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ABSTRACT 

Cranial and post-cranial non-metric variants are used 

to examine 664 individuals from the Grasshopper Pueblo 

skeletal series. The pueblo was inhabited from the 12th to 

the 14th century A.D. A variety of statistical analyses are 

utilized to examine patterns of morphological variation 

which can be used to assess whether biological differences 

can be demonstrated on the basis of non-metric trait 

frequencies. All traits are examined for frequency of 

occurrence, and trait frequencies are then tested to 

determine if they vary by side of the body, sex, age, type 

of cranial deformation or association with one another. A 

series of skeletons are re-tested in order to test intra

and inter-observer reliability. A refined list of traits 

developed from these analyses is then used to examine trait 

frequency distributions among the three major room blocks at 

the site. The full battery of traits used in this study are 

found to be free of the effects of side of the body, sex, 

type of cranial deformation and associations with one 

another, but are affected slightly by age. Intra- and 

inter-rater reliability are low for this sample and battery 

of traits. The conclusion is that individuals from the 

Pueblo do not aggregate into groups which are 

distinguishable on the basis of non-metric traits. 



CHAPTER 1 

INTRODUCTION 

11 

During the late 1200's A.D., several groups of 

indigenous peoples migrated to an area just south of the 

Mogollon Rim in east-central Arizona and established a large 

community in a lush riparian environment, now referred to as 

the Grasshopper Pueblo. The area surrounding their 

community provided everything for their subsistence, 

including lumber and stone for their houses, a cornucopia of 

food, the necessary ingredients for their rich material 

culture and, ultimately, a pathway for an extended trade 

network to obtain those items not furnished by their 

immediate environs. The community swelled and prospered 

until inexplicably, in the early 1400's A.D., it was 

abandoned and its inhabitants dispersed. All that remains 

of this once flourishing community are the skeletons of some 

of the inhabitants who died while in residence and the 

skeletons of the structures that housed them. Archaeol

ogists have spent decades piecing together the puzzle of 

this community, with additional fragments being supplied by 

scholars from other disciplines. 

The Grasshopper Pueblo, a 500 room pueblo in east

central Arizona, has been the subject of a multidisciplinary 

research project since 1963 when the University of Arizona 

established a field school at the site. Although previous 
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researchers had documented the site, the field school 

provided the majority of the data upon which current 

theories are founded. Dozens of dissertations, scholarly 

articles and books have been generated using the data 

recovered by the school. Recently, however, two events 

occurred which may signal the end of active research on the 

Grasshopper ruin. First, the field school completed its 

final season at the site in 1992. Second, and perhaps more 

importantly, a coalition of Native Americans has claimed the 

skeletal remains and relevant material culture under federal 

legislation enacted in 1990. 

I was inspired to undertake this doctoral research by 

the flurry of legislative activity in 1989 and 1990. During 

these years, Native American coalitions, working in 

conjunction with state and federal agencies, successfully 

lobbied for legislation restricting the removal of skeletal 

remains and funerary objects from excavations on public and 

private land. After reviewing the statutes, I realized that 

the skeletal remains from Grasshopper Pueblo, curated by the 

Arizona State Museum and housed in the Human Identification 

Laboratory, were likely to be repatriated within a short 

period of time (see Arizona State Law Journal, Symposium: 

The Native American Graves Repatriation Act of 1990 and 

State Repatriation-Related Legislation, 1992). Although 

many aspects of the collection had been examined by previous 



researchers, the series as a whole was incompletely 

analyzed. One section of the research design,. therefore, 

was to examine the variation in the collection based on 

discrete trait analysis. 
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I became interested in the Grasshopper Pueblo when I 

read about the theories surrounding its growth and 

expansion. I thought that by examining the morphological 

variation of the individuals at the pueblo, the concept of 

detectably diverse founding groups could be explored. If 

distinct groups of people, i.e., Mogollon and Anasazi, were 

responsible for the peopling of the site, the skeletal 

sample should reflect that variation. 

In addition, because the skeletal remains from 

Grasshopper have been analyzed by a variety of researchers, 

data from those studies provide an opportunity to evaluate 

inter- and intra-observer reliability in non-metric trait 

analyses. Previous investigations using discrete trait data 

have neglected this important topic (Finnegan, 1992; see 

also Chapter 3) . 

I. The Problem Defined 

Physical anthropologists have been challenged when 

examining prehistoric skeletal collections by fragmentary 

remains, fragile and often incomplete material, different 

types of cranial deformation and the sampling procedures 

utilized by the archaeologists in charge of a given 



excavation. These challenges have been answered in a 

variety of ways. 

14 

Originally, researchers utilized metric traits to 

describe individuals and to estimate biological affinities 

among groups. Problems inherent in these analyses, such as 

the difficulty in obtaining accurate measurements on 

fragmentary and deformed material, led to an explosion of 

research using discontinuous or discrete traits. Non-metric 

traits were hailed by scientists as being free of many of 

the constraints impacting metric traits. Recently, however, 

contradictory evidence regarding the role of genetics in the 

expression of these traits has led to morphometric and DNA 

analyses as a way of describing prehistoric groups and their 

possible relatedness. 

All of these techniques have advantages and 

disadvantages and it is up to the individual researcher to 

choose the appropriate method for the types of questions he 

or she is attempting to answer. In this dissertation, I 

have chosen to use non-metric traits to examine a series of 

questions regarding the skeletal series from the Grasshopper 

Ruin. There is a wealth of information in the literature 

regarding non-metric traits which provides a solid 

foundation for this research (see Finnegan and Faust, 1974; 

Chiarelli and Borgognini Tarli, 1979; Hauser and de Stefano, 

1989). The historical use and abuse of many of these traits 
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will be discussed in Chapter 3. Given the fragmentary, and 

in many cases distorted nature of the Grasshopper skeletal 

remains, I believe that non-metric traits provide the most 

complete picture of the biological variation expressed by 

these individuals. 

In order to utilize non-metric traits in a population 

study of this type, certain questions regarding the factors 

which may affect their expression must be addressed. 

Previous researchers have found that sex, side of body, age, 

cranial deformation and association with each other may 

influence the appearance of non-metric traits in various 

populations (see Chapter 3) . After reviewing the 

literature, the following questions regarding discrete trait 

analyses were derived to address this issue at Grasshopper 

Pueblo: 

A. What is the range of variation, as evidenced 
by non-metric trait frequencies, for the 
Grasshopper skeletal sample? 

B. Do the traits utilized in the current study 
vary by side, sex, age or type of cranial 
deformation? 

C. Do meaningful associations between traits 
exist and if so, what are they? 

D. What are the soft-tissue correlates of the 
traits? 

The answers to the above questions determine the way in 

which the traits are treated in any statistical analyses 
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(see Chapter 4). Once these issues have been addressed, 

other questions may be forwarded. 

Reproducibility is a major concern in any scientific 

discipline. If a scientist's results can not be duplicated, 

they are diminished or in some cases discounted. Some 

researchers claim that non-metric traits are better than 

metric traits because they are easily scored and the results 

obtained by one person will duplicate the results found by 

another. This assumption has gained very little attention 

in the literature (see Finnegan, 1992). In this 

dissertation, the following methodological questions were 

developed to examine the question of intra- and inter-rater 

reliability for non-metric trait data at Grasshopper Pueblo: 

A. What is the intra-observer reliability for 
this study sample and trait battery? 

B. What is the inter-observer reliability for 
this study sample and trait battery? 

Agreement is a fundamental problem for non-metric trait 

studies. If reliability levels are low, attempts to compare 

data collected by two or three different researchers must be 

viewed with caution. 

The final area of concern addressed by this 

dissertation is that of aggregation. At Grasshopper Pueblo, 

the major working hypothesis suggests that distinct cultural 

groups, i.e., Mogollon and Anasazi, were responsible for 



peopling the site (see Chapter 2). If these groups were 

truly distinct, they should be morphologically dissimilar. 

The following question seeks to address this issue: 

A. Is there any biological evidence, in terms of 
within and between group variation based on non
metric traits, to support the archaeologically
derived theory of aggregation at the site? 

17 

These questions, divided into three maj'or areas of interest

discrete trait analyses, methodology and archaeology - form 

the hypotheses to be tested by this dissertation. Although 

seemingly disparate and unrelated, each builds upon the 

other. The ultimate issue, that of aggregation, cannot be 

addressed using non-metric traits until the previous 

questions regarding their utility for this sample have been 

answered satisfac~orily. 

II. Previous Research on the Grasshopper Skeletal Series 

The Grasshopper skeletal series, consisting of over 600 

individuals, has attracted a· great deal of scholarly 

attention since the onset of excavations in 1963 (see Table 

1). The relatively good condition of the material, the 

large number of individuals and, until recently, the 

accessibility of the collection has made it a desirable 

focus of research. Although physical anthropologists have 

conducted the majority of the research, other disciplines 

also are represented. 
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In 1972, Cassells examined 172 individuals to determine 

whether style of cranial deformation had any role in the 

"status" of an individual (see Table 1). He was unable to 

establish a link between the two. A year later, Birkby 

(1973) completed his dissertation on cranial discrete 

traits. He examined 209 adults from the site as well as 

individuals from other sites in the prehistoric southwest. 

His primary goal was to determine biological distance for 

the sites under study (Grasshopper, Point of Pines, Turkey 

Creek and Kinishba). He was able to suggest that 

individuals from Turkey Creek and Point of Pines appeared 

most closely related, that Point of Pines and Grasshopper 

were apparently slightly less closely related than Turkey 

Creek and Grasshopper and that Kinishba, although the 

nearest to Grasshopper, seemed the most distantly related to 

all three. Birkby (1973, 1982) also claimed to show a 

possible male exogamous mating pattern for Grasshopper and 

that there were two distinct social/ethnic cemetery areas at 

the site. 



TABLE 1 

PREVIOUS RESEARCH BASED ON DATA FROM GRASSHOPPER 
SKELETAL SERIES 

AUTHOR YEAR TOTAL MALE FEMALE CHILD TEEN 

Cassells 1972 172 42 78 ** ** 

Birkby 1973 209 58 108 43 ** 

Weaver 1977 105 00 00 105 00 

Black 1978 323 110** ** 213 00 

Birkby 1982 163 var* var* var* var* 

Shipman 1982 201 76 125 00 00 

Berry 1983 635 82 131 00 00 

Hinkes 1983 390 00 00 371 19 

Sumner 1984 var* var* var* var* var* 

Benson 1986 70 35 35 00 00 

Ezzo 1991 230 87 136 00 ** 

Ezzo 1992 230 87 136 00 ** 

var* = variable numbers 
** = inclusive; no breakdown given 
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58 

00 

00 

00 

00 

00 

422 

00 

00 

00 

00 

00 



TABLE 1 - Continued 

PREVIOUS RESEARCH BASED ON DATA FROM GRASSHOPPER 
SKELETAL SERIES 

AUTHOR TRAIT NUMBER FOCUS 
USED 

Cassells Cranial 3 Type of 
deformation deformation 

= status 

Birkby Discrete: Cranial 54 Population 
distance 

Weaver Metric: Pelvic 7 Sex 
prediction 

Black Metric: Dental 2 Sex 
prediction 

Birkby Discrete: Cranial 54 Breeding 
groups 

Shipman Discrete: Post- 26 
cranial Population 

distance 
Metric 32 

Berry Pathology 12 Effect of 
drought 

Hinkes Pathology: Sub- 6 Nutritional 
adults Stress 

Sumner Bone Density femora Changes due 
to growth 
and aging 

Benson Osteoarthritis 8 Activity and 
arthritis 

Ezzo Thin-sections & many Dietary 
Trace elemental change 

Ezzo analysis through time 

20 
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In 1977, Weaver examined 105 children from the 

collection to determine new methods for the determination of 

age and sex in sub-adult skeletons. His technique using the 

auricular area of the innominate has been, until recently, 

one of the few successful ones for determining sex in pre

pubescent individuals. Black (1978) also used the 

collection to determine sex in sub-adults. He measured 

dental dimensions on 323 individuals, adults and children. 

Shipman (1982), utilizing the same four skeletal series 

as Birkby, examined metric and non-metric traits of the 

axial and appendicular skeleton. Using 201 adults from 

Grasshopper, and adults from the other three sites, he found 

discordant results depending on which traits were used. 

Discrete and metric traits from the appendicular skeleton 

seemed to indicate that several populations inhabited the 

region, while the traits from the axial skeleton suggest a 

single population. Shipman proposes that because the 

appendicular trait values are less consistent than those for 

the axial skeleton, the whole group demonstrates 

considerable morphological homogeneity. 

Berry (1983) examined skeletal and dental pathologies. 

He determined that as the population expanded there was a 

measurable increase in the number of pathologies, most 

probably related to the spread of disease and population 

stress. Hinkes (1983) examined possible stress on the sub-
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adults at Grasshopper. She found that stress markers 

increased in prevalence through time and that those 

individuals from outlying rooms on the periphery of the 

pueblo fared worse than their main room block 

contemporaries. Hinkes proposed that the stress was chronic 

rather than acute, and suggests that increasing population 

density concomitant with decreasing resources were the main 

contributing factors. 

In 1984, Sumner examined femoral bone growth and loss 

through bone density analysis. He found that there were 

stature and bone loss rate differences for males and females 

but that their overall life expectancy was approximately the 

same. Male and female activity differences were the focus 

of a 1986 study by Benson which suggests that osteoarthritis 

is the result of the type of activity performed by a given 

individual. She states that although the study is 

preliminary, there is a strong correlation between sex and 

type of inferred behavior and further research is warranted. 

In 1991, Ezzo published a dissertation on dietary 

change at Grasshopper Pueblo. He used bone chemistry 

analysis on 230 individuals to demonstrate significant 

dietary change through time and to elucidate spatial dietary 

variability, i.e., differences among room blocks (see also 

Ezzo, 1992). He also claimed that the female diet changed 

substantially more than the male diet and suggested that, 



overall, decreased availability of the food supply was the 

major factor implicated in the change. 
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This dissertation is an attempt to complete the 

documentation of cranial and post-cranial non-metric traits 

at Grasshopper Pueblo, to address the issue of the 

reproducibility of trait scoring, and to clarify further the 

question of aggregation in one of the largest collections of 

prehistoric peoples in the southwest. 



CHAPTER 2 

GRASSHOPPER PUEBLO 
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The Grasshopper Ruin, AZ P:14:1 (ASM) , is located on 

the Fort Apache Indian Reservation, approximately 17 km 

northwest of the town of Cibecue, Arizona (see Figure 1) . 

This Mogollon Pueblo ruin (A.D. 1275 to A.D. 1400) consists 

of approximately 500 rooms distributed into 13 room blocks 

and is surrounded by 15 smaller outlying groupings (Longacre 

and Graves, 1982: Ciolek-Torrello, 1985; Reid, 1989). The 

site has been the subject of a multi-faceted research 

program conducted by the University of Arizona 

Archaeological Field School since 1963, and is one of the 

most well-studied of the Southwest prehistoric pueblos. The 

interpretation of the information from Grasshopper is a 

current topic of debate in the literature; however, a 

general outline of the data, detailed below is accepted 

(~ see Reid, 1985; Cordell et al., 1987; Cordell and 

Gumerman, 1989; Johnson, 1989; 1989; Reid et al., 1989). 

The pueblo contains a large number of human burials. 

This collection is of particular interest to physical 

anthropologists because the burials can be associated with 

distinct periods in the pueblo's developmental history, and 

because the material culture and faunal remains accompanying 

the burials contribute to a detailed picture of the 
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paleoenvironment, community growth and abandonment 

sequences, subsistence patterns and possible trade routes. 

I. Site Description and Current Environment 

26 

There are three major room blocks at Grasshopper Pueblo 

separated by the old channel of the Salt River Draw (See 

Figure 2). A trader diverted the drainage to create a 

reservoir in the early 1900's (Longacre and Reid, 1974) and 

today the Salt River Draw flows intermittently through a 

large trash deposit on the eastern edge of the pueblo 

(Holbrook, 1982). Room Block 1 (East Unit), consisting of 

95 rooms, is on the east bank of the original channel of the 

draw, while Room Blocks 2 and 3 are on the west (West Unit) 

(Longacre and Graves, 1982). Room Block 2 consists of 92 

rooms plus the Great Kiva (formerly Plaza III), while Room 

Block 3 has 102 rooms. Two plazas (Plaza I and Plaza II) 

separate Room Blocks 2 and 3. A long corridor to the south 

of Plaza I and a shorter corridor to the east of Plaza II 

provide access to the main ruin (Longacre, 1976). Although 

second story rooms have been demonstrated in all three main 

room blocks, their frequency is unknown (Longacre and Reid, 

1974; Longacre and Graves, 1982; Ciolek-Torrello, 1984). To 

date, no third stories have been discovered in any of the 

room blocks (Wilcox, 1982). 

The outlying rooms at Grasshopper consist of low walls 

and lack the architectural debris indicative of full-
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From: Reid, 1989 

Figure 2: Map of the Grasshopper Pueblo 



standing walls and pueblo-style roofing. This evidence 

suggests that these rooms were constructed to support some 

type of a ramada superstructure, rather than a formal roof 

(Longacre and Reid, 1974). There are also structures with 

only three sides, enclosing a larger than average space, 

that suggest a seasonal occupation during the process of 

abandonment (Longacre and Reid, 1974; Reid, 1989). 
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The Grasshopper Region has been defined by convenient 

geographic features (see Figure 1). The plateau is bounded 

to the north by the Mogollon rim, to the south by the Salt 

River, to the east by Spring and Cibecue Creeks and to the 

west by Canyon Creek (Longacre and Reid, 1971; Longacre and 

Graves, 1982). The region is characterized by canyons 

interspersed with mesas and buttes, and sandstone and 

limestone ridges punctuated by shale outcroppings 

(Agenbroad, 1982; Peirce, 1985). 

Presently, this region is marked by ponderosa pine 

(Pinus ponderosa), and a forest and pinon-juniper woodland 

(Pinus edulis) and Juniperus spp.) (Holbrook and Graves, 

1982). Other extant flora include oak (Ouercus), manzanita 

(Arctostaphylous) and grassland (Bouteloua, Euphorbia, 

Erigeron, Agropyron and Plantago) (Holbrook and Graves, 

1982). The PueblG currently sits in the middle of a large 

meadow dotted with pine. 



II. Paleoenvironment of the Grasshopper Region 

Pollen data, faunal analysis and dendroclimatology 

suggest that the environment was slightly different from 

today during the time of the pueblo's occupation. Towards 

the latter part of the 13th century, a region-wide warming 

trend produced an extended period of decreased 

precipitation, commonly referred to as the Great Drought 
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(Dean and Robinson, 1982). This climate shift produced a 

thinning of the forest environment and riparian species and 

channel down-cutting of the Salt River Draw. Subsequent 

lowering of the water table resulted in the drainage of low

lying flatlands around the pueblo (Holbrook, 1982). These 

factors, combined with 16-20 inches of annual precipitation 

and 120-160 frost-free days, created large areas of rich 

soils ripe for dry farming (Holbrook, 1982; Tuggle et.al., 

1984; Welch, 1991). 

III. Archaeology of Grasshopper Pueblo 

Excavations at the site include over 100 rooms, the 

Great Kiva (Plaza III), portions of Plaza I and II, and 

trenching in the outlying areas. Analyses of resultant 

materials has led to extensive descriptions of the burial 

remains (Birkby, 1973, 1982; Shipman, 1982; Hinkes, 1983; 

Berry, 1983; Sumner, 1984; Ezzo, 1991), grave goods 

(Griffin, 1967, 1969; Clark, 1969; Whittlesey, 1978, 1984, 

1989), ceralnics (Reid, 1973; Mayro et al., 1976; Graves, 
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1983; Reid and Whittlesey, 1982; Whittlesey et al., 1982), 

faunal remains (Olsen and Olsen, 1970, 1974; Rock, 1974; J. 

Olsen, 1980, 1982, 1990, S. Olsen, 1982; McKusick, 1982), 

dendrochronology (Dean and Robinson, 1982; Graves, 1991), 

projectile points (Whittaker, 1984, 1986), room construction 

phases (Reid and Shimada, 1982; Wilcox, 1982), room function 

typologies (Ciolek-Torrello, 1985), settlement (Tuggle, 

1970; Reid, 1984; Tuggle et al., 1984; Tuggle and Reid, 

1988) and subsistence (Tuggle, Reid and Cole, 1984; Reid, 

1989; Welch, 1991). As the result of these efforts, 

Grasshopper Pueblo has emerged as one of the best described 

prehistoric sites in the Southwest. 

Two projects at Grasshopper in particular have 

contributed greatly to the current state of knowledge 

concerning growth and construction of the pueblo -- the 

Cornering Project, designed to create a map of the pueblo 

and the Growth Project, designed to delineate specific 

construction sequences. The Cornering Project employed an 

excavation protocol based on the fact that most of the rooms 

at Grasshopper are quadrilateral (Wilcox, 1982). Under this 

protocol, diagonal corners in one room would be exposed. 

Then, following the diagonal, corners in adjacent rooms 

could be exposed until the boundaries of the room block were 

defined. Archaeologists using this technique were able to 

map the entire site efficiently without losing valuable data 



31 

(Wilcox, 1982). Additionally, as the excavations 

progressed, archaeologists were able to chart bond-abutment 

wall relations and develop the pueblo's construction 

sequence. 

The Growth Project focused more directly on elaborating 

specific construction sequences. After isolating core 

construction units the original units from which all 

others expanded -- archaeologists were able to analyze bond

abutment patterns and trace subsequent additions (Longacre, 

1976; Reid and Shimada, 1982; Wilcox, 1982). For example, 

continuously bonded walls indicate contemporaneous 

construction periods, while abutments indicate later 

additions. Through these analyses, archaeologists not only 

could trace the overall construction sequence, but also 

discrete building episodes. 

The bond-abutment pattern analyses were augmented by 

wall-face studies. Four distinct wall-face patterns have 

been documented at Grasshopper by several groups 

participating in the Growth Project (Scarborough and 

Shimada, 1974; Reid and Shimada, 1982). These studies have 

allowed for a detailed reconstruction of building sequences 

because single wall-face patterns can be associated with 

discrete construction periods. Coupled with bond-abutment 

patterns, wall-face analyses have provided even greater 
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detail in defining the overall construction sequence at the 

pueblo. 

Although the Cornering and Growth Projects shed light 

on the pueblo's construction, they could not provide an 

element crucial to the understanding of the pueblo's 

occupation. A temporal framework was still lacking. 

Archaeologists at Grasshopper have established this 

framework through the construction of both relative and 

absolute chronologies. 

The relative chronology is provided by stratigraphic 

analysis and room abandonment measures. Reid created the 

room abandonment measure as a way of ordering artifacts into 

a temporally meaningful hierarchy (1973; see also Schiffer, 

1976). The measure is based on two assumptions: 1) that 

rooms abandoned while Grasshopper was occupied would contain 

a high density of secondary refuse in the fill; and 2) that 

rooms abandoned at or close to the end of occupation at 

Grasshopper would have a high density of de facto refuse on 

the last utilized floor (Reid and Shimada, 1982). De facto 

refuse includes materials, tools and facilities that are 

still viable and left in si~u, while secondary refuse tends 

to be trash discarded away from its primary area of use. 

Reid's measure can be applied to the Grasshopper artifact 

assemblage to create a temporal framework for ordering the 

construction sequence. 



Once the artifactual material had been ordered into a 

hierarchy, the pattern of growth at Grasshopper could be 

interpreted. Using the Developmental Cycle Model, 

introduced by Fortes in 1971, an overall pattern of growth 

for the pueblo and the region was established (Reid and 

Shimada, 1982) (see also Reid, 1973; Ciolek-Torrello and 

Reid, 1974; Reid, 1989). Although Fortes' (1971) model is 
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based on the development of domestic groups, at Grasshopper 

it provides an assumption that the 

growth of Grasshopper Pueblo is a reflection of 
growth and change in its constituent domestic 
groups. The Fortes model provides a framework to 
structure discussion of processes of 
establishment, expansion, dispersion and 
abandonment ... (Reid and Shimada, 1982: 16). 

Fortes defines the domestic group as a set of people 

usually related by kinship. Goody (1972) shifts the focus 

of the unit from the people involved to their activities. 

These include production, shelter, food consumption and 

reproduction. In Goody's model, the domestic group is 

divided into three segments by their activities: economic, 

reproductive and dwelling (Goody, 1972). These groups are 

fluid, with overlapping membership. For archaeological 

interpretation, the shift from a group defined by the 

biological and cultural remains of individuals to one 

defined by the results of their activities is significant. 

Goody's model provides a useful analytic tool with which to 



identify activity centers at Grasshopper Pueblo and thus 

reconstruct possible patterns of growth. 
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At Grasshopper, the entire history of the pueblo has 

been described in the developmental terms initially 

described by Fortes in 1971. (Ciolek-Torrello and Reid, 

1974; Reid and Shimada, 1982; Reid, 1989). Establishment 

refers to the period when the core rooms were constructed 

and originally occupied. Expansion includes the addition of 

new rooms to the cores and the subsequent development of the 

room blocks. Dispersion occurred when the settlers left 

Grasshopper to form satellite communities, and abandonment 

occurred when the final occupants of Grasshopper emigrated 

or died and domestic activity at the Pueblo ceased. 

Several analytic techniques, including bond-abutment 

patterns, room abandonment measures, stratigraphy, wall-face 

patterns and dendrochronology were used to delineate these 

stages (Reid and Shimada, 1982). In addition, the four 

phases at Grasshopper are anchored in time by 164 tree-ring 

dates obtained from over 2000 samples (Dean and Robinson, 

1982; Graves, 1991). 

Although tree-ring dating is an extremely accurate 

technique, there are a variety of problems associated with 

dendrochronological analysis at the site. The absence of 

cutting dates for 163 of the specimens is the greatest of 

these. Stockpiling, repairs and preservation difficulties 
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also hamper efforts to develop an intrasite chronology (Dean 

and Robinson, 1982). However, using clusters of dates, 

archaeologists have been able to establish ranges that 

correlate both with Grasshopper's developmental phases and 

with other archaeologically recovered data. Recent research 

by Graves (1991) supports these findings. 

The original cluster of dates placed the establishment 

of Grasshopper at approximately A.D. 1275 to A.D. 1300. 

Graves' new research (1991) suggests a firmer date of A.D. 

1300 for the original construction. The massive expansion 

hypothesized for the early 1300's (Longacre, 1976; Reid and 

Shimada, 1982; Reid, 1989) is supported by data from tree

ring samples taken from 13 rooms in the three main room 

blocks. Dates from 33 other tree-ring dated rooms provide 

additional evidence of the pattern of growth in the pueblo 

between A.D. 1300 and A.D. 1395 (Graves, 1991). 

The chronological framework established at Grasshopper 

indicates that the pueblo began as seven distinct core 

construction units ranging in size from 5 to 21 rooms (Reid 

and Shimada, 1982; Cordell, 1984). Rapid subsequent 

construction eventually joined the three core units in Room 

Block 3 and the two core units in Room Block 2 (Graves, 

1991). The southern corridor linking these two room blocks 

was roofed between A.D. 1320 and A.D. 1325 (Graves et al., 

1982; Dean and Robinson, 1982; Graves, 1991). Plaza III (in 
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the south portion of Room Block 2) was converted to a Great 

Kiva around A.D. 1347-1360 (Graves, 1991). Room Block 3 

appears to have been completed by A.D. 1331-1340, with 

repairs evident as late as A.D. 1373-1385. 

In Room Blocks 1 and 3, the core units are made up of 5 

to ten rooms while in Room Block 2, 21 rooms represent the 

core. According to the archaeological interpretation, the 

former is suggestive of one or two families migrating in 

while the latter appears to represent a much larger group. 

Chodistaas (AZ P:14:24), an 18-room settlement 2 kilometers 

northwest of Grasshopper Pueblo, which was burned just prior 

to A.D. 1300 (Montgomery and Reid, 1990), has been offered 

as a possible source of immigrants to Room Block 2 (Graves 

et al., 1982). 

IV. Aggregation at Grasshopper Pueblo 

Aggregation, as that term is used here, refers to the 

coalescence of culturally disparate groups of people into a 

unitary settlement. Although aggregation has been 

documented throughout the Southwest, with various theories 

being advanced for its occurrence (Cordell, 1991), the 

establishment and growth of Grasshopper provides a 

particularly good example of this process. 

Climatic change is thought to have played a major role 

in the establishment of Grasshopper Pueblo, although it has 

proven to be only one of several factors which led to the 
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aggregation of diverse groups at the site. The Great 

Drought (A.D. 1276-1299) marked a period of significant 

environmental change throughout the region surrounding the 

pueblo. As resources supporting the primary subsistence 

patterns of hunting, collecting and gathering diminished, 

local settlements placed greater reliance on dry farming 

(Reid, 1989; Welch, 1991). Dry farming, in turn, required 

suitable soil and climatic conditions. At Grasshopper, 

these conditions were maximized as drainage of low-lying 

flatlands around the pueblo produced large tracts of arable 

land. 

Soon after the pueblo was established, it underwent a 

remarkable period of growth. Within a period of 30-40 

years, it grew in size from 35 units to almost 500 rooms 

(Longacre, 1976; Reid and Shimada, 1982; Graves et al., 

1982; Reid, 1985). Longacre (1975, 1976) postulated that 

this rapid rate of growth cannot be accounted for by in situ 

biological expansion alone. Therefore, according to current 

archaeological theory, immigration from neighboring regions 

must have constituted the majority of this growth. 

Unfortunately, prehistoric demography is fraught 

with difficulty. Archaeologically derived estimations of 

population size have been based on a number of ideas such as 

average floor area per person (Naroll, 1962), number of 

hearths per family (Chang, 1958) and the ratio of cooking 
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pot capacity to bowl size (Turner and Lofgren, 1966). All 

of these systems are rough estimators and are dependent on a 

tightly controlled chronology, which is difficult to 

determine in an archaeological context. 

At Grasshopper, Longacre (1976) put forth a scenario 

[based on Hill (1970)] using an estimated 2.8 persons per 

room and an average of 25% abandoned rooms, and arrived at a 

founding population of 100 individuals. Given this starting 

point, and an increase of 1% per year, he postulated that 

the maximal population attained during the lifespan of the 

Grasshopper community would be 360 people (Longacre, 1976). 

Longacre (1976) suggests that an increase of 4%, which would 

account for the rapid rate of construction, is far too high. 

However, data from other sources suggest that higher rates 

of increase are not unattainable. 

Petersen (1975), arguing about the difficulties of 

assessing paleodemographic patterns, states that in some 

countries a rate of 3.4% is attained. Additionally, 

Birdsell (1957) uses four documented cases to discuss the 

intrinsic rate of increase in populations moving into an 

unlimited environment. In each of these instances, the 

founding population doubled in size every generation for a 

period of three or four generations and then leveled off 

somewhat. 
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Other researchers (Aberle, 1931; Golson, 1972; Ammerman 

et a~, 1976; Kirch, 1989; see Green, 1993 for a discussion) 

also have explored the concept of rapid rates of growth by 

small founding populations in unrestricted environments. 

Although many of these examples come from island 

colonizations, the underlying principles seem applicable to 

the Grasshopper region. 

At Grasshopper, given a Pueblo lifespan of 125 years, a 

conservative 20-year generation and a founding population of 

100 people, within two generations (40 years), the 

population would number 400 and in three generations (60 

years), the population would attain a figure of 800 

individuals. 

Reid and Shimada (1982) state that the growth of the 

Pueblo from A.D. 1300-1330 occurred in two forms: multi

room construction units during the initial expansion phase 

and double- and single-room units during the later phase. 

They state, "the earlier multiroom units probably represent 

the establishment of large, individual domestic groups" 

while the later emphasis "represents the expansion and 

dispersion of these groups" (Reid and Shimada, 1982: 17). 

Although this would seem to follow a model of rapid initial 

growth, as illustrated by island colonies, followed by a 

slowing and eventual dispersal, the principal investigators 

at Grasshopper Pueblo addressed these issues in various 



forums and concluded that, based on a global view of the 

site, aggregation is the best fit for the available data. 
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Archaeological data indicate that isolated, multiple

room units were integrated into an organized design that 

included plazas, kivas and roofed corridors. This style of 

growth is suggested to imply that dissimilar groups 

established the pueblo and then attempted to unify it by 

constructing the Great Kiva and by integrating the room 

blocks into a single structure (Reid, 1989; Graves, 1991). 

Recent analyses offered by Graves (1991) strengthen an 

hypothesis of aggregation at the Pueblo. His data suggest 

that 60% of the rooms in his sample (n = 33) were completed 

by A.D. 1325, although there may be some over-representation 

of early-dated rooms. Nevertheless, this shortened 

construction interval suggests that the 4% annual rate of 

population increase proposed by Longacre (1976) would have 

been exceeded at times, which he argued would support the 

theory of growth by immigration. 

Material culture remains from the site also support 

ethnic coresidence. For example, distinctive patterns 

emerge from the analysis of construction styles at 

Grasshopper. Room Block 1 is constructed primarily from 

limestone (42%) and juniper (47%), while Douglas Fir 

represents only 4% of the building material (Graves, 1991). 

The prevalence of Douglas Fir in Room Blocks 2 and 3, on the 
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other hand, is between 20-21%, as is Supai Formation 

sandstone (Graves, 1991). Additionally, a great deal of 

the wood used to construct Room Blocks 2 and 3 was scavenged 

or reused, suggesting a possible lack of historical ties to 

the region for the individuals occupying Room Block 1 

(Graves, 1991). Alternative explanations include builders 

with different esthetic values and/or the existence of a 

hierarchical society in which members had differential 

access to building materials, although this claim has been 

discounted by the principal investigators at the site (see 

Cordell and Gumerman, 1989 for an overview) . 

Ceramic styles and frequencies also differ among the 

room blocks. Grasshopper wares are associated with Room 

Block 1, Roosevelt Redwares with Room Block 2 and White 

Mountain Redwares with Room Block 3 (Reid and Whittlesey, 

1982). Similarly, the remains of particular species of non

food related birds correlate with specific room blocks. 

Macaw, red-tailed hawk and golden eagle cluster in the Great 

Kiva; ravens, crows and blackbirds, as well as jays and 

blue-birds, are found in Room Block 2; and turkeys and crows 

are found in Room Block 1. These clusters may represent 

particular moieties at the pueblo (McKusick, 1982). Other 

noted differences among the room blocks include mortuary 

practices (Whittlesey, 1978) and distribution of households 

(Ciolek-Torrello and Reid, 1974). 
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The evidence from skeletal analyses of individuals at 

Grasshopper Pueblo is less conclusive. Discrete trait 

analyses conducted by Birkby (1973, 1982) and Shipman (1982) 

suggest that the skeletal remains from Grasshopper represent 

a single biological group. Birkby, utilizing cranial non

metric traits, found that two distinct "social units" exist 

at the site and that there may be a male exogamous mating 

pattern (1982: 40). Shipman utilized both cranial and post

cranial traits to examine the same groups as Birkby (i.e., 

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

concluded that overall these late prehistoric groups were 

morphologically similar (1982). 

Ezzo (1991, 1992), on the other hand, concluded that, 

based on bone chemistry data, the diet of the inhabitants of 

Room Block 1 was more varied and relied more heavily on wild 

food sources than the diets associated with the other main 

room blocks. These studies point to another area for 

concern, i.e., the sampling bias inherent in an incompletely 

excavated site such as Grasshopper Pueblo. As Underwood 

(1969) has pointed out, the burial sample of a given site 

represents the "anti-population" and may not be 

representative of the total living group. This issue is 

discussed further in Chapter 5. 

The evidence for ethnic coresidence at Grasshopper 

Pueblo, from an archaeological standpoint, is substantial 
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(Reid, 1989). Ceramics, building styles, construction 

materials and faunal remains speak of at least one out group , 

probably Anasazi, residing at the pueblo. An examination of 

within and between group variance, based on non-metric trait 

data from the individuals recovered from the three major 

room blocks, should shed light on this issue, at least from 

a morphological standpoint. 
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CHAPTER 3 

HISTORICAL BACKGROUND OF DISCRETE TRAIT RESEARCH 

Non-metric, quasi-continuous skeletal traits have been 

used extensively as markers of human population differences. 

Some examples include Anderson, 1968; Pietrusewski, 1969, 

1984; Ossenberg, 1969, Oschinsky and East, 1970; Finnegan, 

1972; Buikstra, 1972; Birkby, 1973; Sjovold, 1973; A. Berry, 

1974; Dodo, 1974; Suchey, 1975; Zegura, 1975, Saunders, 

1978, Bocquet-Appel, 1984; Yamaguchi, 1985; Dodo and Ishida, 

1987, 1990; Conner, 1990; Sciulli, 1990; Dodo et al., 1992; 

and Ishida and Dodo, 1993 (for comprehensive bibliographies 

see Finnegan and Faust, 1974; Chiarelli and Borgognini 

Tarli, 1979; Hauser and De Stefano, 1989; Finnegan, 1992). 

Many of these authors have justified their choice of non

metric variants by citing animal research suggesting they 

are under substantial genetic control. Recently, however, 

the utility of non-metric traits has been called into 

question by scientists concerned about the interplay between 

genetic and environmental factors. This chapter discusses 

the controversy surrounding the usefulness of discontinuous 

morphological data in human population studies. 

I. Historical Perspective 

Anatomists have noted and described discontinuous 

variants of the human skeleton, particularly of the cranium, 

for centuries. The early studies tended to be descriptive 
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and regarded discreta as "anomalies" (Kerckring, 1670; 

Blumenbach, 1776; Henle, 1855; Krause, 1880; Hyrtl, 1859; 

Testut, 1889; Quain, 1908; Le Double, 1903, 1906, 1912). 

Individual traits, such as variations at pterion and 

metopism, were examined and in some cases put to comparative 

use as early as the mid 19th century (Allen, 1867; 

Anoutchine, 1878; Bertelli, 1892; Dorsey, 1897; Duckworth, 

1904; Schultz, 1929; Montagu, 1937; Hess, 1946). 

Around the turn of the century, anthropologists began to 

describe human populations using more comprehensive discrete 

trait "batteries" (e.g. Russell, 1900; Hooton, 1930; Wood

Jones, 1931a,b,c, 1934). Research on discontinuous traits 

burgeoned in the 1950s and 60s, when geneticists began 

experimenting with animals, especially mice, to demonstrate 

the utility of discreta in population studies (Dempster and 

Lerner, 1950; Gruneberg, 1952, 1955, 1963; R. Berry, 1963, 

1964, 1968, 1969; Berry and Berry, 1967; Berry and Searle, 

1963; Rees, 1969; see also Buikstra et.al., 1990 for 

review). In an early application to humans, Laughlin and 

Jorgensen (1956) investigated migration patterns in 

Greenlandic Eskimos by I?ombining cranial metric and non

metric data. Berry and Berry (1967), a seminal paper on 

non-metric variation based on a synthesis of a British 

population study by Brothwell (1963), and Gruneberg's work 
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of the 1950s, created renewed interest in the applicability 

of discrete trait analysis to humans (Berry, 1979). 

After Berry and Berry published their 1967 paper, 

scientists, accepting the results of the animal studies, 

began to use discontinuous variants as population markers 

and as data for estimating biological distance between human 

populations (Pietrusewski, 1969, 1984; Ossenberg, 1969; 

Oschinsky and East, 1970; Gaherty, 1971; Finnegan, 1972; 

Birkby, 1973; Sjovold, 1973; Berry, 1974; Ardito, 1975; 

Suchey, 1975; Lane, 1977; Saunders, 1978; Bocquet-Appel, 

1984, Yamaguchi, 1985; Wijsman and Neves, 1986; Dodo and 

Ishida, 1987, Ishida and Dodo, 1993). Most of these studies 

relied on the assumptions that discrete traits were 

inherited, that their frequencies varied substantially even 

between closely related groups, that they were constant 

under differing environmental conditions and that there were 

virtually no correlations with regard to age, sex, side of 

the body or each other (see Berry and Berry, 1967). 

In 1974, Corruccini published a paper which tested 

these assumptions using human skeletal material from the 

Terry Collection, currently housed at the Smithsonian 

Institution in Washington, D.C. He demonstrated, based on 

his sample, that non-metric traits vary by sex and age, and 

that the low level of correlation between traits may be an 

artifact of the less powerful statistics available for 
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analysis of discontinuous, as opposed to continuous, traits 

(Corruccini, 1974: 435). He also presented formidable 

evidence that many discrete traits may be influenced by a 

variety of non-genetic factors (see also Carpenter, 1976). 

Based on these findings, Corruccini (1974) urged that non

metric and metric data be combined to produce a more 

accurate picture of the population under consideration 

although, in a later article, he and co-authors write 

"[a]nalysis of non-metric traits of human skeletal material 

remains an important approach to the tracing of genetic 

relationships among ancient populations" (Kaul et al., 1979: 

693) . 

The debate over the usefulness of non-metric traits has 

become more focused in the last 20 years. Anthropologists 

are testing assumptions drawn from studies conducted on non

human animals by completing empirical research on well 

documented human populations utilizing refined statistical 

techniques (Korey, 1970, 1980; Buikstra, 1972; Corruccini, 

1974; Zegura, 1975; Finnegan and Cooprider, 1977, 1978; 

Green et al., 1979; Ossenberg, 1981). In addition, 

scientists are adding to our knowledge of patterns of 

inheritance by examining trait frequencies in related 

individuals (Torgersen, 1951a, b; Selby et al., 1955; 

Saunders and Popovich, 1978; Cheverud and Buikstra, 1981a,b; 

Sjovold, 1984; Bondioli et al., 1986; Richtsmeier and 
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McGrath, 1986). Unfortunately, because human beings cannot 

be manipulated in the same way as non-human animals, many of 

the questions regarding the relative contribution and 

interactions of genes and environment remain unanswered. As 

a result of Corruccini's 1974 paper, anthropologists are 

more cautious about the use of non-metric traits in 

population studies. However, researchers continue to use 

them with certain caveats. 

II. The Nature of Non-metric Variation 

There is a great deal of discussion about the efficacy 

of discrete traits for use in the analysis of human 

populations. Clearly, the frequencies of non-metric traits 

in a given group would provide a powerful analytic tool if 

environmental factors played little or no role in their 

expression. They would be especially valuable to 

anthropologists using metric traits, which frequently are 

strongly influenced by environmental factors. The first 

studies elucidating the nature of non-metric variation 

appeared in the Journal of Genetics in a landmark series of 

articles entitled "Genetical Studies on the Skeleton of the 

Mouse". These articles introduced Hans Gruneberg's concept 

of quasi-continuous variants and laid the groundwork for 

further studies. 

Gruneberg (1952) had noted that non-metric traits 

occurred in varying frequencies in different strains of 
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mice. He began to cross pure lines in an attempt to 

discover their mode of inheritance. Although the results 

demonstrated that a simple genetic interpretation did not 

explain the variation, Gruneberg hypothesized that the 

appearance of discrete traits was the result of a threshold 

mechanism operating on an underlying continuous 

distribution. He described these variants as quasi

continuous, dependent on multiple genes with additive 

effects. Gruneberg (1951) supported his theory with a 

careful analysis of the absence of the third molar. Grewal 

(1962) later deduced that the threshold for this trait is 

determined by the size of the enamel bud of the tooth at a 

critical point in development (approximately 4-5 days after 

birth). Gruneberg (1952) concluded that quasi-continuous 

characters are subject to the effects of the environment, 

whether intrauterine or post-partum. 

Once Gruneberg demonstrated that environment played a 

role in the development of discrete variants, other workers 

began to study affected traits and related causal factors. 

Due to the difficulty in sorting out genetic controls and 

the often interrelated effects of the environment, large 

amounts of data were necessary to pinpoint causative 

factors. The net result of these experiments was the theory 

that presence or absence of a particular trait in an 
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part by non-genetic causes (Green, 1941; Searle, 1954). 
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Searle (1954) studied two strains of mice, examining 

nine traits in the first and twelve in the second. Five 

factors -- sex, gestation length, litter size, maternal age, 

and parity played some contributory role in the 

appearance of the variants. Maternal age, litter size, sex 

and asymmetry were particularly important. Intra-line 

differences were as dramatic as inter-line. 

Diet as a causal force was examined initially by Searle 

(1954) and later by Deol and Truslove (1957). Searle, using 

three diets, determined that eight of eleven traits were 

affected by a switch to oats and to a lesser degree, 

thiouracil in the drinking water. He postulated that a 

change in diet affected the variants by shifting the 

critical threshold, or by altering the variance or the mean 

of the underlying distribution (Searle, 1954: 424). Deol 

and Truslove (1957) confirmed Searle's work on the effects 

of diet. 

Further research spawned by these important discoveries 

has generated varying results. Deol et al. (1957) 

discovered that diet played a role in only 3 of 14 observed 

changes among seven strains of mice over a period of 15 

years. Howe and Parsons (1967), using three inbred strains 

of mice, examined twenty-five minor skeletal variants. They 



studied the effects of sex, parity, maternal age, litter 

size, age at death, whether the mother was lactating at 

death and whether she was pregnant while lactating and 

concluded that: 

The environmental factors were found to have no 
significant overall effect when combining 
information on all variants, although some 
variants taken individually are affected 
significantly by the environment (Howe and 
Parsons, 1967: 290). 

Age at death and increasing maternal age appeared to 

influence significantly the incidence of certain variants, 

although the authors pointed out that the latter may be 

difficult to sort out from other highly correlated factors 

(Howe and Parsons, 1967: 286; see also Parsons, 1964). 

The studies based on mice led to studies on rabbits 

(Sawin and Trask, 1965; Sawin et al., 1967; Sawin and 
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Hamlet, 1972) Grey Seal (Berry, 1969) and White-Tailed Deer 

(Rees, 1969). In addition, scientists gathered evidence of 

the applicability of non-metric trait analysis to humans by 

conducting studies on non-human primates (Berry and Berry, 

1971 Gorilla ; Berry, 1974 Galago). In particular, a series 

of studies on the rhesus macaques at Cayo Santiago has 

increased our understanding of non-metric variation 

(Buikstra and Peters, 1974; Cheverud and Buikstra, 1978, 

1981a,b, 1982; McGrath et al., 1984; Richtsmeier et al., 

1984) . 
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Cheverud and Buikstra (1978), using eight discrete 

cranial traits, appeared to demonstrate that intragroup 

genetic change was related to a behavioral event, ~., the 

fissioning of a social group of macaques on the island. Two 

studies published in 1981 by the same authors examined 

single trait heritabilities, and correlations between 

traits, respectively (Cheverud and Buikstra, 1981a,b). In 

the former, the authors were able to generate heritability 

estimates on 14 traits (Cheverud and Buikstra, 1981a). 

In the latter, Cheverud and Buikstra attempted to 

clarify the difference between phenotypic correlation among 

skeletal non-metric traits and genetic correlation. They 

found that even when phenotypic correlations (those between 

phenotypic values for pairs of traits) are negative, there 

may be a significant genetic correlation (additive genetic 

values for pairs of traits) which acts at a local level in 

the cranium (Cheverud and Buikstra, 1981b). These findings 

have important ramifications for anthropological studies, 

because they suggest that a lack of correlation between 

visually scored traits may mask a genetic relationship. 

Cheverud and Buikstra (1982) went on to compare the 

relative heritabilities of non-metric and metric traits. 

The result, that non-metric traits have slightly higher 

heritabilities than metric ones, may be due in part to the 

fact that hyperostotic traits, those associated with 



variable ossification of connective tissue, have a 

relatively high heritability, while those for foraminal 

traits more closely approximate metric traits. 
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McGrath et al. (1984) concentrated their efforts on the 

issue of scoring difficulties. There is a great deal of 

controversy over how to score bilateral non-metric traits 

(see next section). Using estimated genetic correlations 

for 13 non-metric traits, the authors found that there were 

significant correlations between sides. Therefore, they 

recommend using the individual as the unit of measure, 

rather than the side of the individual (McGrath et al., 

1984) . 

The non-human primate studies have provided additional 

evidence that discrete trait analysis is a viable research 

tool for anthropologists. However, there remain a number of 

issues which affect the utility of non-metric trait studies 

in humans. 

III. Factors Affecting Non-metric Variation in Humans 

Although animal studies have provided a great deal of 

evidence regarding the nature of non-metric variation, 

applying that knowledge to humans is problematic. In 

particular, determining the relative contribution of 

genotype and environment to non-metric traits is nearly 

impossible. As mentioned previously, there has been some 

work on non-human animals (e.g. Self and Leamy, 1978; 



Cheverud and Buikstra, 1981; Richtsmeier et al., 1984). 

However studies on humans are relatively rare. 

Sjovold (1975), along with many others, argued that 
4 

non-genetic factors significantly affect the relative 

occurrence of variants only if they affect the size of the 

individuals prior to the time the traits become manifest. 

His research supported the concept of quasi-continuous 

characters as the epigenetic (Berry and Searle, 1963) 

consequence of multifactorial inheritance modified by 

environmental or developmental processes and subject to a 

threshold mechanism. 

Once the environment was demonstrated to play a 

significant role in the development of non-metric traits, 

the heritability of given traits came under attack. 
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Heritability, a key concept in the discussion of discrete 

traits, is based on the basic theorem: phenotype = genotype 

+ environment (P=G+E). A broad definition of heritability 

is VTG/VTP = h2
• This equation describes the ratio of genetic 

variance (VTG ) to overall phenotypic variance (VTP). 

Although this concept is suitable as a theoretical model, a 

more practical equation is VGA/VTP = h2
• The latter looks at 

the ratio of additive genetic variance to overall phenotypic 

variance and is more commonly utilized by quantitative 

geneticists. 
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Genetic variance can be partitioned into many 

components, such as dominance deviations, interactive gene 

effects and additive genetic variance. When considering the 

heritability of a given trait, the additive genetic variance 

is the crucial component because it is inherited. 

Therefore, a mathematical equation that considers only 

additive genetic variance is heritability sensu stricto and 

hence more functional. 

Another important aspect of heritability is its 

inapplicability across varied environments. Because 

phenotypes are the product of genes and environment, any 

alteration in the environment can produce a change in the 

phenotypic variance. Therefore, although heritability 

estimates are interesting and informative for a given 

population or breeding group, they are not transferable to 

other populations in different environments. 

Some researchers have attempted to address questions 

about traits as kinship markers in known collections with 

limited success. For example, Lane (1977) demonstrated that 

the distribution of mean genetic kinship in a family group 

of Allegany Seneca was responsible for a large proportion of 

variance seen in 33 non-metric traits. Supporting evidence 

is supplied by Rosing (1986) who found that "private", or 

rare, traits are useful as markers of l kinship. Sjovold 

(1984) calculated heritabilities for 20 non-metric traits in 
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a group of related individuals from Halstatt, Austria. This 

area of non-metric trait analysis remains problematic, 

although as more opportunities to study well-documented 

historical sites arise, some questions may be answered. 

The following sections will discuss the assumptions 

that have made non-metric traits attractive to 

anthropologists; that is, their alleged lack of association 

with sex, side of the body, age and each other and with 

various types of cranial deformation, and their overall ease 

in scoring. Each researcher must analyze his or her own 

skeletal series and acknowledge population variation as a 

possible source of the disparate results in the following 

section (see Table 2) . 

IV. Scoring Difficulties: Repeatability and 
Reproducibility 

In 1968, R.J. Berry argued that non-metric traits are 

more useful than metric traits because they are inherited, 

they vary between closely related groups, they are constant 

under different environmental conditions, and there are no 

correlations with regard to sex, age, side of the body or 

each other. Additionally, with A.C. Berry (1967), he 

asserted that they are much easier to score than metric 

traits. The Berry's also concluded that the scoring of 

variants by different workers appeared to be comparable, 
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TABLE 2 

PREVIOUS RESEARCH ON NON-METRIC TRAITS IN HUMANS: 
THE FACTORS WHICH AFFECT THEIR EXPRESSION 

AUTHOR SIDE SEX AGE INTER- DEFORM. 
TRAIT 

Anton, 1991 No 

Benfer, 1970 No 

Berry, 1968 No No 

Berry, 1975 No Yes 

Berry and No No No No 
Berry, 1967 

Birkby, 1973 No No Yes No 

Buikstra, 1972 No Yes 

Buikstra, 1974 Yes 

Cesnys, 1985 No* 

Corruccini, Yes Yes Possibly 
1974 

Cybulski, 1975 No No 

Dodo, 1974 No No 

Dorsey, 1897 Yes 

El-Najjar and No 
Dawson, 1977 

Finnegan, 1978 Yes Yes No 

Gaherty, 1970 No Yes 

Gottlieb, 1978 No 

Green et al., No 
1979 

Hertzog, 1968 Yes 

Humphreys, Yes 
1971 

Jantz, 1970 Yes 
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TABLE 2 - Continued 
PREVIOUS RESEARCH ON NON-METRIC TRAITS IN HUMANS: 

THE FACTORS WHICH AFFECT THEIR EXPRESSION 

AUTHOR SIDE SEX AGE INTER- DEFORM. 
TRAIT 

Konigsberg et No 
al. , 1991 

Korey, 1970 No No Yes Yes 

Korey, 1980 No 

McWilliams, No 
1974 

Molto, 1983 Yes 

Mouri, 1976 Yes 

Ossenberg, Yes Yes Yes 
1969 

Ossenberg, No Yes Yes No* 
1970 

Perizonius, No 
1979a 

Perizonius, No 
1979b 

Pietrusewski, Yes 
1969 

Saunders, 1978 No Yes Yes No 

Saunders and * 
Popovich, 1978 

Sjovold, 1976 No 

Sjovold, 1978 No No No No 

Suchey, 1975 No 

Zegura, 1978 No 

Direction: No No Yes Yes No 

* see text 
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although "we could not claim that uniformity in scoring 

some of the variants ... would be achieved by all people .... " 

(Berry and Berry, 1967: 376). However, they go on to say 

that the "individual should be consistent in his own 

classification" (Berry and Berry, 1967: 376). Other 

workers have disputed the uniformity claim. 

Zegura examined 15 independent attributes (28 

observations) in a 1975 study of 609 Eskimo crania. He 

concluded that discrete trait data are less reliable than 

cranial measurements based on statistical differences in 

five of the 28 variables (Zegura, 1975: 275). Korey (1970) 

also had difficulty duplicating his own results, 

particularly for fossa, tori and tubercles. 

J.E. Molto, using 50 discrete traits on 125 Iroquois 

crania, found that scoring consistency was high for most 

traits; however, eight traits ("pseudo-mastoid suture", 

"Vesalian foramen", "mastoid foramen absent", "accessory 

foramen spinosum", "anterior ethmoid on frontal", "accessory 

infraorbital foramen", "pharyngeal fossa", and "accessory 

lesser palatine foramen") were subject to unacceptable 

levels of error (Molto, 1979: 337). Molto recommends that 

intraobserver error assessments should be a part of every 

research design utilizing non-metric traits. 

In 1979, Finnegan tested interobserver error by asking 

seventeen practicing physical anthropologists and seven 



students taking his osteology class to score ten skulls, 

derived from various ethnic groups, sexes and ages for the 

thirty traits presented by Berry and Berry (1967). 

60 

Finnegan (1992) found six traits which were extremely 

difficult to score consistently: highest nuchal line, 

foramen spinosum open, frontal notch or foramen present (all 

bilateral). In addition bilateral accessory lesser palatine 

foramen present; left mastoid foramen exsutural (equivalent 

to extra sutural in the current study) and left anterior 

ethmoid foramen exsutural were also difficult, although less 

so. 

Based on Finnegan's results and Molto's (1979) 

exhortations, this dissertation will test both intra- and 

inter-observer reliability on a random sample of Grasshopper 

skeletons. Three researchers, Dr. Walter Birkby (WHB) , Dr. 

Jeffrey Shipman (JS) and the author (LCF) have contributed 

data for this analysis. Inter-observer reproducibility will 

be evaluated for the raters of cranial traits (LCF and WHB) 

and the raters of post-cranial traits (LCF and JS) while 

intra-observer repeatability will be evaluated using 12 

"special" post-cranial traits (LCF1 to LCF2 ) • 

v. Scoring Difficulties: Trait Description 

Finnegan (1978) elucidated another difficulty in 

comparability, arguing that trait descriptions are extremely 

important when trying to compare frequencies in the 



61 

literature. Corruccini (1974) described the difficulties 

faced by many workers in attempting to define traits or to 

make distinctions of presence and absence in traits which 

theoretically exist in only two states. He pointed out that 

these distinctions are the most difficult to make when 

scoring fossa, tori and tubercles which may appear as a 

continuum. 

Some workers have attempted to address this problem by 

creating a multistate scoring system for particular traits 

(Stewart, 1963; Pietrusewski, 1969; Corruccini, 1974; 

Saunders, 1978). Others have suggested that any 

manifestation should be considered as present (Buikstra, 

1972). For example, Buikstra (1972) contended that trait 

development of any kind is the product of the same or 

similar genotypes and therefore should be combined when 

dichotomous scoring is used. However, Saunders et al. 

(1976) argued that partial manifestations persist in the 

adult and should not be viewed as merely an adolescent 

stage. 

Many workers have attempted to alleviate definitional 

problems by providing detailed illustrations and 

descriptions of the traits they chose to examine (Berry and 

Berry, 1967; Finnegan, 1972; Birkby, 1973; Suchey, 1975; 

Saunders, 1978; Shipman, 1982). 



62 

Given the problems inherent in scoring discrete traits, 

I have decided to: ~) score all bilateral traits on the 

left and right sides; 2) score all traits as present or 

absent with no size or developmental evaluation; 3) re-score 

a sample of individuals at the conclusion of the study; and 

4) provide a complete written description and visual 

representation of all traits scored during the data 

collection. These decisions will be further clarified in 

Chapter 4. 

VI. Side of the Body Differences 

Although scientists traditionally have been concerned 

with demonstrating sex and age differences in the 

frequencies of non-metric traits, the issue of asymmetry has 

gained attention (see Table 2). Berry and Berry pooled 

right and left sides in their 1967 survey of Rodentia and 

many subsequent workers followed suit. However, in 1970, 

Korey examined side independence in humans and determined 

that there was interdependence in 7 out of 12 cranial 

traits. He also stated that pooling sides added redundancy 

to the calculation of the distance statistic. He therefore 

recommended using the individual as the unit of measure, 

thus scoring as present any trait which occurred in an 

individual regardless of side. 

Buikstra (1972), Birkby (1973), McWilliams (1974) and 

Suchey (1975) all used the individual as the unit of measure 
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in their studies. Finnegan (1974, 1978) has suggested that 

for infra-cranial traits, each side should be treated as 

independent, although with Rubison (1984) he pooled right 

and left sides. Zegura suggested that 

the use of both sides of a bilateral trait as 
separate variables can be justified only when 
appropriate t or chi-square tests have shown that 
a statistically significant difference between the 
two sides exists (1975: 278). 

Green et al. (1979) examined three methods addressing 

bilateral trait scoring. They concluded that the best 

technique for scoring bilateral traits is to divide the 

total number of times the trait occurs (right or left) by 

the number of sides on which the trait could be scored if 

present. They also concluded that the use of one side only 

was equally effective, except that it decreased the amount 

of information gained. These authors discounted the 

technique of using the individual as the unit of measure. 

Korey (1980) responded by demonstrating that for age-

dependent traits, sampling by sides is not justified. He 

recommended sampling by crania as a way of masking the 

effects of age (which are developmental rather than 

genetic). Ossenberg (1981: 478) disagreed with Korey, 

stating that "age dependency of a feature does not preclude 

its being inherited". She used evidence from missing third 

mandibular molars and mylohyoid bridges to support the 

hypothesis that frequencies based on total right and left 



sides better elucidated the genetic potential in the 

population at hand. 
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As I will discuss more fully in the chapter 4, for this 

dissertation, although traits were scored bilaterally, the 

individual will serve as the unit of measure during 

statistical manipulations. My reasons for this are two

fold. First, in this study, there are only three traits 

which are not associated by side: parietal foramen, C-7 

transverse foramen spur and mastoid foramen, extrasutural. 

Second, the individual is the breeding unit in a population 

not the trait, suggesting that only one side is necessary. 

VII. Sex Differences 

One of the earlier assumptions about non-metric traits 

was that they did not appear to be sex-dependent. This made 

them more valuable because both sexes could be pooled for 

larger sample sizes. However, as with the other assumption 

violations concerning discrete variants, sex differences 

have been demonstrated for trait frequencies in human 

populations (see Table 2) . 

In 1967, Berry and Berry lumped the samples from each 

of their discrete populations into a grand male and female 

sample. They obtained a non-significant result and reported 

no differences with regard to sex for discrete traits. 

Berry (1968) subsequently reported that one of the 
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advantages of non-metric traits was that the sexes could be 

pooled. 

Although many workers accepted this evidence at face 

value, others demonstrated sex differences in their studies 

(Jantz, 1970; Humphreys, 1971; Finnegan, 1972). Each of 

these investigators handled trait frequency differences 

between the sexes in different ways. Jantz (1970) excluded 

traits which were dimorphic for sex while Finnegan (1972) 

kept the number of males and females in his samples 

relatively equal. Corruccini (1974) disputed the results in 

the 1967 Berry and Berry study because of the lumping of 

several populations. He also pointed out that the 

techniques used by Jantz and Finnegan were flawed. 

The results of subsequent studies addressing sex

dependence of discrete traits have been mixed (see Table 2) . 

Some sex differences have been found by Pietrusewski (1969), 

Gaherty (1970), Ossenberg (1969), Corruccini (1974), Berry 

(1975) and Finnegan (1978). Korey (1970), Ossenberg (1970), 

Cybulski (1975). Birkby (1973) and Sjovold (1976), on the 

other hand, found few or no significant differences between 

the sexes. 

One of the problems inherent in these studies is the 

use of prehistoric material as the sample. Because sex 

designations are made by the investigator or a previous 

researcher, they are subject to error. For example, Giles 
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and Elliot (1963) place the accuracy of sex determination by 

physical anthropologists using complete skulls at 80%. 

Similarly, Weiss (1972) determined that there was a 

systematic bias towards males throughout skeletal series. 

Corruccini (1974) attempted to answer some of the 

questions about sex-dependence in non-metric traits by using 

the well-documented Terry Collection, which consists of 

known sex individuals. Using Chi-Square tests, he 

discovered that 19 of 61 variants differ significantly. His 

research demonstrated that sex differences in trait 

frequencies do exist and most workers now treat the sexes as 

separate units. 

In the current Grasshopper study, trait frequencies do 

not differ for the two sexes with two exceptions (see 

Chapter 5). As this number is not greater than would be 

expected by chance alone, the sexes in this sample will be 

pooled for further analyses. 

VIII. Age Differences 

As with sex and side, age differences for non-metric 

trait frequencies once were discounted. However, current 

research supports the idea that age-dependent traits exist 

(see Table 2). Most of this research attempted to delineate 

those traits which are age dependent and there appears to be 

a consensus that, at least for some traits, age is a factor. 
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Berry (1968) determined that there were no 

statistically significant differences in mean ages of crania 

with a variant and those without except for the foramen of 

Huschke. The posterior condylar canal and the closed supra

orbital notch, however, approached significance. 

Ossenberg (1969, 1970) determined that for certain 

traits there is age regression (hypostotic), while for 

others there is age progression (hyperostotic). However, 

she noted that few of these traits change once adulthood is 

attained. Her summary suggests that hypostotic changes 

decrease with advancing age and hyperostotic changes 

increase with age. She also determined that hyperostotic 

traits are more frequently seen in males, which may be due 

to their overall bone robusticity. 

Korey (1970) found age changes in 8 of 15 variants 

which reflect Ossenberg's categories of age regression and 

age progression. Birkby (1973) described a similar pattern 

in 11 of 54 traits in his sample. Finnegan (1978) found 

that age did not play a significant role in infracranial 

traits, while Corruccini (1974) found twice as many age 

dependencies as would be expected by chance. Saunders and 

Popovich (1978) could not rule out age as a factor for atlas 

and clinoid bridging. While several researchers found no 

age dependence for the metopic suture (Dodo, 1974; 



Perizonius, 1979a), Cesnys (1985) found a decline in the 

prevalence of metopic suture during adulthood. 
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Buikstra (1972; see also Perizonius, 1979a and Hauser 

and De Stefano, 1989) recommended that those traits that may 

only partially manifest in younger individuals be scored as 

present in order to alleviate some of the problems 

associated with hyperostotic traits. She went on to suggest 

that pre-adolescent individuals should be considered 

separately or not at all to eliminate the effects of 

hyperostotic traits. Ossenberg (1969), on the other hand, 

states that" [f]ew of the traits show age group differences 

large enough to prohibit pooling data for juveniles and 

adults" (Ossenberg, 1969: 193). 

As with other factors affecting trait frequencies in 

humans, age dependence is examined in the Grasshopper 

sample. Individuals were placed based on the mid-point of 

their age range and then age independence was tested using 

contingency analyses. Adolescents and children were 

analyzed separately from the adults as per Buikstra (1972). 

Twelve traits reached significance at the p<.05 level, three 

more than would be expected by chance. The resulting 

pattern is discussed in Chapter 5. 

IX. Inter-trait Associations 

Prior to the 1960s, researchers assumed that non-metric 

traits were uncorrelated with one another. This assumption 
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has important research ramifications because metric traits, 

in fact, appear to be correlated and this correlation can 

affect statistical analyses. Truslove (1961) carried out 

initial research on this question using mice. She found no 

evidence that non-metric variants in mice were highly 

correlated. 

Berry and Berry (1967) examined this question in humans 

on 99 Egyptian skulls and found ten pairs of correlated 

traits. Ossenberg (1.969: 215) found that "there appear to 

be at least a few well-known variations which should not be 

summed as strictly independent measures of genetic distance" 

(see Table 2). Hertzog (1968) looked at sutural ossicles 

and parietal foramina and concluded that there is a 

"neighborhood" association of traits. For example, he 

discovered that ossicles in one area occur with greater 

frequency with ossicles from the same area than from areas 

further removed. He also reported "race" and sex 

differences in bregmatic ossicles and metopic fontanelles. 

However, in 1970, Benfer published a re-examination of the 

traits Hertzog studied. Benfer reported that there was no 

racial variation and that the traits studied by Hertzog were 

completely independent of one another. 

Although Corruccini (1974) found weaker correlations 

for non-metric traits than for metric traits, he pointed out 

that this is due to the less powerful statistics available 
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for use on discrete variants. Even though correlations were 

low, he demonstrated that they were significantly greater 

than zero and, therefore, that associations could not be 

discounted. 

Korey (1970) found discrepancies between populations 

for trait associations, thus corroborating Ossenberg (1969) 

and Hertzog (1968). Molto (1983, 1985), examining 27 

cranial traits in 1040 individuals, found a higher 

prevalence of positive correlations than would be expected 

by chance. Positive group correlations among wormian bones 

have been demonstrated by several authors (Berry and Berry, 

1967; Hertzog, 1968; Mouri, 1976; Hauser and Bergman, 1984, 

Molto, 1985). These conflicting results suggest once again 

that each investigator should determine trait associations 

for his or her individual study group. 

x. Discrete Traits and Cranial Deformation 

In humans, most studies regarding environmental 

influences are concerned with artificial cranial 

deformation. The evidence is often contradictory (see Table 

2). Dorsey first described the affect of deformation on the 

appearance of wormian bones in 1897. Bennett (1965) stated 

that, based on a sample of 116 Black, 113 White and 50 

American Indian crania, wormian bones are "not under direct 

genetic control, but instead represent secondary sutural 

characteristics which are brought about by stress" (Bennett, 
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1965: 255). Ossenberg (1970) examined 28 discrete traits 

on deformed and undeformed Hopewell Indian skulls and 

discovered that, although there were few statistically 

significant differences between them, bifronto-occipital 

deformation caused a hypostotic effect in the frontal region 

and posterior vault while a hyperostotic effect was observed 

in the lateral vault, basicranium and facial skeleton. On 

the other hand, El-Najjar and Dawson (1977) and Gottlieb 

(1978) found no significant increase in lambdoidal sutural 

bones in deformed crania. Recent studies have supported 

Ossenberg's contention that this type of deformation affects 

the cranial base and face (Cheverud and Kohn, 1991; Cheverud 

et al., 1992; Kohn et al., 1993; however, see Anton, 1990 

and Kohn and Cheverud, 1991 for a different viewpoint) . 

Buikstra (1974) claimed that environmental noise such 

as cranial deformation must be screened in order to 

determine biological distance. However, some researchers 

have repudiated the alleged effects of deformation on 

discrete traits. For example, Birkby (1973) found that 

cranial deformation played no role in the frequencies of 

non-metric traits in the southwestern pueblo communities he 

examined. Konigsberg et al. (1993: 43) similarly found that 

"while cranial deformation can influence the relative 

frequency of a minority of non-metric traits, the effect is 

minimal". 



The individuals from Grasshopper Pueblo have either 

occipital, lambdoidal or no deformation. Since only one 

trait is affected by deformation in the Grasshopper series 

(see Chapter 5), fewer than expected by chance alone, 

deformation does not seem to be a complicating factor for 

further analyses. 

XI. Metric Traits Versus Non-metric Traits 
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Many researchers value non-metric traits, despite 

controversy surrounding their applicability, because of 

their likely genetic determination and relative ease of use 

(Berry and Berry, 1967, 1972; Ossenberg, 1970; Pietrusewski, 

1971; Gaherty, 1973). However, other researchers just as 

strenuously advocate metric analysis (Jantz, 1970; 

Rightmire, 1972; Howells, 1970, 1972). Recent research 

appears to support the view that discrete traits are equally 

as valuable as metric traits and, in fact, studying both in 

conjunction with one other can provide a fairly complete 

picture of the population in question (Zegura, 1975; 

Corruccini, 1976; Carpenter, 1976; Cheverud et al., 1979; 

Sjovold, 1984). 

The debate in the literature continues as to the 

utility of non-metric traits in human population studies. 

Most researchers appear to agree that variants are the 

result of a threshold mechanism acting on an underlying 

continuous distribution which is influenced by environmental 



factors, particularly intrauterine ones. Discrete trait 

data can be useful provided that the investigator is aware 

of the pitfalls involved in their use and that the 

investigator tests each potential influence (side of the 

body, sex, age, inter-trait association, and cranial 

deformation) for the particular group under study. 
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I. Materials 

CHAPTER 4 

MATERIALS AND METHODS 
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The skeletal series examined for this study was 

collected from the Grasshopper Pueblo site between the years 

1963 and 1977. A total of 664 skeletons, from primary 

flexed and semi-flexed interments, were recovered during 

this period. The skeletons are in varying condition, 

ranging from extremely fragmentary and friable to fairly 

complete. Cranial and post-cranial data were collected on 

as many individuals as possible, although a number of 

factors hindered the collection process. Many of the 

individuals were too fragmentary or fragile for examination 

and some showed evidence of disease or pathological 

conditions. Age was a factor for some; the data for 

skeletons below the four to six year old age range are 

scanty due to their fragility and, in some cases, lack of 

development of pertinent traits. 

The Grasshopper skeletal series has an estimated age 

range of fetal to 60+. Dr. Walter Birkby assigned all of 

the ages and many researchers have corroborated his 

estimates. Age estimates were based on Caucasian standards 

utilizing classic physical anthropological techniques such 

as tooth eruption sequences, epiphyseal closure patterns and 

pubic symphyseal face changes. Caucasian standards likely 
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misrepresent the actual age of prehistoric non-white 

populations, however there is a dearth of knowledge 

concerning standards for non-white groups. Recent efforts 

to estimate the efficacy of applying standards based on 

genetically and environmentally similar populations to 

prehistoric groups have met with difficulty (Sciulli et al., 

1990; sciulli and Giesen, 1993). Additionally, a study from 

the late 1950's achieved results which may be due to the 

application of Caucasian standards to Mexican individuals, 

although it this is not explicitly stated (Genoves and 

Messmacher, 1959). 

Genoves and Messmacher (l959) suggest that age 

estimates based on cranial suture closure may be off by an 

interval as great as II years in a Mexican sample. They do 

not discuss whether this difference might be due to the 

application of Caucasian standards, only that cranial suture 

closure is an imprecise technique for age determination. 

Sciulli et al. (l990) and Sciulli and Giesen (l993) 

suggest that standards based on East-Asian or East-Asian 

derived samples tend to overestimate stature in prehistoric 

samples from Ohio. Although this example is based on 

stature, it illustrates the difficulties encountered when 

attempting to apply standards developed from a dissimilar 

population. 
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Comparative data on age exist for prehistoric 

populations, but for the most part the age determinations 

used for these studies are based on standards developed from 

Caucasian samples (Ubelaker, 1989). One study, based on 

dental eruption in Pima Indian children, suggests that 

anterior teeth sequences of these children lag behind the 

times documented in Caucasians, while the posterior 

dentition erupts slightly before the Caucasian sample 

(Dahlberg and Menagaz-Boch, 1958). These data are based on 

dental casts, rather than living subjects, which may affect 

the results. 

Recently, a study examining age-related changes in the 

sternal end of rib 4, suggests that American Blacks "tend to 

look older" than American Whites from their late 20's on 

(Iscan et al., 1987: 455). Small sample sizes and 

overlapping ranges cloud these results. Until more 

appropriate models are developed, Caucasian standards will 

continue to be used for age determination in unknown 

populations. 

Dr. Birkby also ascertained sex for the series. Dr. 

Jeffrey Shipman re-checked his evaluations and concurred in 

93.67% (621/663) of the cases. In all cases of divergence, 

Dr. Birkby's evaluations were accepted. 

Representativeness is a serious problem at Grasshopper 

Pueblo. Over 60% of the individuals are of pre-reproductive 
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age (Birkby, 1973) and females vastly outnumber males 

(Shipman, 1982). Explanations include sampling error and 

the possibility that males may have died in disproportionate 

numbers while away from the site (Brothwell, 1971). 

Hinkes (1983) provides an alternative explanation of 

the large pre-reproductive sample at Grasshopper by 

examining the demographic data of developing countries. She 

suggests that, based on data from Latin America (Burke et 

al., 1979), Pueblo Indians (Aberle, 1932) and Gambia 

(McGregor et al., 1961) the childhood mortality in a given 

population can range from 26-28% in children under 5 (Latin 

America), to 1/3 of the children (Pueblo Indians) or to as 

high as 43% in children under 7 (Gambia) (Hinkes, 1983). 

Given the lack of medicine and difficulty eliminating 

disease-carrying waste (Colton, 1936), the percentage of 

children dying at Grasshopper Pueblo roughly approximates 

that of documented populations. However, sampling error 

should not be discounted. 

Cranial non-metric traits were chosen using Berry and 

Berry's 1968 descriptions as well as augmentations and 

clarifications from several other sources, including texts 

on human anatomy. The post-cranial data were selected from 

traits described by Saunders and independently by Finnegan 

in 1978 (Shipman, 1982). The 7 additional post-cranial 

discrete traits were collected using Shelley Saunders' 
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descriptions from her 1978 doctoral dissertation. The final 

battery numbers 54 cranial traits and 37 post-cranial 

traits. These traits are described in detail in Appendix A. 

II. Methods 

All of the traits in this study were scored as present, 

absent or non-observable and all bilateral traits were 

scored on both sides (see Appendix B). I considered using a 

graded, or "degrees of expression" score for some of the 

traits where size varies, but rejected this system because 

its subjective nature leads to bias. 

An example of this is found in Halffman, et al., 1992. 

The authors of this study, examining the frequency of 

palatine tori, scored expression on an ordinal scale where 0 

represented absence and 5 represented "very pronounced 

expression" (Halffman et al., 1992: 149). The scores in 

between represented "degrees of expression intermediate 

between slight and very pronounced" (Halffman et al., 1992: 

149-150). This type of vague language hampers comparability 

of trait expression as scored by different raters. Although 

limiting in some ways, particularly for statistical 

analyses, the presence-absence system reduces the subjective 

bias of graded scoring. 

Completed data sheets, including burial number, 

estimated age range, designation of sex and type of cranial 

deformation, if any, were entered into a spreadsheet program 
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where they could be accessed by SPSS/PC (Statistical Package 

for the Social Sciences) (Norusis, 1990). Once all of the 

data were entered a variety of statistical tests were 

performed (see Appendix C) . 

III. Discrete Trait Analyses 

The first question put forth in this study addresses 

the issue of variation at the site. To determine the range 

of variation within the sample, each trait was scored on as 

many individuals as possible. The resulting distribution 

reflects the extent of trait expression in the sample. 

In order to assess the second question, whether traits 

vary by side of the body, sex, age or cranial deformation, 

contingency analyses (tested using chi-square) for 

association were performed. Chi-square is a non-parametric 

statistic which tests hypotheses about the independence of 

two variables without assuming interval measurement or 

normal distributions with equal variances (Shavelson, 1988). 

For these reasons, chi-square is used with categorical data. 

Chi-square tests whether observed frequencies differ 

from expected frequencies. It cannot indicate the strength 

of an association; only if the association exists. By using 

the formula X2 = E(O-E)2/E, the researcher can evaluate 

whether the observed frequencies deviate from some expected 

distribution. The smaller the chi-square value, the higher 



the likelihood the observed frequencies match the expected 

frequencies. 

To determine whether traits vary by side of the body, 

sex, age or type of cranial deformation, four hypotheses 

were developed: 

1. He: 

2 • He: 

3 . He: 

4. He: 

The 

There are no significant associations 
between sides on a trait-by-trait basis. 
There is no association between sex and 
trait frequencies. 
There is no association between age and 
traits frequencies. 
There is no association between cranial 
deformation and trait frequencies. 

first analysis, matching right and left sides for 

bilateral traits (~, Right Auditory Torus with Left 
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Auditory Torus), examined the relationship between the sides 

for a particular trait. Only those individuals with data on 

both sides for a given trait were used. A significant chi-

square value indicates association between the sides and 

that the use of the individual as the unit of measure is 

warranted. The significance level p< .05, was used for all 

chi-square analyses. 

Determining whether a trait varies by sex, age and type 

of cranial deformation is achieved by the same contingency 

analyses. In these cases, as with side of the body, a 

significant Chi-square value indicates that a given factor 

is associated with a given trait. Depending on the number 

of contingency tables computed, a number of Chi-square 
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values will be significant by chance alone (p< .05 = 5 out 

of 100). In this study, more than 9 contingency tests must 

reach significance before a factor is considered to have an 

effect on the distribution (.05 x 182 = 9.1). 

Associations between traits, the third question to be 

addressed, was measured differently. Cranial and post

cranial traits were separated to avoid spurious 

correlations. In these analyses, rather than being 

concerned with the observed versus the expected frequency, 

the ratio of traits varying together is important. 

Therefore, a correlation statistic for categorical data, in 

this case a phi coefficient, is necessary. The formula, 

¢= (BC - AD)/V((A + B) (C+D) (A+C) (B+D)), where A,B,C and D 

are the 4 cell frequencies, estimates the relationship 

between traits. ¢ answers the questions: 1) do two traits 

covary?, 2) if one trait is present, is another one also 

present?, and 3) if one trait is present, is another trait 

absent (negative correlation)? Rather than a certain number 

of positive correlations determining the overall 

significance of associations, these analyses provide a 

percentage of significant associations throughout a dataset. 

In order to maintain conservative testing standards, the 

significance level of p< .001 was set for this analysis 

because of the large number of coefficients. 
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The final question from this area of concern is that of 

the anatomical correlates of the selected traits. Anyone 

who has studied non-metric traits realizes the extent of the 

variation in expression. The underlying soft-tissue alSo 

varies, in size, position, and in presence or absence. 

Therefore, a thorough explanation of the proposed soft

tissue correlates for most of the non-metric traits has been 

included in the trait list (see Appendix A) and in the 

discussion in Chapters 5 and 6. In addition, a brief 

synopsis of the current state of knowledge regarding the 

etiology of some of the traits is provided. 

IV. Intra- and Inter-observer Error Analyses 

Intra- and inter-observer reliability has not been 

scrutinized in the literature related to cranial and post

cranial non-metric traits (Finnegan, 1992, however see 

Molto, 1979). A few researchers mention reliability between 

raters as a facet of their work, but for the most part it is 

discounted as a significant factor. This study examines 

intra- and inter-rater reliability to determine whether it 

should be a major consideration in future studies of this 

type and to determine the types of traits most affected by 

rater disagreement. 

Research on rater reliability has been conducted by 

various researchers on the following subjects: 

anthropometrics (Jamison and Zegura, 1974), craniometrics 
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(Page, 1976; Utermohle and Zegura, 1982; Utermohle et al., 

1983); dental morphology and caries (Rudney et al., 1983; 

Nichol and Turner, 1986) non-metric traits (Molto, 1979; 

Finnegan, 1992) and skin-fold thickness measurements 

(Burkinshaw et al., 1973; Branson et al., 1982; Johnston and 

Mack, 1985). 

The statistical techniques used in metric studies are 

not discussed further as they are not relevant to 

categorical data. Researchers examining discrete trait data 

have commonly used phi-coefficients (Molto, 1979; Nichol and 

Turner, 1986), Analysis of Variance (ANOVA) (Rudney et al~, 

1983) and Intra-Class Correlations (ICC) (Rudney, et a~, 

1983). In this study, a correlation statistic, kappa (K), 

is employed. 

Kappa is a measure of the reliability between two 

raters for categorical data (Dixon, 1990). According to 

Cohen, who developed kappa, "it is the proportion of 

agreement after chance agreement is removed from 

consideration" [emphasis his] (Cohen, 1960: 40). Kappa is 

computed using the formula K = (fa - fc )/(N-fc ) where fo is 

the frequency of units in which the raters agreed, fc is the 

frequency of units for which agreement is expected by chance 

and N is the number of cases. When the computed agreement 

equals the agreement expected by chance, K = O. Agreements 

in excess of those expected by chance result in positive 



kappa values, with 1.0 being perfect agreement. Negative 

kappa values result when there is disagreement. 

After Kappa was proposed by Cohen (1960), researchers 
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attempted to refine the degree of agreement represented by a 

given score. In 1977, Landis and Koch used the terms, 

"substantial", "moderate" and "fair" agreement in their 

study. Substantial agreement was represented by K = .63 

and .75, moderate agreement by K = .56, and fair agreement 

by K = .44 and .34, respectively. In 1981, Fleiss suggested 

that a Kappa value of < .40 (including 0 and negative kappa 

values) indicated "poor" rater agreement. Kappa values of 

between .40 and .75 indicate "fair" to "good" agreement and 

those over .75 indicate "excellent" agreement. Since this 

seminal book by Fleiss (1981), these have become an accepted 

standard (Kvalseth, 1985; Dixon, 1990). 

The non-metric data from the Grasshopper collection 

were collected by three different researchers (see Table 3). 

TABLE 3 

NON-METRIC DATA COLLECTION BY OBSERVER 

OBSERVER TRAITS COLLECTED BURIALS 
EXAMINED 

Dr. Walter Birkby (WHB) 54 Cranial 1-459 

Dr. Jeff Shipman (JS) 31 Post-cranial 1-664 

Laura Fulginiti (LCF) 54 Cranial 460-664 
7 Post-cranial 1-664 
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When WHB conducted his doctoral research, he collected 54 

cranial traits on Burials #1-459. JS collected 31 post

cranial traits on Burials #1-669, although not all were 

included in his doctoral dissertation (Shipman, 1982). For 

this dissertation research, LCF completed the cranial data 

collection (54 traits on Burials #460-664) i and collected a 

list of 7 traits (derived from Saunders 1978 doctoral work) 

from the entire series. 

In addition to the original data collection, LCF re

scored a sample of 31 skeletons for the purpose of 

determining intra-rater reliability. All cranial traits and 

a selected list of post-cranial traits were scored on a 

random list of burials from the Grasshopper Pueblo series. 

LCF1 and LCF2 are the raters for the test on "special" 

post-cranial traits, WHB and LCF are the raters for the 

reliability test on cranial data, and JS and LCF are the 

raters for the test of the remaining post-cranial data. In 

this way, one intra-rater and two inter-rater tests of 

reliability will be performed using kappa values. 

v. Testing the Theory of Aggregation 

As stated originally in the introduction and elaborated 

on in Chapter 2, a theory of aggregation has been proposed 

for the peopling of Grasshopper Pueblo. To test this theory 

using biological data, skeletons with known provenance from 

one of the three major room blocks were utilized. The sub-
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sample consisted of 41 skeletons from Room Block 1, 42 

skeletons from Room Block 2 and 19 skeletons from Room Block 

3, a total sample of 102 individuals. 

Initially, contingency analyses were conducted to 

determine if any traits naturally occurred more frequently 

in a given room block. Analyses of variance (ANOVA) were 

then performed to test whether mean differences for trait 

presence existed (i.e., to test whether a different 

proportion of cases within each room block possessed the 

trait). The ANOVA tested variation due to the main effects, 

BURIAL ROOM and SEX, and variation due to the 2-way 

interaction between the two. Gender was selected as a main 

effect because of a previous study (Birkby, 1982) which 

suggested that the traits varied by sex across the pueblo. 

Contingency analyses also were used to test for 

differences in trait distribution by type of cranial 

deformation. Deformation styles have been used to sort 

groups into culturally meaningful categories (Reed, 1949i 

Reid, 1989). At Grasshopper, deformation has been used as a 

cultural marker by Reid (1989): 

Two and possibly three ethnic groups resided at 
Grasshopper, each identified by a characteristic 
form of cranial deformation--vertical-occipital 
deformation associated with the Mogollon, 
lambdoidal associated with the Anasazi, and no 
deformation (Reid, 1989: 87). 
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To test this assumption, contingency analyses were performed 

which tested lambdoidal deformation and "other" (occipital 

and none) by trait. A significant result would support the 

contention that deformation was a meaningful cultural 

discriminator. 



CHAPTER 5 

RESULTS 
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The introduction to this dissertation delineated three 

areas of study about the skeletal series from Grasshopper 

Pueblo: Discrete trait expression, intra- and inter-rater 

reliability and the archaeological theory of aggregation. 

The following chapter is divided into three sections which 

discuss each of the three areas respectively. 

I. Discrete Trait Expression 

The initial, and perhaps most important, issue to be 

addressed is that of variation. Trait frequencies are 

reported in Tables 4A and 4B. Table 4A presents the cranial 

trait frequencies and Table 4B presents the post-cranial 

results. The first column of each table lists the traits 

with their corresponding data sheet number. The second 

column gives the number of individuals for whom the trait 

could be scored. The final column reports the number of 

individuals expressing the trait. Three variants are not 

present in the skeletal series (auditory torus, bregmatic 

ossicle and supratrochlear process of the humerus), many are 

present in low frequencies and one is consistently present 

(scapular foramen) . 

Most prehistoric sites are at a disadvantage when it 

comes to total variation estimates because the skeletal 

series is subject to many limiting factors, such as 
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TABLE 4A 
TRAIT EXPRESSION BY SIDE: CRANIAL 

TRAIT INDIVIDUALS INDIVIDUALS 
SCORED W/TRAIT 

TORI: 

5 . Right auditory 220 00 

6. Left auditory 218 00 

7. Palatine 200 10 

8. Right mandibular 243 39 

9. Left mandibular 244 37 

OSSICLES: 

10. Bregmatic 177 00 

11. Right coronal 184 07 

12. Left coronal 181 02 

13. Ossicle at lambda 184 44 

14. Right lambdoidal 184 88 

15. Left lambdoidal 182 89 

16. Os Inca 222 04 

17. Right Riolan's 156 36 

18. Left Riolan's 162 36 

19. Right asterionic 182 29 

20. Left asterionic 193 35 

21. Right parietal notch 199 10 

22. Left parietal notch 202 14 

23. Right temporo-squamosal 155 11 

24. Left temporo-squamosal 154 05 

25. Right epipteric 122 09 

26. Left epipteric 109 10 

27. Right Os janonicum 191 01 

28. Left Os janonicum 188 00 
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TABLE 4A - Continued 
TRAIT EXPRESSION BY SIDE: CRANIAL 

FORAMINA: 

29. Right lacrimal 130 108 

30. Left lacrimal 132 107 

31. Right posterior ethmoid 110 107 

32. Left posterior ethmoid 107 105 

33. Right anterior ethmoid 71 62 
extrasutural 

34. Left anterior ethmoid 68 62 
extra sutural 

35. Right accessory 147 18 
infraorbital 

36. Left accessory 153 18 
infraorbital 

37. Right zygo-facial 202 186 

38. Left zygo-facial 195 181 

39. Right accessory zygo- 198 119 
facial 

40. Left accessory zygo- 188 113 
facial 

41. Right supraorbital 208 108 

42. Left supraorbital 206 101 

43. Right supraorbital 204 123 
notch 

44. Left supraorbital notch 201 131 

45. Right supratrochlear 147 46 
spur 

46. Left supratrochlear 134 43 
spur 

47. Right frontal notch 176 70 

48. Left frontal notch 176 83 

49. Right frontal foramen 204 76 
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TABLE 4A - Continued 
TRAIT EXPRESSION BY SIDE: CRANIAL 

FORAMINA: 

50. Left frontal foramen 206 74 

51. Right parietal 210 130 

52. Left parietal 210 99 

53. Right mastoid 205 164 

54. Left mastoid 200 160 

55. Right mastoid 200 148 
extrasutural 

56. Left mastoid 196 131 
extrasutural 

57. Right zygo-root 215 118 

58. Left zygo-root 213 113 

59. Right posterior 205 180 
condylar canal 

60. Left posterior condylar 211 184 
canal 

61. Right hypoglossal canal 222 22 
double 

62. Left hypoglossal canal 227 34 
double 

63. Right dehiscence 212 55 

64. Left dehiscence 212 64 

65. Right pterygo-spinous 71 01 

66. Left pterygo-spinous 70 02 

67. Right pterygo-alar 137 06 

68. Left pterygo-alar 147 04 

69. Right spinosum open 156 08 

70. Left spinosum open 159 13 

71. Right canaliculus 160 14 
innominatus 
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TABLE 4A - Continued 
TRAIT EXPRESSION BY SIDE: CRANIAL 

FORAMINA: 

72. Left canaliculus 163 29 
innominatus 

73. Right ovale incomplete 159 02 

74. Left ovale incomplete 170 02 

75. Right posterior malar 199 96 

76. Left posterior malar 189 100 

77. Right accessory lesser 144 104 
palatine 

78. Left accessory lesser 149 101 
palatine 

79. Right carotico-clinoid 99 14 

80. Left carotico-clinoid 110 17 

81. Right clino-clinoid 113 14 
bridge 

82. Left clino-clinoid 114 12 
bridge 

83. Right mental foramen 212 15 
double 

84. Left mental foramen 210 13 
double 

85. Right accessory 193 114 
mandibular 

86. Left accessory 201 117 
mandibular 

OTHER: 

87. Metopic suture 253 05 

88. Right fronto-temporal 159 02 
articulation 

89. Left fronto-temporal 149 02 
articulation 
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TABLE 4A - Continued 
TRAIT EXPRESSION BY SIDE: CRANIAL 

OTHER: 

90. Right external frontal 252 91 
sulcus 

91. Left external frontal 241 82 
sulcus 

92. Right suture into 152 65 
infraorbital foramen 

93. Left suture into 159 65 
infraorbital foramen 

94. Right petrosquamosal 208 25 
suture 

95. Left petrosquamosal 212 23 
suture 

96. Right spine of Henle 216 112 

97. Left spine of Henle 218 103 

98. Right double condylar 161 02 
facet 

99. Left double condylar 168 00 
facet 

100. Right pre-condylar 159 08 
tubercle 

10l. Left pre-condylar 158 10 
tubercle 

102. Pharyngeal fossa 171 55 

103. Right paramastoid 88 07 
process 

104. Left paramastoid 97 11 
process 

105. Right mylo-hyoid bridge 239 29 

106. Left mylo-hyoid bridge 248 25 
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TABLE 4B 
TRAIT EXPRESSION BY SIDE: POST-CRANIAL 

TRAIT INDIVIDUALS INDIVIDUALS 
SCORED W/TRAIT 

108. Right supraclavicular 153 01 
nerves 

109. Left supraclavicular 141 00 
nerves 

110. Circumflex scapula 118 89 

111. Circumflex scapula 117 83 

112. Right muscle impression 171 13 

113. Left muscle impression 168 12 

114. Right medial 161 03 
gastrocnemius 

115. Left medial 167 08 
gastrocnemius 

116. Right peroneal tubercle 119 69 

117. Left peroneal tubercle 121 73 

118. Ossified apical 134 55 
ligament 

119. Mammillary foramen 115 02 

VERTEBRAL: 

121. Atlantooccipital fusion 217 04 

122. Right C-1 lateral spur 168 30 

123. Left C-1 lateral spur 168 25 

124. Right C-1 lateral 169 09 
bridge 

125. Left C-1 lateral bridge 166 13 

126. Right C-1 posterior 154 32 
spur 

127. Left C-1 posterior spur 155 25 

128. Right C-1 posterior 186 02 
bridge 
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TABLE 4B - Continued 
TRAIT EXPRESSION BY SIDE: POST-CRANIAL 

VERTEBRAL: 

129. Left C-1 posterior 179 02 
bridge 

130. Right C-1 posterior- 161 19 
transverse foramen 

131. Left C-1 posterior- 157 16 
transverse foramen 

132. Right C-1 transverse 163 134 
foramen 

133. Left C-1 transverse 159 137 
foramen 

134. Right C-1 transverse 164 03 
foramen spur 

135. Left C-1 transverse 160 00 
foramen spur 

136. Right C-1 transverse 165 02 
foramen divided 

137. Left C-1 transverse 160 02 
foramen divided 

138. C-2 non-bifid spinous 161 03 
process 

139. Right C-2 transverse 181 156 
foramen 

140. Left C-2 transverse 183 156 
foramen 

141. Right C-2 transverse 184 04 
foramen spur 

142. Left C-2 transverse 183 00 
foramen spur 

143. Right C-2 transverse 185 02 
foramen divided 

144. Left C-2 transverse 181 00 
foramen divided 

145. C-2 and C-3 fusion 212 06 
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TABLE 4B - Continued 
TRAIT EXPRESSION BY SIDE: POST-CRANIAL 

VERTEBRAL: 

170*. Right C-7 transverse 95 87 
foramen 

171. Left C-7 transverse 92 85 
foramen 

172. Right C-7 transverse 108 48 
foramen spur 

173. Left C-7 transverse 102 50 
foramen spur 

174. Right C-7 transverse 95 31 
foramen divided 

175. Left C-7 transverse 90 31 
foramen divided 

INNOMINATE: 

176. Right articular defect 192 90 
of superior acetabulum 

177. Left articular defect 196 90 
of superior acetabulum 

SCAPULA: 

179*. Right suprascapular 123 00 
foramen 

180. Left suprascapular 134 01 
foramen 

181. Right scapular foramen 74 74 

182. Left scapular foramen 76 76 

183. Right accessory 61 55 
scapular foramen 

184. Left accessory scapular 62 59 
foramen 
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TABLE 4B - Continued 
TRAIT EXPRESSION BY SIDE: POST-CRANIAL 

HUMERUS: 

185. Right supratrochlear 227 00 
process. 

186. Left supratrochlear 229 00 

187. Right septal aperture 220 88 

188. Left septal aperture 217 54 

FEMUR: 

189. Right exostosis of 162 86 
trochlear fossa 

190. Left exostosis of 162 91 
trochlear fossa 

191. Right fossa of Allen 181 24 

192. Left fossa of Allen 191 25 

193. Right Poirier's facet 154 119 

194. Left Poirier's facet 162 122 

195. Right third trochanter 201 44 

196. Left third trochanter 205 55 

197. Right hypotrochanteric 230 53 
fossa 

198. Left hypotrochanteric 234 47 
fossa 

CALCANEUS: 

199. Right superio-anterior 178 170 
facet 

200. Left superio-anterior 167 162 
facet 

201. Right superio-anterior 178 96 
facet discrete 

202. Left superio-anterior 167 89 
facet discrete 

* = see appendix B 
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fragmentation, incomplete recovery, sampling error and poor 

preservation. Many archaeologically derived samples also 

suffer from difficulties with temporal control, an issue 

which has been discussed as a complicating factor in the 

use of skeletal series as typical of the total population 

(Cadien et al., 1974; Herring and Saunders, 1992). 

Although representativeness may be a factor at Grasshopper 

Pueblo (see Chapter 4), a description of the range of 

variation as expressed by discrete data from the known 

series can be achieved. 

II. Side of the Body Association 

Many researchers have examined the question of whether 

traits which are scored bilaterally may be pooled to 

increase sample size (see Chapter 3 for discussion). In 

this sample, a series of 78 contingency analyses were 

performed. Of these, only three (parietal foramen, mastoid 

foramen, extrasutural and C-7 transverse foramen spur) did 

NOT reach significance at the p s .05 level (see Table 5) . 

If traits from the right and left side of the body were 

independent, all tests would not have reached significance, 

with the exception of up to four which may have reached 

significance by chance alone. Thus, the sides of the body 

ARE associated and can be pooled to increase the sample 

size, if necessary. 
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Because the individual will serve as the unit of 

measure rather than the side of the body, "index" data were 

chosen for the subsequent analyses. Index data utilize one 

side of the body when available and substitute the other 

side in the case of missing data. In this sample, lefts 

were used as the primary index. If the left side of the 

body was missing data and the right contained data, the 

right was substituted. This technique increased the viable 

data without violating the integrity of the database. For 

all analyses, rights and lefts were tested for the same 

associations as the index. Although they are not reported 

here, the tests supported in all cases the results gained 

by using index data. 

III. Sex Association 

Some researchers have noted that trait frequencies are 

associated with sex (see Chapter 3). In this sample, 

contingency analyses demonstrate that trait expression is 

independent of sex (see Table 5). For a total of 182 

contingency tables, only 2 reached significance (the spine 

of Henle and mastoid foramen, extrasutura1) at the p s .05 

level. This is far fewer than nine, which is the number 

expected to reach significance by chance alone. Therefore, 

sex and trait expression are not associated in adult 

skeletons from the Grasshopper skeletal series. These 
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results are concordant with those achieved by Birkby (1973) 

and Shipman (1982). 

IV. Age Association 

As stated previously, the age range at Grasshopper is 

fairly broad. Most of the ages are recorded in a range 

(see Appendix B). The youngest age in the low age range is 

"0", indicating an individual less than one-year of age. 

Fetal material is designated "fetal" and is eliminated from 

the sample. The median age for the low age range is 25.0 

years. 

The oldest age designation in the high age range is 

60, although 43 (15.5%) individuals were rated as a given 

age "+" (~, 50 +), indicating that an upper end could 

not be assigned. Given how little is known about life 

expectancy in prehistoric populations, the high end of the 

ages is very difficult to ascertain. The median age for 

the high age range is 35.0 years. 

Some researchers have noted that certain traits in 

their sample were associated with age (see Chapter 3). The 

traits either were expressed more frequently in younger 

individuals (age-regression) or in older people (age

progression). In the sample from Grasshopper Pueblo, 12 

traits reach significance at p s .05: mandibular tori, 

suture into the infra-orbital foramen, mylo-hyoid bridge, 
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muscle impression on humerus, C-1 lateral spur, C-1 

posterior transverse foramen, C-1 transverse foramen, C-2 

transverse foramen, C-7 transverse foramen, exostosis of 

the trochanteric fossa, fossa of Allen and hypotrochanteric 

fossa. 

This is three more than would be expected by chance 

alone, but upon closer inspection, no real patterns emerge. 

Of the twelve traits, six increase in frequency slightly 

with age (mandibular tori, C-1 lateral spur, C-1 posterior 

transverse foramen, C-1 and C-2 transverse foramina, and 

exostosis of the trochanteric fossa). The association of 

mandibular tori and age corresponds to the results of 

Axelsson and Hedegard (1981) who found that in Icelandic 

schoolchildren, mandibular tori increase with age and 

appear to be strongly influenced by environmental factors. 

In this study, two traits are seen more frequently in 

individuals under 21 (fossa of Allen and hypotrochanteric 

fossa), and the remaining four (suture into infraorbital 

foramen, mylo-hyoid bridge, muscle impression on humerus, 

C-7 transverse foramen) which are associated with age 

demonstrate no definite pattern. Low numbers of 

individuals in which the trait is expressed may be a 

complicating factor in these analyses. The lack of any 

definite pattern suggests that age plays a relatively minor 

role in the expression of non-metric traits in this sample. 



102 

v. Cranial Defor.mation 

Many southwest prehistoric peoples engaged in cultural 

practices which resulted in a flatness, or deformation, of 

the cranial vault. Deformation is most prevalent in the 

posterior portion, although it occasionally can be seen on 

the frontal bone as well. Two types of artificial 

deformation are present at Grasshopper: occipital and 

lambdoidal. Occipital deformation usually is centered on 

the midline of the occipital and involves the external 

occipital protuberance, and usually occurs in a vertical 

plane although it can occur asymmetrically right to left. 

This is the most common type of deformation at Grasshopper 

Pueblo (75.4%). Lambdoidal deformation, on the other hand, 

tends to be centered around the osteometric landmark, 

lambda, and has an occurrence rate of only 9.1% in this 

sample. In contrast to the others, individuals with no 

deformation comprise only 4.3% of the sample. The 

remainder is made up of burials with questionable 

deformation, no skull or not enough data to make a 

determination. These individuals were not used for this 

analysis. 

Other researchers have reported conflicting results 

for the effects of deformation on trait expression in their 

series (see Chapter 3). In this study, 182 contingency 

analyses, one for each trait, were performed and only one 
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was significant (accessory mandibular foramen) at the p s 

.05 level where nine would be expected by chance alone (see 

Table 5). These results support Birkby (1973) who found 

that cranial deformation did not impact the expression of 

cranial non-metric traits in the Grasshopper Pueblo 

skeletal series. 

TABLE 5 

RESULTS OF CONTINGENCY ANALYSES: 
SIDE, SEX AND DEFORMATION 

TRAITS 

SIDE ASSOCIATION: 

Parietal foramen 

Mastoid foramen-
extrastural 

C-7 transverse 
foramen spur 

SEX ASSOCIATION: 

Spine of Henle 

Mastoid foramen-
extrasutural 

CRANIAL DEFORMATION 
ASSOCIATION: 

Accessory 
foramen 

* = p s .05 
** = P s .01 

*** = P s .001 

mandibular 

RAW X2 

.52 

2.84 

3.51 

24.39 

4.07 

7.39 

SIGNIFICANCE 
LEVEL 

* 

* 

* 

*** 

** 

** 
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VI. Inter-trait Associations 

Associations among traits have been reported by 

various researchers (See Chapter 3). Significant 

correlations between traits at Grasshopper are reported in 

Tables 6-8. Cranial traits were correlated with cranial 

and post-cranial with post-cranial as discussed in the 

previous chapter. The significance level was placed at p s 

.001 for the reasons outlined in Chapter 4. A few of the 

correlations may have occurred spuriously although it is 

difficult to identify which fall into this category. Some 

of the correlations are logical. For example, many of the 

sutural ossicles are correlated with one another, as are 

the carotico-clinoid foramen and clino-clinoid bridge (see 

Table 6). These associations are easily explained as the 

result of a single mechanism, be it genetic or mechanical. 

Other associations such as the right temporo-squamosal 

bones with the left acc~ssory infraorbital foramen are less 

easily understood. 

Two post-cranial phi coefficients (left C-1 with left 

C-2 transverse foramen divided and right C-1 with left C-2 

transverse foramen divided) were 1.00. This indicates 

that every time the left C-1 transverse foramen was 

divided, the left C-2 transverse foramen also was divided. 

Similarly, when the transverse foramen of the right first 

cervical vertebra was divided, the left C-2 transverse 
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foramen also was divided. Since other traits involving the 

vertebral artery, such as transverse foramen spur with 

transverse foramen divided, also had significant phi 

coefficients, it appears that variations in the branching 

of the underlying vertebral artery are symmetrical, and 

tend to occur above the level of C-7 (see Table 7) . 

Other correlations involving the cervical vertebrae 

suggest that variations in the structure of the transverse 

foramina tend to occur in all of the vertebrae of a given 

individual. Whether this is due to osseous malformations, 

or alterations in the course and division of the vertebral 

artery, is difficult to assess. Arterial variation appears 

to playa role, as the accessory scapular foramen, whose 

presence indicates multiple branching of the vessel passing 

through, is significantly associated with the incomplete 

development of the right and left second cervical 

vertebrae. 

The correlation of the right septal aperture with the 

right and left hypotrochanteric fossa also suggests a 

systemic osseous disturbance. The etiology of the septal 

aperture is unclear; however, one suggestion is that weak 

bone formation plays a role (see Appendix A). Hypo

trochanteric fossa, a depression at the site of attachment 

for the vastus lateralis muscle, has the pitted appearance 

of weak bone. Whether these traits are the result of 
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genetic influences or the result of poor nutrition or other 

environmental causes is difficult to gauge. Hinkes' (1983) 

data suggest that the sub-adults at Grasshopper were under 

nutritional stress which may play a role in the expression 

of these traits. 

Although there appears to be a large number of 

correlations, the total percentage of associations is very 

low. In both the cranial and post-cranial samples, less 

than 1% are significantly correlated. For Grasshopper, 43 

cranial coefficients out of 5,151 reached significance 

(.8%) and only 24 post-cranial coefficients reached 

significance out of 2,346 (1%). 
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TABLE 6 
POSITIVE CORRELATIONS WITHIN CRANIAL TRAITS 

TRAITS SIG. LEVEL 

Left Accessory Infraorbital Foramen with Left * Foramen Ovale Incomplete 

Ossicle at Lambda with Left Asterionic * 
Ossicle 

Ossicle at Lambda with Right Riolan's Ossicle * 
Ossicle at Lambda with Right Lambdoidal * 

Ossicle 

Right Carotico-Clinoid Foramen with Right * 
Clino-Clinoid Bridge 

Right Carotico-Clinoid Foramen with Left * 
Clino-Clinoid Bridge 

Left Carotico-Clinoid Foramen with Right 
Clino-Clinoid Bridge * 

Left Carotico-Clinoid Foramen with Left * 
Clino-Clinoid Bridge 

Right Coronal Ossicle with Right Temporo- * 
Squamosal Bones 

Left Coronal Ossicle with Left Accessory * Infraorbital Foramen 

Left Coronal Ossicle with Right Temporo- * 
Squamosal Bones 

Right Coronal Ossicle with Right Double * 
Mental Foramen 

Left Coronal Ossicle with Left Foramen Ovale * 
Incomplete 

Right Epipteric Bones with Left Fronto- * Temporal Articulation 

Right Epipteric Bones with Metopic Suture * 
Right Foramen Spinosum Open with Right * 

Foramen Ovale Incomplete 
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TABLE 6 - Continued 
POSITIVE CORRELATIONS WITHIN CRANIAL TRAITS 

TRAITS SIG. LEVEL 

Left Foramen Spinosum Open with Left * 
Canaliculus innominatus 

Left Foramen Spinosum Open with Left * 
Canaliculus innominatus 

Right Foramen Spinosum Open with Right * 
Foramen Ovale Incomplete 

Right Foramen Ovale Open with Left Clino- * 
Clinoid Bridge 

Right Hypoglossal Canal Double with Metopic * 
Suture 

Left Parietal Notch with Metopic Suture * 
Left Parietal Notch with Left Epipteric Bones * 

Right Parietal Notch with Metopic Suture * 
Right Parietal Notch with Left Epipteric * 

Bones 

Left Parietal Notch with Left Temporo- * 
Squamosal Bones 

Right Parietal Notch with Right Epipteric * 
Bones 

Right Parietal Notch with Right Temporo- * 
Squamosal Bones 

Left Parietal Notch with Right Temporo- * 
Squamosal Bones 

Right Parietal Notch with Left Temporo- * 
Squamosal Bones 

Pharyngeal Fossa with Right Clino-Clinoid * 
Bridge 

Left Pterygo-Alar Foramen with Left Fronto- * 
Temporal Articulation 

Left Pterygospinous Foramen with Right * 
pterygo-Alar Foramen 
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TABLE 6 - Continued 
POSITIVE CORRELATIONS WITHIN CRANIAL TRAITS 

TRAITS SIG. LEVEL 

Left Supraorbital Foramen with Right External * 
Frontal Sulcus 

Left Supraorbital Foramen with Left External * 
Frontal Sulcus 

Left Supraorbital Foramen with Left Frontal * 
Foramen 

Right Supraorbital Notch with Right Frontal * 
Foramen 

Right Temporo-Squamosal bones with Metopic * 
Suture 

Right Temporo-Squamosal bones with Right * 
Epipteric Bones 

Right Temporo-Squamosal bones with Left * 
Accessory Infraorbital Foramen 

Right Temporo-Squamosal bones with Left * 
Epipteric Bones 

Left Zygo-Facial Foramen with Left Accessory * 
Zygo-Facial Foramen 

Right Zygo-Facial Foramen with Right * 
Accessory Zygo-Facial Foramen 

* = phi coefficient values significant at p s .001 
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TABLE 7 
POSITIVE CORRELATIONS WITHIN POST-CRANIAL TRAITS 

TRAITS SIG. LEVEL 

Right Circumflex Sulcus with Ossified * 
Apical Ligament 

Right Supraclavicular Nerves with * 
Atlanto-Occipital Fusion 

Mammillary Foramen with Right C-1 Lateral * 
Spur 

Left C-1 Posterior Bridge with Left C-1 * 
Transverse Foramen Spur 

Left C-1 Transverse Foramen Spur with * 
Left C-1 Transverse Foramen Divided 

Left C-1 Transverse Foramen Spur with * 
Right C-1 Transverse Foramen Divided 

Left C-1 Transverse Foramen with Left C-2 * 
Transverse Foramen 

Left C-1 Transverse Foramen with Right * 
C-2 Transverse Foramen 

Right C-l Transverse Foramen with Left * 
C-2 Transverse Foramen 

Right C-1 Transverse Foramen with Right * 
C-2 Transverse Foramen 

Left C-1 Posterior Bridge with Left C-2 * 
Transverse Foramen Spur 

Left C-1 Transverse Foramen Spur with * 
Left C-2 Transverse Foramen Spur 

Left C-1 Transverse Foramen Spur with * 
Left C-2 Transverse Foramen Divided 

Left C-1 Transverse Foramen Divided with ** 
Left C-2 Transverse Foramen Divided 

Right C-1 Transverse Foramen Divided with ** 
Left C-2 Transverse Foramen Divided 

Right C-1 Transverse Foramen with Left * 
C-7 Transverse Foramen 



TABLE 7 - Continued 
POSITIVE CORRELATIONS WITHIN POST-CRANIAL TRAITS 

TRAITS SIG. 

Right C-1 Transverse Foramen with Right 
C-7 Transverse Foramen 

Left C-2 Transverse Foramen with Right 
C-7 Transverse Foramen 

Right C-2 Transverse Foramen with Right 
C-7 Transverse Foramen 

Left C-2 Transverse Foramen with Right 
Accessory Scapular Foramen 

Right C-2 Transverse Foramen with Right 
Accessory Scapular Foramen 

Right Septal Aperture with Left 
Hypotrochanteric Fossa 

Right Septal Aperture with Right 
Hypotrochanteric Fossa 

Left Superio-Anterior Facet with Left 
Superio-Anterior Facet Discrete 

* = phi coefficient values significant at p s .01 
** = phi coefficient values = 1.00 

LEVEL 

* 

* 

* 

* 

* 

* 

* 

* 
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TABLE 8 
NEGATIVE CORRELATIONS: CRANIAL AND POST-CRANIAL 

TRAITS SIG. LEVEL 

Right Supraorbital Foramen with Left * 
Supraorbital Notch 

Right Supraorbital Foramen with Right Frontal * 
Foramen 

Left Supraorbital Foramen with Right * 
Supraorbital Notch 

Left Supraorbital Notch with Left External * 
Frontal Sulcus 

Right Supraorbital Foramen with Right * 
Supraorbital Notch 

Left Supraorbital Notch with Right Frontal * 
Notch 

Left Supraorbital Foramen with Left * 
Supraorbital Notch 

Left Supraorbital Foramen with Left Frontal * 
Foramen 

Right Supraorbital Notch with Right External * 
Frontal Sulcus 

Right Pharyngeal Fossa with Right Clino- * 
Clinoid Bridge 

Right Accessory Lesser Palatine Foramen with * 
Right Paramastoid Process 

Right Accessory Scapular Foramen with Right * 
Fossa of Allen 

Left C-1 Transverse Foramen with Right Fossa * 
of Allen 

Left C-1 Transverse Foramen Spur with Left * 
C-2 Transverse Foramen 

Left C-1 Transverse Foramen with Left Fossa * 
of Allen 

C-2 Non-Bifid Spinous Process with Left * 
Accessory Scapular Foramen 
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TABLE 8 - Continued 
NEGATIVE CORRELATIONS: CRANIAL AND POST-CRANIAL 

TRAITS SIG. LEVEL 

Left C-2 Transverse Foramen with Left Fossa * 
of Allen 

Right C-2 Transverse Foramen with Left Fossa * 
of Allen 

Right C-2 Transverse Foramen with Right Fossa * 
of Allen 

Left C-2 Transverse Foramen with Right Fossa * 
of Allen 

Right C-1 Transverse Foramen with Left Fossa * 
of Allen 

Right C-1 Transverse Foramen with Right Fossa * 
of Allen 

Right C-7 Transverse Foramen Spur with Right * 
C-7 Transverse Foramen Divided 

Left C-1 Transverse Foramen Left C-1 * 
Transverse Foramen Spur 

* = negative phi coefficient values significant at p s .001 
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VII. Intra- and Inter-rater Reliability 

The results for the test of intra-rater reliability are 

reported in Table 9. In this sample of 12 tests, 4 traits 

fell in the .40 to 1.0 range, 5 were < .40, 2 were 

incalculable due to empty cells and 1 was the equivalent of 

1.0, although a kappa value was not generated. Kappa values 

cannot be generated when there is no variance between the 

scores of two raters, even though the agreement is 

equivalent to 1.0. The average kappa value was .30, and the 

upper limit of kappa, calculated with the one 1.0 was .36. 

Of the two that were incalculable, LCF1 was the rater who 

saw variation. Both results in the intra-observer test are 

in the poor category which suggests that repeatability is 

low for non-metric traits. 

These findings have important implications for future 

studies utilizing non-metric trait data. The scoring of 

discrete traits is highly subjective, and a scorer's 

threshold for whether a trait is present clearly changes 

over time. Familiarity with the trait list, greater 

appreciation for the amount of variation expressed across a 

sample for a given trait and a host of less explicable 

factors contribute to this shift in perception. These 

results demand that intra-observer error be tested AND that 

acceptable levels of reliability be achieved PRIOR to data 

collection in all future studies based on non-metric data. 
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TABLE 9 
KAPPA VALUES FOR INTRA-RATER RELIABILITY 

TRAIT <.40 .40<R<1.0 R not Equivalent 
calculated to 1.0 

Right supra- 1. 00 
clavicular 

nerves 

Left supra- XX 
clavicular 

nerves 

Right 0.20 
circumflex 

sulcus 

Left 0.15 
circumflex 

sulcus 

Right muscle 0.25 
impression 

Left muscle 0.29 
impression 

Right medial XX 
gastrocnemius 

Left medial 0.08 
gastrocnemius 

Right peroneal 0.57 
tubercle 

Left peroneal 0.48 
tubercle 

Ossified 0.62 
apical 

ligament 

Mammillary XX 
foramen 
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The results of the inter-rater reliability for cranial 

traits are reported in Table 10. For the test of 

reliability between Dr. Birkby and the author, 48 of 102 

traits had a kappa value of between .40 and 1.0, 24 traits 

had a kappa value of <.40, 12 traits could not be computed 

because of empty cells and 12 had a value equivalent to 1.0. 

Kappa values were not evaluated for an additional 16 traits 

because one rater was invariant, while the other saw 

variation. 

WHB and LCF had an average kappa value of .49. The 

kappa value increased to .57 when values of 1.0 were added 

for the twelve traits for which there was no disagreement. 

The true kappa value probably falls somewhere between the 

upper limit (.57) and the average kappa value (.49). 

Of the four types of traits in this study (i.e., tori, 

ossicles, foramina and "other"), foramina were the most 

prevalent in the poor rater reliability range. Eight of 

twenty-eight traits (29%) generated low kappa values or 

incalculable values. This compares to 2 of eleven for both 

ossicles and "other" (18%) and 0 of 3 for tori (0%). 

The test for inter-rater reliability between JS and LCF 

(see Table 11), on 43 post-cranial traits, resulted in 6 

traits with kappa values between .40 and 1.0, 13 traits with 

kappa values < .40, 11 traits which were incalculable due to 

missing data, and 13 which had a score equivalent to 1.0. 
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The average kappa value for JS and LCF was .16, and the 

upper limit of kappa, with the 13 1.0 scores, was .50. If 

the vertebral traits are removed, as they seem to be 

problematic, the average kappa value increases to .31 but 

the upper limit of kappa decreases to .48. 

Femoral and vertebral traits generated the lowest kappa 

values in the post-cranial trait battery. Three of 4 

femoral traits (75%) had low kappa values or were 

incalculable while 4 of twelve vertebral traits (33%) were 

poor. Friability and deterioration of the skeletal remains 

may contribute to the difficulty with both of these 

categories, although the femoral traits also have created 

difficulty for previous researchers (Saunders, 1978; 

Shipman, 1981). The other elements of the post-cranium 

generated acceptable values. 
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TABLE 10 
KAPPA VALUES FOR INTER-RATER RELIABILITY: CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

TORI: 

Right Auditory xx 
Left Auditory XX 

Palatine 0.46 

Right 0.63 
Mandibular 

Left 0.51 
Mandibular 

OSSICLES: 

Bregmatic XX 

Right Coronal xx* 
Left Coronal xx* 

at Lambda 0.57 

Right 0.70 
Lambdoidal 

Left 0.46 
Lambdoidal 

Os Inca 1. 00 

Right Riolan's 0.38 

Left Riolan's xx* 
Right 0.72 

Asterionic 

Left 0.38 
Asterionic 

Right Parietal 0.84 
notch 

Left Parietal 0.47 
notch 
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TABLE 10 - Continued 
KAPPA VALUES FOR INTER-RATER RELIABILITY: CRANIAL 

TRAIT <.40 .40<lC<1.0 Knot Equivalent 
calculated to 1.0 

Right Temporo- XX* 
squamosal 

Left Temporo- XX* 
squamosal 

Right 0.29 
Epipteric 

Left Epipteric 0.32 

Right XX 
Os ja120nicum 

Left XX 
Os ja120nicum 

FORAMINA: 

Right Lacrimal 0.66 

Left Lacrimal 0.63 

Right XX 
Posterior 

ethmoid 

Left Posterior XX 
ethmoid 

Right Anterior XX 
ethmoid 

extrasutural 

Left Anterior 0.2~ 
ethmoid 

extrasutural 

Right 0.83 
Accessory 

Infraorbital 

Left Accessory 0.25 
Infraorbital 
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TABLE 10 - Continued 
KAPPA VALUES FOR INTER-RATER RELIABILITY: CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

FORAMINA: 

Right Zygo- -.05 
facial 

Left Zygo- -.04 
facial 

Right 0.60 
Accessory 

Zygo-facial 

Left Accessory 0.92 
Zygo-facial 

Right 1. 00 
Supraorbital 

Left 1. 00 
Supraorbital 

Right 0.76 
Supraorbital 

notch 

Left 0.64 
Supraorbital 

notch 

Right 
Supratrochlear 0.42 

spur 

Left 0.14 
Supratrochlear 

spur 

Right Frontal 0.09 
notch 

Left Frontal -.07 
notch 

Right Parietal 0.60 

Left Parietal 0.55 
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TABLE 10 - Continued 
KAPPA VALUES FOR INTER-RATER RELIABILITY: CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

Right Mastoid 0.21 

Left Mastoid 0.03 

Right Mastoid- 0.42 
extrasutural 

Left Mastoid- 0.45 
extrasutural 

Right Zygo- 0.44 
root 

Left Zygo-root 0.26 

Right 0.33 
Posterior 

condylar canal 

Left Posterior XX 
condylar canal 

Right 0.50 
Hypoglossal 
canal double 

Left 0.60 
Hypoglossal 
canal double 

Right 0.66 
Dehiscence 

Left 0.49 
Dehiscence 

Right xx 
Pterygospinous 

Left XX 
pterygospinous 

Right Pterygo- XX 
alar 

Left Pterygo- xx* 
alar 
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TABLE 10 - Continued 
KAPPA VALUES FOR INTER-RATER RELIABILITY: CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

Right Foramen -.08 
spinosum open 

Left Foramen 0.45 
spinosum open 

Right 0.20 
. Canaliculus 
innominatus 

Left 0.12 
Canaliculus 
innominatus 

Right Foramen XX* 
ovale 

incomplete 

Left Foramen XX 
ovale 

incomplete 

Right 0.66 
Posterior 

malar 

Left Posterior 0.45 
malar 

Right -.03 
Accessory 

lesser 
palatine 

Left Accessory -.11 
lesser 

palatine 

Right 0.61 
Carotico-
clinoid 

Left Carotico- 0.59 
clinoid 

Right Clino- 0.74 
clinoid bridge 
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TABLE 10 - Continued 
KAPPA VALUES FOR INTER-RATER RELIABILITY: CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

Left Clino- 0.79 
clinoid bridge 

Right Double 0.46 
mental 

Left double 0.78 
mental 

Right 0.35 
Accessory 
mandibular 

Left Accessory 0.50 
mandibular 

OTHER: 

Metopic Suture 1.00 

Right Fronto- XX 
temporal 

articulation 

Left Fronto- XX 
temporal 

articulation 

Right External 0.83 
frontal sulcus 

Left External 0.69 
frontal sulcus 

Right Suture 0.80 
into 

infraorbital 
foramen 

Left Suture 0.81 
into 

infraorbital 
foramen 

Right 0.60 
pterygosquamos 

suture 
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TABLE 10 - Continued 
KAPPA VALUES FOR INTER-RATER RELIABILITY: CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

Left 0.51 
Pterygosquamos 

suture 

Right Spine of 0.37 
Henle 

Left Spine of 0.31 
Henle 

Right Double Xx* 
condylar facet 

Left Double XX 
condylar facet 

Right Pre- XX 
condylar 
tubercle 

Left Pre- XX 
condylar 
tubercle 

Pharyngeal 0.79 
Fossa 

Right 0.11 
Paramastoid 

Process 

Left XX 
Paramastoid 

Process 

Right Mylo- 1. 00 
hyoid bridge 

Left Mylohyoid Xx* 
bridge 

* = Disagreement of fewer than 5 individuals 
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TABLE 11 
KAPPA VALUES FOR INTER-OBSERVER RELIABILITY:POST-CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

Atlanto- Xx* 
occipital 

fusion 

Left C-1 -.14 
, transverse 

Foramen 

Right C-1 -.13 
transverse 

foramen 

Left C-1 -.10 
Transverse 

foramen spur 

Right C-1 XX 
Transverse 

foramen spur 

Left C-l XX 
Transverse 

foramen 
divided 

Right C-1 XX 
Transverse 

foramen 
divided 

C-2 Non-bifid XX* 
spinous 
process 

Left C-2 XX* 
Transverse 

foramen 

Right C-2 XX 
Transverse " 

foramen 

Left C-2 -.14 
Transverse 

foramen spur 
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TABLE 11 - Continued 
KAPPA VALUES FOR INTER-OBSERVER RELIABILITY:POST-CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

VERTEBRAL: 

Right C-2 xx* 
Transverse 

foramen spur 

Left C-2 XX 
Transverse 

foramen 
divided 

Right C-2 XX 
Transverse 

foramen 
divided 

C-2/C-3 Fusion xx 

Left C-7 XX 
Transverse 

foramen 

Right C-7 XX 
Transverse 

foramen 

Left C-7 0.27 
Transverse 

foramen spur 

Right C-7 0.09 
Transverse 

foramen spur 

Left C-7 0.00 
Transverse 

foramen 
divided+ 

Right C-7 xx* 
Transverse 

foramen 
divided 
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TABLE 11 - Continued 
KAPPA VALUES FOR INTER-OBSERVER RELIABILITY:POST-CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

INNOMINATE: 

Left Superior 0.17 
Defect of 

Acetabulum 

Right Superior 0.53 
Defect of 

Acetabulum 

SCAPULA: 

Left XX 
Suprascapular 

foramen 

Right XX 
Suprascapular 

foramen 

Left Scapular xx 
foramen 

Right Scapular XX 
foramen 

HUMERUS: 

Left XX 
Supratrochlear 

process 

Right xx* 
Supratrochlear 

process 

Left Septal 0.83 
aperture 

Right Septal 0.75 
aperture 
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TABLE 11 - Continued 
KAPPA VALUES FOR INTER-OBSERVER RELIABILITY:POST-CRANIAL 

TRAIT <.40 .40<K<1.0 Knot Equivalent 
calculated to 1.0 

Left Fossa of XX 
Allen 

Right Fossa of XX 
Allen 

Left Poirier's 0.07 
facet 

Right 0.15 
Poirier's 

facet 

Left Third 0.43 
trochanter 

Right Third 0.39 
trochanter 

Left Hypo- -.05 
trochanteric 

fossa 

Right Hypo- -.09 
trochanteric 

fossa 

CALCANEUS: 

Left Superio- XX 
anterior facet 

Right Superio- XX 
anterior facet 

Left Superio- 0.48 
anterior facet 

divided 

Right Superio- 0.88 
anterior facet 

divided 

* = Disagreement of fewer than three individuals 
+ = kappa value of 0 means that rater agreement is equal to 

that expected by chance 
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The kappa values reported above for cranial traits are 

in the high end of the moderate agreement range, as defined 

by Fleiss (1981). The average kappa value reported for 

post-cranial traits is in the poor range; however, the 

adjusted kappa is in the moderate range. The 27 traits for 

which kappa could not be computed due to invariance have the 

potential to alter these results significantly. 

There are many reasons to account for the level of 

inter-rater reliability in this sample. First, the quality 

of the burials may have changed over the course of twenty 

years since WHB collected data for his dissertation. 

Deterioration, research casualties and overall friability of 

the remains may have affected their completeness and their 

condition. Second, WHB explained the location and 

appearance of some of the cranial traits prior to the 

initial LCF data collection, whereas JS was not consulted. 

The descriptions from various resources often were 

conflicting or confusing and LCF was left to rely on her 

judgment. Finally, the competence of the author increased 

as familiarity improved, but decreased toward the end of 

extended sessions with the material. All of these reasons, 

and perhaps others, may have played a role in the general 

lack of high reproducibility between investigators. 
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The lack of reliability in this study raises questions 

about the integrity of the raw data. WHB and LCF had 

moderate agreement for the cranial traits, rendering that 

battery acceptable, at least in terms of reliability. 

Therefore, the cranial data are considered to be valid. 

The post-cranial data, with the exception of 12 

"special" traits, all were collected by one researcher (JS). 

Shipman (1981) includes results of an intraobserver error 

analysis in his dissertation, although he does not provide 

any explanation of how repeatability significance was 

tested. Based on a sample of 4 male and 13 female adults, 

he re-tested his ability to score discrete traits. He found 

that there were no trait-present differences for 14 traits, 

4-11% trait-present differences for 7 and 13-33% trait

present differences for 5 traits (Shipman, 1981: 94). 

Accordingly, transverse cervical spur of C-3 to C-6, 

exostosis of the trochanteric fossa, Poirier's facet, 

hypotrochanteric fossa and distal tibial crease were 

eliminated from his sample. 

In the current study, the femoral traits were included 

in the battery because they are common to most other non

metric trait studies. However, C-3 to C-6 and distal tibial 

crease were eliminated. Shipman's results for femoral 

traits are similar to Saunders (1978) who also had 

difficulty repeating her results for those traits. Based on 
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Shipman's intraobserver error tests, the post-cranial data 

appear to be sound. 

Conversely, most of the "special" post-cranial traits 

collected by LCF are not rel-iable, either due to the non

repeatability of the scores, or because they are influenced 

by one of the factors considered in this study. Several of 

the traits, i.e., circumflex sulcus, muscle impression of 

humerus and medial gastrocnemius were subjective measures 

and often difficult to distinguish from "normal" morphology. 

Apparently, the threshold for the presence of these traits 

was different for each scoring session. 

Based on the results of the error analyses, a sub

sample of 18 traits, stable under various influences and 

with high rater reliability was developed and is presented 

in Table 12. The goal was to provide an array of stable, 

reliable non-metric traits to researchers who are: 

1. conducting research on skeletal non-metric traits; 

2. working in the field; 3. working with a small sample of 

unknown provenience, under tight time constraints; or 4. who 

are faced with repatriation and in need of a brief, reliable 

list with which to test their sample. 

This list was derived by excluding any trait which was 

influenced by side of the body, sex, age, cranial 

deformation, association with other traits, and with a 

reliability estimate of K < .58. This number represents the 
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upper half of the fair to moderate agreement range and all 

of the excellent agreement range, as defined by Fleiss 

(1981). The resulting battery functions as a concise list 

of traits which can be applied to southwestern Amerind 

samples. 

The composition of the condensed cranial list appears 

to favor foraminal (50%) and sutural (38%) traits. The 

post-cranial list is less easily defined. The trait list is 

primarily composed of traits which are readily identifiable, 

even to neophytes, although two can be problematic. Septal 

aperture is often easy to confuse with post-mortem damage. 

Researchers in the field should score this trait cautiously 

to avoid error. Also, peroneal tubercle is extremely 

variable in its expression and future researchers should 

determine in advance whether they will score it 

dichotomously or as a graded response. Because trait 

frequencies vary across populations, this battery is 

probably useful only in the southwest. However, it provides 

a useful starting point for other researchers when 

developing their own trait lists. 
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TABLE 12 
A CONDENSED LIST OF STABLE, RELIABLE TRAITS 

TRAITS: CRANIAL 

Os Inca 

Os ja:gonicum 

Accessory infraorbital foramen 

Supraorbital foramen 

Double mental foramen 

Fronto-temporal articulation 

Pterygo-spinous foramen 

Riolan's ossicle 

Lacrimal foramen 

Supraorbital notch 

Dehiscence 

Posterior malar foramen 

Petrosquamosal suture 

TRAITS: POST-CRANIAL 

C-2 and C-3 fusion 

Suprascapular foramen 

Septal aperture 

Superio-anterior facet divided 

Peroneal tubercle 



VIII. The Theory of Aggregation 

The results of the contingency analyses for trait 

distribution by room block and for lambdoidal deformation 

are reported in Table 13, and for the ANOVA in Table 14. 

All of these analyses indicate a uniform group of people 

inhabiting Grasshopper Pueblo. 
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The first contingency analyses examined whether any 

traits were associated with a given room block. In this 

analysis, only six traits (lambdoidal ossicle, accessory 

infraorbital foramen, foramen ovale incomplete, C-7 

transverse foramen spur, exostosis of trochanteric fossa and 

Poirier's facet) reached a significance level of p s .05, 

where nine would be expected by chance. One trait, foramen 

ovale incomplete, may have been affected by empty cells. 

These results are concordant with the other analyses, which 

suggest that the individuals at Grasshopper Pueblo did not 

easily aggregate into groups which were distinguishable on 

the basis of non-metric traits. 

The analyses of variance results suggest that the 

within group variation is greater than that between groups 

for each trait. Five tests were significant for burial room 

as a main effect, five were significant for sex as a main 

effect and three were significant for the interaction of the 

two (see Table 14). All of these results are fewer than 

expected by chance alone, confirming both the original 



contingency analyses and the contingency analyses testing 

deformation style. 
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The results of the contingency analyses for the 

association of cranial deformation style and trait are 

unequivocal (see Table 13). Only 5 traits reached 

significance at the p s .05 level, fewer than the nine 

expected by chance, and two of them may have been the result 

of low numbers or empty cells. This analysis supports the 

two previous ones which suggest that the group at 

Grasshopper Pueblo was homogeneous. 

Further examination of the ANOVA and contingency 

analyses using only the 18 traits from the condensed list do 

not alter these results. Three tests should reach 

significance by chance alone in the ANOVA and one in the 

contingency analyses; in neither case are these limits 

exceeded when only the short trait list is considered. 
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TABLE 13 
RESULTS OF CONTINGENCY ANALYSES: 

ROOMBLOCK AND LAMBDOIDAL DEFORMATION 

TRAITS 

TRAIT BY ROOMBLOCK 

Lambdoidal ossicle 

Accessory infraorbital+ 
foramen 

Foramen ovale incomplete 

C-7 transverse foramen spur 

Exostosis of trochanteric 
fossa 

Poirier's facet 

TRAIT BY DEFORMATION 

Pterygospinous foramen+ 

Accessory mandibular foramen 

C-1 lateral bridge 

C-1 posterior bridge 

* p s .05 
** = P s .01 

+ = trait in sub-sample battery 

RAW X2 SIGNIFICANCE 
LEVEL 

7.63 * 

10.78 ** 

9.14 ** 

7.85 * 

6.29 * 

9.82 ** 

7.26 ** 

5.11 * 

7.47 ** 

4.41 * 



TABLE 14 
RESULTS OF ANOVA: 

VARIATION AMONG ROOM BLOCKS BY SEX 

TRAITS 

Accessory 
infraorbital foramen+ 

Mylo-hyoid bridge 

C-7 transverse 
foramen spur 

Poirier's facet 

Hypotrochanteric 
fossa 

Suture into 
infraorbital foramen 

Pterygosquamosal 
suture+ 

Spine of Henle 

Medial gastrocnemius 

Peroneal tubercle+ 

Accessory 
infraorbital foramen+ 

Foramen spinosum open 

* = p s .05 
** = P s .01 

MAIN 
EFFECTS 

Burial 
room 

Burial 
room 

Burial 
room 

Burial 
room 

Burial 
room 

Sex 

Sex 

Sex 

Sex 

Sex 

Burial 
room by 

Sex 

Burial 
room by 

Sex 

+ = trait in sub-sample battery 

DEGREES F 
OF 

FREEDOM 

2,78 6.25 

2,90 3.46 

2,54 3.61 

2,81 4.28 

2,83 3.11 

1,80 5.61 

1,91 6.78 

1,94 15.9 

1,84 5.03 

1,68 8.18 

2,78 7.55 

2,86 3.88 
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SIG. 
LEVEL 

** 

* 

* 

* 

* 

* 

** 

** 

* 

** 

** 

* 



CHAPTER 6 

CONCLUSIONS 
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The purpose of this dissertation was to investigate 

three areas of interest: discrete trait analyses, intra

and inter-observer reliability and the theory of aggregation 

developed for Grasshopper Pueblo. Within these areas, 

several questions were advanced in an attempt to fine-tune 

the inquiries. Some of the answers corroborate previous 

research and some do not. In particular, the concept of 

morphologically distinct groups migrating into and settling 

Grasshopper Pueblo cannot be substantiated. This chapter 

presents the conclusions and suggests further research in 

this area. 

I. Discrete Trait Analysis 

The first question concerning discrete trait analysis, 

that of variation in discrete trait expression at 

Grasshopper Pueblo, is easily answered. Some traits are not 

present at Grasshopper, i.e., auditory torus. Since 

auditory tori appear to occur in greater frequencies at 

certain latitudes and in conjunction with cold water diving 

(see Appendix A), a 0% frequency at this southwestern 

prehistoric site is not remarkable. Some traits are present 

at Grasshopper in low frequencies, some in high and scapular 

foramen is uniformly present. The morphological variation 

within the group as a whole is greater than that within each 
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room block as a separate entity. This becomes important in 

the subsequent discussion about aggregation. 

The researcher examining a sample as large as the 

Grasshopper skeletal series is struck by the variations in 

expression of a single trait. The image that comes to mind 

is an amorphic glue which slowly coalesces, trapping veins, 

arteries and nerves as it gels. Sometimes the glue comes 

together in a less than perfect manner, leaving strings or 

gaps or holes where they are not "supposed" to occur. These 

alterations may be regulated by the genotype or they may be 

chance happenings as the bone hardens. This type of 

variation plays havoc with the "score" of a given trait and 

forces the researcher to question the validity of his or her 

database. 

The second question concerning discrete trait analysis 

addresses the factors which may affect trait expression. In 

this sample, discrete traits were free of the effects of 

side of the body, sex, deformation and their association to 

one another, but may have been slightly affected by age. 

These results support those of previous researchers (see 

Table 2), which may enhance their value to future 

researchers. However, anyone conducting non-metric trait 

studies must consider the individuals in their sample, and 

look at the variable forms of a given trait, before 

trumpeting the virtues of discrete trait data. 
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II. Intra- and Inter-rater Reliability 

The results of the reliability analyses were 

problematic. Although the impact of the low kappa values 

was off-set in this study by the way in which the data were 

utilized, the implications for future studies are enormous. 

Intra-observer agreement increased from an average 

value of .30 to an upper limit value of .36. These numbers 

fall into the high end of the poor agreement range. The 

results suggest that intra-observer reliability must be 

tested ~ priori by anyone wishing to use discreta in a 

population study. Repeatability, and ease of use, form the 

cornerstones of arguments in favor of non-metric traits, and 

this study suggests that these contentions may be 

inaccurate. Of the twelve traits scored by LCF, only one 

was considered stable enough to have any validity for other 

analyses. This result suggests that repeatability, even for 

traits often thought of as straight-forward, is an elusive 

ideal. 

Inter-observer reliability estimates were discordant, 

ranging from an average value of .16 for post-cranial 

traits, to an upper limit value of .57 for cranial traits. 

Although these values are seemingly low, any value between 

.40 and .75 demonstrates moderate agreement (Fleiss, 1981). 

Cranial ossicles, foraminal and traits designated as "other" 

generated low kappa values while tori created no 



difficulties. In the post-cranium, vertebral and femoral 

traits created the most error between raters. 
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Future studies employing non-metric traits must address 

rater agreement, and demonstrate kappa values above .75 

(excellent agreement) prior to any data collection or 

analysis. Studies ignoring rater reliability, particularly 

intra-rater agreement, must be viewed with extreme caution, 

based on the results achieved in this dissertation. 

A concise list of traits, uninfluenced by side of body, 

sex, age, deformation, association and low rater reliability 

was presented in Chapter 5. This battery of 18 traits -16 

cranial and 5 post-cranial- provides a powerful analytical 

tool for researchers working on skeletal samples from the 

southwest. Any investigators attempting to utilize non

metric traits in population studies can benefit from the 

results of this study by recognizing the potential pitfalls 

involved in using discrete traits as a panacea without 

addressing their limitations. 

Not only does a concise battery aid investigators 

dealing with large samples, it also benefits those 

researchers who are confronted with the problems which 

prompted this research. In the current climate favoring 

repatriation of curated human remains and in situ analyses 

of newly discovered ones, this array equips researchers with 

a reliable starting point and enables them to make continued 
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contributions to our knowledge of southwest prehistoric and 

historic groups. 

III. Aggregation 

The final area of interest, that of differing groups 

residing at Grasshopper Pueblo, is not supported by the 

current dataset. The non-metric data suggest that the 

individuals populating Grasshopper were morphologically 

similar (see also Shipman, 1982), and that no out-group 

exists. That is not to say that more discriminating 

techniques may not reverse these findings. Perhaps a 

"social" out group did exist at Grasshopper. Perhaps the 

cultural artifacts purported to discriminate among groups 

represent individual, family or moiety differences rather 

than distinct cultures, such as Mogollon or Anasazi. Or, as 

suggested by island colonizations, Grasshopper may have been 

populated at a time of environmental surplus and therefore 

the intrinsic rate of increase was exponential. 

A corollary to the finding of homogeneity is the 

refutation of a long-held myth that the type of cranial 

deformation induced in a child marks the cultural group to 

which he or she belongs (see Reed, 1949). For example, the 

suggestion that occipital deformation is practiced solely by 

the Mogollon, or that lambdoidal deformation is the result 

of Anasazi cradle-boards (Reid, 1989), is not supported by 

the current study. In the sample from Grasshopper, the type 
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of cranial deformation produced is not associated with any 

particular group (see also Cassells, 1971). Therefore, 

using cranial deformation styles as a discriminator for 

social groups would be inaccurate, at least for the 

individuals from Grasshopper Pueblo. 

IV. Limitations of this Study 

There are some qualifications which must be detailed. 

The first of these involves the use of non-metric traits. 

Discrete traits are limiting by their nature. In this 

study, a final battery numbering 18 traits, of a possible 

91, was deemed stable and reliable enough to use in future 

research. Therefore, of the original traits selected for 

this study, 80% were eliminated. There are other factors 

which also limit the use of non-metric trait data. 

The types of statistics that can be used with 

categorical data are less powerful than those for continuous 

data. Researchers still do not agree about the descriptions 

of traits, and the threshold at which presence is achieved. 

Providing grades of expression for certain traits has been 

put forth as a solution, but vague language often hampers 

clarity, particularly in the literature. Combining metric 

and non-metric traits for a given population or group may be 

the only answer to this conundrum. DNA analyses also may 

provide an alternative solution. 
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Another area of concern in this database is the overall 

number of statistical manipulations which were performed. 

At some point, the level of validity may be questioned 

simply because a large number of tests have been conducted. 

Although this should not affect the overall validity of the 

study, it is a possible limitation on the interpretation of 

the results. 

Finally, the quality of the sample must be addressed. 

Although the sample is one of the largest skeletal 

collections in the Southwestern United States, sampling 

error is probably a factor for all skeletal research. The 

representativeness of the sample must also be recognized as 

a potential source of misinformation about the total 

population. Even given these restrictions, valuable 

information, including a simplified battery of stable traits 

for other southwestern samples, a demonstration of the lack 

of reliability for many non-metric traits and the inability 

to confirm aggregation at Grasshopper Pueblo, based on non

metric traits, has been gained from this study. 

v. Future Research 

This study has addressed three basic areas of research. 

Answers to questions about the utility of non-metric traits 

have been explored and the skeletal sample from Grasshopper 

Pueblo has been thoroughly documented. Future research at 

Grasshopper Pueblo will be limited by repatriation, the end 
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of excavations at the site and the current state of 

technology. However, should techniques become available 

which can utilize the data already collected, efforts should 

concentrate on determining more discriminating methods for 

assessing the existence of a biological out-group at the 

site. Perhaps small samples of bone and teeth can be 

preserved to aid in future DNA analyses which may be helpful 

in clarifying this issue. 

Future studies attempting to utilize non-metric traits 

must present evidence of high rater agreement, be it intra

or inter-observer, and also should consider the relative 

contribution of genes and environment to their expression. 

Perhaps, with the increasing accessibility of known cemetery 

sites with adequate documentation, the latter issue can be 

clarified. For now, the use of non-metric traits is still 

problematic. Each researcher who chooses to use non-metric 

traits must understand their limitations and determine their 

appropriateness both for the populations and the problems 

under investigation. 

The research generated from the fieldwork at 

Grasshopper Pueblo is impressive. This dissertation is one 

of many based on those data. Although the results should be 

interpreted cautiously, they do corroborate previous work 

both in the field of discrete studies and skeletal analyses. 

The reSUlting view of the inhabitants of Grasshopper is one 
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of a homogeneous group displaying a great deal of variation. 

Although repatriation of the human skeletal remains and 

their associated material culture appears to be imminent, 

their contribution to our understanding of southwestern 

prehistoric culture will remain. 



APPENDIX A 

TRAIT DESCRIPTION: 
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A total of 91 non-metric traits were observed and 

recorded for thi.s dissertation. (Some of the vertebral 

traits are counted as distinct, however they are collapsed 

in the descriptions to avoid repetition). 54 of these 

traits are found on the cranium while the remainder are 

post-cranial. Following the example of many previous 

researchers (e.g. Finnegan, 1972; Birkby, 1973; Saunders, 

1978), I have elected to include written descriptions of 

each trait as well as drawings. Whenever possible, the 

osseous description is augmented with a discussion of the 

relevant soft-tissue anatomy. 

Trait Descriptions (in data sheet order) : 

1. Auditory Torus: (Fig. 5B) "all distinct bony 

excrescences or tumors within the external auditory canal, 

of whatever form or size, from the eminence, ridge or 

"pearl" ... to more or less irregular bony masses ... " 

(Hrdlicka 1935: 1). Also known as ear exostoses, these 

masses can be divided into two categories (see Kennedy 1986 

for discussion) and have been demonstrated in high 

frequencies in populations with prolonged exposure to cold 

water (35 degrees below body temperature) (Adams 1951). 

Kennedy (1986) found the highest incidence of auditory 
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exostoses between the latitudes of 30-45 degrees North and 

South and among populations who exploited marine resources 

in cold water, particularly through diving. 

2. Palatine Torus: (Fig. 4B) Torus palatinus is a 

longitudinal ridge along the margins of the intermaxillary 

suture of the palatine process of the maxilla and 

occasionally the palate bones. The surface of the ridge may 

be smooth, pitted or irregularly roughened. 

3. Mandibular Torus: (Fig. 7B) Torus mandibularis is 

usually a raised rounded ridge on the lingual surface of the 

body of the mandible, above the mylohyoid line and most 

often situated between the canine and premolar teeth. It 

can be bilateral or unilateral and is not confined to one 

side of the mandible. 

OSSICLES: Extra bones, or ossicles, are sometimes formed by 

variations of the sutures of the skull. The majority of 

these bones are preformed in membranes (Hess, 1946). Hess 

(1946: 62) suggests that ossicles are the result of a change 

in the ossifying process of the mesoderm during development, 

and that in some cases the change may be due to a metabolic 

disorder. Thus, in his view, some ossicles are the result 

of independent centers of ossification while others are the 

"product of nuclei detached from the main regular osteogenic 

centers" (Hess, 1946: 62). These ossicles have been 



variously called wormian bones, inclusion bones and 

Andernach's ossicles but for the purposes of this study, 

they are, for the most part, referred to by the suture in 

which they are found. 
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4. Bregmatic Ossicle: (Fig. 4A) A sutural bone found at 

the junction of the sagittal and coronal sutures (bregma) at 

the position of the anterior or bregmatic fontanelle. 

s. Coronal Ossicle: (Fig. 4A) One or more sutural bones 

occurring along the coronal suture except in the area of 

bregma (see above). Normally these bones occur medial to 

the fronto-parietal crest. 

6. Ossicle at lambda: (Fig. 3B) Normally a small 

sutural bone occurring at the junction of the sagittal and 

lambdoidal sutures at the position of the posterior 

fontanelle. Not to be confused with the larger Os Inca (see 

below) . 

7. Lambdoidal Ossicle: (Fig. 3B) One or more sutural or 

wormian bones occurring within the lambdoidal suture except 

at lambda (see above) or at the position of the asterionic 

ossicle (see below) . 

8. Os Inca: (Fig. 3B) Divides the squamosal portion of 

the occipital bone in two parts, forming an interparietal 

bone which extends from lambda to the bi-asterionic line. 

The interparietal bone preforms in a membrane of fibrous 

tissue and Os Inca is the result of non-union of the 
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membranous portion of the squama with the inferior portion 

that preforms in cartilage (Srivastava, 1977 in Williams and 

Warwick, 1980). 

9. Riolan's Ossicle: (Fig. 3B) A sutural bone found in 

the mastoid suture (between the occipital and temporal 

bones) which does not embody the lambdoidal suture at any 

point. This ossicle is usually single but may be multiple. 

Referred to by Jantz (1970) as "ossicle in the mastoid 

suture" . 

10. Asterionic Ossicle: (Fig. 3A) A sutural bone which 

forms at the junction of the lambdoid, mastoid and parieto

mastoid sutures (asterion). This ossicle may form from a 

center of ossification within the mastoid or asterionic 

fontanelle, and may be differentiated from lambdoidal 

ossicles by its contact with the petrosal portion of the 

mastoid bone. 

11. Parietal Notch Bone: (Fig. 3A) An inclusion bone 

which occurs in the incisura parietalis or parietal notch 

area of the mastoid bone. "When this ossicle appears it 

does not alter the morphology of the mastoid·bone, but 

rather the parietal in the region anterior to the mastoid 

angle" (Birkby, 1973). 

12. Temporo-Squamous Ossicles: (Fig. 3A) Small, thin, 

tongue-like slips of bone which are found in the 

articulation of the squamous portion of the temporal bone 
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with the parietal. Single or multiple, these bones may be 

seen anywhere between the pterion region and the incisura 

parietalis except when in contact with the greater wing of 

the sphenoid where a single bone, known as the pterion 

ossicle or epipteric bone (see below), may appear. 

13. Epipteric Bone: (Fig. 3A) This sutural bone is 

located in the pterion region between the greater wing of 

the sphenoid and the sphenoidal border of the parietal. In 

some cases, it may articulate with the squamous portion of 

the temporal bone. 

14. Os iaponicum: (Fig. 5B) A bipartite zygomatic bone 

divided by a suture which runs from the maxillary border 

posteriorly through the temporal process. This bone was 

named for its high frequency in the crania of the Japanese 

(Terry and Trotter, 1953). 

15. Lacrimal Foramen: (Fig. SA) A small foramen located 

in the orbital plate of the sphenoid just superior and 

lateral to the superior orbital fissure. The middle 

meningeal artery has an anastomotic branch with a recurrent 

meningeal branch of the lacrimal artery which normally 

enters the orbit from the cranial cavity through the 

superior orbital fissure. The lacrimal foramen houses this 

anastomosis when the foramen is present. 

16. Posterior Ethmoid Foramen: (Fig. SA) The ethmoid 

foramina are the orbital ends of the anterior and posterior 



ethmoidal canals which originate on the sides of the 

cribriform plate, adjacent to the frontal bone. The 

posterior ethmoidal foramen lies close to the juncture of 

the fronto-ethmoidal and spheno-ethmoidal sutures and 

transmits the posterior ethmoid artery and nerve. 
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17. Anterior Ethmoid Foramen, Extrasutural: (Fig. SA) 

This small foramen transmits the anterior ethmoid artery and 

nerve. Although it is usually found within the fronto

ethmoidal suture, occasionally its course runs through the 

frontal bone exclusively. 

18. Accessory Infraorbital Foramen: (Fig. SA) The 

infraorbital foramen is a prominent feature located within 

the suborbital fossa. When one or more additional foramina 

are present, they are considered to be accessory to the main 

canal. The infraorbital nerve, a major branch of the 

maxillary nerve, contains a multitude of tiny twigs which 

exit through the infraorbital and accessory infraorbital 

foramina (when present) to provide cutaneous innervation to 

the ala of the nose, the upper lip and the lower eyelid. 

Similarly, the infraorbital artery, a branch of the 

maxillary artery, traverses the foramen. 

19. Zygo-facial foramen: (Fig. SA) This small foramen, 

sometimes called the zygomaticofacial, houses the 

zygomaticofacial nerve which emerges from the zygomatic bone 
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on the anterior surface of the cheek and supplies cutaneous 

innervation up to the lateral angle of the eye. 

20. Accessory Zygo-facial foramen: (Fig. SA) 

Occasionally, the zygo-facial foramen is doubled, or tripled 

and these additions are referred to as accessory foramina. 

21. Supra-orbital foramen: (Fig. SA) This foramen is 

located on the lateral half of the superior orbital border 

and can be distinguished from the frontal foramen by its 

dual openings which form a canal through the superior border 

of the eye orbit. The trait may sometimes manifest itself 

as a notch (see below) rather than as an enclosed foramen. 

This feature transmits the supra-orbital nerve and artery 

which feed the skin of the forehead by dividing into medial 

and lateral branches. 

22. Supra-orbital notch: (Fig. SA) An incomplete 

closure of the supra-orbital foramen (see above). 

23. Supra-trochlear spur: (Fig. SA) A thin, bony hook 

found on the medial wall of the eye orbit below and behind 

the medial end of the supra-orbital margin. This spur may 

be formed by ossification of the cartilaginous trochlea for 

the tendon of the superior oblique muscle. It should not be 

confused with the antero-superior trochlear spine or fossa, 

which is more common. 

24. Frontal notch: (Fig. SA) The frontal notch appears 

medial to the supra-orbital foramen and when present 



154 

transmits the supratrochlear branch of the frontal nerve and 

the supra-trochlear artery which is a branch of the 

ophthalmic artery. 

25. Frontal foramen: (Fig. 5A) This foramen, when 

present, lies lateral to the supra-orbital foramen and does 

not communicate with the orbit; rather, it enters the 

diploic space. The supra-orbital vein, which is 

superficial, communicates with the frontal diploic vein at 

the supra-orbital notch, and I believe the frontal foramen 

is the site of this communication when present. 

26. Parietal Foramen: (Fig. 3B) These are distinctive 

single or paired foramina lying on either side of the 

sagittal suture a few centimeters above lambda. This 

inconstant foramen transmits a small emissary vein from the 

superior sagittal sinus. 

27. Mastoid foramen: (Fig. 3B) This foramen pierces the 

bone above the base of the mastoid process and lies near, or 

within, the occipitomastoid suture. The foramen transmits a 

small emissary vein from the sigmoid sinus and the small 

mastoid branch of the occipital artery. 

28. Mastoid foramen, extrasutural: (Fig. 3B) When the 

foramen lies outside of the occipitomastoid suture, it is 

referred to as extrasutural (see above) . 

29. "Zygo-root" foramen: (Fig. 5B) Coined by Birkby 

(1973), this term refers to a foramen found on the 
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" ... superior medial surface of the junction of the temporal 

squamous and the zygomatic process". Birkby was uncertain 

of the etiology; however, I concur with him that the middle 

temporal artery, a branch of the large superficial temporal 

artery which feeds the parotid gland, the temporomandibular 

joint and the masseter muscle is a likely candidate. 

30. Posterior condylar canal: (Fig. 4B) This foramen 

pierces the condylar fossa which is located immediately 

behind the occipital condyle. The foramen, when present, 

transmits an emissary vein which joins the sigmoid sinus. 

31. Hypoglossal canal double: (Fig. 6A) Also known as 

the anterior condylar canal, the hypoglossal' canal courses 

through the occipital bone superior to the occipital 

condyle. Occasionally this canal is bridged by bone and is 

considered to be double. The canal transmits the 12th 

cranial nerve (hypoglossal), a venous plexus and frequently, 

the posterior meningeal artery. 

32. Tympanic dehiscence or foramen of Huschke: (Fig. 

4B) The floor of the external auditory (acoustic) meatus is 

formed by the tympanic plate. This plate may be absent 

(rare), be punctuated by pinhole-sized apertures, or have 

several large defects, usually in the medial third, the last 

part of the plate to ossify from membrane. There is no 

functional correlate for this feature in the soft-tissue. 
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33. Foramen of Civinini: (Fig. 5B) The lateral 

pterygoid plate of the sphenoid has a projection called the 

pterygo-spinous process (spine of Civinini). A ligament, 

also called the pterygo-spinous, connects this projection 

with the spine of the sphenoid located posteriorly to the 

process. Occasionally, this ligament ossifies, creating a 

foramen. When present, the pterygo-spinous bridge transmits 

the medial pterygoid nerve and a branch of the maxillary 

artery. The nerve supplies the medial pterygoid muscle, the 

tensor veli palatini and the tensor tympani muscles, 

respectively. 

34. Foramen of Hyrtl: (Fig. 5B) The pterygo-alar bridge 

lies lateral to the foramen ovale of the sphenoid and 

connects the lateral pterygoid plate with the inferior 

surface of the greater wing of the sphenoid. This bridge 

transforms the porus crotaphitico-buccinatorious (Hyrtl, 

1862) groove into a canal. The buccal nerve, branches of 

the mandibular nerve which innervate the temporalis muscle, 

the lateral pterygoid muscle and sometimes the masseter 

muscle, as well as a deep temporal vein, traverse this 

canal. 

35. Foramen spinosum open (incomplete): (Fig. 4B) There 

are several openings on the infratemporal surface of the 

greater wing of the sphenoid. The largest of these is the 

oval canal, appropriately named foramen ovale. Posterior 
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and slightly lateral to foramen ovale lies the smaller 

foramen spinosum. This circular foramen normally pierces 

the greater wing of the sphenoid and transmits the middle 

meningeal artery and the meningeal branch of the mandibular 

nerve. However, sometimes the foramen is incomplete at the 

posterior medial wall. 

36. Canaliculus innominatus: (Fig. 4B) This rare, tiny 

foramen appears posterior to foramen ovale and medial to 

foramen spinosum and transmits the lesser petrosal nerve, 

which ordinarily is carried by the foramen ovale. 

37. Foramen ovale incomplete: (Fig. 4B) This 

distinctive foramen lies close to the upper end of the 

posterior margin of the lateral pterygoid plate. As in the 

foramen spinosum, occasionally the posterior medial wall is 

incompletely formed. The function of this foramen is to 

transmit the mandibular branch of the trigeminal nerve, the 

accessory meningeal artery and a small emissary vein which 

connects the cavernous sinus with the pterygoid plexus. 

38. "Posterior malar" foramen: (Fig. 6B) Also named by 

Birkby (1973), this foramen occurs on the posterior surface 

of the zygomatic bone usually at the junction of the body of 

the bone with the ascending process. Birkby (1973: 41) 

concluded that this foramen may transmit an inconsistent 

branch of the anterior deep temporal artery. 
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39. Accessory lesser palatine foramen: (Fig. 4B) The 

lesser palatine foramen is a regularly occurring feature 

which transmits the lesser palatine nerves serving the uvula 

and tonsils, and the lesser palatine arteries. When one or 

more foramina are present they are referred to as accessory. 

A single foramen on each side is scored as absent. 

40. Carotico-clinoid foramen: (Fig. 7A) The sphenoid 

has three clinoid processes. A ligament connecting the 

anterior to the middle is called the carotico-clinoid 

ligament. Occasionally this ligament ossifies, creating a 

canal by the same name. When this foramen is present, it 

transmits the internal carotid artery, the major source of 

blood to the brain. 

41. "Clino-clinoid" bridge: (Fig. 7A) Also called 

interclinoid bridging, this foramen occurs when the ligament 

stretching from the anterior to posterior clinoid processes 

of the sphenoid ossifies, enclosing the hypophyseal fossa. 

This foramen carries subhypophyseal venous sinuses to the 

cavernous sinus. 

42. Double mental foramen: (Fig. 3A) On the body of the 

mandible, a constant large foramen appears in the apical 

region of the premolar teeth. This foramen transmits the 

mental nerve and vessels which supply cutaneous innervation 

and blood supply to the chin, lips and gums. Occasionally, 

this foramen is doubled or appears in multiples. 
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43. Accessory mandibular foramen: (Fig. 7B) There is a 

large constantly- appearing foramen on the lingual surface 

of the ascending ramus of the mandible. When a smaller 

foramen, coursing in the same antero-inferior direction, is 

present either within or behind and slightly below the 

primary one, it is referred to as accessory. The primary 

foramen transmits the inferior alveolar nerve and artery 

which supply the roots of the teeth. The accessory 

mandibular foramen (also called the canal de Serres) 

contains the "basal" vein, a fetal feature which eventually 

becomes the inferior alveolar vein (Hauser and De Stefano, 

1989) . 

44. Metopic suture: (Fig. 4A) At birth, a suture 

divides the frontal bone into right and left halves. In the 

majority of individuals this suture is obliterated by the 

eighth year of life, however, in some, it persists. 

45. Fronto-temporal articulation: (Fig. 5B) This is 

described as bone to bone contact between the frontal and 

the temporal bones. In most individuals, the greater wing 

of the sphenoid and the sphenoidal angle of the parietal 

preclude this articulation. 

46. "External frontal" sulcus: (Fig. 4A) On some 

individuals vascular grooves from the supra-orbital vessels 

can be discerned between the frontal eminence and the 



fronto-temporal crest. These grooves are on the external 

lamina of the bone and tend to course caudo-cranially. 
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47. Suture into the infra-orbital foramen: (Fig. SA) 

This is a small suture which, when complete, traverses from 

the infra-orbital fissure into the infra-orbital foramen. 

The suture may reflect incomplete closure of the infra

orbital canal which originates in the infra-orbital groove 

and transmits the infra-orbital nerve, the largest branch of 

the maxillary nerve. 

48. Petrosquamous suture: (Fig. 5B) This suture can be 

seen on the mastoid process of the temporal bone between the 

supra-mastoid crest and the tip of the mastoid process. 

Before birth, the temporal bone is divided into the petrous 

portion, derived from membrane, and the temporal portion, 

derived from cartilage. In most individuals, this suture 

fuses soon after birth. 

49. Spine of Henle: (Fig. 5B) Also called the 

suprameatal spine, this small projection of bone lies 

superior to the external auditory (acoustic) meatus in the 

suprameatal triangle. I propose that this spine is the 

result of ossification of the anterior ligament of the 

auricle, an extrinsic ligament which extends from the tragus 

and spine of the helix to the root of the zygomatic process 

(Williams and Warwick, 1980: 1191), or from the 
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ossification of the spine of the helix, which is part of the 

auricular cartilage. 

50. Double condylar facet: (Fig. 4B) One or both of 

the occipital condyles may have two discrete articular 

facets rather than the usual one. The two facets must be 

separated by non-articular bone to be scored as double. 

51. Pre-condylar tubercle: (Fig. 4B) These bony 

eminences lie anterior and medial to the occipital condyles. 

When present, they may be single or paired and must be 

distinct from the condyle to be considered. According to 

Birkby (1973) the etiology is questionable, but I concur 

with him that the insertion of rectus capitis anterior 

muscle is a likely cause. 

52. Pharyngeal fossa: (Fig. 4B) This fossa lies in the 

mid-line of the basi-occiput between the basilar 

synchondrosis and the foramen magnum. Terry and Trotter 

(1953) suggest it is a vestige of the canal of the 

notochord. 

53. Paramastoid process: (Fig. 3B, 4B) A downward 

projection from the jugular process of the occipital bone 

which is occasionally long enough to articulate with the 

transverse process of the first cervical vertebra. Also 

known as the paroccipital or paracondyloid process, it can 

be unilateral or bilateral. 
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54. Mylohyoid bridge: (Fig. 7B) On the internal 

surface of the mandible, the mylohyoid groove extends 

downward and anteriorly from the mandibular foramen. This 

groove transmits the mylohyoid nerve and vessels, which feed 

the mylohyoid muscle. Occasionally, single or multiple 

extensions of bone bridge the groove creating a partial or 

complete canal. 

55. Supra-clavicular nerves pierce the clavicle: (Fig. 

8A) The cutaneous nerves which serve the skin overlying the 

pectoral muscles originate from the 3rd and 4th cervical 

nerves in the cervical plexus. These supraclavicular 

branches usually drape over the clavicle. However, in rare 

circumstances, they may pierce the clavicle en route to the 

pectoral region. 

56. Circumflex sulcus on scapula: (Fig. 8B) A large 

sulcus can be felt along the lateral border of the scapula 

midway along the insertion of the teres minor muscle. This 

groove is left by the circumflex scapular artery which fans 

out on the posterior surface of the scapula after branching 

from the subscapular artery in the axilla. 

57. Muscle impression of pectoralis major and teres 

major on humerus: (Fig. 9A). These are characterized by 

distinct fossae or pits at the sites of attachment of these 

two muscles. The pectoralis major muscle inserts on the 

lateral lip of the intertubercular groove of the humerus 
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while the teres major muscle inserts on the medial lip. The 

insertions of these muscles are flat tendons, measuring 

approximately 5 cm across. 

58. Medial gastrocnemius attachment on femur: (Fig. 9B) 

The gastrocnemius muscle is the most prominent and 

supericial muscle of the calf. It arises from two heads, 

which are attached to the condyles of the femur by flat, 

broad tendons. The medial head is larger and originates 

from the popliteal surface of the femur just superior to the 

medial condyle. Occasionally, a fossa or pit is present at 

the site of attachment. 

59. Peroneal tubercle on calcaneus: (Fig. lOA) The 

peroneus longus muscle arises from the proximal fibula and 

courses via a long tendon along the lateral side of the 

calcaneus to cross the sole of the foot and insert on the 

first metatarsal and the medial cuneiform bones. The 

peroneus brevis arises from the lower two-thirds of the 

lateral fibula and insets on the fifth metatarsal. As these 

tendons traverse the calcaneus, they pass on either side of 

the peroneal tubercle (trochlea). This trait may be absent 

or present in varying degrees. 

60. Ossified apical ligament on C-2 (axis): (Fig. lOB) 

The secon cervical vertebra has an apical ligament which 

extends from the tip of the dens to the anterior margin of 

the foramen magnum. Occasionally, this ligament ossifies. 



61. Mammillary foramen: 
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(Fig. 11A) A ligament connects 

the mammillary processes and the accessory processes of the 

lumbar vertebrae. Occasionally, especially on the 4th and 

5th lumbar vertebrae, these ligaments ossify, creating a 

foramen. 

62. Atlanto-occipito fusion: (Not pictured) This 

condition, also called occipitalization of the atlas or 

atlas assimilation, occurs when there is fusion between the 

atlas and the occipital bone. This may occur in varying 

degrees, bilaterally or unilaterally. 

The vertebral artery is the principal soft-tissue 

correlate of the next few osseous traits. This artery 

typically arises from the subclavian artery, although on the 

left side it may arise directly from the aortic arch. After 

branching from this principal artery, the vertebral ascends 

through the transverse foramina of the first six cervical 

vertebrae. Occasionally, it will pass through the 

transverse foramen of the seventh cervical vertebra or enter 

the column higher than the sixth. 

Once it reaches the atlas, the vertebral artery enters 

the transverse foramen and courses horizontally in a groove 

across the posterior arch. The artery resumes its vertical 

course and enters the brain through the posterior 

atlantooccipital membrane. 
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63. C-1 Lateral spur: (not pictured) A lateral spur is 

a spicule of bone arising from either the superior articular 

process or the transverse process of the vertebra, or both, 

but not forming a complete bridge (see below) . 

64. C-1 Lateral bridge: (Fig. 11B) A lateral bridge is 

scored when a spicule of bone crosses from the superior 

articular process to the transverse process of C-1. In 

effect, this creates a tunnel for the vertebral artery 

during its horizontal course across the posterior arch. 

65. C-1 Posterior spur: (not pictured) A posterior spur 

occurs when a spicule of bone arises from the posterior arch 

or the superior articular process, or both, but not forming 

a complete bridge (see below) . 

66. C-1 Posterior bridge: (Fig. 12A) A posterior 

bridge occurs when a spicule of bone crosses from the 

superior articular process to the posterior arch of C-1. 

This also creates a tunnel for the vertebral artery during 

its horizontal course across the posterior arch. 

67. C-l Posterior transverse foramen: (Not pictured) A 

bridge of bone from the posterior border of the transverse 

process to the posterior arch. This is a rare, often 

unnoticed trait. 

68. Transverse foramina (C-l to C-7): (Not pictured) 

This trait is scored when the transverse foramen is 



incomplete or open, either bilaterally or unilaterally. 

Typically, the foramen fuses prior to birth. 
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69. Transverse foramina spur (C-1 to C-7): (not 

pictured). The transverse foramen is usually a single, 

discrete entity. Occasionally, a spur of bone may partially 

divide the foramen. This trait, and the next one, are 

scored for each individual vertebra. 

70. Transverse foramina divided (C-1 to C-7): (Fig. 

12B) The transverse foramen is completely divided into two 

parts by an osseous bridge. This trait, and the previous 

one, are scored for each individual vertebra. 

71. C-2 Non-bifid spinous process: (Fig. 13A) The 

second cervical vertebra has a comparatively short but large 

spinous process which is bifid in its inferior aspect. 

Several muscles which extend, retract and rotate the head 

attach to this process. The inferior oblique muscle and the 

rectus capitis posterior major take origin from the lateral 

aspect of the spine. The ligamentum nuchae is attached to 

the apex of the spine, along with the semispinalis and the 

spinalis cervicis, interspinalis and multifidus muscles. 

Occasionally, the gap in the spine is absent, which may 

slightly alter the leverage of these structures. 

72. C-2 - C-3 fusion: (Not pictured) Occasionally, the 

second and third cervical vertebrae may be fused together. 
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73. Defect of superior acetabulum: (Fig. 13B) There is 

often a crease, fold or pleat on the articular surface of 

the acetabulum which is not attributable to faults in the 

fusion of the ilium with the pubis or the ischium. The 

defect may occur anywhere along a line from the superior 

portion of the acetabular fossa to the border of the 

articular surface. 

74. Suprascapular foramen: (Fig. 14A) The 

suprascapular notch of the scapula lies along the superior 

border at the root of the coracoid process. This feature is 

converted to a foramen by the superior transverse scapular 

ligament. The suprascapular artery courses above this 

ligament while the nerve of the same name travels under it. 

Occasionally, the ligament ossifies and a true osseous 

foramen is formed. 

75. Scapular foramen: (Fig. 14B) The scapular foramen 

is a large well-defined opening occurring at the junction of 

the lateral portion of the spinous process and the body of 

the scapula within the supraspinatus fossa. I propose that 

this foramen houses a nutrient branch of the suprascapular 

artery and may also receive blood from the circumflex 

scapular artery via an anastomosis. 

76. Accessory scapular foramen: (Fig. 15A) If the 

scapular foramen is multiple, the extra foramina are called 
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accessory. Presumably, they serve the same function as the 

primary opening. 

77. Supratrochlear process: (Fig. 15B) This rare 

trait is a spur of bone found projecting anteriorly and 

inferiorly approximately 5-7 cm superior to the medial 

epicondyle of the humerus. 

78. Septal aperture: (Fig. 16A) Occasionally, the 

olecranon fossa of the humerus is perforated. The presence 

of a deficient fossa has been variously described as a 

mechanical reaction to hyperextension, a disturbance in 

calcium metabolism during ossification, weak development of 

the bone and simply the result of variation (Trotter, 1934; 

Riesenfeld and Simon, 1975). 

79. Exostosis of the Trochlear Fossa: (Fig. 16B) The 

trochanteric fossa of the femur is normally smooth; however 

occasionally bony spicules or an exostosis are present. 

Small exostoses are difficult to score. 

80. Fossa of Allen: (Fig. 17A) This depression, or 

eroded pit, is usually located near the anterior superior 

margin of the femoral neck close to the border of the neck. 

This fossa, also called the reaction area of the femoral 

neck, may have a raised rim around it, similar to the 

thickening seen in an inflammatory response. Angel (1964: 

140) deduced that the formation of the reaction area is 

" ... highly correlated with sharpness, tightness or 
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roughening of the joint capsule where the zona orbicularis 

interweaves with the iliofemoral ligament". 

81. Poirier's facet: (Fig. 17B) Also called the 

reaction area of the femoral neck by Angel (1964), this 

facet can be scored as a distinct feature from the fossa of 

Allen. The facet is described as a slight bulging of the 

femoral head toward the greater trochanter and does have 

contact with the acetabulum, the labrum and the iliopsoas 

tendon. As this facet is a variation of the fossa described 

above, the etiology is the same for both traits. 

82. Third trochanter: (Fig. 18A) The third trochanter 

manifests as a bony, oblong or rounded tuberosity at the 

superior end of the gluteal crest. Since this trochanter 

occasionally takes the place of the gluteal ridge, it can 

provide a site of attachment for the gluteus maximus muscle. 

The two features can be distinguished morphologically, 

however, as the ridge is roughened and the trochanter tends 

to be smooth in appearance. 

83. Hypotrochanteric fossa: (Fig. 18B) This is a 

depression or fossa found on the posterior portion of the 

femoral diaphysis between the gluteal ridge and the lateral 

margin. This depression may be caused by the vastus 

lateralis muscle which originates along this feature. 

84. Superio-anterior facet of calcaneus: (Fig. 19) 

There is variation in the expression of the anterior and 



middle facet of the calcaneus. The two facets may be 

continuous, be two discrete facets (see below) or 

occasionally, the anterior facet of the calcaneus will be 

absent. This trait is scored when the two facets are 

conjoined. 

85. Superio-anterior facet discrete: (Fig. 19) The 

anterior and middle facets of the calcaneus are sometimes 

manifest as two discrete facets, separated by a non

articular bony ridge. 
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APPENDIX B 

DATA COLLECTION SHEETS 

Representations of the data collection sheets are on 

the following pages. Although these are not the actual 

collection sheets, they are identical except that they 

follow the format of the rest of the dissertation. The 

numbers next to each category or trait represent the number 

used for the spreadsheet. The numbers are out of sequence 

for a variety of reasons. At the end of each category of 

trait (i.e., cranial, post-cranial or special post-cranial), 

a code was entered to indicate which observer collected the 

data. Also, some traits which were on the original data 

sheet, and hence assigned a number, were eliminated from the 

collection process. Asterisks in Tables 4A and 4B indicate 

places where the numbers are out of sequence. 
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CRANIAL VARIANTS 

Site: AZ P:14:1 Burial # 
Sex: 1 Age: 2 3 
Deformation: 4 Date: Observer: 

R L TORI: R L 

a Q Auditory 31 32 Post. Ethmoid. 

2 Palatine 33 34 Ant. ethm. x-sut. 

.a .2. Mandibular 35 36 Access . infraorb. 

OSSICLES: 

10 Bregmatic 37 38 Zygo-facial 

11 12 Coronal 39 40 Access. zygo-facial 

13 Lambda 41 42 Supraorb. foram. 

14 15 Lambdoidal 43 44 Supraorb. notch 

16 Os Inca 45 46 Supratroch. spur 

17 18 Riolan's 47 48 Frontal notch 

19 20 Asterionic 49 50 Frontal 

21 22 Parietal notch 51 52 Parietal 

23 24 Temp-squam. 53 54 Mastoid 

25 26 Epipteric 55 56 Mast. x-sut. 

27 28 Os iaponicum 

FORAMINA: 59 60 Zygo-Root 

29 30 Lacrimal 60 61 Post. Condo canal 



Site: 

R L 

61 62 

63 64 

65 66 

§J... 68 

69 70 

71 72 

73 74 

75 76 

77 78 

79 80 

81 82 

83 84 

85 86 
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CRANIAL VARIANTS 

Burial: --------------------
R L 

Hypogloss. canal double 94 95 Petrosquam. sut 

Dehiscence (Huschke) 96 97 Spine of Henle 

Pterygospin. (Civinini) ~ 99 Dbl condo facet 

Pterygo-alar (Hyrtl) 100 101 Pre-condo tub. 

F. spinosum open 

Canal. innomin. 

F. ovale incomplete 

Posterior malar 

Acc. less. palatine 

Carotico-clinoid 

Clino-clinoid bridge 

Double mental 

Acc. mandibular 

OTHER: 

Pharyng. fossa 

103 104 Paramast. prcs. 

105 106 Mylohyoid brdge 

Observer code 

87 Metopic suture 

Front-temp. artic. 

Ext. front. sulcus 

Sut. into infraorb. f. 
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The post-cranial data sheets have been modified 

slightly to conform to formatting guidelines. All pertinent 

information is preserved. 

114 115 

116 117 

118 

119 

120 

POST-CRANIAL VARIANTS 

OTHER: 

Supraclavicular nerves 

Circumflex scapular artery 

Muscle impression - humerus 

Medial gastrocnemius - femur 

Peroneal tubercle 

Ossified apical ligament 

Mammillary foramen 

Observer Code 
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POST-CRANIAL VARIANTS 

R L VERTEBRAE: R L INNOMINATE: 

121 Atlanto-:cocc. fusion 176 177 Artic. def. 
sup. acetab. 

122 123 C-1 lateral spur 

124 125 C-1 lateral bridge SCAPULA: 

126 127 C-1 post. spur 179 180 Suprasc. for. 

128 129 C-1 post. bridge 181 182 Scapular for. 

130 131 C-1 post. transv. for. 183 184 Acc. scap. f. 

132 133 C-1 transv. for. HUMERUS: 

134 135 C-1 transv. for. spur 185 186 Supratroch prc 

136 137 C-1 transv. for. divided 187 188 Septal apert. 

138 C-2 non-bifid spin. pro FEMUR: 

139 140 C-2 transv. for. 189 190 Exost. troch. 

141 142 C-2 transv. for. spur 191 192 Fossa of Allen 

143 144 C-2 transv. for. divided 193 194 Poirier's fac. 

145 C-2 and C-3 fusion 195 196 Third trochan. 

170 171 C-7 transv. for. 197 198 Hypotroch fossa 

171 172 C-7 transv. for. spur CALCANEUS: 

173 174 C-7 transv. for. divided 199 200 Sup. ant. facet 

201 202 Sup. ant. facet 
discrete 

203 Observer Code 
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APPENDIX C 

TYPE OF STATISTIC USED FOR HYPOTHESES TESTING 

HYPOTHESIS 

1. Trait frequencies do not vary by 
side of the body 

2. Trait frequencies do not vary by 
sex 

3. Trait frequencies do not vary by 
age 

4. Trait frequencies do not vary by 
type of artificial deformation 

5. Traits are not associated with one 
another 

6. What is the intra-rater agreement? 

7. What is the inter-rater agreement? 

8. There are no morphological 
outgroups based on discreta 

X2 = E(Observed - Expected)2/ Expected 

¢ = BC - AD/ V ((A + B) (C + D) (A + C) (B + D)) 

K = (fo - fc) / (N-fc) 

STATISTIC USED 

X2 

X2 

X2 

X2 

¢ coefficients 

K 

K 

X2, ANOVA 
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