provide similar 

biological distance results? 

5) Are the major east-central Arizona Western Pueblo Indian 

groups relatively 'morphologically homogeneous' as has been 

reported by Black (1978) and Miller (1981)? 
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I believe that a comprehensive analysis of patterns of cranial 

and postcranial metric and discrete variation among the Grasshopper, 

Point of Pines, Turkey Creek, and Kinishba skeletal series will 1) 

provide better understanding of the biology of the peoples represented 

and 2) contribute to both method and theory of biological distance 

in human osteological studies. 

The Concept of Biological Distance 

Physical anthropologists have long been interested in the 

morphological variation in skeletal remains representing different 

human populations. Therefore, it is logical to desire methods whereby 

populations can be differentiated objectively and quantitatively, 

based on morphological features. The quantitative concept of "distance" 

between two groups originated from the work of P. C. Mahalanobis 

(1936), and is called Mahalanobis' Generalized Distance (D) (Rao 

1949). D2 is a function of the metrical differences between samples, 

such that "D2 equals 0 when there is complete overlap and D2 is infinity 

when there is complete separation (Rao 1955: 112)." Mahalano bis 

developed D2 to provide a measure of the degree of morphological 

separation between two groups, and would account for the correlations 

between traits and not be significantly altered by the addition of 

superflous traits (Rao 1955: 113). 

Fisher (1936) developed the Discriminant Function, a linear 

function that weights and combines traits, by maximizing between

group relative to within-group variation, to separate two groups 

maxirually. Each individual is constituted by a vector of measurements 
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(a discriminant score); the sample centroid is an average of individual 

vectors. The Euclidean distance between centroids equals Mahalanobis' 

D. Hence, "generalized distance is equivaler.t to distances between 

mean discriminant values in a generalized discriminant function (Sneath 

and Sokal 1973: 128)." 

There are many types of biological distance coefficients, 

based on discrete as well as metric characters, to estimate numerically 

the biological difference between two groups (for example, see Constandse

Westermann 1972 and Weiner and Huizinga 1972). These coefficients 

represent the distance between two population vectors of variables 

in a coordinate system, the number of axes of which is equal to the 

number of variables (Constandse-Westermann 1972: 19). Hence, biological 

distance is usually conceptualized as a simple linear value. Neverthe

less, "biological distance is not an objectively definable quantity", 

and "its 'accurate determination' is questionable (Constandse-Westermann 

1 972: 1 31) • " 

Ideally, to make as accurate as possible assessments of biological 

distance between samples and the populations they represent, metric 

and discrete data should be statistically combined, instead of treated 

separately, as is usually done. Constandse-Westermann (1972: 131) 

claims "that (PLC) is the only coefficient which may give an insight 

into the significance of quantitative and qualitative differences 

combined, so that it seems to be worthwhile to consider its possibil

ities in the future more exhaustively." Because PLC can be applied 

to both metric and discrete traits, is sound mathematically and provides 



a distance coefficient which can be tested for significance, it is 

used in this study, in conjunction with discriminant analysis. 

Biological distance is not synonymous with genetic distance. 
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Genetic distance, unlike biological distance, is "model-bound", and 

"directly related to measures of inbreeding. •• The model is essential

ly one of an original parent population segmented by geography and 

undergoing random genetiC drift (Howells 1973b: 160)." Furthermore, 

genetic distances are based on gene frequencies (Constandse-Westermann 

1972: 5). 

History of Studies of Discrete Skeletal Variation 

For over a century, analysis of skull form through numerous 

measurements and indices has been an important means of delineating 

"racial" groups. However, it has been demonstrated that some cranio

metric traits are influenced by the environment (e.g., see Boas' 

(1912) classic study and Hulse (1971: 415». Thus, many human biolo

gists are using discrete anatomical traits to differentiate biological

ly skeletal samples representing distinct populations. Although 

the use of these skeletal data has really burgeoned since the late 

1960's, the indication of the probable importance of discrete traits 

in biological distance studies is certainly no recent phenomenon. 

Russell (1900: 737) stated, "There are a number of characters of 

infrequent occurrence in the human cranium that are said to have 

considerable importance as criteria of race." Some of the characters 

he studied were the metopic suture, parietal foramen, jugular (paramastoid) 

process, torus palatinus, and atlanto-occipital fusion. Macedo (1911) 



noted that discrete cranial variations should be valuable in the 

study of racial groups. Sullivan (1922: 207-208) clearly believed 

that discrete skeletal variations should be useful in assessing bio

logical relationships. He discussed their application to the dif

ferentiation of prehistoric American Indian remains. 

Weidenreich (1943) recorded and compared non-metric data 

on fossil human remains. He observed various discrete traits in 

the Chinese Homo erectus crania and mandibles. Of six mandibles, 

three have well developed tori (Weidenreich 1943: 80). An adult 

female has a metopic suture (Weidenreich 1943: 199), probably the 

earliest known example of this trait in Homo. Four of five skulls 

display Inca and/or lambda bones, but none of the Southeast Asia 

Homo erectus fossils show these traits (Weidenreich 1943: 200). 

In the 1950's discrete characters were being used to quantita

tively differentiate skeletal "populations" from different areas 
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of the world (Brothwell 1965: 94-95, 96) and within a specific geographic 

region (Laughlin and Jorgensen 1956). It was found that cranial 

non-metric characters were just as efficient as cranial measurements 

in discriminating skeletal samples anatomically. However, widespread 

attention to the potential value of discrete traits in distinguishing 

skeletal samples from a particular area which represent populations 

with differing gene pools flourished after several seminal publications 

in the late 1960's (e.g., Berry and Berry 1967; Anderson 1968; and 

R. J. Berry 1968). 
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R. J. Berry (1968: 107) pointed out that discrete traits 

"have a wide range of morphological expression, but (have) a discontin

uous distribution based upon an inherited underlying continuous variable." 

A non-metric trait is expressed only if it can reach a "critical 

size for further development", through the result of probably several 

alleles at different loci. When this critical "threshold" is attained, 

the trait appears to be inherited as a simple Mendelian trait (Berry 

1968: 108-109). Berry (1968: 109) says that this threshold is primarily 

genetically determined so that the "'population incidence' of a variant 

will be a real property of that population." 

Many experiments have been carried out on laboratory rodents 

(see Gruneberg 1963), and these show fairly clearcut differences 

between incidences of discrete traits among highly inbred strains 

of mice which are known to possess significantly different gene pools. 

Berry (1968: 111) says, "The non-metrical variants that occur in 

man are at least morphologically analogous to those which occur in 

rodents, and what is known about their inheritance agrees with them 

being inherited in the same way as in the mouse." Many researchers 

since have accepted the assumption that discrete traits represent 

genetic differences between skeletal remains derived from biologically 

different populations. 

Since 1970 much work has made use of discrete and metric 

traits to identify ancestral relationships among prehistoric groups 

from specific geographic regions. As will be discussed later, some 

people find that discrete trait frequencies are sensitive indicators 



of biological distance, whereas others find that metric traits most 

accurately measure biological relationships. Jantz (1970) recorded 

non-metric and metric data for protohistoric and historic Arikara 

skeletal material from South Dakota. Based on historic evidence, 
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he notes that metric traits are better than discrete traits in discrim

inating Arikara populations (Jantz 1970: 77-78). Kellock and Parsons 

(1970a, 1970b) observed that discontinuous traits differentiated, 

much as expected, skeletal series within Australia, and between samples 

from it and Melanesia and Polynesia. Pietrusewski (1970: 31) analyzed 

discrete cranial traits in skeletal samples from various Polynesian 

Island groups, and reports that discrete data probably best approximate 

biological relationships of past populations. 

Buikstra (1972) felt that ~~~-~etric traits were most appropri

ate for discriminating Hopewell skeletal series of the Lower Illinois 

River Valley biologically. Rightmire (1972, 1976) compared both 

cranial measurements and discrete traits for differentiating East 

African and South African Black Bantu-speaking males genetically. 

He determined that non-metric data do not reflect expected results 

based on historical, linguistic, and archaeological data, but metric 

data do. Lane and Sublett (1972) inferred patrilocal residence for 

Allegheny Reservation Seneca during the period around 1850-1930, 

based on biological similarity among cross-cemetery females and dissim

ilarity among cross-cemetery males. Since each cemetery is assumed 

to reflect an autonomous social grouping, i.e., "rural-neighborhood", 

it appears that males remained in their respective social groups 



and female mates were brought in from other "neighborhoods", and 

this agrees with ethnological literature on this area. 
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Finnegan (1972) found that discrete data are sensitive indica

tors for defining population affinities of prehistoric and historic 

Northwest Coast Indians, and he provides a migration model based 

on these skeletal data which is supported by glottochronology and 

the archaeological record. A. C. Berry (1974) also employed discrete 

skeletal characters for assessing biological relationships of prehistoric 

and historic Scandanavian skeletal samples in order to estimate past 

population movements. It is assumed that skeletal series which represent 

large~scale migrations from a particular population should be biological

ly similar. Her findings accord rather well with historical and 

linguistic data on the numerous areas she studied. 

Zegura (1975: 279) observed that distance relationships of 

Eskimoid crania based on metric data compared more favorably with 

known linguistic relationships (of the populations from which the 

skeletal samples were derived) than distances calcul~ted from discrete 

data. Suchey (1975) used nothing but discontinuous traits in her 

analyses of prehistoric central California Indians and noted that 

biological distance varied with geography. Wolf (1976) employed 

both non-metric and metric data to test the archaeologically cterived 

hypothesis that Mississippian Culture developed from a single biological 

population which spread from the important ceremonial center of Cahokia 

throughout the American Southeast. Neither the discrete nor the 

continuous data support this hypothesis. He feels that both kinds 



of skeletal data should be used to reveal the biological nature of 

skeletal samples (Wolf 1976: 98-99). Ossenberg (1977) found that 

the results of analyses of cranial metric and discrete variation 

in one Aleut and four Eskimo groups were in agreement with linguistic 

and geographic information. 
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Recently, Saunders (1978) analyzed about 50 postcranial discrete 

taits among 1,400 skeletons representing three groups of Eskimo-Aleut, 

Plains Arikara and Great Lakes Late Woodland Indians. This rare 

example of the use of post cranial variants in a biological distance 

study suggests that postcranial traits can be just as useful as cranial 

characters for biologically distinguishing skeletal samples. 

From the above studies, it is difficult to know whether measure

ments of the eye orbit and cranial base, for example, or observations 

of certain foramina in and around the orbit and basicranium would 

best serve our purposes for assessing biological differences between 

skeletal series. More will be devoted to this problem later. In 

addition, no consistent approach is being applied to answer questions 

of biological significance concerning prehistoric peoples of the 

many regions where biological distance studies based on discrete 

traits have been attempted. 

Developmental Aspects of Discrete Skeletal Traits 

In biological distance studies it is necessary to employ 

discrete traits which are not strongly associated with one another. 

Associations between traits tend to inappropriately cause very high 

or very low values of biological distance to occur. Hence, variants 



which are positively or negatively associated with each other lose 

their validity as measures of biological separation (Fisher 1936: 

62; Berry and Berry 1967: 373). 
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Hertzog (1968) analyzed 366 crania from the Morton Collection 

which represent six geographical racial subsamples from several continents. 

He found many correlations between traits from seven circumparietal 

si tes, especially b~~.\oleen those from adjacent sites. Eleven of fifteen 

total sample coefficients of association are significant at the .01 

level (Hertzog 1968: 400). However, Benfer (1970) reevaluated Hertzog's 

(1968) data by converting the contingency coefficients into standard 

Pearson product-moment correlation coefficients. The results suggest 

that the discrete traits Hertzog used in his analysis are nearly 

completely independent. In addition, Lane and Sublett (1972: 190) 

note that the temporal and spatial distributions of the geographical 

races of the Morton Collection are so diffuse that these "populations" 

have little biological validity. 

Corruccini (1974a: 432) found that correlations between non

metric traits in 321 American Black and Anglo crania from the Terry 

Collection are not strong, but are significantly greater than zero. 

He says, "The claim that non-metric correlations are considerably 

lower than metric correlations is not borne out" (Corruccini 1974a: 

432). Saunders (1977: 343) analyzed correlations among 23 postcrania1 

traits, based on principal components and cluster analyses, and deter

mined that "there is a low level of intercorrelation between infracrania1 

non-metric traits." 
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Cheverud and Buikstra (1981: 55) recently stated that even 

though phenotypic correlations of discrete traits may be low, genetic 

correlations can be significant. This may result in repeated sampling 

of particular "parts of the genome". Their work is based on observa

tions of crania of Rhesus Macaques from Cayo Santiago. Estimations 

of genetic correlations, however, like heritability estimates, are 

population specific. 

As discrete characters should not be significantly associated 

with each other, neither should they significantly occur more often 

in males or females or in any particular age group. Coruccini (1974a: 

431-432) reported significant sex differences in 19 of 61 non-metric 

variants in male and female Anglos and in 9 of 61 traits in male 

and female Blacks. This demonstrates that populations can differ 

with respect to traits that are associated with sex, and this is 

true for those associated with certain age groups, too. Correlations 

of discontinuous traits with age have been found to be comparable 

in magnitude to those with sex (Corruccini 1974a: 432). However, 

even if skeletal samples that one wants to differentiate biologically 

show traits which are age or sex dependent, such traits can still 

be employed for blologica] differentiation if the samples have similar 

demographic profiles and numbers of males and females (Buikstra 1972: 

110; Finnegan 1972: 63; Suchey 1975: 55, 60). At any rate, several 

researchers have found relatively few significant associations of 

discrete traits with age or sex (Berry and Berry 1967; R. J. Berry 

1968; Ossenberg 1970; Bennett 1973; Birkby 1973; and Wolf 1976). 



I believe that the validity in using discontinuous traits 

for biologically discriminating populations represented by skeletal 

samples rests in the assumption that these traits are under fairly 

rigid genetic control. However, I fail to find one discrete trait 

for which the mode of inheritance is indisputably known. Some traits 
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are believed to be under very strong genetic control, e.g., mandibular 

and palatine tori, lambdoidal ossicles, and metopism. Yet, the develop

ment of these same traits is also very likely influenced by many 

environmental factors, such as disease, nutrition, and physical stresses. 

Various discrete traits which have been believed to have 

a robust underlying renetic component are now discussed. These non

metric characters include hyperostoses, i.e., excess bony developments, 

(torus mandibularis and torus palatinus), sutures (metopic, parietal), 

sutural ossicles, i.e., bones occurring within sutures, (lambda, 

lambdoidal, coronal, epipteric), foramina (supraorbital, supratrochlear, 

parietal and "enlarged parietal") and bony bridging (petrosphenoidal, 

mylo-hyoid, clinoid, 1st cervical), and dental patterns (Carabelli's 

cusp, hypocone of 2nd molar) (see Figures 1 and 2 for anatomical 

locations of most of these traits). 

Torus mandibularis and palatinus will be discussed together. 

Much paper has been consumed by those who have written about these 

two traits. This is probably because these are the only discrete 

skeletal traits that can be palpated through the soft tissue, making 

them popular for research purposes. "A torus palatinus is a protuberance 

on the hard palate at the union of the intermaxillary and palatomaxillary 



coronal 
ossicle 

coronal 
,-;.~~ossic1e 

parietal 
foramen 

parietal 

parietal notch 
bone 

lambdoid ossicle 

ossicle 

Figure 1. Locations of Various Discrete Traits of the Cranium 

(Adapted from Brothwe11 1965: 98) 
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Figure 2. Locations of Various Discrete Traits and Points of Measure
ment of the skull. 

A. Right side of skull in sagittal section. 
B. Occlusal view of'Maxillary and Palatine Bones. 

Stippled area indicates Torus Palatinus 
C. Occlusal view of Mandible. 

Stippled area indicates Torus Mandibularis 

(Adapted from Brothwel1 1965: 77, 99) 



sutures" (Gould 1964: 159). This hyperostosis has been observed 

in the Neandertal Circeo I skull from Guattari Cave, Monte Circeo, 

Italy (Sergi, Ascenzi, and Bonucci 1972: 189). A mandibular torus 
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is an excess osseous growth between the mylohyoid line and the alveolar 

border of the mandible, usually between the canine and the 1st molar 

(Hrdlicka 1940: 9). This feature is traced back at least 500,000 

years ago to Homo erectus (Weidenreich 1943: 80). Both tori may 

take numerous forms and degrees of development, but are not considered 

pathological. 

Early eenetic research on palatine and mandibular tori showed 

that the incidences of these traits are much higher in families than 

in the population at large (Lasker 1947: 218; Krahl 1949; Woo 1950: 

97). Therefore, it was suggested that these characters have a strong 

hereditary basis. Krahl (1949: 477) stated that both tori appear 

to be corelated and to depend on a common recessive allele which 

is not sex-linked. Kolas el ale (1953: 1138) found no significant 

correlation between these traits in a sample of 2,478 Ohio State 

University dental patients (predominantly Anglo), though. Moorrees, 

Osborne, and Wilde (1952: 323) observed among Aleuts a high sibling 

correlation but a low parent-offspring correlation for torus mandibularis 

and suggested that there are at least three independent loci for 

this trait. It seems that up through the 1950's a consensus on the 

probable mode of inheritance of these traits was not reached. 

Suzuki and Sakai (1960: 264) studied approximately 150 Japanese 

famil:i.es and noted that both tori are highly correlated. When both 



parents had torus palatinus or mandibularis, 63.9% and 58.6% of the 

offspring showed these traits, respectively. If neither parent dis

played torus palatinus or mandibularis, then only 7.9% and 4.9% of 

the children exhibited these traits, respectively (Suzuki and Sakai 

1960: 264). Suzuki and Sakai (1960: 266) suggested that both traits 

are under a dominant mode of inheritance. 
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Gould (1964: 160-163) analyzed 18 pedigrees and 125 subjects 

from Pennsylvania hospitals and inferred that torus palatinus is 

probably inherited through a simple autosomal dominant allele. He 

noted that torus mandibularis was too infrequent for its type of 

inheritance to be inferred, but that it may show incomplete penetrance. 

Based on their study of families of 56 probands from Minnesota, Johnson, 

Gorlin, and Anderson (1965: 433) propose that torus mandibularis 

is 100% penetrant in females, but only 69% penetrant in males (Johnson 

et ale 1965: 436). They also suggest this trait is inherited through 

simple autosomal dominance (Johnson, et ale 1965: 436). 

Notwithstanding the evidence that supports a simple mode 

of inheritance for both tori, the influence of environmental stresses 

on their development seems important. Sixty years ago Hooton (1918: 

53) observed very high incidences of mandibular and palatine tori 

in Icelandic skeletal remains from Alftanes, an isla~d off the coast 

of Reykjavik, dating around A.D. 1,000. Of 56 adult mandibles, 38 

(68.9%) show a mandibular torus (Hooton 1918: 56-57). This trait 

was not observed in infants or young children. Of 59 crania, 42 

(71.2%) exhibit a palatine torus. Remains of three young children 



showed this trait (Hooton 1918: 57). Hooton (1918: 54, 75) believed 

that these traits are environmental adaptations to the demands put 

upon the masticatory apparatus by an Arctic diet of tough dried fish 

and animal flesh. 
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Matthews (1933: 245) noted that in extant Eskimo and Icelandic 

groups that show these traits the masticatory musculature is powerfully 

developed. Also, Johnson (1959: 977) stated that these "tori are 

the result of Nature's defense, to protect the oral cavity from the 

abnormal dissipation of masticatory stress." It is interesting that 

those who suffer from bruxism tend to develop mandibular and maxillary 

exostoses (Ramfjord, Sigurd, and Major 1971: 237), including nodular 

exostoses along the labial surface of the alveolar processes (see 

photograph in Ramfjord et ale 1971: 238). 

Hrdlicka (1940) extensively studied these hyperostotic traits 

of the oral cavity. H~ noted that they occur most frequently and 

are most marked in cold adapted groups such as the inhabitants of 

~<- the Aleutian Islands (Hrdlicka 1940: 7, 9). Mandibular tori are 

strongly associated with males, and the frequency of this trait direct

ly varies with mandibular robusticity (Hrdlicka 1940: 9). In addition, 

torus mandibularis is most often found in adults (Hrdlicka 1940: 

9). Although Hrdlicka (1940: 38, 39, 50) felt that the tendency 

for torus mandibularis and palatinus certainly may be hereditary, 

he also theorized that these likely result from masticatory stress 

and help strengthen the chewing apparatus. 
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Mayhall, Dahlberg, and Owen (1910: 51) studied torus mandibularis 

in a sample of Eskimos from Wainwright, Alaska. Only 18 of 168 persons 

(10.7%) showed the torus, the lowest incidence reported for an Eskimo 

group. Mayhall, et ale (1910: 58) detected a 11.4% occurrence of 

this trait in males, but only a 3.7% frequency in females. Just 

6.8% of those 40 years of age or younger exhibit this bony feature. 

Kolas, et ale (1953: 1138) also noted that of the 193 people (constitut

ing 1.8% of the sample) in whom they observed a mandibular torus, 

most were over 30 years of age. Axelsson and Hedegard (1981) have 

noted that among modern Icelanders the frequency and size of mandibular 

tori are positively associated with age. 

Mayhall et ale (1970: 59) note that a trading post was estab

lished in Wainwright in 1920. Thus, they surmise that residents 

over 40 years of age apparently are the last to have subsisted almost 

completely on a coarse native diet, and this may be related to the 

high incidence of this trait among these older Eskimos. Mayhall 

and Mayhall (1971) shed additional light on this matter in their 

analysis of torus mandibularis in 433 Canadian Eskimos from Igloolik 

and Hall Beach, Northwest Territories. Igloolik and Hall Beach Eskimos 

show a 39.1% and 31.3% incidence, respectively. However, Igloolik 

females and males who primarily subsist on native food (seal, walrus, 

cribou, and fish) have incidences of 62% and 54%, respectively. 

Igloolik females and males who live mainly on European food show 

frequencies of only 47% and 28%, respectively (Mayhall and Mayhall 

1911: 143). These two Igloolik subgroups are not significantly different 
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with respect to admixture or age distribution (Mayhall and Mayhall 

1971: 143). Hence, a correlation between a diet that evokes excessive 

masticatory stress and torus mandibularis appears inescapable. 

Hylander (1977: 139) elaborated on the probable relationship 

between inordinate occlusal forces and the development of mandibular 

and palatine tori. Although he mentions that these traits probably 

have an underlying genetiC component and may have no functional signifi

cance for the jaws per ~ (Hylander 1977: 154), they appear to be 

related to the generation and dissipation of excessive biting forces. 

Vertical biting force results from actions of the masseter, internal 

pterygoid and temporal muscles, and these are robustly developed 

in Alaskan Eskimos (Hylander 1977: 143). Small samples of adults 

from Scandanavia, the United States, and Central and South America 

have been measured to determine the maximum biting force (pounds 

of pressure exerted between the 1st molars) of various groups (Hylander 

1977: 140-141). The average biting force for males and females in 

these samples varies from about 100 to 160 pounds. However, the 

biting force of 105 male and female Alaskan Eskimos over 14 years 

of age averaged approximately 277 pounds. 

Hylander (1977) infers that the Eskimoid skull is adapted 

for generating and dissipating inordinate vertical biting forces. 

Skeletal features which apparently aid in such activity include a 

narrow nasal aperture and reduced nasal bones, facial flatness, a 



robust mandible with a broad, low ascending ramus, pronounced gonial 

eversion, an enlarged zygomaxillary region, high temporal lines, 

and palatine and mandibular tori (Hylander 1977: 160-161). 

Both torus mandibularis and torus palatinus probably have 

a genetic basis. However, the data do not clearly indicate that 

these non-metric traits are inherited in simple Mendelian fashion. 

In addition, studies of these traits show they are undoubtedly age 
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and sex dependent. Since infants sometimes do show these bony exostoses, 

one cannot assume masticatory stress alone is responsible for their 

development. Such stress, though, seems to be an important factor. 

At any rate, I do not believe that these tori represent valuable 

genetic traits for biological distance studies. 

About 15 different types of anomalous sutures and sutural 

ossicles are popular for biologically differentiating skeletal series. 

They, too, have been studied in detail, yet we know very little about 

how they might be inherited. We do know, however, that various aspects 

of environment probably influence their development. 

Metopism is a condition in which the two halves of the frontal 

bone fail to completely fuse together. Ordinarily, fusion occurs 

by the 6th year of life (Lowrey 1973: 355). However', the metopic 

suture (from points nasion to bregma) or the metopic fisure (a remnant 

of the metopiC fontanelle) is sometimes retained into adulthood (Limson 

1924; Torgersen 1950). 

Torgersen (1951: 198, 209) stated that metopism appears to 

be inherited as a dominant trait with about 50% penetrance. Yet, 
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he and others have noted that metopism is associated with a number 

of physical and physiological conditions, hence the "metopic syndrome." 

Hypothyroidism (Torgersen 1950: 7, 8; 1951: 202), asymmetry of viscera 

and associated structures (Hess 1945: 31; Torgersen 1951: 201), wide 

interorbital breadth (Limson 1924: 320; Torgersen 1950: 7-8), and 

sutural bones (Hess 1946: 64; Torgersen 1950: 5) are typical components 

of the metopic syndrome. Also, Woo (1949: 223) observed that metopic 

skulls representing adult individuals of Asian Oriental, American 

Indian, an~ American Anglo and Black ancestry show significantly 

greater frontal curvature than do non-metopic skulls. He measured 

frontal curvature by computing the frontal index (frontal cord/frontal 

subtense) (Woo 1949: 216) .--,,--'Fhemetopic suture most likely is not 

an independent skeletal feature. It seems to be related to facial 

and frontal morphology and various physical and physiological problems. 

The parietal suture is a trait that is exceedingly rare. 

It may horizontally or vertically bisect the parietal bone (Shapiro 

1972: 571). Hrdlicka found just 2 complete and 6 partial divisions 

of the parietal among 34,000 human crania (Shapiro 1972: 570). Shapiro 

(1972: 570) observed only 3 complete divisions in his clinical experience 

with 25,000 individuals. Ossicle3 are often found in parietal sutures 

(Shapiro 1972: 571). The etiology of this anomaly is not clear, 

but Shapiro (1972: 575) suggests it may result fram unossified strips 

of membranous bone. 
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Various sutural (wormian) bones are employed for biologically 

discriminating skeletal samples. However, much controversy prevails 

as to the importance environmental influences--such as artificial 

neurocranial deformation and disease--have for the development of 

isolated bones within sutures. Hess (1946: 63) states that sutural 

bones are associated with hydrocephalus and dyostosis cleidocranialis 

(a condition in which the occipital is underdeveloped, the clavicles 

are atrophied or missing, and the phalanges of the hand are shortened). 

Normally, by the end of the second month of intrauterine life the 

clavicles and portions of the skull ossify from membrane (rather 

than cartilage) (Hess 1946: 63, Sinclair 1973: 50). Hess (1946: 

64) says, "In all of the pathologic conditions where multiple wormian 

bones have been regularly noticed, the coincidence of metopism or 

the patency of many fontanelles or the presence of many abnormal 

openings in the cranial bones is remarkable." Thus, metabolic disturb-

ances which retard or prevent normal ossification may contribute 

to the development of hypostotic traits such as sutural ossicles 

and the metopic suture. 

Macedo (1911) theorized that sutural ossicles are the result 

of the too rapid growth of the brain relative to a slower response 

of the cranial vault. In Macedo's (1911: 62) words, 

Si e1 desarrollo del encefalo se hace muy rapidamente con 
relacion al del craneo, las zona de osificacion no llegaran 
a juntarse; pero la membrana que las separa sigue su evalucion 
hasta convertirse en hueso, 10 cual se hace mediante un nucleo 
independiente que es un futuro wormiano. 
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Over 80 years ago Dorsey (1897: 169) analyzed 35 circumferentially 

deformed adult Kwakiutl skulls. An elongate head was produced by 

wrapping bandages around the growing skull in the region of the coronal 

suture. Ten crania, 9 of which display broad, deep depressions at 

or just posterior to the coronal suture, show ooronal ossicles (Dorsey 

1897: 170). It appears that circumferential deformation contributed 

to the formation of these sutural bones. Coronal ossicles, by the 

way, are fairly rare in many human populations (see Berry and Berry 

1967: 371, 372). 

Ossenberg (1970: 358) found that in a prehistoric Hopewell 

sample from Illinois bifronto-occipital deformation is associated 

with a significantlyhigh frequency of posterior wormians (lambic, 

occipito-mastoid, asterionic) and a significantly low frequency of 

lateral wormians (parietal notch bone,epipteric bone, coronal). 

However, Buikstra (1972: 112-113) believes that Ossenberg (1970) 

incorrectly applied the X 2 test and that there are no significant 

differences in the frequency of sutural bones among the deformed 

Hopewell crania. At any rate, several people haVb not found significant 

correlations between artificial cranial deformation and sutural bones 

(e.g., Birkby 1973; Bennett 1973; and Wolf 1976). 

El-Najjar and Dawson (1977: 155) did not find any significant 

differences in the incidence of lambdoidal wormians between 62 deformed 

and 58 undeformed Southwestern Pueblo Indian skulls from Canyon de 



Chelly, Gran Quivira, and Zuni. They also analyzed 80 modern fetal 

crania (located at the Cleveland Museum of Natural History and Case 

Western Reserve) and noted that 11.3% showed wormian bones. Since 

they feel environmental influences are greatly reduce in utero, this 

evidence supports their hypothesis that lambdoidal ossicles have 

a strong genetic component. I tend to think, however, that environ

mental influences (including nutritional, mechanical, endocrinological, 

and infectious) are relatively just as strong on the developing fetus 

as they are on the neonate and infant (see Monie 1968 and Lowry 1973: 

29-35) • 

Bennett (1965: 259) believes that the penetrance and expresivity 

of sutural ossicles ostensibly is due to the particular kinds of 

stresses placed on the suture during late fetal and early postnatal 

periods. Gottlieb (1978: 213-214) states that cranial deformation 
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does seem to increase sutural complexity and the number of ossicles, 

given they occur. Pucciarelli (1974) experimentally deformed the 

neurocranium in laboratory rats and demonstrated that "experimental 

deformation retards ossification of the sutures and stimulates the 

formation of accidental ossification centers in the persisting mem

branous tissue increasing the formation of neurocranial wormian bones" 

(Pucciarelli 1974: 35). A similar situation may occur in human beings, 

whether the etiological agent is a disease process or abnormal pressure. 

Although many kinds of foramina are utilized in biological 

distance studies, little is known about their modes of inheritance, 
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either. Foramina typically serve to transmit nerves, arteries, veins, 

and emissary vesels. Sane foramina, such as the supraorbital and 

supratrochlear, might result when the growth of a nerve cannot keep 

pace with adjacent bony growth, and the nerve becomes surrounded 

by bone (Ossenberg 1970: 358). Perhaps this is also how the mylo

hyoid bridge engulfs the mylo-hyoid nerve (on the lingual side of 

the mandibular ascending ramus). In any case, foramina. should be 

viewed in terms of the soft tissues with which they are associated. 

Decades ago Goldsmith (1922) reported on a peculiarly large 

"parietal foramen" in an American family named Catlin. This foramen, 

also known as the Catlin Mark, may be as large as 5 centimeters in 

diameter and is located at the antero-posterior aspect of the parietal 

(Murphy and Gooding 1970: 391). The "enlarged parietal foramen" 

is a seemingly hereditary (Pepper and Pendergrass 1936; Murphy and 

Gooding 1970: 392), but it serves no practical purpose (Goldsmith 

1922: 69). It should not be confused with the parietal foramen, 

a discrete trait found in the same area, which does not ordinarily 

exceed one or two millimeters in diameter. 

Calcification of the petrosphenoidal ligament, from the posterior 

clinoid process to the apex of the temporal pyramid, infrequently 

occurs and produces a large foramen. It was observed in all 12 adult 

members of a Russian-Jewish family (Stanton and Wilkinson 1949). 

This is suggestive of simple autosomal dominant inheritance, but 

more data are necessary before such a conclusion could be confirmed. 
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Selby, Garn, and Kanareff (1955: 140) noted a high incidence 

of bony bridging of the 1st cervical vertebra among families in a 

sample of 440 Anglo and 7 Black individuals. This radiographically 

observable foramen results when the posterior arch and the lateral 

mass of the atlas are bridged by bone. A branch of the vertebral 

artery and the 1st cervical nerve pass through it (Selby, et ale 

1955: 129; Saunders and Popovich 1973: 194). Selby et ale (1955: 

140) suggest that atlas bridging, which may begin as early as 3 years 

of age and as late as the 16th year, is possibly inherited as a Mendelian 

dominant. However, they admit that its inheritance may not be so 

simple, since some children show the trait even though their parents 

lack it and vice versa. Selby et ale (1955: 140) found that males 

show a higher proportion of complete bridges than do females, replicat

ing Ossenfort's (1926) earlier observations on American Blacks and 

Anglos • 

Saunders and Popovich (1978: 193) recently studied the incidenc

es of atlas bridging and clinoid bridging among a random sample of 

147 Anglo families from Ontario. Their observations on atlas bridging 

corroborate those of Selby, et ale (1955). The mean appearance of 

this trait is about 10 years of age and complete bridges are rarer 

in females (Saunders and Popovich 1978: 197, 198). The frequency 

of atlas bridging (as well as clinoid bridging) is relatively high 
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among related persons. Among 269 parents and 329 siblings the incidence 

of atlas bridging is 43.8% and 39.7%, respectively (Saunders and 

Popovich 1978: 193). Saunders and Popovich (1978: 193) suggest that 

bridging of the first cervical vertebra, and possibly clinoid bridging, 

is polygenically inherited. They feel these traits "would provide 

valid taxonomic information for the study of extinct populations" 

(Saunders and Popovich 1978: 201). 

In addition to discrete bony traits, non-metric dental traits 

such as Carabelli's cusp and the hypocone of the 2nd molar may be 

useful as genetic markers. Turner (1969: 422) mentions that these 

traits may be inherited through at least two autosomal, non-dominant 

alleles. However, the dentition of the Indians from the prehistoric 

Ameican Southwest wore relatively rapidly due to the introduction 

of grit into the diet from the use of the mano and metate for process

ing foodstuffs. Thus, many dental observations are usually restricted 

to the remains of individuals less than 30 years of age. 

Laughlin and Jtbrgensen (1956: 3) said, "It is most likely 

that traits with discontinuous variation will be associated with 

simple modes of inheritance." Unfortunately, this simply has not 

been proven true. Nevertheless, many people still cling to the belief 

that these traits have a fairly strong genetiC basis, implying that 

the environment does not significantly influence their development. 
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Over two decades ago Gruneberg (1952, 1963) stated that most, 

if not all, discrete skeletal variants in the mouse are genetically 

complex and influenced by environment. At the same time Searle (1954: 

413) showed that in highly inbred strains of mice as many as 14 of 

21 discrete traits he studied were influenced by "maternal effects", 

including maternal age, length of gestation, and litter size. In 

addition, he found that mothers who were reared on an oat diet produced 

offspring that showed significant differences in 9 out of 12 traits 

as compared to offspring of well-fed mothers (Searle 1954: 416-417). 

Deol and Truslove (1957) attempted to replicate Searle's 

(1954) results, using the same strain of mice that Searle used. 

They fed the mice a normal diet (of protein, carbohydrate, fat, fiber, 

and ash) until 60 days of age, after which the rodents were fed a 

particular cereal ad libitum (oats, wheat, buckwheat, or barley). 

Their newborns were weaned at about 21 days, put on a normal diet, 

and then sacrificed at 60 days of age (Deol and Truslove 1957: 289). 

The results from all four cereal diets were the same, supporting 

those obtained from Searle's research. The offspring showed many 

discrete traits that were not typical of their strain. 

Trinkaus (1978) has recently presented evidence that the 

expression of many discrete traits in humans is affected by environ

mental factors. He claims that trai ts which can occur bilaterally, 
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if under reasonably strong genetic control, should not show significant 

unilateral incidences (Trinkaus 1978: 315). "The occurrence of asynmetry 

would therefore indicate asymmetrically applied environmental stress" 

(Trinkaus 1978: 317). He analyzed a sample of Australian aboriginal 

crania for 25 discrete traits and samples of Amerindian (Ohio), Egyptian 

and Yugoslavian post crania for 8 non-metric traits (Trinkaus 1978: 

316). Eighty-four percent of the cranial traits and 66.7% of the 

post cranial show unilateral frequencies significantly greater than 

5.0% and/or significantly greater than one-half of the bilateral 

frequencies (Trinkaus 1978: 317). This, he believes, suggests that 

"environmental modification" of non-metric variation is .!!Ql insignificant 

(Trinkaus 1978: 318). However, Perizonius (1979: 110) notes: 

Because Trinkaus is apparently unaware of the fact that it is 
completely indifferent as to whether the absence or presence 
of a certain non-metric trait is given a positive score, he only 
has counted symmetrical positive scores as symmetry. As a 
consequence Trinkaus' conclusion that "asymmetry is common" can 
be discounted, for he neglected bilateral synmetrical absence 
and did not count symmetrical negative scores as symmetry. 

Restating what Gruneberg (1952: 113) said nearly three decades 

ago, SjQvold (1977: 4) says that "non-metrical traits are being regarded 

as caused by the accumulation of effects of many alleles acting at 

a large number of loci, as well as by the effects of a number of 

non-genetic factors, under the action of sane sort of threshold mechanism." 

This is referred to as multifactorial inheritance (Sj~vold 



1977: 5). The concept of liability involves the cumulative effect 

of genetic and environmental factors on the expression of the trait. 

"The threshold model hypothesizes that individual liability varies, 

but that only when the liability is greater than a certain value 
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(the threshold) does the trait become apparent" (Bodmer and Cavalli

Sforza 1976: 488). However, since liabilities can rarely be accurately 

measured, it is often difficult to assess the particular genetic 

model involved in the development of the trait or condition under 

consideration (Bodmer and Cavalli-Sforza 1976: 488). 

Many diseases and anomalies are apparently under multifactorial 

inheritance, e.g., cleft palate, club foot, and diabetes (Bodmer 

and Cavalli-3forza 1976: 491). Assuming a polygenic model, heritability 

is estimated by relating the incidences of the condition in a population 

and among sibs derived from the population (Bodmer and Cavalli-3forza 

1976: 490-491). It is improper, however, to apply heritability ratios 

from one population to another (Lerner and Libby 1976: 181; Underwood 

1979: 51). 

Fortunately we have data on the incidence of a few discrete 

traits in families, such as torus mandibularis and palatinus and 

atlas bridging, but their etiolOgies have not been adequately resolved. 

It is obvious, nevertheless, why models of simple Mendelian inheritance 

do not neatly fit familial patterns of discrete trait occurrences. 



The cumulative effects of genetic and environmental factors, i.e., 

liability, may differ between parents and their .:·ffspring and even 

between monozygotic twins. 
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Howe and Parsons (1967: 290) assume that environmental factors 

have no significant overall effect when the discrete trait frequencies 

from a skeletal sample are treated as a unit. The environmental 

effects even out, as it were, so that calculations of biological 

distance mainly reflect genetic variation (Sjovold 1977: 55). But 

as Sj!6vold (1977:55 .. 56) mentions, "The possibility of environmental 

factors affecting some or all traits cannot be completely neglected, 

but one can hope that their total effect on the resul ts is small." 

Metric vs. Discrete Traits in Studies of Biological Distance 

In my opinion, it cannot be concluded which of the two types 

of skeletal variation, continuous or discontinuous, is best suited 

for biologically differentiating the skeletal remains of extinct 

populations. Theoretically, both metric and non-metric data should 

be employed in order to biologically characterize a particular skeletal 

sample. However, before presenting my own conclusions regarding 

our attempts to understand biological relationships from analyses 

of skeletal material, I will take issue with several more problems. 

These involve the relationship between metric and discrete traits, 

the influence of artificial deformation on cranial morphology, and 

the effects of inadequate nutrition on bodily growth. 



Corruccini (1974b) is, to my knowledge, the first to have 

looked for significant associations between somatotype and discrete 

variation in human beings. As a measure of somatotype he employed 
3 T 

the ponderal index ( iweight/height), since it reflects an aspect 

of physique (Corruccini 1974b: 220). He analyzed 321 skulls of male 

and female Anglos and Blacks in the Terry Collection for whom there 
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are medical records (Corruccini 1974b: 219). He noted that hyperostotic 

traits (e.g., precondylor tubercles) are "relatively strongly associat-

ed with ponderal index" (Corruccini 1974b: 226). However, among 

the four subsamples only 6.4% of the 61 traitB are significantly 

correlated with ponderal index, and this would be expected through 

random sampling error (Corruccini 1974b: 226). Neither non-metric 

nor cranianetric traits were seriously affected by "non-genetic aspects 

of bodyweight" (Corruccini 1974b: 229). Importantly, Corruccini 

(1974b: 221) notes that many Terry Collection specimens had had extend-

ed illness prior to death, resulting in weight loss. This would 

decrease the ponderal index and perhaps invalidate the results of 

his study. 

Corruccini (1976: 286), utilizing a sample of 99 Black males 

from the Terry Collection, analyzed the possible interrelationships 

between 6 groups of discrete traits (of the mandible, palate and 

maxilla, face, calotte, basi cranium , and infracranial fossa) and 

23 measurements (7 mandibular and 16 cranial) of the skulL He found 
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that 96 of 338 univariate association tests are significant at the 

.10 level and 34 at the .01 level (Corruccini 1976: 291). For example, 

torus palatinus is signifi~ntly associated with increased breadth 

of the nasal aperture (Corruccini 1976: 287). Supraorbital foramina 

are associated with large facial dimensions (Corruccini 1976: 288). 

Sutural ossicles are significantly related to cranial length and 

basion-bre8fIla height (Corruccini 1976: 299). Also, 18 of 46 multi

variate tests "reject the hypothesis of no metrical difference in 

skulls segregated by discrete traits" (Corruccini 1976: 291). 

Saunders (1977: 352) claims that robusticity has "a mild 

effect" on many postcranial discrete traits. Relating trait presence 

to max:imum and min:imum midshaft diameters of the humerus, she found 

that "14 of 21 traits have at least one significant F ratio in the 

split tests of either of the two measurements by sex and by side." 

Cheverud, Buikstra, and Twitchell (1979) also provide statistical 

evidence, based, in part, on discriminant function analysis, showing 

that presence of many non-metric cranial traits is related to size 

variation in the cranium (Cheverud et ale 1979: 196; see Table 1, 

194-195). They feel this suggests "that cranial non-metric and metric 

traits share a moderate to high degree of develolJllental determination" 

(Cheveroo et al. 1979: 196). The validity of their results, however, 

is weakened by the use of very small samples of males only, represent

ing one historic and three prehistoric North American Indian popula

tions (see Cheverud et ale 1979: 192). 



Corruccini (1976: 292) and Cheverud et ale (1979: 196) think 

that non-metric and metric characters are not independent as groups, 

either morphologically or genetically. They believe that both types 

of osseous data should be used in conjunction to discriminate skeletal 

samples biologically (Corruccini 1976: 191; Cheverud et ale 1979: 

196). In addition, Carpenter (1976) studied non-metric and metric 

variation in 327 Black and Anglo crania of both sexes from the Terry 

Collection. He, too, decided "that non-metric traits alone have 

very little discriminatory value and should be used to supplement 

other osteological measurements and observations" (Carpenter 1976: 

342) • 

However, those who employ skull measurements to separate 

prehistoric skeletal series biologically often overlook the problems 

imposed by cranial deformation. Many researchers of Southwestern 

skeletal remains (e.g., Seltzer 1944; Spuhler 1954; Mackey 1977; 

El-Najjar 1978) have believed that neurocranial deformation does 

not significantly affect the facial structure and measurements taken 

from it. Yet, more than half a century ago Sullivan (1922: 207) 

said: The result of (cranial) deformation renders all measurements 

of the braincase futile and in a good many instances nullifies the 

significance of certain facial proportions, notably the width of 

the face, the frontal diameters, and possibly the proportions of 

the orbits." 

McNeill and Newton (1965: 241) analyzed 86 crania of Pacific 

Northwest Indians. They noted that "circumferentially" and 
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"antero-posteriorlyl: deformed skulls show elevated "frontal orbital 

processes" and "temporal petrous crests". Normal downward rotation 

of the foramen magnum is restricted and the cranial base is flattened. 

Schendel, Walker, and Kamisugi (1980) measued 79 adult Hawaiian skulls 

from Mokapu, Oahu, of which seven show fronto-occipital deformation. 

They found that both male and female deformed crania have increased 

upper and lower face heights. 

Rogers (1975: 16) measured deformed crania of prehistoric 

Indians from New Mexico (Pueblo Period) and from South America (mostly 

Peru), showing fronto-occipital deformation in the former and fronto

occipital and circumferential in the latter. He attempted to detect 

the specific changes in the facial structure which result from these 

two types of neurocranial deformation. It was de'r.ermined that fronto

occipital deformation has little effect on facial proporations, but 

circumferential deformation has fairly profound effects on the facial 

structure (Rogers 1975: 17-18). It should be noted that the Puebloan 

sample is very small, constituting only 16 individuals (12 "minimally" 

deformed and 4 "moderately" deformed), so that Rogers' interpretations 

of the results from "fronto-occipital" deformation are premature. 

In addition, the photograph of the Puebloan skull (BA 60/12) in Plate 

2 appears to display lambdoidal deformation. Most Indian crania 
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of the prehistoric Southwest show either lambdoidal or occipital 

deformation. Hence, I question whether the deformation in the Puebloan 

sample from New Mexico is fronto-occipital. 
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Moss' (1958) and Enlow's (1968) studies indicate that "the 

head is far more than just the sum of its component parts; and that 

normal cephalic growth is more than just the resultant sum of the 

growth of a number of individual parts" (Moss 1958: 284). The neonatal 

skull, relative to the adult skull, shows a large cranial vault and 

a diminutive face. During adolescence, when the facial structure 

"emerges" from beneath the neurocranium, each individual bone of 

the skull undergoes a complicated process of growth and remodling. 

Bone actually moves from one area to another through 1) its own bony 

resorption and deposition, 2) displacement from the growth of adjacent 

bones, and 3) stress from expanding soft tissues (e.g., brain) (Enlow 

1968: 227-228). Enlow (1968: 252) states that the complex and unified 

process of human cranial development concerns the concept of "growth 

equivalents". 

(This) involves direct interrelationships during growth between 
the cranial base, the nasomaxillary complex, and the mandible. 
These areas do not enlarge as separate, isolated units. Rather, 
they are bound by closely coordinated and mutually interdependent 
growth activities. Their various growth movements require 
complementary equivalents in functional and architectural design. 
Growth equivalents provide corresponding, adaptive adjustments 
that serve to consolidate overall processes of enlargement into 
a composite system of total growth (Enlow 1968: 252). 

Put concisely, the belief that artificial neurocranial deformation 

should not affect the splanchnocranium is not justified and is not 

sound biological thinking. 

Much evidence exists that demonstrates the adaptability or 

plasticity of the human organism (see Bresler 1968; Damon 1975; Hulse 



1975; Harrison et ale 1977). Human beings are stressed by, and can 

adaptively respond to, such factors as excessive sunlight, prolonged 

cold and heat, chronic undernourishment and malnourishment, hypoxic 

conditions, pathogenic organisms, and noise pollution. My intention 
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is not to discuss the diverse physiological, physical, and behavioral 

means by which people respond to such stimuli. However, I will briefly 

discuss the general effects of nutritional insults on human growth. 

Protein-calorie malnutrition retards growth and rates of 

bodily maturation. In fact, insufficient consumption of just ~ 

essential amino acid IIcan have s~vere consequences in terms of growth, 

disease susceptibility, and possibly even mental development ll (Green~ood 

and Stini 1977: 432). Infants and children are especially affected, 

but so too are adolescents (see Krogman 1972; Lowry 1973; Sinclair 

1973; and Newman 1975). There is evidence that full genetic potential 

for body size is not realized in poorly nourished people (Stini 1971: 

1024). Nevertheless, subadult individuals, even after prolonged 

and severe nutritional insults, can still achieve some part of their 

growth potential as coded in the genotype. For instance, adult males 

from the economically poor southern region of India are as much as 

four centimeters shorter on average than the better nourished adult 

males from northern India (Newman 1975: 242-243). However, males 

from the southern region who join the Indian Air Force at 15 to 17 

years of age show dramatic IIcatch-upll growth when fed 130 grams of 

protein and 3,960 calories daily (Newman 1975: 242). 



In the New Guinea highlands individuals are nutritionally 

"dwarfed", due to a diet that is low in "proteins, amino acids, fats, 

and sugars" (Newman 1975: 243). But when teen-age boys leave the 

highlands to work in the coastal regions where they receive adequate 

nutrition, their average weight reaches about 65 kilograms (143.33 

pounds). Had they remained in the highlands a mean weight of 45 

kilograms (99.23 pounds) would be expected (Newman 1975: 243-244). 

A population that consists of small individuals evidently 
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has an advantage in an environment which lacks adequate food resources, 

since small individuals require less protein and fewer calories than 

large people for the same amount of work (Stini 1975: 67-68). Also, 

under extended periods of inadequate nourishment, males show greater 

reductions in lean body mass than females do, resulting in a reduction 

of sexual dimorphism (Stini 1975: 69; Hall 1978: 169). Stature and 

body size are decreased in poorly nourished populations, but bodily 

proportions appear to be maintained (Newman 1975: 244; Stini 1975: 

69). 

It is evident that significant differences in anatomical 

development between populations are as much a function of environmental 

variation as genetic. Thus, it is important to control for environ

mental variables as well as possible in our studies of biological 

distance. We are indirectly revealing an aspect of a prehistoric 

population's gene pool through the analysis of either metric or discrete 

variation. Hence, it is important to use both continuous and 
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discontinuous variation to characterize skeletal samples morphological-

ly and to differentiate biologically the populations represented. 

Before ending this chapter, I should provide a brief discussion 

of what is ostensibly meant by a "skeletal population". In biological 

distanoe studies, skeletal samples are often treated as though they 

were Mendelian populations. Such a population can be defined as 

a "group of interbreeding individuals that share a common gene pool" 

(Underwood 1975: 66). However, since prehistoric skeletal samples 

virtually always span at least several generations and often several 

centuries, in no way are they tantamount to biological (Mendelian) 

populations. Cadien et ala (1974: 196) clearly define this problem 

in the following statement: 

A skeletal sample is a sample of a temporally ordered 
sequence of populations, presumably with genetic continuity, 
and this is the definition of a population lineage. One 
might, in analogy with evolutionary speCies, wish to call 
such a lineage an evolutionary population. However, one must 
be careful to remember that such usage does not make a lineage 
equivalent to a biological population, just as an evolutionary 
species is not the same as a biological species. 

Skeletal samples which are randomly drawn from biologically similar 

population lineages may be significantly different and vice ~. 

At best, the only way around this conundrum is to compare skeletal 

samples which are large enough to be representative of the populations 

from which they were derived and which are known to be relatively 

contemporaneous. If samples are under fairly rigid temporal control, 

we can minimize the number of separate populations sampled from any 

particular lineage. 



CHAPTER 2 

ARCHAEOLOGY AND HUMAN OSTEOLOGY OF THE AMERICAN SOUTHWEST 

For thousands of years the prehistoric inhabitants of the 

Southwestern United States were roving hunters and gatherers. Around 

the time of Christ, though, such people of the Cochise Culture were 

on the threshold of a subsistence based mainly on agriculture, as 

cultigens were being introduced from neighboring Mesoamerica. With 

agriculture came the development of sedentary communities (Willey 

1966: 181-182). 

Four major cultures (and others of less significance) were 

established in the American Southwest during the early centuries 

A.D. Each is found in a particular geographic area, shows a fairly 

distinct material assemblage, and each is characterized by village 

agriculture (Willey 1966: 186; Lipe 1978: 341). The Anasazi lived 

primarily in the high plateau country of southern Utah, southwestern 

Colorado, most of northern New Mexico, and northeastern Arizona. 

This expansive region consists mainly of desert, grasslands, and 

coniferous forest, and there are many river arroyos and deep canyons. 

Pinon-juniper forest is prevalent in the Anasazi region (Lipe 1978: 

329). The Mogollon inhabited a strip of mountainous land from north

central Arizona to southeastern Arizona, as well as much of the lower 

half of New Mexico and some of northern Chihuahua, Mexico. This 

area contains pinon-juniper and oak-juniper woodlands and dry grasslands 
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(Lipe 1978: 331). The Hohokam occupied the desert region of central 

and southern Arizona and subjacent Sonora, Mexico, where the summers 

are intensely hot. The Patayan were located in the Colorado River 

Valley, from southernmost Nevada, extending southward through the 

Arizona and California border area to Baja California. These people 

also lived in a desert environment. 

Cultures of the Prehistoric Southwest 

Ventana Cave, in the Papagueria region, ostenSibly shows 

a transition from the hunters and gatherers of the Cochise Culture 
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to the farmers of the Hohokam Culture (Willey 1966: 220-221). However, 

Haury (1976: 337, 351) believes that Hohokam culture was being devel

oped around 300 B.C. by Mesoamerican immigrants. Much' of our knowledge 

of this culture derives from Haury's excavations of Snaketown, in 

the lower Gila Valley. In order to practice agriculture in the desert 

valleys, the Hohokam constructed extensive irrigation networks during 

the Pioneer Period (Willey 1966: 222). These Indians lived in wattle

and-daub structures. 

Hohokam culture was strongly influenced by contact with Meso

american peoples and culture. Copper bells, pyrite incrusted plaques, 

and macaws were imported directly from Mesoamerica (Haury 1976: 343). 

In addition, early in the Colonial Period the Hohokam constructed 

"ball-courts" and platform mounds, and these are attributed to Meso

american contact (Haury 1976: 347). Also, the incorporation of the 

"plumed headdress, cipactli the mythical monster, snake symbolism, 

and certainly textile techniques (reinforces) the idea that the Hohokam 



were indeed an abridged Mesoamerican society" (Haury 1976: 347). 

The Hohokam passed cotton and textile techniques on to the Anasazi 

(Willey 1966: 223). 
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During the Classic Period, Anasazi groups called Salado migrat

ed from the Little Colorado and Tonto Basin areas and lived alongside 

the Hohokam. The Salado built massive, multi-stored rectangular 

adobe structures, e.g., Los Muertos and Casa Grande (Willey 1966: 

227-228). 

The Hohokam, starting in the Pioneer Period, around the time 

of Christ, cremated their dead (Willey 1966: 221). However, by the 

middle of the 15th century cremation had virtually ceased (Haury 

1976: 164). The Salado buried the remains of dead individuals under 

house floors and did not practice cremation. 

The Patayan were also agriculturalists. They dwelt in jacal

walled structures, in which "walls (were) made with poles set at 

short intervals and heavily plastered with adobe" (Wormington 1961: 

61). Patayan pottery shows influences of both Hohokam and Anasazi 

craftsmanship (Willey 1966: 230). 

The Patayan cremated their deceased, too. Apparently, the 

burned osseous debris of an individual was scattered (Willey 1966: 

231). This treatment of the dead, traced back at least to A.D. 1,000, 

prevents us from learning much about their biological nature. 

The Anasazi were nomadic hunters and gatherers during Basketrnaker 

I (a hypothetical staga, before the time of Christ, in which there 

were no significant agricultural pursuits) (Ambler 1977: 2). However, 
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serious farming activity began during Basketmaker II times. Basketmaker 

II maize was more genetically advanced than that of the early Mogollon, 

but how the Anasazi acquired this cultigen is uncertain (Willey 1966: 

200). By Basketmaker III, around A.D. 400, some villages contained 

more than 50 non-contiguous pithouses, pottery was manufactured, 

and the turkey was domesticated. 

In the Pueblo I period, around A.D. 700 to 900 or later, 

pithouses were being replaced by above-ground, apartment-type structures. 

(Kiatuthlana, a site in Eastern Arizona, shows this change very well). 

This architectural development by the Anasazi probably occurred without 

influence from the other Southwestern cultures (Willey 1966: 205-

206; Lipe 1978: 369). Pueblo II Anasazi lived in "single-habitation

unit communities consisting of a solitary apartment structure of 

a few rooms" (Willey 1966: 207). Such communities were possibly 

occupied by unilineal kinship units (Willey 1966: 207). Whereas 

jacal-type structures were predominant during Pueblo I, Pueblo II 

Anasazi often made buildings of coursed stone (Lipe 1978: 370). 

Very large and impressive pueblo villages and towns were 

constructed during Pueblo II and III in the Chaco region. For example, 

Pueblo Bonito, in Chaco Canyon, housed possibly 1,200 people in its 

800 or more rooms. Moreover, it was the largest "apartment house" 

known to the world until a larger one was made in New York in 1882 

(Wormington 1961: 86). 

The people of the Mesa Verde area also built impressive struc

tureL~ and many of these were located in large caves and cliff recesses. 
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The largest ruin of this region is Cliff Palace in Mesa Verde National 

Park. It is four-stories high and contains over 200 rooms (Wormington 

1961: 91-93). Mesa Verde structures are made of roughly dressed 

stone blocks. The 13th century saw the gradual abandonment· of t.he 

Mesa Verde area by the Anasazi (Lipe 1978: 375). 

In the Kayenta region the habitation sites are found in more 

open areas than are those in the Mesa Verde region. The irregular 

coursed stone masonry strongly differentiates Kayenta structures 

from those of the Chaco region. Kiet Siel and Betatakin, near the 

vicinity of Kayenta, Arizona, are pueblos which were built and aban

doned in the late 1200's. By 1300 this northern Arizona frontier 

was entirely deserted (Dean 1970: 152). 

Pueblo IV Anasazi peoples congregated in large towns and 

occupied less surface area than did Pueblo III populations (Willey 

1966: 211). Their pueblos were concentrated in the vicinities of 

the Little Colorado and the Rio Grande area, where the Spanish encoun

tered them in the 16th century (Willey 1966: 211). A large pueblo 

of this period is Pecos in northern New Mexico. It was occupied 

from around 1300 to 1838. 

Apparently, the people of the Mogollon area were the first 

to practice agriculture and manufacture ceramics, and various sites 

show a transition from Cochise to Mogollon Culture, e.g., Bat, Tularosa, 

and Cordova Caves (Willey 1966: 183-184). The Mogollon cultivated 

maize in the wooded upland valleys at an elevation of approximately 

6,000 feet. This is the kind of environment in which this cultigen 



was domesticated in Mesoamerica. Also, in the Southwest we have 

the earliest evidence for the maize-bean-squash triad in the Mogollon 

region around 1000 B.C. (Willey 1966: 183-184, 199). Although the 

Mogollon Indians seem to be the earliest horticulturalists in the 

Southwest, horticulture was to become more strongly established by 

the Anasazi and Hohokam Indians (Willey 1966: 198). 
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The early Mogollon people lived in pithouse villages which 

averaged about twenty houses, and these villages perhaps represent 

lineage or extended family units (Willey 1966: 198). The late Mogollon 

structures, often made of coursed stone and mud, were built above 

ground, and contained from ten to twenty rooms. This change in architec

ture after A.D. 1000 was probably the result of influence from Anasazi 

groups who were moving into the Mogollon region (Ambler 1977: 4; 

Lipe 1978: 358). The Mogollon peoples practiced primary inhumation 

and only occasionally cremated their dead (Willey 1966: 193-194). 

The Mogollon tradition was ostensibly replaced by a new tradition, 

the Western Pueblo, through the introduction of Anasazi and Hohokam 

traits into the Mogollon region. "Diagnostic traits of the entire 

Western Pueblo region include the plaza or multiple-court type of 

pueblo layout, rectangular small kivas, brownware pottery, the three

quarter grooved stone axe, and extended supine inhumation (Johnson 

1965: 84)." Turkey Creek pueblo, inhabited from 1100 to 1300, exempli

fies these traits. 

As the Western Pueblo culture developed in east-central Arizona, 

people began "clustering into a few large pueblos, such as Point 



of Pines Ruin, Kinishba, and Grasshopper (Lipe 1978: 364)." These 

sites were being abandoned by the late 1300's. 

Through time the Anasazi changed litle in the methods of 

disposal of their dead; individuals were usually buried under and 
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around structures and in refuse heaps. Fortunately, as with the 

Mogollon, cremation was rare (Willey 1966: 211). Some Anasazi, Mogollon, 

and Western Pueblo skeletal samples are reasonably large. Thus, 

attempts have been made to estimate biological distances within and 

between the extinct populations they represent. 

Osteological Studies of Biological Relationships 

Hooton's (1930) classic work on the human skeletal remains 

from Pecos Pueblo was an early attempt to derive information from 

the skeleton to understand something about the "life-styles" of an 

extinct people. Skeletal remains representing 1,823 individuals 

were recovered from Pecos and "neighboring sites" (Hooton 1930: 16), 

although analyses were made on only 441 individuals (Hooton 1930: 

17). Hooton attempted a paleodemographic analysis in which death 

rates for various age groups \-lere calculated, and these data were 

compared with figures from recent world populations. A paleopatho

logical study of the Pecos remains was also conducted, indicating 

that health had deteriorated through time. Undernourisment and epidemics 

were suggested as factors which may have contributed to this decline 

in health (Hooton 1930: 320). 

Importantly, Hooton ~orphologically compared skeletal sub

samples which represented particular intervals of time. Based on 



craniometric data he hypothesized that "Pecos history involved a 

continuous process of amalgamation through inbreeding of the somewhat 

heterogeneous types of the earliest population" (Hooton 1930: 345). 

Various non-metric traits were recorded, and many varied through 

time and between sexes. However, their potential for estimating 

biological relationships was not clearly stated. 

Seltzer (1944) made an early statement on the biological 

relationships among prehistoric and historic Southwestern Indians 

from Utah, Arizona, and New Mexico. Ten samples were compared using 

various cranial measurements and indices. Seltzer (1944: 23, 25) 

discovered a IIfundamental (biological) unity" among Hawikuh Zunis, 

Utah Basketmakers, and several Pueblo groups, suggesting these peoples 

were derived from a common ancestral population. A decade later, 

Spuhler (1954) estimated biological distances between 13 cranial 

series representing Anasazi Basl{etmaker and Pueblo, Mogollon, Hohokam 

and Cochise Indians. On the basis of metric traits, he found that 
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the Anasazi samples of the Pueblo period diverge more within themselves 

than from the Basketmaker samples and that the Mogollon was the most 

divergent of the populations (Spuhler 1954: 617). Criticisms of 

this research by T. D. Stewart (1954) and Kraus (1954) are worth 

noting now, as they are also relevant to Seltzer's (1944) work. 

Steward stated, among other things, that correlations of metric characters 

and distorting effects of artificial deformation on cranial measure

ments were ignored. Kraus mentioned that neither spatial nor temporal 



uniformity of samples was observed and that sampling was not adequate 

and not strictly definable. 

Wade (1970) analyzed discrete and metric variation of a Cibola 

skeletal sample from the Puerco Valley near Houck, Arizona, represent

ing a time period of 750-1250. Discrete traits show that the remains 

were biologically homogeneous through time. This apparently argues 

against archaeologically inferred immigrations of Kayenta and Chaco 

peoples into the Houck region (Wade 1970: 173). Comparisons were 

made between skeletal samples from Pecos Pueblo and Point of Pines 

Ruin. Biological distances are in agreement with cultural relation

ships. Also, the Houck remains are more similar to those of Point 

of Pines than are the Pecos remains (Wade 1970: 176-177). 

Butler (1971) examined cranial and dental non-metric traits 

of 569 individuals from Casas Grandes, a site less than 100 miles 

south of the New Mexico border in Chihuahua, Mexico. The skeletal 

data indicate population heterogeneity at the time historic records 

show Spanish contact with the inhabitants of Casas Grandes. However, 

it should be noted that only 11 individuals represent the Spanish 

Period (1660-1820). 

Corruccini (1972) used metric and non-metric information 
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in a biological distance study of historic Zuni and prehistoric Anasazi 

Puebloan "populations". He detected significant biological variation 

between skeletal samples of Hawikuh Zuni (Pueblo IV-V), and Puye 

(Pueblo IV) and Pueblo Bonito (Pueblo II) Anasazi (Corruccini 1972: 

383). The variability, he believes, can be explained by genetic 



drift, in combination with restrictive mating patterns and disease 

selection (Corruccini 1972: 386-387). 

Bennett (1973) utilized both non-metric and metric data in 

his analysis of skeletal material from the Point of Pines region. 

The remains of 508 individuals from 10 sites represent three chrono

logically distinct populations which span a period from pre-A.D. 

400 to 1450 (Bennett 1973: 3). He compared his data with similar 

data previously derived from the Pecos, Mesa Verde and Casa Grandes 

skeletal samples representing time periods of A.D. 1300-1838, 800-

1300, and 850-1336, respectively (Bennett 1973: 51-52). Discrete 

traits show that the Pecos sample is the most divergent and that 

the Casas Grandes and Point of Pines samples are genetically similar. 

Continuous traits indicate that the Point of Pines and Mesa Verde 

remains are extremely similar (Bennett 1973: 59). Although archaeolo

gical evidence strongly points to a Kayenta Anasazi migration into 

Point of Pines after 1285 (Haury 1958), the biological evidence does 

not support this. (As will be discussed, this differs from Wade's 

(1970) interpretation of the biological evidence which suggests that 

a migration into Point of Pines did occur). 

Birkby (1973) assessed the biological relationships of 501 

crania from four Western Pueblo sites (Grasshopper, Point of Pines, 

Turkey Creek, and Kinishba). Based on discrete trait frequencies, 
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he observed that the cranial series from Grasshopper, Point of Pines, 

and Turkey Creek are biologically similar, but all differ significantly 

from those of Kinishba. The Grasshopper site per ~ exhibits an 
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east and west uni t, separated by a stream channel. The "burial popula-

tions" from these two units are biologically different, suggesting 

they may have represented different social groups. In addition, 

the males vary more between units than do the females (Birkby 1973: 

100). Thus, it was suggesed that the inhabitants of Grasshopper 

practiced matrilocality and male exogamy (Birkby 1973: 103). As 

stated, Birkby's results may not be valid, due to the biological 

distance coefficient he used. 

Two very recent biological distance studies on historic and 

prehistoric Puebloan skeletal material are similar to Seltzer's (1944) 

early work. Mackey (1977: 481) states that mUltivariate analysis 

of continuous cranial traits supports a "Towa cultural continuum" 

as suggested by archaeological and historical evidence. He compared 

measurements mainly of the splanchnocranium between 14 "archaeological 

populations" which range in time from 500-1800. Represented are 

historic and prehistoric Puebloans from the Rio Grande region, historic 

Zuni from the Cibola area, historic Hopi from the Kayenta region, 

and Hohokam from Los Muertos. Mackey feels that deformation does 

not affect facial measurements and only minimally affects basion

bregma height (the distance from the anterior lip of foramen magnum 

to the junction of the sagittal and coronal sutures). He notes that 

the Pecos population diverges greatly from known Towa populations, 

especially that of Jemez. Pecos Pueblo may have been a genetic isolate 

with its own Tanoan language and Puebloan culture (Mackey 1977: 480-

481) • 



El-Najjar (1978) biologically differentiated 15 prehistoric 

and historic Southwestern American Indian groups on the basis of 

craniometric data. Within and between group differences of Anasazi 

samples are relatively small, supporting Seltzer's (1944) hypothesis 

of biological continuity in the Southwest Plateau region (El-Najjar 

1978: 151). The largest divergence is between Anasazi samples from 

the Mesa Verde area and Pecos Pueblo and the smallest divergence 

is between Anasazi samples from Canyon de Chelly and the Kayenta 

area (El-Najjar 1978: 153-154). 

Miller's (1981) work on several prehistoric central Arizona 

Indian cranial samples indicates that the Western Pueblo groups are 

relatively biologically similar. His separate analyses of discrete 

and metric traits, however, do not provide concordant results. The 

analyses of discrete traits show that the three Western Pueblo samples 

he studied, Grasshopper, Point of Pines, and Turkey Creek, are all 

significantly different from one another, with Point of Pines being 
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the most different. The metric analyses reveal morphological similarity 

among groups, although the Turkey Creek sample appears significantly 

different from the others. 

It should be noted that Miller did not investigate whether 

cranial deformation influenced the development of any of the metric 

and discrete traits he used for biological differentiation. Although 

the MMD and Penrose's Size and Shape statistics can be adversely 

affected by traits that are strongly correlated, he did not assess 

discrete and metric trait intercorrelations, respectively. 
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Several samples of cremated Hohokam skeletal material have 

been studied. Birkby (1976) analyzed 95 cremations from Snaketown 

and 15 cremations from the later Classic Period site, Az. U:13:24. 

Lori Bennett Wolf and I examined 32 cremations from the Baca Float 

sites, 29 from Az. DD:8:122 and 3 cremations from Az. DD:8:128 (Shipman 

and Wolf 1977). In addition, I analyzed 39 cremations recovered 

from the Peppersauce Wash Project, 2 cremations from Dos Bisnagas 

(Az. BB:6:6) and 37 lots of cremated bone from Alder Wash Ruin (Az. 

BB:6:9) (Shipman n.d.). One hundred and eighty-one cremations, primarily 

of the Sedentary Period, constitute the total sample from these three 

studies. Following are some of the major findings of the analyses: 

1) The belief that ~ individual is represented by ~ cremation 

is probably erroneous. Many cremations exhibit quantitatively 

much less bone than would be expected from an entire cremated 

individual. The bony remains of cremated persons may have 

been poorly gleaned from the cremator'ium or pyre, which would 

explain the low bone weights. Poor crematorium gleaning 

should result in frequent mixing of remains from different 

individuals. However, only 10 of the 181 cremations (5.5%) 

show evidence for more than one individual. Low cremation 

weights may be the result of serial burial, i.e., batches 

of burned bone of one person were collected and then buried 

in different locations. Although we have not been able to 

demonstrate that two separate cremations contain remains 



61 

from one individual, it seems likely that the Hohokam practiced 

serial burial. 

2) Measurements are usually impossible to make on cremated skeletal 

material (and t~is is especially true for "green-bone" cremations). 

However, discrete traits have been recorded in all these 

studies. Also, over a decade ago Merbs (1967) obtained non

metric traits from 100 lots of cremated human bone derived 

from four Mogollon sites in the Point of Pines region. Never

theless, serious biological distance studies cannot yet be 

attempted, since 1) such few observations can be made on 

the scanty remains representing most cremations and 2) the 

true number of individuals constituted in any cremation series 

is highly questionable. 

In summation, the use of metric data is as prevalent as the 

use of non-metric data for calculations of biological distance between 

Southwest Indian skeletal samples. However, results seem to be fairly 

inconclusive, regardless of the type of skeletal data employed. 

Seltzer (1944), l'o1ackey (1977), and EI-Najjar (1978), utilizing metric 

data, seemingly show that the gene pools of many historic Puebloans 

and prehistoric Anasazi of the Pueblo peirod were biologically similar. 

On the other hand, Spuhler (1954) employed continuous traits and 

demonstrated biological variation between several Anasazi Puebloan 

samples. Also, the Mogollon people constitute a rather divergent 

Southwestern population. In addition, Corruccini (1972), using metric 

and non-metric data, found fairly significant differences between 



two Pueblo period Anasazi samples from the Rio Gande and Chaco regions 

and an historic Zuni sample from the little Colorado region. Bennett 

(1973), however, noted that the Point of Pines Mogollon remains, 

with respect to osteometric data, are extremely similar to Mesa Verde 

skeletal remains. Birkby (1973) detected signficant variation among 

the prehistoric Western Pueblo, themselves, based on discrete informa-

tion only. The conclusions of Black (1978) and Miller (1981), though, 

do not agree with those of Birkby. 

The Pecos remains biologically diverge from other Anasazi 

samples strikingly. It is highly probable that the Pecos Indians 

genetically interacted with Plains Indians and Spanish colonists. 

The Pecos skeletal series, which includes individuals of prehistoric 

and historic extraction, might thus be expected to vary significantly 

from othe Anasazi samples. 

Perhaps the foremost problem of most of these osteological 

studies involves the use of too small skeletal samples which often 

span enormous periods of time. Comparisons of large, coeval samples 

are virtually nonexistant. Moreover, Cadien et al. (1974: 198) warn 

that the comparison of samples which are not of the same chronological 

duration, yet are conceptualized as having similar durations, make 

the sample(s) representing the shorter time period(s) non-random. 

Prehistoric and Historic Population Movements and 
Implications for Biological Distance Studies 

If discrete skeletal traits can be used to characterize a 

population biologically, then we can employ them to differentiate 
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prehistoric skeletal samples, and thus the populations they represent, 

from particular geographic locations and time periods. Moreover, 

suppose there was an archaeologically inferred migration of people 

from region A into an already populated region B. Biological evidence 

would support such a migration if significant changes in discrete 

trait frequencies were observed in the skeletal sample(s) from region 

B representing the time during and after which the migration occurred. 

Gene flow between biologically different populations might be suggest-

ed. 

The prehistoric Anasazi skeletal samples may be valuable 
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for "microevolutionary" research. As already mentioned, some populations 

abandoned their home regions and resettled in a neighboring region 

(e.g., Mesa Verde Anasazi into the Chaco region about A.D. 1250 (Irwin

Williams 1975) and Kayenta Anasazi into the Mogollon region around 

A.D. 1285 (Haury 1958». Also, many Anasazi sites have been accurately 

dated by dendrochronology. This is important since we must know 

whether skeletal samples from particular sites and regions are coeval 

if we are to test hypotheses with regard to genetic interaction between 

the populations they represent. 

There are few studies of population movements in the prehistoric 

Southwest through analyses of skeletal data, and the results of the 

limited research are contradictory. Migrations in the prehistoric 

Southwest did occur. However, we know little about the evolutonary 

impacts upon the gene pools of the populations who either took part 

in migrations or who were contacted by migratory groups. 



Much cultural and genetic interaction evidently occurred 

between prehistoric Anasazi populations during Pueblo III and IV 

times. In southeastern Utah Kayenta and probably Mesa Verde peoples 

inhabited the Red Rock Plateau. This plateau is 750 square miles, 

the elevation of which is mostly 5,500 feet or less (Lipe 1970: 88, 

91). Kayenta and Mesa Verde pottery were both made by occupants 

of the plateau from about 1210 to 1260. Some sites show only Mesa 

Verde ceramics (e.g., sites of Upper Glen Canyon cluster) and some 

display only Kayenta pottery (e.g., sites of Wilson-Slickrock-Alcove 

cluster) (Lipe 1970: 133). 
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Apparently, people of both Kayenta and Mesa Verde culture 

exploited Red Rock Plateau. It is significant that at the Ivy Shelter 

site in Moqui Canyon some burials contain only Kayenta material goods, 

some only Mesa Verde items, and some inhumations contain materials 

representing both cultures (Lipe 1970: 134). Lipe (1970: 135) believes 

that the jacal and masonry structures on the plateau were built by 

individuals of the Kayenta Culture. The Mesa Verde pottery, he thinks, 

was probably fashioned by persons who came from the Mesa Verde region 

and mated with these neighboring Kayenta people. 

The Red Rock Plateau was gradually abandoned around 1260, 

and this area was never to be reoccupied by Anasazi (Lipe 1970: 136, 

137). These people probably founded or helped found pueblos to the 

south (Lipe 1970: 136), perhaps in northeastern Arizona. 

Before 1250 Tsegi Canyon' (in northeastern Arizona) was sparcely 

populated. However, at approximately the time Red Rock Plateau was 



being abandoned, Kiet Siel and Betatakin were founded in 1250 and 

1267, respectively (Dean 1970: 152). Betatakin consisted of 135 

rooms and had at least two kivas. Apparently it was carefully planned 

by an immigrant social unit (Dean 1970: 158-159). Kiet Siel, however, 

does not appear to have been so carefully planned, and it was likely 

inhabited by people from various sources (Dean 1970: 159-161). 

People began to leave Tsegi Canyon around 1285, and by 1300 

it was deserted (Dean 1970: 152). In a period of less than 50 years 

approximately 700 persons had migrated into the canyon, had built 

around 20 villages, some of which they inhabited less than 25 years, 

and had completely moved out of the canyon (Dean 1970: 152, 170). 

Betatakin, a relatively large village, was constructed, occupied 
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and abandoned within a period of 33 years of less (Dean 1970: 171). 

Thus, for supposed sedentary farmers, Pueblo III Anasazi of northeastern 

Arizona were extremely mobile. 

During the late 13th century and early 14th century large 

groups of Anasazi were probably moving from Utah into northern Arizona 

and from there to east-central Arizona. Haury (1958: 6) has provided 

very convincing evidence for a migration of perhaps 50 to 60 Kayenta 

families from northern Arizona to Point of Pines toward the end of 

the 13th century. They added a number of rooms to the Point of Pines 

ruin. These large and rectangular rooms contrast with the smaller, 

square rooms in contemporaneous, indigenous structures (Haury 1958: 

1, 2). This ruin exhibits a D-shaped kiv~ a style not characteristic 

of this area, but prevalent in northern Arizona (H3ury 1958: 3). 



Also, a1though the majority of Point of Pines vessels recovered from 

the newly added rooms were made of local clays, in form and decoration 

they were typical Kayenta ceramics (Haury 1958: 2). 

Around the turn of the 14th century the Kayenta addition 

of Point of Pines was burned. This was likely an intentional act 

of hostile neighbors; the pueblo was being occupied and its rooms 

contained many bushels of corn when it was set fire (Haury 1958: 

2). The Anasazi population probably lived in Point of Pines for 

a period of twenty years before they were forced out by the holocaust 

(Haury 1958: 6). 

Wade (1970) and Bennett (1973) attempted to discover whether 

skeletal evidence would support an Anasazi migration into Point of 

Pines. They assumed that the introduction of new genes by the immigrant 

Anasazi group would significantly change the gene pool of the late 

Point of Pines population (representing the years from 1285-1450). 

Based on metric and non-metric data, Wade (1970: 177-178) 

found a greater similarity between the Houck (Cibola) skeletal remains 

and those from the late Point of Pines population than between the 

latter and those from Pecos Pueblo. Hence, he feels that an Anasazi 

migration from northern Arizona into Point of Pines after A.D. 1000 

is supported by biological evidence (Wade 1970: 177-178). 

Bennett (1973: 60) noted, though, that the skeletal evidence 

he analyzed failed to support the inferred migration into Point of 

Pines after 1285. With respect to discrete traits, the Point of 

Pines skeletal remains are biologically homogeneous from 1000 to 



1450. Moreover, the Point of Pines and Mesa Verde skeletal samples 

are strikingly similar in morphology (Bennett 1973: 59). So perhaps 

new genes from Kayenta people could not have significantly altered 

the Point of Pines Mogollon population, anyway. 

There are problems in both Wade's (1970) and Bennett's (1973) 

interpretations of whether significant changes in the "gene pool" 

of the Point of Pines area occurred after the Anasazi intrusion: 

1) Wade (1970) and Bennett (1973) used only a few of the many 

known discrete traits in their biological distance 

studies. Thus, traits which may be valuable for biologically 

differentiating skeletal samples were not utilized. Also, 

only four of the same discrete traits were investigated by 

both researchers (lambda bone, lambdoidal ossicles, mandibular 

and palatine tori). 

2) In both studies some time periods are represented by small 

skeletal samples. Only 16 postpubertal individuals constitute 

the early (pre-400 to 1000) Point of Pines population (Bennett 

1973: 5). Just 16 adults in the Houck sample represent 

the period from 750 to 1000 (Wade 1970: 5-6). 

3) It is importanG to remember that the Kayenta Anasazi group 

occupied Point of Pines ruin only for about 20 years, or 

approximately from 1285 to 1305. Therefore, theoretically, 

skeletal remains of this immigrant group represent only 12.1% 

of the 165 year time period constituting the late Point of 
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Pines population. Thus, drastic changes in non-metric and 

metric traits would not be expected in the skeletal sample 

of the post-1000 period. This corroborates Bennett's (1973: 

60) finding that skeletal morphology was virutally unchanged 

through time. 
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4) Since many biological distance studies of prehistoric Southwestern 

Indian remains have shown that widely separated populations 

appear biologically similar (e.g., samples from Houck, Mesa 

Verde, Point of Pines, and Casas Grandes), perhaps genetic 

exchanges between such biologically similar groups (though 

they are not culturally similar) would not significantly 

change their respective gene pools. 

5) Even though we can infer the movements of prehistoric populations 

from archaeological evidence, we may never know the number 

of individuals who constitued the migrant populations, the 

specific destinations to which they migrated, and the exact 

time periods during which such migrations occurred. Lacking 

this information, our interpretations of the skeletal data 

and our assessments of particular microevolutionary processes 

that acted upon the populations represented by the skeletal 

evidence may be invalid. 

Mesa Verde Anasazi groups were emigrating from southwestern 

Colorado during the 13th century to the beginning of the 14th century. 

The Salmon Ruin in northwestern New Mexico was constructed by an 

indigenous Chacoan group in the 11th century and was abandoned by 
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mid-12th century (Irwin-Williams 1975: 27-28). In the 1240's, however, 

it was reoccupied by Mesa Verdean people, according to archaeological 

evidence (Irwin-Williams 1975: 12). One might expect, then, that 

skeletal samples from both occupations would significantly vary. 

Also, the sample from the Mesa Verdean occupation of the Salmon site 

should be biologically similar to samples from the Mesa Verde region 

from which the migration occurred. I have analyzed the Salmon Ruin 

skeletal series; the adult portion consists of 31 individuals (13 

males, 2 probable males, 13 females, and 2 individuals of indeterminate 

sex). Unfortunately, these inhumations represent the Mesa Verdean 

group. The Chacoan population is not represented. 

Based on archaeological evidence, Mesa Verde, Kayenta, and 

Cibola Anasazi were peopling the northern Rio Grande region by the 

11lth century (Wendorf and Reed 1955; Ford, Schroeder, and Peckham 

1972). The outcomes of the biocultural interactions on the resulting 

populations from such an amalgamation of peoples would be numerous. 

Patterns in nutrition, disease, mating, and reproduction, to name 

a few, would be affected. Genetic variability, however, would probably 

decrease between the various Anasazi groups who were forming new 

populations during late Pueblo III to Pueblo IV times. Indeed, as 

discussed previously, prehistoric and historic skeletal samples from 

the Rio Grande region appear biologically alike. 

At best, we have a general idea of the dates, direction and 

magnitude of some prehistoric population migrations in the American 

Southwest. However, we have specific knowledge of population movements 
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of historic Southwestern Puebloan Indians. By knowing why some of 

these Puebloans changed residence and where they went, as well as 

biosocial relationships they entertained with newly acquired neighbors, 

we may gain some insight on similar biocultural interactions that 

occurred among the prehistoric Puebloan Indians. 

There are many examples of and reasons for historic Puebloan 

Indian migrations. After A.D. 1600, records of Pueblo abandonments 

show that sociocultural factors were responsible. These include 

"internecine strife (Awatovi), Apache inroads (Galisteo Pueblo, Tompiro 

pueblos, and Zuni pueblos), (and) flight from Spaniards (Hano)" (Schroeder 

1972: 43). 

Pecos Pueblo was visited by Coronado in 1541, and this pueblo 

was noted as an important trade center (Hewett and Fisher 1943: 141). 

At that time the pueblo consisted of two four-storied structures 

which together housed more than 2,000 persons (Hewett and Fisher 

1943: 143). Raids by Comanche Indians and periodical epidemics during 

the early 1800's resulted in near extinction of Pecos Pueblo (Hewett 

and Fisher 1943: 142, 143). In 1838 the remaining occupants, seven 

men, seven women, and three children, traveled west 60 miles to Jemez 

Pueblo (Hewett and Fisher 1943: 144, 146). 

Many Indians east of the Manzano mountains in New Mexico 

abandoned their pueblos around 1675 in response to Apache and Navaho 

attacks during years of drought and poor crops (e.g., Abo, Chilili, 

Quar-ai, Tajique) (Hewett and Fisher' 1943: 100). The people of Quar-ai 

Pueblo eventually took refuge in El Paso, Texas. The people of Isleta 



del Sur, subjacent to El Paso, represent some of their descendents 

(Hewett and Fisher 1943: 153). The village of Abo fled to Chihuahua, 

and the Piros of Senecu claim to be their descendents (Hewett and 

Fisher 1943: 160). 
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The Tewa, northern Tiwa, and Pecos Indians revolted against 

Spanish oppression in 1680 and, after much bloodshed, drove the Spanish 

out of the Rio Grande region (Dozier 1970: 4). Nevertheless, the 

Spanish forcefully regained control over the Pueblo Indians in 1693-

1694 (Dozier 1970: 61). However, in 1696 several pueblos again made 

an attempt to win back their freedom, but to no avail (Dozier 1970: 

62). 

A grc"o of Southern Tewa had resettled near the present site 

of Chimayo after the first revolt. However, in 1696 they fled to 

Hopi country in order to avoid chastisement by the Spanish (Dozier 

1966: 3, 10-11). They founded the Hano community on First Mesa, 

the easternmost of three Hopi Mesas, alongside the Hopi communities 

of Sichomovi and Walpi (Dozier 1966: 1). The Hopi accepted the Tewa 

refugees, especially since they could be used as mercenaries to resist 

the Spanish and hostile nomadic Indians (Dozier 1966: 13). The Hano 

migration legend refers to such mercenary activity and also speaks 

of very poor treatment by the Hopi (Dozier 1966: 13, 18). Until 

just recently the Hano were given minority status and denied full 

partiCipation in Hopi ceremonial activities. Moreover, the Hano 

have always been alloted the poorer land to farm (Dozier 1966: 1). 



The Hano, in response to this poor treatment, decreed that the Hopi 

would not learn Tewa language and customs (Dozier 1966: 19). 

Today, marriage is common between Hopi and Hano individuals, 

but this was forbidden in the past. In fact, mating restrictions 

were not lifted until the end of the 19th century (Dozier 1966: 26). 

Both groups practice matrilocality, and this has allowed Hano "socio

cultural continuity" (Dozier 1966: 23). Female children of Hano 

mothers and Hopi fathers are raised as Hano. Hano males retain their 

Tewa affiliations (Dozier 1966: 23). 

The Hopi and Tewa of the First Mesa have lived side by side 

for over 250 years. The structure of the Hano pueblo appears just 

like that of the Hopi pueblos (Dozier 1966: 22). Also, both Hano 
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and Hopi people have the same physical appearance and dress (Dozier 

1966: 23). However, until recently, the Hano had maintained different 

cultural and linguistic traditions (Dozier 1966: 1) and their genetic 

integrity (Dozier 1966: 26). Although I agree that "it is only prudent 

to bear in mind that (people) tend to spread their genes as well 

as their ideas and artifacts whenever they are given the opportunity 

(Hulse 1958: 41)", social barriers can be strong deterrents to gene 

flow. 



CHAPTER 3 

MATERIALS, METHODS, AND PRELIMINARY DATA ANALYSES 

Sites and Samples in this Study 

I have chosen to compare biologically the human skeletal 

samples representing four Western Pueblo sites from east-central 

Arizona, Grasshopper, Point of Pines, Turkey Creek, and Kinishba, 

for several reasons (see Figure 3 for a map showing their locations). 

These samples are reasonably large and represent people who 1) were 

relatively contemporaneous, 2) were culturally alike, and 3) shared 

similar geographic and environmental surroundings and food resources. 

This skeletal material is housed in the Human Identification Laboratory, 

Arizona State Museum, University of Arizona. Only sexable late-adoles

cent and adult individuals are used in this study for purposes of 

biological distance (see Table 2 for age and sex distributions of 

the skeletal samples). 

The natural environment in which the sites are located apparent

ly has not changed since prehistoric times. The pueblos are found 

in grassland areas, and surrounding forest cover includes Ponderosa 

Pine, Douglas-fir, juniper, and oak. 

Based on tref~-ring evidence, Dean and Robinson (n.d.) analyzed 

the climatological patterns of east-central Arizona and other areas 

of the Southwest from A.D. 1250 to 1350. From around 1270 to 1294 

"draught conditions prevailed" in much of the Southwest (Dean and 
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Figure 3. Map of East-central Arizona and the locations of the four 
Western Pueblo sites. 

(Derived from Birkby (1973:8)) 
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Table 2. Age and Sex Distributions of the Four Skeletal Samples. 

Age 
Estimations 

16-19 

20-29 

30-39 

40-49 

25+ 

30+ 

35+ 

40+ 

45+ 

50+ 

Adult 
(Age Unknown) 

Totals 

Grasshopper 
Male Female 

4 5 

14 30 

23 29 

26 24 

5 

2 8 

7 24 

76 125 

Kinishba 
Male Female 

1 

2 5 

8 11 

4 3 

1 

1 1 

1 

2 5 

1 

3 

20 29 

Point of Pines 
Male Female 

6 

6 17 

16 14 

5 2 

1 

1 3 

5 3 

1 6 

1 

36 56 

Turkey Creek 
Male Female 

3 4 

13 10 

21 12 

6 10 

1 

4 2 

3 

11 20 

3 8 

1 

61 71 

Totals 

23 

97 

134 

80 

2 

14 

8 

61 

52 

2 

474 

~ 
V1 



Robinson n.d.: 29). Conditions improved, however, and above average 

rainfall occurred from 1325 to 1334. 
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Interestingly, the period of draught may have been an important 

factor in the peopling of the Grasshopper area (Dean and Robinson 

n.d.: 33). The decrease in forest cover may have produced favorable 

farming conditions. Previously marshy bottom-lands, unsuitable for 

farming due to poorly aerated soil, probably dried up enough to permit 

intensive agriculture (Dean and Robinson n.d.: 40). Thus, the so

called "Great Drought" of the Southwestern region would have provided 

beneficial conditions for the Grasshopper Ruin and probably the other 

east-central Arizona pueblos as well. 

At the beginning of the 14th century cooler and wetter conditions 

prevailed in the Southwest. At this time there was an amalgamation 

of populations into large communities in east-central Arizona. The 

movements of people "might have been from the higher, cooler elevations 

of the Rim country where lowered temperatures threatened crop production 

into lower areas rendered favorable by the increased precipitation 

(Dean and Robinson n.d.: 42)." Longacre (1975: 73) states "that 

the original founding population (of Grasshopper) must have been 

joined by other groups of people who immigrated to the community", 

based on "the enormous amount of construction during the expansion 

period «1300 to 1330) (Reid 1973: 133)) of the pueblo's growth." 

Cultural materials indicate "that the immigrating populations were 

drawn from the local region" (Longacre 1975: 73). This site and 



the human skeletal sample representing it, as well as the others 

comprising this study, are now discussed. 

The Grasshopper Ruin (Ariz. P:14:1) consists of two major 

room blocks separated by a stream channel, the Salt River Draw. 

This pueblo of over 500 rooms was occupied from around A.D. 1280 
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to 1400, although the maximum clustering of tree-ring dates is between 

1280 and 1340 (Dean and Robinson n.d.). It is located approximately 

10 miles west of Cibecue, Arizona, on the Fort Apache Indian Reservation. 

The bony remains of over 650 individuals were excavated at 

Grasshopper by the University of Arizona Archaeological Field School 

during the summers of 1963 through 1977. Although I made observations 

on all of these remains, 202 individuals are used for biological 

distance purposes. Females outnumber males 126 to 76. This may 

represent sampling error. However, it certainly is possible that 

many males died while pursuing activities away from the site and 

their bodies were not brought back to it for burial (Walter H. Birkby, 

personal communication). This sample is by far the largest and the 

skeletons are the most complete of the four skeletal series. 

Point of Pines Ruin (Ariz. W:10:50) is found about 65 miles 

east of Globe, Arizona on the San Carlos Indian Reservation. Based 

on tree-ring eVidence, this 800 room pueblo was occupied from A.D. 

1250 to 1450 (Bannister and Robinson 1971: 32). It was excavated 

from 1947 to 1958 by the University of Arizona Archaeological Field 

School. 



Approximately 274 inhumations were discovered at Point of 

Pines Ruin, though only 170 skeletons are presently in the Human 

Identification Laboratory. Bennett (1973: 3) states that "the Point 

of Pines skeletons represent a classic example of how bones should 

not be treated," referring to the loss and damage of much of the 

skeletal material. Nevertheless, he believes that this is still 

a large and valuable sample (Bennett 1973: 4). Ninety-two sexable 

individuals, 36 males and 56 females, are used in this study. 

The Turkey Creek Ruin (Ariz. W:10:78) is located about three 

miles north of the Point of Pines site. It contained approximately 

325 rooms and was inhabited between A.D. 1100 to 1300. Even though 

Johnson (1965: 60) puts the beginning date at 1100, Banniscer and 

Robinson (1971: 43) indicate that, based on tree-ring dates, "major 

construction at Turkey Creek Pueblo (occurred) within a few years 

of A.D. 1240." The University of Arizona Archaeological Field School 

excavated this pueblo from 1958 to 1960. 
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The remains of 260 persons constitute the Turkey Creek skeletal 

sample. From this series 61 males and 71 females were available 

for analysis. 

The Kinishba Ruin (Ariz. V:4:1) is found on the Fort Apache 

Indian Reservation about 4.5 miles northwest of Fort Apache. The 

field work on this 400 room pueblo was conducted from 1931 to 1939 

by the University of Arizona and the Arizona State Museum. Although 

Bannister and Robinson (1971: 31) state that the Kinishba tree-ring 



evidence displays "a surprising lack of clustering and of cutting 

dates", this site was likely occupied from about A.D. 1200 to 1350. 

The Kinishba skeletal sample is the smallest of those used 

in this dissertation. Only 49 individuals, 20 males and 29 females, 

(of 66 designated skeletons in the laboratory) were analyzed. Birkby 

(1973: 18) feels "that much of the skeletal material which was "dis

covered" at the site was not brought in from the field." Because 
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this skeletal sample is so small, statistics obtained from its analysis 

are necessarily questionable. Nevertheless, it is included in this 

study, as it is all we have representing Kinishba, a major Western 

Pue blo si te. 

Aging and Sexing of Skeletal Material 

Records of age and sex of the Grasshopper, Point of Pines, 

Turkey Creek, and Kinishba skeletal samples are on file in the Human 

Identification Laboratory, Arizona State Museum. Nevertheless, I 

employed my own assessments of age and sex of the osseous remains. 

The basic methods I used for estimating age include observa

tions on patterns of dental eruption (Schour and Massler 1944; Johanson 

1971), epiphyseal union (Krogman 1962; Stewart 1979), and on the 

morphology of the pubic symphysis (Todd 1920, 1921; McKern and Stewart 

1957) • In addl tion, dental attrition (Ste\-lart 1952) and bony degener

ative changes were used to assess age. 

Sexual dimorphism is usually present in the bones of post

pubertal individuals (se~ Krogman 1962; Stewart 1979). At this time 

males tend to develop more robust cranial features (e.g., supraorbital 



tori, large mastoid processes and supranuchal crests, and square

like chins) and more robust limb bones, than do females. Pelvic 

morphology is most suggestive of sex (see Phenice 1969). The in

nominates of females are structured to accomodate the functions of 

childbirth. Thus, compared with males, females normally exhibit 

a more obtuse subpubic angle and sciatic notch, and a wider ascending 

pubic ramus. A well-developed preauricular sulcus and "scars of 

parturition (Stewart 1970)" are also characteristic of females. 

Except for two individuals from Kinishba and two from Grasshopper, 

which were assigned a probable sex, the sex of all of' the individuals 

used in this study is considered accurate. 

Data Collection 

There is no defined set of either metric or discrete traits 

which will adequately characterize morphologically any sample of 

skeletons. To complicate matters, there are literally thousands 

of traits that could be observed or measured in the human skeleton. 

Obviously, in most research, time and convenience are limiting factors 

in the variables that are chosen for analysis. 
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Hiernaux (1972) points out the importance of taking measure

ments and observations on both the skull and postcranium. In addition, 

"postcranial measurements must include measurements of the lateral 

as well as the linear development of the skeleton (Hiernaux 1972: 

101)." Eight cranial, 5 mandibular, and 19 postcranial metric traits 

and 26 postcranial discrete traits were chosen for this study, based 

on the ease of their derivation and the frequency of their occurrance 



in the often fragmented and incomplete skeletal material. To avoid 

interobserver error I measured and recorded all of the metric and 

discrete traits used in this dissertation. In addition, all traits 

were subjected to an intraobserver error analysis. 

Indices, i.e., ratios between two variables, are not used 

in this biological distance study. There are several criticisms 

regarding their use in mUltivariate analyses. 

Since errors of measurement are compounded, indices are less 
precise than single measurement variables. Also, indices' 
distributions often are unusual, perhaps far from normal. 
Most important is the fact that indices can obscure relationships 
between the component variables (Pimentel 1979: 60). 

Metric Traits 

Following is a list of the continuous traits of the skull 

and post cranium utilized in this study. Each trait is recorded as 

the distance between the two osseous landmarks in parentheses. Unless 
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otherwise noted, landmarks and measurements are illustrated and defined 

in Bass (1971). 

Cranium 

1) nasal height (nasion to nasospinale) 

2) nasal breadth (alare to alare) 

3) orbital height (liThe maximum height from the upper to the 

lower orbital borders perpendicular to the horizontal axis of the 

orbit and using the middle of the inferior border as a fixed point 

(Bass 1971: 69).11) 

4) orbital breadth (maxillofrontale to ectoconchion) 

5) interorbital breadth (maxillofrontale to maxillofrontale) 
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6) biorbital breadth (As a measure of this trait, I used ectoconchion 

to ectoconchion) 

7) basion to bregma height 

8) minimum frontal breadth (frontotemporale to frontotemporale) 

Mandible 

9) bigonial breadth (gonion to gonion) 

10) bicondylar breadth (condylion to condylion) 

11) height of ascending ramus (gonion to uppermost part of condyle) 

12) minimum breadth of ascending ramus (bl3tween anterior and 

posterior borders) 

13) maximum mandibular length ("Distance between the most posterior 

points on the condyles to the most anterior point of the chin (Brothwell 

1 965: 84).") 

Clavicle 

14) maximum morphological length 

Radius 

15) maximum morphological length 

Ulna 

16) maximum morphological length 

Humerus 

17) maximum morphological length 

18) maximum diameter of head 

19) maximum diameter of mid-shaft 

20) minimum diameter of mid-'shaft 
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21) biepicondylar width (Holding the humerus by the diaphysis, 

the maximum width between the lateral and medial epicondyles is measured 

on an osteometric board.) 

Femur 

22) maximum morphological length 

23) subtrochanteric medio-lateral diameter 

24) subtrochanteric anterior-posterior diameter 

25) medio-lateral diameter of mid-shaft 

26) anterior-posterior diameter of mid-shaft 

27) maximum diameter of head 

28) bicondylar width (Holding the femur by the diaphysis, the 

maximum width is measured on an osteometric board.) 

Tibia 

29) maximum morphological length 

30) medio-lateral diameter at nutrient foramen 

31) anterior-posterior diameter at nutrient foramen 

Fibula 

32) maximum morphological length 

For bilateral metric traits, unless only the right side was 

available, the left side was used for analysis. No bones were measured 

which showed overt pathological alterations. 

Discrete Traits 

The physical anthropologist who uses discrete traits in osteological 

research must be cognizant of discrete trait variability. One cannot 

look at a small number of cranial or post cranial remains and appreciate 
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the complexity of discontinuous variation. As part of my doctoral 

research, during September and October 1979, I comprehensively analyzed 

discrete postcranial variation in 98 Black males, 101 Black females, 

104 White males, and 90 White females of the Hamann-Todd skeletal 

collection, housed in the Cleveland Museum of Natural History. Based 

on this research, the following list of discontinuous traits of the 

postcranium was selected for this study. Except for the last three 

variants listed, which to my knowledge have not been reported in 

the literature, these traits have been described and illustrated 

in detail by Saunders (1978); Finnegan (1978) has studied many of 

them as well (see Figures 4 and 5). 

A tlas vertebra 

1) lateral spur (a lateral bony extension from the superior 

articular process) 

2) lateral bridge (a "bridge of bone extending from the superior 

articular process laterally to the transverse process" (Finnegan 

1978: 30» 

3) posterior spur (a posterior bony extension from the superior 

articular process) 

4) posterior bridge (lla bridge of bone extending from the superior 

articular process posteriorly to the posterior archil (Finnegan 1978: 

27» 

5) retroarticular bridge (IIA bony bridge extended posteriorly 

from the posterior border of the transverse porcess to the border 

of the posterior arch (Saunders 1978: 74).11) 
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Figure 4. Locations of 14 of 25 Postcrania1 Discrete Traits 
Analyzed in this Dissertation. 

Numbers correspond with trait descriptions in the 
text; traits 13 and 14 are depicted on bones from 
the left side. 
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Figure 5. Locations of 11 of 25 Post cranial Discrete Traits 
Analyzed in this Dissertation. 

Numbers correspond with trait descriptions in the 
text; all traits are depicted on bones from the 
left side. 
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6) transverse foramen (Sometimes this foramen is incomplete.) 

Axis vertebra 

7) transverse foramen (Infrequently this foramen is incomplete.) 

Cervical vertebrae (3 through 6) 

8) transverse foramen spur (a spicule of bone projecting into 

the foramen) 

9) transverse foramen divided (a complete bony bridge dividing 

the foramen) 

These traits are classified only as "present", regardless 

of the number of vertebrae on which they occur. 

7th Cervical vertebra 

10) transverse foramen (This foramen is sometimes incomplete.) 

11) transverse foramen spur (a spicule of bone projecting into 

the foramen) 

12) transverse foramen divided (a complete bony bridge dividing 

the foramen) 

Scapula 

13) circumflex sulcus ("Often, a sulcus for the circumflex artery 

can be found on the posterolateral border. • • nearly bisecting the 

origin of the teres minor muscle (Finnegan 1978: 26).") 

Although this sulcus may be broad and shallow, it is neverthe

less palpable. 

Innominate 

14) acetabular mark (a crease, pleat, pit, or notch centrally 

located on the ilial aspect of the acetabulum) 
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Humerus 

15) septal aperture (a perforation in the coronoid-olecranon 

septum) 

A magnifying instrument aids in the correct classification 

of this trait for those septa which may be fragmented and display 

an artificial aperture. 

Femur 
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16) exostosis of trochanteric fossa ("bony spicules or an exostosis 

are present in an otherwise smooth fossa" (Finnegan 1978: 25» 

Although some exostoses are well-defined, it is difficult 

to score small exostoses. The trochanteric fossa is rarely uniformly 

smooth. 

17) Poirier's Facet ("a noticable, however slight, bulging of 

the articular surface of the femoral head toward the anterior portion 

of the femoral neck" (Finnegan 1978: 24» 

It is difficult to differentiate between a "slight" bulging 

and no bulging at all. 

18) Third trochanter ("an oblong, l'ounded or conical bony tuberosi ty" 

"at the sup~rior end of the gluteal crest" (Finnegan 1978: 25» 

Although the gluteal crest, an insertion for gluteus maximus, 

may be very developed and somewhat rounded, its roughened appearance 

should indicate that it is not a third trochanter. 

19) hypotrochanteric fossa (a fossa "located in the superior 

posterior part of the femoral diaphysis between the gluteal ridge 

and the lateral margin" (Finnegan 1978: 24» 
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A slightly developed fossa may be difficult to score. 

Tibia 

20) distal tibial crease (llan evagination or notching ••• on 

the distal articular surface. just lateral to the medial malleolus" 

(Saunders 1978: 461» 

Calcaneus 

21) superior anterior facet discrete (The anterior and middle 

facets are sometimes separated completely or separated by a bony 

ridge. ) 

22) posterior facet extension (llan extension of the articular 

surface of the posterior superior calcaneal facet (Saunders 1978: 

72)11, resulting in a smooth border which is otherwise well-defined.) 

Talus 

23) lateral extension of superior facet (llan extension of the 

lateral third of the anterior trochlear margin onto the neck" (Finnegan 

1978: 27), resulting in a smooth border which is otherwise well-defined.) 

Cuboid 

24) navicular and calcaneal facets contiguous (Typically, these 

facets are discrete.) 

fi~s~~~etatarsal 

25) facet for second metatarsal (Sometimes there is a facet on 

the lateral side of the proximal end which articulates with the medial 

side of the base of the second metatarsal.) 



First cuneiform 

26) discrete facet for second metatarsal or second cuneiform 

(Usually, the facets for the second metatarsal, second cuneiform, 

and navicular are contiguous. The facets for the second metatarsal 

and second cuneiform may be discrete from the facet for the navicular 

or from each other as well.) 

These traits were scored simply on a presence or absence 

basis. If present, a positive score "1" was given. If not present, 

a negative score "a" was given. If a trait was not observable, due 

to damaged or missing bone, a score of "2" was assigned. I should 
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note, however, that for statistical purposes it makes no difference 

whether the presence or absence of a discrete trait is given a "positive" 

score. 

Possible etiologies of these variants are not provided here. 

It is assumed that their development is influenced ty the interaction 

of genetic and environmental factors. 

In research on biological distance there is some controversy 

regarding the determination of discrete trait incidence based on 

bilaterally occurring traits. There are two major methods by which 

trait incidence is determined: divide the "number of individuals 

with the trait present on one or both sides" by the "total number 

of individuals" or divide the "number of left plus right sides with 

trait present" by the "total number of left plus right sides (Ossenberg 

1981: 471)." Ossenberg (1981) and Green et ale (1979) contend that 

the latter method should be employed. 
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Ossenberg (1981: 478) argues that a trait which frequently 

occurs bil~terally in a population indicates a strong genetic potential 

or liability for that trait. Based on the occurrences of the mylo

hyoid bridge and third molar supression in 28 Indian and Eskimo "popu

lations", she presents evidence that as the incidence of mandibles 

with the trait either on one or both sides increases, the bilateral 

occurrence of traits also increases. Thus, "individuals with bilateral 

manifestation. • • have more genetic potential for the trait than 

those with unilateral manifestation" (Ossenberg 1981: 473). Her 

data are misleading, however. The assertion that there is a directly 

varying relationship between the number of mandibles with the trait 

present on one or both sides and the number of bilateral occurrences 

among mandibles is not clearly evident. Furthermore, 10 of the 56 

samples for these two traits have less than 20 individuals representing 

their respective populations. 

Korey (1980) believes that the individual should be the unit 

of analysis. Thus, a bilateral trait should be scored "present", 

whether it occurs on one side or both sides. This prevents the inclusion 

of "genetically extraneous informationtl (Korey 1980: 22). In addition, 

Korey (1980: 21-22) states that some traits may become bilaterally 

expressed ao an individual ages, e.g., the supraorbital foramen. 

Thus, bilateral presence does not necessarily indicate increased 

genetic potential for trait expression. 

Therefore, I have used Korey's (1980) suggestion that the 

individual should constitute the unit of analysis. Hence, an individual 



is assigned a score of "trait-present", whether it is bilaterally 

or unilaterally expressed. For individuals in which a trait can 
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be observed only on one side, some information may be lost. However, 

this is not considered to be a problem in this study due to the relative 

completeness of the skeletal remains analyzed. 

Individuals whose mid-range age is under 15 years have not 

been included in this analysis. They tend not to be sexually distinguish

able, and many of the postcranial discrete traits I am using are 

not expressed or rarely present in prepubescent individuals (e.g., 

septal aperture, distal tibial crease, circumflex sulcus, acetabular 

mark, lateral and posterior bridges of the atlas, and the traits 

of the femur, talus, calcaneus, cuboid, first cuneiform, and first 

metatarsal) (see Appendix A for discrete trait frequencies for males 

and females from the sites in this study). 

Intraobserver E~ror 

Even if one applies appropriate statistical methods on discrete 

or metric data, if traits are not consistently observed or measured, 

the results of analysis must be considered highly questionable at 

best. Based on his own analyses, Molto (1979: 333) demonstrated 

that "intraobserver error could effectively distort the interpretation 

of biological relationships and that it must in part be responsible 

for the poor performance reported for discontinuous traits in some 

studies." Few studies, however, have included an intraobserver analysis. 

It is ostensibly assumed that techniques of observing discrete characters 



and measuring continuous traits probably do not change significantly 

over time. This assumption should never be made. 

Obviously, when hundreds of skeletons are analyzed, it is 
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not practical or wise to reanalyze all of them. However, some skeletons 

should be reanalyzed to discover if observations of discrete features 

and measurements of bones have remained consistent through time. 

Zegura (1975: 273, 275), in a study of Eskimoid population 

relationships based on discrete and metric cranial traits, noted 

that in his analysis of intraobserver error only 4 of 59 linear measure~ 

ments and 3 of 15 computed angles showed a mean difference greater 

than 1 mm. and 1 degree respectively. However, 5 of 28 discrete 

variants showed trait-present differences between 2 and 10%. Based 

on Zegura's work, it appears that methods for recording metric traits 

are more objective than are those for recording discrete traits. 

On October 21 and 22, 1980, I reanalyzed 4 male and 13 female 

Grasshopper skeletons. These were chosen because they are fairly 

complete and were originally analyzed much earlier, from November 

11, 1979 to January 9, 1980. For 28 of 32 metric traits the mean 

difference is less than or equal to 1 mm. The other 4 traits (minimum 

frontal breadth, height of ascending ramus, width of ascending ramus, 

and femoral anterior-posterior diameter of mid-shaft) show a mean 

difference greater than 1 mm. but less than or equal to 1.38 mm. 

Of the 26 discrete traits, there were no trait-present differences 

for 14 traits; there were 4-11% trait-present differences for 7 characters 

(7th cervical transverse foramen spur, acetabular mark, third trochanter, 



94 

lateral extension of superior facet of talus, circumflex sulcus, 

posterior facet extension of calcaneus, and facet on first metatarsal 

for second metatarsal). Five traits showed 13-33% trait-present dif

ferences (transverse foramen spur of cervical vertebrae (3-6), exostosis 

of trochanteric fossa, Poirier's facet, hypotrochanteric fossa, and 

distal tibial crease). Saunders (1978) also found it difficult to 

score consistently several postcranial discrete features, including 

the same femoral traits with which I had difficulty. It was decided 

that the five discrete traits which showed 13-33% trait-present differ

ences should be deleted from this study. 

My perception of several discrete traits had changed over 

time. The problem with these and many other discrete characters 

is that they are not simply present or absent. They show much variation 

and it is sometimes very difficult to determine what degree of develop

ment a discrete variant should show before it is scored as present. 

Preliminary Statistical Tests 

All data were key-punched onto IBM cards by the author for 

computer 'analysis. Using the Statistical Package for the Social 

Sciences (SPSS) (Nie et al. 1975), preliminary statistical analyses 

were conducted to derive an appropriate battery of discrete and metric 

traits for assessing biological distances among the Western Pueblo 

Indian groups constituting this study. 

All measurements and discrete traits were analyzed to determine 

whether they vary with age. Based on the mid-range value of an estimated 

age in years, individuals were assigned to either a "younger adult" 
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or an "older adult" group: less than or equal to a mid-range age 

of 32.5 years and greater than a mid-range age of 32.5 years, respectively. 

In this study, though, any traits that are correlated with age are 

not considered inappropriate for biological differentiation, inasmuch 

as the samples do not have radically different age distributions. 

In the analysis of metric traits, males and females are separated 

due to sexual dimorphism. In the analysis of discrete traits, I 

am pooling the sexes to increase sample sizes. Thus, correlations 

of discontinuous characters with sex were analyzed. 

Intertrait correlations were calculated between discrete 

traits and between metric traits. Traits used for the PLC distance 

coefficient should not be strongly negatively or positively associated. 

However, Discriminant Function Analysis a~d Mahalanobis' D2 account 

for intertrait correlations. 

Cranial and mandibular measurements were analyzed to determine 

whether they are altered by artificial cranial deformation. Comparisons 

were made between crania showing no deformation or slight deformation 

and crania displaying moderate deformation or pronounced deformation. 

Relationships between discrete traits and robusticity were 

investigated. However, the populations represented by the skeletal 

samples shared similar geographical surroundings and environmental 

settings. Hence, differences in postcranial morphology among samples 

may reflect differences among their respective gene pools. 



Discrete Traits 

The chi-square test, computed through SPSS subprogram CROSSTABS 

(see Nie et ale 1975: 218-248), was used to investigate discrete 

trait correlations with age, sex, and each other. Chi-square does 

not imply how strongly traits are correlated, only whether they are 

independent" or systematically related (Nie et ale 1975: 223-224). 

Expected cell frequencies are compared with observed cell frequencies; 

the greater the discrepancy, the larger the chi-square. A small 

chi-square indicates that there is no statistical relationship between 

variables, and vice versa for a large chi-square (Nie et ale 1975: 

224). 

Subprogram CROSSTABS applies Fisher's Exact Test when the 

number of cases i~ less than 21. Yates' corrected Chi-square is 

also computed when Chi-square is derived from a 2 x 2 contingency 

table. Also referred to as Yates' continuity correction, a value 

of 1/2 is subtracted from the observed cell frequency. 

The continuity correction takes "account of the fact that 

a continuous distribution (the chi-square and normal, respectively) 
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is being used to represent the discrete distribution of sample frequencies 

(Fleiss 1981: 26)." Based on criticisms of Yates' correction factor, 

some statisticans argue against its use (see Daniel (1978: 169) and 

Roscoe (1975: 257». However, Fleiss (1981: 17) states: "Because 

the incorporation of the correction for continuity brings probabilities 

associated with x2 and z into closer agreement with the exact probabil

ities than when it is not incorporated, the correction should always 



97 

be used." In this dissertation all "raw chi-square" values significant 

at the .05 level or less will be reported. However, the associated 

"corrected chi-square" values will also be given, and my interpretations 

are based on their results. 

Age Differences. Males and females were analyzed separately 

and, based on mid-range age, individuals were segregated into two 

age groups (less than or equal to 32.5 years and greater than 32.5 

years of age). Based on too small sample sizes, the Kinishba series 

was not used (see Tables 3 through 6 for traits significantly associated 

with age). 

Few traits are significantly associated with either younger 

or older adults. Based on Yates' chi-square, only three different 

traits show age dependence. The cervical vertebrae (3-6) divided 

transverse foramen is associated with younger adults among Grasshopper 

males and females. The retroarticular bridge is correlated with 

older adults among Grasshopper females. An incomplete transverse 

foramen of the atlas is associated with younger Point of Pines females. 

For all three sites there are only seven significant raw chi-squares. 

Six would be expected through chance alone. Thus, it is concluded 

that age has little effect on the development of the discrete traits 

in this st udy • 

Sex Differences. Subprogram CROSS TABS was used to determine 

whether the discrete traits are independent of either sex, thus warranting 

the pooling of sexes to increase sample sizes (see Table 7 for traits 

associated with sex). For all sites combined there are only eight 



Table 3. Significant Raw X 
2 

and Associated Yates' x2 Associations of Discrete Traits 
with Age (Grasshopper Males) 

Signifi- Signifi-

2 cance 2 cance Total 
Trait Raw X Level Yates' X Level Sample Sizes 

Cervical vert. (3-6) 8.42917 .0037 6.78307 .0092 56 
trans. for. div. 

Circumflex Sulcus 4.01470 .0451 3.00167 .0832 59 

Table 4. Significant Raw x2 and Associated Yates' x2 Associations of Discrete Traits 
with Age (Grasshopper Females) 

Signifi- Signifi-

2 cance 2 cance Total 
Trait Raw X Level Yates' X Level Sample Sizes 

Atlas retroart. 6.19734 .0128 4.74891 .0293 83 
bridge 

Cervical vert. (3-6) 5.91077 .0151 4.68415 .0304 83 
trans. for. div. 

1.0 
00 



Table 5. Significant Raw X2 and Associated Yates' x2 Associations of Discrete Traits 
with Age (Point of Pines Males) 

Signifi- Signifi-

2 cance 2 cance Total 
Trait Raw X Level Yates' X Level Sample Sizes 

Atlas retroart. 4.16842 .0412 2.01023 .1562 22 
bridge 

Table 6. Significant Raw X2 and Associated Yates' x2 Associations of Discrete Traits 
with Age (Point of Pines Females) 

Signifi- Signifi-

2 cance 2 cance Total 
Trait Raw X Level Yates' X Level Sample Sizes 

Atlas trans. for. 8.01563 .0046 4.66838 .0307 27 

Cervical vert. (3-6) 4.17614 .0410 2.57812 .1084 30 
trans. for. div. 

\.0 
\.0 
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significant raw chi-square associations with sex. Only one trait, 

the circumflex sulcus, which is correlated with Grasshopper and Point 

of Pines males, is significantly associated with sex in more than 

one sample. Based on the corrected chi-square, only three significant 

associations are noted: posterior facet extension of the calcaneus 

(Kinishba males), lateral extension of superior facet of the talus 

(Kinishba males), and the septal aperture (Turkey Creek females). 

Eight significant tests would be expected through chance alone. 

Thus, the post-cranial discrete variants used in this study are basically 

independent of sex. 

Intertrait Correlations. To investigate intertrait correlations 

males and females were analyzed separately. Only the analyses of 

the Grasshopper series are discussed since Grasshopper has the largest 

sample sizes and most complete skeletons of males and females (see 

Tables 8 and 9 for significant intertrait correlations for the Grasshopper 

males and females, respectively). 

For the 21 discrete characters, 210 non-redundant correlations 

between traits were calculated. For males 15 raw chi-square tests 

and for females 18 raw Chi-square tests are significant at the .05 

level or less. However, for both males and females there is only 

one trait pair that is Significantly correlated, the transverse foramen 

spur and transverse foramen divided of the 7th cervical vertebra. 

Based on Yates' corrected Chi-square, for males there are only five 

significant correlations and for females just seven significant associa

tions at the .05 level. Twenty-one significant correlations would 



Table 7. Significant Raw x2 and Associated Yates' x2 Associations of Discrete Traits 
with Sex for all Four Skeletal Samples 

Site 

Point of Pines 

Kinishba 

Kinishba 

Turkey Creek 

Turkey Creek 

Grasshopper 

Grasshopper 

Grasshopper 

Trait 

Circumflex Sulcus 

Calcaneus post. facet ext. 

Talus lat. ext. sup. facet 

Septal Aperture 

3rd Trochanter 

7th Cervical vert. trans. 
for. spur 

Calcaneus sup. ant. 
facet dis. 

Circumflex Sulcus 

Raw X 
? 

4.46187 

6.10909 

6.99717 

6.01984 

4.81886 

4.03491 

4.12088 

3.91928 

Signifi
cance 
Level 

.0347 

.0135 

.0082 

.0141 

.0282 

.0446 

.0424 

.0477 

2 
Yates' X 

3.63981 

4.03295 

5.02648 

4.92720 

3.80058 

3.21881 

3.49948 

3.26262 

Signifi
cance 
Level 

.0564 

.0446 

.0250 

.0264 

.0512 

.0728 

.0614 

.0709 

Total 
Sample Sizes 

97 

21 

25 

81 

77 

100 

174 

156 

I--' 
o 
I--' 



Table 8. Significant Raw X2 and Associated Yates' x2 Associations of Discrete Traits with 
Each Other (Grasshopper Males) 

Trait Pair 

Cuboid navic.-cal. facets contig.--
7th Cerv. vert. trans. for. div. 

Cuboid navic.-calc. facets contig.-
Acetabular Mark 

Cuboid navic-calc. facets contig.-
Septal Aperture 

1st Metatarsal facet for 2nd Metat.-
Calcaneus post. facet ext. 

1st Metatarsal facet for 2nd Metat.-
Atlas trans. for. 

Calcaneus post. facet ext.-
Atlas trans. for. 

Calcaneus post. facet ext.-
Circumflex Sulcus 

Atlas lat. -spur--Atlas post. bridge 

Atlas lat. spur--7th Cervical vert. 
trans. for. spur 

2 -Raw X 

4.05195 

4.49556 

4.87701 

10.54583 

9.38182 

6.28364 

3.98069 

5.23327 

4.33653 

Atlas lat. bridge--Atlas post. bridge 13.44828 

Signifi
cance 
Level 

.0441 

.0340 

.0272 

.0012 

. 002~! 

.0122 

.0460 

.0222 

.0373 

.0002 

2 Yates' X 

2.15436 

2.83500 

3.13756 

8.54969 

5.65011 

3.91232 

2.93756 

2.21897 

2.54200 

6.80869 

Signifi
cance 
Level 

.1422 

.0922 

.0765 

.0035 

.0175 

.0479 

.0865 

.1363 

.1109 

.0091 

Total 
Sample Sizes 

26 

56 

57 

50 

43 

54 

53 

60 

30 

60 
f--' 
o 
N 



Table 8.--Continued 

Trait Pair 

Atlas lat. bridge--Septal Aperture 

Atlas retroartic. bridge-
Circumflex Suleus 

7th Cervical vert. trans. fOL spur 
--7th Cervical vert. trans. for.div. 

7th Cervical vert. trans. for.div. 
--Calcaneus sup. ant. facet dis. 

Septal Aperture--Calcaneus 
sup. ant. facet dis. 

2 
Raw X 

3.94672 

4.61333 

4.54870 

4.34035 

6.02871 

Signifi
cance 
Level 

.0470 

.0317 

.0329 

.0372 

.0141 

2 Yates' X 

2.57006 

3.18529 

2.99686 

2.70238 

4.74855 

Signifi-
cance Total 
Level Sample Sizes 

.1089 61 

.0743 47 

.0834 29 

.1002 27 

.0293 63 

I-' 
a 
w 



Table 9. Significant Raw x2 and Associated Yates' x2 Associations of Discrete Traits 
with Each Other (Grasshopper Females) 

Trait Pair 

Cuboid navic.-ca1c. facets contig.--
1st Cuneiform dis. facet for 2nd 
metat.-2nd cun. 

2 
Raw X 

4.03086 

Cuboid navic.-ca1c. facets contig.-- 7.01475 
Atlas post. spur 

1st Cuneiform dis. facet for 2nd 7.46224 
metat. -2nd cun.--Septa1 Aperture 

1st Metarsa1 facet for 2nd metat.-- 4.29396 
3rd Trochanter 

Calcaneus post. facet ext.--At1as 
lat. bridge 

Atlas lat. spur--At1as lat. bridge 

Atlas lat. spur--Circumf1ex Sulcus 

Atlas post. spur--Cervica1 vert. 
(3-6) trans. for. div. 

Atlas post. bridge--At1as 
retroartic. bridge 

5.38467 

4.26768 

6.52524 

7.46809 

5.37322 

Atlas post. bridge--At1as trans. for. 8.32249 

Signifi
cance 
Level 

.0447 

.0081 

.0063 

.0383 

.0203 

.0388 

.0106 

.0063 

.0205 

.0039 

2 Yates' X 

2.82593 

5.39200 

6.24554 

3.18237 

3.86600 

2.78409 

5.10218 

5.77842 

.88481 

1. 60530 

Signifi
cance 
Level 

.0928 

.0202 

.0125 

.0744 

.0493 

.0952 

.0239 

.0162 

.3469 

.2052 

Total 
Sample Sizes 

82 

71 

86 

69 

80 

90 

75 

65 

82 

83 I--' 
o 
.::--



Table 9.--Continued 

Signifi- Signifi-

2 cance 2 cance Total 
Trait Pair Raw X Level Yates' X Level Sample Sizes 

Atlas retroart. bridge--Septal 4.28695 .0384 3.12501 .0771 81 
Aperture 

Atlas trans. for.--7th Cervical 7.81699 .0052 1. 47769 .2241 52 
vert. trans. for. 

Axis trans. for.--7th Cervical vert. 16.98718 .0000 3.75247 .0527 53 
trans. for. 

Axis trans. for.--7th Cervical vert. 4.22642 .0398 2.12055 .1453 56 
trans. for. spur 

Cervical vert. (3-6) trans. for. 6.23438 .0125 1.09121 .2962 57 
div.--7th Certical vert. trans. for. 

7th Cervical vert. trans. for. 9.24658 .0024 7.69420 .0055 59 
spur--7th Cervical vert. trans. 
for.div. 

7th Cervical vert. trans. for.div.-- 8.41938 .0037 6.73255 .0095 55 
3rd Trochanter 

Septal Aperture--Talus lat. ext. 4.07876 .0434 3.33413 .0697 107 
sup. facet. 

f-' 
a 
Vl 
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be expected to occur through chance. Hence, these traits are considered 

to be basically independent of each other. 

Trait Presence and Robusticity. Although not crucial to 

this dissertation, I decided to study relationships between discrete 

trait presence and robusticity. One might expect that some post cranial 

variants are related to body size. Grasshopper males and females 

were chosen for analysis due to their large sample sizes. Five traits 

which do not show high present or absent frequencies were selected: 

spetal aperture, atlas lateral spur, calcaneal posterior facet extension, 

acetabular mark, and third trochanter. Individuals were separated 

into trait-present and trait-absent groups and their post cranial 

measurements were compared using SPSS subprogram T-TEST (see Nie 

et ale 1975: 267-275) (see Tables 10 through 17 for significant associa

tions between metric and discrete traits). 

The t-test for two independent samples is used to determine 

if significant differences exist between sample means for particular 

variables. It is assumed that the variables distribute normally 

in both samples and that the population variances are equal (Roscoe 

1975: 219). Subprogram T-TEST calculates F values, obtained by dividing 

the larger sample variance by the smaller sample variance. If the 

F statistic is significant, based on my choice of the .05 level, 

then t is based on the pooled variance estimate; if F is not signifi

cant, t is based on the separate variance estimate (see Nie et ale 

1975: 269-270). The .05 level ·was chosen for testing significance. 
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Table 10. Significant t-Tests between Means for Septal 
Aperture -Present and -Absent Groups (Grasshopper Males) 

Significance 
Trait t-Value df Level 

Humerus max. diam. mid-shaft -2.24 54 .029 

Humerus min. diam. mid-shaft -3.05 54 .004 

Femur subtroch. med. lat. diam. -2.35 61 .022 

Femur Subcroch. ant.-post. diam. -2.07 61 .042 

Table 11. Significant t-Tests between Means for Septal 
Aperture - Present and - Absent Groups (Grasshopper Females) 

Significance 
Trait t-Value df Level 

Ulna max. morpho len. -2.29 56 .026 

Humerus max. diam. mid-shaft 3.13 86 .002 

Humerus min. diam. mid-shaft 2.52 86 .013 

Femur med.-lat. diam mid-shaft 2.75 93 .007 

Femur subtroch. med .-lat. diam. 2.83 108 .006 
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Table 12. Significant t-Tests between Means for Atlas Lat. 
Spur - Present and - Absent Groups (Grasshopper Females) 

Significance 
Trait t-Value df Level 

Femur max. morpho len. 2.02 75 .047 

Femur subtroch. ant.-post. diam. 2.08 84 .041 

Tibia max. morpho len. 2.36 53 .022 

Table 13. Significant t-Tests bet\veen Neans for Acetabular 
Nark- Present and - Absent Groups (Grasshopper Males) 

Trait t-Value 

Humerus max. diam. mid-shaft -2.06 

Femur med.-lat. diam. mid-shaft -2.43 

df 

51 

50 

Significance 
Level 

.045 

.019 

Table 14. Significant t-Tests between Neans for Calcaneus Post. 
Facet Ext.- Present and- Absent Groups (Grasshopper Hales) 

Trait t-Value 

Ulna max morpho len. 2.61 

df 

37 

Significance 
Level 

.013 
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Table 15. Significant t-Tests between Means for Calcaneus Post. 
Facet Ext. - Present and - Absent Groups (Grasshopper Females) 

Trait t-Value df 
Significance 

Level 

Clavicle max. morpho len. 2.05 49 .046 

Table 16. Significant t-Tests between Means for 1st Cuneiform Dis. 
Facet for 2nd Metat. - 2nd Cun. - Present and -Absent Groups 
(Grasshopper Males) 

Significance 
Trait t-Value df Level 

Clavicle max. morpho len. _ 2.49 38 .017 

Femur max. diam. head - 2.16 49. .035 

Table 17. Significant t-Tests between Means for 1st Cuneiform Dis. 
Facet for 2nd Metat. - 2nd Cun. - Present and - Absent Groups 
(Grasshopper Females) 

Significance 
Trait t-Value df Level 

Humerus max. diam. mid-shaft 3.00 64 .004 

Tibia ant.-post. diam. nut. for. 2.25 76 .027 

Tibia med.-lat. diam. nut. for. 2.04 76 .045 
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Of the five discrete traits, the septal aperture is most 

related to body size. The maximum and minimum diameters of the humeral 

mid-shaft and the femoral subtrochanteric medio-lateral diameter 

show significantly larger mean values in the group lacking a septal 

aperture for both males and females. In addition, males without 

septal apertures show a significantly larger femoral subtrochanteric 

anterior-posterior diameter and females lacking this trait exhibited 

a significantly smaller average for the ulnar maximum morphological 

length and a significantly larger mean for the femoral medio-lateral 

mid-shaft diameter. Thus, the septal aperture is more frequent in 

males and females with relatively gracile humerii and femora. Obviously, 

the thickness of the septum directly varies with humeral robusticity 

and, likely, with an individual's overall robusticity. 

For the other four post cranial discrete characters there 

are relatively few significant associations with robusticity, and 

these appear to be fortuitous. In the atlas lateral spur-present 

group, females displayed larger mean values for the tibial and femoral 

maximum morphological lengths and subtrochanteric anterior-posterior 

diameter. For males, however, there are no significant differences 

between lateral spur-present and -absent groups. For males and females 

with a calcaneal posterior facet extension present, there is a signifi

cantly larger mean value for the ulnar maximum morphological length 

and a significantly smaller mean for the clavicular maximum morphological 

length, respectively. Males exhibiting an acetabular mark had signifi

cantly larger means for the humeral maximum mid-shaft diameter and 



femoral mid-shaft medio-lateral diameter than those lacking this 

feature. Females, though, showed no significant differences between 

acetabular-present and -absent groups. The third trochanter is not 

related to robusticity in either males or females. 
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Except for the septal aperture, this analysis shows few metric 

differences in the postcranium between trait-present and trait-absent 

groups for five discrete variants of the atlas vertebra, innominate, 

humerus, femur, and calcaneus. 

Metric Traits 

The SPSS subpr9gam T-TEST was used to investigate differences 

in the facial measurements between individuals showing no or little 

neurocranial deformation and those displaying moderate or pronounced 

deformation. Subprogram T-TEST was also used to compare metric differ

ences between younger and older adults, as previously designated. 

SPSS subprogram PEARSON CORR was used to calculate Pearson 

product-moment correlation coefficients between osseous measurements 

(see Nie et ale 1975: 279-288). A negative correlation means that 

the variables inversely vary together and a positive correlation 

signifies that the variables directly vary together. This correlation 

coefficient (r) can range from +1.0 to -1.0, indicating that a perfect 

positive or negative relationship exists between variables, respective

ly. The square of r, the coefficient of determination, measures 

"the proportion of variance in one variable explained by the other 

(Nie et al. 1975: 280)." 



Due to poor sample sizes, the Kinishba skeletons were not 

analyzed either for differences in metric traits between younger 

and older adults or for intertrait correlations. 

Influences of Deformation on Cranial Traits 
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Two different types of artificial cranial deformation, occipital 

and lambdoidal, are observed in the skeletal samples. It has been 

suggested (and generally accepted) that the deformation observed 

in crania from the Southwest resulted from pressure exerted on the 

rapidly growing infant's head through the use of cradle-boards (Cummings 

1940: 93). It is important to know whether any cranial or mandibular 

measurements are significantly affected by such neurocranial molding. 

Occipital deformation results in an anterior flattening of 

the posterior aspect of the cranial vault. In slight occipital defor

mation flattening occurs between the superior portion of the lambdoidal 

suture and the superior nuchal line. In moderate deformation flatten

ing is exhibited from point lambda, the junction of the sagittal 

and lambdoidal sutures, to the superior nuchal line. There is flatten

ing from point lambda to the inferior nuchal line in pronounced occipital 

deformation, the occipital region appearing vertical when the cranium 

is oriented in the Frankfurt Plane. 

Lambdoidal deformation results in an anterior inferior flatten

ing in the area of point lambda. In slight lambdoidal deformation 

there is flattening from the posterior third of the sagittal suture 

extending through the superior third of the occipital bone. There 

is a flattening from the posterior third of the sagittal suture to 
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the superior nuchal line in model'ate deformation. In pronounced 

deformation flattening is observed from the mid-point of the sagittal 

suture to the superior nuohal line (see Table 18 for frequencies 

of occipital and lambdoidal deformation among males and females from 

the four sites). 

This system of classifying degrees of cranial deformation 

is simply a means whereby slightly deformed crania can be separated 

from the more overtly deformed crania. For statistical purposes 

I believe that slightly deformed crania should be lumped with non

deformed crania, since there are few of the latter and it is difficult 

to determine when a cranium shows no deformation whatsoever. 

Some crania are asymmetrically deformed. However, these 

are more infrequent than symmetrically deformed crania. Thus, there 

is no practical need for analyzing separately the asymmetrically 

and symmetrically deformed crania. 

Among the skeletal samples moderate to pronounced occipital 

deformation ranges from 41-69%; slight occipital deformation ranges 

from 5-16%. It was decided that Grasshopper presents suitable sample 

sizes of male and female crania to investigate possible effects of 

occipital deformation on craniofacial structure. Since there are 

not many crania showing no deformation or slight deformation, those 

showing slight lambdoidal deformation are included with them for 

comparison with crania displaying moderate or pronounced occipital 

deformation (see Table 19 for significant results of influences of 

occipital deformation on the splanchnocranium). 



Table 18. Frequencies of Occipital and Lambdoidal Cranial Deformation 
by Site and Sex 

Occipital Lambdoidal 
Site Sex No.deform Slight Mod. Pran. Slight Mod. Pron. 

Grasshopper M 4 5 26 28 5 2 0 
Ruin (%) (5.71) (7.14) (37.14) (40.00) (7.14) (2.86) 

F 12 23 40 37 7 0 0 
(%) (10.08) (19.33) (33.61) (31. 09) (5.88) 

Kinishba M 1 1 3 3 2 2 0 
Ruin (%) (8.33) (8.33) (25.00) (25.00) (16.67) (16.67) 

F 0 3 7 1 3 6 1 
(%) (14.29) (33.33) (4.76) (14.29) (28.57) (4.76) 

Point of M 1 3 9 4 5 7 0 
Pines Ruin (%) (3.45) (10.34) (31.03) (13.79) (17.24 ) (24.14 ) 

F 1 8 14 1 9 7 0 
(%) (2.50) (20.00) (35.00) (2.50) (22.50) (17 .50) 

Turkey Creek M 4 1 13 9 5 6 0 
Ruin (%) (10.53) (2.63) (34.21) (23.68) (13.16) (15.79) 

F 5 3 16 4 11 8 0 
(%) (10.64) (6.38) (34.04) (8.51) (23.40) (17.02) 

N 

70 

119 

12 

21 

29 

40 

38 

47 

I-' 
I-' 
~ 



Table 19. Significant t-Tests between Means for Crania Showing No or 
Slight Deformation and Crania Displaying Moderate or 
Pronounced Occipital Deformation (Grasshopper Females) 
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Significance 
Trait t-Value df Level 

Bigonial br. -3.25 90 .000 

Bicondylar br. -3.89 67 .000 

Basion to Bragma ht. -4.08 32 .003 



There are 14 males in the no or slight deformation group 

and 54 males in the moderate or pronounced occipital deformation 

group. For all 13 craniometric traits, there are no significant 

differences between these groups. 

There are 41 females who show no or slight deformation and 

72 females who exhibit moderate or pronounced occipital deformation. 

In the latter group the means for bigonial and bicondylar breadth 
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and basion to bregma height are significantly larger. Hence, the 

anterior flattening of the occipital bone resulted in a superior 

displacement at point bregma and a lateral displacement of the temporo

mandibular joints in the females. Based on these results, it was 

decided that these three traits should be excluded from further analysis. 

Among the samples moderate to pronounced lambdoidal deformation 

ranges from 1-20% and slight deformation ranges fr'om 6-20%. There 

are not enough individuals from anyone sample to investigate the 

effects of lambdoidal deformation on craniofacial structure. Thus, 

skulls from Point of Pines and Kinishba were pooled. Based on research 

I discussed earlier, the Turkey Creek sample was not included due 

to its possible biological separation from the other Western Pueblo 

samples. 

There are 14 males and 14 females exhibiting no or slight 

deformation and 54 males and 21 females displaying moderate or pronounced 

deformation. For the 13 craniometric traits no significant differences 

were found between groups. 
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In this study it is apparent that neither occipital nor lambdoidal 

deformation has much influence on craniofacial development. However, 

to my knowledge, no effects of occipital deformation on mandibular 

development have been reported. I reiterate that in studies of biological 

distance it should not be assumed, without appropriate research, 

that artificial cranial deformation does not significantly alter 

craniofacial measurements. 

Intertrait Correlations. Correlation coefficients were calculated 

for the 29 cranial and postcranial metric traits, resulting in 406 

non-redundant correlations for each sample. For coefficients that 

range between -.5 and +.5 correlation cannot be inferred from inspections 

of scattergrams ••• unless the sample is very large, say, 500 (Sokal 

and Rohlf 1981: 568)." However, based on a sample of 100 and an 

r of .7, covariation can be visualized on a scattergram (Sokal and 

Rohlf 1981: 570). In this study correlations less than ±.70 between 

bony measurements are not considered strong. 

In general, based on correlation coefficients derived from 

the Grasshopper, Turkey Creek, and Point of Pines skeletal measure

ments, the strongest associations are between postcranial traits; 

cranial traits show relatively weak associations with each other; 

and the weakest associations are between cranial and post cranial 

traits (see Appendix B, Tables B.1 and B.2 for Pearson r's greater 

than or equal to ±.70 for Grasshopper males and females, respectively, 

and Tables B.3 and B.4 for Pearson r's less than ± .10 for Grasshopper 

males and females, respectively). Specifically, the strongest 
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correlations are between the maximum morphological lengths of long 

bones. For example, of the 35 coefficients greater than .70 for 

Grasshopper males and females, 30 of them are between long bone lengths, 

and these vary directly. 

Multiple measurements were taken on the humerus and femur. 

Measurements taken from different parts of the same bone might be 

expected to correlate strongly. This does not appear to be true, 

however. Based on correlation coefficients of both sexes from all 

sites except Kinishba, for males and females correlations between 

humeral measurements average around .37 and .38, respectively. For 

males and females correlations between femoral measurements average 

approximately .49 and .65, respectively (see Appendix B, Tables B.5 

through B.10 for selected correlation coefficients between measurements 

from the same bone for males and females from Grasshopper, Point 

of Pines, and Turkey Creek). The coefficient of determination based 

on a correlation of ±.65 is only .4225, i.e., only about 42% of the 

variance in one variable is explained by the other. Thus, even between 

measurements from the same bone most correlations are not very strong. 

Age Differences. SPSS subprogram T-TEST was used to compare 

cranial and postcranial measurements between younger and older adults 

from Grasshopper, Point of Pines, and Turkey Creek (see Tables 20 

through 25 for traits significantly associated with age among males 

and females). For Grasshopper males the only trait significantly 

associated with age is humeral maximum mid-shaft diameter. For Turkey 

Creek males the only trait significantly correlated with age is humeral 



Table 20. Significant t-Tests between Means for Younger and Older 
Adult Grasshopper Males 
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Trait t-Va1ue df 
Significance 

Level 

Humerus max. diam. mid-shaft -2.41 56 .019 

Table 21. Significant t-Tests between Means for Younger and Older 
Adult Grasshopper Females 

Trait 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Femur bicond. wid. 

Femur ant.-post. dia~mid-shaft 

Femur med.-1at. diam. mid-shaft 

Femur subtroch. med.-1at. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-1at. diam. nut. for. 

Orbital br. 

Min. br. ascending ramus 

Max. mandibular len. 

t-Va1ue 

-3.39 

-2.57 

-2.46 

-3.52 

-3.79 

-3.09 

-3.54 

-4.65 

-2.70 

-2.11 

-2.96 

-2.86 

-2.31 

2.11 

-2.68 

Significance 
df Level 

82.96 .001 

86 .012 

94 .016 

98.18 .001 

73 .000 

94 .003 

93 .001 

107 .000 

107 .008 

103 .038 

101 .004 

101 .005 

39 .027 

108 .037 

80 .009 



Table 22. Significant t-Tests between Means for Younger and Older 
Adult Turkey Creek Males 
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Trait t-Value df 
Significance 

Level 

Humerus biepicond. wid. -2.65 24 .014 

Table 23. Significant t-Tests between Means for Younger and Older 
Adult Turkey Creek Females 

Significance 
Trait t-Value df Level 

Femur bicond. wid. -2.45 33 .020 

Femur med.-lat. diam. mid-shaft -2.95 37 .006 

Femur subtroch. med.-lat. diam. -3.72 50 .001 

Femur subtroch. ant. -post. diam. -2.02 50 .049 

Table 24. Significant t-Tests between Means for Younger and Older 
Adult Point of Pines Males 

Significance 
Trait t-Value df Level 

Clavicle max. morpho len. 2.37 11 .037 

Femur subtroch. med.-lat. diam. -3.29 48 .002 

Femur subtroch. ant.-post. diam. -2.10 48 .041 

Orbital ht. -0.09 4 .004 
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Table 25. Significant t-Tests between Means for Younger and Older 
Adult Point of Pines Females 

Trait t-Value 

Orbital br. -2.71 

Interorbital br. 2.76 

df 

6 

6 

Significance 
Level 

.035 

.033 



biepicondylar width. For POint . .9f Pines females the orbital and 

interorbital breadths show significant t-tests, but the sample sizes 

are extremely small (degrees of freedom equal 6 for both traits). 
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There are several traits associated with age among the Point 

of Pines males, the Turkey Creek females, and the Grasshopper females. 

The Grasshopper females constitute the only sample with numerous 

traits significantly correlated with age (1 cranial, 2 mandibular, 

and 12 postcranial). The humerus, femur, and tibia are more robust 

in the older Grasshopper females. This, however, is not considered 

problematical since the age distributions are roughly similar for 

the skeletal samples. 

Selection of Traits for Estimating Biological Distances 

The discontinuous traits retained after the intraobserver 

analysis are basically independent of sex, age, and each other. 

Therefore, they are considered appropriate for biological distance 

purposes. Two traits, however, are excluded since they are rare 

among the samples: the lack of transverse foramina in the axis and 

7th cervical vertebrae (occurring 6 times in 228 individuals and 

once in 159 individuals, respectively). 

The metric traits are more interrelated than are the discrete 

traits. As stated, traits used in the PLC statistic should not be 

strongly correlated. Thus, due to their strong interdependence, 

the maximum morphological lengths of the radius, ulna, femur, tibia, 

and fibula are not incorporated in the PLC statistic. 
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Sample sizes are small for some metric traits, especially 

those of the cranium. This problem notwithstanding, based on computa

tions of skewness, most continuous measurements derived from the 

skeletal samples tend to show fairly normal distributions (see Appendix 

C for descriptive statistics of metric traits, derived from SPSS 

subprogram CONDESCRIPTIVE (see Nie et ale 1975: 181-193». 



CHAPTER 4 

BIOLOGICAL DISTANCE RESULTS 

Based on archaeological evidence, around A.D. 1300 many people 

were migrating into the Grasshopper region, especially from adjacent 

Anasazi areas. At this time the east-central Arizona pueblo populations 

increased in size, were culturally alike, and interacted socio

economically and, possibly, genetically as well. Migrations probably 

occurred within east-central Arizona, too. It appears, for example, 

that in the early 1300's Grasshopper inhabitants founded Red Rock 

House and Canyon Creek Ruin, cliff-dwellings southwest of Grasshopper 

(Reid 1973: 129-130). Thus, it is not unexpected that previous research 

on the skeletal remains of Western Pueblo peoples who inhabited east

central Arizona during the 14th century generally indicates they 

were relatively biologically similar. 

For this dissertation, using appropriate statistical methods, 

comprehensive analyses of discrete and metric variation among four 

major Western Pueblo skeletal samples are made in order to reveal 

valid estimations of biological distance among the groups they represent. 

In addition, biological relationships between the burial groups of 

the east and west areas of Grasshopper, separated by the Salt River 

Draw, are inferred. Whittlesey (1978: 171) noted that the west unit 

burials, particularly those from the Great Kiva, possess more items 

of "weal th", e.g., trade pottery, and stone, shell and bone ornaments, 
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than do the burials of the east unit. Hence, it is possible that 

persons of high status were buried in the west area. It is of interest, 

therefore, to test for biological differences between males and between 

females from the east and west components of Grasshopper. 

There is no consensus regarding the best methods for assessing 

biological distance between skeletal samples and the groups they' 

represent. Multivariate analyses, however, are popular in biological 

distance studies. In "morphometric" analyses the body is appropriately 

analyzed as a unit of independent and contrasting patterns of variation 

(Pimental 1971: 1). Problems with this use of multivariate statistics, 

though, include difficulties in interpreting relationships among 

samples in multivariate space and in ascribing biological significance 

to the numerical results (see Kowalski 1972; van Vark 1976; and Corruccini 

1978). To be useful, multivarlate analyses should 1) reduce the 

complexity of data, rather than increase it, and 2) provide results 

that are biologically meaningful. In this study, it is believed 

that Pearson's Lambda Criterion and discriminant analysis are valid 

multivariate statistical tools for biological differentiation that 

can suffice the above two conditions. 

PLC, not affected by differing sample sizes or trait numbers, 

is a straightforward statistic whereby the significance levels associat

ed with particular chi-square tests or t-tests are individually multiplied 

by the natural logarithm (log base e), the sum of which is multiplied 

by -2. The resultant positive value is tested fot' significance through 

the percentage points of'the chi-square distribution (for this purpose 



Harter (1964) was used), with degrees of freedom equalling two times 

the number of variables (p). For analyzing discrete data, raw chi-

square calculations are utilized (Constandse-Westermann 1972: 129). 

"In combining experiments in which values of i corresponding to 

one degree of freedom are obtained, Yates' correction is omitted 

since it has a tendency to overcorrect (Spiegel 1961: 213)." 

Discriminant function analysis was performed through SPSS 

subprogram DISCRIMINANT (see Klecka 1975: 434-467) to differentiate 

statistically between the four skeletal samples based on cranial 

and post cranial variables. Discriminant analysis yields one or more 

linear combinations of weighted variables which appear as 

D. is the value on discriminant functior. 
~ 

ij the d's are the weighted coefficientsj and the Z's constitute 

standardized values of the p discriminating variables (Klecka 1975: 

434). The number of discriminant functions produced equals either 

one less the number of samples or the number of variables, whichever 

is less. These canonical discriminant functions, i.e., canonical 
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variates, are formed to separate maximally between groups and represent 

orthogonal axes in geometric space along which the distance between 

group centroids can be "visualized". 

Subprogram DISCRIMINANT has a classification feature whereby 

unknown cases are assigned to particular groups based on results 

of classification functions. Each group has its own unique function, 

producing "a probability of membership in the respective group, and 

the case is assigned to the group with the highest probability (Klecka 
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1975: 436)." The classification function is designated as 

C.=c. 1V1+c. 2V2+ ••• +c. V +c, O: C. is the classificatin score for 
~ ~ ~ ~p p ~ ~ 

group ij the c's are the classification coefficientsj ciO is the 

constant for group ij and the V's constitute the raw values for the 

discrimina ting var iables (Klecka 1975: 445). 

In this study, group membership of all cases, i.e., skeletons, 

is known. However, the adequacy of the classification functions 

can be assessed, based on the percentage of skeletons which are cor-

rectly assigned to their respective groups. The accuracy of the 

classification functions is directly related to the distance between 

groups in discriminant space. 

Subprogram DISCRIMINANT has optional "stepwise procedures" 

which selectively enter all or some of the discriminating variables 

into combinations for the most effective separation of groups. Specific 

criteria are chosen for this purpose: in this study smallest Wilks' 

Lambda, based on variables which maximize the overall multivariate 

F ratio, and largest Rao's V, a "suitable generalization of Mahalanobis' 

D2 in its classical form (Rao 1952: 257)" are used. Both of these 

criteria maximize the distance between group centroids and may be 

tested for statistical significance. In the stepwise procedures, 

some variables may be deleted from analysis if they cannot add to 

the discriminatory ability of a function and some which have been 

entered may be deleted if, as more variables are added, they too 

fail to aid in the separation of samples. The discriminatory ability 

of the selected variables can be statistically measured. 
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Variables are considered important for group differentiation 

if their discriminant function coefficients, whether negative or 

positive, are relatively large (Klecka 1975: 443). Also, the eigenvalue 

and canonical correlation are suggestive of the relative importance 

of the canonical discriminant function with which they are associated 

(Klecka 1975: 442). An eigenvalue measures the portion of the total 

variance accounted for by the discriminating variables with which 

it is associated. A canonical correlation is a measure of the relation-

ship between the function and the variables on which the function 

is based. 

Wilks' Lambda criterion is another means whereby a function's 

ability to separate groups may be assessed. This statistic inversely 

measures the "discrimimting power in the origiml variables" which 

still exists after each canonical variate has been formed (Klecka 

1975: 442-443). Thus, as Wilks' Lambda increases, the discrimimtory 

ability of the variables decreases. 

Mahalanobis' D2 is directly related to the F statistics comput-

ed between groups by subprogram DISCRIMINANT. In the case of two 

groups, D2 = [p(n.+n.)(N-2)/(n.)(n.)(N-p-n1 F: N equals the total 
Pij J. J J. J J 

number of cases; p is the number of variables; and ij represents 

the groups under consideration (Constandse-Westermann 1972: 53). 

F has p and N-p-1 degrees of freedom; a significant F indicates that 

the associated D2 is also significant (Afifi and Azen 1979: 296). 

When three or more groups are analyzed, F has p and N-N -p+1 degrees 
g 



of freedom (N equals 
g 

2 than two groups, D p 
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the number of groups). Therefore, with more 

= [o(n.+n.)(N-N )/(n.)(n.)(N-N -p+1)] F. • ~J g ~ J g 

Discriminant analysis provides powerful tools for statistically 

identifying and classifying group differences based on measurable 

traits. However, a statistically significant canonical variate, 

based on its associated eigenvalue, canonical correlation, and Wilks' 

Lambda, is not necessarily biologically meaningful and vice versa 

(see Blackith and Reyment 1971: 89-93). When only a few variables 

are chosen through a stepwise procedure, the "number of axes of variation" 

is limited, and only the first canonical variate may be statistically 

significant (Blackith and Reyment 1971: 91). Nevertheless, those 

which are nonsignificant sometimes are the most biologically meaning-

ful. The relationship "between the statistical and the biological 

importance of an axis of variation (Blackith and Reyment 1971: 90-

91)" must always be care full y ass ess ed • 

Biological Distance Based on Pearson's Lambda Criterion 

Discrete Traits 

The frequencies of the post cranial discrete traits considered 

appl'opriate for estimating biological distance were compared among 

the four groups, using the Chi-square test computed through SPSS 

subprogram CROSSTABS (see Appendix D for the raw X2 results between 

samples). In addition, males from the east and west portions of 

Grasshopper were compared and likewise for females to see if biological-

1y different groups were buried in these areas separated by the Salt 

Draw (see Appendix D for the raw x2 results for the Grasshopper intrasite 



comparisons). Based on the significance levels associated with each 

chi-square test, PLC was computed and its significance level was 

determined (see Tables 26 and 27 for the results of the intergroup 

comparisons and Grasshopper intrasite comparisons, respectively). 
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Based on 19 traits, of six pairwise comparisons between samples, 

two are Significant at the .05 level: the Grasshopper sample is 

separate from that of Point of Pines and the latter is distinct from 

that of Kinishba. Neither of the Grasshopper intrasite comparisons 

is significant at the .05 level. 

Metric Traits 

Metric data considered appropriate for distance analysis 

were compared between males and between females from the four sites, 

using the t-test computed through SPSS subprogram T-TEST (see Appendix 

E for t-tests between means for males and for females). Also, the 

same Grasshopper intrasite comparisons were made, as were made using 

discrete characters (see Appendix E for t-tests between means for 

Grasshopper males and females). Based on the individual t-test signif

icance levels, PLC was computed and its associated significance level 

was ascertained (see Tables 28 and 29 for results of comparisons 

between males and between females, respectively, from the four sites 

and Table 30 for results of the Grasshopper intrasite comparisons). 

Based on 24 metric traits (7 cranial, 3 mandibular, and 14 

postcranial), there are four significant intergroup comparisons at 

the .05 level for females and five for males. For both sexes the 

Turkey Creek group is significantly different from the other three 



Table 26. Calculations of Pearson's Lambda Criterion between Groups 
Based on 19 Discrete Traits of ~he Postcranium.* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 49.634 81.372 23.900 
( .10) (.0001) (.95) 

Turkey Creek 38.804 32.016 
( .40) (.70) 

Point of Pines 59.124 
(,01) 

)':D.F. = 38; Significance levels are in parentheses. 

Table 27. Calculations of Pearson's Lambda Criterion between }lales 
and between Females from the East and West Units of Grass
hopper Based on 19 Discrete Traits of the Postcranium.* 

Males 

22.494 
(.20) 

Females 

29.846 
(.80) 

*D.F. = 38; Significance levels are in parentheses. 
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Table 28. Calculations of Pearson's Lambda Criterion for Males between 
Groups Based on 24 Metric Traits of the Cranium and Post
cranium. )': 

Kinishba Point of Pines Turkey Creek 

Grasshopper 71.190 84.576 132.122 
(.025) (.001) (.0001) 

Turkey Creek 109.510 123.774 
(.0001) (.0001) 

Point of Pines 44.640 
(.60) 

*D.F. = 48; Significance levels are in Parentheses. 

Table 29. Calculations of Pearson's Lambda Criterion for Females 
between Groups Based on 24 Metric Traits of the Cranium 
and Pos tcranium . "/: 

Kinishba Point of Pines Turkey Creek 

Grasshopper 47.574 95.508 155.010 
(.50) (.0001) (.0001) 

Turkey Creek 77 .072 101.468 
(.005) (.0001) 

Point of Pines 49.860 
(.40) 

*D.F. = 48; Significance levels are in parentheses. 

.. 
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Table 30. Calculations of Pearson's Lambda Criterion between Males 
and between Females from the East and West Units of Grass
hopper Based on 24 Metric Traits of the Cranium and Post
cranium. * 

Males 

41.534 
(.70) 

)·(D. F. = 48; Significance levels are in parentheses. 

Females 

34.140 
(.95) 



groups and the Grasshopper sample is significantly distinct from 

that of Point of Pines. In addition, the Grasshopper and Kinishba 

males are significantly different. Neither males nor females between 

the east and west units of Grasshopper are significantly different 

at the .05 level. 

The results derived from discrete and metric data, using 

the same statistic, are highly diacordant. The metric data suggest 

that these Western Pueblo samples represent several biologically 

different groups, though this is not implied by the discrete data. 

Based on the metric traits, the numerous significant differences 

among groups, the nature of which I will discuss later, are in part 

probably due to the stronger correlations among these traits than 

among the discrete traits. However, before making any firm judgments 

on reasons for these discordant results and on the appropriate data 

for assessing the biological relationships among the groups in this 

study, further analysis is deemed necessary. 

It was decided that the axial and appendicular skeletal data 

should be analyzed separately. It is likely that limb bone develop

ment, for discrete as well as metric traits, is more affected by 

most physical and locomoter activities than is the development of 

the bones of the skull and trunk. Thus, the nine vertebral discrete 

traits were treated separately from the ten appendicular traits (see 

Tables 31 and 32 for the results of the intergroup comparisons based 

on the axial and appendicular traits, respectively, and Tables 33 
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Table 31. Calculations of Pearson's Lambda Criterion between Groups 
Based on 9 Discrete Traits of the Axial Skeleton* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 15.208 25.872 12.328 
(.60) ( .10) (.80) 

Turkey Creek 15.532 11.068 
(.60) (.90) 

Point of Pines 19.594 
( .40) 

*D.F. 18; Significance levels are in parentheses. 

Table 32. Calculations of Pearson's Lambda Criterion between Groups 
Based on 10 Discrete Traits of the Appendicular Skeleton* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 34.426 55.500 11. 572 
(.025) ( .0001) (.95) 

Turkey Creek 23.272 20.948 
(.30) (.40) 

Point of Pines 39.530 
(.005) 

)·;D. F. = 20; Significance levels are in parentheses. 
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Table 33. Calculations of Pearson's Lambda Criterion between Males 
and between Females from the East and West Units of 
Grasshopper Based on 9 Discrete Traits of the Axial 
Skeleton* 

Males 

30.778 
(.025) 

Females 

16.272 
(.60) 

*D.F. = 18; Significance levels are in parentheses. 
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Table 34. Calculations of Pearson's Lambda Criterion between Males 
and between Females from the East and West Units of 
Grasshopper Based on 10 Discrete Traits of the Appendicular 
Skeleton* 

Males 

14.210 
(.80) 

Females 

13.574 
(.80) 

*D.F. 20; Significance levels are in parentheses. 

Table 35. Calculations of Pearson's Lambda Criterion for Hales 
between Groups Based on 7 Metric Traits of the Cranium* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 23.010 20.704 21.282 
( .05) ( .10) ( .10) 

Turkey Creek 16.488 19.384 
(.30t (.20) 

Point of Pines 11. 756 
(.40) 

~~D. F. = 14; Significance Levels are in parentheses. 



Table 36. Calculations of Pearson's Lambda Criterion for Females 
between Groups Based on 7 Metric Traits of the Cranium* 

Kinishba 

Grasshopper 10.070 
(.70) 

Turkey Creek 14.686 
(.40) 

Point of Pines 15.368 
(.40) 

Point of Pines Turkey Creek " 

18.498 16.612 
(.20) (.30) 

26.676 
(.025) 

*D. F. = 14; Significance level"s are in parentheses. 

Table 37. Calculations of Pearson's Lambda Criterion between Males 
and between Females from the East and l.Jest Units of 
Grasshopper Based on 7 Metric Traits of the Cranium* 

Males 

12.966 
(.50) 

*D. F. = 14; Significance levels are in parentheses. 

Females 

10.262 
(.70) 
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Table 38. Calculations of Pearson's Lambda Criterion for Males 
between Groups Based on 3 Metric Traits of the Mandible* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 15.402 13.318 23.846 
(.025) (.05) (.0005) 

Turkey Creek 12.018 9.802 
(.05 ) ( .10) 

Point of Pines 11.524 
( .10) 

*D.F. = 6; Significance levels are in parentheses. 

Table 39. Calculations of Pearson's Lambda Criterion for Females 
between Groups Based on 3 Metric Traits of the Mandible* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 8.152 3.082 17.378 
(.20) (.40) (.01) 

Turkey Creek 15.012 19.914 
(.025) (.005) 

Point of Pines 7.064 
(.30) 

*D.F. 6; Significance levels are in parentheses. 
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Table 40. C~lcu1ations of Pearson's Lambda Criterion between Males 
and between Females from the East and West Units of 
Grasshopper Based on 3 Metric Traits of the Mandib1e* 

Males 

10.014 
( .10) 

Females 

2.914 
(.80) 

*D.F. - 6; Significance levels are in parentheses. 

Table 41. Calculations of Pearson's Lambda Criterion for Males 
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between Groups Based on 14 Metric Traits of the Postcranium* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 32.778 50.554 86.994 
(.30) (.005 ) (.0001) 

Turkey Creek 81.004 94.588 
(.0001) (.0001) 

Point of Pines 21. 360 
(.80) 

*D.F. = 28; Significance levels are in parentheses. 



Table 42. Calculations of Pearson's Lambda Criterion for Females 
between Groups Based on 14 Metric Traits of the Post
cranium* 

Kinishba Point of Pines Turkey Creek 

Grasshopper 29.352 70.846 121.020 
(.40) (.0001) (.0001) 

Turkey Creek 43.374 54.878 
(.025) (.0001) 

Point of Pines 27.428 
(.50) 

*D.F. = 28; Significance levels are in parentheses. 

Table 43. Calculations of Pearson's Lambda Criterion between Males 
and Females from the East and West Units of Grasshopper 
Based on 14 Metric Traits of the Postcranium* 

Males 

18.554 
(.90) 

Females 

20.964 
(.80) 

*D.F. = 28; Significance levels are in parentheses. 
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Grasshopper intrasite comparisons based on the axial and appendicular 

traits, respectively). 

For metric traits the cranium, mandible, and appendicular 

skeleton were analyzed separately (see Tables 35 and 36 for results 

of the intergroup comparisons for males and females, respectively, 

based on the seven cranial traits, and Table 37 for results of the 

Grasshopper intrasite comparisons, based on the same traits; see 

Tables 38 and 39 for results of the intergroup comparisons for males 

and females, respectively, based on the three mandibular traits, 

and Table 40 for results of the Grasshopper intrasite comparisons, 

based on the same traits; see Tables 41 and 42 for results of the 

intergroup comparisons for males and females, respectively, based 

on the fourteen postcranial traits, and Table 43 for results of the 

Grasshopper intrasite comparisons, based on the same traits). Although 

the mandible constitutes part of the axial skeleton, it is studied 

separately from the cranium, a& mandibular development is more affected 

by masticatory stresses than is cranial development. 

Discrete Axial Traits. There are no significant intergroup 

differences at the .05 level, based on discrete axial traits. Curiously, 

though, the Grasshopper intrasite comparisons show that the east 

and west unit males are Significantly different (although this is 

not so for females). 

Discrete Appendicular Traits. Based on the discrete traits 

of the appendicular skeleton, there are three significant intergroup 

differences at the .05 level between the samples representing 



Grasshopper and Kinishba, Grasshopper and Point of Pines, and Point 

of Pines and Kinishba. Notable trait differences at the .05 level 
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include the septal aperture, significantly more frequent in the Grasshopper 

series than in those of Kinishba and Point of Pines; the traits of 

the talus and 1st metatarsal, significantly more frequent in the 

Grasshopper sample than in that of Point of Pines; the circumflex 

SUlcus, significantly more prevalent in the Point of Pines sample 

than in the Grasshopper sample; and the 3rd trochanter and trait 

of the talus, significantly more frequent in the Kinishba sample 

than in the Point of Pines series. There are no significant differences 

at the .05 level either for males or for females between the east 

and west components of Grasshopper. 

Metric Cranial Traits (Males). Based on the metric cranial 

traits, the Grasshopper and Kinishba samples represent the only signifi

cant intergroup difference at the .05 level. The Kinishba males 

display larger interorbital and minimum frontal breadths. Grasshopper 

males from the east and west localities do not significantly differ. 

Metric Mandibular Traits (Males). Based on the mandibular 

measurements, there are several significant intergroup differences 

at the .05 level for males. The Grasshoppersample is Significantly 

different from the other three and t~e Turkeyand 34 for results of 

the Creek group is distinct from that of Kinishba. The minimum width 

of the ascending ramus is larger for the Turkey Creek males than 

for the Kinishba or Grasshopper males. The height of the ascending 

ramus is greater for the Grasshopper males than for those of Kinishba 
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and Turkey Creek. Males between the east and west sections of Grass

hopper do not vary significantly. 

Metric Post cranial Traits (Males). Based on the postcranium, 

there are numerous intergroup dif-ferences among males, though the 

Grasshopper males between the east and west units are not significantly 

different. Significant differences at the .05 level are noted between 

the Grasshopper and Point of Pines samples, and between those of 

Turkey Creek and the other three groups. In general, Turkey Creek 

males are taller (their mean stature is 163.41 cm.) and more robust 

than males from the other sites (robustic.ity, as used in this study, 

refers to measurements which are related to muscularity of the arms 

and thighs). In addition, Grasshopper males are taller and somewhat 

more robust than are the Kinishba males (see Table 44 for mean statures 

estimated for the males from the four sites). 

Metric Cranial Traits (Females). Based on the metric cranial 

traits for females, the only significant intergroup distinction is 

between the Point of Pines and Turkey Creek groups. The Point of 

Pines females display greater biorbital and interorbital breadths. 

There is no significant difference at the .05 level between females 

representing the east and west sections of Grasshopper. 

Metric Mandibular Traits (Females). Based on the mandibular 

traits, there are three significant intergroup differences at the 

.05 level for females: the Turkey Creek group significantly differs 

from the other three. The Turkey Creek females show the largest 



Table 44. Estimated Mean Statures in Centimeters for Males from the Four Sites Based 
on the Maximum Morphological Length of the Femur* 

Grasshopper 

162.716 
(n=57) 

Kinishba 

162.139 
(n=9) 

*See Genoves (1967: 76) for the formula. 

Point of Pines 

160.051 
(n=37.) 

Turkey Creek 

163.407 
(n=23) 

..... 

.j::-

.j::--



minimum width of the ascending ramus. The Grasshopper females from 

the east and west areas are not significantly different. 

Metric Postcranial Traits (Females). Post cranially , females 

exhibit the same four significant intergroup differences at the .05 

level as do the males. Grasshopper females show the tallest mean 

stature (152.47 centimeters). Turkey Creek females are somewhat 

taller than those of Kinishba and Point of Pines and more robust 
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than are females from the other three sites (see Table 45 for mean 

statures estimated for the females from the four sites). The Grasshopper 

female intrasite comparison is not significant at the .05 level. 

Conclusions of Analyses Based on Pearson's Lambda Criterion. 

The biological distance results derived from the axial and appendicular 

skeletons are disharmonious for both discrete and metric data. The 

appendicular skeleton shows many statistically significant differences 

among the Western Pueblo groups. However, the axial skeleton exhibits 

very few significant differences among these groups. 

Based on the various subsets of data, the Grasshopper intrasite 

comparisons show, for the most part, that the males and females, 

respectively, between the east and west units are very alike morphologically. 

The discrete traits of the axial skeleton, though, suggest that the 

males between the east and west units of Grasshopper are biologically 

different. 

If the Western Pueblo groups comprising this study shared 

similar cultural and natural environments and employed similar subsistance 

strategies, then significant morphological differences in the skeleton 



Table 45. Estimated Mean Statures in Centimeters for Females from the Four Sites Based 
on the Maximum Morphological Length of the Femur* 

* 

Grasshopper 

152.472 
(n=96) 

Kinishba 

149.461 
(n=15) 

See Genoves (1967: 76) for the formula. 

Point of Pines 

150.779 
(n=33) 

Turkey Creek 

151.685 
(n=39) 

f-' 
.p-
O" 
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seemingly should indicate that these peoples were biologically different. 

Theoretically, however, significant biological differences among 

these groups should be reflected in both the axial and appendicular 

skeletons. The major differences among these Puebloan groups, though, 

are present in the appendicular skeleton, relating to stature and 

robusticity. It is possible that various environmental and behavioral 

factors contributed to these differences in post cranial anatomy, 

a topic which will receive further treatment later. 

Biological Distance Based on 
Discriminant Analysis 

The next aspect of this study is the presentation and interpretation 

of the results of discriminant function analysis and Mahalanobis' 

D2. Since very few skeletons from any sample were complete enough 

to obtain all of the skeletal measurements used in this study, Option 

Two of SPSS subprogram DISCRIMINANT was chosen (see Klecka 1975: 

456). With this option all cases are processed for the creation 

of the classification functions; the respective group means replace 

the missing values for traits which could not be measured on particular 

skeletons. 

Because the discriminant functions are based on individuals 

for whom all measurements are present, it was decided that the analysis 

of groups should be based on subsets of the metric traits. As with 

the PLC analyses, measurements of the skull were analyzed separately 

from those of the postcranium. It was decided, however, that the 

Grasshopper intrasite comparisons would not be done. It is obvious 



that males and females, respectively, between the east and west units 

are extremely similar for skull and postcranial measurements. 

Several discriminant analyses were conducted. Three analyses, 

two based on measurements of the skull and one based on postcranial 

measurements, are discussed here, and consist of the following: 
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1. a stepwise procedure based on Wilks' Lambda--the discriminating 

variables are nasal height, nasal breadth, orbital height, 

orbital breadth, biorbital breadth, interorbital breadth, 

and minimum frontal breadth (see Tables 46 and 47 for a summary 

of the statistical results for males and females, respectively); 

2. a stepwise procedure based on the largest increase in Rao's 

V--the discriminating variables are biorbital breadth, minimum 

frontal breadth, height of the ascending ramus, minimum width 

of the ascending ramus, and maximum mandibular length (see 

Tables 48 and 49 for a summary of the statistical results 

for males and females, respectively); 

3. a stepwise procedure based on the largest increase in Rao's 

V--the discriminating variables are all femoral and humeral 

measurements (see Tables 50 and 51 for a summary of the statistical 

results for males and females, respectively). 

Cranial Variables (Males). Three of the seven cranial variables 

were chosen through the stepwise procedure as the best variables 

in combination for group separation: 1) nasal height, 2) biorbital 

breadth, and 3) orbital breadth. Based on Wilks' Lambda, each variable 

is significant at the .05 level. The F statistics calculated between 



Table 46. A Summary of Statistical Results of Discriminant Analysis 
One for All Four Groups (Males), Based on Three Cranial 
Variables. 

Order of Variable Entry 

1 Nasal ht. 
2 Biorbital br. 
3 Orbital br. 

Wilks' 
Lambda 

.737241 

.615317 

.509792 

Significance 
Level 

.0338 

.0347 

.0300 

Calculations of F Statistics between Groups after Step Three 
(D.F. = 3 and 26; Significance levels are in parentheses) 

Kinishba Point of Pines Turkey Creek 

Grasshopper .62349 3.0688 3.2447 
( .6062.) (.0455) (.0381) 

Turkey Creek 1.3448 4.1845 
(.2815) (.0152) 

Point of Pines .74134 
(.5371) 

Standardized Canonical Discriminant Function Coefficients 

Variable 

Nasal ht. 
Orbital br. 
Biorbital br. 

Group 

Grasshopper 
Kinishba 
Point of Pines 
Turkey Creek 

Func. 1 

.76135 

.32762 

.29851 

Func. 2 

-.16617 
-.90412 
1. 07607 

Centroids of Groups in Reduced Space 

Func. 1 

-.02639 
-.23794 

-1.13892 
1.00981 

Func. 2 

-.50095 
.22995 
.66622 
.53775 

Func. 3 

-.65061 
.63776 
.33477 

Func. 3 

-.01796 
.20679 

-.06835 
-.02829 
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Table 46.--Continued 

Function Eigen-
value 

1 .49505 
2 .30251 
3 .00733 

Canonical Discriminant Functions 

Percent of 
Variance 

61. 51 
37.58 

.91 

Canonic-a1 
Correlation 

.5754358 

.4819228 

.0852899 

Wilks' 
Lambda 

.7621655 

.9927256 

Significance 
Level 

.1131 

.6541 
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Table 47. A Summary of Statistical Results of Discriminant Analysis 
One for all Four Groups (Females), Based on Five Cranial 
Variables 

Order of Variable Entry 

1 Min. frontal br. 
2 Interorbital br. 
3 Nasal br. 
4 Biorbital br. 
5 Nasal ht. 

Wilks' 
Lambda 

.795897 

.728978 

.636793 

.574542 

.533822 

Significance 
Level 

.0083 

.0131 

.0067 

.0062 

.0087 

Calculations of F Statistics between Groups after Step Five (D.F. = 
5 and 47; Significance levels are in parentheses). 

Kinishba Point of Pines Turkey Creek 

Grasshopper 2.0191 2.5656 1.9753 
(.0931) (.0393) (.0998) 

Turkey Creek 2.1247 4.2442 
(.0789) (.0029) 

Point of Pines 1.1490 
(.3482) 

Standardized Canonical Discriminant Function Coefficients 

Variable Func. 1 Func. 2 Func. 3 

Nasal ht. -.49424 .20287 .57103 
Nasal br. -.88439 .63396 -.48913 
Biorbital br. 1.03337 -.08513 .64738 
Interorbital br. .41616 -.57993 -.63998 
Min. frontal br. .17302 .78938 -.21156 

Centroids of Groups in Reduced Space 

Group Func. 1 Func. 2 Func. 3 

Grasshopper .11678 -.34508 .08600 
Kinishba -.58132 .83295 .32053 
Point of Pines -1. 35653 -.02908 -.34061 
Turkey Creek .91468 .42959 -.22176 
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Table 47.--Continued 

Function 

1 
2 
3 

Eigen
value 

.48743 

.20520 

.04498 

Canonical Discriminant Functions 

Percent of 
Variance 

66.08 
27.82 
6.10 

Canonical 
Correlation 

.5724501 

.4126267 

.2074761 

Wilks' 
Lambda 

.7940220 

.9569537 
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Significance 
Level 

.1792 

.5363 



Table 48. A Summary of Statistical Results of Discriminant Analysis 
Two for all Four Groups (Males), Based on One Cranial and 
Two Mandibular Variables 

Order of Variable Change in Significance 
Entry Rao's V Level 

1 Min. br. ascending ramus 5.3250 .1495 
2 Ht. ascending ramus 6.7389 .0807 
3 Min. frontal br. 4.5581 .2072 

Calculations of F Statistics between Groups after Step Three 
(D.F. = 3 and 20; Significance levels are in parentheses) 

Kinishba 

Grasshopper 1.1539 
(.3519) 

Turkey Creek .42540 
(.7369) 

Point of Pines .38959 
(.7618) 

Standardized Canonical 

Variable 

Min. frontal br. 
Ht. ascending ramus 
Min. br. ascending ramus 

Point of Pines Turkey Creek 

1. 0861 3.2378 
(.3777) (.0439) 

1.8033 
(.1790) 

Discriminant Function Coefficients 

Func. 1 

-.26266 
-.77328 

.89967 

Func. 2 

.98780 
-.19550 
-.27907 

Func. 3 

-.28296 
-.66870 
-.52708 

Centroids of Groups in Reduced Space 

Group 

Grasshopper 
Kinishba 
Point of Pines 
Turkey Creek 

Func. 1 

-·.40359 
.87863 

-.03027 
1. 39196 

Func. 2 

-.12638 
.55911 

1. 23422 
-.32794 

Func. 3 

-.00078 
-.03864 

.02285 

.01142 
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Table 48.--Continued 

Function 

1 
2 
3 

Eigen
value 

.55582 

.19952 

.00021 

Canonical Discriminant Functions 

Percent of 
Variallce 

73.56 
26.41 

.03 

Canonical 
Correlation 

.5977040 

.4078403 

.0144001 

Wilks' 
Lambda 

.8334934 

.9997926 

Significance 
Level 

.4175 

.9468 
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Table 49. A Summary of Statistical Results of Discriminant Analysis 
Two for all Four Groups (Females, Based on One Cranial and 
two Mandibular Variables. 
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Order of Variable Entry Change in 
Rao's V 

Signifi
cance Level 

I Min. br. ascending ramus 
2 Ht. ascending ramus 
3 Biorbital br. 

19.6704 
6.6742 
7.4547 

.0002 

.0830 

.0587 

Calculations of F Statistics between Groups after Step Three (D.F. = 3 
and 45; Significance levels are in parentheses). 

Kinishba Point of Pines Turkey Creek 

Grasshopper 1. 8477 1. 2174 7.9968 
(.1521) (.3143) (.0002) 

Turkey Creek .49485 5.8014 
(.6877) (.0019) 

Point of Pines 1. 5312 
(.2194) 

Standardized Canonical Discriminant Function Coefficients 

Variable Func. 1 Func. 2 Func. 3 

Biorbital br. .39033 1. 00507 -.08970 
Ht. ascending ramus -.63230 -.11758 .91545 
Min. br. ascending ramus .94112 -.33929 .28301 

Centroids of Groups in Reduced Space 

Group Func. 1 Func. 2 Func. 3 

Grasshopper -.34529 .14258 -.00003 
Kinishba 1. 00043 -.39730 -.00148 
Point of Pines -.51808 -.70236 .00042 
Turkey Creek 1. 72828 .05941 .00044 



Table 49.--Continued 

Function 

1 
2 
3 

Eigen
value 

.63042 

.08872 

.00000 

Canonical Discriminant Functions 

Percent of 
Variance 

87.66 
12.34 

.00 

Canonical 
Correlation 

.6218204 

.2854587 

.0004382 

Wilks' 
Lambda 

.9185131 

.9999998 
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Significance 
Level 

.4125 

.9976 
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Table 50. Summary of Statistical Results of Discriminant Analysis Three 
for all Four Groups (Males), Based on Three Humeral and Two 
Femoral Variables. 

Order of Variable Entry 

1 Femur subtroch. ant.-post diam. 
2 Humerus max. morpho len. 
3 Humerus max. diam. mid-shaft 
4 Humerus min. diam. mid-shaft 
5 Femur max. morpho len. 

Change in 
Rao's V 

11. 3805 
14.7314 
14.5080 

7.9887 
4.6484 

Significance 
Level 

.0098 

.0021 

.0023 

.0462 

.1994 

Calculations of F Statistics between Groups after Step Five 
(D.F. = 5 and 62; Significance levels are in parentheses) 

Kinishba Point of Pines Turkey Creek 

Grasshopper .15161 6.2990 4.5593 
(.9788) (.0001) (.00l3) 

Turkey Creek 2.0792 2.6306 
(.0799) ( .0320) 

Point of Pines 2.2551 
(.0598) 

Standardized Canonical Discriminant Function Coefficients 

Variable Func. 1 Func. 2 Func . 3 

Humerus max. morpho len. . 96729 .70864 .35398 
Humerus max. diam. mid-shaft -.81866 .19182 -.62412 
Humerus min. diam. mid-shaft .49366 -.30499 -.10796 
Femur max. morpho len. -.08181 -1. 25178 -.73929 
Femur subtroch. ant.-post. diam. -.83174 -.39310 .87483 

Centroids of Groups in Reduced Space 

Group Func . 1 Func. 2 Func. 3 

Grasshopper . 65154 .02937 -.03800 
Kinishba .39815 .12198 .18963 
Point of Pines -1. 03123 .52868 .01532 
Turkey Creek -.73649 -.86943 .00168 
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Table 50.--Continued 

Canonical Discriminant Functions 

Function Eigen- Percent of Canonical Wilks' Significance 
value Variance Correlation Lambda Level 

1 .59432 73.65 .6105517 .8239444 .1306 
2 .20744 25.71 .4144924 .9948663 .9539 
3 .00516 .64 .0716495 



Table 51. A Summary of Statistical Results of Discriminant Analysis 
Three for all Four Groups (Females), Based on Three 
Humeral and Five Femoral Variables. 

Order of Variable Entry 

1 Humerus max. diam. mid-shaft 
2 Femur subtroch. med.-lat. diam. 
3 Femur max. morpho len. 
4 Femur subtroch. ant.-post. diam. 
5 Humerus max. diam. head 
6 Humerus biepicond. wid. 
7 Femur max. diam. head 
8 Femur ant.-post. diam. mid-shaft 

Change in 
Rao's V 

11.0062 
11. 8476 
10.4163 

7.0161 
7.2863 
7.8941 
6.5051 
5.0820 

Significance 
Level 

.0117 

.0079 

.0153 

.0714 

.0633 

.0483 

.0895 

.1659 
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Calculations of F Statistics between Groups after Step Eight (D.F. = 8 
and 89; Significance levels are in parentheses) 

Kinishba Point of Pines 

Grasshopper 1. 4326 3.2609 
(.1941) (.0026) 

Turkey Creek 1. 5569 2.8388 
( .1493) (.0074) 

Point of Pines .81006 
(.5955) 

Standardized Canonical Discriminant Function Coefficients 

Variable 

Humerus max. diam. mid-shaft 
Humerus max. diam. head 
Humerus biecpicond. wid. 
Femur max. morpho len. 
Femur ant.-post. diam. mid-shaft 
Femur subtroch. med.-1at. diam. 
Femur subtroch. ant.-post. diam. 
Femur max. diam. head 

Func. 1 

.02995 
-.28021 
-.37371 

.79167 
-.56910 
-.52835 
-.29510 

.79860 

Func. 2 

-1. 04390 
.95370 

-.46790 
-.34023 

.26654 
1. 02991 
-.72965 
-.04555 

Turkey Creek 

3.6982 
(.0009) 

Func. 3 

.63179 

.68249 
-1.01471 
-.36041 

.56336 
-.46373 
-.08540 
-.12191 



Table 5l.--Continued 

Group 

Grasshopper 
Kinishba 
Point of Pines 
Turkey Creek 

Centroids of Groups in Reduced Space 

Func. 1 

.51752 
-.42487 
-.67011 
-.72788 

Func. 2 

-.02772 
.53562 
.86217 

-.76152 

Canonical Discriminant Functions 

Function Eigen- Percent of Canonical Wilks' 
value Variance Correlation Lambda 

1 .36013 51. 56 .5145660 .7372645 
2 .27211 38.96 .4624987 .9378823 
3 .06623 9.48 .2492343 

Func. 3 

-.02268 
.86123 

-.26514 
-.02459 
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Significance 
Level 

.0128 

.4272 
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groups after variable three was entered indicate that there are three 

significant D2,s at the .05 level: the Grasshopper, Point of Pines, 

and Turkey Creek groups are all significantly different from each 

other (see Figure 6 for locations of group centroids in discriminant 

space). 

For this analysis (as well as the others) three canonical 

dis-criminant functions were created. The first has an eigenvalue 

of .495, a canonical correlation of .575, and a Wilks' Lambda of 

.762 which is significant at the .11 level. This canonical variate 

accounts for approximately 62% of the total varianc~. 

Based on the standardized canonical discriminant function 

coefficients, the first canonical discriminant function is strongly 

related to nasal height (positively). The second function, accounting 

for nearly 38% of the total variance, is based on biorbital breadth 

(positively) and orbital breadth (negatively). 

Although three of the six D2 ,s between groups are significant 

at the .05 level, the classification functions correctly assigned 

only 21% of the skeletons to their respective groups. Thus, although 

for males some of these groups can be separated statistically, it 

does not appear they are clearly biologically distinct from each 

other. 

Cranial Variables (Females). The stepwise procedure entered 

five of the seven discriminating variables into the analysis: 1) 

minimum frontal breadth, 2) interorbital breadth, 3) nasal breadth, 

4) biorbital breadth, and 5) nasal height. Based on Wilks' Lambda, 
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these are all significant at the .013 level or less. The F statistics 

which were calculated after variable five was entered show that two 

D2 ,s are significant at the .05 level; the Point of Pines Series 

is separate from those of Grasshopper and Turkey Creek (see Figure 

7 for locations of group centroids in discriminant space). 

Of the three canonical variates, the first explains 66% of 

the variance; the associated eigenvalues and canonical correlation 

are .487 and .572, respectively. The Wilks' Lambda criterion of 

.794 is significant at the .18 level. The second canonical variate 

explains about 28% of the total variance. 

Based on the standardized discriminant coefficients, the 

first canonical variate is related to biorbital breadth (positively) 

and to nasal breadth (negatively). The second canonical discriminant 

function is mostly based on minimum frontal breadth and nasal breadth 

(both positively) and on interorbital breadth (negatively). 

More cranial variables contribute to the statistical separation 

of groups for females than for males. Moreover, based on the class i-
\ 

fication functions, nearly 33% of the female skeletons were correctly 

assigned to their respective groups. Thus, although fewer of the 

2 D 's are significant at the .05 level for females than for males, 

females show more overall intergroup separation. Nevertheless, as 

with males, for females the biological differences between groups 

do not appear to be as significant as the statistical differences. 

Cranial and Mandibular Variables (Males). Of the two variables 

of the cranium (chosen because of their importance and frequency 
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of occurrence) and the three variables of the mandible, three were 

selected for group separation through the stepwise procedure: 1) 

minimum breadth of the ascending ramus, 2) height of the ascending 

ramus, and 3) minimum frontal breadth. Based on the change in Rao's 

V, none of these variables is significant at the .05 level. The 
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F statistics calculated between groups after variable three was entered 

indicate that the only significant Mahalanobis' D2 at the .05 level 

is between the Turkey Creek and Grasshopper groups (see Figure 8 

for locations of group centroids in discriminant space). 

Of the three canonical discriminant functions, the first 

accounts for about 74% of the total variance and the second about 

26%. The eigenvalue and canonical correlation for the first canonical 

variate are .120 and .408 respectively. The significance level of 

Wilks' Lambda for the first canonical discriminant function is only 

.42. 

The first canonical variate, based on the standardized dis

criminant coefficients, is related to height of the ascending ramus 

(negatively) and to minimum breadth of the ascending ramus (positively). 

The second canonical variate is based on minimum frontal breadth 

(positively). 

The classification functions correctly assigned nearly 31% 

of the skeletons to their respective groups. Thus, as was found 

through PLC, the samples are not similar with respect to mandibular 

morphology. 
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Cranial and Mandibular Variables (Females). Of the two 

cranial variables and the three mandibular variables, three variables 

were selected for group discrimination through the stepwise procedure: 

1) minimum breadth of the ascending ramus, 2) height of the ascending 

ramus, and 3) biorbital breadth. The first variable is the only 

one which has a significant change in Rao's V at the .05 level. 

The F statistics computed between groups after the third variable 

was entered show that there are two significant D2,s at the .05 level: 

the Turkey Creek group is significantly different from those of Grasshopper 

and Point of Pines (see Figure 9 for locations of group centroids 

in discriminant space). 

Of the three canonical variates, the first is clearly the 

most important, as it explains about 88% of the total variance; the 

second explains only 12%. The eigenvalue and canonical correlation 

for the first canonical discriminant function, though, is just .ij1. 

The first canonical variate is based mainly on minimum breadth 

of the ascending ramus (positively), although it is also based some-

what on height of the ascending ramus (negatively). The second canonical 

variate is related to biorbital breadth (positively). 

It appears that for both males and females, mandibular robus

ticity, especially reflected in the breadth, relative to the height, 

of the ascending ramus, is important for separating the four groups. 

f~ong the groups females vary more than do males, as the classification 

functions correctly assigned nearly ijO% of the female skeletons to 

their respective groups. 
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Femoral and Humeral Variables (Males). Of the five humeral 

and seven femoral variables analyzed through the stepwise procedure, 

the following were chosen for group discrimination: 1) femur subtroch. 

ant.-post. diam., 2) humerus max. morph len., 3) humerus max. diam. 

mid-shaft, 4) humerus min. diam. mid-shaft, and 5) femur max. morpho 

len. All variables save for the last show significant changes in 

Rao's V at the .05 level. The F statistics which were calculated 

between groups after variable five was entered show three significant 

2 D 's at the .05 level: the Grasshopper, Point of Pines, and Turkey 

Creek groups are all significantly different from one another (see 

Figure 10 for locations of group centroids in discriminant space). 

The first canonical discriminant function accounts for nearly 

14% of the total variance and has an associated eigenvalue and canonical 

correlation of .594 and .611, respectively; the associated Wilks' 

Lambda of .824 is significant at the .13 level. The second canonical 

variate accounts for aobut 26% of the variance. 

Based on the standardized discriminant coefficients, the 

first canonical variate is strongly related to humerus max. morpho 

len. (positively) and to humerus max. diam. mid-shaft and femur subtroch. 

ant.-post. diam. (both negatively). The second canonical variate 

is related to femur max. morpho len. (negatively) and humerus max. 

morpho len. (positively). 

The maximum morphological length of the humerus is important 

in both the first and second canonical variates. Ostensibly, humeral 

robusticity and the relationship between the maximum morphological 
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lengths of the humerus and femur are also important in the differ

entiation of the four groups. 
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Based on the classification functions, about 45% of the male 

skeletons were correctly aSSigned to their respective groups. Thus, 

among males postcranial metric differences are greater than are metric 

differences of the skull. 

Femoral and Humeral Variables (Females). Eight of the twelve 

postcranial variables were selected for separation of groups through 

the stepwise procedure: 1) humerus max. diam. mid-shaft, 2) femur 

subtroch. med.-1at. diam., 3) femur max. morpho len., 4) femur subtroch. 

ant.-post. diam., 5) humerus max. diam. head, 6) humerus biepicond. 

Wid., 7) femur max. diam. head, and 8) femur ant.-post. diam. mid

shaft. Based on the change in Rao's V, variables one, two, three, 

and six are significant at the .05 level. The F statistics computed 

between groups after variable eight was entered show the same significant 

D2 intergroup differences as were found for the males (see Figure 

11 for locations of group centroids in discriminant space). 

The first and second canonical variates are both quite important. 

The former accounts for about 52% of the total variance and the latter 

explains about 39% of the variance. The first canonical discriminant 

function has an eigenvalue of .360, a canonical correlation of .515, 

and a Wilks' Lambda of .737 which is significant at the .01 level. 

The second canonical function has an eigenvalue of .272, a canonical 

correlation of .462, and a Wilks' L~bda of .938 which has a .43 

significance level. 
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Based on the standardized discriminant function coefficients, 

the first canonical variate is strongly related to femur max. morpho 

len. and femur max. diam. head (both positively) and somewhat less 

related to femur ant.-post. diam. mid-shaft and femur subtroch. med.-

lat. diam. (both negatively). The second canonical variate is strongly 

based on femur subtroch. med.-lat. diam. and humerus max. diam. head 

(both positively) and to humerus max. diam. mid-shaft and femur subtroch. 

ant.-post. diam. (both negatively). 

Females among groups are differentiated by long bone length, 

as are males, but are also separated by differences in robusticity, 

too. The post cranial differences among females are somewhat more 

complex than are those for males. The second canonical discriminant 

function appears to relate to differences in size and shape of the 

femur and humerus, respectively. In addition, based on the classi-

fication functions, close to 40% of the females were correctly assigned 

to their respective groups. Hence, females, like males, are metrically 

more different postcranially than cranially. 

Summary and Discussion of the Biological Distance 
Results for the Four Groups 

Based on metric variables of the cranium and discrete traits 

of the axial skeleton, the four Western Pueblo groups are fairly 

morphologically homogeneous. Although there are significant D2 ,s 

noted between some groups, the classification functions based on 

cranial measurements correctly assigned only 21% of the males and 

33% of the females to their respective groups. Thus, for both sexes, 

there is much overlap among the four groups in discriminant space. 



In addition, based on Wilks' Lambda criterion, none of the canonical 

variates derived from cranial variables is significant at the .05 

level. And, oased on PLC, the axial discrete traits do not show 

any significant differences at the .05 level among the four samples. 

The manidbular measurements, based on PLC and discriminant 

analysis, show more significant intergroup differences among males 
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and among females than do the cranial measurements. The classification 

functions which relate to the morphology of the manidbular ascending 

ramus correctly assinged 31% of the males and 40% of the females 

to their respective groups. Nevertheless, none of the canonical 

variates based on mandibular variables is significant at the .05 

level. It is probable that the mandibular differences among the 

groups are related to differential masticatory stresses, rather than 

to biologial differences. 

The metric and discrete traits of the appendicular skeleton 

exhibit the most significant differences among the four samples. 

Based on metric traits, the results obtained from PLC and Mahalanobis' 

D2 are virtually the same for both sexes: the Grasshopper, Point 

of Pines and Turkey Creek groups are significantly distinct fom one 

another. In addition, the classification functions derived from 

the humeral and femoral variables correctly assigned approximately 

45% and 40% of the males and females, respectively, to their appropriate 

groups. However, unlike the distance results provided by the postcranial 

metric data, the appendicular discrete data suggest that the Point 

of Pines and Kinishba groups are significantly different from each 



other and from that of Grasshopper, though none of these groups is 

significantly distinct from that of Turkey Creek. 

The statistically significant differences in the metric and 

discrete traits of the appendicular skeleton among the four groups 
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do not appear to be tantamount to biologically significant differences. 

Frankly, the axial skeleton (save for the mandible) is too similar 

among these groups to conclude that they are biologically distant 

from one another. 

Environmental factors pertaining to nutrition and behavioral 

activities probably account for many of the observed differences 

in the appendicular skeleton among the Western Puebloans in this 

study. Although I cannot find archaeological evidence that suggests 

these peoples were differentially affected by environmental factors, 

paleopathological evidence ostensibly indicates that nutrition and 

behavioral activities varied among them. For the Grasshopper, Point 

of Pines and Turkey Creek skeletal samples, incidences of enamel 

hyoplasia (much more common in the Grasshopper individuals than in 

those of Turkey Creek and Point of Pines), dental caries and other 

oral pathologies (more frequently observed in the Turkey Creek and 

Grasshopper remains than in those representing Point of Pines), and 

"degenerative joint disease" (very infrequent for the Point of Pines 

adults as compared with those of Turkey Creek and Grasshopper) are 

not similar statistically (David R. Berry, personal communication). 

Hypoplastic teeth, showing lines or pits in the enamel, may result 



from various dietary and physiological disturbances which coincide 

with active enamel matrix formation (Brothwell 1963: 281). 
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The growth and development of the appendicular skeleton is 

strongly affected by nutrition and, especially, biomechanical stresses. 

Recently, based on a metric analysis of skeletal remains representing 

prehistoric Indian groups from coastal Georgia, Larsen (1981) noted 

that the groups whose subsistence was based on hunting and gathering 

exhibit significantly greater dimensions of the humerus, femur, and 

tibia than do those whose subsistence incorporated corn agriculture. 

Larsen believes that the differences in the appendicular skeleton 

between these groups are directly related to the degrees of physical 

stress incumbent upon their lifestyles. Thus, it would appear that 

the axial skeleton, and particularly the cranium, is more appropriate 

for the analysis of the biological differences between skeletal samples 

and the peoples they represent. 



CHAPTER 5 

CONCLUSIONS 

In recent years many physical anthropologists have extolled 

the use of discrete skeletal traits for biologically separating skeletal 

samples and the peoples represented. It has been contended that, 

unlike metric traits. the development of discrete bony features is 

relatively unaffected by environment. However, an intensive study 

of relevant anthropological, biological, genetics, dental and radio

logical literature failed to support this contention. 

It is considered inappropriate to argue that discrete traits 

are better suited than are metric traits for biological differentiation 

of skeletal samples. Both qualitative and quantitative traits should 

be employed in studies of biological distance. However, both types 

of data should always be checked for intraobsever error. 

"Biological distance" is expressed as a measure of the difference 

between two populations, calculated from data on their biological 

characteristics. If the overall statistical differences between 

samples are not large, then the groups represented are probably not 

biologically different. The major problems which must be addressed 

in biological distance studies-include the use 0f 1) small, non-repre

sentative samples, 2) samples representing distinctly different time 

periods, 3) inadequate or inconsistently observed traits to morphological

ly characterize the samples, and 4) statistical treatments which 

are inappropriately applied or interpreted. 
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Based on comprehensive analyses of discrete and metric skeletal 

traits, I have sought appropriate methods and data for the assessment 

of biological distance between extinct groups of people. The skeletal 

samples used in this study were excavated from four Western Pueblo 

sites in east-central Arizona: Grasshopper, Kinishba, Point of Pines, 

and Turkey Creek. The groups represented by these samples aggregated 

into large pueblos and were constituted, in part, by individuals 

who likely immigrated from adjacent areas. This immigration probably 

resulted from draught conditions which occurred in the American Southwest 

during the late 13th and early 14th centuries, at which time favorable 

farming conditions were created in the geographic region wherein 

the four sites are located. 

In this study, the skeletal samples, save for that of Kinishba, 

are reasonably large and relatively coeval, and represent peoples 

who shared similar environmental settings and sUbsistence strategies. 

Numerous cranial and mandibular metric traits and postcranial metric 

and discrete traits were analyzed and checked for intraobserver error. 

Discrete traits (especially hyperostotic features which show differing 

degrees of expression) were not scored as consistently as were metric 

traits. Various univariate analyses were performed in order to select 

traits suitable for biological distance purposes. Pearson's Lambda 

Criterion and discriminant analysis were chosen to provide statistical 

results of morphological variation among the groups that could be 

interpreted in a relatively straightforward manner. 
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Following are the conclusions of this research: 

1. The postcranial discrete traits used in this study are relative

ly independent of sex, age, robusticity, and each other. 

2. The craniofacial mesurements used in this study are little 

influenced by either lambdoidal or occipital deformation. 

3. Various measurements of the postcranial skeleton significantly 

differ between younger and older adults for the four samples, 

though this is not the case for measurements of the skull. 

4. The discrete and metric data of the axial skeleton, excluding 

the mandible, suggest that the four Western Pueblo groups 

are morphologically and, thus, biologically similar. Opposite 

results, though, are derived from discrete and metric data 

of the appendicular skeleton. It should be noted that the 

biological distance results obtained from analyses of metric 

and discrete traits of the axial skeleton are more consistent 

than are those derived from similar analyses of the appendicular 

skeleton. 

5. Among the four Western Pueblo samples, males and females 

show similar patterns of morphological variation. This would 

argue against longstanding matrilocal or patrilocal residence 

patterns for the Puebloan groups in this study. 

6. The Grasshopper intrasite comparisons show that males and 

females, respectively, between the east and west units are 

extremely similar for cranial, mandibular and post cranial 

metric traits, and appendicular discrete traits. For the 



axial discrete traits, however, males show a significant 

Pearson's Lambda Criterion at the .025 level (for females 

PLC is significant only at the .60 level). This suggests 

that the east and west unit males possibly represented two 

biologically different groups. However, since the males 

between units are so similar metrically, it should not be 

concluded, with little doubt, that they were biologically 

distinct. 

180 

Based on paleopathological evidence, the four groups probably 

were differentially subjected to nutritional and physical stresses. 

This feasibly explains the differences in the mandible and appendicular 

skeleton among the samples. It is proposed that the axial skeleton, 

excluding the mandible, is less influenced by environmental "noise" 

than is the appendicular skeleton and provides the best data for 

assessments of biological distance. Thus, as has been reported in 

previous research, it is probable that the Western Pueblo Indian 

skeletal samples constituting this study represented relatively biological

ly homogeneous groups. 

For significant progress to occur in studies of biological 

relationships between extinct populations, it will be important to 

study influences of major environmental factors on metric and, especial

ly, discrete variation in the axial and appendicular skeletons. 

For example, analyses could be made on 1) skeletal series representing 

groups whose diet changed appreciably through time, stratifying the 

samples based on diet, or 2) the skeletal remains of biologically 



related groups that migrated into geographically different areas. 

Such research would be fruitful: there is still much to learn about 

the development of discrete and metric characters of the skeleton 

and how they should be used in studies of biological distance. 
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APPENDIX A 

FREQUENCIES OF POSTCRANIAL DISCRETE TRAITS RECORDED FOR 

THE GRASSHOPPER, KINISHBA, POINT OF PINES, AND TURKEY CREEK 

SKELETAL SAMPLES 
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Table A.1. Frequencies of Discrete Traits Recorded for Grasshopper Males and Females 

Males Females 
Trait absent (%) present (%) absent (%) present (%) 

Atlas 
lat. spur 44 (72.1) 17 (27.9) 66 (72.5) 25 (27.5) 
lat. bridge 54 (87.1) 8 (12.9) 81 (90.0) 9 (10.0) 
post. spur 41 (73.2) 15 (26.8) 64 (74.4) 22 (25.6) 
post. bridge 59 (96.7) 2 (3.3) 92 (98.9) 1 (1.1) 
retroart. bridge 46 (79.3) 12 (20.7) 71 (84.5) 13 (15.5) 
trans. for. 5 (8.2) 56 (91.8) 9 (10.6) 76 (89.4) 

Axis trans. for. 2 (3.2) 60 (96.8) 4 (4.3) 88 (95.7) 

Cervical vert. (3-6) 
trans. for. div. 16 (28.6) 40 (71. 4) 19 (22.6) 65 (77 . 4) 

7th Cervical vert. 
trans. for. 0 31 (100.0) 1 (1. 6) 61 (98.4) 
trans. for. spur 9 (25.0) 27 (75.0) 29 (45.3) 35 (54.7) 
trans. for. div. 15 (51. 7) 14 (48.3) 36 (59.0) 25 (41. 0) 

Circumflex Sulcus 33 (55.9) 26 (44.1) 69 (71.1) 28 (28.9) 

Acetabular Mark 27 (40.3) 40 (59.7) 49 (43.4) 64 (56.6) 

Septal Aperture 39 (56.5) 30 (43.5) 58 (48.3) 62 (51. 7) 

3rd Trochanter 44 (63.8) 25 (36.2) 75 (65.8) 39 (34.2) 

Calcaneus 
sup. ant. facet dis. 20 (30.8) 45 (69.2) 51 (46.8) 58 (53.2) 
post. facet ext. 35 (54.7) 29 (45.3) 53 (49.5) 54 (50.5) I-' 
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Table A.l.--Continued. 

Males 
Trait absent (%) present (%) 

Talus lat. ext. sup. facet 28 (42.4) 38 (57.6) 

Cuboid navic.-calc. facets 
contig. 52 (89.7) 6 (10.3) 

1st Cuneiform dis. facet for 37 (64.9) 20 (35.1) 
2nd metat.-2nd cun. 

1st Metatarsal facet for 38 (74.5) 13 (25.5) 
2nd metaL 

Females 
absent (%) present (%) 

55 (50.5) 54 (49.5) 

78 (82.1) 17 (17.9) 

60 (69.0) 27 (31.0) 

57 (76.0) 18 (24.0) 

...... 
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Table A.2. Frequencies of Discrete Traits Recorded for Kinishba Males and Females 

Males Females 
Traits absent (%) present (%) absent (%) present (%) 

Atlas 
lat. spur 4 (80.0) 1 (20.0) 5 (50.0) 5 (50.0) 
lat. bridge 4 (80.0) 1 (20.0) 8 (80.0) 2 (20.0) 
post. spur 4 (80.0) 1 (20.0) 3 (42.9) 4 (57.1) 
post. bridge 5 (100.0) 0 10 (100.0) 0 
retroart. bridge 4 (80.0) 1 (20.0) 8 (88.9) 1 (11.1) 
trans. for. 0 5 (100.0) 0 8 (100.0) 

Axis trans. for. 0 5 (100.0) 0 8 (100.0) 

Cervical vert. (3-6) 
trans. for. div. 2 (33.3) 4 (66.7) 2 (25.0) 6 (75.0) 

7th Cervical vert. 
trans. for. 0 5 (100.0) 0 8 (100.0) 
trans. for. spur 2 (40.0) 3 (60.0) 2 (25.0) 6 (75.0) 
trans. for. dive 3 (60.0) 2 (40.0) 3 (37.5) 5 (62.5) 

Circumflex Sulcus 6 (54.5) 5 (45.5) 7 (53.8) 6 (46.2) 

Acetabular Hark 4 (80.0) 1 (20.0) 4 (50.0) 4 (50.0) 

Septal Aperture 10 (71. 4) 4 (28.6) 13 (86.7) 2 (13.3) 

3rd Trochanter 8 (61. 5) 5 (38.5) 9 (47.4) 10 (52.6) 

Calcaneus 
sup. ant. facet dis. 1 (10.0) 9 (90.0) 4 (36.4) 7 (63.6) 
post. facet ext. 6 (60.0) 4 (40.0) 1 (9.1) 10 (90.9) 
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Table A.2.--Continued. 

Males 
Trait absent (%) Eresent (%) 

Talus lat. ext. sup. facet 2 (16.7) 10 (83.3) 

Cuboid navic.-calc. facets 
contig. 9 (100. 0) a 

1st Cuneiform dis. facet for. 
2nd metat.-2nd cun. 4 (66.7) 2 (33.3) 

1st Metatarsal facet for. 
2nd Metat. 9 (90.0) 1 (10.0) 

Females 
absent (%) present (%) 

9 (69.2) 4 (30.8) 

7 (87.5) 1 (12.5) 

4 (50.0) 4 (50.0) 

6 (75.0) 2 (25.0) 

...... 
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Table A.3. Frequencies of Discrete Traits Recorded for Point of Pines Males and Females 

Males Females 
Trait absent (%) present (%) absent (%) present (%) 

Atlas 
lat. spur 17 (77.3) 5 (22.7) 20 (76.9) 6 (23.1) 
lat. bridge 23 (95.8) 1 (4.2) 23 (85.2) 4 (14.8) 
post. spur 11 (52.4) 10 (47.6) 15 (71. 4) 6 (28.6) 
post. bridge 22 (88.0) 3 (12.0) 28 (100.0) 0 
retroart. bridge 20 (83.3) 4 (16.7) 24 (85.7) 4 (14.3) 
trans. for. 2 (8.3) 22 (91.7) 3 (11.1) 24 (88.9) 

Axis trans. for. 0 16 (100.0) 0 29 (100.0) 

Cervical vert. (3-6) 
trans. for. div. 6 (31. 6) 13 (68.4) 8 (26.7) 22 (73.3) 

7th Cervical vert. 
trans. for. 0 15 (100.0) 0 18 (100.0) 
trans. for. spur 10 (71.4) 4 (28.6) 12 (66.7) 6 (33.3) 
trans. for. div. 6 (42.9) 8 (57.1) 8 (47.1) 9 (52.9) 

Circumflex Sulcus 17 (39.5) 26 (60.5) 33 (61.1) 21 (38.9) 

Acetabular Mark 25 (49.0) 26 (51.0) 28 (50.9) 27 (49.1) 

Septal Aperture 37 (77.1) 11 (22.9) 36 (63.2) 21 (36.8) 

3rd Trochanter 39 (83.0) 8 (17.0) 34 (69.4) 15 (30.6) 

Calcaneus 
sup. ant. facet dis. 12 (35.3) 22 (64.7) 20 (46.5) 23 (53.5) 
post. facet ext. 20 (52.6) 18 (47.4) 20 (47.6) 22 (52.4) I-' 

co 
~ 



Table A.3.--Continued. 

Males 
Trait absent (%) present (%) 

Talus lat. ext. sup. facet 2'5 (64.1) 14 (35.9) 

Cuboid navic.-ca1c. facets 
contig. 15 (78.9) 4 (21.1) 

1st Cuneiform dis. facet for. 
2nd metat.-2nd cun. 6 (54.5) 5 (45.5) 

1st Metatarsal facet for. 
2nd metat. 8 (100.0) 0 

Females 
absent (%) present (%) 

28 (82.4) 6 (17.6) 

16 (76.2) 5 (23.8) 

15 (83.3) 3 (16.7) 

14 (93.3) 1 (6.7) 

r' 
OJ 
OJ 



Table A.4. Frequencies of Discrete Traits Recorded for Turkey Creek Males and Females 

Hales Females 
Trait absent (%) present (%) absent (%) present (%) 

Atlas 
lat. spur 7 (63.6) 4 (36.4) 5 (71.4) 2 (28.6) 
lat. bridge 10 (90.9) 1 (9.1) 10 (100.0) 0 
post. spur 9 (90.0) 1 (10.0) 3 (42.9) 4 (57.1) 
post. bridge 11 (100.0) 0 8 (88.9) 1 (11.1) 
retroart. bridge 9 (90.0) 1 (10.0) 8 (88.9) 1 (11.1) 
trans. for. 2 (16.7) 10 (83.3) 1 (10.0) 9 (90.0) 

Axis trans. for. 0 11 (100.0) 0 11 (100.0) 

Cervical vert. (3-6) 
trans. for. dive 4 (28.6) 10 (71. 4) 3 (27.3) 8 (72.7) 

7th Cervical vert. 
trans. for. 0 11 (100.0) 0 10 (100.0) 
trans. for. spur 6 (50.0) 6 (50.0) 5 (50.0) 5 (50.0) 
trans. for. diVe 5 (41. 7) 7 (58.3) 6 (60.0) 4 (40.0) 

Circumflex Sulcus 13 (61. 9) 8 (38.1) 19 (63.3) 11 (36.7) 

Acetabular Mark 11 (40.7) 16 (59.3) 23 (51.1) 22 (48.9) 

Septal Aperture 25 (78.1) 7 (21. 9) 25 (51. 0) 24 (49.0) 

3rd Trochanter 25 (80.6) 6 (19.4) 26 (56.5) 20 (43.5) 

Calcaneus 
sup. ant. facet dis. 4 (26.7) 11 (73.3) 10 (50.0) 10 (50.0) 
post. facet ext. 9 (43.8) 7 (56.3) 10 (50.0) 10 (50.0) 

I-' 
00 
~ 



Table A.4.--Continued. 
---.----

Males 
Trait absent (%) present (%) 

Talus lat. ext. sup. facet 9 (56.3) 7 (43.8) 

Cuboid navic.-calc. facets 
contig. 8 (88.9) 1 (11.1) 

1st Cuneiform dis. facet for. 
2nd metat.-2nd cun. 6 (66.7) 3 (33.3) 

1st Metatarsal facet for. 
2nd metat. 7 (100.0) 0 

Females 
absent (%) present (%) 

7 (36.8) 12 (63.2) 

8 (80.0) 2 (20.0) 

5 (62.5) 3 (37.5) 

5 (83.3) 1 (16.7) 

f-1 
\0 
o 
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Table B.1. Pearson Correlation Coefficients Greater Than or Equal to ± .70 (Grasshopper 
Males) 

Trait Pair Pearson's r 

Fibula max. morpho 1en.--Tibia max. morpho len. .9625 

Radius max. morpho 1en.--U1na max. morpho len. .9517 

Radius max. morpho 1en.--Fibu1a max. morpho len. .9299 

Fibula max. morpho 1en.--U1na max. morpho len. .9007 

Fibula max. morpho 1en.--Femur max. morpho len. .8997 

Fibula max. morpho 1en.--Humerus max. morpho len. .8939 

Ulna max. morpho 1en.--Tibia max. morpho len. .8798 

Radius max. morpho 1en.--Humerus max. morp. len. .8671 

Radius max. morpho 1en.--Tibia max. morpho len. .8655 

Humerus max. morpho 1en.--Femur max. morpho len. .8578 

Femur max. morpho 1en.--Tibia max. morpho len. .8554 

Radius max. morpho 1en.--Femur max. morpho len. .8536 

Ulna max. morpho 1en.--Femur max. morpho len. .8318 

Humerus max. morpho 1en.--Tibia max. morpho len. .8155 

Ulna max. morpho 1en.--Humerus max. morpho len. .7832 

n 

21 

39 

21 

17 

21 

21 

29 

53 

38 

50 

40 

49 

36 

39 
f-' 
\0 

37 N 



Table B.1.--~c~o~n~t~i~n~u~e~d~===================================================================== 

Trait Pair Pearson's r n 

Femur bicond. wid.--Femur max. diam. head .7681 44 

Humerus max. diam. head--Femur max. diam. head. .7616 53 

Femur max. morpho 1en.--Femur max. diam. head .7142 56 

Orbital br.--Biorbita1 br. .7132 18 

f-' 
\0 
W 



Table B.2. Pearson Correlation Coefficients Greater Than or Equal to ±.70 (Grasshopper 
Females) 

Trait Pair Pearson's r 

Fibula max. morpho len.--Tibia max. morpho len. .9820 

Radius max. morpho len.--Ulna max. morpho len. .9333 

Femur max. morpho len.--Tibia max. morpho len. .9165 

Radius max. morpho len.--Fibula max. morpho len. .9047 

Fibula max. morpho len.--Femur max. morpho len. .8908 

Ulna max. morpho len.--Fibula max. morpho len. .8716 

Fibula max. morpho len.--Humerus max. morpho len. .8480 

Humerus max. morpho len.--Femur max. morpho len. .8464 

Ulna max. morpho len.--Humerus max. morpho len. .8379 

Radius max. morpho len.--Tibia max. morpho len. .8224 

Ulna max. morpho len.--Tibia max. morpho len. .8159 

Radius max. morpho len.--Humerus max. morpho len. .8134 

Humerus max. morpho len.--Tibia max. morpho len. .8063 

Radius max. morpho len.--Femur max. morpho len. .8011 

n 

31 

47 

64 

35 

40 

28 

37 

78 

50 

53 

43 

67 

59 

72 
f-' 
\0 
~ 



Table B.2.--Continued. 

Trait Pair 

Ulna max. morpho len.--Femur max. morpho len. 

Humerus max. diam. mid-shaft--Femur med.-Iat. 
diam. mid-shaft 

Pearson's r 

.7994 

.7183 

n 

55 

77 

I-' 
I.D 
VI 



Table B.3. Pearson Correlation Coefficients Less Than or Equal to ±.10 (Grasshopper 
Hales) 

Trait Pair Pearson's r 

Humerus max. diam. mid-shaft--Orbital ht. .0000 

Femur med.-lat. diam. mid-shaft--Nasal ht. -.0013 

Tibia ant.-post.diam. nut. for.--Min. frontal br. .0015 

Femur subtroch. med.-lat. diam.--Oribital br. -.0071 

Clavicle max. morpho len.--Orbital ht. -.0158 

Biorbital br.--Ht. ascending ramus .0161 

Clavicle max. morpho len.--Min. frontal br. .0170 

Humerus min. diam. mid-shaft--Nasal br. .0187 

Femur max. diam. head--Min. br. ascending ramus .0197 

Interorbital br.--Ht. ascending ramus .0263 

Min. Frontal br.--Max. mandibular len. .0318 

Orbital br.--Interorbital br. -.0368 

Nasal ht.--Min. br. ascending ramus .0622 

Femur bicond. wid.--Min. frontal hr. -.0805 

Femur ant.-post. diam. mid-shaft--Orbital ht. -.0825 

n 

18 

17 

46 

21 

19 

23 

43 

25 

62 

18 

46 

19 

19 

39 

19 

I-' 
\.0 
~ 



Table B.3.--Continued. 

Trait Pair 

Tibia med.-lat. diam. nut. for.--Ht. 
ascending ramus 

Femur max. diam. head--Max. mandibular len. 

Nasal br.--Ht. ascending ramus 

Femur max. diam. head--Tibia med.-lat diam. 
nut. for. 

Pearson's r 

.0920 

.0934 

.0944 

.0975 

n 

51 

47 

28 

53 

~ 
\0 
~ 



Table B.4. Pearson Correlation Coefficients Less Than or Equal to ±.lO (Grasshopper 
Females) 

Trait Pair Pearson's r 

Ulna max. morpho len.--Min. frontal br. -.0060 

Femur max. morpho len.--Min. Frontal br. -.0093 

Nasal br.--Orbital ht. -.0120 

Humerus max. diam. head--Orbital ht. .0132 

Ulna max. morpho len.--Interorbital br. -.0152 

Humerus max. diam. mid-shaft--Orbital ht. .0174 

Tibia ant.-post. diam. nut. for.--Interorbital br. .0185 

Orbital ht.--Min. br. ascending ramus .0260 

Femur subtroch. ant.-post. diam.--Orbital ht. .0276 

Clavicle max. morpho len.--Nasal ht. .0343 

Femur max. morpho len.--Orbital br. -.0412 

Tibia max. morpho len.--Interorbital br. .0586 

Min. Frontal br.--Max. mandibular len. .0607 

Tibia med.-lat. diam.nut. for.--Interorbital br. .0634 

Femur ant.-post. diam. mid-shaft--Min. frontal br. .0657 

n 

50 

78 

35 

37 

25 

34 

42 

40 

37 

23 

36 

58 

72 

42 

79 t-' 
\.0 
()O 



Table B.4.--Continued. 

Trait Pair 

Nasal br.--Min. frontal br. 

Orbital br.--Interorbital br. 

Oribital br.--Min. br. ascending ramus 

Clavicle max. morpho len.--Tibia med.-lat. 
diam. nut. for. 

Pearson's r 

.0703 

-.0722 

-.0781 

.0993 

n 

51 

39 

41 

52 

f-' 
\D 
\D 



Table B.5. Selected Pearson Correlation Coefficients Between Measurements From the Same 
Bone (Grasshopper Males) 

Trait Pair 

Humerus max. morpho len.--Humerus min. diam. mid-shaft 

Humerus max. morpho len.--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus min. diam. mid-shaft 

Humerus max. diam. head--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus biepicond. wid. 

Humerus min. diam. mid-shaft--Humerus max. diam. 
mid-shaft 

Humerus biepicond. wid.-Humerus min. diam. mid-shaft 

Humerus biepicond. wid.--Humerus max. diam. mid-shaft 

Femur max. morpho len.--Femur subtroch. med.-lat. diam. 

Femur max. morpho len.--Femur med.-lat. diam. mid-shaft 

Femur max. diam. head--Femur ant.-post. diam. mid-shaft 

Femur max. diam head--Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft--Fem. med.-lat. diam. 
mid-shaft 

Femur subtroch. med.-lat. diam.--Femur subtroch. ant.
post. diam. 

Pearson's r 

.3340 

.3369 

.3534 

.4322 

.6220 

.5275 

.3738 

.5321 

.4112 

.3180 

.2290 

.7681 

.4247 

.3385 

n 

58 

58 

56 

56 

52 

58 

53 

53 

56 

55 

54 

44 

55 

N 
67 0 

0 



Table B.5.--Continued. 

Trait Pair 

Femur subtroch. ant. post. diam.--Femur ant.-post. 
diam. mid-shaft 

Femur med.-lat. diam. mid-shaft--Femur subtroch. 
med.-lat. diam. 

Femur bicond. wid.--Femur ant.-post. diarn. mid-shaft 

Femur bicond. wid.--Femur med.-lat. diam. mid-shaft 

Pearson's r 

.6323 

.5195 

.2012 

.2639 

n 

55 

55 

42 

42 

N 
o 
I-' 



Table B.6. Selected Pearson Correlation Coefficients Betweeen Measurements From the Same 
Bone (Grasshopper Females) 

Trait Pair 

Humerus max. morpho len.--Humerus min. diam. mid-shaft 

Humerus max. morpho len.--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus min. diam. mid-shaft 

Humerus max. diam. head--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus biepicond. wid. 

Humerus min. diam. mid-shaft--Humerus max. diam. 
mid-shaft 

Humerus biepicond. wid.--Humerus min. diam. mid-shaft 

Humerus biepicond. wid.--Humerus max. diam. mid-shaft 

Femur max. morpho len.--Femur subtroch. med.-lat. diam. 

Femur max. morpho len.--Femur med.-lat. diam. mid-shaft 

Femur max. diam. head--Femur ant.-post. diam. mid-shaft 

Femur max. diam. head--Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft--Fem. med.-lat. 
diam. mid-shaft 

Femur suhtroch. med.-lat. diam.--Femur subtroch. ant.
post. diam. 

Pearson's r n 

.2425 89 

.3275 89 

.3165 88 

.5049 88 

.6074 87 

.6299 89 

.4448 82 

.4859 82 

.3076 95 

.3731 96 

.5888 93 

.8541 71 

.7072 96 

.5605 112 N 
a 
N 



Table B.6 --Contim,led. 

Trait Pair 

Femur silitroch. ant. post. diam.--Femur ant.
post. diam. mid-shaft 

Femur med.-1at. diam. mid-shaft--Femur subtroch. 
med.-1at. diam. 

Femur bicond. wid.--Femur ant.-post. diam. mid-shaft 

Femur bicond. wid.--Femur med.-1at. diam. mid-shaft 

Pearson's r 

.7303 

.6599 

.6012 

.6088 

n 

95 

95 

73 

73 

N 
o 
w 



Table B.7. Selected Pearson Correlation Coefficients Between Measurements From the Same 
Bone (Point of Pines Males) 

Trait Pair 

Humerus max. morpho len.--Humerus min. diam. mid-shaft 

Humerus max. morpho len.--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus min. diam. mid-shaft 

Humerus max. diam. head--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus biepicond. wid. 

Humerus min. diam. mid-shaft--Humerus max. diam. 
mid-shaft 

Humerus biepicond. wid.--Humerus min. diam. mid-shaft 

Humerus biepicond. wid.--Humerus max. diam. mid-shaft 

Femur max. morpho len.--Femur subtroch. med.-lat. diam. 

Femur max. morpho len.--Femur med.-lat. diam. mid-shaft 

Femur max. diam. head--Femur ant.-post. diam.mid-shaft 

Femur max. diam. head--Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft--Fem. med.-lat. diam. 
mid-shaft 

Femur subtroch. med.-lat. diam.--Femur subtroch. ant.
post. diam. 

Pearson's r 

.4742 

.4454 

.3752 

.2042 

.6832 

.3576 

.4492 

.2286 

.4777 

.3798 

.4794 

.7957 

.4734 

.5643 

n 

36 

36 

35 

35 

33 

36 

31 

31 

38 

38 

33 

24 

38 

54 N 
0 
~ 



Table B.7.--Continued. 

Trait Pair 

Femur subtroch. ant. post. diam.--Femur ant.-post. 
diam. mid-shaft 

Femur med.-lat. diam. mid-shaft--Femur subtroch. 
med. -la t. diam. 

Femur bicond. wid.--Femur ant.-post. diam. mid-shaft 

Femur hlcond. wid.--Femur med.-lat. diam. mid-shaft 

Pearson's r 

.6580 

.4678 

.5786 

.3225 

n 

38 

38 

27 

27 

N 
o 
VI 



Table B.8. Selected Pearson Correlation Coefficients Between Measurements From the Same 
Bone (Point of Pines Females) 

Trait Pair 

Humerus max. morpho len.--Humerus min. diam. mid-shaft 

Humerus max. morpho len.--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus min. diam. mid-shaft 

Humerus max. diam. head--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus biepicond. wid. 

Humerus min. diam. mid-shaft--Humerus max. diam. 
mid-shaft 

Humerus biepicond. wid.--H~merus min. diam. mid-shaft 

Humerus biepicond. wid.--Humerus max. diam. mid-shaft 

Femur max. morpho len.--Femur subtroch. med.-lat. diam. 

Femur max. morpho len.--Femur med.-lat. diam. mid-shaft 

Femur max. diam. head--Femur ant.-post. diam. mid-shaft 

Femur max. diam. head--Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft--Fem. med.-lat. diam. 
mid-shaft 

Femur subtroch. med.-lat. diam.--Femur subtroch. ant.
post. diam. 

Pearson's r 

.2000 

.2430 

.1894 

.2088 

.4130 

.2451 

.3947 

.2974 

.5159 

.6400 

.5895 

.8221 

.5637 

.4286 

n 

38 

38 

36 

36 

39 

38 

35 

35 

33 

33 

31 

26 

33 

60 N 
o 
0' 



Table B.8.-- Continued. 

Trait Pair 

Femur subtroch. ant. post. diam.--Femur ant.- post. 
diam. mid-shaft 

Femur med.-lat. diam. mid-shaft--Femur subtroch. 
med.-lat. diam. 

Femur bicond. wid.--Femur ant.-post. diam. mid-shaft 

Femur bicond. wid.--Femur med.-lat. diam. mid-shaft 

Pearson's r 

.7144 

.7306 

.5860 

.7815 

n 

33 

33 

25 

25 

N 
o 
--..J 



Table B.9. Selected Pearson Correlation Coefficients Between Measurements From the Same 
Bone (Turkey Creek Males) 

Trait Pair 

Humerus max. morpho 1en.--Humerus min. diam. mid-shaft 

Humerus max. morpho 1en.--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus min. diam. mid-shaft 

Humerus max. diam. head--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus biepicond. wid. 

Humerus min. diam. mid-shaft--Humerus max. diam. 
mid-shaft 

Humerus biepicond. wid.--Humerus min. diam. mid-shaft 

Humerus biepicond. wid.--Ilumerus max. diam. mid-shaft 

Femur max. morpho 1en.--Femur subtroch. med.-1at. diam. 

Femur max. morpho 1en.--Femur med.-1at. diam. mid-shaft 

Femur max. diam. head--Femur ant.-post. diam.mid-shaft 

Femur max. diam. head--Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft--Fem. med.-1at. 
diam. mid-shaft 

Femur subtroch. med.-lat. diam.--Femur subtroch. ant.
post. diam. 

Pearson's r n 

.1958 28 

.2222 27 

.2250 27 

.1874 26 

.5684 26 

.1754 27 

.2834 27 

.3518 26 

.4754 23 

.4181 21 

.4619 19 

.8076 15 

.4764 21 

.4022 33 

.. .., 

N 
0 
co 



Table B. 9. --Continued. 

Trait Pair 

Femur subtroch. ant.post. diam.--Femur ant.-post. 
diam. mid-shaft 

Femur med.-lat. diam. mid-shaft--Femur subtroch. 
med.-lat. diam. 

Femur bicond. wid.--Femur ant.-post. diam. mid-shaft 

Femur bicond. wid.--Femur med.-lat. diam. mid-shaft 

Pearson's r 

.8131 

.5269 

.4730 

.5667 

n 

21 

21 

14 

14 

N 
o 
\0 



Table B.10. Selected Pearson Correlation Coefficients Between Measurements From the Same 
Bone (Turkey Creek Females) 

Trait Pair 

Humerus max. morpho 1en.--Humerus min. diam. mid-shaft 

Humerus max. morpho 1en.--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus min. diam. mid-shaft 

Humerus max. diam. head--Humerus max. diam. mid-shaft 

Humerus max. diam. head--Humerus biepicond. wid. 

Humerus min. diam. mid-shaft--Humerus max. diam. mid-shaft 

Humerus biepicond. wid.--Humerus min. diam. mid-shaft 

Humerus biepicond. wid.--Humerus max. diam. mid-shaft 

Femur max. morpho 1en.--Femur subtroch. med.-1at. diam. 

Femur max. morpho 1en.--Femur med.-1at. diam. mid-shaft 

Femur max. diam. head--Femur ant.-post. diam.mid-shaft 

Femur max. diam. head--Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft--Fem. med.-1at. 
diam. mid-shaft 

Femur subtroch. med.-1at. diam.--Femur subtroch. ant.
post. diam. 

Pearson's r n 

.3768 39 

.4418 39 

.2530 37 

.2724 37 

.6066 37 

.4605 39 

.5323 37 

.5554 37 

.4416 39 

.5100 39 

.7546 37 

.8548 33 

.8015 39 

.6062 52 N 
I-' 
o 



Table B.lO.--Continued. 

Trait Pair 

Femur subtroch. ant. post. diam.--Femur ant.
post. diam. mid-shaft 

Femur med.-lat. diam. mid-shaft--Femur subtroch. 
med. -late diam. 

Femur bicond. wid.--Femur ant.-post. diam. mid-shaft 

Femur bicond. wid.--Femur med.-lat. diam. mid-shaft 

Pearson's r 

.7912 

.7731 

.8109 

.8152 

n 

39 

39 

35 

35 

N 
f-' 
f-' 



APPENDIX C 

DESCRIPTIVE STATISTICS FOR METRIC TRAITS RECORDED FOR 

THE GRASSHOPPER, KINISHBA, POINT OF PINES, AND TURKEY CREEK 

SKELETAL SAMPLES 
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Table C.I. Description Statistics for Metric Variables Recorded for Grasshopper 
Males. 

Trait N x S SX Skewness 

Nasal ht. 19 52.316 3.233 .742 -1.189 

Nasal bra 30 25.400 1.923 .351 -.180 

Orbital ht. 22 35.364 1.590 .339 -.586 

Orbital bra 22 42.909 1.601 .341 .009 

Biorbital bra 25 97.800 2.041 .408 -.537 

Interorbital bra 19 18.579 1.644 .377 .851 

Min. frontal bra 57 91.614 4.427 .586 -.041 

Ht. ascending ramus 60 59.983 3.698 .477 -.163 

Min. bra ascending ramus 67 31. 791 2.178 .266 .041 

Max. mandibular len. 52 103.846 5.689 .789 .148 

Radius max. morpho len. 57 249.754 9.984 1.322 .671 

Ulna max. morpho len. 41 267.537 10.757 1.680 .488 

Humerus max. morpho len. 58 316.138 14.451 1.897 .681 

Humerus max. diam. mid-shc;.ft 58 20.259 1.384 .182 -.114 

lfumerus min. diam. mid-shaft 58 15.052 1.303 .171 .098 

Humerus max. diam. head 58 43.931 2.733 .359 -.288 

Humerus biepicond. wid. 61 59.508 2.413 .309 -.147 

Clavicle max. morpho len. 50 153.640 7.798 1.103 -.327 

Femur max. morpho len. 57 437.333 16.327 2.163 .534 

Femur hicond. wid. 46 78.913 3.278 .483 .219 

Kurtosis 

2.972 

-.756 

.516 

-.898 

-.393 

1.468 

-.411 

-.463 

-.421 

-.435 

.174 

-.211 

.731 

.166 

-.430 

.052 

.160 

1.867 
N 

.264 f-' 
UJ 

.638 



Table C.1.--Continuen. 

Trait N X S 

Femur ant.-post. diam. 
mid-shaft 55 28.945 2.198 

Femur med.-1at. diam. 
mid-shaft 55 22.564 1.244 

Femur subtroch. med.-1at. diam. 67 31.194 1. 794 

Femur subtroch. ant.-post. diam.67 23.343 1.610 

Femur max. diam. head 65 44.385 2.104 

Tibia max. morpho len. 45 373.244 14.426 

Tibia ant.-post. diam. nut. for.57 34.386 2.374 

Tibia med.-1at. diam. nut. for. 57 20.912 1.815 

Fibia max. morpho len. 22 363.091 15.669 

SX Skewness 

.296 -.048 

.168 -.181 

.219 -.268 

.197 .000 

.261 .167 

2.150 .822 

.314 -.579 

.240 .135 

3.341 .932 

Kurtosis 

.827 

-.155 

-.100 

.436 

-.037 

3.807 

.253 

-.269 

2.789 

N 
...... 
+:-



Table C.2. Descriptive Statistics for Metric Variables Recorded for Grasshopper F~males. 

Trait N X S SX Skewness Kurtosis 

Nasal ht. 39 48.385 2.711 .434 .062 -.140 

Nasal br. 54 24.981 2.023 .275 -.045 .982 

Orbital ht. 40 34.425 1.647 .260 .067 .082 

Orbital br. 41 41.366 2.071 .323 .849 1.297 

Biorbital br. 50 95.640 3.527 .499 .195 .056 

Interorbital br. 44 18.886 2.180 .329 .702 .301 

Min. frontal br. 96 89.844 4.214 .430 -.179 -.253 

Ht. ascending ramus 103 53.680 4.102 .404 .030 -.564 

Min. br. ascending ramus 112 29.982 2.547 .241 -.053 -.378 

Max. mandibular len. 81 100.704 5.321 .591 -.025 -.063 

Radius max. morpho len. 82 224.463 10.035 1.108 -.421 -.118 

Ulna max. morpho len. 58 240.793 11.309 1.485 -.149 -.413 

Humerus max. morpho len. 89 289.921 11.687 1.239 -.109 .593 

Humerus max. diam. mid-shaft 88 19.739 1.771 .189 -.011 .592 

Humerus min. diam. mid-shaft 88 13.000 -1.135 .121 -.097 .223 

Humerus max. diam. head 96 38.365 1.842 .188 -.007 -.386 

Humerus biepicond. wid. 103 53.194 2.690 .265 .566 .562 

Clavicle max. morpho len. 55 135.473 7.211 .972 -.209 -.749 
N 

Femur max. morpho len. 95 406.200 17.853 1.832 .115 -.085 I-' 
IJl 

Femur bicond. wid. 74 71. 500 3.429 .399 .348 1.584 



Table C.2.--Continued 

Trait N X 

Femur ant.-post. diam. 
mid-shaft 96 25.104 

Femur med.-1at. diam. 
mid -shaft 95 21.053 

Femur subtroch. med .-lat. diam. 111 28.369 

Femur subtroch. ant.-post. 
diam 111 21.459 

Femur max. diam. head 107 39.720 

Tibia max. morpho len. 67 341.000 

Tibia ant.-post. diam. nut. 
for. 103 28.709 

Tibia med.-lat. diam. nut. 
for. 103 18.864 

Fibula max. morpho len. 42 331.619 

S SX 

2.125 .217 

1.454 .149 

1.941 .184 

1. 536 .146 

2.162 .209 

14.886 1.819 

2.248 .221 

1. 541 .152 

14.849 2.291 

Skewness 

.217 

-.496 

-.205 

-.351 

.576 

-.184 

.198 

.446 

-.452 

Kurtosis 

.122 

-.061 

-.199 

.203 

2.586 

-.126 

-.349 

-.112 

.108 

N 
f-' 

'" 



Table C.3. Descriptive Statistics for Metric Variables Recorded for Kinishba Males. 

-
Trait N X S SX Skewness Kurtosis 

Nasal ht. 6 51.167 2.041 .833 -.121 -3.032 

Nasal br. 8 25.375 2.066 .730 -.152 -.530 

Orbital ht. 7 35.143 2.116 .800 -.259 -.795 

Orbi.tal br. 7 42.000 1.633 .617 .964 1.163 

Biorbital br. 6 99.167 1.835 .749 -.362 -2.103 

Interorbital br. 6 20.667 2.251 .919 -.327 2.052 

Min.· frontal br. 13 94.231 3.516 .975 -.471 2.360 

Ht. ascending ramus 11 56.455 4.009 1.209 -.590 -.896 

Min. hr. ascending ramus 13 32.154 2.577 .715 .145 -.235 

Max. mandibular len. 6 100.333 4.719 1.926 1.486 2.430 

Radius max. morpho len. 15 242.533 14.342 3.703 .149 -1. 697 

Ulna max. morpho len. 9 263.333 13.210 4.403 .014 -1.187 

Humerus max. morpho len. 14 307.·571 16.603 4.437 -.034 -1. 645 

Humerus max. diam. mid-shaft 14 20.214 1.762 .471 1.492 3.625 

Humerus min. diam. mid-shaft 14 14.571 1.284 .343 .197 -.783 

Humerus max. diam. head 14 43.143 2.713 .725 -.661 .603 

Humerus biepicond. wid. 15 58.600 2.971 .767 .167 -.442 

Clavicle max. morpho len. 11 144.364 9.770 2.946 -1.050 -.038 

Femur max. morpho len. 9 436.333 18.808 6.269 -1.098 1.554 
N 

Femur bicond. wid. 11 79.091 3.081 .929 -.907 2.088 I-' 
-..J 



Table C.3.--Continued. 

Trait N X 

Femur ant.-post. diam. 
mid-shaft 9 28.889 

Femur med.-1at. diam. 
mid-shaft 9 22.444 

Femur subtroch. med.-1at. 
diam. 13 31.154 

Femur subtroch. ant.-post. 
diam. 13 23.000 

Femur max. diam. head 10 43.800 

Tibia max. morpho len. 6 370.667 

Tibia ant.-post. diam. 
nut. for. 8 34.000 

Tibia med.-1at. diam. 
nut. for. 8 20.750 

Fibula max. morpho len. 4 360.750 

S SX 

2.369 .790 

1. 236 .412 

2.340 .649 

2.415 .670 

2.394 .757 

14.814 6.048 

3.251 1.150 

2.315 .818 

15.262 7.631 

Skewness 

.314 

-.092 

.289 

-.336 

-1. 770 

-.915 

-.299 

.035 

-1. 927 

Kurtosis 

-.648 

-1. 692 

-.737 

-1. 310 

3.599 

-1. 521 

-.218 

-1. 720 

3.740 

N 
I-' 
co 



Table C.4. Descriptive Statistics for Metric Variables Recorded for Kinishba Females 
--_._-

Trait N X S SX Skewness Kurtosis 

Nasal ht. 8 49.500 3.251 1.150 -1.130 1.323 

Nasal br. 8 26.000 1.069 .378 -.935 .350 

Orbital ht. 8 34.750 1.832 .648 -.813 -.492 

Orbital br. 8 42.000 1. 927 .681 -1.437 2.009 

Biorbital br. 7 95.714 3.729 1.409 -1. 793 3.569 

Interorbital br. 7 17.857 1. 574 .595 -.037 -1.684 

Min. frontal br. 15 90.000 3.423 .884 -.136 -1.187 

Ht. ascending ramus 19 53.737 2.845 .653 1. 349 2.997 

Min. br. ascending ramus 21 31.095 2.143 .468 .201 -.350 

Max. mandibular len. 8 102.750 5.726 2.024 1. 555 2.834 

Radius max. morpho len. 13 220.231 11. 699 3.245 .526 -.465 

Ulna max. morpho len. 10 239.900 11. 249 3.557 .266 -1.607 

Humerus max. morpho len. 14 285.143 10.798 2.886 -.426 .153 

Humerus max. diam. mid-shaft. 13 20.462 1.330 .369 -.279 -.906 

Humerus min. diam. mid-shaft 13 13.846 1.345 .373 .083 -1. 557 

Humerus max. diam. head 13 38.615 1.805 .500 -.282 -.392 

Humerus biepicond. wid. 14 52.857 2.878 .769 .279 -.580 

Clavicle max. morpho len. 8 134.250 6.159 2.177 .857 .603 

Femur max. morpho len. 15 394.667 9.424 2.433 -. 700 2.512 
N 

Femur bicond. wid. 14 71. 929 2.841 .759 .295 -1. 062 I-' 
\.0 



Table C.4.--Continued. 

Trait N X 

Femur ant.-post. diam. 
mid-shaft 14 25.357 

Femur med.-1at. diam. 
mid-shaft 14 20.929 

Femur subtroch. med.-1at. 
diam. 22 28.636 

Femur subtroch. ant.-post. 
diam. 22 21.409 

Femur max. diam. head 19 39.158 

Tibia max. morpho len. 6 344.500 

Tibia ant.-post. diam. 
nut. for. 13 29.000 

Tibia med.-1at. diam. 
nut. for. 13 19.462 

Fibula max. morpho len. 7 326.286 

S SX 

1.277 .341 

1.328 .355 

1.965 .419 

1.098 .234 

1.500 .344 

14.237 5.812 

2.041 .566 

1. 761 .489 

12.352 4.669 

Skewness 

.242 

-.080 

.149 

.254 

-.079 

-.535 

1.042 

1.319 

-.196 

Kurtosis 

.501 

-.627 

-.715 

-1.193 

.058 

-.911 

2.093 

2.959 

-1.142 

N 
N 
o 



Table C.5. Descriptive Statistics for Meeric Variables Recorded for Point of 
Pines Males. 

Trait N X S SX Skewness 

Nasal ht. 8 50.625 2.264 .800 .226 

Nasal br. 12 25.500 2.468 .712 .000 

Orbital ht. 6 36.167 3.125 1.276 .890 

Orbital br. 7 40.714 2.360 .892 -1. 440 

Biorbital br. 6 98.833 4.708 1.922 .139 

In terorbita1 br. 5 19.000 2.646 1.183 .810 

Hin. frontal br. 25 90.360 5.453 1.091 -.210 

Ht. ascending ramus 33 58.545 3.501 .609 .131 

Hin. br. ascending ramus 46 32.913 2.648 .390 .886 

Hax. mandibular len. 17 102.529 6.681 1.620 -.336 

Radius max. morpho len. 21 239.905 9.833 2.146 .214 

Ulna max. morpho len. 17 258.294 11.693 2.836 -.515 

Humerus max. morpho len. 37 308.378 14.681 2.413 -.249 

Humerus max. diam. mid-shaft 36 21.028 1.341 .224 .398 

Humerus min. diam. mid-shaft 36 14.972 1.134 .189 -.192 

Humerus max. diam. head 40 43.750 2.372 .375 .399 

Humerus biepicond. wid. 37 58.881 3.298 .542 .574 

Clavicle max. morpho len. 14 146.143 8.027 2.145 .163 

Femur max. morpho len. 38 425.211 17.862 2.898 -.085 

Kurtosis 

-1.412 

-1.720 

-.845 

2.851 

.680 

.673 

-.563 

-.071 

1.042 

-.641 

.392 

.813 

.093 

-.644 

.089 

1.276 

-.363 

-.801 

-.570 N 
N ...... 



Table C.5--Continued. 

=-=--=-=- .== 

Trait N X 

Femur bicond. wid. 29 78.172 
Femur ant.-post. diam. 

mid-shaft 38 28.316 
Femur med.-lat. diam. 

mid-shaft 38 22.474 
Femur subtroch. med.-lilt. 

di.am. 54 31. 222 
Femur subtroch. ant.-post. 

diam. 54 23.907 
Femur max. diam. head 43 43.930 
Tibla max. morpho len. 2/, 363.167 
Tibia ant.-post. diam. 

nut. for. 42 34.929 
TibJa med.-Iat. diam. 

nut. for. 42 20.833 
Fihula max. morpho len. 7 34/,.429 

S SX 

2.674 .496 

2.001 .325 

1.606 .261 

1.920 .261 

1. 569 .214 

2.313 .353 

22.276 4.547 

2.267 .350 

1. 793 .277 

16.871 6.377 

Skewness 

-.186 

-.226 

.814 

.352 

.159 

-.589 

-.232 

-.421 

.236 

.471 

Kurtosis 

.913 

.091 

2.53/, 

.579 

-.280 

.909 

-.497 

-.727 

.674 

.171 

N 
N 
N 



Table C.6. Descriptive Statistics for Metric Variables Recorded for Point of 
Pines Females. 

Trait N X S SX Skewness Kurtosis 

Nasal ht. 10 48.300 2.983 .943 .234 1.006 
Nasal br. 9 25.556 1.878 .626 -.038 2.001 
Orbital ht. 10 33.900 1. 370 .433 1.192 2.396 
Orbital br. 10 40.100 1. 969 .623 .591 .652 
Biorbital br. 11 93.364 3.009 .907 -.454 -.546 
Interorbital br. 10 17.900 1.449 .458 .214 -.987 
Min. frontal br. 28 89.607 5.216 .986 -.039 3.554 
Ht. ascending ramus 36 54.250 3.820 .637 -.229 -.183 
Min. br. ascending ramus 51 30.549 2.185 .306 -.123 .186 
Max. mandibular len. 20 99.950 3.845 .860 .363 -.205 
Radius max. morpho len. 20 219.550 11.537 2.580 1.419 4.639 
Ulna max. morpho len. 16 239.375 12.236 3.059 1.308 3.804 
Humerus max. morpho len. 39 283.487 12.851 2.058 .066 .807 
Humerus max. diam. mid-shaft 38 19.474 1.350 .219 .302 .008 
Humerus min. diam. mid-shaft 38 13.684 1.118 .181 1.287 4.923 
Humerus max. diam. head 49 38.469 1. 596 .228 -.760 .460 
Humerus biepicond. wid. 49 53.061 2.006 .295 .595 .067 
Clavicle max. morpho len. 17 135.353 7.992 1.938 .194 .011 
Femur max. morpho len. 33 399.758 22.787 3.967 -.080 .275 N 

N 
W Femur bicond. wid. 29 71.172 3.596 .668 .008 1.299 



Table C.6.--Continued. 

Trait N X 

Femur ant.-post. diam. 
mid-shaft 33 25.697 

Femur med.-1at. diam. 
mid-shaft 33 21.364 

Femur subtroch. med.-lat.diam. 60 29.233 

Femur subtroch. ant.-post diam. 60 21. 950 

Femur max. diam. head 51 39.275 

Tibia max. morpho len. 14 326.500 

Tibia ant.-post.diam. nut. for. 45 30.222 

Tibia med.-1at.diam.nut. for. 45 19.400 

Fibula max. morpho len. 8 322.250 

S SX 

1.960 .341 

1. 517 .264 

1.872 .242 

1.346 .174 

1. 779 .249 

22.880 6.115 

2.746 .409 

2.526 .377 

23.987 8.481 

Skewness 

.374 

-.609 

-.368 

.223 

-.034 

-.706 

-.381 

1.003 

.062 

Kurtosis 

1.120 

-.199 

.207 

-.117 

.013 

-.343 

-.191 

3.859 

1.911 

N 
N 
.l:--



Table C.7. Descriptive Statistics for Metric Variables Recorded for Turkey Creek 
Males. 

Trait N X S SX Skewness 

Nasal ht. 10 53.200 3.736 1.181 -1. 730 
Nasal br. 14 26.571 1. 555 .416 -.298 
Orbital ht. 8 35.875 1.642 .581 .262 
Orbital br. 8 42.625 1. 768 .625 -.275 
Biorbital br. 10 100.100 3.665 1.159 .070 
Interorbital br. 9 19.556 1.878 .626 -.620 
Min. frontal br. 16 93.125 4.717 1.179 -.120 
Ht. ascending ramus 20 57.600 4.751 1.062 -1.39 
Min. br. ascending ramus 26 34.192 2.757 .541 .143 
Max. mandibular len. 12 105.000 6.281 1.813 1. 529 
Radius max. morpho len. 17 249.529 7.476 1.813 .370 
Ulna max. morpho len. 14 267.714 13.304 3.556 1.473 
Humerus max. morpho len. 28 321. 357 12.603 2.382 .921 
Humerus max. diam. mid-shaft 27 21. 370 1.245 .240 .384 
Humerus min. diam. mid-shaft 28 15.429 1.136 .215 1.169 Humerus max. diam. head 28 44.893 2.544 .481 .202 Humerus biepicond. wid. 29 60.310 2.830 .525 .067 Clavicle max. morpho len. 10 154.400 9.969 3.125 .768 Femur max. morpho len. 23 440.391 18.923 3.946 .658 

Kurtosis 

4.392 

-.795 

-1.680 

-1.374 

-1. 979 

.050 

-.663 

1.153 

.248 

3.147 

-.388 

2.797 

1.602 

-.558 

2.270 

-.320 

-.385 
N 

-.077 N 
V1 

1.255 



Table C.7.--Continued. 

Trait N X S 

Femur bicond. wid. 17 81.471 4.274 

Femur ant.-post. diam. mid-shaft 21 30.143 2.886 

Femur med.-1at. diam. mid-shaft 21 23.095 1.044 

Femur subtroch. med.-1at.-diam. 33 32.000 1.887 

Femur subtroch. ant.-post. diam. 33 24.848 1.770 

Femur max. diam. head 25 45.160 2.853 

Tibia max. morpho len. 14 379.000 23.062 

Tibia ant.-post. diam. nut. for. 18 35.667 2.567 

Tibia med.-1at. diam. nut. for. 18 22.000 1.715 

Fibula max. morpho len. 4 362.750 16.460 

SX Skewness 

1.037 -.173 
~630 .201 
.228 .085 
.329 .505 
.308 ;172 

.571 .211 
6.164 .414 

.605 -.897 

.404 -.236 
8.230 .239 

Kurtosis 

-.532 

-.143 

-.320 

.065 

-.135 

-.225 

.786 

1.666 

-1.384 

-.186 

N 
N 
0\ 



Table C.8. Descriptive Statistics for Metric Variables Recorded for Turkey Creek 
Females. 

Trait N X S SX Skewness Kurtosis 

Nasal ht. 14 48.429 3.204 .856 -.062 .931 
Nasal br. 15 25.600 1.993 .515 -.232 -.644 
Orbital ht. 14 35.071 3.100 .829 .718 .459 
Orbital br. 14 41.286 2.525 .675 -1. 279 1.815 
B:!orbital br. 12 97.833 3.614 1.043 -1. 267 .961 
In terorbital br. 14 19.643 2.560 .684 -.305 -.594 
Min. frontal br. 35 91.600 4'-500 .761 .544 .882 
Ht. ascending ramus 34 53.235 4.307 .739 .392 .012 
Min. br. ascending ramus 43 33.302 2.765 .422 .265 -.261 
Max. mandibular len. 23 101.087 4.709 .982 .387 .770 
Radius max. morpho len. 21 224.238 13.755 3.002 .017 .269 
Ulna max. morpho len. 17 241.176 12.934 3.137 -.280 -.017 
Humerus max. morpho len. 39 291. 846 14.265 2.284 -.658 .221 
Humerus max. diam. mid-shaft .39 20.744 1. 292 .207 -.110 -.774 
Humerus min. diam. mid-shaft 39 13.872 1.005 .161 .433 -.127 
Humerus max. diam. head 39 38.846 2.601 .416 .726 -1. 645 
Humerus biepicond. wid. 47 54.489 3.256 .475 .042 -1. 039 
Clavicle max. morpho len. 12 135.500 6.403 1.848 .549 .450 
Femur max. morpho len. 39 403.256 23.794 3.810 -.105 -.223 N 

N 
-...J Femur bicond. wid. 35 71.514 3.876 .655 .308 .590 



Table C.8.--Continued. 

-Trait N X 

Femur ant.-post. diam. 
mid-shaft 39 26.154 

Femur med.-1at diam. mid-shaft 39 21.744 

Femur subtrllch. med.-1at. diam. 52 29.500 

Femur subtroch. ant.-post diam. 52 22.346 

Femur max. diam. head 45 39.867 

Tibia max. morpho len. 27 340.593 

Tibia ant.-post. diam. nut. for. 44 30.977 

Tibia med.-1at. diam. nut. for. 44 20.273 

Fibula max. morpho len. 10 335.700 

-
S SX 

2.084 .334 

1. 773 .284 

2.128 .295 

1. 748 .242 

2.719 .405 

21.317 4.102 

2.052 .309 

1.872 .282 

24.980 7.899 

Skewness 

-.215 

.261 

-.197 

.291 

.843 

-.541 

.354 

.229 

-.809 

Kurtosis 

.030 

-.343 

-.325 

.229 

.721 

-.453 

.492 

-.229 

-.384 

N 
N 
00 



APPENDIX D 

RAW CHI-SQUARE ASSOCIATIONS OF POSTCRANIAL DISCRETE TRAITS AMONG 

THE GRASSHOPPER, KINISHBA, POINT OF PINES, AND TURKEY CREEK 

SKELETAL SAMPLES 

229 
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Table D.l. Raw Chi-Square Associations of Discrete Traits for the 
Grasshopper and Point of Pines Groups (Sexes Combined). 

Trait 

Atlas 
lat. SpUT 
lat. bridge 
post. spur 
post. bridge 
retroart. bridge 
trans. for. 

Cervical vert. (3-6) trans. 
for.div. 

7th Cervical Vert. 
trans for. spur 
trans. for. diva 

Circumflex Sulcus 

Acetabular Mark 

Septal Aperture 

3rd Trochanter 

Calcaneus 
Sup. ant. facet. dis. 
post. facet ext. 

Talus lat. ext. sup. facet. 

Cuboid navic.-calc. facets 
contig. 

1st Cunieform dis. facet for. 
2nd metat.-2nd cun. 

1st Metatarsal facet for. 
2nd metat. 

2 
Raw X 

.41636 

.07529 
2.29077 
1. 93069 

.13300 

.00200 

.24107 

9.24550 
1. 22769 

4.77543 

1. 62992 

9.16898 

3.55978 

.01254 

.04662 

13.18153 

1.27839 

.28419 

4.73182 

Significance 
Level 

.5188 

.7838 

.l301 

.1647 

.7153 

.9643 

.6234 

.0024 

.2679 

.0289 

.2017 

.0025 

.0592 

.9109 

.8291 

.0003 

.2582 

.5940 

.0296 

Total 
Sample 
Sizes 

200 
203 
184 
207 
194 
197 

189 

132 
121 

253 

286 

294 

279 

251 
251 

248 

193 

173 

149 
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Table D.2. Raw Chi-Square Associations of Discrete Traits for the 
Grasshopper and Kinishba Groups (Sexes Combined). 

2 Total 
Trait Raw X Significance Sample 

Level Sizes 

Atlas 
1at. spur 1.01975 .3126 167 
lat. bridge 1.00653 .3157 167 
post. spur 1. 35940 .2436 154 
post. bridge .29749 .5855 169 
retroart. bridge .09814 .7541 156 
trans. for. 1. 57534 .2094 161 

Cervical vert. (3-6) trans. 
for.div. .08584 .7695 154 

7th Cervical Vert. 
trans. for. spur .25756 .6118 113 
trans. for. div. .50796 .4760 103 

Circumflex Sulcus 1.13455 .2868 180 

Acetabular Mark 1.84040 .1749 193 

Septal Aperture 7.95866 .0048 218 

3rd Trochanter 1.66011 .1976 215 

Calcaneus 
sup. ant. facet. dis. 2.27556 .1314 195 
post. facet ext. 2.45897 .1169 192 

Talus lat. ext. sup. facet .10323 .7480 200 

Cuboid navic.-ca1c. facets 1.05657 .3040 170 
contig. 

1st Cunieform dis. facet for .59763 .4395 158 
2nd metat. -2nd cun. 

1st Metatarsal facet for .55004 .4583 144 
2nd metat. 
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Table D.3. Raw Chi-Square Associations of Discrete Traits for the 
Grasshopper and Turkey Creek Groups (Sexes Combined). 

2 Significance Total 
Trait Raw X Level Sample 

Sizes 

Atlas 
1at. spur .2581 .6114 170 
1at. bridge .81637 .3662 173 
post. spur .08794 .7668 159 
pas t. bridge .73408 .3916 174 
retroart. bridge .60170 .4379 161 
trans. for. .34435 .5573 168 

Cervical vert. (3-6) trans. 
for. div. .10061 .7511 165 

7th Cervical Vert. 
trans. for. spur 1.08050 .2986 122 
trans. for. div. .31794 .5729 112 

Circumflex Sulcus .11730 .7320 207 

Acetabular Mark .52271 .4697 252 

Septal Aperture 2.47529 .1157 270 

3rd Trochanter .03485 .8519 260 

Calcaneus 
sup. ant. facet. dis. .00782 .9295 209 
post. facet ext. .02062 .8858 207 

Talus lat. ext. sup. facet .03440 .8529 210 

Cuboid navic.-ca1c. facets .00754 .9308 172 
contig. 

1st Cunieform dis. facet for .04854 .8256 139 
2nd metat.-2nd cun. 

1st Metatarsal facet for 1.90163 .1679 139 
2nd metat. 
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Table D.4. Raw Chi-Square Associations of Discrete Traits for the 
Kinishba and Point of Pines Groups (Sexes Combined). 

Trait 

Atlas 
lat. spur. 
lat. bridge 
post. spur 
post. bridge 
retroart. bridge 
trans. for. 

Cervical vert. (3-6) trans. 
for.div. 

7th Cervical Vert. 
trans. for. spur 
trans. for. dive 

Circumflex Sulcus 

Acetabular Mark 

Septal Aperture 

3rd Trochanter 

Calcaneus 
sup. ant. facet. dis. 
post. facet ext. 

Talus lat. ext. sup. facet 

Cuboid navic.-calc. facets 
contig. 

1st Cunieform dis. facet for 
2nd metat.-2nd cun. 

1st Metatarsal facet for 
2nd metat. 

2 
Raw X 

1. 69282 
1.13124 

.05009 

.88824 

.01036 
1.59113 

.00000 

5.46646 
.00364 

.05293 

.61707 

1.07126 

6.03821 

2.21181 
1. 85711 

6.72427 

2.27732 

1. 00277 

1. 74045 

Significance 
Level 

.1932 

.2875 

.8229 

.3460 

.9189 

.2072 

1.0000 

.0194 

.9519 

.8180 

.4321 

.3007 

.0140 

.1370 

.1730 

.0095 

.1313 

.3166 

.1871 

Total 
Sample 
Sizes 

63 
66 
54 
68 
66 
66 

63 

45 
44 

121 

119 

134 

128 

98 
101 

98 

57 

43 

41 
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Table D.5. Ra'l7 Chi-Square Associations of Discrete Traits for the 
Kinishba and Turkey Creek Groups (Sexes Combined). 

Trait 

Atlas 
lat. spur 
lat. bridge 
post. spur 
post. bridge 
retroart. bridge 
trans. for. 

Cervical vert. (3-6) trans. 
for. div. 

7th Cervical Vert. 
trans. for. spur 
trans. for. div. 

Circumflex Sulcus 

Acetabular Mark 

Septal Aperture 

3rd Trochanter 

Calcaneus 
sup. ant. facet. dis. 
post. facet ext. 

Talus lat. ext. sup. facet 

Cuboid navic.-ca1c. facets 
contig. 

1st Cunieform dis. facet for 
2nd metat.-2nd cun. 

1st Metartarsa1 facet for 
2nd metat. 

2 
Raw X 

.15714 
2.05714 

.46762 

.77206 

.10695 
2.22594 

.00145 

1. 23397 
.04839 

.50041 

.90289 

2.95723 

1. 65538 

1.53476 
2.02140 

.01732 

.89164 

.18510 

.54095 

Significance 
Level 

.6918 

.1515 

.4941 

.3796 

.7436 

.1357 

.9697 

.2666 

.8259 

.4793 

.3420 

.0855 

.1982 

.2154 

.1551 

.8953 

.3450 

.6670 

.4620 

Total 
Sample 
Sizes 

33 
36 
29 
35 
33 
35 

39 

35 
35 

75 

85 

110 

109 

56 
57 

60 

36 

31 

31 
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Table D.6. Raw Chi-Square Associations of Discrete Traits for the 
Point of Pines and Turkey Creek Groups (Sexes Combined). 

Trait 

Atlas 
lat. spur 
lat. bridge 
post. spur 
post. bridge 
retroart. bridge 
trans. for. 

Cervical vert. (3-6) trans. 
for. dive 

7th Cervical Vert. 
trans. for. spur 
trans. for. dive 

Circumflex Sulcus 

Acetabular Mark 

Septal Aperture 

3rd Trochanter 

Calcaneus 
sup. ant. facet. dis. 
post. facet ext. 

Talus lat. ext. sup. facet 

Cuboid navic.-calc. facets 
contig. 

1st Cunieform dis. facet for. 
2nd metat.-2nd cun. 

1st Metatarsal facet for 
2nd metaL 

2 
Raw X 

.74280 

.49503 

.39805 

.01223 

.27143 

.23135 

.00266 

1. 92857 
.12090 

1.69661 

.13240 

1. 24057 

2.02461 

.02415 

.07665 

7.41366 

.35801 

.30075 

.17706 

Significance 
Level 

.3888 

.4817 

.5281 

.9120 

.6024 

.6305 

.9589 

.1649 

.7281 

.1927 

.7160 

.2654 

.1548 

.8765 

.7819 

.0065 

.5496 

.5834 

.6739 

Total 
Sample 
Sizes 

66 
72 
59 
73 
71 
73 

74 

54 
53 

148 

178 

186 

173 

112 
116 

108 

59 

46 

36 



Table D.7. Raw Chi-Square Associations of Discrete Traits for 
Grasshopper Males from the East and West Units. 

Trait 

Atlas 
lat. spur 
lat. bridge 
post. spur 
post. bridge 
retroart. bridge 
trans. for. 

Cervical vert. (3-6) trans. 
for. div. 

7th Cervical Vert. 
trans. for. spur 
trans. for. div. 

Circumflex Sulcus 

Acetabular Mark 

Septal Aperture 

3rd Trochanter 

Calcaneus 
sup. ant. facet. dis. 
post. facet ext. 

Talus lat. ext. sup. facet 

Cuboid navic.-ca1c. facets 
contig. 

1st Cunieform dis. facet for 
2nd metat.-2nd cun. 

1st Metatarsal facet for 
2nd metat. 

2 
Raw X 

4.03686 
2.38142 
5.10526 
1.16645 

.93610 

.85401 

.00012 

.01246 
3.74332 

.88882 

.01562 

.05593 

.22680 

2.63984 
.48462 

.25554 

.54778 

.10591 

.49575 

Significance 
Level 

.0445 

.1228 

.0239 

.2801 

.3333 

.3554 

.9913 

.9111 

.0530 

.3458 

.9005 

.8130 

.6339 

.1042 

.4863 

.6132 

.4592 

.7448 

.4814 

236 

Total 
Sample 
Sizes 

61 
62 
56 
61 
58 
61 

55 

35 
28 

58 

66 

68 

68 

64 
63 

65 

57 

57 

50 



Table D.S. Raw Chi-Square Associations of Discrete Traits for 
Grasshopper Females from the Eas t and l-les t Uni ts. 

Trait 

Atlas 
lat. spur 
lat. bridge 
post. spur 
post. bridge 
retroart. bridge 
trans. for. 

Cervical vert. (3-6) trans. 
for.div. 

7th Cervical Vert. 
trans. for. spur 
trans. for. div. 

Circumflex Sulcus 

Acetabular Mark 

Septal Aperture 

3rd Trochanter 

Calcaneus 
sup. ant. facet. dis. 
post. facet ext. 

Talus lat. ext. sup. facet 

Cuboid navic.-ca1c. facets 
contig. 

1st Cunieform dis. facet for 
2nd metat.-2nd cun. 

1st Metatarsal facet for 
2nd metat. 

Raw x2 

.12156 

.15069 

.28386 

.71144 

.37579 

.00064 

.17310 

1. 43576 
4.74168 

.47414 

.08391 

.07006 

.26637 

1.12560 
1. 32191 

.15341 

.22691 

.42254 

.77844 

Significance 
Level 

.7274 

.6979 

.5942 

.3990 

.5399 

.9798 

.6774 

.2308 

.0294 

.4911 

.772]. 

.7912 

.6058 

.2887 

.2503 

.6953 

.6338 

.5157 

.3776 

237 

Total 
Sample 
Sizes 

90 
89 
85 
92 
83 
84 

83 

64 
61 

95 

111 

118 

112 

108 
106 

108 

94 

86 

74 



APPENDIX E 

t-TESTS BETWEEN MEANS FOR MALES AND FOR FEMALES OF 

THE GRASSHOPPER, KINISHBA, POINT OF PINES, AND TURKEY CREEK 

SKELETAL SAMPLES 

238 
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Table E.l. t-Tests between Means for Grasshopper and Kinishba Males. 

Significance 
Trait , t-Value df Level 

Nasal ht. .81 23 .424 

Nasal br. .03 36 .974 

Orbital ht. .30 27 .770 

Orbital br. 1.30 27 .204 

Biorbital br. -1. 50 29 .145 

Interorbital br. -2.49 23 .021 

Min. frontal br. -1.99 68 .051 

Ht. ascending ramus 2.87 69 .005 

Min. br. ascending ramus -.53 78 .595 

Max. mandibular len. 1.45 56 .152 

Humerus max. morpho len. 1. 93 70 .057 

Humerus max. diam. mid-shaft .10 70 .919 

Humerus min. diam. mid-shaft 1.24 70 .219 

Humerus max. diam. head .97 70 .335 

Humerus biepicond. wid. 1. 25 74 .216 

Clavicle max. morpho len. 3.41 59 .001 

Femur bicond. wid. .16 55 .871 

Femur ant.-post. diam. mid-shaft .07 62 .944 

Femur med.-lat. diam. mid-shaft .27 62 .791 

Femur subtroch. med.-lat. diam. .07 78 .944 

Femur subtroch. ant.-post. diam. .49 14.14 .631 

Femur max. diam. head .80 73 .424 

Tibia ant.-post. diam. nut. for. .41 63 .682 

Tibia med.-lat. diam. nut. for. .23 63 .820 
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Table E.2. t-Tests between Means for Grasshopper and Kinishba Females. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid.-shaft 

Femur med.-lat. diam. mid-shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

-1.03 

-1.39 

-.50 

-.80 

-.07 

.58 

-.14 

.06 

-1.89 

-1.06 

1.48 

-1.43 

-2.49 

-.45 

.44 

.47 

-.46 

-.60 

.30 

-.54 

.13 

1.10 

-.44 

-1.32 

df 

45 

60 

46 

47 

54 

49 

109 

121 

132 

88 

102 

100 

100 

108 

116 

62 

87 

24.81 

108 

132 

132 

125 

115 

115 

Significance 
Level 

.311 

.170 

.619 

.428 

.944 

.552 

.892 

.956 

.061 

.291 

.142 

.155 

.014 

.652 

.664 

.640 

.645 

.551 

.764 

.591 

.893 

.276 

.659 

.190 



241 

Table E.3. t-Tests between Means for Grasshopper and Point of Pines 
Males. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft 

Femur med.-lat. diam. mid-shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

1.19 

-.70 

-.10 

3.13 

-.56 

-1.22 

.67 

1. 69 

-2.44 

.20 

2.22 

-2.55 

.71 

.35 

.96 

3.11 

.92 

1. 55 

.22 

.16 

-1. 77 

1. 20 

-1.43 

.11 

df 

24 

39 

25 

26 

4.23 

21 

78 

90 

109 

66 

92 

91 

91 

96 

56.46 

61 

72 

89 

90 

117 

ll8 

104 

95 

95 

Significance 
Level 

.247 

.488 

.922 

.004 

.603 

.235 

.506 

.095 

.016 

.844 

.029 

.012 

.478 

.725 

.342 

.003 

.359 

.126 

.823 

.874 

.079 

.233 

.155 

.916 



Table E.4. t-Tests between Means for Grasshopper and Point of Pines 
Females. 
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Significance 
Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft 

Femur med.-lat. diam. mid-shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

.09 

-.80 

.93 

1. 75 

1. 94 

1.42 

.25 

-.73 

-1. 38 

.55 

2.85 

.80 

-3.18 

-.32 

.33 

.07 

.41 

-1. 39 

-1.05 

-2.75 

-2.11 

1. 29 

-3.53 

-1.62 

df Level 

47 .932 

61 .430 

48 .358 

49 .087 

58 .057 

52 .168 

122 .805 

138 .466 

162 .169 

100 .583 

127 .005 

125 .424 

125 .002 

144 .750 

119.23 .741 

71 .943 

102 .685 

128 .166 

127 .294 

170 .007 

170 .037 

157 .199 

147 .001 

147 .108 
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Table E.5. t-Tests between Means for Grasshopper and Turkey Creek Males. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft 

Femur med.-lat. diam. mid-shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

-.52 

-2.28 

-.i3 
-.04 

-2.25 

-1. 70 

-.98 

2.19 

-4.20 

-.62 

-1. 65 

-3.42 

-1.17 

-1.52 

-1.19 

-.25 

-2.50 

-1. 94 

-1. 67 

-2.36 

-4.35 

-1.40 

-1. 99 

-2.12 

df 

27 

41 

28 

28 

10 

26 

70 

76 

89 

60 

82 

81 

82 

82 

86 

56 

60 

72 

73 

96 

96 

86 

71 

71 

Significance 
Level 

.609 

.028 

.895 

.966 

.048 

.102 

.332 

.031 

.000 

.535 

.102 

.001 

.247 

.133 

.236 

.805 

.015 

.056 

.098 

.020 

.000 

.166 

.050 

.037 
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Table E.6. t-Tests between Means for Grasshopper and Turkey Creek 
Females. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Nin. frontal br. 

Ht. ascending ramus 

Nin. br. ascending ramus 

Nax. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft 

Femur med.-lat. diam. mid-shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

-.05 

-1.05 

-.74 

.12 

-1. 93 

-.17 

-2.07 

.55 

-7.l3 

-.36 

-.74 

-3.63 

-4.20 

-1.04 

-2.57 

a 
-.05 

-2.60 

-2.35 

-3.30 

-3.31 

-.35 

-5.77 

-4.80 

df 

108 

67 

15.64 

53 

59 

56 

129 

l36 

154 

103 

127 

97.33 

126 

53.85 

149 

66 

108 

134 

133 

162 

162 

151 

146 

146 

Significance 
Level 

.963 

.297 

.467 

.906 

.058 

.882 

.040 

.585 

.000 

.720 

.460 

.000 

.000 

.302 

. all 
1.000 

.963 

.010 

.020 

.001 

.001 

.720 

,000 

.000 
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Table E.7. t-Tests between Means for Kinishba and Point of Pines Males. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft 

Femur med.-la-t. diam. mid-shaft 

Femur subrroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

.24 

-1.16 

.37 

1.62 

-.14 

.05 

1.44 

-1. 75 

-1.50 

-1. 25 

-.40 

-1. 74 

.72 

-.78 

.03 

-.50 

.99 

.91 

-.03 

.10 

-.85 

.17 

-1.46 

-.67 

df 

12 

17 

10 

11 

4.75 

8 

34 

40 

12.74 

19 

48 

47 

47 

51 

49 

23 

37 

44 

44 

63 

13.06 

50 

47 

47 

Significance 
Level 

.811 

.263 

.722 

.133 

.893 

.963 

.159 

.088 

.158 

.226 

.692 

.089 

.472 

.442 

.973 

.622 

.326 

.370 

.979 

.921 

.412 

.863 

.150 

.509 
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Table E.S. t-Tests between Means for Kinishba and Point of Pines 
Females. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant .,- post. diam. mid-shaft 

Femur med.-lat. diam. mid-shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. viam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

.S2 

.59 

1.13 

2.05 

1.47 

-.06 

.26 

-.51 

.97 

1.51 

.43 

2.29 

.43 

.29 

-.30 

-.34 

.69 

-.60 

-.93 

-1. 26 

-1. 69 

-.25 

-1. 49 

.OS 

df 

16 

15 

16 

16 

16 

15 

41 

53 

70 

26 

51 

49 

49 

60 

61 

23 

41 

45 

SO 

SO 

6S 

56 

56 

Significance 
Level 

.427 

.565 

.276 

.057 

.167 

.955 

.794 

.609 

.336 

.143 

.669 

.027 

.670 

.776 

.767 

.734 

.495 

.555 

.357 

.210 

.095 

.SOO 

.143 

.935 
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Table E.9. t-Tests between Means for Kinishba and Turkey Creek Males. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft 

Femur med.-1at. diam. mid-shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

-.71 

-1.84 

-.44 

-1.26 

-1.38 

.50 

.94 

-.84 

-2.15 

-1.50 

-3.40 

-2.48 

-2.21 

-1. 97 

-1.87 

-2.36 

-1.81 

-1.09 

-1. 55 

-1.60 

-2.94 

-1.18 

-1.43 

-1.17 

df 

13 

19 

12 

12 

13 

12 

26 

28 

36 

15 

39 

38 

39 

39 

41 

18 

25 

27 

27 

43 

43 

32 

23 

23 

Significance 
Level 

.488 

.082 

.671 

.230 

.191 

.629 

.354 

.406 

.039 

.155 

.002 

.018 

.033 

.056 

.068 

.030 

.083 

.285 

.132 

.118 

.005 

.247 

.165 

.252 
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Table E.10. t-Test between Means for Kinishba and Turkey Creek Females. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal hr. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. ~Yid. 

Femur ant.-post. diam. mid-shaft 

Femur med.-lat. diam. mid-shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Va1ue 

.75 

.53 

-.27 

.69 

-1.22 

-1.68 

-1. 23 

.45 

-3.21 

.81 

-1.60 

-.68 

-.07 

-.30 

-1.69 

-.43 

.36 

-1. 34 

-1.57 

-1. 63 

-2.78 

-1. 33 

-3.06 

-1. 39 

df 

20 

21 

20 

20 

17 

19 

48 

51 

62 

29 

51 

50 

50 

50 

59 

18 

47 

51 

51 

72 

61.19 

57.38 

55 

55 

Significance 
Level 

.462 

.605 

.793 

.498 

.239 

.109 

.225 

.652 

.002 

.422 

.116 

.502 

.942 

.768 

.097 

.669 

.719 

.187 

.124 

.107 

.007 

.188 

.003 

.170 
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Table E.11. t-Tests between Means for Point of Pines and T~~1<ey 
Creek Males. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending r.amus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morph. len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant. -post. diam. 
mid.-shaft 

Femur med.-lat. diam. 
mid. -shaft 

Femur subtroch. med.-lat. diam. 

Femur subtroch. ant.-post. 
diam. 

Femur max. diam. head 

Tibia ant. -post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Va1ue 

-1.71 

-1.34 

.23 

-1. 79 

-.60 

-.46 

-1.67 

.83 

-1.94 

-1.00 

-3.75 

-1.03 

-1. 60 

-1.90 

-1.95 

-2.25 

-2.87 

-2.86 

-1.59 

-1.85 

-2.58 

-1.9lf 

-1.11 

-2.34 

df 

16 

24 

12 

13 

14 

12 

39 

51 

70 

27 

63 

61 

62 

66 

64 

22 

23.48 

57 

57 

85 

85 

66 

58 

58 

Significance 
Level 

.107 

.191 

.824 

.097 

.556 

.654 

.104 

.410 

.056 

.324 

.000 

.305 

.116 

.062 

.056 

.035 

.009 

.006 

.117 

.068 

.011 

.057 

.271 

.023 
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Table E.12. t-Tests between Means for Point of Pines and Turkey Creek 
Females. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft 

Femur med-lat. diam. mid-shaft 

Femur Subtroch. med.-lat. diam. 

Femur subtroch. ant.-post.diam. 

Femur max. diam. head 

Tibia ant.-post. diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

-.10 

-.05 

-1.11 

-1. 24 

-3.21 

-1. 93 

-1.63 

1. 04 

-5.39 

-.86 

-2.72 

-4.22 

-.77 

-.84 

-2.55 

-.05 

-.36 

-.95 

-.97 

-.71 

-1.35 

-1. 24 

-1.47 

-1. 85 

df 

22 

22 

22 

22 

21 

22 

61 

68 

92 

41 

76 

75 

75 

86 

77.32 

27 

62 

70 

70 

110 

110 

74.19 

87 

87 

Significance 
Level 

.922 

.957 

.277 

.229 

.004 

.066 

.109 

.300 

.000 

.395 

.008 

.000 

.441 

.405 

.013 

.958 

.718 

.344 

.337 

.482 

.179 

.217 

.146 

.068 
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Table E.l3. t-Tests between Means for Grasshopper Males from the East 
and West Units. 

Trait t-Value df Significance 
Level 

Nasal ht. .35 17 .733 

Nasal br. ':".73 28 .471 

Orbital ht. -.98 20 .340 

Orbital br. .24 20 .815 

Biorbital br. -1. 51 23 .145 

Interorbital br. -1.34 17 .119 

Min. frontal br. .09 55 .928 

Ht. ascending ramus -.68 27.36 .503 

Min. br. ascending ramus .56 29.60 .578 

Max. mandibular len. -2.35 50 .023 

Humerus max. morpho len. -.24 56 .810 

Humerus max.diam. mid-shaft -.13 56 .894 

Humerus min. diam. mid-shaft -.23 56 .816 

Humerus max. diam. head -.54 56 .592 

Humerus biepicond. wid. .53 59 .598 

Clavicle max. morpho len. -.17 48 .866 

Femur bicond. wid. -.56 44 .576 

Femur ant.-post.diam.mid-shaft -1. 59 53 .117 

Femur med.-lat. diam. mid-shaft -1.67 53 .100 

Femur subtroch. med.-lat. diam. .94 65 .352 

Femur subtroch. ant.-post. diam. -.50 65 .617 

Femur max.diam. head .55 63 .585 

Tibia ant.-post. diam. nut. for. .40 55 .691 

Tibia med.-lat. diam. nut. for. -.16 55 .874 
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Table E.14. t-Tests between Means for Grasshopper Females from the 
East and West Units. 

Trait 

Nasal ht. 

Nasal br. 

Orbital ht. 

Orbital br. 

Biorbital br. 

Interorbital br. 

Min. frontal br. 

Ht. ascending ramus 

Min. br. ascending ramus 

Max. mandibular len. 

Humerus max. morpho len. 

Humerus max. diam. mid-shaft 

Humerus min. diam. mid-shaft 

Humerus max. diam. head 

Humerus biepicond. wid. 

Clavicle max. morpho len. 

Femur bicond. wid. 

Femur ant.-post. diam. mid-shaft 

Femur med.-lat. diam. mid-shaft 

Femur subtroch. med.-lat·. diam. 

Femur subtroch. ant.-post. diam. 

Femur max. diam. head 

Tibia ant.-post.diam. nut. for. 

Tibia med.-lat. diam. nut. for. 

t-Value 

.94 

-.65 

-.31 

1.01 

.57 

.74 

.68 

-.49 

-.39 

-.62 

-.37 

-1.01 

-2.74 

.37 

.11 

-.40 

.78 

.17 

-.28 

-.23 

-.76 

.80 

-.32 

.03 

df 

37 

52 

38 

39 

47 

15.25 

94 

102 

111 

80 

88 

87 

87 

95 

102 

54 

48.03 

95 

94 

110 

110 

64.90 

102 

102 

Significance 
Level 

.355 

.518 

.759 

.318 

.573 

.469 

.496 

.626 

.695 

.535 

.709 

.316 

.008 

.712 

.910 

.694 

.442 

.869 

.782 

.820 

.448 

.428 

.751 

.979 
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