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PREFACE 

The field research for this dissertation took place from 

February through August, 1967. The first four months of the project 

were spent screening records, collecting demographic data, developing 

procedures for the collection, processing, and coding of anthropo

metric data, and on the development of an awareness of the present-

day social and cultural conditions of the Western Apache. Anthro

pometric data was collected on the San Carlos Reservation from June 1 

until July 6, and on the Fort Apache Reservation from early July 

until the middle of August. 

From the point of view of an anthropologist, Apacheland is 

an excellent location for field work. The physical environment is 

as varied as it is beautiful. There are agencies that maintain 

records, such as the Bureau of Indian Affairs and the Public Health 

Service. The agencies and tribal officials were very cooperative. 

However, the most important reason why this field work was so pro

ductive lies in the Apache themselves. They belong to a vibrant, 

ongoing society, that is being maintained and modified without per

vasive disruption by the white man's world. The society is changing 

as interaction increases with the "dominant" civilization of America. 

With such social change there will probably continue to be changes 

in cultural values. I feel fortunate to have been able to do field 

work among a people whose cultural integrity is still very much 

intact, in a cultural system that is coping with change. 
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I am indebted to those who provided the opportunities for my 

field work. Dr. Frederick S. Hulse provided both the basic idea and 

the basic data to which my 1967 data could be compared. I am in deep 

intellectual debt to him. The Public Health Service Hospital staff 

at San Carlos, particularly those individual;: concerned with health 

education, provided facilities, documents, and extensive sound advice 

on the demography and life styles of the Western Apache. At White 

River, Mary Endfield provided detailed records and statements on the 

residents of the Fort Apache Reservation. Both tribal chairmen, 

Marvin Mull at San Carlos and Ronald Lupe at White River, maintained 

an interest in my field work. They provided helpful advice and con

sultation. There were four Apache men who not only helped with the 

measuring and recording of data, but who acted as translators and as 

defenders of my project to prospective participants. It is because 

of their aid that fewer than ten percent of those asked would not 

agree to be measured. It is to these four men and to the 2l4i Apache 

men who participated in my anthropometric survey that I wish to 

express my deepest gratitude. 
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ABSTRACT 

Norman Gabel measured 353> Western Apache men in 19k0. This 

provided an excellent set of data with which to initiate a study of 

secular change. A series of social and environmental alterations in 

health and living conditions have occurred among the Western Apache 

in the last 60 years. Changes in diet have been primarily towards 

increased consumption of starches and processed sugar products, but 

not towards an increase in per capita consumption of animal proteins. 

There has been a steady increase in medical aid on the Apache reser

vations. Corresponding value changes have occurred towards the 

acceptance and utilization of Western medical facilities and innova

tions in living conditions. The general poverty-level life style 

still prevails, even with the observable changes in diet and medical 

care. 

The hypothesis of secular change was tested by measuring ll;3 

adult sons of the men measured in 19U0. Twenty-one measurements 

were taken and analyzed by various statistical approaches. Descrip

tive statistics, with the corresponding inductive measures (tests of 

significance), are the primary means by which the two samples are 

compared. Regression analysis and bivariate correlations are also 

used in the evaluation of the data and the test of the hypothesis. 

Correlation analysis of those under age 27 confirmed the view 

that the onset of maturity was reached earlier in 19U0 than in 196?. 
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Correction for immaturity was done by regression analysis. Each 

son's measurements were corrected by subtracting the present age from 

27, multiplying the result by the regression coefficient, and adding 

the answer to the original measurement. 

The univariate analysis compared each son to his father, with 

the 19U0 sample being weighted according to the number of sons in the 

1967 sample. The association between variables and the determination 

of allometric patterns were then considered by correlation analysis. 

The four patterns that were determined are stature, trunk, cranial 

breadth and facial height. The findings on noBe breadth and head 

length were inconclusive. The extent of association of each variable 

with weight is considered the major evidence for environmental effects 

upon the morphology. 

The possibility that there are genetic effects upon variability 

was briefly considered in an analysis of bivariate correlations be

tween samples. Five variables are predominately under genetic in

fluence: Bigonial Breadth, three measures of face height, and the 

Nose Width. The Head Breadth has low and inconsistent components of 

heredity and environment. This left 11 measurements and one index 

as the variables to be used in the test of the hypothesis. 

The major changes between 19U0 and 1967 are in longer heads 

(an increase of 3.£ mm.), increased stature (plus 13.6 mm.), and 

increased weight (plus 12.9 pounds). Variables associated with weight 

and stature have shown corresponding changes. Weight and associated 

trunk measures have changed more than stature and stature related 



measures. A possible explanation for this secular trend is that the 

dietary changes have been primarily towards more calories, which can 

produce weight increases, and not as much towards the consumption of 

more animal proteins, which would produce increased stature. 



CHAPTER 1 

INTRODUCTION 

During the last one hundred years there has occurred a well 

documented increase in the average height and weight of adults living 

in the industrialized nations of Western Europe, North America, and 

Japan. Some other measurable traits have also increased. Such mor

phological increases are often referred to as the "secular trend," 

since they have continued for at least a century. 

The process of secular change is not fully understood, due 

to the following problems encountered in the study of secular trends. 

1. Genetic and physiological effects upon physical change have 

been generally ignored. The studies of secular change, as a review 

of the literature reveals, are mainly descriptive, with little or no 

attempt to explain why change has or has not occurred. 

2. Secular changes or shifts may be transient phenomena, re

stricted to certain populations that have undergone dramatic social 

change. A possible example of this would be the effects upon secular 

change of socioeconomic conditions in Western Europe between 1930 and 

19h9* During this twenty year period there occurred an extensive 

economic depression, a major war, and a rapid economic recovery. 

However, it would be difficult to elucidate and explain the multiple 

effects of such causative factors upon the rate of secular change. 
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3. Further, fluctuations''in secular trends through time are dif

ficult to account for in assessing the degree of change. It may be 

invalid to view changes as being steady through time when actual 

rates of change may have fluctuated quite dramatically. 

U. An adequate time perspective in the observation of morpholo

gical variability is not always possible. It is not always known 

when a particular trend started or what was the nature of the initial 

environmental factors that precipitated the secular change. 

5. Demographic data are not often available in sufficient detail 

and accuracy to warrant a study of secular trends. 

6. Variability of social units within a nation is not often 

ascertained. To what extent are Army inductees representative of the 

general population of Sweden (Holmgren 1952) or the United States 

(Karpinos 1958 and 1961)? Further, were ethnic units or genetic sub-

isolates constant in terms of proportion of the general population as 

time went on? Population variability by social classes and ethnic 

classification (restricted breeding groups) should be stated before 

making general conclusions about a general national trend. 

7. Comparison of secular changes in different nations must be 

done with caution. The nature and stability of the breeding units 

compared may not be on an equally comparable basis. 

8. Little is as yet known about morphological trends in newly 

industrialized, "developing," nations. The possible range of vari

ability of secular change has not been ascertained. Such studies of 

secular change should be undertaken, particularly where 



socioenvironmental conditions are similar to those hypothesized to 

produce change in fully industrialized nations. Such studies could 

serve as crucial tests for the validity of assumptions about secular 

change. 

9. Secular change may be a restricted aspect of a much broader 

process. That is, important biological and social data are perhaps 

being ignored when they should be considered within the purview of 

secular change studies. The approach to the problems of measurement 

and analysis may be inappropriate, especially if certain conditions 

and variables are being ignored. It is hoped that further studies 

of secular change will investigate the relationships between secular 

change in a society as it is related to specified aspects of social 

and biological change. 

10. The relationship between short-term (i.e., one hundred 

» 

year) morphological change in human populations and tendencies 

towards increased size in other mammallian populations has not yet 

been considered. How much change occurs in the average body size in 

a natural (as opposed to a laboratory) population when an alteration 

occurs in food resources, demographic patterns, viability, etc.? 

Secular change as a biological process or as a potential factor or 

aspect of changes in allele frequency has been neglected in studies 

of human populations. The studies of secular change which will be 

considered here are by necessity limited in their scope. What I am 

suggesting is that many studies of secular change should be undertaken 

and then utilized in a comparative approach in the analysis of this 

biological process. 



Secular Trends in Morphology 

The studies of secular change published before 1968 have not 

been inclusive of the many possible variables that produce the change. 

Studies of diet, health conditions, and the effects of social change 

upon morphological change have rarely been published or elucidated in 

detail. One important exception to this would be Hulse's study (1957) 

of the Italian Swiss immigrants to California. It would obviously be 

difficult for a single investigator to elucidate most of the reasons 

for secular change in a particular population. 

The above view is not meant as a negative criticism. It 

would be extremely difficult, time consuming, and costly to maintain 

continual measurement and demographic data on a population. However, 

there are instances where such continual collection of morphological 

data are being maintained; one would be the Japanese school censuses, 

which includes measurement data. Another example would be the Fels 

Institute studies of the morphology of Ohio school children. Such 

detailed record keeping will add to the growing bulk of knowledge of 

secular change in a wide variety of social systems. Some of this 

knowledge is now reviewed. 

One of the better studies of recent secular change was done 

in Holland, There, according to Oppers (1963): (l) the mean adult 

height is being reached at an earlier age than one hundred years agoj 

(2) the adolescent growth spurt occurs earlierj (3) onset of men

struation occurs earlierj and (U) there is a general lengthening of 

the body for all age classes, with concommitant changes in associated 

traits. Specifically, in Holland, the mean adult height is reached 



in this decade at the age of nineteen. Final adult height was not 

reached until age twenty-five during any part of the nineteenth cen

tury. Further, the year of the greatest growth spurt (usually the 

adolescent growth spurt), was nineteen in 1850, seventeen in 1916, and 

fifteen in I960. The mean menstruation onset, with interruptions and 

setbacks during times of war and economic depression, has decreased 

from seventeen to thirteen years of age from 1850 to I960. The net 

result is heavier,,longer boned people who, presumably, physiologi

cally need to and apparently do consume more proteins, vitamins, and 

above all, calories. The events in Holland, so well documented by 

Oppers, of steadily increasing size and its underlying process, the 

shift in adelescent growth acceleration, should be considered in the 

study of other secular trends. Few studies can consider so many 

factors for such an extensive period of time. 

In France there has been an increase of four centimeters in 

height in the last eighty years, from 16U-166 cm. in 1880 to 168-170 

cm. in I960 (Chamla 19&U). Similar change is reported for Sweden 

(Holmgren 1952) and for England (Boyne 1960J Boyne and Leith 195U)« 

In Japan, the rate of secular increase in height and weight of adults 

is about 1.2 cm. and 800 grams in the males and about 1.0 cm. and 

200 grams in the females per decade for the first fifty years of the 

present century (Kimura 1967). 

Americans have had less of an increase in height than have 

the Japanese, increasing only three centimeters in the four decades 

from 1917-1918 to 1957-1958 (Karpinos 1958, 1961). This is an 



average increase of 0.75 cm. per decade versus the 1.0 - 1.2 cm. 

average increase per decade among the Japanese. However, the United 

States is apparently outstanding for its living off of the bountiful 

fat of the land, for its young men have increased by an average of 

eighteen pounds in forty years. This is an average increase of 20lil 

grants per decade, versus the 800 grams per decade average increase 

among the Japanese. Data from the United States indicates that the 

secular trend towards increased height and weight has been going on 

at least for the last 120 years among the so-called "Old Americans." 

In Bowles1 1932 study of Harvard students and graduates the mean 

increase in stature between decades 18U6-1855 and 1906-1915 was one 

centimeter every twelve and one-half years and 2.1 pounds (907 grams) 

per decade. This is additional and interesting evidence that the 

Japanese are increasing in height faster than the Americans (1.2 cm. 

versus 0.75 cm. per decade), but are slower than the U. S. males in 

weight increase (800 grams versus 907-20I4I grams per decade). 

Social Differences in Secular Change 

One of the problems with making country to country compari

sons is that the samples compared may be from different segments of 

the respective populations. Thus, people who could afford to attend 

Harvard between 1850 and 1910 (Bowies' sample) or who can meet the 

physical standards of the U. S. Army (Karpinos1 samples) represent 

different segments of the general United States population. We dare 

not assume that either represents the total male population. Since 

it would be a difficult task to determine what a sample of typical 
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Americans should consist of, let alone measure it, recent studies 

attempt class differential comparisons. That is, different socio

economic segments of the population are compared, physical differences 

between them being attributed to differences in social and economic 

conditions. For example, private preparatory school graduates have 

been compared to public hi$i school graduates in the United States. 

In this study (Bakwin and McLaughlin I96U), the public school grad

uates, presumably middle and/or lower class, continued to increase in 

height between 1930 and \9$9t whereas the preparatory school graduates 

did not. The difference, the authors state, is due to a socioeconomic 

differential. It should be pointed out that in their study, which was 

done on Harvard freshmen, no data were given concerning ethnic or 

genetic background or geographical origin. 

In France, university students were compared in height to 

conscripts for the period 19U2 to 195k* The conscripts were in

creasing yearly in mean height faster than the students, both groups 

being of approximately the same mean age (Aubenque 1957). The ex

planation suggested is that the students were from the upper social 

levels of French society, living closer to optimum health and dietary 

conditions. Hence, the students had less room for growth increase 

than the lower class conscripts. This explanation also seems to fit 

English data. The sons of "well-off" men in London are taller than 

their fathers, as is true among upper class French and American 

university students. But, the sons of miners in the Rhondda Valley 

in Wales, whose fathers grew up in conditions of poverty and 
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unemployment, exceeded their fathers in height one centimeter more 

than the "well-off" London sons, a 2.3 inch versus a 1.9 inch increase 

(5.8 versus U.8 centimeters). For professional or commercial workers 

in Wales, the increase by sons over fathers was 1.8 inches, or one-

half inch less of an increase than the lower class sons (Acheson and 

Fowler 196U). 

In another study, Acheson and Hewitt (195>k) found "...a dis

tinct difference in height for age...between boys and girls living 

in different social circumstances in the city of Oxford." 

The only contradictory evidence published up to 1968 that is 

concerned with social class differences in secular change is from 

Glasgow, Scotland. There, in a study of 7JU5>1 school boys, the an

ticipated greater trend in "the less favored social classes" is not 

supported, Craig (1963) tested the idea that the lower classes should 

increase more than the upper classes since, "...at least in many 

countries their conditions have changed more than the conditions of 

the well to do" (1963: $2k)» The author found the same rate of 

increase in all social classes. This suggests that the Glascow 

sample might not be typical of other British urban areas or that more 

data are needed on more studies in which the samples are clearly de

fined. I favor the former suggestion, in view of the extensive slum 

conditions in Glasgow. 

Nutrition and Secular Change 

One reason for noticeable differences in change of growth 

rates and age of onset of puberty in certain societies (e.g., Holland) 



is better and/or more nutrition. It is known, for example, that fat 

children not only reach sexual maturity earlier than lean children, 

but that they tend to be more advanced in skeletal maturity (Fry 

19^3; Garn and Haskell i960). In fact, the difference may be due to 

increased protein intake by the mother-to-be. Burke, Harding, and 

Stuart (19U3) show a positive correlation between the amount of pro

tein in the diet of a pregnant woman and the length of the newborn 

infant. Further, if a child is much undersized in length at birth 

there is no tendency for physique to improve with age relative to 

individuals born of normal size (Drillienl958). 

One study that cogently points out the effect of a varied 

diet upon body build is on the Thai. In Thailand, the Central Thai 

are taller and weigh more than the Lao. Economic surveys reveal that 

the Central Thai households spend on the average twice to three times 

as much for foods which are not home produced as do the Lao (Andrews 

19^3)• The Central Thai have a varied diet, which the Lao do not. 

It has been hypothesized that the major difference in height 

between related individuals raised all or in part in different 

nations may be due in part to the more affluent relation being able 

to eat the same foods but in greater* quantities. Perhaps this could 

account for the major height difference between Japanese in Japan 

and related Japanese in Hawaii (Shapiro 1939). Among the Italian 

Swiss in California, one plausible reason why they are taller than 

their native land counterparts is that they eat more meat more often, 

a luxury item rarely afforded in Switzerland (Hulse 1957). 
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Diet is apparently a major factor affecting increased growth 

and an acceleration of physical maturity. Bear in mind that skeletal 

maturation, the fusion of epiphyses, transformation of cartilage into 

bone, etc., is distinct from skeletal growth, which is the increase 

in length of the bone shafts. This distinction between maturation and 

growth is important, because malnutrition has a differential effect 

upon the two processes. Longitudinal growth is affected more severly 

in bad dietary situations than is skeletal maturation (Grande and Rof 

19Ui, cited in Acheson i960). The effect of adverse conditions can 

be observed as Harris's lines of arrested growth (bone scars). An 

adverse environment, such as poor diet, recurrent illness, the ravages 

of war and depression, etc., reduce the growth rate of a child. 

After a certain period the child will not catch up in terms of his 

growth potential, regardless of improvements in the environment, and 

he will be stunted as an adult (Acheson I960). 

As for the effects of a sufficient diet, "...it appears that 

body size and maturational status during the growing period can be 

increased almost"indefinitely by stepping up the caloric surplus" 

(Garn 1962: U18). Certainly for the United States, the end of the 

increase is not immediately in sight. 

Other Factors Affecting Secular Trends 

Diet is just one aspect of a complex of environmental changes 

that can speed up or retard the growth rate. As Kaplan has pointed 

out (19f>U), most authors assume that a changing environment has re

sulted in better diets and better living conditions. Factors that 



axe usually ignored are disease histories, ease of access to medical 

facilities, attitudes and values concerning diet, health, and sani

tation, and the general genetic endowment of the population being 

surveyed. For example, in a study of Japanese children reared in 

California compared to native Japanese children reared in "the worse 

environment in Japan," the California Japanese were taller, heavier, 

more advanced skeletally and, during the prepuberal period, longer 

legged than the children in Japan (Greulich 1957). The California 

children were bigger at all ages, hence could more readily approach 

their maximum growth potential. The pertinent environmental dif

ferences between Japan and California, undoubtably complex, were not 

elucidated. 

Heterosis has been suggested as an explanation for certain 

situations of secular change. The analysis of Hulse's data on the 

Italian Swiss clearly shows that as endogamy breaks down average 

weight and stature increase (1957). Damon, in a study of stature 

araong Italian-Americans in Boston, suggests (1965) the possibility 

of heterosis as an explanation, since, like the Italian Swiss, the 

stature of sons of exogamous matings is significantly greater than 

that of endogamous matings. 

Although outbreeding may have an heterotic effect, it is 

difficult to show that inbreeding has a deleterious effect upon 

growth. For example, in an investigation of post World War II 

Hiroshima and Nagasaki, Schork (19610 could not find any effects 

of inbreeding upon growth. 
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Other factors have been studied for possible influences upon 

secular growth changes. In Scotland, it has been found that a tall 

woman improves her chances of marrying to a higher class than either 

to her own or that of her father, whereas shortness tends to be 

associated with marrying someone lower in social class. This selec

tive mating practice could accentuate the class differences in 

stature (Thompson 1959). Damon and Thomas (1967) report that, at 

least for the period i880 to 1912, married Harvard graduates with 

children were an average 0.8 centimeters taller than the men who 

married but who had no children. The possible reasons for such phe

nomena were not stated by the authors. 

Climate has been considered as a possible factor influencing 

growth. Eveleth (1966), in a study of U. S. girls reared in Rio de 

Janeiro compared to four control groups in the United States, found 

that menarche appeared later in the girls living in tropical Rio than 

in the temperate United States. The process of maturation would pre

sumably be slightly retarded in the tropical area, other factors 

being equal, as compared to the temperate U. S. environments. 

There are many other factors that could influence the rate of 

increase in growth and alterations in the maturation process. " The" 

findings described here illustrate that changes are differences in 

environment, when they occur before growth is completed, will lead to 

observable changes in height, weight and perhaps related traits. 

There is no simple explanation for secular trends because the only 

complete explanation is a complex multi-variable one (Tanner 1966). 



CHAPTER 2 

THE PROBLEM 

This dissertation is a report of secular change among a 

reservation American Indian population, the Western Apache of east-

central Arizona. The report will not delineate in detail the factors 

which may be responsible for any morphological changes. However, it 

is assumed that secular change is a general process that can be 

studied in any delimitable breeding population. As such, my methods, 

data, and analysis of the data are presented for critique and as 

comparative material for the study of secular change. 

I was fortunate in this study in that previous work on the 

morphology of the Western Apache had been done. Norman Gabel, with 

the assistance of Fred Scantling, measured 355 Western Apache men, 

ages 16 to about 85, during the months of June and July, I9I4.O. This 

is a large sample, estimated to be fifteen percent of all Western 

Apache males in 19U0. The measuring was done at various work sites 

on or near the two Apache reservations in Arizona. Twenty-three 

measurements and over forty nonmetric observations were taken on 

each individual. 

Gabel never analyzed the data, and it was made available to 

me through the courtesy of his widow, Mrs. Burr Coryell, of Santa 

Barbara, California, and of Dr. Frederick 3. Hulse. Although the 

data would be invaluable by themselves as statistically analyzed, 
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it was also an excellent sample with which to initiate a study of 

secular change. Further, the Western Apache are relatively small in 

number (approximately 9,000 population in 1?67), biologically and 

culturally distinct, and are geographically restricted to an area 

amenable to study. In a study comparing Yuman speakers (Yuma, Mohave, 

and Maricopa Indians), Piman groups (Pima, Papago, and Yaqui in 

Arizona), and the Athapascan-speaking "White River" Apache, there 

were significant differences in allele frequencies between the three 

major groups (Hanna 1962). Hanna concluded: "It appears likely that 

/the differences7 ...in morphological pattern relationships result 

from long standing biological differences between the groups and not 

from selection for morphological traits within recent times" (Hanna 

1962: 506). Kraus (1961) and Kraus and White (1956) also ha^e data 

on the anthropometry and blood type distribution of the White Moun

tain Apache, one of the two reservation divisions of the Western 

Apache. Culturally, the White Mountain and the San Carlos Apache are 

an integrated whole, since the social structure spans and incorpor

ates both reservations (Goodwin 19U2). "Reservations are essentially 

arbitrary divisions as far as the people are concerned and do not 

have much to do with marriage selection" (Basso 1967). There is an 

extensive ecological difference between the two reservations. The 

White River area is at an elevation of 5200 feet, in a Grassland to 

Juniper-Oak-Pine forest ecological zone. The San Carlos reservation 

is primarily Sonoran Desert, with some grassland areas. These dif

ferences could affect community patterning and do account for same 



of the major differences in economic success between the two political 

units: The Fort Apache Reservation can support more cattle, a much 

greater lumber industry, and, at least for the time being, a more 

extensive tourist trade. It is not known whether or not these eco

nomic differences have a3 yet produced any significant change in the 

social structure of the Western Apache. Therefore, the White Mountain 

"and the San Carlos Apache can be regarded culturally as one popula

tion. They sire so treated in this report. Additional information on 

the culture of the Western Apache is provided by Baldwin (1965), Basso 

(1966; 1967), Goodwin (19^2), and Kaut (1956; 1957). 

Formulation of the Hypothesis 

The general hypothesis that will be tested is that secular 

change has occurred among the Western Apache between 19U0 and 1967. 

This hypothesis is formulated on the basis of the anticipated effects 

among the Apache of a series of social and environmental changes in 

health and living conditions and values. These changes are predomi

nantly a result of increased intensity of culture contact and directed 

social change. 

The time period of direct concern here is not 19U0 to 1967. 

Rather, the causes of secular change that should be elucidated are in 

events of the entire period of growth and development of the sons, 

specifically 1906 to 1967. The age range in the 19U0 sample was from 

age 16 to age 73« A similar age range would be expected for the sons 

of those men, since they would be measured twenty-seven years later, 

a span of approximately one generation. The time interval 1906 to 



1967 covers the range of the actual time of birth and period of growth 

of the 1967 sample. 

The cultural contact between the dominant Whites and the 

subordinate reservation Apaches during the period 1906 to 1967 has 

been primarily of two kinds. The major kind of contact is the impo

sition of a complex of rules and regulations enforced by particular 

agents of the federal government, mainly the U. S. Army (circa 1850-

1912), the U. S. Public Health Service (particularly 1955 to present), 

the Bureau of Indian Affairs (since its inception) and the Bureau of 

Land Management (at various times). The second kind of major exposure 

to non-Indian value systems is that involving economic and usually 

impersonal relations with the off-reservation ranchers, miners, and 

townsfolk in the areas near Globe, Showlow, Fort Thomas, and McNary, 

Arizona. The major effects of such interactions, as they related to 

reasons why secular change might occur, can be summarized as follows. 

1. Diet. The diet has not basically changed since the period 

of growth of individuals in the 19U0 sample in terms of basic types 

of foods. However, it has changed with respect to the quantities 

and availability of particular food items. Beans, tortillas, and 

fried bread are still major items in the diet. Other "early reser

vation period" (circa 1910 to 1930) items that are still prevalent 

in the diet are potatoes, beef, and locally grown squash, melon3, and 

corn. There has been a large increase in the availability of starch 

products, such as bleached-flour bread, macaroni, and the like. Beef 

and beef products are readily available for purchase on a regular 



instead of a seasonal basis. An increase in the per capita income 

probably has meant a steady increase in the availability and oppor

tunity to buy more meat more often for more of the population. How

ever, any actual increase in the amount of animal proteins utilized 

per individual has not been ascertained. Most of the standard grocery 

store items are readily available. This will have allowed a reduction 

in the seasonal variability of diet that would have occurred when the 

Apache had neither large herds of cattle, accessible grocery stores, 

nor opportunity to hunt and gather items associated with the pre-

reservation, aboriginal diet. 

There has been a tremendous increase in products utilizing 

sugar, mainly soft drinks (which are a regular meal item as well as 

for casual consumption), but also store-bought bakery items. There 

is a bakery at White River. The grocery stores that serve the Apache 

have increased in number, size, accessibility and in quantity of food 

items. The major types of food that are not bought or stocked in the 

stores in any significant amounts are citrus fruits, non-local fresh 

vegetables, and high quality cuts of meat. Alcoholic beverages are 

readily available, especially beer, and are heavily consumed, par

ticularly by men. However, any increase in the consumption of beer 

may be only a shift from the traditional homemade products to store-

bought beverages. The general changes in the diet of the Western 

Apache men are, then, towards greater amounts of starches, perhaps 

meat more often in recent years, and a heavy increase in processed 

sugar and sugar products. These changes were probably slow and 
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gradual during the period of growth of members of the 19U0 sample 

(e.g., prior to about 1935)* but have accelerated since then. The 

acceleration in dietary changes has occurred, in the main, during the 

period of growth of a large segment of the 1967 sample. 

2. Health and health facilities# The availability of health 

services on the Apache reservations has drastically changed during 

this century. An historical summary for the San Carlos Reservation 

can be taken as representative of the dramatic changes that have 

occurred. 

1900 - The first doctor arrived, treating the pupils at the 

boarding school. 

1911-191.3 - Four "tent houses" were erected for patients at 

the only military hospital at San Carlos. The hospital was converted 

into Agency offices for engineers, millers, transients, etc. 

1917 - A house in the corner of the boarding school compound 

was set up as a hospital. It had one room in which a few patients 

could be cared for, a nurses' room, and a very small dispensary (San 

Carlos Apache Health Committee, no date: 3). 

1929 - The San Carlos Agency Hospital was completed. 

19^0 - Weekly clinics are held at other places on the reser

vation. 

19^1 - Health and sanitation inspections begin of homes, 

schools, and business establishments on the reservation. 

1955 - The U. S. Public Health Service took over the medical 

care program for the reservation. 



1955-1967 - There has been a large increase in the amount of 

money available for Indian health services since 1955. The utiliza

tion of such funds varies from one reservation to the next, depending 

on the health needs of the particular Indian population. The follow

ing list of health services applies to both Apache reservations. 

a. A Woman's hospital auxiliary is set up, training and 

informing women about public health, first aid, community action, 

and other matters of health education and health practices. 

b. Medical social work activities are expanded upon. 

c. There is an increased emphasis on infant care at the 

Public Health Service facilities, i.e., Well Baby clinics. 

d. A series of out-patient clinics are established for 

such things as glaucoma tests, polio shots, and other medical tests 

and services. 

The greatest impact of improved health standards and con

ditions on the Apache reservations is upon the school children. 

These programs started during the Federal Government's early assump

tion of responsibility for reservation Indians. Since World War II 

these early programs have been increased in number and scope. While 

in school each child is fed a noon meal, whereas most adults eat a 

small breakfast, no lunch, and a large evening meal. All children 

are given physical examinations, dental care, immunizations, and 

hearing, visual and special screening and testing activities. Summer 

work programs have been set up within the last twelve years. These 

programs offer meals, sanitary living conditions, some income, and a 



general improvement over the usual health environment of the out-of-

school children. Further, the programs produce an improvement in the 

appearance of the physical environment of the reservation lands. 

However, the summer work programs do not last the entire summer period 

i 
and many children of school age, if not most, cannot or do not par

ticipate in these programs. Those that do participate do not usually 

do so for more than six weeks during the summer. 

I feel compelled to point out that, although health conditions 

have improved in terms of Western standards, there is still a great 

deal that can and should be done. Nevertheless, there has been a 

significant increase in medical care for the Western Apache, par

ticularly of the young. The increase in facilities, with an increased 

ease of access to the facilities, should have had and is having major 

effects upon growth and maturation. The improvement in health care 

and service should be a major influence upon secular changes. 

The impact of the tremendously increased availability, 

quantity and quality of medical services has been profound in terms 

of cultural values. This is very evident in the cultural context of 

religious values, particularly as they pertain to native curing cere

monies. The following statements pertain to data collected in I960 

to 1965. 

Speaking generally, belief in the old religion is found most 
commonly among persons of today's grand-parental generation 
(aged 50-75 years)...A large portion of the parental genera
tion (aged 25-50 years) also holds to its belief in the 
native religion....Today's young people have mixed feelings. 
Some scoff openly at what they call the "stupid" religious 
beliefs of their eldersj practically none embrace White 
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religion. More aware than their parents of the benefits 
of White medical techniques, the young people rarely rely 
on native medicine men, who heal the sick by supernatural 
means (Basso 1966: 120-121). 

From the above quotation, it appears that there has been a signifi

cant change in the acceptance of new values and practices of health 

and illness. Coupled with the rapid improvement in health facilities 

and conditions, the effects upon morphological change should be 

greatest in the younger generation, i.e., the sons of the men measured 

in 19^0. In short, there are both material and cultural reasons why 

secular change should be occurring among the Western Apache. 

3. General Living Conditions. The effect of changing styles and 

patterns of living are difficult to assess or quantify in relation to 

.secular change in morphology. There have been a number of sanitation 

projects, community water systems have been established, and some 

housing conditions have noticeably improved in many communities on 

the Apache reservations. Wickiups are rarely used any longer as per

manent residences, except at Cibecue on the Fort Apache Reservation. 

It is estimated that about seventy-five percent of the homes have 

electricity and twenty-four percent have "adequate" water and sewer

age facilities (San Carlos Service Unit 1966). Natural gas lines are 

being gradually extended to more homes every year. However, most of 

these projects and improvements have only come within the last ten 

years. The Self-Help Housing Project was started in San Carlos only 

in I96I1. More masonry block houses are being built every year, but 

the vast majority of homes on both reservations are of the typical 

one to three rooms, board and batten frame house, with an adjacent 
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wickiup. Nearly all homes have wickiups, which are used for cooking 

and as the standard "living room." Living conditions appear to be 

better at White River than elsewhere on both reservations, due to a 

concentrated effort by the Tribal Council to keep the community neat 

(particularly along the roadside), by paving more roads, and by a 

wider spacing of homes in certain sections of the community. Putting 

it another way, the people living in White River are in general more 

fully employed and regard themselves acculturated to a higher degree 

than other segments of the Western Apache (see 3asso 1966: 121, for 

a related view). 

Although there have been noticeable improvements in the living 

conditions of the Western Apache over the last sixty years, the 

general poverty life style still predominates. It is difficult to see 

how any of the observable changes in living conditions have as yet 

substantially added to secular effects upon morphological change. 

Method for Testing the Hypothesis 

Some of the basic matters to consider in selecting a sample 

in which to study secular change are sex, age, and kinship. The 

sample of Apaches measured in 1967 could be selected with these vari

ables controlled for. I decided, therefore, to measure only the 

adult sons of the men measured in 191+0. There were no women measured 

in 19U0. Further, it would be impractical to attempt measurement of 

women, due to problems of culture as well as of anthropometric tech

nique. In order to have comparable samples it is also necessary to 

remove the effect of age differences upon morphology. This could be 



done in several ways: variability with age could be statistically 

accounted for, or, only adults could be measured. This latter was 

initially decided upon in selecting a potential sample. I was able 

to collect genealogical information on paternity from Public Health 

Service records, church documents, Bureau of Indian Affairs census 

data, tribal censuses, and from male and female informants. Kinship 

data was elicited from each male in the 1967 survey and from 101 

males that Gabel measured in 19U0. I found no discrepancies in the 

information obtained that could not be reconciled and have no reason 

to suspect that any responses given to me were false. I feel that 

it has been possible for me to have knowledge of and, therefore, 

control over one-half of the genome of each adult male in the 1967 

sample. 

Once the potential sample has been selected, the method for 

studying secular change becomes relatively straight-forward. That 

is, all that I need to do is to measure the sons of the men measured 

in 19i*0, then compare each adult son to his father. And this is what 

I have done and am presenting here. However, here are a few addi

tional problems that have had to be reconciled. 

1. Selection of measurements and indices to be compared. 

Assumptions about the utility of certain measurements and non-metric 

observations are not the same in 1967 as they were in 19U0. A pleth

ora of measurements on an individual may not yield as much useful 

information about secular change as a few measurements selected by 

criteria meaningful to the testing of the hypothesis. In this case, 



weight and stature are the principal measures of secular change. 

Other variables associated with height and weight should also be in

cluded. Further, certain groups of measurements can be considered as 

a cluster if it is found that they are highly correlated. Sometimes 

this cannot be known until after the measurements are taken and co

efficients of correlation calculated. In all, twenty measurements 

were taken. These measurements, which will be listed later, were 

supposedly taken according to the instructions given in Hooten (l9Ul)» 

Gabel calculated most of the standard indices that could be 

obtained from his data. I have recalculated many of the indices, 

since errors appeared in the original calculations. Many of the 

indices are useful in the evaluation of environmental effects upon 

the shape of different parts of the body. The most significant 

finding is on head shape, a phenomena particularly affected by en

vironment (Boas 1912, 1928j Shapiro 1939} Trevor 195>3j Hulse 19$7)» 

The cephalic index has, therefore, been calculated for the members 

of the 1967 sample. I have also calculated some of the other commonly 

referred-to indices. Copies of my field data collection forms are 

presented as Appendix I. 

2. The limitation of age boundaries for the 1967 sample. This 

was done by including in the potential sample anyone who would turn 

sixteen during the calendar year 1967. Therefore, it has been neces

sary to correct for immaturity and for any differences in maturity 

between any father and his sons. To accomplish this an analysis of 

changes with age will be made, an arbitrary point of maturity will 



be selected, and appropriate individuals vail be "matured" by regres

sion analysis to the arbitrary age. 

3. The selection of statistical techniques by which to compare 

sens to fathers. This selection will be discussed in Chapter 3 and 

utilized in the following chapters of this dissertation. Other 

methods of data analysis are possible. However, what I have sought 

is a relatively direct method of comparing fathers to sons. I am 

attempting to answer the following questions. 

a. Are the sons in 1967 on average bigger than their fathers 

were at a comparable adult age in 19U0? 

b. In what measurements do the fathers and sons differ? 

What is the direction and extent of such differences? 

c. Are there individual measurements (single variables) in 

both samples that are correlated with each other? Is the pattern of 

association of variables within each sample similar for both samples? 

d. Are there individual measurements of the sons that are 

correlated with individual variables of the fathers? What is the 

direction, extent, and statistical significance of such correlations? 

e. In what way is it possible to ascertain the relative 

effects of environmental change upon secular change? 

f. In what ways does secular change among the Western Apache 

compare to secular change in other societies, particularly the general 

U. S. A. population? This comparison will be made in the final chap

ter. 



Field Procedure and Equipment 

The measurement techniques in the 1967 survey were basically 

those of Hrdlicka's, as modified by Hooton (19ip.)• I tried to emu

late what I felt Gabel's procedures had been, Gabel did not describe 

his technique, although his data was recorded on the anthropometry 

forms then used by Hooton and his students at Harvard's Peabody 

Museum. Therefore, I have assumed that Gabel also used Hooton's 

techniques for the measuring of living males. During the course of 

my field work an assistant recorded all data and helped with the 

measuring of the arm span by holding one arm at a proper horizontal 

level and notifying me when the measurement should be read from the 

anthropometer. In retrospect, I feel that I have deviated from the 

procedures described in Up From the Ape (19Ul) in the following ways. 

1. In four instances individuals refused to take off their boots 

when stature was to be measured. In those cases, I subtraClieci the 

height of the heel of the shoe from the particular height measurement 

obtained with the boots on. 

2. Stature measurements were taken out-of-doors, with the sub

ject standing on hard ground or on a two to four inch board. Con

ditions of measurement were not uniform, particularly with respect 
i 

to the acromial height and the dactylion height. These two measure

ments will not be used as a basis for comparison of the two samples. 

3. Sitting height was taken with the subject sitting in the 

highest chair my assistant and I could find or make on a particular 

measuring day. Although my assistant observed the measuring proce

dure, the posture and leg position were not uniform. Moreover, it 



appears that Gabel insisted on a rigid "military" posture in taking 

the sitting height measurement, a posture that I did not consistently 

require. In terms of variability of technique, this measurement 

should show the greatest measurement error. The sitting height will 

not be used in the comparison of fathers to sons. 

U. Weight was taken on a Sears, Roebuck and Company bathroom 

scale. This scale was calibrated against the medical scale in the 

University of Arizona Osteology Laboratory. It was found that the 

degree of measurement error was the same. Further, the bathroom 

scale was much easier to transport and would work properly only on 

level ground, providing a further check on the suitability of loca

tions for taking height measurements. 

All other measurements were taken as described by Hooton 

(19Ul). In addition to the bathroom scale, I used the following 

Gnepel anthropometric equipment: an anthropometer, a small sliding 

caliper and a small spreading caliper. Weight was recorded in pounds, 

all other measurements being recorded in millimeters. 

Statistical computations have been done on an electric cal

culator Friden Model RBT, an electronic "square root" calculator 

Friden Model 132, and by the use of the computer facility at the 

State University of New York- at Albany. All programs used FORTRAN 

IV language. 



CHAPTER 3 

THE FUNCTIONS OF STATISTICS IN ANTHROPOMETRY 

The chief interest here is not in statistical theory itself, 

but in what statistics can offer to anthropometry. Specifically, the 

concern is in the functions of statistical analysis in anthropometric 

surveys. I shall briefly outline these functions as they appear to 

apply to the data on the Western Apache. 

The first function of statistics is to condense and sununarize 

the raw data of enumerated or measurable traits (hereafter called 

variables). This type of statistics is usually called descriptive 

statistics. The techniques used in descriptive statistics are pri

marily those developed by Galton and his students, concerned with the 

theoretical assumptions and properties of the "normal" curve or the 

distribution of continuous variables. Some of the associated pro

cedures would include frequency distributions, measures of central 

tendency (averages) and measures of dispersion (deviations from 

averages). These summarizing measures will allow me, for instance, 

to condense my mass of twenty-nine quantifiable bits of data on Hi3 

fathers and 1U3 sons (8,2914 observations) into a form which can 

supply pertinent information efficiently. This condensed form should 

make it possible to comprehend more readily the magnitude and range 

of variability of individual measurements in the two samples and to 
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convey the information to others in an easily understood, standard 

way. 

Once the individual variables are summarized through the use 

of such statistics as means, ranges and standard deviations, then 

inferences can be developed about the two populations from which 

samples have been drawn. This is the second function of statistics — 

to provide estimates of the distribution of characteristics in the 

larger populations from which samples have been drawn and described. 

The statistical methods used in this "inductive" function are called 

inductive or sampling statistics. The common methods used involve 

the estimation of probability — measures of possible error, levels 

of significance, and confidence intervals or limits. In these situ

ations, the questions asked would be, is there a statistically sig

nificant difference between the two means of a particular variable 

drawn from two samples, and has there been a statistically significant 

change between 19U0 and 196? in the particular variable? 

A third function of statistics in anthropometry is to show 

the association between two or more variables for which there is 

metric data. If for any one sample there are two or more sets of 

measurements, then there are methods that can ascertain and describe 

the existence, direction, degree and nature of the associations 

between such variables. Four questions are asked in the investigation 

of association: (l), existence — is there any association?; (2), 

direction — are the variables positively or negatively associated?; 

(3), degree — how close is the association?; and (U), nature — what 
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changes in the measures of one variable are associated with unit 

changes in the measures of another variable at the varying points of 

distribution of the second variable? The statistics used to answer 

these four fundamental questions treat two or more distributions of 

variables simultaneously, hence can be called multivariate statistics. 

When conclusions and interpretations are limited to the series of 

variables studied, this is descriptive multivariate statistics. When 

generalizations are made about the several aspects of association in 

the population or populations from which the samples have been drawn, 

this is inductive multivariate statistics. Some descriptive multi

variate statistics are coefficients of correlation — total, partial, 

and multiplej linear and curvilinear regression, with the correspond

ing coefficients of regression; and the analysis of dispersion along 

the regression lines. As in simple (univariate) inductive statistics, 

inductive multivariate measures establish confidence limits to the 

estimated universe values of the statistic (coefficient) describing 

the association. A summary of the four types of statistical methods 

is given in Table 1. 

Each of the four types of statistics will be used in the 

succeeding chapters of this dissertation. In Chapter U I will utilize 

multivariate methods to correct for the age differences between the 

two samples and to correct for major maturation differences in the two 

samples. The univariate methods will then be used in Chapter 5» 

Fathers and sons will be compared with respect to individual variables 

to find out whether a difference has occurred between 19U0 and 1967, 



Table 1. Methods and functions of statistics in anthropometry. 

Method Function Measures 

Univariate Methods (for treating single distributions of characteristics) 

Descriptive Statistics 

Inductive Statistics 

Simple description and sum
mation of a variable within 
a sample. 

Estimation of distribution 
of a variable in the larger 
population. Tests of sig
nificance. 

Arithmetric mean, median, mode, range, 
standard deviation, etc. 

Standard error, Student's distribution 
(t test), Chi Square test for discrete 
variables, confidence limits (i.e., 95$ 
or 99$), significance of difference 
between two means. 

Multivariate Methods (for treating two or more distributions of variables simultaneously) 

Descriptive Multi
variate Statistics 

Description and summation of 
the relationship between a 
set of variables. 

a. Two quantitative variables: 
Total correlation and regression. 

b. Three or more quantitative variables: 
. Partial and multiple correlation, 
multiple regression, and factor 
(componential) analysis. 

Inductive Statistics Estimation of relationship 
between a set of variables 
in a population. 

Standard error of regression estimate, 
confidence limits, Transformation of r 
("Z" transformations), F test (ratio of 
variance), t test, analysis of variance 
or covariance. 
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the direction of any difference, the degree (extent) of such differ

ence, and the nature (statistical significance) of the difference. 

This univariate analysis will be the major evidence for the test of 

the hypothesis. 

Chapters 6 and 7 will be concerned with multivariate tech

niques, specifically correlation analysis and interpretation. The 

association between the variables in each sample will be evaluated as 

a measure of the extent of interrelationship of particular variables 

and as a measure of possible environmental (e.g., secular) effects 

upon the morphology. Variables or clusters of interrelated variables 

that are highly correlated with weight will be assumed to be in

fluenced by non-genetic, that is, environmental, changes. On the 

other hand, the extent of correlation between the same variable of a 

father and his son will be a measure of the influence of heredity 

upon a specific trait. This evaluation, by the methods of bivariate 

statistics, will be the last chapter of statistical analysis, Chapter 

7. All of the chapters of summation and inferences of data will then 

be evaluated with respect to a test of the hypothesis. 

The bivariate techniques, like the univariate techniques that 

will precede it, are directed toward the hypothesis of secular change 

between fathers and adult sons. I will test the hypothesis according 

to the four functions of statistics that I have just outlined. All 

four types of methods can be utilized in the analysis of quantified 

anthropometric data. There are particular aspects of those methods 

that are extremely useful for an evaluation of secular change between 

fathers and sons in the population of Western Apache. 



The statistical methods used in this anthropometric survey-

will not be described in any detail. The formulas used and the sta

tistical tables referred to can be found in Snedecor (1956) and in 

Simpson, Roe and Lewontin (i960). Theoretical overviews that do not 

involve the calculus can be found in Walker and Lev (1953) and, in 

particular, Hagood and Price (1952). 



CHAPTER h 

PREPARATION OF DATA FOR ANALYSIS 

Age Composition of the Two Samples 

The 19UO sample consists of individuals no younger than age 

sixteen. Although the onset of puberty and the adolescent growth 

spurt may have changed significantly between 191*0 and 1967 > it was 

decided not to change the lower age limit for the 1967 survey. As it 

turned out, the sample of sons includes a higher percentage of males 

who have not completed their growth. In 19U0, Gabel measured four

teen persons under age twenty-one, 10.8 percent of the total sample 

of lH3 fathers. For the 1967 sample, 33 out of 1U3 sons were under 

age twenty-one, which is 26.6 percent of the sample, or nearly two and 

one-half times the proportion of generally late adolescent males as 

were included in the 19i|0 sample. 

The 19U0 sample of fathers has been weighted according to the 

number of sons in the 1967 sample, e.g., twenty-five fathers are 

counted two times, eight are counted three times and one male is in

cluded four times. This is a procedure followed by Hulse (1957). 

Table 2 includes all of the measured sons and the fathers of the 

sons,- weighted as applicable. 

The 1967 total sample of 1U3 is smaller than Gabel's total 

19U0 sample of 355 men because cf the difficulty of ascertaining, 

3k 
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Table 2. Age distribution of the two samples. 

1967 191*0 1967 19l*0 1967 191*0 
Age Sample Sample Age Sample Sample Age Sample Sample 

16 9 2 3h 1* 1* 52 3 2 

17 5 6 35 1 7 53 1 0 

18 11 0 36 7 1 51* 1 2 

19 7 2 37 2 1 55 1 3 

20 6 U 38 3 1 56 3 0 

21 U 2 39 0 3 57 0 2 

22 7 3 1*0 1 3 58 0 0 

23 h 2 I4I 1 1 59 1 0 

2U 5 2 1*2 0 0 60 1 6 

25 U 6 1*3 1 3 61 2 0 

26 6 10 1*1* 0 0 62 0 0 

27 5 8 1*5 2 6 63 0 1 

28 k 1 1*6_ 1 3 61* 0 0 

29 3 1* 1*7 1 5 65 0 0 

30 it 7 U8 1 0 73 0 2 

31 8 1* U9 0 0 

32 8 8 50 3 10 

33 0 1* 51 2 0 

Total 1U3 ll*3 
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locating, and obtaining permission to measure specific individuals 

rather than just any adult males, as were done in 19U0. 

Age determination for the 1967 sample was based on information 

obtained from records of government agencies on the San Carlos Apache 

Indian Reservation, from tribal records maintained in the Tribal Chair

man's office on the Fort Apache Reservation, and from the questioning 

of informants. As a general rule, it was easier to pinpoint the date 

of birth of the younger men than the older men through the use of 

documents. In only about fifteen cases did I have to'depend on in

formants exclusively to obtain ages. For all persons in the 196? 

sample, "age" refers to the years old from the year of birth to the 

year 1967. 

Age determination in 19U0 was based on verbal statements from 

the participants in the survey, as far as I can tell. As an ethno

graphic comment, Apache adolescent males tend to underestimate their 

ages, while elderly males tend to overestimate their age or arbi

trarily select a popular holiday (i.e., New Year's Day) for the day 

and month of birth* I did not quantify this observation, and there 

has been limited documentary verification of ages for the 19U0 sample. 

Mean Ages of the Samples 

The 19U0 sample has a mean age that is 6.2 years greater than 

the mean age of the 1967 sample. The means are given in Table 3. A 

comparison of these means indicates that there is a statistically sig

nificant difference between the mean for the 19U0 fathers and the mean 

for the 1967 sons. This was determined by a method of inductive 
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Table 3. The Mean Age of the Two Samples. 

Sample Mean S.E. S.D. Range 

19U0 Fathers (N=lU3) 36.2 t 1.1 13.2 73-16 

1967 Sons (N«=lU3) 30.0 1 1.0 11.9 63-16 
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statistics, the "two tail test." This test will be used to compare 

the difference between the means of the two samples for each variable. 

It will be summarized as a WK" coefficient, where K is the ratio of 

the standard error of the difference between the two means being com

pared and the absolute difference between the means. The formula is: 

K = x, x2 

\/ (S.E.x, )Z + (S.E.x*;* 

For the comparison of mean ages of the fathers and the 1967 sample, 

the value for K is li,17f>« Assuming a normal distribution of sample 

means drawn from the same population, a K value beyond -1.96 or +1.96 

will be statistically significant in a two tail test (Simpson, Roe, 

and Lewontin I960: U22). That is, the null hypothesis that the means 

are drawn from the same population is to be rejected if K is outside 

of the five percent level of significance, expressed as 11.96. The 

K value for the comparison between fathers and sons is outside of the 

five percent level. Therefore, there is a statistically significant 

difference in the distribution of ages between the two samples. They 

are not from the same universe or population, at least with respect 

to the variable compared. 

Transformation of Variables Affected by Growth 

At age sixteen not all individuals in the two samples have com

pleted growth. This has presented the possibility of having to com

pare an adult father to an immature son or supposedly vice versa, 

thereby obscuring a secular effect upon adult size. As has been 
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previously mentioned, the 1967 sample contains two and one-half times 

the proportion of individuals under 21 as does the 19^0 sample. Since 

there may be a higher proportion of immature individuals in the 1967 

sample, the two samples may not be comparable with respect to the 

testing of the hypothesis. It is necessary to make all persons in 

both samples morphologically adults. To do this, the relationships 

between age and change in each of the other measured variables have 

been ascertained. An analysis of age changes was done by visual in

spection of six year cohorts for both samples. The means for twenty 

measured variables in three six-year cohorts are-shown in Table In 

An inspection of the table shows that, for the 1967 sample, there are 

increases for all variables between the two cohorts of 16 through 21 

and 22 through 27. However, there are increases between the two 

cohorts in the 19U0 sample only for variables numbered 2, 7, 8, 9, 

13-16, and perhaps 19 and 20. The other variables in the 19l|0 sample 

either stay unchanged or show decreases between the two cohorts. The 

small size of the 16 through 21 cohort in the 19U0 sample makes the 

interpretation of these results tenuous. The evidence does suggest 

that there are not substantial changes to be expected in variables 

associated with growth in the 19l*0 sample, i.e., stature and head 

size. The opposite conclusion is warranted for the 1967 sample. It 

appears that growth has not been completed before age twenty-one 

among the sample of 1967 Western Apache males. 

To confirm the view that the onset of maturity is reached 

earlier for the 19l;0 sample than for the 1967 sample, the correlation 
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Table U. Age cohort analysis of the two samples; mean value per age 
group. 

19U0 Sample 1967 Sample 
16-21 22-27 28-33 16-21 22-27 28-33 

Variable n=l6 n:g31 n«28 n=l|2 n=31 n=27 

1. Age 18.U 25.U 30.9 18.1 2U.I4 30.5 

2. Weight ll|2 1U6 152 127 163 173 

3. Stature 1717 169k 1690 1656 1702 1710 

k. Acromion 1U3U lU2h lUUi 1370 1U05 1U2U 

5. Dactylion 6U9 6U8 6^3 628 6ii7 667 

6. Arm Span 1766 1751 1735 1702 1759 1765 

7. Bi-iliac Breadth 282 286 288 270 296 296 

8. Chest Breadth 290 29h 30U 270 291 302 

9. Chest Depth 193 205 206 192 215 227 

10. Sitting Height 89U 882 886 838 863 869 

11. Biacromial Br. 385 381 382 383 U03 I415 

12. Head Length 185 I8I4. 186 181 187 185 

13. Head Breadth 157 158 160 153 158 160 

lLu Minimum Frontal 109 111 109 110 115 111; 

15. Bizygomatic Br. lii5 lii9 1U9 Hiii 1h9 151 

16. Bigonial Br. 108 111 108 107 111 112 

17. Total Face Ht. 12h 12U 125 12U 129 129 

H
 

C
D

 
.
 

Upper Face Ht. 72.5 72.0 73.U 67. h 70.8 72.1 

•
 

C
N

 H
 Nose Height 5U.3 55.U 55.7 U9-3 51.7 52.2 

20. Nose Breadth 39.1 39.3 38.9 36.3 37.7 38.7 
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between age and each of the other nineteen variables was calculated. 

The correlation coefficients (hereafter called "r") for the portions 

of each sample that are age twenty-seven and under are shown in Table 

5. For a sample of size 73, an r greater than 0.232 is significant 

at the five percent level. With a sample size of h7, an r greater 

than 0.288 is significant at the five percent level (Snedecor 1956: 

17U). From Table 5>, it appears that age is positively correlated 

with all variables in the 1967 sample for those twenty-seven and under. 

In the 19l;0 sample of those twenty-seven and under, the only variables 

that have statistically significant positive correlations with age are 

Chest Depth, Bizygomatic Breadth, and Nose Height. 

The reasons for the differences in extent of correlation with 

age in the two samples are an interesting matter. However, the goal 

here is to reveal the relationship between age and the other variables 

and the direction and magnitude of the relationship.- Table $ is use

ful in that it shows that (l) all variables in the 1967 sample are in 

a positive manner associated with age in the period 16 through 27, 

and that (2) there is a lack of significant positive correlation in 

the 19U0 sample between age and measurements expected to increase with 

growthj specifically, stature, stature related variables, and perhaps 

head size. Before 1967 sons can be compared to their fathers it is 

necessary to remove the effect of immaturity upon the sons' measure

ments. 

The next step in the analysis of age changes is related to 

the previous correlation analysis. This would be a statistical 
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Table 5. Correlation with age, persons 16 through 27. 

Variable 19U0r 1967r 

Weight + .118 +.51U 

Stature -.280 +.350 

Acromion -.17U +.362 

Dactylion -.075 +.299 

Arm Span -.183 + .hoh 

Bi-iliac +.187 +.591; 

Chest Breadth +.276 +.1jU3 

Chest Depth + .531 +.1*28 

Sitting Height -.319 +.35U 

Biacromial -.057 +.3U7 

Head Length -.057 +.1^05 

Head Breadth -.007 +.395 

Minimum Frontal +.021 +.371* 

Bizygomatic +.318 +.51U 

Bigonial Breadth +.230 +.338 

Total Face Height + .151 +.36U 

Upper Face Height +.033 +.270 

Nose Height +.313 +.255 

Nose Breadth + .031 +.238 

n » 1*7 73 



procedure that is usually accomplished with the calculation of corre

lation coefficients, that of regression. Variability with age is 

assumed in this study to be linear. That is, variables significantly 

correlated with age in the age interval 16 through 27 vary generally 

in a straight line. Variability at any one age also exists. From 

Tables U and 5, the assumption of linear change with age in nearly 

all of the sons' variables seems a safe one. The age of twenty-seven 

can, therefore, be used as an arbitrary but nevertheless useful base 

point from which to calculate the appropriate regression coefficients. 

Each of the coefficients tells how much a particular variable changes 

with a unit change in age of one year. This is termed "b" in the re

gression equation y « a + bx. Age is y in the regression equation. 

The selection of b is by the principle of maximum likelihood, where 

b is calculated by the method of least squares. That is, b is calcu

lated so that the mean of the squared vertical deviations between the 

data and the regression line will be as small as possible. Once b is 

calculated then the value for a can be determined by substitution 

back into the original equation. The regression factors for the 

analysis of the portion of the 1967 sample between the ages of 16 and 

27 are shown in Table 6. The b coefficients are the statistically 

best estimate of how much we could expect Apache males measured in 

1967 to change every year between the age of sixteen until the year 

of their twenty-seventh birthdays. The coefficients are based upon 

the actual data of the 1967 sample for those individuals aged sixteen 

through twenty-seven. Since I wish to "mature" each person under 



Table 6. Regression coefficients for age, 1967 sample. 

uu 

Variable a b 

Weight U0.3 U.88 lbs 

Stature 1555. 5.79 mm. 

Ann Span 1565. 7.73 mm. 

Bi-iliac Breadth 200. 3.91 mm. 

Chest Breadth 216. 3.03 mm. 

Chest Depth 1U3. 2.82 mm. 

Biacromial 339. 2.51 mm. 

Head Length 16b. 0.9b mm. 

Head Breadth 139. 0.79 mm. 

Minimum Frontal 97.2 0.72 mm. 

Bizygomatic 127. 0.92 mm. 

Bigonial Breadth 95.0 0.67 mm. 

Total Face Height 111. 0.70 mm. 

Upper Face Height 58.9 0»b8 mm. 

Nose Height U2.5 0.38 mm. 

Nose Breadth 32.6 0.21 mm. 
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twenty-seven to that ideal age, all that has to be done is to subtract 

the present age from twenty-seven, multiply the result by the correc

tion factor (the appropriate "b" coefficient) and add the answer to 

the actual measurement. The new answer is what the individual ought 

to be like (the "best" statistical estimate), all other factors un

changed, by the age of twenty-seven. The corrected figures are what 

will be used in the actual comparison of fathers to sons. 

An additional factor should be considered before making actual 

comparisons. Does growth stop before age twenty-one in the 19h0 

sample and before age twenty-seven in the 1967 sample? The answer is 

that I have assumed that maturity has been reached for all members of 

the 19U0 sample, but the age of twenty-seven is the maturity point 

for the 1967 sample. Hypothetically, if a particular trait varies 

after the age of sixteen through twenty-one (the 19U0 sample) or age 

twenty-seven (the 1967 sample), then it does so due to age changes 

other than those caused by growth, e.g., those associated with old 

age or traits that continue to change throughout life. Although it 

is possible to "correct" for such effects, to do so might be to ob

scure valuable information about secular change. I corrected for 

age those individuals for whom statistical evidence suggests that 

substantial change would still be occurring. There is little evi

dence to suggest that any major increases would occur for any members 

of the 19l|0 sample. All members of that sample are assumed to be 

mature, and are, therefore, left untransformed. 



CHAPTER 5 

UNIVARIATE ANALYSIS 

The hypothesis will now be tested by the methods of univariate 

statistics. Each of the variables in each sample will be summarized 

and then compared to the corresponding variable in the other sample. 

The comparison of each variable will be summarized by a K coefficient, 

so that we may ascertain the statistical significance of any differ

ences between the two mean3 of the variable being compared. Twenty-

three variables will be compared} sixteen metric observations and 

seven indices. The two samples that will be described and compared 

are the entire 1967 sample and that part of Gabel's total 19U0 sample 

that is composed of the fathers of men in the 1967 sample, each 

father weighted according to the number of sons. All sons under the 

age of twenty-seven have been corrected for age change variability. 

No attempt has been made to control for maternity of the 1967 sons. 

Therefore, it is possible that half-brothers are included in the 1967 

sample undifferentiated from full brothers. 

The order of presentation of univariate analysis for each of 

the twenty-three variables- is arbitrary. The order has been chosen 

in terms of convenience, generally conforming to the arrangement 

given in other anthropometry reports (i.e., Hulse 19^7). A review 

of the results as they pertain to the testing of the hypothesis will 

be in the final chapter of this dissertation. 

hS 
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Weight, Stature and Trunk Variables 

Table 7 presents the summary statistics on weight, stature, 

and trunk measurements for the two samples, citing the Mean, Standard 

Error (S.E.), Standard Deviation (S.D.) and Range. The format of 

Table 7 will be followed in the remaining tables of this chapter. 

The mean difference in weight between fathers and sons is 

13 pounds. The sons are also more variable in weight than their 

fathers, with a greater part of the difference being due to heavy 

sons. More specifically, one 18 year old "boy" weighed 21*0 pounds, 

a 22 year-old scaled 266 pounds, and some other weights were recorded 

of 232, 238, and 2Ul pounds, all uncorrected for age. At the other 

end of the distribution were a set of twins, 21 years of age, who 

weighed 99 pounds each, uncorrected. 

Table 7b provides information on stature, another major 

measure of secular change. The table shows an average increase of 

l.L centuneters in stature between 19h0 and 1967. This result .is 

consistent with increases for other populations over a similar time 

period (e.g., Craig 1963, or Karpinos 19!?8 and 196l). The variability 

in stature for both samples is very similar, although there is wider 

range for the sons at the lower end of the distribution. 

Five trunk measurements were taken in 1967 and are shown in 

comparison to measurements taken in 19b0 as means in Table 7c-7g. 

Not only are 1967 Apache men taller and heavier, but they are 

also wider across the hips and the shoulders. The width between the 

iliac crests has increased in average of nearly one centimeter 



Table 7. Weight, stature and trunk measurements. 

Sample Mean S.E. S.D. Range 

a. Weight 

19l*0 Fathers (N*=lU3) 156.8 

1967 Sons (N-1U3) 169.7 

Difference 12.9 

b. Stature 

191*0 Fathers (N-1U3 1695.8 

1967 Sons (N«lU3) 1709.U 

Difference 13.6 

c. Bi-iliac Breadth 

19U0 Fathers (N-1U3 292.8 
1967 Sons (N=lU3) 302.5 

Difference 9.7 

d. Chest Breadth 

19U0 Fathers (N-1U3) 301.7 
1967 Sons (N=lU3) 295.9 

Difference -5.8 

e. Chest Depth 

19^0 Fathers (N«lU3) 212.9 
1967 Sons (N-1U3) 223.U 

Difference 10.5 

f. Biacromial Breadth 

19U0 Fathers (N-1U3) 382.8 
1967 Sons (N=1U3) U06.7 

Difference 23.9 

g. Arm Span 

19U0 Fathers (N=ll;3 17U5.1 
1967 Sons (N=lU3) 1766.ii 

Difference 21.3 

t 2.0 
i 2.U 

K 

i li.5 

t U.3 
K 

i 1.3 
t 1.5 

± 1.7 
t 1.9 

K 

± 1.6 
t 1.8 

K 

t l.U 
t 1.9 

K 

i 5.1 
t 5.U 

2U.3 227-115 lbs. 

29.2 290-109 lbs. 

U.l (highly significant) 

53.5 18U1-1591 mm. 

51.9 13H6-1565 mm. 

2.2 (significant at $% 
level only) 

K 

15.9 
17.5 

U.9 

19.8 
22.1 

-2.3 

18.7 
22.0 

u.u 

16.6 
23.1 

12.1+ 

61.5 
6U.6 

2.9 

3UO-257 mm. 
U05-2U7 mm. 

35U-259 mm. 
360-2UU mm. 

258-177 mm. 
309-18U mm. 

U21-3U3 mm. 
U67-3U3 mm. 

1899-1615 mm. 
1950-1597 mm. 



(Table 7c). A similar increase is noted for the chest depth, an in

crease perhaps associated with the increase in weight. There has 

been a slight decrease of 0.6 centimeters in the chest breadth, a 

decrease which is difficult to explain or interpret adequately. Some 

possible reasons for the decrease are measurement error, insufficient 

correction for changes in that dimension with age for the 1967 sample 

(see Table U, page Uo) and, perhaps, because increased fat tissue 

associated with an increase in weight is not as extensive along the 

lateral edge of the upper thoracic region as in the median thoracic 

area or the hip region. 

As extensive an increase in shoulder width, 2.U centimeters, 

is difficult to explain. This change (see Table 7f) is the most sig

nificant difference between the two samples. Even assuming a certain 

consistent error of measurement, the change is still phenomenal. 

The relationship between shoulder width and other traits should be 

examined in more detail. 

The span of the firms has noticeably increased by over two 

centimeters. This increase is due to an increase in the width of 

the shoulders, as is demonstrated by the evidence presented in 

Table 7f and 7g. 

There appears to be greater variability for the 1967 sons 

in all five trunk variables, with a wider range, and an increase of 

the range at the high ends of the distributions. The lower ends of 

the distributions are either identical (i.e., the Biacromial Breadth, 

Table 7f) or fairly similar for all measurements except the Chest 

Breadth (Table 7d). 



Three aspects of trunk shape have been calculated and are 

summarized in Table 8a, b, and c. It appears that the ratio between 

the shoulder width and the hip width has decreased between 19U0 and 

1967 (Table 8a), while the hips have increased in size relative to 

stature and the chest has become deeper in one generation. 

With regard to Table 8a, both the Bi-iliac Breadth and the 

Biacromial Breadth have increased significantly between 19U0 and 

1967 (Table 7c and 7f)» Yet the shoulder dimension has increased 

more than the hip dimension, since the hip to shoulder relationship 

appears to be due to a proportionately greater increase in the width 

of the hips than in total height. Three of the males in the 1967 

sample had a stature-hip index above 20.0. The individual with an 

index of 23.6 weighed 270 pounds. Both of these latter figures are 

well beyond the range of anyone in the 19^0 sample (Table 8b). 

Chests are getting deeper. Apache men in 1967 are taller, 

heavier, bigger hipped, and bigger shouldered. They would be expected 

to have bigger chests. However, the physical change in the chest is 

in one direction, that of an increased depth. The association be

tween the chest dimensions will be assessed in the next chapter. 

Cranial Dimensions 

Only two of the many possible anthropometric measurements of 

the cranium were taken on the 1967 sample. The results are shown in 

Table 9a and 9b, with the relationship of them as a shape dimension 

shown in Table 9c. 



Table 8. Weight, stature and trunk indices 
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Sample Mean S.E. S.D. Range 

a. Shoulder-Hip Index 
•Bi-iliac breadth x 100 

Biacromial Breadth 

19U0 Fathers (N«lU3) 76.6 t O.h U.5 89.9-67.6 
1967 Sons (N-1U3) 7U.7 ± O.U h.Q 98.8-65.6 

Difference -1.9 K » -3.5 

b. Stature-Hip Index 
Bi-iliac breadth x 100 « 

Stature 

19U0 Fathers (N-ll+3) 17.3 i 0.1 0.9 19.5-15.3 
1967 Sons (N=UU3) 17.8 t 0.1 1.0 23.6-15.U 

Difference 0.5 K » U.5 

c. Thoracic Index 
Chest Depth x 100 

Chest Width 

19U0 Fathers (N«lU3) 71.0 1 O.U 5.0 86.7-57.1 
1967 Sons (N=lU3) 75.k t 0*5 6.2 92.1-61.8 

Difference U.h K * 6.7 



Table 9. Cranial Dimensions 
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Sample Mean S.E. S.D. Range 

a. Head Length 

19140 Fathers (N=lU3) 18U.1 ± 0.6 
1967 Sons (N=lU3) 187.6 i 0.6 

Difference 3.5 K 

6.9 
7.U. 

b. 1 

20U-169 mm. 
209-170 mm. 

b. Head Breadth 

19li0 Fathers (N*lli3) 159.8 
1967 Sons (N=lli3) 160.3 

Difference 0.5 

t 0.5 
1 0.5 

6.5 175-1U3 mm. 
6.H 177-1U5 mm. 

K = 0.6 (nonsignificant 
difference betvreen means) 

c. Cephalic Index 

19U0 Fathers (N=lli3) 86.8 
1967 Sons (N=lU3) 85.6 

Difference -1.2 

t O.U 
+ O.U 

5.1 
U.9 

100.0-7U.7 
98.2-75.0 

K * -2.2 (significant at 
$% but not at 1%) 



The average head length has increased between 19U0 and 1967, 

while the width of the head has remained essentially unchanged. The 

distribution of head breadth (Table 9b) for both samples has almost 

the identical variability, while there is a small but statistically 

significant decrease in the cephalic index between 19b0 and 196?. 

The 19^0 sample is only slightly more dispersed than the 1967 sample 

in the head shape dimension. The implications of these findings will 

be discussed later. 

Facial Dimensions 

The widths of the forehead, cheekbone, and lower jaw are sum

marized in Table 10a, 10b, and 10c. All three dimensions show sta

tistically significant differences between the two samples. However, 

facial dimensions, particularly the nose, increase with age up to 

and including the sixth decade of life. This information comes from 

an inspection of the means of the face variables for five and ten-

year cohorts for the original data of Gabel and the 1967 survey. 

Such age changes have also been reported for other populations (Hulse 

195>7j Hooton and Dupertuis 1951). Thus, while the table shows a 

significant increase, it may actually be greater than that shown. 

The sample of fathers has a mean age 6.2 years greater than their 

sons as a sample (see Table 3, page 37)• This older average age 

would depreciate the differences between the two samples more than 

that shown in the table. It is anticipated that there is a high 

correlation between these three dimensions of facial breadth. It 

is not surprising, therefore, that-all three of the face variables 



Table 10. Faciei Measurements 

Sample Mean S.E. S.D. Range 

a. Minimum Frontal Breadth 

19U0 Fathers (N«lU3) 110.1 
1967 Sons (N-1U3) 11U.U 

Difference U.3 

b. Bizygomatic Breadth 

19U0 Fathers (N-1U3) Ui?.8 
1967 Sons (N»lU3) 151.7 

Difference ____ 1.9 

c. Bigonial Breadth 

19U0 Fathers (N»lU3) 109.9 
1967 Sons (N-1U3) H3.0 

Difference 3.1 

d. Total Face Height 

19U0 Fathers (N-lli3) 12U.3 
1967 Sons (N-1U3) 129.5 

Difference 5.2 

t 0.3 
t 0.6 

K « 

t 0.U 
* o.U 

K « 

t 0.5 
i 0.5 

K 

i 0.5 
t 0.6 

K • 

U.2 
6.6 

6.6 

5.2 
5.1 

3.1 

5.9 
6.U 

U.2 

5.5 
7.0 

7.0 

121-100 mm. 
131-101 mm. 

163-138 mm. 
166-138 mm. 

12U-93 mm. 
1U2-96 mm. 

1U2-106 mm. 
lii9-10U mm. 

e. Upper Face Height 

19U0 Fathers (N=»llt3) 73.1 
1967 Sons (N-1U3) 72.1 

Difference -1.0 

i 0.3 
t 0.5 

U.O 
5.9 

8U-63 mm. 
88-56 mm. 

K » -1.8 (nonsignificant 
difference between means) 

f. Nose Height 

19U0 Fathers (N=lU3) 56.5 
1967 Sons (N=1U3) 52.9 

Difference -3.6 

t 0.3 
* o.U 

K 

3.U 
5.1 

-7.2 

67-50 mm. 
67-36 mm. 

g. Nose Breadth 

19U0 Fathers (N-1U3) U0.2 
1967 Sons (N=ll;3) 38.9 

Difference -1.3 

t 0.3 
t 0.3 

K 

3.3 
3.3 

-3.3 

52-33 mm. 
50-31 mm. 



show a significant positive increase from 19h0 to 1,96?. However, 

there has not been a significant increase in the breadth of the head 

(Table 9b, page 52). The face has become broader, but the cranium 

has not. 

The dimensions of the face in the longitudinal plane are shown 

in the following table. Since the total height of the face has in

creased (Table lOd) while the height of the face without the lower 

jaw has remained nearly unchanged, the lower jaw has probably become 

bigger. Both aspects of the mandible appear to have increased in 

the 1967 sample (Table 10c and lOe). 

The difference in mean age of the two samples may have an 

effect upon the three nasion measurements. However, the effect would 

be to decrease the observed differences in the upper facial height 

and the nasal height. Even with a correction for the 6.2 year dif

ference in mean age, the two variables summarized in Table lOd and 

lOf would still show large differences between the two samples. 

There has been an increase in the total height of the jaw and face, 

while the nose has become shorter. The other aspect of the nose is 

shown in Table 10 g. 

The noses of Western Apache men are shorter and narrower in 

1967 than they were in 19ii0, as shown in Table lOf and lOg. However, 

the effect of age upon the nose dimensions might decrease the dif

ferences betvfeen the two samples, if such an effect would be cor-

\ / 
rected for. The'^variability in nasal breadth for the two samples 

is quite similar. The summary statistics for the bizygomatic 



breadth (Table 10b) are also similar. In all other dimensions of the 

face, however, the sons exhibit greater variability (Table 10a, 10c, 

lOd, lOe, and lOf). 

The relationships between certain of the facial measurements 

is perhaps clarified by an examination of the distribution of facial 

shape dimensions, three of which are summarized in Table 11a, lib, 

and 11c. 

Of the five measurements involved in the just given indices, 

the first three traits showed significant increases (Table 10a, 10b, 

and lOd), while the dimensions of the nose decreased (Table lOf and 

lOg). It appears that the more important contribution to an increase 

in the Fronto-zygomatic and Total Facial indices was made by the 

numerators (Minimum Frontal Breadth and Total Face Height), whereas 

the height of the nose (the denominator) was the major contributor 

to the change in the nasal index. The actual association between 

the variables used to calculate indices will be discussed in the next 

chapter. 

Univariate Statistics: A Summary of the Comparison of Means 

Although there have been many significant increases in body 

dimensions of the sons, there have also been some decreases and a 

few dimensions in which no measurable significant change has occurred. 

The meaning of these findings in an evaluation of secular change has 

yet to be stated. But, a summary of the individual changes should be 

given as an overview for possible insight into the nature of morpho

logical change among the Western Apache males in 27 years and as a 



Table 11• Facial Indices 
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Sample Mean S.E. S.D. Range 

a. Fronto-Zygomatic Index 
Minimum Frontal Br. x 100 

Bizygomatic Breadth 

19U0 Fathers (N-1U3) 73.h t 0.2 2.5 81.U-66.9 
1967 Sons (N-1U3) 75.5 * 0.3 U.l 8U.0-65.8 

Difference 2.1 K • 5.1 

b. Total Facial Index 
Total Face Height x 100 

Bizygomatic Breadth 

19U0 Fathers (N-lltf) 82.9 t 0.U U.3 95.8-69.6 
1967 Sons (N-lltf) 35.U t 0.U U.8 98.0-73.2 

Difference 2.5 K = U.7 

c. Nasal Index 
Breadth of Nose x 100 

Height of Nose 

19U0 Fathers (N-1U3) 71.U t 0.6 6.6 88.1-55.7 
1967 Sons (N=lU3) 73.9 * 0.7 _ 8.5 95.2-53.2 

Difference 2.5 K = 2.7 



background for the next phase of the analysis. A summary of the re

sults thus far is presented in Table 12. 

In Table 12 the significant increases or decreases are shown 

in Part A. That is, that part lists those variables for which there 

is a highly.significant difference between the means of the two 

samples. The difference between the means is beyond two standard 

errors of the ideal mean if both samples were drawn from the same 

population. The order in which the variables are placed is an ex

pression of the relative distance between the particular compared 

means. 

A K value between 2.^8 and 1.96 is not significant at the one 

percent level, but is significant at the five percent level. There 

are three variables in Table 12 with such a K coefficient. They are 

listed in Part B of the table. The two dimensions in which little 

or no change have occurred have means which are not statistically 

significant. The means of the variables listed in Part C vary sup

posedly due to sampling error. 

A direct comparison of the means of the individual variables 

has been presented in this chapter by the methods of univariate 

statistics. Of the 23 variables compared, five have a decrease in 

mean value between 19U0 and 1967, 16 show a significant increase, and 

there was no change in five dimensions in which the 19U0 Fathers were 

compared to the sample of 1967 sons. The implications of these 

findings have not been discussed in any detail. The association 

between variables and the determination of allometric patterns has 
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Table 12. Comparison of the means of the two samples. Arranged in 
descending order of K coefficient. 

Reference 
Dimension K Value Actual Change Table Page 

A. Statistically Significant Differences 

Biacromial Breadth 12. U 23.9 mm# 7f U8 
Nose Height 7.2 -3.6 mm. lOf 5U 
Total Face Height 7.0 5.2 mm. lOd 5U 
Thoracic Index 6.7 U.U 8c 51 
Min. Frontal Breadth 6.6 U.3 mm. 10a 5U 
Fronto-zygo. Index 5.1 2.1 11a 57 
Bi-iliac Breadth h.9 9.7 mm. 7c U8 
Total Face Index U.7 2.5 lib 57 
Stature-Hip Index U.5 0.5 8b 51 
Chest Depth u.u 10.5 mm. 7e U8 
Bigonial Breadth u.2 3.1 mm. 10c 5U 
Weight U.l 12.9 lbs. 7a U8 
Head Length U.l 3.5 min. 9a 52 
Shoulder-Hip Index 3.5 -1.9 8a 51 
Nose Breadth 3.3 -1.3 mm. lOg 5U 
Bizygomatic Breadth 3.1 1.9 mm. 10b 5U 
Arm Span 2.9 21.3 mm. 7g U8 
Nasal Index 2.7 2.5 11c 57 

B. Significant at 5% but not at 1% level 

Chest Breadth 2.3 -5.8 mm. 7d U8 
Stature 2.2 13.6 mm. 7b U8 
Cephalic Index 2.2 -1.2 9c 52 

C. No significant difference between means 

Upper Face Height 1.8 -1.0 mm. lOe 5U 
Head Breadth 0.6 0.5 mm. 9b 52 



yet to be evaluated. This will be accomplished in Chapter 6 by the 

methods of multivariate statistics applied to two variables. 



CHAPTER 6 

BIVARIATE ANALYSIS - SIMPLE CORRELATION 

Twenty-one of a total of 23 variables compared showed a sta

tistically significant difference between the sample of fathers and 

the sample of sons. That information, obtained by the methods of 

descriptive statistics, is the major set of statistics essential for 

the testing of the hypothesis. But, the relationship between the 

variables in each sample is also interesting as well as relevant. 

Any significant mutual relationship between quantities can be ascer

tained and evaluated. Such an evaluation can provide information 

about patterns of association of morphological traits. 

The ascertainment of morphological patterns is important for 

several reasons. First of all, certain anthropometric measurements 

are not discrete, isolated aspects of the morphology. It would be 

better not to consider such measurements in isolation if there are 

effective methods for grouping them. Further, if there has been a 

significant change in a particular variable between 19U0 and 1967, 

that change can be due ir. major part to a close association with 

another variable that has also changed. It would be informative to 

ascertain that association; it might be misleading not to. 

There are several ways to examine the association between 

variables. For instance, there can be a grouping of variables into 
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a correlation matrix, the matrix then being "factored." This can be 

done by the well established methods of factor analysis, although such 

a detailed analysis is not essential here. On the other hand, it is 

possible to group variables together on an intuitive basis, -with arbi

trary groupings such as "upper limb measurements," "trunk dimensions," 

and the like. Although these groupings provide an efficient means of 

arranging data, they may not be empirically valid. The validity of 

such groupings_as were utilized in the previous chapter can be evalu

ated by simple statistical procedures. This evaluation will be 

presented and summarized in the form of patterns of correlation 

between the variables in each sample. 

Sample correlation coefficients have been calculated for pos

sible association between all measured variables. That is, the 

association has been ascertained between any two measurements, a 

total of 190 unique coefficients for each sample n (n~l) n • 20. In

ductive methods were then used to determine if the calculated co

efficients were statistically significant. The usual test is by the 

use of "t," where t s r(n-2)/l-r2), the degrees of freedom equal to 

n-2. Correlation coefficients at the five percent and the one percent 

levels of significance can also be obtained directly from a table 

(Snedecor 1956: 174). For samples of approximately 150 (in this case, 

143), with 148 degrees of freedom (in this case, 141)j an r of 0.174 

is significant at the five percent level and an r of 0.228 is signi

ficant at the one percent level. The test is made without considering 

the rign of r, 



Patterns of Stature and Limb Length 

One of the more obvious aspects of human morphology is that 

concerned with the linear dimensions. Five measurements were taken 

that are an indication of the linearity of the body; they are the 

Stature, Sitting Height, Acromial Height, Dactylion Height, and the 

Aim Span. The latter measurement is also an expression of the hori

zontal plane of the body, sincc it includes the width of the 

shoulders. Thus, there are five variables that can be grouped to

gether on the a priori assumption that the length of the limbs should 

be associated with the stature of the individual. However, the 

extent of the association need not. be guessed at if it can be calcu

lated. The patterns of association and the extent of correlation of 

the variables associated with the length of the limbs and the Stature 

are shown in Tables 13 through 16. The variables that are obtained 

by the subtraction of one value from another are considered apart 

from the other measured variables. This is because such resulting 

values would, of course, be correlated with the larger of the two 

variables from which they are mathematically derived. 

In the following tables of this chapter any correlation co

efficient that is enclosed within parentheses is not significantly 

different from a chance correlation. 

The major purpose of Tables 13 and lU is to show how five 

variables designated as "Stature and Limb Variables" correlate with 

each other and with all other variables. Some of the pertinent 

observations that can be obtained from the two tables are: 
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Table 13. Bivariate correlation of stature and limb variables with 
all other variables, 39h0 sample. 

Variable 1 2 3 h 5 

1. Stature 

2. Sitting Height .7U2 

3. Acromion ,9h9 .669 

U. Dactylion .715 .591 .802 

5. Arm Span .758 .hhl .7U5 .U55 

6. Chest Breadth .369 .hOO .385 .353 .372 

7. Chest Depth (.015) (.050) (.093) (.165) (.063) 

8. Biacromial .30U .230 .369 .372 .259 
9. Bi-iliac Breadth .559 MS .2*98 .361 .518 

10. Weight .Ul5 .515 .669 .Ii26 .296 
11. Head Breadth (.125) (.107) ( .1U1) .230 (.oUU) 

12. Minimum Frontal .210 (.16?) .217 .253 (.130) 
13. Bizygomatic .226 .177 .315 .293 .175 
1U. Bigonial Breadth .327 .U22 .3U5 .339 .28U 
15. Total Face Height .190 (.077) (-13U) (.0U2) (.077) 
16. Upper Face Height C-1U3) (.096) (.102) (.001) (.029) 

17. Nose Height (.083) (-.059) (.158) (.082) (.016) 

18. Nose Breadth .268 .201 .315 .261 .189 

19. Head Length (.130) (.069) ( .069) (.061) (.015) 
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Table lU. Bivariate correlation of stature and limb vai'iables with 
all other variables, 1967 sample. 

Variable 

1. Stature 

2. Sitting Height .55U 

3. Acromion .907 .522 

U. Dactylion .622 .It 60 .688 

5. Arm Span .619 .37U .578 .235 

6. Ghest Breadth ,29k .3U2 .2Ul .268 .329 

7. Chest Depth (.167) .229 .205 .222 .205 

8. Biacromial • it.07 .326 .31*3 .352 .290 

9. Bi-iliac Breadth .337 .285 .322 .230 ,22b 

10. Weight .i|21 .U09 .390 .379 .369 

11. Head Breadth (.03U) (-.028) (.oia) (-.002) (.036) 

12. Minimum Frontal .177 .220 (.080) (.116) .191+ 

13. Bizygomatic (.158) .233 (.131) ( .069) .193 

111. Bigonial Breadth (.128) (.173) ( .128) (.080) ( .O8I4.)  

15. Total Face Height .229 .196 .181; (.067) .226 

16. Upper Face Height .237 (.11)3) (.151) (.058) .171 

17. Nose Height (.098) (.036) ( .0U0) (-.012) (.117) 

18. Nose Breadth (.010) ( .089) (.022) (-.090) (-.057) 

19. Head Length .275 .256 .189 (»12lj) .293 
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Table 15. Stature and limb length correlations, 19UO Fathers (Aver
age correlations stated as sum r/H). 

1 2 3 k 5 

1. Stature .7U2 .9U9 .715 .758 

2. Sitting Height .7U2 .669 .591 .liU7 

3. Acromion .9U9 .66 9 .802 .7U5 

U. Dactylion .715 .591 .802 .U55 

5. Arm Span .758 .UU7 .7U5 .U55 

Sum r/b .791 .612 .792 .6la .601 

Table 16. Stature and limb length correlations, 1967 sons (Average 
correlations stated as sum r/U). 

1 2 3 k 5 

1. Stature .55U .907 .622 .619 

2. Sitting Height .551; .522 •U6o .371; 

3. Acromion .907 .522 .688 .578 

U. Dactylion .622 •U60 .688 .235 

5. Arm Span .619 .371; .578 .212 

Sum r/k .676 

CO I s
-

•
 .675 .JU96 .U52 



1. In general, the five variables of stature and limb length 

form a pattern of high bivariate correlations with each other. The 

only low correlation is the Dactylion (variable U) with the Arm Span 

(variable $) in the 1967 sample. 

2. The stature and limb length variables are also generally cor

related with variables that could be considered as "trunk" variables, 

specifically variables 6 through 9 and Weight (variable 10). However, 

the pattern of correlation of stature and limb variables is more 

clearly restricted to the particular variables 1 through £. This is 

illustrated in Tables 1$ and 16. 

3. There are some interesting although not very informative dif

ferences between the two samples in the extent of correlations between 

stature variables and certain other variables. Specifically: 

a. The Chest Depth (variable 7) and the Head Length (vari

able 19) are not correlated with any stature variables in the 19U0 

sample but are correlated with nearly all stature variables in the 

1967 sample. 

b. The Nose Breadth (variable 18) is correlated with all 

stature variables in the 19U0 sample but with no stature variables 

in the 1967 sample. 

c. The Bigonial Breadth has relatively high (e.g., about 

0.300) correlation with stature variables in the 19U0 sample but is 

not correlated at all with such variables in the 1967 sample. 

d. The Minimum Frontal (variable 12) and the Bizygomatic 

Breadth (variable 13) show varying patterns of correlation with 



stature variables. The actual association of these and any variables 

of low correlation with stature variables could be evaluated by other 

statistical methods, i.e., partial, correlation analysis. 

U. Weight (variable 10) is highly correlated with the stature 

variables. However, its placement within a pattern, of bivariate 

correlations cannot be adequately determined without more .information, 

i.e., its correlation with other variables should be examined. 

Tables 15 and 16 repeat the first portions of Tables 13 and 

lU. An average for each of the five measurements of stature and limb 

length is shown at a base of the tables, expressed as the sum of r 

divided by U. These averages should be compared to other bivariate 

correlations in Tables 13 and lU, e.g., the averages are higher than 

all other correlations between stature variables and other variables 

"outside of" the pattern. 

For the 19U0 Fathers, all five variables of stature and limb 

length are mutually associated with each other, the correlation is 

positive in all cases, and all of the coefficients are statistically 

significant at the one percent level. The highest bivariate corre

lation is Stature with Acromion (variables 1 and 3). The Stature and 

the Acromion average correlations are quite high, the lowest being 

variables 2 with 5. It appears that the five traits form a complex 

of mutually interrelated aspects of the morphology of Apache adult 

males for 19U0. The significance of this finding can only be assessed 

in comparison to the pattern of correlations of the same variables 

for the 1967 sample. 
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For the 1967 sons, all five measured variables are mutually 

associated with each other, the correlation is positive in all cases, 

end all of the coefficients are statistically significant at the one 

percent level. All of the correlations for this sample are lower than 

the corresponding correlations for the variables of the 19lt0 sample. 

This is perhaps due to the greater range of variability of the 1967 

sample. 

In general, it appears that stature is an efficient predictor 

of all other aspects of height and limb length. However, the shoulder 

height is probably as good a predictor of the other aspects as is the 

total stature. 

The correlation between stature and acromial height is almost 

one to one for both samples. But only the stature will be used in 

the testing of the hypothesis due to probable measurement error for 

the acromion in the 1967 sample. 

Trunk Patterns 

There are four variables that are usually considered as 

aspects of the trunk of the body in anthropometric surveysj these 

are the two chest measurements, the shoulder width and the width 

between the iliac crests. They are listed as variables 6, 7, 8, and 

9 in the tables of this chapter. Of course, it would be feasible to 

consider measurements of stature as being "trunk" variables, since 

such measurements include dimensions of the trunk. However, what we 

seek here are the most meaningful patterns of correlation between 

variables. It is for that reason that stature and limb variables 
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are considered apart from trunk variables. It is also for the reason 

of selecting meaningful patterns that Weight is considered here as a 

trunk variable. 

The listing of bivariate correlations of what I consider 

trunk variables is made in Tables 17 through 20. In these tables, 

Weight (variable 10) is considered as a major aspect of the trunk. 

The procedures and the arrangement of the tables are the same as for 

Tables 13 through 16 on the variables of the stature and limb length. 

Certain correlations are repeated from previous tables for the sake 

of convenience. 

An inspection of Tables 17 and 13 indicates that variables 

associated with the dimension of stature and limb length are also 

associated with certain aspects of the morphology of the trunk. How

ever, the correlations between the Chest Depth, which logically should 

be a measure of "the trunk," and the other listed variables are either 

low (the 1967 sample) or not significantly different from chance cor

relations (the 19U0 sample). Therefore, I have excluded variables 1 

through 5 from the pattern for the trunk variables on the basis of 

the low or lack of correlation of stature variables with a specific 

trunk variable, the Chest Depth. 

Some of the pertinent observations that can be obtained from 

Tables 17 and 13 are: 

1. In general, variables 6 through 10 are all inter-correlated 

with each other to a greater extent than with other possible variables. 

2. The correlation between the Chest Depth and the Biacromial 

Breadth for the 19h0 sample is not significantly different from a 
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Table 17, Bivariate correlation of trunk variables, including weight, 
v;ith all other variables, 1?U0 sample. 

Variable 67 8 9 10 

6. Chest Breadth 

7. Chest Depth .58H 
8. Biacromial .53U (.068) 
9. Bi-iliac Breadth .580 .660 .280 

10. Weight .806 .695 .512 .655 

1. Stature .369 (.015) .559 .30U M S  
2. Sitting Height .Uoo (.050) -U85 .230 .515 
3. Acromion .385 (.093) .U9S .369 .U3l 
U. Dactylion .353 (.165) .361 .372 .U26 
5. Arm Span .372 (.063) .513 .259 .296 

11. Head Breadth .203 .336 (-.039) .31U .339 
12. Minimum Frontal .U80 .38U .3U7 .390 .509 
13. Bizygomatic .U91 .522 .20U .530 .51+7 
llu Bigonial Breadth .356 .303 (.151) .23U J4O6 

15. Total Face Height (.W (.116) (.0310 (.173) (.10U) 

16. Upper Face Height (.11U) (.160) (-.019) .180 (.093) 

17. Nose Height (.123) .318 (-.107) .338 (-.0510 
13. Nose Breadth .Ul6 .381 .283 .393 .U70 
19. Head Length (.0U7) (.133) .213 (.095) (.110) 
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Table 18. Bivariate correlation of trunk variables, including weight, 
with all other variables, 1967 sample. 

Variable 6 7 8 9 10 

6. Chest Breadth vi 

7. Chest Depth .570 

8. Biacromial .616 .320 

9. Bi-iliac Breadth .1*00 .U29 .332 -

10. Weight .802 .7U5 .570 .530 

1. Stature .291; (.167) .U07 .337 .U21 

2. Sitting Height ,3h2 .229 .326 .235 .1*09 

3. Acromion .2U1 .205 .3l;3 .322 

O
 

O
N
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\ 
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U. Dactylion .268 .222 .352 .230 .379 

5. Arm Span .329 .205 .290 .221; .369 

11. Head Breadth .19U .191 .212 .1U3" (.172) 

12. Minimum Frontal .331 (.U2) .231 .196 .391 

13. Bizygomatic .1*60 .397 .336 .391 .U8l 

1U. Bigonial Breadth .252 .183 (.162) (.150) .257 

15. Total Face Height .181 (.133) (.132) .279 (.132) 

16. Upper Face Height (.162) (.037) (.100) .212 (.073) 

17. Nose Height (.117) (.06kL JC.030) (.167) (.013) 

13. Nose Breadth (.079) .202 (-.056) (.111) (.103) 

19. Head Length .Ull .23li .182 .200 .U05 
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Table 19. Trunk correlations, 191+0 fathers. 

6 7 8 9 10 

6. Chest Breadth -58U .53U .580 .806 

7. Chest Depth .58U (.068) .660 .695 
8. Biacromial .53U (.068) .280 .512 

9. Bi-iliac Breadth .580 .660 .280 .655 
10. Weight .806 .695 .512 .655 

Sum r/h .621* .502 .3U9 .51*U .669 

Table 20. Trunk correlations, 1967 sons. 

6 7 8 9 10 

6. Chest Breadth .570 .616 .1*00 .802 

7. Chest Depth .570 .320 .1*29 .71*5 

8. Biacromial .616 .320 .382 .570 

9. Bi-iliac Breadth .Uoo .1*29 .382 . .530 

10. Weight .802 .7U5 .570 .530 

Sum r/h .597 .511; .1*72 .1*35 .662 



chance correlation. However, the Chest Depth does have its highest 

correlations with the three other trunk variables, and, therefore, 

should be included within the pattern of trunk associations. Further, 

the Biacromial Breadth variable of the 19H0 sample has correlations 

of over 0.£00 with two other variables that are generally regarded 

as being aspects of the trunk. 

3. The Biacromial Breadth could be considered an aspect of sta

ture and limb length in the 19^0 sample since its highest correlation 

is with stature. But, the highest correlations of Biacromial Breadth 

in the 1?67 sample are with other trunk variables, specifically the 

Chest Breadth and the Weight. I have arbitrarily placed the Bia

cromial Width in the trunk pattern of both samples. 

U. The Bizygomatic Breadth is generally highly correlated in 

both samples with all of the trunk variables. Further, the Minimum 

Frontal Breadth is highly correlated with all of the trunk variables 

in the 19U0 sample and with several of the trunk variables in the 

1967 sample. Yet, it is difficult to ascertain why two cranial 

measurements should be so highly correlated with measurements of the 

trunk. I suggest that these two cranial traits are predominately 

affected by environment} that is, an increase or change in weight or 

trunk size ("bulk") will produce an increase or change in certain 

areas of the cranium. The Minimum Frontal Breadth and the Bizygo

matic Breadth are measures of two plastic areas of Apache morphology. 

There are three "facial" measurements that are either of low 

or of nonsignificant correlation with the measures of the trunk. 



They are the Total Face Height, the Upper Face Height and the Nose 

Height (variables 15, 16, and 17). The exception to this statement 

is the association between the Chest Breadth and variable l£ in the 

19o7 sample. 

6. It is suggested that the extent of correlation with variables 

of weight or general body bulk is an indication of environmental 

effects upon the associated variables. This idea should be evaluated 

with respect to secular effects upon the morphology. 

Tables 19 and 20 are concerned only with the pattern of cor

relation of the trunk variables. An average for each variable is 

given at the base of the tables. 

The extent of correlation of trunk variables with each other 

is in general not as great as the extent of bivariate correlation of 

stature and limb variables. There is, of course, the very high cor

relation with weight and the other measures of general body size. 

The greater part of a person's weight is between the neck and the 

thighs. Therefore, it is reasonable to expect a high correlation 

between weight and other anthrometric measures of general body size, 

i.e., the "trunk"variables. 

An inspection of the coefficients of correlation of trunk 

variables for the two samples suggests the following inferences: 

1. The extent of congelation of the Biacromial Breadth with all 

other trunk variables is higher in the 1967 sample than in the 19U0 

sample. 



2. Weight is an effective estimate of trunk size. It is useful 
f 

for predicting all aspects of the trunk, but particularly the width 

of the chest and the girth of the hips (variables 6 and 9)» The re

verse statement would also be correct: certain trunk variables, but 

particularly the chest width and the hip width, are reliable measures 

for the prediction of weight. 

3. The depth of the chest and the width of the hips are rela

tively independent measures of trunk size. Variables 7 and 8 are 

only of a chance correlation in the 19U0 sample and are the lowest 

correlation of trunk variables in both samples. 

U. Other than weight, the Chest Breadth is the statistically 

best predictor of the other trunk variables. 

5. The extent of bivariate correlation of trunk variables for 

the 1967 sample is similar to the extent of correlation of stature 

and limb length variables. This is determined by taking an average 

of all correlations for each pattern. The average for the stature 

and limb length variables is 0.556, compared to an average of 0.536 

for the trunk variables in the 1967 sample. 

6. For the 19U0 sample, the extent of bivariate correlation of 

stature and limb length variables is noticeably higher than the 

extent of correlation of trunk variables. The average correlation 

for the former is 0.687, and for the latter it is 0.538. 

Patterns of Cranial Breadth 

There were four measurements taken on both samples that in

volved the lateral aspects of the skull; they were the Head Breadth, 



the Minimum Frontal Breadth, the Bizygomatic Breadth, and the Bigonial 

Breadth. These measurements form a pattern of mutual interrelation

ship, as will be illustrated in Tables 21, 22, 23, and 2U. 

Some of the pertinent conclusions that can be obtained from 

an examination of Tables 21 and 22 are: 

1. The variables designated as aspects of Cranial Breadth are, 

in general, correlated with the variables of the trunk to a greater 

ex-tent than with the variables of stature and limb length. This sug

gests that the widths of the cranium, face and lower jaw are related 

to weight and general trunk size more than to the stature of the in

dividual. 

2. The cranial breadth measures are, in general, not associated 

with changes in the face (variables 15, 16, 17 and, in the 1967 

sample, 18). 

3. The Head Breadth is not associated with stature variables and 

only slightly associated with other cranial measurements. For the 

19U0 sample, the Head Breadth has low correlations with the Dactylion 

(r=.210), and the Nose Breadth (rc.285). All other correlations be

tween Head Breadth and either the stature or the facial variables are 

net statistically different from chance correlations in the 19U0 

sample. In the 1?67 sample, the only significant correlation between 

Head Breadth and any stature or face variable is with the Total Face 

Height (r=.217). 

U, The Head Breadth is less related to changes in weight than 

to any of the other cranial breadth variables. 
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Table 21. Bivariate correlation of cranial breadth variables with all 
other variables, 19l|0 sample. 

Variable 11 12 13 1U 

11. Head Breadth 

12. Minimum Frontal .218 

13. Bizygomatic .517 .536 

lU. Bigonial (.07U) .368 .37U 

1. Stature (.125) .210 .226 .327 

2. Sitting Height (.107) (.167) (.117) .1*2? 

3. Acromion (.lliU) .217 .315 .3U5 

U. Dactylion .230 .253 .293 .339 

5. Arm Span (.Oljl;) (.130) .175 .28)4 

6. Chest Breadth (.203) .U80 .U91 .356 

7. Chest Depth .336 .381* .522 .303 
8. Biacromial (-.039) .317 M (.151) 

9. Bi-iliac Breadth .31U .390 .530 .281* 

10. Weight .339 .509 .5U7 ,h06 

15. Total Face Height (.029) (.060) (.122) (.002) 

16. Upper Face Height (-.023) (.081) (.107) (.OliO) 

17. Nose Height (.109) (.059) .232 (.055) 

18. Nose Breadth .285 .311 .h5o (.157) 

19. Head Length (-.167) (.153) (.027) (.101) 
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Table 22. Bivariate correlation of cranial breadth variables with all 
other variables, 1967 sample. 

Variable 11 12 13 1U 

11. Head Length 

12. Minimum Frontal (.096) 

13. Bizygomatic .652 .327 

1U. Bigonial Breadth .327 •
 

H
 

C
D

 
C

O
 

.Iil6 

1. Stature (-03U) .177 (.158) (.128) 

2. Sitting Height (-.028) .220 .233 (.173) 

3. Acromion (.oui) (.080) (.331) (.128) 

U. Dactylion (-.002) (.116) (.069) (.080) 

5. Arm Span (.036) .19U .193 (.081*) 

6. Chest Breadth .19U .331 .U60 .252 

7. Chest Depth .191 (.112) .397 .183 

8. Biacromial .212 .231 .386 (.162) 

9. Bi-Iliac Breadth .2U3 .196 .391 (.150) 

10. We ight (.172) .391 .U81 .257. 

15. Total Face Height .217 (.073) .21*0 (.063) 

16. Upper Face Height (.098) (.103) (.110) (-.OUU) 

17. Nose Height (.108) (.012) (.081) (-.110) 

18. Nose Breadth (.331) (-.0U5) .181 (.118) 

19. Head Length (.029) .1*69 .233 (.129) 

4 
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Table 23. Cranial breadth correlations, 19U0 sample. 

Variable 11 12 13 111 

11. Head Breadth .218 .517 ( .07U) 

12. Minimum Frontal .218 .536 .368 

13. Bizygomatic .517 .536 .37U 

1U. Bigonial (.07U) .368 .37U 

Sum r/3 .270 .37U .U76 .273 

Table 2U. Cranial breadth correlations, 1967 sample. 

Variable 11 12 13 1U 

11. Head Breadth (.096) .652 .327 

12. Minimum Frontal (.096) .327 .188 

13. Bizygomatic .6^2 .327 .kl6 

Hi. Bigonial .327 .188 .U16 

Sum r/3 

t 

.358 .207 .U65 .310 
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5. The Minimum Frontal (variable 12) and the Bizygomatic (vari

able 13) breadths are particularly affected by trunk size (variables 

6 through 10). For variable 12, the average correlation with the 

trunk variables is 0.U22 for the 19h0 sample and 0.2^2 for the 1967 

sample. These averages are higher than any correlation between the 

Minimum Frontal Breadth and the stature variables. 

6. The Bigonial Breadth in the 19U0 sample is associated with 

all dimensions of stature (average r=.3U3) and with all aspects of 

trunk size (average r=.300) except the Biacromial 3readth (r=.13>l). 

The jaw width in the 1967 sample has low correlations with trunk 

variables (average r=.201) and is not associated except by chance 

with stature variables (average r=.109). 

7. The association between the Minimum Frontal Breadth and Bizy

gomatic measures and the variables of Nose Breadth and Head Length is 

quite different in each sample. In the 19U0 sample, the Nose Breadth 

(variable 18) is correlated with three of the cranial breadth measures, 

the Head Length being correlated with none. In the 1967 sample, the 

Nose Breadth is correlated other than by chance only with the Bizy

gomatic Breadth among the cranial breadth measures, while the Head 

Length is clearly correlated with two of the cranial breadth measures, 

the Minimum Frontal (r=.i|69) and the Bizygomatic (r=.233)« 

The correlation pattern for the variables of cranial breadth 

is repeated in Tables 23 and 2k, with an average for each measure at 

the base of the tables. 



The pattern of cranial breadth variables is not as well de

fined or as clear to defend empirically as are the other patterns so 

far discussed. The high association between the Bizygomatic Breadth 

and the other variables is the major evidence for delineating the 

pattern. The Minimum Frontal and Head Breadth correlation is low in 

both samples. This suggests that these breadth measures are generally 

independent aspects of cranial morphology. The Bigonial Breadth and 

Head Breadth correlation is quite different in each sample, being a 

chance correlation (r=.07U) in the l?l|0 sample and a moderate corre

lation in the 196? sample (r=.327). All four variables appear to be 

intercorrelated. They are not correlated in both samples in any sig

nificant way with other cranial measurements (see Tables 21 and 22). 

The Nasion Pattern 

Three of the four remaining cranial measurements involve the 

same aspect of the sagittal plane of the face. The fourth measurement, 

the Head Length, will be considered separately. The three facial 

measures use the same anatomical "landmark" in obtaining a facial 

length. That landmark, the Nasion, is used as a point from which to 

measure the Total Face Height, the Upper Face Height, and the Nose 

Height. These variables should be expected to be very highly cor

related with each other. There is little if any reason to assume 

that they would not be closely associated with each other. But this 

expectation is more than an assumption, for it can be empirically 

verified. This empirical evidence will be presented in Tables 2$t 

26, and 27. 



Table 25. Nasion correlations for both samples. 
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19h0 sample 1967 sample 
Variable 15 16 17 15 16 17 

15. Total Face Height .711 .52H .621 .575 

16. Upper Face Height .711 .617 .621 .832 

17. Nose Height .52U .617 .575 .832 

Sum r/2 .618 .66U .566 .598 .727 .7 Oh 

Table 26. Bivariate correlation of nasion variables with all other 
variables, 19l*0 sample. 

Variable 15 16 17 

15. Total Face Height 

16. Upper Face Height .711 

17. Nose Height .521; .617 

1. Stature .190 (.1U3) (.083) 

2. Sitting Height (.077) (.096) (-.059) 

3. Acromion (.13U) (.102) (.158) 

U. Dactylion (.0U2) (.010) (.116) 

5. Arm Span (.077) (.029) (.016) 

6. Chest Breadth (.lUO (.1110 (.123) 

7. Chest Depth (.173) .180 .338 
8. Biacromial (.08U) (-.019) (-.107) 

9. Bi-iliac Breadth (.116) (.160) .318 

10. We ight (.ioU) (.093) (-.0510 

11. Head Breadth (.029) (-.023) (.109) 

12. Minimum Frontal (.060) (.081) (.059) 

13. Bizygornatic (.122) (.107) .232 

1U. Bigonial Breadth (.002) (.OUO) (.055) 

18. Nose Breadth (-.01*3) (.010) (.11+8) 

19. Head Length .308 .199 (.126) 
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Table 27. Bivariate correlation of nasion variables with all other 
variables, 1967 sample. 

Variable 15 16 17 

15. Total Face Height 

16. Upper Face Height .621 

17. Nose Height .575 .832 

1. Stature .229 .237 (.098) 

2. Sitting Height .196 (-1U3) (.036) 

3. Acromion .18U (.151) (.OHO) 

U. Dactylion (.067) (.058) (-.012) 

5. Ann Span .226 (.171) (.117.) 
6. Chest Breadth .181 (.162) (.117) 

7. Chest Depth (.133) (.087) (.0610 

8. Biacromial (.132) (.100) (.030) 

9. Bi-iliac Breadth .279 .212 (.167) 
10. Weight (.132) (.07'3) (-.013) 

11. Head Breadth .217 (.093) (.108) 

12. Minimum Frontal (.073) (.103) (.012) 

13. Bizygornatic . •2U0 (.110) (.031) 

111. Bigonial 3readth (.063) (-.olilO (-.110) 

18. Nose Breadth (.0610 (.082) (.0310 

19. Head Length (.153) (.oUO (.oiU) 



Table 2$ confirms what would be expected. That is, the three 

variables are very highly correlated with each other. 

There is little doubt about the conclusions that can be drawn 

from Tables 26 and 27• 

1. The nasion measurements are almost exclusively independent of 

all other measures of the morphology. There are only four coefficients 

in both samples that are statistically different from chance corre

lations at the one percent level of significance (e.g.. an r greater 

than 0.225) 

2. It appears that the height of the face is not associated with 

cnanges in weight or general body size. ' This is particularly true of 

the 1967 sample but also applies in general to the 191*0 sample. 

3. Perhaps better than any other pattern shown, it appears that 

changes in facial height are not useful indicators of the effects of 

environmental change upon morphological change. 

Variables Without Pattern: Nose Breadth and Head Length 

There are two cranial measurements that I have not placed in

to a configuration of coefficients. It is suggested that these two 

variables should be considered as measures that are independent of 

all the other measured aspects of the morphology. This view should 

be supported by the evidence presented in Table 23. 

It is difficult to interpret Table 23, other than to say that 

Nose Breadth and Head Length have different associations with the 

other variables in the two samples. The Nose Breadth is associated 

with aspects of stature and trunk size in the 19i|0 sample. The Nose 
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Table 23. Bivariate correlation of nose breadth and head length with 
all other variables, both samples. 

19^0 Sample 1967 Sample 
Variable IB 19 IB 19 

13. Nose Breadth (.130) (.035) 

19. Head Length (.130) (.035) 

1. Stature .268 (.130) (.013) .275 

2. Sitting Height .201 (.069) (.039) .259 

3. Acromion .315 (.069) (.022) .189 
H. Dactylion .268 (-.069) (-.090) (.12U) 
5. Arm Span .189 (.015) (-.057) .293 

6. Chest Breadth .Ul6 (.01*7) (.079) .Uii 

7. Chest Depth .331 (.095) .202 .23U 
8. Biacromial .283 .213 (-.056) .132 

9. Bi-iliac Breadth .393 (.138) (.111) .200 
10. We ight .U70 (.110) (.108) .Ii05 

11. Head Breadth .235 (-.167) (.131) (-.029) 

12. Minimum Frontal • 3lU (.153) (-.0U5) .U69 

13. Bizygornatic .U5o (.027) .181 .233 

lit. Bigonial Breadth (.157) (.101) (.118) (.129) 

15. Total Face Height C-.0U3) .308 (.06U) (.153) 

16. Upper Face Height (.010) .199 (.082) (.OUii) 

17. Nose Height (.1V3 (.126) (.03U) (.01U) 
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Breadth is not associated with anything except perhaps Chest Depth in 

the 1967 sample. On the other hand, the Head Length in the 19U0 

sample is not associated with aspects of stature or trunk size, where

as there is that association with Head Length in the 196? sample. 

Therefore, it would seem that only for the 1967 sample is there a 

relationship between change in stature and body size and change in 

the length of the head. 

Variable Selection for Testing the Hypothesis 

The purpose of this portion of the analysis has been to elu

cidate the patterns of mutual association of variables in each sample. 

Seventeen of the 19 variables were placed within a major pattern. 

The assumption behind the grouping of variables into a pattern is 

that such variables are a trait complex, they are measures of the 

same aspect of the morphology. Four patterns were delimited and dis

cussed. The major inferences to be obtained from the discussion are 

as follows: 

Redundancy of Variables 

Some variables are so highly correlated with each other that 

i . can be inferred that they are almost identical measurements. This 

applies to the Acromion, which is highly correlated with Stature, r 

being equal to 0„9k9 in the 19h0 sample and 0.90? in the 196? sample. 

Further, the association between the Acromion and the other variables 

in each sample is very similar to the association between Stature and 

the same variables (Tables 13 and lU, pages 6I4. and 65). Since stature 
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and acromial length are associated on almost a one to one basis, it 

is unnecessary to include both of these variables in the evaluation 

of the hypothesis. Knowledge about Stature is necessary for a variety 

of purposes, so the Acromion can be excluded. 

There are several other variables that can be considered un

necessary by reason of redundancy. However, they cannot be excluded 

from a test of the hypothesis due to other uses of the data on such 

variables. The Nasion variables are highly intercorrelated in both 

samples. However, no one of the three variables need be eliminated 

from the test of the hypothesis. Rather, the three variables can be 

considered together as one measure of face height. 

Pattern Variables Independent of Other Patterns 

Certain of the variables within the four major patterns are 

measures of an aspect of the r/rphology that is generally unrelated 

to other morphological complexes. For instance, the Chest Depth has 

a low association with the height of the individual, although clearly 

associated with changes in weight and general trunk size (Tables 17 

and 18, pages 71 and 72). The Cranial Breadth variables are rela

tively independent of stature changes, particularly the Head Breadth, 

and completely independent of facial morphology (Tables 21 and 22, 

pages 78 and 79)• The Nasion variables are generally independent of 

all other measured aspects of the morphology. Therefore, the Chest 

Depth, the measures of cranial width, and the variables of face 

height are effective indicators of restricted changes in morphology, 

changes that are not related to other allometric patterns. 



Isolated Variables and Patterns 

There are five measurements in this survey that do not show 

a consistent relationship to other variables. Two of these, the Head 

Length and the Nose Breadth, are inconsistent between the two samples 

in the extent of correlation with other variables. The other three 

"isolated" variables are the Nasion measurements. It appears that 

the length of the face is independent of all the other measures of 

the morphology. Face length is not related to any obvious measure 

of secular change and can be excluded as evidence for a test of the 

hypothesis. 

Environmental Effects Upon Morphology 

The variables discussed here are the crucial cases for the 

testing of the hypothesis. It was stated in an earlier chapter that 

there has been a general dietary change in the Western Apache toward 

greater intake of starches and sugars. This increase in caloric 

consumption, coupled with general improvements in environmental health 

conditions, should mean that the Apache men of 196? are heavier in

dividuals. This fact was supported in the last chapter. The sons 

are an average of 13 pounds heavier than their fathers (Table 7, 

page 48). Since weight is one of the obvious measures of secular 

change, variables closely associated with weight should be useful 

measures of such change. An examination of Tables 17 and 18 will 

reveal that the association of all variables with weight can be 

arranged as in Table 29. 
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Table 29. Environmental relationships with morphology: weight and 
all other variables, both samples. 

19U0 Variables 19U0 r 196? Variables 1967 r 

High association with Weight, r = .U50 to .806 

6. Chest Breadth .806 6. Chest Breadth .802 
7. Chest Depth .695 7. Chest Depth .7U5 
8. Biacromial Breadth .512 8. Biacromial Breadth .570 
9. Bi-iliac Breadth .655 9. Bi-iliac Breadth .530 
2. Sitting Height .515 
12. Minimum Frontal .509 
13. Bizygomatic .5U7 13. Bizygomatic ..U8l 
18. Nose Breadth .U70 

, Moderate association with Weight, r - . ,300 to .hh9 

1. Stature .Ul5 1. Stature .U21 
3. Acromion .U31 3. Acromion .390 
h. Dactylion .l12cr- **-* h. Dactylion .379 
11. Head Breadth .339 
lU. Bigonial Breadth .1*06 

2. Sitting Height .U09 
12. Minimum Frontal .391 
5. Arm Span .369 
19. Head Length .U05 

, Low association with Weight, r * . ,171 to .299 

5. Arm Span .296 
lU. Bigonial Breadth .257 

Chance association only with V/eight, r = less than 0.17U 

11. Head Breadth .078 
15. Total Face Height .10U 15. Total Face Height .132 
16. Upper Face Height .093 16. Upper Face Height .078 
17. Nose Height .05U 17. Nose Height -.018 
19. Head Length .110 

18. Nose Breadth .108 



A majority of the 18 variables in both samples are associated 

with weight by a correlation higher than 0.390. All four of the vari

ables in the trunk pattern have a very high association with weight. 

All of the five stature variables in both samples have moderate or 

high association as do two of the head breadth measurements (variables 

1? and 13). It appears that the weight pattern and the stature pat

tern are closely related, although each pattern is clearly delirr.itable 

in terms of specific measurements of the stature and trunk. In addi

tion, it appears that the breadth of the head is somewhat related to 

weight changes but not to stature changes. 

There are three morphological complexes associated with 

secular change. An increase in weight is predominately reflected in 

changes in chest size, shoulder width, and hip breadth. The complex 

of stature and closely related aspects of stature are secondarily 

related to changes in weight. The measures of head width are all 

affected by environmental influences, although to varying degrees. 

Thus, there are a series of variables that are measurably influenced 

by environmental or specifically secular changes. 



CHAPTER 7 

FATHER-SON BIVARIATE CORRELATIONS 

This study is primarily concerned with the relationship 

between environmental improvements and morphological (i.e., secular) 

change among the Western Apache. The previous chapter evaluated the 

effects of environmental change upon the morphology, without a con

sideration of variability due to heritable differences between the 

two samples. This chapter will consider the possibility that certain 

traits are also affected by measurable genetic influences upon the 

morphology. The goal is to determine the usefulness of each variable 

in the testing of the hypothesis. 

The theoretical, correlation between fathers and the'ir sons 

of a non sex-linked trait that is predominately effected by inheri

tance is exactly one-half, The ideal coefficient of relationship can 

be modified in this study since fathers are weighted in the 191*0 

sample according to the number of sons in the 1967 sample and because 

both samples contain sets of brothers. A further complication is that 

seven father and son pairs are included in the 19U0 sample. The ex

pected general effect of this inbreeding, both actual and statistically 

imposed, would be to make the theoretical coefficient of relationship 

higher than one-half. If the extent of .inbreeding were knovnthe 

actual coefficient of relationship could be calculated by established 
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methods (Crow 1966, Chap. ?b', Falconer I960). The purpose of this 

chapter is to ascertain only that inheritance has affected a trait 

more than or approximately as much as environment. The actual evalu

ation of genetic relationships between Apache kinship units is an 

interesting but additional problem that cannot be placed within the 

scope of this study of secular (i.e., environmental) change. 

Correlation coefficients have been calculated for the possible 

association of measured traits between fathers and adult sons. All 

of the measurements and the variable of age have been used in these 

calculations. Twenty coefficients will be evaluated in an attempt 

to estimate the influence of inheritance upon morphological variation. 

Age 

The correlation between the 19U0 sample and the 196? sample 

in age is O.696. A high correlation would be expected on the assump

tion that the difference between the observation periods of the two 

samples, 27 years, is approximately a time span of one generation. 

Stature and Limb Length Pattern 

The correlation between the two samples in stature and limb 

length variables is as follows: Stature, .215; Sitting Height, .162; 

Acromion, .203j Dactylion, .088; and Arm Span, .166. These coefficient 

are estimates of genetic relationships between fathers and sons. It 

should be noted that the extent of statistical significance of these 

coefficients is not stated. In general, such correlations can range 

from 0.5 "to zero, since there is a theoretical expectation that the 



relationship between a father and son is one-half. Therefore, these 

coefficients cannot be directly compared to within-sample coefficients 

that can range from 1.0 to zero. I have doubled the value of the es

timated coefficients of relationship as a means for comparing heri

table effects with environmental effects upon the morphology. In 

this way, the transformed coefficients can range from 1.0 to zero and 

are on the same numerical scale as the within-sample values. Table 

30 gives the transformed values in comparison to the within-sample 

coefficients of correlation with weight. A first conclusion that can 

be drawn from Table 30 is that a son is associated with his father in 

all of the measures of stature and limb length except the Dactylion 

Height, However, environment influences all of the measures. It is 

suggested that the measures of Stature, Acromial Length, Arm Span, 

and Sitting Height are influenced by both heredity and environment, 

while the Dactylion appears to be much less affected by heredity. 

Trunk PatteiTi 

The correlations between the two samples in trunk variables 

are as follows: Chest Breadth, .132; Chest Depth, .0^2 j Biacromial 

Breadth, .135j Bi-iliac Breadth, -.02h and Weight, .107. Table 31 

provides an estimate of hereditary and environmental influences upon 

these variables, following the procedures described for Table 30. 

Chest Breadth, Biacromial Breadth, and, to a low extent, 

Weight, have a measurable genetic component of variability. However, 

all of the trunk variables are primarily influenced by weight changes 
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Table 30. Correlation of stature and limb length variables. 

Within Sample r 
Between Sample r with Weight 

Variable (times 2) 19 U0 1967 

Stature .U30 .Ul5 .1*21 

Sitting Height • 321| .515 .U09 

Acromion •Uo6 .li3l .390 

Dactylion .176 .1*26 .379 

Arm Span .332 .296 .369 

Table 31. Correlation of trunk measurements • 

Variable 
Between Sample 

(times 2) 

Within Sample r 
r with Weight 

19U0 1967 

Chest Breadth .261; .306 .302 

Chest Depth .10U .695 . 7U5 

Biacromial Breadth .270 .512 .570 

Bi-iliac Breadth -.0U8 .655 .530 

Weight .2Ui 



and are thus useful measures of environmental effects upon the mor

phology. 

Cranial Breadth Pattern 

The correlations between the two samples for the measures of 

cranial breadth are as follows: Head Breadth, .090; Minimum Frontal 

Breadth, .156; Bizygomatic Breadth, t09k'} Bigonial Breadth, ,1|30. 

Table 32 provides an estimate of the influences of heredity and en

vironment upon these variables, following the procedures described 

previously. 

All four of the measures of cranial breadth have varying com

ponents of heredity and environment. The Bigonial Breadth has the 

highest between-sarr.ple coefficient of all 20 measurements. It should 

be considered as being primarily under genetic influences, even though 

there are apparent environmental effects upon its variability. The 

Minimum Frontal Breadth has noticeable environmental and genetic 

effects and can be considered as being equally influenced by both 

components. The Bizygomatic Breadth and the Head Breadth have low 

genetic components, but vary with respect to the environmental effect. 

The former variable appears to be primarily under environmental in

fluence while the latter cannot be adequately assessed. 

The Nasion Pattern 

The nasion measures are normally considered with other head 

arid neck measurements. I have considered them apart from other vari

ables because of their high intercorrelation with each other and 



Table 32. Correlation of cranial breadth measurements. 

Variable 
Between Sample r 

(times 2) 

Within Sample r 
with Weight 

19U0 1967 -

Head Breadth .130 .339 .172 

Minimum Frontal .312 .50? .391 

Bizygomatic Breadth .188 .5U7 ,U8l 

Bigonial Breadth .860 M .257 

Table 33. Correlation of nasion measurements. 

Variable 
Between Sample r 

(times 2) 

Within Sample r 
with Weight 

19U0 1967 

Total Face Height .676 .10U .132 

Upper Face Height .278 .093 .078 

Nose Height .530 ,0$k -.018 

Table 3h* Correlation of nose breadth and head length. 

Variable 
Between Sample r 

(times 2) 

Within Sample r 
with Weight 

19U0 1967 

Nose Breadth 

Head Length 

.660 

.10.2 

.U70 .105 

.110 M 



their corresponding low correlations with other cranial variables. 

The nasion measures consider the dimension of cranial and jaw height, 

whereas the previous cranial measures were concerned with cranial and 

jaw width. This is a practical reason for considering the nasion 

measures as a unit. The between sample correlation are as follows: 

Total Face Height, .338; Upper Face Height, .139; Nose Height, .265. 

The estimates of heredity and environment influences are shovm in 

Table 33. 

Although all three variables have a measurable genetic com

ponent, the Upper Face Height is a less effective measure of heritable 

effects than the other two variables. The Total Face Height has the 

second highest between-sample r of all 20 measurements, while the 

Nose Height is the fourth highest. Otherwise, I can only quote what 

has been said previously: "Perhaps better than any other pattern 

shovm, it appears that changes in facial height are not useful indi

cators of the effects of environmental change upon morphological 

change" (p. 8£). 

Variables Without Pattern: Nose Breadth and Head Length 

The between-sample correlations for the two remaining measure

ments are 0.330 for the Nose Breadth and 0.206 for the Head Length. 

The following results are obtained when compared to the within—sample 

correlations with weight (Table 3U). 

It would appear that the two variables have a measurable 

genetic component but differ by sample in measurable environmental 

effects. !4y finding on Nose Breadth is inconclusive due to a lack of 



any significant relationship (correlation) between Nose Breadth and 

nearly all other variables in the 196? sample (Table 27, page 8U). 

Although Nose Breadth may have an environmental effect upon its vari

ability, it can only be assessed here as being under a genetic 

influence. 

My finding on Head Length is in general agreement with the 

anticipated relationship in living populations between stature, head 

shape, and environmental change. Supposedly, a stature increase 

should be accompanied by a tendency towards greater length of the 

head (see Kulse I960 and Kaplan 195k for a summary of findings). 

This has happened for the Western Apache, with the increase in Head 

Length being of a greater magnitude than the increase in stature 

(Table 12, page 59). There has been an environmental effect upon 

Head Length among the Western Apache. The effect is .just not clearly 

indicated by the correlation between Head Length and '//eight in the 

19h0 sample. The use of weight changes as an indication of environ

mental influences upon the morphology is only approximate. It should 

not be interpreted as the sole indicator of environmental change, but 

only as a useful, efficient measure of such variability. 

Summary 

This chapter has been an evaluation of the possible effects 

upon heredity and environment for each of the 20 variables used in 

this part of the study. Table 35 summarizes the evaluation "Tin four 

sections. 
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Table 35. The Evaluation of Anthropometric Measures 

Actual Between Within Sample r 
Sample with Weight 

Measurement or Index Correlation 19U0 1967 

A. Primarily genetic' 

Bigonial Breadth .U30 .Uo6 .257 
Total Face Height .333 .ioU .132 
Nose Width .330 .U70 .108 
Nose Height .265 .051* -.018 
Upper Face Height .139 .093 .078 

B. Both genetic and environmental 

Stature .215 .ia5 .U21 
Head Length .206 .110 
Acromion .203 .U3l .390 
Arm Span .166 .296 .369 
Sitting Height .162 .515 .1*09 
Minimum Frontal .156 .509 .391 

G. Primarily environmental 

Weight .107 
Chest Breadth .132 .806 .802 
Chest Depth .052 .695 .7U5 
Bi-iliac Breadth -.021; .655 .530 
Biacromial Breadth .135 .512 .570 
Bizygomatic Breadth .091; -5U7 .USl 
Dactylion .088 .U26 .379 

D. Neither hereditary nor environmental 

Head Breadth .090 .339 .172 
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Sections A and B of Table 35 are arranged in the descending 

order of between-sample correlation. Section C is arranged in 

descending order of average correlation with weight, a figure which 

is not shown but easily obtainable from the table. Thus, in Section 

A the variable with the highest measure of a genetic component of 

variability is at the top of the list, the second highest comes next, 

and so on. The same is true for Part C, except that the order is of 

highest environmental component of variability. The order of listing 

in Sections 3 and D is arbitrary. 

The listing of variables in Table 35 provides evidence for 

the selection of measures to be used in the final test of the hypothe

sis. The most useful measures are those whose variability are 

affected by changes in the environment. It is not expected that 

secular change would affect all aspects of the morphology equally. 

The areas most affected by environmental change are the best areas 

for an evaluation of the hypothesis. Therefore, the seven measure

ments listed in Section G of Table 35 are the major variables essential 

for the study of secular change among the Western Apache. An addi

tional set of measurements useful in this study are those listed in 

Section B; although not primarily affected by environmental influences, 

there is enough of an environmental component to the variability to 

warrant their use in the final evaluation. The variables listed in 

Section A are primarily under the control of heritable effects. They 

need not be considered except where there is a noticeable environ

mental influence upon the variability of a particular trait, e.g., 
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the Bigonial Breadth. The variable listed in Section D is difficult 

to evaluate and is excluded from further consideration. 

The previous chapter evaluated only the influence of environ

ment upon variability. This chapter considered heredity in conjunc

tion with environment. The relative contributions of heredity and 

environment upon trait variance were assessed and evaluated. This 

evaluation provided evidence for the final selection of variables 

with which to test the hypothesis. 



CHAPTER 8 

EVALUATION AND SUMMARY 

Final Evaluation of Variables 

There are nineteen measurements, seven indices, and the 

variable of age that could be used in the determination of secular 

trends among the Western Apache. But not all of the variables will 

serve equally well as indicators of secular effects upon morpholo

gical variability. Some of the measures used in this survey are not 

primarily affected by improvements or changes in die^, general health 
-  j  

conditions, and socioeconomic patterns. Other measures may be pre

dominately influenced by such improvements and changes or are affec

ted to a measurable degree by heredity as well as environment. 

Further, certain measurements may have been taken incorrectly, have 

a high variance, or are duplications of other measures. Finally, 

most anthropometric measurements should not be considered as fully 

independent measureis but as aspects of an area of the morphology, as 

one of a series of interrelated (intercorrelated) measures on a single 

morphological pattern. These considerations have been made in pre

vious chapters. The' utility -of each variable can now be stated in 

summary form. 

Table 36 is a listing of those variables that, for one reason 

or another, need not be used in this study of secular change. 
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Table 36. Exclusion of variables. 
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Variable Reason for Exclusion Reference: Pages 

Acromion 
Dactylion 
Sitting Height 

Total Face Height 
Upper Face Height 
Nose Height 

Nose Breadth 

Measurement inconsistency 26-27 

Variability of face height is 85; 98 
not associated with changes 
in weight or general body 
size; genetic variability 
only. 

Environmental effect not con- 98-99 
sistent in both samples 
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There are two other variables that should be excluded from 

the final evaluation of the secular trend. The Head Breadth has at 

best a "moderate" association with Weight, the main indicator of en

vironmental effects upon variability (Table 32, page 97)• It has a 

low genetic component to its variability (Table 32, page 97). The 

Bigonial Breadth has a low association with Weight in the 196? sample 

and has an extremely high genetic influence (Table 32, page 97). It 

could be used as a measure of secular effects, but should also be 

excluded from further consideration. 

There are other criteria that can be used in the selection 

or rejection of variables. It is assumed in secular change studies 

that weight and stature are the obvious indicators of secular trends. 

If these two measures change, then there is evidence for a secular 

trend. Further, if there are other variables associated with these 

measures, such variables should also change. Thus, the variables 

that make up the trunk "pattern" and the stature "pattern" can be 

included as measures of secular effects. Other variables not within 

those patterns but significantly associated with stature or trunk 

size should also be included. 

Three basic and related procedures have been used in the 

final selection of variables for testing the hypothesis. First of 

all, I have ascertained those measures that lack a major genetic 

component and have, at the. same time, primarily environmental in

fluences upon their variability. Secondly, I have delineated the 

variables that form the patterns of stature and trunk size. These 
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patterns are interrelated (pa^es 6U-65, and 71-72). Finally, I have 

shown that there are certain cranial measurements that are responsive 

to environmental change, specifically the Head Length, the Bizygomatic 

Breadth (page 7h) and the Minimum Frontal Breadth (page 7U). There

fore, there are three sets of variables that can be used in the 

evaluation of secular trends: stature variables (with certain excep

tions), trunk measures, and certain associated traits of head size. 

The only shape dimension that appears to be relevant is that of the 

Stature-Hip Index, an expression of the relationship between stature 

and trunk size. All together, 12 variables will be considered in 

the test of the hypothesis: 

A. Stature Pattern Measurements: Stature and Arm Span. 

B. Trunk Pattern Measurements: Weight, Chest Breadth, Chest 

Depth, Biacromial Breadth, Bi-iliac Breadth, and the Stature-Hip 

Index. 

C. Cranial Measurements: Bizygomatic Breadth, Minimum Frontal 

Breadth, and Head Length. The latter measurement is included because 

it probably has a major environmental component to its variability. 

All other cranial measurements and the Cephalic Index are included. 

Findings 

Stature Pattern 

1. Apache men in the 19h0 sample reached maximum average height 

earlier than the participants in the 1967 sample. For the 1914.0 

sample, the means for all stature were highest for the age cohort 16 

to 21. The highest averages for all stature measurements were not 
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reached for the 1967 sample until the ages 28 to 33 (Table U, page 

UO). This change in "age of maturity" is in agreement with data on 

U. S. males collected in 19U3 (Karpinos 1958: 316) and i960 to 1962 

(Stoudt and others 1965)• 

2. There has been a lU mm. increase in stature from 19U0 to 

I967. This finding is similar to that for U. S. Army recruits, who 

have become an average of 13 mm. taller between World War II (19U3) 

and 1957 or 1958 (Karpinos I96I: 35l). 

3. There have been increases in the Dactylion Height (8 mm.) 

and the Arm Span (2.U cm.). The arms, as measured by the Arm Span, 

are probably getting longer as the height increases. 

Weight and Trunk Size 

U. Weight increase does not stop with the age of maturity. The 

greatest increment of change for the 19U0 sample is in the period 

from ages 22-27 to ages 28-33 and from 16-21 to ages 22-27 in the 

1967 sample. Weight and the other measures of trunk size appear to 

have increased in both samples beyond the age period when maximum 

average stature would be reached (Table U, page 1|0). 

5. After correcting for the six years age difference in the two 

samples, the calculated mean weight, with subjects wearing three to 

four pounds of clothes, has changed from 157 pounds to 170 pounds 

(Table 7, page U8). This compares to an average of 150 pounds nude 

weight for World War II U. S. Army inductees (Karpinos 1958: 311) 

and a weight of 168 pounds (including two pounds of clothes) "for 

men in the general civilian population," i960 to 1962 (Stoudt and 
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others 196$: 5-6). The increases are approximately the same, but 

mature Apache men in 19U0 and now were and are slightly heavier than 

the general U. S. population. 

The reader should be cautioned about making comparisons be

tween my data and analysis on the Apache and other data on the U. S. 

population. The populations are quite different, my data has been 

corrected for those who have not completed growth, and the reasons 

for the similar increase over the approximate same time span may be 

quite disparate. For instance, the data on Selective Service regis

trants during 1957 and 1958 (Karpinos 1961) are not comparable here 

to Apache data since the registrants are only in the age range of 

17 through 25, which would make the mean height lower than that 

anticipated for a wider age range of adult men. The data on World 

War II registrants is comparable since the age range of inductees 

was 16 through 37, with data on each age (Karpinos 1958). 

6. There has been a significant increase in four of the five 

variables in the trunk pattern: Chest Depth (+10.5 mm.); Biacromial 

Breadth (+2.9 cm.)j Bi-iliac Breadth (+9.7 mm.) and the Stature-Hip 

Index (from 17.3 to 17.8). The Chest Breadth has decreased by 5.8 

mm. (Table 12, page 59). 

7. The increase in the Stature-Hip Index indicates that the 

width of the hips has increased proportionately more than the total 

height. Accordingly, the trunk should have increased in size pro

portionately more than the stature. This is what has happened 

(Table 12, page 59). 
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A certain part of the Weight gain can be attributed to and 

associated with a gain in stature. As a general rule, there is an 

average increase of three to four pounds per inch of height (see 

Karpinos 1961: 350)• But this would only account for an increase of 

about two pounds in weight. The Apache men have increased by 13 

pounds. This means that the major secular trend in Apache morphology 

is towards increased trunk size, as measured by weight, hip width, 

shoulder width, and chest depth. 

Cranial Measurements 

8. All three of the cranial measurements that are useful in this 

study have shown a significant increase. The Bizygomatic Breadth has 

increased by 1.9 mm., the Minimum Frontal Breadth by lu3 mm., and the 

Head Length by 3.5 mm. 

Summary 

1. There have been observable changes on the Western Apache 

reservations during the last few decades in diet, medical facilities 

and care, general living conditions, and associated cultural values. 

These social and cultural changes should have produced biological 

changes, specifically increases in the average height and weight of 

adults. That these increased have occurred are evidenced by the 

comparisons of adult men measured in 19U0 to their adult sons 

measured in 1967. 

2. One hundred forty-three sons were measured and compared to 

their fathers, the sample of fathers being "weighted" according to 

the number of sons in the 1967 sample. 
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3. There was a six year mean age difference between the two 

samples, the 1967 sample containing a higher proportion of immature 

individuals. The effect of age upon variability was partially removed 

for all individuals in both samples under the age of 27 by the methods 

of regression analysis, so that each individual was "matured" for 

each measurement to the age of 27. 

U. The sample of fathers was compared to the sample of sons for 

each of 16 measurements and seven indices. The methods used were 

those for continuous variables, adopting the assumptions concerning 

normal distributions. Of the 23 variables compared the sons showed 

a significant increase in 16, a significant decrease in five, and no 

significant change in two. 

5. Correlation coefficients were calculated for the association 

between all 19 measurements. Patterns of mutual association were 

then determined and compared. Four patterns were found: stature and 

limb length, trunk, cranial breadth, and nasion. Two variables, the 

Nose Breadth and the Head Length, did not clearly belong in any 

pattern. 

6. The stature variables are associated as a cluster with the 

trunk variables. The measures of cranial breadth are also associ

ated with the trunk pattern. The nasion pattern is independent of 

the other three. 

7. Weight is assumed to be the major indicator of environmental 

influences upon morphological variability. Any variables measurably 

associated with weight are also influenced by environmental change. 
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Therefore, traits responsive to such change are essential for the 

study of secular trends in morphology. Based on these assumptions, 

particular attention was given to the correlation between each vari

able and weight in each sample. Ten of 18 measurements in both 

samples are associated with weight by a correlation higher than 0.390. 

These include the four measures that comprise the trunk pattern, then 

the Stature, Acromion, Sitting Height, and Dactylion, plus the Bizy-

gomatic Breadth and the Minimum Frontal Breadth. 

8. The possibility that certain traits are also affected by 

genetic differences was considered. The correlations between the 

samples for each of the variables was ascertained, evaluated, and then 

considered in conjunction with previously given information on en

vironmental influences. The relative contributions of heredity and 

environment upon morphological variability were given and discussed. 

Five variables are primarily influenced by heredity, six by both 

heredity and environment, seven primarily by the environment, and one 

could not be adequately placed, the Head Breadth. This assessment 

was the final evidence for the selection of measures to be used in 

the final test of the hypothesis. 

9» The heads of Apache men are getting longer (a change of 3.5 

mm.), but the cheek bone width and the forehead (frontal bone) width 

have also increased. 

10. Apache adult males in 1967 are lit mm. taller and 13 pounds 

heavier than their fathers were in 19U0. The major secular trend is 

towards increased weight and trunk size, with a secondary increase 

in stature and related aspects of height. 



APPENDIX A 

FIELD DATA COLLECTION FORM 

Form Residence 

Date: , 1967« Time: 

Conditions: 

Date of Birth 

_Weight (lbs.) 

Stature (mm.) 

Acromion 

Dactylion 

Span 

_Bi-iliac 

_Chest Breadth 

_Chest Depth 

Biacromial 

Leg Length 

Name ID 

Observer: P.S. Miller 

Recorder: 

Sitting Height Baldness: 
Absent 

Head Length 

Head Breadth 

_Min. Frontal 

_Bizygomatic 

JTotal Face Ht. 

Nose Height 

Upper Face Ht# 

Small 
"Moderate 
"Extensive 

Color of Hair: 
Black 
Slight Gray 
Mod. Gray 
Ext. Gray 

Eyebrows: 

JNose Breadth 

^Cephalic Index 

Bigonial 

Handedness: 
Right 
Left 

Father FaFa FaMo 

Mother MoFa M0M0 

Wife's Maiden Name WiFa WiMo 

Department of Anthropology 
University of Arizona 
Tucson, Arizona 8^721 
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