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ABSTRACT 

A dental study of the adult human skeletal series (N = 225) from 

Grasshopper Pueblo in east-central Arizona is undertaken to address 

archaeological inferences on diet and stress. An intra-site research design is 

implemented to evaluate hypotheses on (1) dietary differences over time, 

between sexes and across space, and (2) differences in physiological stress over 

time, between sexes and across space at the pueblo. The dentitions are 

analyzed to collect data on caries, antemortem tooth loss, tooth wear, wear 

plane angles, alveolar recession and enamel hypoplasia. The teeth are 

partitioned along biological variables of sex and age, and dimensional 

variables of time period (early and late) and room block (RBI, RB2 and RB3). 

The diet/ tooth usage results suggest that the diet during the late period at 

Grasshopper Pueblo was different than the diet during the early period. This 

is consistent with the inferred intensification of maize agriculture in the late 

period. In addition, female diets were different than male diets when placed 

in a temporal context. This is possibly associated with the inferred over-

expoitation of wild game that may have forced males to hunt farther from 

home during the late period. 

The childhood stress data indicate three key findings. First, males 

exhibited greater enamel hypoplasia frequencies than females. This is 

possibly associated with an inferred matrilineal-matrilocal social organization 

at Grasshopper in which female children may have been given preferential 

treatment. Second, Room Block 2 inhabitants exhibited the lowest 

frequencies of enamel hj^oplasia. This is consistent with the inference that 
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residents of Room Block 2 represent the founding population. Finally, late 

period inhabitants of Grasshopper Pueblo exhibited significantly greater 

enamel hypoplasia frequencies than the early period inhabitants. These 

results are consistent with the inference that life during the late period at 

Grasshopper was more stressful. 

The changes in diet and increases in physiological stress that are 

suggested by this dental study are most likely associated with the dynamics 

that ultimately led to the abandonment of this 14th-century 500 room pueblo. 
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CHAPTER 1 

INTRODUCTION 

This dissertation is a study of the dental conditions at Grasshopper 

Pueblo (AZ P:14:l ASM), a fourteenth century 500-room pueblo on the Fort 

Apache Reservation in east-central Arizona. The general goals of this study 

are: (1) the description and characterization of the dental conditions at 

Grasshopper; (2) an intra-site analysis of the dental variability at Grasshopper; 

and (3) testing archaeologically derived hypotheses at Grasshopper. 

The material consists of 225 adult individuals, all of which were 

excavated at the Grasshopper Ruin. The data are generated by dental 

anthropological methods that will examine changes to the enamel surfaces of 

teeth that occur during the life of the individual. 

Specifically, the dentition will serve as an independent source of data 

with which to test the following archaeologically derived research problems: 

(1) Did dietary change occur over time at the pueblo? (2) Did stress increase 

over time at the pueblo? (3) Are there patterns in the data generated by the 

research questions on diet and stress that may be pertinent in addressing a 

more encompassing question on group membership at Grasshopper? 

Intra-site analysis of the data will occur along these partitions: (1) age; (2) 

sex; (3) time; and (4) space. The overall hypothesis of the research design is: 
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the dental data indicate that significant differences existed between the sexes, 

between time periods and between spatial groupings at Grasshopper Pueblo. 

Grasshopper Pueblo 

The Grasshopper Ruin (AZ P:14:l ASM) in east-central Arizona 

represents the remains of a large, 14th century MogoUon pueblo on the Fort 

Apache Reservation, ten miles north-west of the present day town of Cibecue 

(Figure 1.1). Grasshopper is an ideal archaeological site for many reasons. 

First, it represents the appearance of the large, aggregated pueblo pattern of 

settlement, and marks the replacement of the dispersed, small community 

pattern in this region. 

The estimated 500 rooms, some of which were multi-storied, are 

distributed between 13 room blocks and 15 smaller room groupings (Figure 

1.2). The main ruin is composed of three large room blocks that were 

constructed on either side of the Salt River Draw (Figure 1.3). Room Block 1 

is situated east of the channel. Room Block 2 is directly west of the channel 

and Room Block 3 is directly west of Room Block 2. The majority of rooms 

are contained in these three room blocks ; Room Block 1 has 95 rooms; Room 

Block 2 has 92 rooms; and Room Block 3 has 101 rooms. The great kiva is 

within the walls of Room Block 2, and Plaza 1 and Plaza 2 are situated 

between Room Block 2 and Room Block 3. (Longacre and Graves 1982, Reid 

1989). 
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From: Longacre and Graves, 1982 



22 

~I 
I 

-

' [J~ 
~~ 

"()( ~ltt...Cw 

""'~ . 
Tctto<w 

oc ........ .,to 

Olfti.I(.!Uo 

Figure 1.2, Plan of Grasshopper Pueblo 
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The site is located in the mountains below the Mogollon Rim, at an 

elevation of almost 6,000 feet. The modem environment of this area is 

transitional between the desert basin and range to the south, and the 

Colorado Plateau to the north (Longacre and Graves 1982). The vegetation is 

interspersed with both grassland and woodland communities. Ponderosa and 

pinyon pine and juniper are the dominant tree types. The mean 

temperatures range from 37 to 74 degrees Fahrenheit. The mean annual 

rainfall is 18.61 inches, and the average growing season, based on modem 

records, is about 140 days long (Holbrook and Graves 1982). This relatively 

short growing season, coupled with cold winters at that elevation, meant that 

Grasshopper was definitely a challenging place for agriculture. 

Tree-ring analysis estimates that Grasshopper was settled around A.D. 

1275 and that by about A.D. 1400 had been totally abandoned (Dean and 

Robinson 1982, Reid 1989). As a resiilt. Grasshopper represents a rather large 

pueblo with a narrow window in time - barely more than five generations - as 

compared to other Southwest sites. A compelling question surrounding this 

short temporal occupation is "why was Grasshopper abandoned after only 125 

years?" 

Another reason that Grasshopper is an ideal archaeological site is that the 

University of Arizona Archaeological Field School trained students there in 

method and theory every summer from 1963 to 1992. The meticulous 

excavation by the field school, coupled with the original pristine condition of 

the site, produced an extensive artifact assemblage and skeletal series. The 

field school excavated over 105 rooms, the great kiva, parts of Plaza 1 and 
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Plaza 2, all of Plaza 3, as well as testing some of the outlying areas. 

The skeletal series, consisting of 674 individual skeletons, is the fifth 

reason that Grasshopper is such a unique site. The skeletons in this large 

series are well-preserved and mostly complete. They were not field sampled, 

which in the past often resulted in the recovery of only the more complete 

skulls and longboiies or those with interesting pathologies. Because of the 

careful and thorough excavation by the fieldschool, every subadult and adult 

skeleton that was uncovered was brought in from the field. Subsequently, the 

skeletons were processed and curated under the direction of Dr. Walter Birkby 

in the Human Identification Laboratory at the University of Arizona. 

The extensive and impressive human skeletal series from 

Grasshopper, coupled with the relatively short temporal occupation of the 

pueblo, makes Grasshopper "an ideal archaeological situation for the physical 

anthropologist" (Hinkes 1983:14). As Reid and Shimada (1982) point out, in a 

125 year span. Grasshopper was settled, became a 500 room pueblo, and was 

forever abandoned. The fact that everybody died within a relatively short 

time provides anthropologists with a skeletal series that represents "a great 

slice of the population" (Dr. Walter H. Birkby, personal communication, July 

1998). 

A final reason that Grasshopper is an ideal site is the impressive body of 

research that has been produced from the excavations. This was a result of 

the prevailing atmosphere that encouraged students to participate in the 

testing of ongoing research questions, as well as develop new hypotheses and 

research designs (Longacre and Reid 1974). Subsequently, the following 
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anthropological problems have been investigated at Grasshopper; 

1. Qimatic and environmental change through time (Dean and 

Robinson 1982; Holbrook 1982; Reid 1973). 

2. Subsistence through time (Ezzo 1991,1992b, 1993,1994; Olsen 1980, 1982, 

1990; Reid 1973,1978; Tuggle et al 1984; Welch 1996). 

3. Human skeletal health and disease (Benson, 1986; Berry 1984, 1985; 

Hinkes 1983; Sumner 1984). 

4. Biosocial relationships of the human skeletons (Birkby 1973, 1982; 

Cassells 1972; Fulginiti 1993; Mulinski 1972; Shipman 1982). 

5. Pueblo social organization, status and ethnicity (Clark 1967, 1969; 

Griffin 1967, 1969; McKusick 1982; Reid 1985, 1989; Reid and Whittlesey 1982, 

1990; Whittlesey 1978; 1984, 1989). 

6. Aggregation and settlement (Berry 1985; Reid 1973, 1989; Tuggle 1970; 

Tuggle and Reid 1988). 

8. Household size and organization (Ciolek-Torello and Reid 1974; 

Ciolek-Torello 1984; Reid 1978, 1989; Reid and Whittlesey 1982); 

9. Interregional exchange (Graves 1983; Mayro et al 1976; Olsen and Olsen 

1974; Triadan 1997; Whittlesey 1974). 

To date, the rich Grasshopper bibliography lists a total of 20 doctoral 

dissertations, six masters theses, three edited volumes, one popular book and 

almost one hundred chapters and articles. 

Establishing the Grasshopper Timeline 

In order to test any hypothesis at Grasshopper, it was first necessary to 
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establish the major time periods at the pueblo. The "cornering project", 

initiated in 1967, began to identify construction units and room construction 

sequences (Longacre and Reid, 1974; Wilcox, 1982). Similarly, the Growth 

Project, which began in 1971, studied room construction in order to establish 

an accurate architectural timeline with the goal of understanding community 

growth patterns (Longacre and Reid, 1974; Reid 1973; Reid and Shimada, 

1982). Another goal of the Growth Project was the development of artifact 

data sets that were contemporaneous and could be compared over time. 

Step-wise guidelines for the investigation of research questions at 

Grasshopper were set forth by the Growth Project. First, it is necessary to 

determine the main time periods in which aggregation and abandonment 

occurred. Second, equivalent data sets from the periods of aggregation and 

abandonment must be identified. And third, these data must be analyzed for 

any changes over time (Reid 1973, 1978). These guidelines became the 

foundation on which changes in diet or stress over time could be analyzed. 

The efforts to establish a chronology at Grasshopper culminated in the 

identification of major periods of time at Grasshopper, as outlined by Reid 

(1989). The growth of the pueblo is divided into four periods as follows: (1) 

Establishment, from A.D. 1275 to A.D. 1300, (2) Expansion, from A.D. 1300 to 

A.D. 1330, (3) Dispersion, A.D. 1330 overlapping with Abandonment, and (4) 

Abandonment, the beginning of which overlaps with Dispersion to 

approximately A.D. 1400. 

An overarching problem in the analysis of the grave goods or the human 

skeletons from Grasshopper burials has been the inability to place all burials 
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in a temporal framework. An earlier analysis of the Grasshopper dental 

remains by Berry (1983) has fallen under criticism because of his temporal 

placement of the skeletons which are divided into two groups; the Pre-

Abandonment Phase, or "early Grasshopper", with 185 individuals - and the 

Abandonment Phase, or "late Grasshopper", with 450 individuals. Ezzo 

(1991;145) writes "it should be noted there is some uncertainty in Berry's 

temporal ranking of the burials." 

Ezzo (1991) points out that approximately 60% of burials (144/231) are 

temporally placed through location in the sequence of room construction and 

tree-ring dating. The remainder, however, do not have any temporal 

placement. In response to this problem, Ezzo performed fluoride analysis of 

the bone (Schurr 1989) in order to date the remaining 87 adult burials. As a 

result of his efforts, almost all of the adult burials at Grasshopper have been 

assigned to either the "early" period (a combination of the Establishment and 

Expansion periods), or the "late" period (a combination of the Dispersion and 

Abandonment periods) (Ezzo 1991,1992a, 1994). 

A further attempt at identifying a temporal framework for the burials at 

Grasshopper was initiated by Triadan (1994) through the seriation of funeral 

ceramics. Her investigation of temporal differentiation between early and 

late types of ceramics suggest that temporal differentiation of the burials based 

on ceramic types found within the graves is not possible. 

Aggregation at Grasshopper 

The establishment of Grasshopper Pueblo between A.D. 12/5 and A.D. 
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1300 marked the first appearance of an aggregated pueblo in this region of the 

Southwest. Before that time, settlement in the region was characterized by 

small, dispersed communities (Graves et al 1982; Reid 1989; Tuggle 1970). It is 

believed that the main factor behind the initial settlement of Grasshopper 

was the richness of resources in the area, particularly the availability of land 

suitable for agriculture. As a result, people from the smaller dispersed 

settlements in the area began to immigrate to Grasshopper (Longacre and 

Graves 1982). 

It is believed that the establishment of Grasshopper, marked by the 

beginning of construction of the three major roomblocks, began around A.D. 

1300 (Longacre and Graves, 1982; Reid and Shimada, 1982; Graves 1991). 

Room Blocks 1 and 3 had between 5 and 10 core, or founding rooms, whereas 

the core unit of Room Block 2 consisted of 21 rooms. The three room blocks 

may represent three different founding groups. It has been suggested that the 

construction of the large core unit in Room Block 3 is representative of the 

immigration of a whole village into Grasshopper (Reid 1989), probably 

Chodistas, a site one kilometer away that burned down around A.D. 1300. As 

the largest founding group of Grasshopper Pueblo, the irihabitants of 

Roomblock 2 have earned the nickname of "the home team" (J. Jefferson 

Reid, personal communication. May 1998). This is based on the possibility 

that, as the largest founding goup, they had control and access to a majority of 

the agricultural land. 

It is believed that by A.D. 1330 most of the construction at Grasshopper 

was completed. The population growth was rapid in order for the pueblo size 
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to reach 500 rooms in a 40 year span. One estimate of the peak population 

size is 1,000 (Longacre 1975, 1976) and another is 600 (Graves et al. 1982), 

although expansion by the local population cannot explain this amount of 

population growth (Reid and Longacre, 1974). Longacre (1975, 1976) explains 

that substantial immigration into Grasshopper must have been primarily 

responsible for this rapid growth. Graves et al (1982) and Reid (1989) 

characterize two types of immigration into Grasshopper; (1) continued local 

aggregation of the smaller, dispersed communities; and (2) immigration 

from areas beyond the local region. 

Social Organization at Grasshopper 

The reconstruction of the social organization of prehistoric Southwestern 

societies is a central research problem for many Southwestern archaeologists. 

Accordingly, much of the research on Grasshopper has focused on aspects of 

social organization at the pueblo. 

Early work by Clark (1967,1969) and Griffin (1967,1969) suggested that 

ascribed status differences may have existed at Grasshopper. Subsequent 

analysis of the mortuary data by Whittlesey (1978), however, suggests that 

status is a function of sex and age at Grasshopper. 

In the past decade there has been a similar debate between the 

investigators of Grasshopper Pueblo and those from Chavez Pass. The debate 

centers upon the analyses of the mortuary complex of these two sites which 

have produced conflicting interpretations of the degree of social complexity. 

The thrust of the debate involves the degree to which these two societies 
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exhibited "the development of hierarchical decision-making organizations, 

the presence of status differentiation, and the rise of inequality that limited 

access to economic resources and ritual information" (Lightfoot and Upham 

1989:3). A central area of investigation is the differential treatment of the 

dead in terms of the allocation of mortuary goods, both quantity and quality. 

Archaeologists from Grasshopper and Chavez Pass have come to very 

different conclusions. Chavez Pass has inferred from the mortuary data the 

presence of an "hereditary elite". The main focus of the Chavez Pass workers 

has been to show that a managerial elite controlling resource allocation and 

decision-making hierarchies existed (Upham 1989:79). The workers at 

Grasshopper, on the other hand, take exception to the use of the terms "elite" 

and "decision-making hierarchies". Instead, they think that what is observed 

archaeologically can be explained by "social distinctions on the basis of age, 

sex, kinship, occupation, and membership in ceremonial groups" (Whittlesey 

1984:276). 

Skeletal Studies on Aggregation 

Research that defined low-status and high-status groups at Grasshopper 

(Clark 1967, 1969) provided the impetus for the earliest studies in physical 

anthropology. Clark suggested that group membership might have been 

ascribed through kin ties, rather than achieved. Mulinski (1972) tested the 

hypothesis that group endogamy existed at Grasshopper. He suggested that 

this could be tested by an analysis of non-metric traits within each group. A 

total of 192 crarual and postcranial variables were used. His sample included 
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40 theorized "low-status individuals" and 41 theorized "high-status 

individuals". Mulinski (1972: iii) reports that "only 7 of 191 variables (3.6%) 

were significantly different in occurrence between groups." He therefore 

rejected the hypothesis of group endogamy at Grasshopper. 

Cassells (1972) continued investigating possible status differences at 

Grasshopper. He studied the relationship between artificial cranial 

deformation and status at Grasshopper. A total of 188 inhumations were 

analyzed. No significant differences were found to occur between proposed 

"high" and "low" status groups. 

These studies on status at Grasshopper were replaced by questions 

generated by the hypothesis that the aggregation at Grasshopper involved two 

different ethnic groups, the Mogollon and the Anasazi. 

Birkby (1973, 1982) analyzed nondeformed crania for the purpose of 

collecting data on 54 different nonmetric traits from the cranium and 

mandible. His results suggested that a male exogamous mating pattern as 

well as a matrilocal residence rule may have been present at Grasshopper. 

Birkby also suggested that two differing social units, based on the two main 

architectural units, may have existed at Grasshopper. 

Shipman (1982) primarily analyzed postcranial nonmetric traits and 

craniometries to test the biological distance of four Western Pueblo groups 

(Grasshopper, Kinishba, Point of Pines and Turkey Creek). The results 

indicated that these four groups were morphologically similar. He also 

performed intra-site comparisons of biological distance at Grasshopper. The 

findings indicated that people from the east and west architectural units are 
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morphologically similar. These results suggest that Grasshopper is a 

biologically homogenous group. 

Fulginiti (1993) analyzed cranial non-metric traits to investigate the 

hypothesis that differing ethnic groups aggregated at Grasshopper Pueblo. 

She hypothesized that if distinctive ethnic groups (Mogollon and Anasazi) 

aggregated at the site, the skeletal data should reflect that by indicating the 

groups were morphologically dissimilar. The hypothesis, however, was not 

supported by her findings. The non-metric data indicated that Grasshopper 

was populated by a morphologically homogenous group. 

Finally, Triadan (1994) hoped to identify ethnic diversity at Grasshopper 

based on the ceramics from the burials. Based on her analyses she states that 

"if different ethnic groups resided at Grasshopper Pueblo, the decorated 

ceramics were not restricted to the respective group"(Triadan 1994:157). 

Abandoiunent at Grasshopper 

Reid and Shimada (1982) point out that research questions surrounding 

how the inhabitants of Grasshopper managed to survive the harsh realities of 

the rugged, mountain environment have framed numerous investigations 

on Grasshopper since the early 1970s. Of particular interest has been the long

standing archaeological research focus on the factors that precipitated 

abandonment of Grasshopper Pueblo, as well as other pueblos in the region 

around the same time. Hinkes (1983) points out that there is no evidence for 

warfare or any other catastrophes. There are several archaeologically derived 

hypotheses on the abandonment of Grasshopper, including: (1) the political 
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organization brought from the small, dispersed communities was not 

effective in managing a large, aggregated pueblo; (2) the breakdown of inter

regional trade (Graves et al 1982); and (3) increasing food shortages brought on 

by environmental stress in the form of resource depletion (Reid 1989). 

One of the central reasons for the abandorunent of a site, it is assumed, is 

because the inhabitants were under environmentally induced stress (Dean, 

1969; Hill, 1970; Longacre, 1970; Reid 1989). In fact, one of the main 

hypotheses on Grasshopper abandonment suggests that increasing 

environmental stress occurred over time. Specifically, stress that occurred in 

the later period of Grasshopper occupation may have led to the eventual 

abandonment of the pueblo (Berry 1985; Hinkes 1983; Reid 1973, 1978, 1989). 

Subsistence and Stress at Grasshopper 

The subsistence strategy at Grasshopper was a combination of 

agriculture, hunting and gathering. The list of agricultural crops includes the 

staples of com, beans and squash. The wild plants ostensibly utilized as food 

sources include manzanita, suriflower, squawbush,walnut, juniper, prickly 

pear, choUa, and grape (Bohrer 1982). Of the wild game animals, mule deer, 

by far, was utilized the most as a food source (Reid 1973, 1978; Olsen 1980, 

1982, 1990). Olsen reports that other animals used for food at Grasshopper 

include desert white-tailed deer, pronghom, cottontail rabbit, jackrabbit, 

Aberfs squirrel, dog, bighorn sheep and turkey (1980, 1990). Based on his 

faunal analyses, Olsen (1990) estimates that less than 50% of the calories taken 

in by Grasshopper inhabitants came from eating animals. 
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Reid (1989) and Welch (1996) note that over the span of Grasshopper 

occupation, major changes in subsistence strategies occurred. Prior to A.D. 

1330, the inhabitants of Grasshopper practiced a combination of hunting and 

gathering and gardening. After A.D. 1330, they clearly became much more 

reliant on agriculture. It has been hypothesized that this intensification of 

agriculture marks a change in human behavior caused by some 

environmental stress. 

Reid (1973, 1978) was the first to investigate environmental stress at 

Grasshopper as a significant variable in behavioral changes leading to the 

eventual abandonment of the pueblo. Specifically, Reid analyzed climatic 

variation and subsistence strain measured by diversity of fauna and flora. 

With these measures he tested the hypothesis that changes in climate placed 

stress on subsistence strategies. He found that faunal and floral procurement 

diversity was greater during the early period than it was during the later 

period. He also found that the frequency of immature mule deer taken 

increased during the later period. Based on these findings, his main 

conclusion was that meat consvmiption probably decreased during the late 

period at Grasshopper. 

The faimal analyses by Olsen (1980, 1982, 1990) indicate that three major 

changes in hunting occurred at Grasshopper: (1) a greater percentage of 

immature animals were killed during the late period; (2) there was a greater 

diversity in animal species utilized for food during the late period; and (3) 

there were fewer whole limb bones recovered from the late period, suggesting 

that people were breaking them in order to extract the marrow. 
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Graves et al. (1982) believe that climatic change was not severe enough to 

be the main environmental stress behind the changes in human behavior at 

Grasshopper. However, as the inhabitants of Grasshopper became more 

reliant on agriculture in the later period, drought would have been one of the 

more serious environmental stresses at Grasshopper. Tuggle et al. (1983) 

report that there is no evidence of irrigation at Grasshopper, which means 

that the agriculture relied entirely on precipitation. Bohrer (1982; 105) states 

that "a subsistence farmer first experiences economic stress when his 

cultivated crops fail, but the situation grows serious when wild crops fail 

also." If indeed the wild resources in the vicinity of Grasshopper were 

depleted from over utilization, a drought would have been seriously stressful 

to inhabitants of the pueblo. 

As a result of the decreased availability of wild game and increased 

utilization of maize agriculture, it is inferred that the later period at 

Grasshopper is characterized by changes in the diet that resulted in 

subsistence strain (Decker 1986; Ezzo 1991, 1992b, 1994; Olsen 1980, 1982, 1990; 

Reid 1973, 1978; Tuggle et al 1984). This subsistence strain would ultimately 

produce an increase in the overall disease and pathogen load at the pueblo 

(Berry 1985; Hinkes 1983; Stuart-Macadam 1992). 

Dietary Analysis of Grasshopper Burials 

The multi-element and isotopic analysis of human bone are 

technological advances that allow Grasshopper investigators to 

independently test the archaeological inferences based on artifactual and 



37 

faunal analysis. Decker (1986) performed stable carbon isotope ratio analysis 

of bone collagen; and strontium, or trace element analysis. He asked two 

main questions: (1) What was the diet at Grasshopper? (2) Was food 

differentially distributed over time and between groups at the site? The 

results of his study indicate that there was an increase of C4 plants (probably 

maize) through time at Grasshopper, and a decrease in the consumption of 

meat. 

Ezzo (1991, 1992) utilized bone chemistry data to evaluate the possibility 

of dietary change at Grasshopper. His methodologies included multi-element 

analysis of bone by emission spectroscopy, and carbon isotopic analysis of 

bone. His materials included all of the skeletons 14 years of age and older, 

which totalled 231 individuals. 

Ezzo's temporal findings suggest that during the early period of 

occupation, hunting and gathering played a more prominent role in the diet 

than during the late period, when agriculture became the primary mode of 

subsistence. The results of his analyses also suggest that variability in diet was 

not a function of sex if all males and females were compared. When the 

sexes were separated by early and late time periods, however, the early period 

males had greater consumption of cultigens and meat than females, whereas 

in the late period male and female diets were quite similar. Female diets 

show an obvious shift over time, whereas male diets do not appear to change 

much over time. His data indicate that early female diets consisted of more 

wild plant foods than early males. On the other hand, early male diets 

consisted of more meat and cultigens. Late female diets and late male diets. 
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however, were quite similar. Late males consumed less meat and much 

more maize, and late females consumed less wild plants and more maize. 

Ezzo (1991; 282) notes that "the complementary patterning of elements and 

stable isotope ratios makes it unlikely that changes in these values through 

time reflect biological factors other than diet". 

Furthermore, variability in space clearly existed. The three major room 

blocks appeared to exhibit clearly distinctive diets based on the results of bone 

chemistry analyses. In general. Room Block 1 consumed more collected 

plants, and Room Blocks 2 and 3 more agricultural plants. 

Physical Anthropological Studies on Grasshopper Stress 

Physical anthropological studies on Grasshopper have been designed 

with the hope of identifying physiological responses to changes in diet and 

subsequent increased subsistence stress that may have led to the 

abandonment of such a large community (Hinkes, 1983; Berry, 1983; Decker, 

1986; and Ezzo, 1991,1992b, 1993,1994). 

Hinkes (1983) was the first to study the skeletal responses to physiological 

stress at Grasshopper. Her dissertation described and analyzed the subadult 

burial series in order to test the archaeologically derived hypothesis of 

increased stress over time. She demonstrated that human skeletal remains 

can be used as an independent test of archaeological inferences. That is, 

information from bones and teeth can address questions generated from 

analyses of the material culture. Specifically, she analyzed subadtilt stress 

marker occurrence and severity at Grasshopper in order to uncover possible 
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temporal or spatial variability. Her working h5.^othesis was that higher 

frequencies of skeletal and dental stress markers will be derived from the late 

period at Grasshopper. A second phase of her analysis involved the testing of 

spatial variability in the occurrence of skeletal stress indicators. Her working 

hypothesis was that Room Block 2 would be the most different from the 

outlier groups. 

The results of her study indicate that there is a tendency for children 

from the later period of occupation to exhibit increased acute stress marker 

frequencies. The results from her spatial analysis suggest that children from 

the outlying areas exhibit increased frequencies of stress markers. 

Previous Dental Analysis of Grasshopper Burials 

The first analysis of the teeth from Grasshopper Pueblo was performed by 

Black (1978). He collected metric data on the teeth of 323 individuals (adults 

and children). His research design was an investigation into the efficacy of 

assigning sex to subadult individuals based on the tooth size of adults. Black 

found that tooth "widths seem to show greater sexual dimorphism than 

lengths and are not as seriously affected by wear" (1978:7). More important, 

he developed discriminant fiinctions based on odontometric dimensions that 

allowed him to assign sex with an 80% accuracy rate. 

Berry (1983, 1985) was the first to analyze the teeth of the Grasshopper 

inhabitants to address issues of diet and stress. His dissertation included an 

inter-site analysis of dental pathologies encompassing caries, 

hypercementosis, alveolar bone resorption, alveolar and periapical ab cesses. 
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antemortem tooth loss, and dental hypoplasia. Berry compared the 

Grasshopper skeletal series with other Mogollon and Anasazi series. He 

found dental pathologies to be more abundant and severe at Grasshopper 

than in the other Mogollon and Anasazi series he studied. Berry (1985: 268) 

stated that "the sum of dental/oral pathologies observed in the "Mogollon" 

hard tissue renmants suggest that, in general, the people of Grasshopper 

Pueblo in the mountainous "Transitional Zone" suffered more from such 

disease than did any Anasazi group from the Colorado Plateau region to the 

north." 

Berry did attempt some intra-site analysis. He divided the skeletal series 

into two temporal groupings; (1) 'Tre-Abandonment", and (2) 

"Abandonment". His "Pre-Abandonment" period contained 203 individuals, 

whereas the "Abandonment" period had just 3 individuals. It is believed that 

this temporal placement of burials is problematic. Work by Ezzo (1991) has 

refined the placement of individuals in time, indicating that the system Berry 

used may not have been accurate. As a result, any attempts by Berry to 

address the diachronic archaeological problems of increasing stress, dietary 

change or bi-ethnic aggregation may have failed because of the way he 

partitioned the data. 

This criticism of Berry, however, should not overshadow the 

contributions of his original dental analysis of Grasshopper. His major 

contribution was in his overall characterization of the poor dental health at 

Grasshopper seen on a regional scale. 

Furthermore, his ideas on why dental conditions were so poor at 
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Grasshopper were a driving force in the building of my research design. 

Some of Berry's assertions, in fact, are upheld in light of the my study's 

results. For example, the high frequencies of enamel hypoplasia that he 

observed during the "Pre-Abandonment" period led him to hypothesize that 

"waves of Anasazi farmers, arriving at refugia such as Grasshopper, brought 

dental lesions to the site and exacerbated local problems of crowding and 

protein resource exploitation which resulted in one of the highest levels of 

dental pathology and periodontal disease recorded to date from the American 

Southwest" (1985: 253). This aggregation based population explosion at 

Grasshopper Pueblo may have resulted in the over-exploitation of wild 

resources and a subsequent forced reliance on maize agriculture. As the 

pueblo inhabitants shifted to a full-blown maize agriculture over time, the 

diet at Grasshopper became increasingly higher in carbohydrates and lower in 

protein. 

This reconstruction of the dynamics that produced the poor dental 

conditions at Grasshopper may be quite accurate. Yet, Berry's results were 

based on a characterization of the dentition from the site as a whole. It is 

believed here that the lack of accurate temporal partitioning of the skeletons 

by Berry lead to a loss of critical information. The present study strives to 

delve deeper into the intra-site dynamics with an analysis that utilizes the 

early-late temporal dichotomy generated by Ezzo's (1991) refinement of the 

temporal placement of skeletons. 
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CHAPTER 2 

RESEARCH DESIGN, MATERIALS AND METHODS 

Research Design 

The impetus for this research design derives from previous work done 

by a number of investigators of Grasshopper Pueblo (Berry 1983; Ezzo 1991, 

1992a, 1992b, 1993,1994; Hinkes 1983; Reid 1973). Of particular interest to this 

dissertation is the possible significance of diet and stress that may be 

associated with the ultimate issue of the abandonment of the pueblo. Cordell 

(1985:193) suggests that Southwestern archaeologists need to facilitate studies 

of human skeletons by physical anthropologists, and integrate them with 

mortuary analyses. This dissertation integrates a physical anthropological 

research design with the Grasshopper model of temporal and spatial 

organization. 

Reid (1973:4) states that the goal of his dissertation on subsistence and 

stress at Grasshopper was to seek "material correlates of human behavior to 

apply to the material remains at Grasshopper in order to explicate and explain 

prehistoric behavior at Grasshopper". Consequent urging by Reid has 

provided impetus for the development of the research design of this 

dissertation. As a result, the current dissertation seeks dental correlates of 

human experiences that would address inferences on subsistence and stress at 
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Grasshopper. 

Initially, the results of Berry's (1983,1985) inter-site analyses of the dental 

health at Grasshopper provided impetus for me to ask, "why is the dental 

health at Grasshopper so poor?" In an attempt to answer that question, this 

dissertation analyzes the intra-site variability at Grasshopper. Essentially, a 

portion of this dissertation is a re-analysis of the teeth utilizing the same 

methods as Berry. This dissertation, however, adds new perspective by 

utilizing archaeological advancements in the temporal placement of 

Grasshopper burials that have occurred since 1985. The other portion of this 

dissertation is an entirely new effort to collect first-time data. 

Secondly, the results of bone chemistry analyses (Decker, 1986; Ezzo, 1991, 

1992b, 1993,1994), which suggest that dietary variability was present at 

Grasshopper, were instrumental in the development of this research design. 

A goal of Ezzo's dissertation (1991) was to identify distinctive patterning in 

the bone chemistry data that would indicate dietary change. Similarly, the 

goal of the present study is to examine the teeth in order to identify patterns 

in the dental data that may be indicative of dietary changes. Specifically, do 

the dental data from this dissertation agree with Ezzo that dietary differences 

existed between the sexes and that dietary change occurred over time and 

between room blocks? 

Finally, the analyses by Hinkes (1983) of the subadult skeletal stress 

markers at Grasshopper was a major source of impetus for this dissertation. 

The data from the subadult skeletal remains suggest that stress increased over 

time at Grasshopper Pueblo (Hinkes, 1983). Fortvmately, she did not utilize 
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any adult dentitions in her analyses of enamel hypoplasia. As such, she laid 

the foundation for this present work on the adult skeletal series. Specifically, 

one of the goals of this dissertation is to utilize adult dental data as an 

independent data source to test the generally espoused archaeological 

hypothesis of increased stress over time at Grasshopper Pueblo. 

Research Problem #1: Changes in Diet/Tooth Usage Over Time 

The first focus of this dissertation is on the hj^othesized dietary changes 

that may have existed between the sexes at Grasshopper, as well as the dietary 

differences that may have ocoxrred over time and across space. Specifically, 

this study utilizes the dental anthropological methods of antemortem tooth 

loss, caries, tooth wear, wear plane angles and alveolar resorption to identify 

indicators of dietary change. The goal of this research design is to collect and 

analyze data from these variables in order to evaluate whether dietary 

differences exist between sexes, time periods and roomblocks. 

A Definition of Dietary Change 

Ezzo (1991:2) writes that "dietary change refers to differences in the degree 

to which various foods were consumed through time." At Grasshopper prior 

to A.D. 1330, hunting and gathering and gardening were the primary modes 

of subsistence. After A.D. 1330, there was a shift in subsistence, as the 

inhabitants of Grasshopper became reliant on agriculture. It is this shift in 

subsistence that may have produced an overall dietary change at Grasshopper 

and subsequently may be present in the dental data. 
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Hypotheses on Changes in Diet/Tooth Usage at Grasshopper 

The first hypothesis states that the dental data will support the assertion 

that differences in diet / tooth usage existed between the sexes at Grasshopper. 

The second hypothesis states that the dental data will support the 

assertion that changes in diet/tooth usage occurred over time at Grasshopper. 

The third hypothesis states that the dental data will support the assertion 

that differences in diet / tooth usage existed between residentially distinct 

people at Grasshopper. 

Research Problem #2: Increased Stress Over Time 

The second focus of this dental anthropological research is on the data 

that addresses the hypothesized increase of stress over time at Grasshopper. 

Specifically, this dissertation utilizes a paleopathological methodology that 

identifies a dental indicator of stress response. Enamel hypoplasia is the 

primary "stress marker" utilized in order to evaluate whether physiological 

stress increases over time, between sexes and between room blocks at 

Grasshopper Pueblo. 

A Working Definition of Stress 

In physical anthropology, the concept of stress refers to a process wherein 

some environmental stressor negatively affects the physiology of an 

individual. A model of stress that can be applied to prehistoric populations 

was presented by Goodman et al. (1984). This stress model includes four main 

components; (1) causation, or the stressor, (2) the impact on the individual. 
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(3) the response by the individual, and (4) the consequences of the stress. 

Goodman et al. (1988: 177) point out that "the consequences of stress 

experienced by individuals depend on a number of factors such as genetic 

susceptibility, age, sex, and resiliency". 

In skeletal biology, "stress" generally refers to stressors that impact the 

physiology of an individual severely or for a sufficient amount of time to 

produce skeletal or dental pathologies. Gam et al. (1965) posit that stress is 

experienced in a differential fashion by the body, for example, teeth are more 

buffered than bone. 

There are three main environmental stressors that produce enamel 

hypoplasias; (1) illness induced stress, and (2) stress from nutritional 

deficiencies, and (3) weaning induced stress. Although these are listed as 

different stresses, it is often difficult to separate out one from the other. For 

example, stress produced by nutritional deficiency could certainly lead to 

subsequent stress from iUness. And weaning stress is usually regarded as a 

combination of nutritional and illness induced stresses. 

Weaning, defined as the time that a child is taken off the mother's breast 

milk and introduced to outside foodstuffs, generally occurs from one to four 

years of age. In the transition from breastmilk to the newly introduced foods, 

the child experiences a decrease in the overall quality of nutritional intake. 

Clinical studies on "weaning stress" sometimes focus on the role of breast 

feeding. Of particular interest is the comparison of the nutritional values of 

breastmilk and formula supplements. It is universally agreed that breast milk 

is superior to formula (Heird 1994). Specifically, the protein and 
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immunoglobulin constituents of breastmilk are far superior to formula. 

Studies suggest, however, that by the age of six months the nutrient needs of 

a child are no longer met by breastmilk alone. Nutritional supplements and 

weaning foods become increasingly important, as the teeth are beginning to 

erupt and the infant is much more active. As a result, the practice of formula 

supplementation, seen in modem industrial nations, is an excellent buffer 

against "weaning stress". Subsequently, modem infants during the weaning 

lifestage can adapt and strengthen their system. 

In prehistoric populations, however, mothers did not have the luxury of 

high-protein formula supplements. Instead, they probably gave their 

children a "weaning gmel" which was not very nutritional. As a result, the 

reduced intake of breastmilk at weaning, along with nutritionally poor 

supplements, combined to produce "weaning stress". "Weaning stress" is not 

only a type of nutritional stress at the or\set, but it also can become an illness 

induced stress. 

On the other hand, the baseline "weaning stress" in a population can also 

be affected by an overlay of nutritional and illness related circumstances. For 

example, weaning stress can be much more severe during a disease epidemic. 

Estimated Age at Weaning at Grasshopper 

Katzenberg et al. (1996:186) note that; 

"One other area that has attracted some attention with regard to weaning is 

that of tooth wear. It might be hypothesized that the earliest appearance of 

wear in deciduous teeth would indicate that weaning had begtm or was 
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completed and consequently associated with the ages of the of the infants or 

children in skeletal samples." 

In an attempt to quantitatively establish the mean age of weaning at 

Grasshopper Pueblo, the author (Fenton ms) conducted a pilot study on the 

deciduous tooth wear patterns in the subadult skeletal series. This study 

hypothesized that a corn-based "weaning gruel" would probably contain grit 

from the milling process. This grit would therefore have an immediate 

impact on the enamel of the deciduous teeth. It was postulated that a visible 

increase in tooth wear would mark the onset of the weaning process in the 

subadults at Grasshopper. The results of that study showed an obvious 

acceleration in tooth wear between the second and third years of life. These 

data suggest, therefore, that the weaning process may have begun in the 

second year of life at Grasshopper. 

In order to independently test this inference based on tooth wear, this 

study will analyze the enamel hypoplasia data at Grasshopper to determine 

mean age at occurrence of the defects. If the mean ages at defect occurrence 

fall with the 2 to 4 year range, it is possible that the defects may be related to 

the weaning process. 

Hypotheses on Stress at Grasshopper 

The fourth hj^othesis of this dissertation states that the dental data will 

indicate that males and females at Grasshopper experienced differing 

degrees of stress. 

The fifth hypothesis states that the dental data will support the 
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hypothesis that physiological stress at Grasshopper increased over time. 

The sixth hypothesis states that the dental data will indicate that stress 

variability at Grasshopper existed across space. 

The seventh hypothesis states that the adult dental data will agree with 

the hypothesized age at weaning based on dental attrition information from 

the deciduous teeth. 

Research Problem #3: Group Membership 

A third focus of this research is on the hypothesized ethnic heterogeneity 

that may have been present at Grasshopper. Evidence from the material 

culture seems to indicate the presence of distinct ethnic groups co-residing at 

Grasshopper. This heterogenous mix has been described as a Mogollon base 

with a subsequent Anasazi influx. 

There have been several previous attempts by physical anthropologists to 

identify this biological heterogeneity at Grasshopper (Birkby, 1973; Shipman, 

1982; and Fulginiti, 1986). The data generated by these studies, however, 

indicate that the skeletal series is biologically homogenous. It is indeed 

possible that different ethnic groups were present at Grasshopper, but the data 

utilized thus far could not effectively identify them. Or, "perhaps the cultural 

artifacts purported to discriminate among groups represent individual, family 

or moiety differences rather than distinct cultures, such as Mogollon or 

Anasazi" (Fulginiti 1993:142). 

As a result, the eighth working hypothesis of this research design states 

that the dental data will identify patterns that are suggestive of residential 
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group membership at Grasshopper. 

Materials 

The interpretation of the archaeological record may be greatly enhanced 

through the analyses of dental remains by the physical anthropologist. Teeth 

can provide valuable information on the diet, food preparation techniques 

and the health of a prehistoric skeletal series. In general, human osteological 

research strives to reconstruct human biological history through "informed 

description of what we see in a sample of human skeletons and on 

measurements of skeletal elements or features that we hope, or perhaps 

assume, reveal biological information" (Ortner and Kelley 1990:17). 

The reconstruction of the skeletal biology and health status of a 

prehistoric skeletal series is a common goal of today's human osteologists. 

This reconstruction includes the telling of an individual's life story by 

examining his or her skeletal remains, and has been referred to as an 

"osteobiography" (Saul and Saul 1989). This type of pursuit is an obvious 

departure from earlier studies in physical anthropology which were based on 

the description and measurement of morphology. More recently, human 

osteology has shifted focus to a dynamic understanding of prehistoric people 

based on aspects of growth and development, maturation and aging. Part of 

such a focus is a more rigorous analysis of the paleopathology of 

archaeologically recovered skeletal material. 

Teeth are especially useful in the reconstruction of archaeological 

communities because they can stand up to the rigors associated with burial. 
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Due to their incredibly hard outer coating of enamel, teeth can resist decaying 

in soil much better than bone. Calvin Wells (1964:121) writes that "no 

structures of the human body are more likely to disintegrate during life than 

teeth, yet after death none have greater tenacity against decay." It is exactly 

this irony that explains why enamel can be an excellent chronicle of the 

individual's life history. 

The Grasshopper Skeletal Series 

The skeletal series from Grasshopper, totalling 674 individual skeletons, 

is one of the largest series ever recovered from a site in North America. This 

series is "probably the the best maintained, the most complete, and the most 

representative of an excavated population" in the Southwest (Birkby, ms). 

This is a result of three critical factors: (1) the alkaline soil in which the 

skeletons were buried, (2) the careful excavation by University of Arizona 

Field School crew members, and (3) the meticulous laboratory processing 

sequence (Figure 2.1) and curation of the remains in the Human 

Identification Laboratory of the Arizona State Museum, under the direction 

of Dr. Walter Birkby. 

Of the 674 skeletons from Grasshopper, only 237 (35.2%) are 12 years of 

age or older. Longacre (1976) notes that over half of the skeletons recovered 

from Grasshopper died before reaching reproductive age, and the majority of 

those died before the age of five. Specifically, 64.8% of the total series (437 

individuals) died before the age of 12. Of those, 85.1% (372 individuals) died 

before the age of five. These 372 individuals represent 55.2% of the total 
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skeletal series. 

Selection of the Sample 

The study sample includes all of the individuals from Grasshopper that 

are 12 years of age and older. This sample was chosen for a number of 

different reasons. First, 12 years of age is about the time that the permanent 

canine and second molar finish erupting, which means all of the permanent 

dentition is present for analysis except the third molar. Second, beginning at 

the age of 12 years, it is possible to assess the sex of most individuals. 

Comparing the sexes is a crucial part of this dissertation. Third, because one 

goal of this research design is an independent test of the hypotheses generated 

by Ezzo (1991), it is important that the same sample is utilized. At the same 

time, previous work by Hinkes (1983) on stress indicators in the teeth of 

subadults provided impetus to study the adults from Grasshopper. 

A total of 237 skeletoris from Grasshopper are 12 years of age or older. Of 

these, 225 skeletons are analyzed in this study. These represent all of the 

skeletons from Grasshopper that are 12 years of age or older and contain some 

portion of alveolar bone from the maxillae or mandibular from which dental 

data could be collected. That is, individuals were selected based on the 

presence of alveolar bone containing any of the following: teeth, tooth sockets 

or resorbed sockets. As a result, it was necessary to remove 12 of the adult 

skeletons from the sample because they lacked any alveolar bone. 
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Age Estimation and Sex Assessment 

"Acurate age and sex estimates in human skeletal remains are basic to 

studies of past adaptations and demographic histories" (Buikstra and 

Ubelaker 1994). At Grasshopper, age and sex had been assigned to almost all 

of the adult skeletons by human osteologists in the Human Identification 

Laboratory at the University of Arizona. Most of the age estimates and sex 

assessments were done in the 1960s and 1970s. Since then, the "state of the 

science" of assessing the sex of adult skeletons has not really changed. As a 

result, there was no need to re-assess the sex of the adults from Grasshopper. 

Table 2.1 presents the sex distribution of the individuals in the skeletal 

sample selected for study. 

TABLE 2.1 
SEX DISTRIBUTION OF THE 
GRASSHOPPER ADULT 
SKELETONS ANALYZED 

Sex N ^ 

Females 136 60.4 
Males 81 36.0 
Indeterminate 8 3.6 

Total 225 100.0 

The techniques that human osteologists utilize for estimating age, on the 

other hand, have been greatly improved in the last tweny years. A prime 

example of this can be seen in the estimations based on the morphology of 

the pubic symphysis. In the 1970s, the original age estimates of the adult 
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males from Grasshopper were largely based on: (1) the pubic symphyseal 

aging techniques by Todd (1920) and McKem and Stewart (1957); (2) 

epiphyseal union standards if the individual was under 25 years of age; or (3) 

the degree of dental wear in individuals over 25 years of age. The original 

female age estimates were based only on epiphyseal union and degree of 

dental wear. Female pubic symphysis standards had not yet been developed. 

Since then, a technique for the estimation of female age based on the 

morphology of the pubic symphysis has been developed by Brooks and 

Suchey (1990). 

In addition, a new aging technique developed by Iscan and Loth (1986), 

which utilizes morphological changes in the sternal end of the fourth rib, has 

greatly enhanced the ability to estimate adult age for both sexes. 

Subsequently, it was decided that this dissertation on Grasshopper would 

benefit from a re-analysis of the age estimation of the adult females over the 

age of twenty five, and the adult males over the age of twenty five that did 

not have a pubic symphysis. The re-analyses includes the utilization of the 

female pubic symphysis standards (Brooks and Suchey 1990) as well as the 

sternal rib end standards for both sexes (Iscan and Loth 1986). As a result of 

these new age estimates, most adults at Grasshopper now have an age 

estimate based on skeletal age indicators, and not on the relative degree of 

tooth wear. 

Table 2.2 presents the age distribution of the female and male skeletons 

analyzed in this study. These age groups were originally chosen because they 

are similar to the groups that Ezzo (1991) uses, although after the re-analysis 
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of skeletal age the distribution of individuals is not the same in this 

dissertation. 

TABLE 2.2 
AGE AND SEX DISTRIBUTION OF THE 
ADULT SKELETONS ANALYZED 

Age Range Females Males 

12-15 (N = 11) 1 3 
16-21 (N = 20) 13 7 
22-30 (N = 31) 20 11 
31-40 (N = 65) 39 26 
41-50 (N = 57) 36 21 
51+ (N = 39) 27 12 
Indet (N = 2) 0 1 

TOTAL (N = 225) 136 81 8 

Further Partitioiung of the Skeletal Sample 

A goal of this dissertation is to understand the temporal and spatial 

sources of variation in the teeth from Grasshopper. As a result, the biological 

partitions of sex and age are overlayed with the cxiltural partitions of 

occupation time and residential space. These time and space variables are 

components of the "archaeological model" at Grasshopper, having been 

established through years of archaeological investigation (see Chapter 1). 

This study utilizes the early and late temporal partitions of the 

Grasshopper burials as identified by Ezzo (1991). Ezzo performed fluoride 

analysis to refine the temporal placement of adult burials at Grasshopper, 
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assigning 163 burials to the "early" period (Establishment and Aggregation 

Phases - A.D. 1275-1325) and 67 burials to the "late" period (Dispersion and 

Abandonment Phases A.D. 1325-1400). Table 2.3 lists the early-late 

distribution of the females and males analyzed in this study. 

TABLE 2.3 
SEX AND TIME DISTRIBUTION OF THE 
ADULT SKELETONS ANALYZED 

Sex Earlv Late Unknown 
Female (N = 136) 92 40 4 
Male (N = 81) 56 23 2 

TOTAL (N = 217) 148 63 6 

In Table 2.4 the age group distribution of all individuals from the early 

and late time periods are presented. 

In Table 2.5, individuals from the early and late periods are 

distributed by age group and sex. And finally. Table 2.6 lists the spatial 

distribution of females and males analyzed in this study. 

TABLE 2.4 
AGE AND TIME DISTRIBUTION OF THE 
ADULT SKELETONS ANALYZED 

Age Range Early Late 
15-21 (N = 20) 16 4 
22-30 (N = 31) 22 9 
31-40 (N = 63) 42 21 
41-50 (N = 55) 39 16 
51+ (N = 39) 27 12 

TOTAL (N = 208) 146 62 
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TABLE 2.5 
AGE, SEX AND TIME DISTRIBUTION 
OF THE ADULT SKELETONS ANALYZED 

Ag£ Sex E I 
15-21 F (N = 13) 10 3 

M (N = 7) 6 1 
22-30 F (N = 20) 14 6 

M (N = 11) 8 3 
31-40 F (N = 37) 21 16 

M (N = 26) 21 5 
41-50 F (N = 35) 26 9 

M (N = 20) 13 7 
51+ F (N = 27) 21 6 

M (N = 12) 6 6 

TOTAL 208 146 62 

TABLE 2.6 
PROVENIENCE AND SEX DISTRIBUTION 
OF THE ADULT SKELETONS ANALYZED 

Provenience Female Male 
Roomblock 1 26 14 
Roomblock 2 26 14 
Roomblock 3 7 14 
Great Kiva 18 9 
Plaza I 6 4 
Plaza n 7 2 
Test 27 17 
Broadside 8 3 
Roomblock 5 3 0 
Roomblock 7 0 1 
Roomblock 9 2 0 
Roomblock 11 1 0 
Roomblock 12 1 0 
E Bank Draw 0 1 
No provenience 4 2 

TOTAL 136 81 
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Methods 

The suggestion by Reid et al. (1989) that the burial collection must be 

partitioned by "skeletal morphology" is heeded by this dental anthropological 

research design. By comparing the variation in the dental material to what is 

known archaeologically from the material culture and from other studies on 

the physical anthropology at Grasshopper, the objective is to arrive at a more 

comprehensive understanding of diet and stress at the pueblo. 

The goal of this physical anthropological research design is to understand 

the variation in the changes to the enamel surfaces of the teeth at 

Grasshopper. The sources of variation are sometimes referred to as 

"individual life history characters" seen in teeth (Morbeck 1991). This study 

utilizes dental anthropological methods that capture some of these 

individual life history characters in the teeth. The teeth of the 225 adult 

individuals at Grasshopper are analyzed along three major lines of inquiry; 

(1) presence-absence, (2) dental wear and (3) dental pathology. 

These individual life history characters reflect, in general, how the 

individual interacted with the environment. Obvious ways in which the 

enamel surfaces of teeth are impacted include; (1) chewing of food, (2) "teeth 

as tools", (3) dental mutilation; (4) dentistry (and there is one example of this 

at Grasshopper); (5) trauma and (6) pathologies. 

Data Collection and Documentation 

Analysis of the dental remains took place in the sixth tier of the Arizona 

State Museum. The data for this study were collected by analyzing one 
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individual skeleton at a time for all dental variables. The data were originally 

catalogued on columnar pads. 

Photographic documentation of the occlusal surfaces of all dentitions was 

performed. Radiographs of all maxillae and mandibles were taken. In 

addition, periapical dental X-rays were taken of all teeth. Photographic and 

radiographic documentation was performed in the Human Identification 

Laboratory in the University of Arizona's Department of Anthropology. 

Data collection is initially focused at the level of the tooth. In that way, 

the life history of each tooth is chronicled. At the same time, it is critical to 

remember that each tooth is a teammate of the other teeth in that arcade 

(mandible or maxillae), and that the mandible works in concert with the 

maxillae to form the integrated system of the whole mouth. 

Methods That Address Variability in Diet/Tooth Usage 

Powell (1985:307) discusses how teeth are impacted during the life of the 

individual; 

"Once the teeth have erupted into the oral cavity, they are subjected to 
continuous mechanical, chemical and pathogenic stresses that are all strongly 
affected by dietary factors. The interaction of these factors (e.g., the texture and 
chemical composition of foods consimied and the frequency of dental 
exposure to cariogenic foods) with one another and with endogenous 
features of the dentition (e.g., tooth morphology) and the oral environment 
(e.g., saliva consistency, rate of flow, and chemical composition) determines 
the dental health of populations" . 

The hypothesized changes in diet/tooth usage that may have occurred at 

Grasshopper over time, across space, and between the sexes (Decker 1986; Ezzo 
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1991; Reid 1973,1978; Olsen 1980, 1990) can be investigated and independently 

tested by utilizing various dental anthropological methods. With that in 

mind, the first focus of this research design is on the numerous changes to 

the enamel surface of erupted teeth that occur throughout the life of an 

individual. These "survival life history characters seen in teeth" include 

(1) frequency of antemortem tooth loss, (2) caries frequencies, (3) degree of 

enamel wear, (4) wear plane angle, and (5) alveolar bone resorption. It is 

important to note that each of these are "lifestage progressive" or 

"chronological age progressive". That is, these variables all increase as the 

individual gets older. 

Presence-Absence 

Collection of data begins by noting the presence or absence of each tooth. 

If the tooth is absent from the alveolus, it must be noted whether it was lost 

antemortem (before death) or postmortem (after death). Antemortem loss of 

a tooth is evidenced by resorbing alveolar bone within the socket. Sometimes 

this is barely visible, which is indicative of a tooth that was lost close to the 

time of death. Sometimes the socket has resorbed entirely, which indicates 

that the tooth was lost quite a while before the time of death. On the other 

hand, postmortem loss of a tooth is characterized by a lack of resorbed 

alveolar bone in the socket. If a portion of alveolus is missing, those missing 

teeth are coded as "bone missing". 

Antemortem tooth loss data provide information on the overall dental 

health of the individual. This must be understood in terms of what causes 
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teeth to be lost during the life of the individual. In a culture where 

preventive dental care was not practiced, antemortem tooth loss could result 

from etiologies such as caries, heavy wear and periodontal disease. 

Antemortem tooth loss is an age progressive phenomenon, meaning 

that as people age they exhibit higher frequencies. As a result, this 

necessitates handling of the data by age-matched samples (Kelley et al. 1991). 

In this way, care is taken to produce results that reflect reality, and not the 

mean age at death of a skeletal sample. Summary data on the frequency of 

antemortem tooth loss at a particular archaeological site is often 

comparatively meaningless, unless the age distribution of individuals is 

exactly the same as at another site. 

Caries 

Caries is a dental pathology that can provide information on the dental 

health of the individual and the population. Caries frequencies also reflect 

the dietary practices of a population. Data on "dental caries provide a 

valuable index to the proportionate representation of soft-textured high-

carbohydrate foods in a population's diet" (Powell 1991:32). Furthermore, 

"dental caries is unquestionably a pathological condition that contributes to a 

high rate of antemortem tooth loss in populatioris unable to halt tissue 

destruction by appropriate medical intervention" (Powell, 1985: 313). This is 

especially true in pre-Columbian North America, where the filling of carious 

teeth did not occur. 

It is commonly known that agricultural groups exhibit higher frequencies 
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of caries than do hunter-gatherer groups. Therefore, it is likely that the teeth 

from Grasshopper will exhibit a relatively high frequency of caries. Indeed, 

previous analyses by Berry (1983, 1985) indicate that the teeth from 

Grasshopper have the highest frequency of caries in his inter-site study. 

In this study each tooth is analyzed for the presence or absence of caries. 

The type of caries is then noted by utilizing these categories: (1) occlusal, or pit 

and fissure; (2) cervical; (3) root; (4) interproximal; (5) buccal pit (6) origin not 

determinable (Hillson, 1979, 1996; Moore and Corbett 1971; Powell 1985; 

Schmucker 1985). Data on caries severity was also collected (Hillson 1979). 

Like antemortem tooth loss, caries is an age-progressive dental variable. 

As a result, analysis of caries frequencies must be performed utilizing age-

matched samples. 

Tooth Wear 

The degree of tooth wear is a dental variable that is similar to 

antemortem tooth loss and caries frequencies in that it is a cumulative 

chronicle of a lifetime of rigors experienced by a tooth. In this dissertation, 

data on the wear stages of all teeth at Grasshopper are collected for the 

purpose of characterizing the degree of tooth wear by age group in an attempt 

to identify dietary variability over time. Although it is not done in this study, 

tooth wear data can also be useful as an aging technique for prehistoric 

skeletal series (Brothwell, 1981). 

The tooth wear system this dissertation utilizes is taken from Smith 

(1984). This system is the product of an earlier cooperative effort with Hinton 
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(1981). It was developed by summarizing Murphy (1959). The Murphy 

system was produced for Australian aborigine teeth, whereas the Smith 

system has been modified for American Indian skeletal series. The summary 

diagram (Figure 2.1) produced by Smith (1984) has eight stages of wear (1-8). 

The first stage represents the least amount of wear, and the eighth stage 

represents the most wear. 

Like antemortem tooth loss and caries frequencies, tooth wear is an age-

progressive dental variable that must be analyzed by using age-matched 

samples. 

Wear Plane Angle 

Normally, the occlusal planes of mandibular premolars and molars have 

an initial lingual inclination. With occlusal wear over time, the planes shift 

and become flat or have a buccal inclination (Butler 1972). Flat occlusal wear 

is thought to result from the "puncture-crushing" of tough, fibrous foods, 

whereas oblique occlusal wear is often indicative of actual tooth-to-tooth 

contact caused by eating more prepared foods (Smith 1984). When the 

mandibular first and second molars exhibit oblique occlusal wear, but the 

third molar and the premolars are still inclined lingually, a helicoidal wear 

pattern is the result (Reinhardt 1983). This pattern is commonly observed in 

dentitions that process diets containing large amounts of gritty substances 

(Osbom 1982). 

The wear plane angles are measured by using a modified protractor 

(Figure 2.2) developed by Smith (1984). The angles are measured by placing 
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the protractor horizontally on the talonid basin of both mandibular first 

molars, and then bringing the moveable bar down across the occlusal surface 

and recording the angle. Angles that are lingually inclined are given a 

negative designation, and angles inclined buccally are positive. 

Wear plane angle data is also age-progressive in nature. It can be 

analyzed in two different ways: (1) by age-matched samples, or (2) by tooth 

wear stage matched samples. 

Alveolar Recession 

The distance between the cemento-enamel junction (CEJ) and the 

alveolar crest (AC) is referred to as the amount of alveolar recession or 

alveolar bone resorption. The CEJ-AC distance is measured in mm using a 

graduated periodontal probe. The measurement recorded for each tooth 

represents the maximum CEJ-AC distance for that tooth. In the analysis of 

dry skulls, CEJ-AC distances greater than 2 mm have classically been 

considered evidence of periodontal disease. Periodontal disease is a general 

term referring to the process which attacks the bony tissues supporting the 

teeth. It has recently been suggested that this condition is overdiagnosed 

(Roberts and Manchester 1997). In fact, the work by Qarke and Hirsch (1991) 

suggest that periodontal disease is often erroneously diagnosed. Instead, they 

suggest that the increasing distance between the CEJ and the AC may simply 

be caused by continuous eruption of the teeth in response to occlusal attrition. 
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Methods That Address Variability in Physiological Stress 

The second focus of this research design is on physiological stress that is 

experienced during childhood. The overall health and "the nutritional 

quality of the diet during the early developmental years exerts a powerful 

influence upon normal dental maturation" (Powell 1985:307). Of main 

concern is the relationship between generalized stressors such as weaning, 

poor nutrition and disease processes, and the pathologies that record these 

stresses in teeth during childhood. In particular, this study utilizes enamel 

hypoplasias, conventionally regarded as generalized stress indicators that 

occur during infancy or childhood, as an independent test of the hypothesized 

increase of physiological stress over time at Grasshopper. Enamel hypoplasia 

is a defect in the enamel that occurs during amelogenesis, or the formation of 

enamel. Unlike bones, teeth do not continue to grow throughout the life of 

the individual. As a result, once the enamel crown is formed, any defect in 

the enamel remains in the permanent archives of that tooth. Therefore, the 

analysis of enamel hypoplasia in the adult skeletons can provide data on the 

childhood lifestage. 

Types of Enamel Hypoplasia 

Berten (1895) was one of the first to identify the three main types of 

enamel hj^oplasia: (1) Furchen (furrows) (2) Grubchen (little pits), and (3) 

flachenformig (plane-form). The furrow-type defects are commonly referred 

to as linear enamel hypoplasia (LEH), and are essentially an exaggerated 

perikymata caused by the interruption of a band of ameloblasts. Pit-type 
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defects are the result of the interruption of a smaller numbers of ameloblasts 

(Hillson 1996). Both the linear and pitting types are assumed to be caused by 

acute episodes of stress. The plane-type defects, however, are interpreted as 

being the result of a prolonged period of stress, and are referred to as 

"chronic" (Ensor and Irish 1995). 

This study collects data on the three types of enamel hypoplasia; (1) 

linear, (2) pitting and (3) chronic. All teeth are examined for the presence of 

enamel hypoplasias. The defects are macroscopically identified, with the aid 

of overhead and side light sources. 

Location and Width of Enamel Hypoplasias 

The location of hypoplastic defects is recorded by measuring the distance 

from the cemento-enamel junction to the center of the LEH or pits. For the 

chronic hypoplasias, the beginning and the end of each defect are measured in 

order to determine the width. All measurements are taken to the nearest 0.10 

mm with a Helios needle-point caliper. 

The Database 

Because each tooth is analyzed separately, the database of this study 

contains 7,200 cases (225 individuals multiplied by 32 teeth per individual). 

A database this large forces much of the analysis to focus on overall 

frequencies of teeth, rather than on frequencies within individual skeletons. 

Still, the individual can be represented in a couple of ways in this database. 

First, the teeth of each individual are numbered 1 through 32. As a result, if 
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the analysis of hypoplasia looks at just one tooth, say #6, each #6 tooth is 

representative of an individual. In that way, the frequency of all #6 teeth 

with hypoplasias could be used to represent the frequency of people with 

hypoplasias in that specific tooth. At the other end of the spectrum, the 

individual can be represented by a frequency percentage. For example, the 

percentage could represent that individual's number of teeth with 

hypoplasias divided by the total number of teeth present in the mouth. 

Unfortunately, this percentage can be problematic. If all four canine teeth are 

missing postmortem from an individual skeleton, the calculated hypoplasia 

frequency for that individual will probably not reflect reality (because we 

know that canines exhibit the highest frequencies of hypoplasia). On the 

other hand, if all the molars are missing, the hypoplasia percentage for that 

individual will probably be inflated, because molars at Grasshopper exhibit 

the lowest frequencies of hypoplasia. As a result, the best way in which to 

utilize this percentage technique is to confine it to a specific tooth class. 

There are a number of levels of analysis that exist between the level of 

the tooth and the level of the individual that can be meaningful. First, teeth 

can be grouped by the arcade, either the maxillae or the mandible. For 

example, maxillary canines can be one group, and the mandibular canines can 

be another. Second, all canines can be a group. Third, the maxillary anterior 

teeth can be grouped, and compared to the mandibular anterior teeth. Or, the 

maxillary anterior teeth can be compared to the maxillary posterior teeth. 

Decision making on how to group the teeth depends on the questions that are 

being asked, as well as the comparative data available. 
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Statistical Analysis of the Data 

The patterning in this data set is dear and determinable from simple 

visual inspection. Because of this, elaborate or complex statistical analyses are 

deemed urmecessary. The data are presented in tabular form, although a 

variety of graphs and charts were produced in examining the data. To make 

general evaluations and comparisons, a series of simple two-way tests are 

conducted. 

The data are entered into a Microsoft Access spreadsheet. The 

spreadsheet is imported into the Systat 7.0 package for statistical analysis. 

Cross tabulations are performed using Chi-square and independent t-tests 

where appropriate. The Chi-square test is used to compare frequencies of 

specific dental conditions between two samples. The independent t-test is 

used to compare the difference of means between two samples. The alpha 

level of significance is set at p = 0.05. 

In addition to the Chi-square and t-test analyses, the effect of sample size 

on each result is analyzed. This is done as a precautionary check, as 

differences between samples can sometimes be significant due to the large 

numbers of teeth being analyzed. The following are the effect sizes for Chi-

square analyses: small = 0.1, medium = 0.243, large = .371. The effect sizes for 

t-test analyses are as follows: small = .2, medium = .5, large = .8. 

Expected Contributiciis of This Dissertation 

The results of this dissertation will hopefully present a clearer overall 

picture of the dental conditions at Grasshoper Pueblo, as well as add to what is 



70 

known about the intrasite variability. This study is scientifically important 

because it helps to expand the general foundation of physical anthropological 

knowledge on the pueblo inhabitants. 

The present work also responds to the inherent time constraints placed 

on the study of this skeletal series by the Native American Graves Protection 

and Repatriation Act (NAGPRA). 

Key Assumptions and Theoretical Limitations 

1. The study sample from Grasshopper is a skeletal series, not a 

population. As Hinkes (1983) points out, "it is an undeniable fact that we will 

never know how represenative the excavated skeletal sample is of the total 

mortuary population or, more importantly, of the total population once 

living at this or any site." 

2. The skeletal series studied from Grasshopper is a mortality sample. 

That is, the recovered skeletons represent some portion of the adult 

individuals that died at the pueblo. Cook and Buikstra (1979) point out that 

the frequency of pathological conditions in the dead can seldom be expected to 

reflect the frequencies in the living. This is an important point to remember, 

although common sense tells us that everyone dies. Therefore, we can 

assume that at least some of the skeletons in the study sample are 

representative of "normal living conditions" at Grasshopper Pueblo. 

Although this is a semantic problem, it actually forces the admission that data 

generated by this dissertation represent the dental conditions of the adults 
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that died at Grasshopper and were subsequently excavated. Whether this 

reflects reality at Grasshopper remains in the realm of the unknowable. 

3. This study utilizes the temporal placement of the Grasshopper burials 

that has been established through archaeological and isotopic evidence. Based 

on the accepted archaeological model of Grasshopper, skeletons are placed in 

either the "early" or the "late" time periods (Ezzo 1991, 1992a), A total of 163 

individuals are in the "early" period, which is a combination of the 

previously assigned periods of Establishment and Aggregation (AD 1275-

1325). The "late" period, consisting of the Dispersion and Abandonment 

phases from AD 1325-1400, contains a total of 67 individuals. 

4. The spatial location of skeletons may or may not be meaningful in 

terms of group membership. That is, it is unknown whether the skeletons 

recovered from a specific roomblock represent membership in some 

recognizable ethnic, kin or social group. Goldstein's (1976) results, however, 

imply that there is a robust association between spatially distinct cemetaries 

and their exclusive use by certain descent groups. 

5. Basic problems exist with the placement of individuals into arbitrarily 

defined age groups. It must be understood that the techniques such as pubic 

symphyses and sternal rib ends have wide age ranges. Certainly it is not 

possible to always be accurrate within a ten year span as this study has done. 
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6. The sample sizes of some partitions will be small. This is one of the 

problems with doing intrasite analyses. 
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CHAPTERS 

ENAMEL 

Enamel is the white, hard outer covering of a tooth crown. It is the 

hardest tissue in the mammalian body (Shawashy and Yaeger, 1986) the 

surface of which is an archival history that can be "read" by the physical 

anthropologist. What is actually being "read" is the degree to which the 

enamel surface has been impacted by: (1) physiological stress during the 

development of the tooth crown, and (2) post-eruption masticatory use over 

the life of the individual. 

Enamel, unlike bone, does not have the luxury of being able to 

continuosly grow and therefore adapt to environmental stresses placed on it. 

In fact, of the four hard tissues in the body (bone, enamel, dentin and 

cementum), only enamel grov/th occurs for a limited period of time. Once 

the tooth crown is formed, no more enamel is added to it throughout the life 

of the individual, whereas bone continues to remodel throughout life. As a 

result, when analyzing bony elements, an individual is seen at only one 

moment in his existence - aroimd the time of death. This is a sort of 

"perimortem snapshot". When analyzing teeth, however, investigators are 

provided with a much longer record of the individual's life story. The 
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enamel surface of the tooth serves as an "archive". 

Because bone is dynamic and constantly remodeling, it is possible only in 

the minority of cases to tell from which specific disease an individual may 

have suffered. Dental disease, however, cannot be erased by remodeling. 

Information can only be lost through evulsion of the tooth or by attrition. As 

a result, enamel can record certain childhood events that occurred while the 

tooth crown was being formed. In addition, once the crown is complete, the 

enamel surface can record the cumulative "wear and tear" that tooth has 

experienced over a lifetime. 

In order to fully understand how nutrition and disease processes can 

affect the surface of enamel, it is important to begin with an outline of the 

sequence of normal enamel growth and development. 

Enamel Development 

Enamel growth is ectodermal in origin. This is different than the cells of 

bone, cementum and dentin formation, which are all mesodermal. 

The development of the first deciduous teeth begins in the sixth week of 

embryonic life. The mouth cavity is lined by an epithelium which consists of 

a layer of low columnar cells. There is local thickening of this epithelium in 

the lateral regioiis of the maxillary and mandibular processes. This is known 

as the primary epithelial band, which divides into two subsequent 

differentiations in the seventh week of prenatal life. The buccal process, or 

the vestibular band, marks the region of the lips and cheeks. The lingual 

process, or dental lamina, form the twenty deciduous tooth buds. This 
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indicates the commencement of the "tooth bud" stage. 

In the bud stage, the enamel organ is comprised of the mesodermal 

dental papilla and the ectodermal enamel organ. The enamel organs are 

swellings of the dental lamina. In the earliest stages, the enamel organ 

exhibits an "enamel knof at the center of its impocketing of the oral 

epithelium into the underlying mesenchymal region. This knot is 

instnmiental in the developmental stage referred to as the cap stage. 

Early in the cap stage the outer, convex layer of the enamel organ 

develops into the "external enamel epithelium". Also, the concave papillary 

surface of the enamel organ becomes the "internal enamel epithelium". As 

the cap stage nears its completion, this interior layer splits and forms the 

"stellate reticulum". 

The development of the enamel organ continues into the bell stage. Late 

in the bell stage, the "stratum intermediate" forms between the internal 

enamel epithelium and the stellate reticulum (Scott and Symons, 1974). 

At this point, four distinct cell layers are what constitute the enamel 

organ. The external enamel epithelium is composed of cells that are low and 

columnar and cubical. The stellate reticulum has star-shaped cells which 

make up the bulk of the enamel organ. The stratum intermediate is quite 

thin, only two or three rows deep of flattened cells. Finally, the internal 

epithelium has columnar cells which eventually differentiate into the 

ameloblasts. Ameloblasts are the enamel building ceUs which take part in the 

elaboration of the enamel prism. This process is referred to as 

"amelogenesis". 
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Before the ameloblasts differentiate, the internal enamel epithelium 

fulfills two duties. First, the crown form is mapped out. Second, the 

formation of dentin is initiated by creating the odontoblast layer. 

Odontoblasts, the dentin building cells, are crucial because dentin must be 

present before any enamel formation by the ameloblasts can commence . The 

enamel is then formed over the surface of the dentin. 

With the commencement of amelogenesis, the enamel matrix begins to 

be secreted and deposited by the ameloblasts. At the distal end of each 

ameloblast there is a narrow zone of cytoplasm called the Tomes' process. 

Matrix is produced by the ameloblast and secreted through the Tomes' 

process. After this occurs, the Tomes' process disappears, having done its job. 

The deposited matrix at this stage is known as "pre-enamel", and is composed 

mostly of organic matter. This pre-enamel is deposited in a prism shape. 

Each tooth crown is composed of millions of enamel prisms which pass 

uninterrupted from the dentin-enamel junction to the surface of the crown. 

The ameloblasts, it should be pointed out, do not all become active in the 

secretion of matrix at the same time. There are gradients of cell 

differentiation. As matrix is secreted, the mature ameloblasts recede in a 

stepwise manner towards the outer epithelium. This process continues until 

the entire crown map has been filled. 

This appositional mode of growth results in the incremental lines of 

growth called "striae of Retzius". Matrix production takes place in a rhythmic 

pattern as periods of activity alternate with period of quiescence. Each stria of 

Retzius corresponds to one of the periods of quiescence. The pattern of 
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incremental lines remains even when the enamel is mature. 

Robinson and Kirkham (1982) point out that in a developing tooth 

crown, the forming edge is composed of enamel matrix. The farther away 

you get from the forming edge, the enamel becomes more mature. Enamel 

matrix is composed mostly of organic components, whereas the fully mature 

enamel is inorganic in nature. 

The calcification of the enamel matrix is believed to occur in two phases. 

The pre-enamel is initially altered due to a moderate influx of some inorganic 

substance, probably calcium. This initial stage is often referred to as "young 

enamel". As the young enamel increases in width from the the den tin-

enamel junction to the crown surface the final influx of calcium begins. It all 

occurs quite rapidly as this final phase of calcification is underway well before 

the whole of the matrix is deposited. 

During early amelogenesis it is believed that the developing enamel 

contains a protein-carbohydrate complex. It is thought the ameloblasts are 

provided with alkaline phosphatase from the stratum intermedium with 

which to synthesize the essential proteins. This developing enamel contains 

15-20% protein. 

This is in contrast to the later stages of matrix formation where there is a 

withdrawal of protein and water and a massive influx of inorganic elements. 

When the matrix is completely formed, the ameloblasts undergo atrophic 

degeneration. At the same time, a quantitiative increase in calcium occurs. 

Mature enamel is composed of less than 1% organic matter. Of this, only 

0.4% contains proteins. The remaining 0.6% consists of carbohydrates and 



78 

lipids (Kraus 1969). 

In permanent teeth amelogenesis can take from 2.5 to 4.5 years. For 

deciduous teeth it can take from five months at the minimum up to 14 

months (Ubelaker 1989). 

Incremental Micro-Structures in Enamel 

Because of its prismatic structure, enamel contains a number of 

incremental structures that include; cross striations, striae of Retzius, 

perikymata, neonatal line, and Wilson bands. Cross striations occur along the 

length of the enamel prisms. Boyde (1976) suggested that one cross striation 

represents one day's work by an ameloblast. There is strong clinical evidence 

that suggests cross striations are arcadian (24 hours) in rhythm (Bromage, 

1991). The visible changes in cross striations are believed to be the daily 

acceleration and then slowing in the production of enamel. 

Striae of Retzius are internal enamel bands that pass obliquely from the 

dentino-enamel junction to the enamel surface (Retzius, 1836; 1837). Striae of 

Retzius are believed to be caused by some unknown, regularly occurring 

systemic disturbance of the enamel matrix secretion. The amount of enamel 

separating striae varies between teeth, individuals and species. There are 

constantly 7 or 8 cross striations between each striae of Retzius, which 

suggests that the striae are formed on approximately a weekly schedule. 

What causes this circaseptan rhythm is imclear (Hillson, 1996). 

Perikymata are the surface manifestations of the striae of Retzius. It is 

believed that perikymata could be temporal landmarks on the teeth that 
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reflect crown formation times and rates of growth and development. 

Bromage and Dean (1985) counted these perikymata in order to derive crown 

formation times. Their study attempted to revise chronological ages at death 

of some immature fossil hominids. They examined modem human 

permanent incisors and compared them to hominids form East and South 

Africa. They reported that the biologically equivalent ages for the hominid 

specimens were aproximately two-thirds of modem humans, putting them 

closer to the growth of modem apes. Based on the perikymata Beynon and 

Dean (1988) concluded that early hominids had a shorter period of infancy 

than modern humans. 

Further work by Mann et al (1991), however, does not support this ape

like development for early hominids. They contend that, based on 

perikymata counts, fossil hominids fall within the range of modem humans 

in dental formation time. Their work also calls into question the overall 

methodology of utilizing perikymata counts for predicting crown formation 

times in fossil homids. Mann et al (1991:186) go on to say that "perikymata, 

striae of Retzius, and cross striations may not represent an accurate 

maturation clock as proposed." 

Wilson bands are a type of striae of Retzius. They are believed to be 

pathological expressions of striae that are caused by greater than normal 

disturbances of the enamel matrix secretion process (Gustafson and 

Gustafson, 1967). It is believed that Wilson bands may be caused by the same 

various physiological stress factors that produce enamel hypoplasias. 

Ameloblast disturbances of short duration may not produce clinical evidence 
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of a hypoplastic defect, although microscopic analysis can pick up evidence 

such as an exaggerated Wilson band. This suggests that the period between 

matrix production and quiescence was prolonged due to some disturbance. 

Another microscopic structure, the neonatal line, is a good illustration of 

this type of disturbance. This line in the enamel is produced at birth and is 

believed to be the earliest stria of Retzius. The line indicates that matrix 

formation has experienced a disruption. It is believed that this disruption is 

produced by going from the intra-uterine environment to the outside world. 

Scott and Symons (1974) point out that prenatal enamel does not exhibit these 

striae. Prenatal enamel appears to be structurally more homogenous, most 

likely because there is a more consistent environment within the womb. 

Enamel Hypoplasia 

The main dental pathology this dissertation examines is the enamel 

dysplasia called enamel hypoplasia. Enamel dysplasia is a catch-all label that 

refers to various enamel developmental abnormalities. These 

developmental defects occur during childhood and reflect disturbances in the 

early stages of enamel formation. 

Only teeth undergoing enamel formation at the time of the stress or 

disturbance are affected. The two main forms of dysplasias correspond to the 

two main stages of enamel formation. First, enamel hypoplasia occurs during 

the enamel matrix formation. Specifically, hypoplasia is defined as defective 

or incomplete development. Second, enamel hypocalcification occurs during 

the matrix calcification or maturation phase (Fuller and Denehy, 1977). 
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These defects remain in the permanent record of the tooth, as enamel 

does not have the property of self-repair. Consequently, an analysis of 

enamel hypoplasias can make inferences about an individual's health and 

stress experiences. It provides investigators with a "childhood snapshot" of 

the generalized metabolic stress an individual may have experienced. 

Mechanisms of Enamel Hjrpoplasia Fonnation 

How bones and teeth respond to stressors is quite simple (Goodman et 

al., 1988). In teeth, the mechanisms that produce enamel hypoplasia occur 

during amelogenesis. The stressor disrupts the work being done by the 

ameloblasts (the enamel forming cells). Specifically, the disruption of enamel 

growth and development must occur during the matrix formation stage in 

order to produce an enamel hjrpoplasia. This disruption results in a 

temporary cessation of enamel formation. In its undifferentiated state the 

ameloblast cannot be affected (Diamond, 1952). The direct evidence of this 

stress appears in the form of an enamel hypoplasia on the tooth surface. 

Therefore, an enamel hypoplasia is a defect that is produced by a thirming of 

the enamel that results from an interruption of matrix secretion by the 

ameloblasts during crown formation (Samat and Schour, 1941; Goodman et 

al., 1980). 

Types of Enamel Hypoplasia 

Enamel hypoplasias can be visualized both macroscopically and 

microscopically. This dissertation studies the macroscopic form as it occurs at 
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Grasshopper Pueblo. It is this form that is generally characterized by teeth 

exhibiting lines, pits and grooves of discolored enamel on their crowns, 

which are easily discernible to the naked eye, even without a hand lens 

(Brothwell, 1963). 

Berten (1895) was one of the first to describe the three main types of 

macroscopic enamel hypoplasias recognized today; (1) furrows or lines, (2) 

pits, and (3) plane-type defects. This dissertation utilizes the three types of 

hypoplasia identified by Ensor and Irish (1995); (1) linear, (2) pitting, and (3) 

chronic or continuous. They suggest that the linear and pitting types result 

from episodes of acute stress, whereas the chronic type represents a longer 

period of stress. 

The linear type, referred to as "linear enamel hypoplasia" (LEH) is 

characterized by a transverse groove in the enamel. Hillson (1992:167) points 

out that these are exaggerations of the perikymata, where a wider than usual 

band of ameloblasts ceases matrix secretion. Across populations, the most 

commonly seen type of hypoplasia is the linear. The pit type is thought to be 

caused by the disturbance of matrix secretion in a compact cluster of 

ameloblasts, depending on the size of the pit. The chronic type is 

characterized by a wider "band" of incompletely formed enamel than seen in 

LEH. 

Etiologies of Enamel H3rpoplasia 

Any discussion of paleopathological etiologies in skeletal material must 

begin with a disclaimer. Osteologists do not have the luxury of diagnosing 
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the disease process during the patient's life, and then seeing what their bones 

look like after death. As a result, care must be taken in assigning specific 

diagnoses and etiologies of skeletal pathologies. Bone, it must be 

remembered, can only respond in a limited number of ways to the myriad of 

possible diseases. 

The preponderance of diseases experienced by the human body leave no 

evidence of pathology in the bones and teeth. Even when bones or teeth 

exhibit a pathology, it is often impossible to tell which disease caused the 

pathology. This is because bones and teeth can only respond to disease 

processes in a limited number of ways. That means a number of causative 

agents can leave the same pathological manifestation in the skeleton. 

Enamel hypoplasia is a pathology where the enamel is the target organ of 

certain etiologic agents. The list of causative agents includes; (1) congenital-

hereditary, (2) metabolic-systemic, and (3) localized-traumatic. 

This study does not deal with the hereditary form of enamel hypoplasia, 

known as amelogenesis imperfecta. Similarly, localized-traumatic causes of 

enamel hypoplasia are knov/n to be imcommon. When only one tooth in a 

mouth exhibits hypoplasia, and particularly not its contralateral tooth, a 

localized cause may be the reason. One etiology of the localized form of 

enamel hypoplasia is that of sepsis. Hypoplasias can occur when a deciduous 

tooth abscesses and affects the subsequent development of the underlying or 

adjacent permanent tooth. Skirmer (1986) reports on the occurrence of a 

hypoplastic defect on the labial surface of the deciduous canine. He 

hypothesizes that the very thin alveolar bone forming the labial wall of the 
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crypt was damaged by a blow to the area. He asserts that physical trauma may 

be enough to damage the ameloblasts during crown formation. 

This study, however, is most concerned with the metabolic agents of 

enamel hypoplasia, which are believed to produce the bulk of hypoplasias. 

Traditionally, there are two main categories of stress that comprise the 

metabolic agents of enamel hypoplasia; (1) stress from illness, and (2) stress 

from nutritional deficiency. "Weaning stress", often cited as a cause of 

hypoplasia, is probably a combination of stress from illness and stress from 

nutritional deficiency. 

Disease Stressors 

The most commonly theorized illness induced stresses are the 

exanthematous (feverous) diseases of childhood. In an early landmark paper 

on enamel hypoplasia, Samat and Schour (1941) point out that investigators 

have long suspected that exanthematous diseases were a main etiologic factor 

in the formation of hypoplastic defects. One line of reasoning was that since 

ameloblasts have the same origin as epithelial cells, it was suspected that 

childhood skin diseases would be a causative agent. They found this not to be 

the case, although feverous illness remair^s a commonly believed etiology of 

enamel hypoplasia. 

The reason for the persistence of this belief is probably based on the 

damage that a fever can do to the body. Specifically, the excretion of nitrogen 

in the urine increases greatly during a fever. This nitrogen comes from 

protein in the body. And because it is protein that forms the bulk of the 
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enamel matrix, a fever could produce a protein deficient state in the 

ameloblasts. This, in turn, could produce an enamel hypoplastic defect. 

Nutritional Stressors 

Physiological stress caused by generalized nutritional deficiencies is 

believed to be the primary etiology for enamel hypoplasia. Indeed, the most 

overarching, generalized stress seen in archaeological populations is probably 

nutritional deficiency. In order to understand what might have been 

happening in archaeological populations, studies on living populations must 

also be utilized. 

Modem Studies 

Clinical studies looking at the prevalence of enamel hypoplasia in 

modem third world countries provide an analogous perspective to 

prehistoric, archaeologically recovered skeletal series. The operative 

assumption is that the nutritional reconstruction of prehistoric groups can be 

approximated by today's third world populations. Sweeney et al. (1971) linked 

the high frequency of enamel hypoplasia in his modem Guatemala sample of 

children to various degrees of malnourishment. The high Mexican and 

Guatemalan hypoplasia frequencies are most likely linked to numerous 

aspects of the marginal ecological conditions that these children lived under. 

This cannot be referred to as any specific etiologic agent, but instead must be 

expressed as "nonspecific metabolic nutritional disturbances". 

Similarly, Goodman et al (1987) studied a group of Mexican children to 
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establish the prevalence of enamel hypoplasia at certain ages. They found 

that the Mexican children have a higher frequency of enamel hypoplasia than 

do the children in their sample from the United States. These data indicated 

that the highest frequency of hypoplasia in the Mexican sample occurred 

during the second and third years of life, pointing to the possibility that 

"weaning stress" was a factor. 

Work by El Najjar et al (1978) that compared the Hamann-Todd skeletal 

collection with modern Cleveland, Ohio children shows that an improved 

nutritional intake over time can reduce the frequency of enamel hypoplasia 

in the same country. Even though this may be a correct inference, the use of 

the Hamarm-Todd collection as a comparative sample is questionable because 

the individuals were primarily indigents. 

Archaeological Studies 

The archaeological literature on macroscopic enamel hypoplasias 

supports the iriference that a change in the diet of a population can affect the 

frequencies of hypoplasias. The work by Goodman et al (1984) on the Dickson 

Mounds site identifies a change in the frequency of enamel hypoplasia over 

time. Dickson Mounds is a site from Lewiston, Illinois that is comprised of 

two main temporal series: (1) Late Woodland or Mississippian Acculturated 

Late Woodland horizon from A.D. 950 - 1150. The subsistence mode of this 

horizon is transitional between hunting-gathering and agricultural. (2) The 

Middle Mississippian horizon, from A.D. 1150 - 1300, is characterized by a 

more fully developed agricultural lifestyle. The results of the study found 
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that hypoplasia frequencies were greater during the Middle Mississippian 

horizon. 

The stressing of ecological resources can result in the physiological 

stressing of humans in that community, especially when they are forced to 

subsist primarily on maize. Heightened levels of enamel hypoplasias can be 

one result. The book edited by Cohen and Armelagos (1984) includes the 

following studies which all show that with the intensification of agriculture 

comes an increase in the frequencies of enamel hypoplasia: Angel (1984), 

Smith et al (1984), Cook (1984), Cassidy (1984), Larsen (1984), Perzigian et al 

(1984), and Ubelaker (1984). 

Similarly, the analyses of enamel hypoplasias at Santa Cataline de Guale 

by Hutchinson and Larsen (1990) indicate a decline in the overall health from 

a hunting and gathering lifestyle to one based on agriculture. 

Rose (1977) discusses an increase in the frequency of Wilson bands, a 

microscopic cousin of enamel hypoplasia, in a prehistoric Woodland skeletal 

series from Illinois. Rose terms the individuals exhibiting the Wilson bands 

as "high susceptibles", and proposes an association with the increase of maize 

intake in the diet. This study also correlated the increase in the number of 

Wilson bands with lower mean ages at death. 

Weaning Stress 

Because enamel hypoplasias classically occur in archaeological 

populations between the ages of one and four years, "weaning stress" is 

believed to play a major role in their formation. Cook (1981) asserts that a 
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weaning diet consisting primarily of maize is low in protein and could result 

in nutritional stress that produces enamel h5^oplasias. Goodman et al. (1984) 

discuss work on prehistoric Mississippian populations in which enamel 

hypoplasia frequencies are highly correlated with the assumed age at 

weaning. Their findings indicate that the bulk of enamel hypoplasia clusters 

between two and four years of age. Other studies concur that the peak 

occurrence of hypoplasias is often between two and four years of age (Cook 

and Buikstra 1979; Corrucini et al. 1985; Lanphear 1990; Moggi-Cecchi et al, 

1994; Saul 1972). 

In a clinical study. Skinner (1986) compared enamel hypoplasia 

frequencies of black and white children from modem California. The black 

children were from higher education and income families than did the white 

children. Yet, the data indicated that the black children exhibited more 

enamel hypoplasia. The reason for this. Skinner hypothesized, was an 

overall reduction in the incidence and duration of breast feeding by the black 

mothers. 

Interestingly, Cook and Buikstra (1979) found that the occurrence of 

enamel hypoplasia in the deciduous dentition of a prehistoric Woodland 

population is quite rare. The reason for this, the postulate, is that the 

deciduous tooth matrix forms prenatally. Because the within-womb 

environment is very stable, one would expect enamel hypoplasia to be 

infrequently seen in deciduous teeth. Furthermore, individuals who 

experience prenatal enamel hypoplasia are much more likely to survive the 

stress than individuals who experience hypoplasia after birth. Post-natal 
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hypoplasia, as seen in the permanent dentition, occurs much more 

frequently. They suggest this may be directly linked to nutritional stress 

during the weaning stage of life. Also, children who exhibit hypoplasia have 

a higher weaning age mortality rate than the children who do not experience 

hypoplasia. 

Pathogen Load 

Stuart-Macadam and Kent (1992) have introduced new perspectives on 

porotic hyperostosis which can be directly applied to enamel hypoplasia 

research. Acquired anemia is believed to be the etiological agent that 

produces skeletal porotic hyperostosis. But the exact environmental stressors 

which are responsible for the anemia in archaeological skeletal series are 

unknown. Like enamel h3,^oplasia, porotic hyperostosis is often viewed as 

an indicator of a population's generalized level of stress. As a result, the same 

envirormiental stressors are believed to be responsible for both pathologies. 

First, "nutritional stress" is traditionally viewed as a major factor in 

causing anemia. This is referred to as dietary iron deficiency anemia, which is 

caused by a diet that is deficient in iron over an extended period of time. As a 

result there is inadequate absorption of iron by the body. 

Secondly, anemia of chronic disease is thought to be a defense 

mechanism that produces low iron levels in the body as a defense against 

invading microorganisms of the disease. Essentially, the body withholds iron 

from these microorganisms. 

A third cause of acquired anemia is thought to be an increase in intestinal 
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microparasitism. Living conditions play an important role in the degree of 

microparasitism. "Poor sanitation and hygiene combined with concentrated 

populations would increase infection levels" (Reinhard, 1992;250). 

Reinhard's work on coprolites correlate the prevalence of pinworm in 

coprolites with the amount of microparasitism in a society. The poor 

sanitation, of course, increases microparasite levels. Microparasites such as 

various diarrheal organisms are the most dangerous. It is believed that 

prolonged diarrhea is a likely pathogenic cause of anemia. 

Stuart-Macadam (1992) presents a new, comprehensive perspective on 

the etiology of porotic hyperostosis which is based upon a society's "pathogen 

load". This integrates many of the ideas on the anemias of chronic disease 

and parasitism. She hypothesizes that "porotic hyperostosis will occur more 

frequently in populations with greater pathogen loads" (1992:159). This 

pathogen load is a function of many possible factors such as geography, 

climate, topography, aggregation, food resources, hygiene, seasonality, 

customs, period in history, economy, etc. 

Enamel hypoplasia in infants under two years of age must be understood 

in terms of the health and diet of the mother. It is most likely that the infant 

is still breastfeeding, therefore relying solely on the mother for sustenance. 

After two years of age the infant may be of weaning age, and therefore may be 

experiencing "weanling stress". This can occur when the breast milk is no 

longer sufficient in nutrients to keep the child healthy, or when the child is 

weaned off breastmilk and the new diet is insufficient. In either case, there is 

an increase in the immunological vulnerability of the child when the passive 
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immunity from the mother is lost. 

Finally, during the infant stage of life, the above factors that could cause 

an acquired anemia are oftentimes interrelated. An insufficient diet can 

produce an anemic condition directly. It can also produce anemia indirectly 

through the increase of immunological vulnerabihty which makes the infant 

susceptible to various pathoger« and chronic diseases. In addition, poor 

sanitation and hygiene practices can produce an increase in microparasites 

and introduce prolonged diarrhea which will also cause anemia. 

Intertooth Patterns of Enamel Hypoplasia 

Like the body, the teeth respond in a differential fashion to stressors. For 

example, some teeth are more sensitive to physiological disruption than 

others, and are therefore better indicators of stress. Because amelogenesis is 

more easily disrupted in the anterior teeth (incisors and canines), they are 

more likely to experience enamel h)^oplasias (Wright 1997). As a result, 

Goodman and Armelagos (1985) recommend that studies on enamel 

hypoplasia should focus primarily on the anterior teeth. 

Age at Occurrence of Defect 

The enamel surface of a tooth can be a "time capsule" of sorts. The 

location of an enamel hypoplasia on the tooth crown can be used to estimate 

the individuals's age at defect occurrence (Hillson 1996). This is accomplished 

by utilizing the table of standards for crown formation times and the eruption 

of teeth developed by Schour and Massler (1940) and Massler et al. (1941). 
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Based on these studies, Samat and Schour (1942) were the first to attempt 

estimating the age at occurrence of hypoplasias. Other studies by Swardstedt 

(1966), Schultz and McHenry (1975), and Goodman et al. (1980), Goodman et al 

(1984), Murray and Murray (1989) and Goodman and Rose (1990) have 

attempted to refine the estimation of age at defect occurrence, which 

continues to be problematic. Hillson (1996: 173) outlines the problems 

associated with estimating the age at defect occurrence based on Schour and 

Massler's table; 

"1. The table assumes a constant growth rate for formation of the crown 
surface that is not supported by the known geometry of crown formation. 
2. It assumes that there is no appositional growth zone of crown formation, 
an error that is particularly large in cheek teeth. 
3. A single mean crown height for each class of tooth is used as a basis for the 
table, when crown height is known to vary. 
4. The table was from a single set of standards (devised in 1941) for dental 
development, when many different studies since then have shown 
considerable variation. 
5. The position of a defect on the crown surface is not simply related to the 
timing or duation of the growth disruption that caused it." 

The estimation of the age at defect depends upon the crown initiation 

and crown completion standards the investigator chooses. For the 

mandibular canines, Stodder (1997) places crown initiation at birth and crown 

completion 6.0 years. Wright (1997) and Malville (1997), on the other hand, 

place mandibular canine crown initiation at 0.5 years of age and crown 

completion at 4.5 years. The 4.5 year estimate for completion of amelogenesis 

is believed to be more accurate for American Indian groups (Ubelaker 1989). 

Depending on tlie standards utilized, age at defect occurrence can differ by up 
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to one year for an individual. 

In order to estimate age at defect, the mean unworn crown heights must 

be determined for the skeletal series being studied. This mean is then divided 

by the number of six month increments between the age at crown initiation 

and the age at crown completion. As a result, each six month increment is 

correlated with a measurement in millimeters from the cemento-enamel 

junction. 

Crown initiation, crown completion and tooth eruption of the 

permanent teeth happen at yovmger ages for females than for males. The 

biggest difference between female and male crown formation timing is seen 

in the canine teeth (Sinclair 1985). For example, Anderson et al. (1976) report 

that the mean crown completion age for male mandibular canines is 4.8 years, 

and for females it is 4.1 years. Also, Haavikko (1970) reports that the median 

age for male mandibular canine crown completion is 4.3 years, and for 

females it is 4.1 years. The major implication of these data is that, given the 

same age, more of the tooth crown will be formed for females than for males 

of the same age. This means that the mean hypoplasia location 

measurements for females will be smaller than they are for males, given the 

same chronological age. 

Duration of a Hypoplastic Event 

It has been hypothesized that the degree of expression of a hypoplastic 

defect may be the result of the duration and/or severity of the particular 

metabolic stress. The hypoplastic lines, pits and grooves may possibly 
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represent gradations of stress markers. It has been hypothesized that chronic 

enamel hypoplasias may represent the occurrence of longer stress episodes 

(Ensor and Irish 1995), although this is controversial and not universally 

agreed upon. 

Enamel Hypoplasia Discussion 

In summary, the various etiological studies indicate that enamel 

hypoplasia is caused by environmental factors that place stress on the 

individual and subsequently affect enamel formation. But linking a 

hypoplasia to a specific etiology is often too optimistic. Irish and Ensor 

(1995:508) put it best when they say that enamel hypoplasia "is best considered 

an indicator of general envirormiental stress". Indeed, this assessment of 

enamel hypoplasia is shared by various investigators (Kreshover, 1960; Cook 

and Buikstra, 1979; Goodman et al., 1980; Rose et al., 1985; Katzenberg et al., 

1996). 

It is not scientifically possible at this time to know for sure what caused 

the enamel hypoplasias during the infant lifestage of the adults from 

Grasshopper. Because various stressors can produce similar pathological 

responses in the teeth, any reconstruction of what caused the hypoplasias 

must remain in the realm of speculation. 

Differential diagnosis of the enamel hypoplasia in the archaeological 

context at Grasshopper Pueblo must be attempted through a joint venture by 

the physical anthropologist and the archaeologist. That is, an investigation 

into the causes of enamel hypoplasia should be accompanied by "an 
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archaeological reconstruction of diet in order to determine the potential, and 

actual, uses of resources" (Martin et al, 1985:268). 

Caries 

Caries is a dental pathology characterized by brown spots or dark, 

cavitations on the enamel surfaces of teeth which result from the production 

of acid by bacteria in dental plaque (Hillson 1996). The frequency of caries in a 

skeletal series is a recognized indicator of the amount of processed 

carbohydrates contained in the diet (Larsen et al. 1991; Moore and Corbett 

1978; Powell 1985; Turner 1979). Smith (1984) reports that the caries 

frequencies in the hunter-gatherer groups she studied exhibited significantly 

lower frequencies of caries than did the agriculturalist groups. Other studies 

(Cohen and Armelagos 1984; Rose et al. 1991) chronicle the consistent increase 

in caries frequencies that occur with the intensification of agriculture. 

Mechanisms of Caries Formatiom 

Larsen et al. (1991:179 ) state that "dental caries is a disease process 

characterized by the focal demineralization of dental hard tissues by organic 

acids produced by bacterial fermentation of dietary carbohydrates, especially 

sugars (Newbrun, 1982; Larsen 1982, 1987)". They go on to explain that the 

etiology of caries includes essential factors and modif5dng factors. According 

to Larsen et al. (1991) the essential factors in the formation of dental caries are 

diet, the presence of oral bacteria, salivary glyoproteins and plaque. 

Some modifying factors in the formation of caries include tooth crown 
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morphology, overall nutrition level, food texture, occlusal wear, salivary 

composition, elemental composition of the enamel, presence of fluoride in 

the environment, etc. (Larsen et al. 1991). For example, a greater degree of 

occlusal wear often decreases caries frequencies by effectively reducing 

available locations for caries formation (Powell 1985; Smith 1984). 

Occlusal Tooth Wear 

The rate of occlusal tooth wear, along with caries frequencies, is one of 

the key factors to be considered in the reconstruction of prehistoric diets 

(Brothwell 1981; Lovejoy 1985; Powell 1985; Smith 1972; Walker 1978). "The 

patterning of wear on the dentitions of individuals recovered from 

archaeological excavations is a unique source of information concerning diet 

since it is the result of a direct interaction between the teeth of these 

individuals and the foods they consumed" (Walker 1978; 101). Powell 

(1985:308) defines dental wear "as the erosion of the coronal enamel...the 

natural result of masticatory stress upon the dentition in the course of both 

alimentary and technological activities." Powell points out that the process of 

dental wear includes: (1) attrition, caused by tooth-to-tooth contact, and (2) 

abrasion, caused by outside substances such as grit impacting the enamel. 

Dahlberg (1960) defines abrasion as tooth wear caused specifically by the 

abrasive constituents of food. 

Three categories of dental wear have been identified by Klatsky and 

Klatell (1943): (1) physiologic, affecting only enamel, (2) transitory, wear 

affecting enamel and dentin, and (3) senile, wear that exposes the pulp 
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chamber (Powell 1985). 

The experimental work on tooth wear by Brace and Molnar (1967) and 

Molnar (1968) established a baseline of understanding of the mechanical 

forces associated with occlusal attrition. In addition, Molnar's (1983) work on 

the dentitions of modem Australian Aborigine children provides important 

information on tooth wear under known environmental conditions. 

Archaeological Studies on Tooth Wear 

The analysis of tooth wear data can be an independent check against the 

dietary reconstructions of a site based on other archaeological information, 

such as faunal remains, artifactual evidence, and elemental or isotopic 

analysis of human bone. The degree of occlusal surface wear in a skeletal 

series can reflect the dietary consumption and food preparation techniques of 

the population. For example, the utilization of stone grinders (mano and 

metate) by many American Indian groups introduced a great deal of grit into 

the processed food. As a result, it is "possible to discern correlations between 

diet and dental attrition on a gross level" (Walker 1978). 

The studies by Molnar (1971, 1972) on the skeletal remains of North 

American Indian from California, the Southwest and the Valley of Mexico set 

the standard for tooth wear analyses, as well as clearly illustrating the 

association between tooth wear and cultural practices. 

Tomenchuk and Mayhall (1979) point out that it is generally accepted that 

the degree of tooth wear, as well as the amount of sexual dimorphism in 

tooth wear, is reduced in the transition from hunting and gathering to an 
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agricultural subsistence. 

Smith (1984), however, notes that both hunter-gatherers and 

agriculturalists consumed abrasive diets. Furthermore, because of the 

amount of variation between the subsistence stategies of populations, it is 

difficult to generalize whether hunter-gatherers or agriculturalists produced 

greater degrees of wear. 

Various diachronic studies have documented changes in the prevalence 

and severity of tooth wear at archaeological sites over time. Walker's (1978) 

analysis of sites along the Santa Barbara Channel indicate that tooth wear 

decreased over time in the area. Walker states that the earlier groups 

subsisted primarily on maritime resources, which suggests that a large 

amount of grit was probably introduced into the diet. The subsistence of the 

later groups may have been based on an intensified use of plant resources, 

which led to reduced tooth wear. 

Sex differences in the degree of tooth wear have been reported by 

Johanson (1971) linked to the greater degree of bruxism, or contact pressure, 

applied by males. 

Wear Plane Angles 

In addition to the degree of occlusal tooth wear, wear plane angles can be 

an effective method of identifying changes in subsistence. Brace (1962) 

discusses the different types of molar wear produced by different modes of 

subsistence. He suggests that a hunting and gathering lifestyle produces a 

more flat molar wear plane, because the overall diet consists of more tough. 
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fibrous foods requiring "puncture-crushing" (Smith 1984), whereas an 

agricultural lifestyle consists of more tooth to tooth contact which produces 

more oblique molar wear plane angles. 

In an attempt to test this. Smith (1984) compared mean wear plane angles 

of hunter-gatherer groups with those from agricultural groups. In order to 

standardize the comparison, teeth were grouped by tooth wear stage (Smith 

1984: 46). She found that the agriculturalists exhibited higher mean wear 

plane angles than the hunter-gatherers. Based on her findings. Smith 

(1984:54) states that "flatness of molar wear appears to be a good indicator of 

changes in food or food preparation. This pattern and other features of tooth 

wear can be used to support dietary inferences at important points in cultural 

and technological evolution in humans, and to illuminate changes in 

mastication and diet in earliest hominids." 

Alveolar Recession and Periodontal Disease 

It was originally thought that the increasing distance between the CEJ and 

th AC was evidence of periodontal disease. Periodontal disease occurs 

because accumulations of calculus and infectious organisms inflame the 

gingiva, which leads to the eventual detachment of the periodontal fibers and 

destruction of alveolar bone. Clarke and Hirsch (1991) assert, however, that 

increasing CEJ-AC distances with age are most often the result of continuous 

tooth eruption in response to occlusal attrition or facial growth. Based on 

this, they suggest that reported frequencies of periodontal disease in 

prehistoric skeletal series are often too high. 
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CHAPTER 4 

RESULTS: 

OVERALL CHARACTERIZATION OF THE SITE 

This chapter reports the findings from the dental analyses of the adult 

skeletons from Grasshopper Pueblo. Specifically, the goals of this chapter are: 

(1) to present the dental data in overall site frequencies and distribution; (2) 

present the data in frequencies and distribution by sex; and (3) present the data 

in frequencies and distribution by age at death. 

Missing Bone 

From a total of 225 adult individuals, assuming that each mouth 

originally contained 32 teeth, it v^as possible that a maximvim total of 7,200 

teeth and tooth sockets could have been present at the time of examination. 

However, out of these 7,200 tooth sockets, it is not possible to categorize 641 

teeth because of "missing bone". As a result, there are actually a total of 6,559 

teeth and tooth positions observable for analysis. 

Of the 641 teeth in the "missing bone" category, 76.6% (491 teeth) are from 

the maxillae. This primarily indicates that maxillary alveolar bone is much 
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more delicate than that from the mandible, which means it is less apt to stand 

up to internal and preservational rigors. The frequency of anterior maxillary 

teeth in the "missing bone" category (11.8%) is a little lower than that of the 

posterior maxillary teeth (14.8%). The frequency of anterior mandibular teeth 

in the "missing bone" category (4.1%) is equal to that of the posterior 

mandibular teeth (4.2%). 

From the 136 skeletons sexed as female, there is a total of 4,352 (136 x 32) 

possible tooth sockets. Of these, 450 teeth are in the "missing bone" category, 

leaving the observable number of teeth/sockets at 3,902. The 81 male 

skeletons contain a total of 2,592 (81 x 32) possible tooth sockets. The "missing 

bone" category contair\s 138 teeth, meaning that 2,454 sockets are present for 

analysis. Table 4.1 lists presence-absence for all teeth by sex. 

TABLE 4.1 
PRESENCE-ABSENCE FOR ALL TEETH BY SEX 

Category ££111^ Male 

Missing am 
Missing pm 
Unerupted 
Missing bone 
Missing congenitally 

Present 2214 
1291 
345 
37 
450 
15 

1433 
814 
182 
17 
138 
8 

TOTALS 4352 2592 

Sex differences exist in the comparison of maxillary teeth with 

mandibular teeth in the "missing bone" category. Females exhibit a 
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noticeably higher frequency of "missing bone" teeth than do males 

(Appendix 5.2). The reason for this could be that female alveolar bone is not 

as rugged in its architecture as that of males. In terms of the frequencies of 

anterior versus posterior teeth in "missing bone", both sexes follow the 

overall pattern outlined above. 

Of the original 225 skeletons, 211 individuals could be skeletally aged. 

From these individuals, the total number of tooth sockets possible is 6,752 

(211 X 32). Due to the 555 teeth in the "missing bone" category, in reality there 

is a total of 6,229 sockets present in the individuals that could be aged. Note 

that this total is a bit different than that of the original socket total (6,559), 

which includes the 14 adult unaged skeletoris. Table 4.2 contains the totals for 

teeth present, missing antemortem and postmortem, unerupted, missing 

bone and congenitally missing for all individuals by age group. 

The pattern of "missing bone" by age group for all individuals generally 

shows that as people get older more teeth are placed in the "missing bone" 

category. The 15-21 year old group has only 1 tooth out of 640 sockets (.002%) 

categorized as "missing bone" . The 22-30 year old group has 33 of 961 (3.4%), 

the 31-40 year olds have 188 of 2143 (8.8%), the 41-50 year olds 156 of 1792 

(8.7%) and the 51-t- group has 177 of 1216 teeth (14.6%) in the "missing bone" 

category. 

Of the 136 female skeletons, 134 could be skeletally aged. Table 4.3 lists 

the various categories of presence-absence for females by age group. Of the 81 

male skeletons, 77 were assigned chronological ages. Table 4.4 contains the 

information on presence-absence for these males. In general, the nimiber of 
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teeth in the "missing bone" category increases with age in both males and 

females. But, this pattern is heightened in females when compared to age-

matched samples of males. Specifically, the frequencies of "missing bone" 

teeth in females are approximately twice what the male frequencies are. 

TABLE 4.2 
PRESENCE-ABSENCE FOR ALL TEETH BY AGE GROUP 

Categorv 15-21 22-30 31-40 41-50 51± TOTAL 

Present 582 813 1338 623 164 3520 
Missing am 4 9 376 866 850 2105 
Missing pm 23 90 232 140 24 509 
Unerupted 29 9 1 1 0 40 
Missing bone 1 33 188 156 177 555 
Missing congenitally 1 7 8 6 1 23 

TOTALS 640 961 2143 1792 1216 6752 

TABLE 4.3 
FEMALE PRESENCE-ABSENCE FOR ALL TEETH BY AGE 

Category 15-21 22i2Q 31-40 41-5Q 51± TOTAL 
Present 378 521 791 373 98 2161 
Missing am 3 7 216 505 560 1291 
Missing pm 15 65 154 88 20 342 
Unerupted 18 9 1 1 0 29 
Missing bone 1 33 142 121 153 450 
Missing congenitally 1 6 7 0 1 15 

TOTALS 416 641 1311 1088 832 4288 
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MALE PRESENCE-ABSENCE FOR ALL TEETH BY AGE 
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Category 15-21 22-30 31-40 41-50 51-h TOTAL 

Present 204 292 547 250 66 1359 
Missing am 1 2 160 361 290 814 
Missing pm 8 25 78 52 4 167 
Unerupted 11 0 0 0 0 11 
Missing bone 0 0 46 35 24 105 
Missing congenitally 0 1 1 6 0 8 

TOTALS 224 320 832 704 384 2464 

Teeth Present 

A total of 3,806 teeth out of 6,559 sockets are present (58.0%). From the 

female skeletons 2,214 teeth out of 3,902 sockets (56.7%) are present for 

examination. From the males a total of 1,433 teeth out of 2,454 sockets (58.4%) 

are present. 

The inter-tooth distribution (Appendix 5.1) of "teeth present" indicates 

that mandibular canines and premolars are the most recovered teeth, 

followed by maxillary canines and premolars. The lowest percentages of 

"teeth present" are seen in the third molars. 

In terms of the maxillary teeth, the frequency of anterior teeth present 

(51.8%) is very close to the frequency of the posterior teeth present (49.4%). In 

the mandibular teeth, however, there is a greater frequency of anterior teeth 

present (61.4%) than posterior teeth (51.8%). Comparing the maxillae with 

the mandible, the frequencies of the posterior teeth present are very similar. 

On the other hand, the frequency of the anterior mandibular teeth present 
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(61.4%) is quite a bit greater than that of the anterior maxillary teeth (51.8%). 

"Teeth present" is a dental variable that decreases with age. Simply put, 

as individuals get older there are less teeth remaining in the mouth that can 

be analyzed. The 15-21 year olds have 91.1% (582 teeth out of 639 sockets) of 

their teeth present. In the 22-30 year group, 87.6% (813 of 928) are still present. 

For the 31-40 year olds, 68.4% (1338 of 1955) of the teeth are present. In the 41-

50 year olds, the percentage is down to 38.1% (623 of 1636). Finally, only 15.8% 

(164 of 1039) of teeth are present for study in the 51+ year group. 

When the age groups are separated by sex, this same trend remains for 

both males and females. In the 15-21 year old females, 91.1% (378 of 415) of 

teeth are present, and for he males it is also 91.1% (204 of 224). The 22-30 year 

old females exhibit 85.7% (521 of 608) of teeth present, and the males are at 

91.3% (292 of 320). Female 31-40 year olds have 67.7% (791 of 1169) of their 

teeth present, and males have 69.6% (547 of 786). The teeth present for the 41-

50 year old females decreases to 38.6% (373 of 967), and for males it is down to 

37.4% (250 of 669). Finally, the 51+ year old females have 14.4% (98 of 679) of 

their teeth present, and the males have 18.3% (66 of 360) present. These data 

indicate that there are no significant differences between the sexes when 

comparing age-matched samples. 

Unerupted and Missing Congeiutally 

The number of unerupted teeth total 76 of a possible 6,559 sockets (1.2%). 

Of this total, 71 teeth are third molars. Almost all of these represent teeth 

from teenaged individuals. The handful of remaining teeth represent single. 



106 

anomalous cases. 

From the skeletons in which sex could be assessed, females have 37 of 

3902 (0.9%) teeth that are unerupted, and the males have 17 of 2454 teeth 

(0.7%) that are unerupted. 

There are 24 teeth (0.4%) that are considered missing congenitally based 

on radiographic analysis. Again, the majority of these (20) are third molars. 

From the sexed skeletons, 15 teeth are from females, and 8 teeth are believed 

to be missing congeiutally from the males. 

Missing Postmortem 

A total of 532 teeth out of 6,559 sockets (8.1%) are missing postmortem 

(pm) from all sexed and unsexed individuals at Grasshopper Pueblo. From 

the sexed skeletons, the females had 8.8% (345 of 3,902) of their teeth missing 

postmortem. The teeth missing pm from the males total 7.4% (182 of 2,454). 

In looking at the inter-tooth distribution of postmortem tooth loss, it is 

evident that the incisors, by far, are the most likely teeth to be lost in the 

archaeological context. The reason for this is simply that incisors have the 

least amount of root anchoring in the alveolus. As a result, they are much 

more prone to fall out and not get recovered. 

There are no significant differences in the distribution of postmortem 

tooth loss between the maxillary dentition and the mandibular dentition, nor 

between anterior or posterior teeth. 

The percentages of postmortem tooth loss increase from the 15-21 year 

age group up to the 31-40 year group. After that, they decrease during the two 
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oldest age groups. The 15-21 year olds are missing 3.6% (23 teeth out of 639 

sockets) of their teeth postmortem. In the 22-30 year group, 9.7% (90 of 928) 

are missing pm. In the 31-40 year olds, the percentage of teeth missing pm is 

up to 11.9% (232 of 1955). In the 41-50 year olds, the percentage goes down to 

8.6% (140 of 1636). Finally, only 24 of 1039 teeth (2.3%) are missing pm in the 

51+ year group. 

When the age groups are separated by sex, this trend of postmortem loss 

continues for both males and females. A frequency of 3.6% (15 of 415) of the 

15-21 year old female teeth are missing pm, and for males it is 3.6% (8 of 224), 

also. The 22-30 year old females exhibit 10.4% (63 of 607) of teeth missing pm, 

and the males are at 8.7% (25 of 288). Female 31-40 year olds have 13.4% (145 

of 1082) of their teeth missing pm, and males have 10.5% (81 of 774). The 

teeth missing pm for the 41-50 year old female group decreases to 7.5% (85 of 

1129), and for males it is down to 6.6% (49 of 745). Finally, the 51+ year old 

females have 5.6% (34 of 605) of their teeth missing pm, and the males have 

1.2% (4 of 328) missing pm. These data indicate that there are no significant 

differences between the sexes when comparing age-matched samples. 

Missing Antemortem 

The total number of teeth missing antemortem (am) is 2,121 out of 6,559 

sockets (32.3%). 1,291 out of 3,902 ( 33.1%) teeth are missing antemortem from 

the female skeletons. Similarly, the male skeletons exhibited 33.2% (814 teeth 

out of 2,454 sockets) missing antemortem. 

Inter-tooth distribution of antemortem tooth loss shows that, in general. 
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the posterior teeth exhibit the highest frequencies of am tooth loss. The 

molars, by far, are the most likely teeth to be lost before death. The data 

indicate that mandibular molars exhibit much greater am tooth loss than do 

the maxillary molars, although this may be an artifact of the high frequencies 

of maxillary teeth in the "missing bone" category. It is probable that many of 

the maxillary teeth in the "missing bone" category would have been placed in 

the am loss category. 

When comparing maxillary anterior and mandibular anterior am tooth 

loss, the maxillary anteriors exhibit the higher frequency. This is consistent 

with the observation by the author that many of the older individuals are 

edentulous except for the mandibular anterior teeth. 

Qearly, antemortem tooth loss is an age-progressive dental variable. 

That is, as individuals get older, more of their teeth are lost while they are 

still alive. Individuals 15-21 years of age exhibit a miniscule 0.6% (4 of 639) of 

teeth missing am. The 22-30 year olds frequency is orJy 1.0% (9 of 928). For 

the 31-40 year olds, the frequency of teeth missing am jumps to 19.2% (376 of 

1955). For the 41-50 year old group, 52.9% (866 of 1636) of teeth are missing 

am. And the oldest group, 51-f- year olds, exhibits an exceptionally large 81.8% 

(850 of 1039) of am tooth loss. 

When the age groups are analyzed by sex, the age-progressive trend of 

antemortem tooth loss continues (Tables 4.5 and 4.6). When age-matched 

samples of the sexes are compared, no apparent significant differences exist 

between them. 
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TABLE 4.5 
FEMALE ANTEMORTEM TOOTH LOSS BY AGE 

Age %. N Spck^tg 
15-21 0.7 3 415 
22-30 1.2 7 608 
31-40 18.5 216 1169 
41-50 52.2 505 967 
51 + 82.5 560 679 

TABLE 4.6 
MALE ANTEMORTEM TOOTH LOSS BY AGE 

AGE 'A N Spc;k?t§ 

15-21 0.5 1 224 
22-30 0.6 2 320 
31-40 20.4 160 786 
41-50 54.0 361 669 
51 + 80.6 290 360 

Caries 

Of the 3,806 teeth present in the adult skeletal series from Grasshopper, a 

total of 718 teeth exhibit caries (18.9%). When the total series is partitioned by 

sex, the frequency of caries for females is 18.7% (414/2214), and for males it is 

20.1% (288/1433). 

Analysis of the inter-tooth distribution indicates that, in general, the 

posterior teeth have the highest frequencies of caries. The molars exhibit the 

highest frequencies of caries, followed by the premolars and then the canines. 

The incisors show the lowest frequencies of caries. This trend is consistent 

with the frequencies of antemortem tooth loss. This agreement supports the 

idea that teeth which experience caries are much more likely to be lost 
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antemortem than teeth without caries. 

A comparison of caries frequencies for maxillary anterior (12.3%) and 

mandibular anterior teeth (7.7%) shows that the maxillary anteriors exhibit a 

significantly higher frequency. This is also consistent with the finding that 

anterior maxillary teeth have the higher frequency of antemortem tooth loss. 

There are no significant differences found when comparing caries frequencies 

for posterior maxillary (24.3%) with posterior mandibular teeth (24.9%). 

Data were also collected on the type of caries present at Grasshopper. A 

large percentage of the total number of carious teeth (20.5% - 147/718) had to 

be placed in the "indeterminate" category. The crowns of these teeth were 

completely destroyed by caries, therefore, it was impossible to assign a specific 

caries type. Analysis of the remaining carious teeth (Table 4.7) shows that 

cervical caries are clearly the predominant type (78.8% - 450/571), followed by 

occlusal caries (17.0% - 97/571). 

Caries, like antemortem tooth loss, is an age-progressive dental variable. 

As a result, any meaningful analysis of caries must be performed using age 

groups. Table 4.8 lists the frequency of carious teeth for each age group, sexes 

combined. 

Caries frequencies by age and sex for are presented in Table 4.9. These 

results are for the entire occupation of Grasshopper, without separating out 

the Early period from the Late period. No significant differences exist 

between the sexes except within the youngest age group, 15-21 years of age. 

The data suggest that males aged 15-21 years are experiencing a higher 

frequency of caries than the females of that age. 



TABLE 4.7 
CARIES TYPE FREQUENCIES 

%. N 
Occlusal 17.0 97 
Cervical 78.8 450 
Root 0.9 5 
Interprox 1.8 10 
Buccal pit 1.6 9 
Totals 100 571 

TABLE 4.8 
CARIES FREQUENCY BY AGE 

Agg %. Carious/noncarious 
15-21 5.3 31/582 
22-30 9.0 73/813 
31-40 21.7 291/1338 
41-50 37.9 236/623 
51+ 47.6 78/164 

TABLE 4.9 
CARIES BY AGE AND SEX 

Age Sex %. N Prob Effect Signif? 
15-21 F 3.4 13/378 
15-21 M 8.3 17/204 0.01 .106 Yes 

22-30 F 10.0 52/521 
22-30 M 6.8 20/292 0.13 .053 No 

31-40 F 20.4 161/791 
31-40 M 23.4 128/547 0.18 .036 No 

41-50 F 38.9 145/373 
41-50 M 36.0 90/250 0.47 .029 No 

51+ F 42.86 42/98 
51+ M 50.0 33/66 0.37 .070 No 
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Occlusal Wear 

The degree of wear of the occlusal surface of teeth is an age-progressive 

dental variable. The data produced by the scoring of occlusal attrition is 

presented by age groups. Because of the differential masticatory pressures 

occurring within the mouth, wear data must be reported for a specific tooth 

type. This dissertation will present wear data for the all permanent first 

molars. First molars are the initial permanent teeth to erupt and therefore 

are exposed to masticatory pressures for a longer period of time than other 

teeth. As a result, analyzing first molar wear provides the longest chronicle 

of dental attrition available to the physical anthropologist. 

Table 4.10 presents percentages of tooth wear stages for the first molars by 

age group for both sexes combined. From this overall site characterization of 

first molar wear, it is clear that as individuals get older their teeth become 

more worn. This is especially well illustrated in the youngest three age 

groups (15-21, 22-30 and 31-40). Interestingly, tooth wear in the 41-50 year age 

group is very similar to the amount of wear observed in 31-40 year olds. This 

leveling off of the increase in tooth wear is primarily due to the large 

percentage of teeth lost antemortem after the age of 40. Simply, very few first 

molars remain in the mouth after 40. The few teeth which are still present 

usually lack an opposing first molar to grind against. 

The mean wear stages for the first molars are listed in Table 4.11 by age 

group for both sexes combined. In this table the levelling off of the mean 

wear after the age of 40 is obvious. 
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TABLE 4.10 
FREQUENCY OF Ml TOOTH WEAR BY STAGE AND AGE 

Wear 15-21 22-30 31-40 41-50 51+ 
Stage % - N  % - N  % - N  % - N % - N  
2 27.6 (21) 0.0 (0) 5.6 (8) 0.0 (0) 12.5 (1) 
3 59.2 (45) 41.5 (44) 9.2 (13) 13.2 (5) 25.0 (2) 
4 13.2 (10) 51.9 (55) 42.3 (60) 44.7 (17) 12.5 (1) 
5 0.0 (0) 6.6 (7) 19.0 (27) 26.3 (10) 25.0 (2) 
6 0.0 (0) 0.0 (0) 22.5 (32) 13.2 (5) 0.0 (0) 
7 0.0 (0) 0.0 (0) 1.4(2) 2.6 (1) 25.0 (2) 

TOTAL (N) 76 106 142 38 8 

TABLE 4.11 
Ml MEAN WEAR STAGES BY AGE 

Age Mean N 

15-21 2.86 76 
22-30 3.64 106 
31-40 4.48 142 
41-50 4.47 38 
51+ 4.50 8 

Table 4.12 presents the female first molar wear stage percentages by age, 

and Table 4.13 presents the comparable male data. The age-progressive nature 

of tooth wear data remairis obvious when the sexes are separated. 

Specifically, the pattern of increasing wear in the three youngest age groups, 

and a levelling off in the 41-50 year olds, is maintained in both sexes. 

In Table 4.14, male and female mean wear stages for the first molars are 

compared. The results by age group show that no sigruficant differences exist 

between the sexes. 
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TABLE 4.12 
FEMALE Ml TOOTH WEAR FREQUENCY BY AGE AND STAGE 

Age 2 2 1 5 Z Total N 
15-21 23.5 60.8 15.7 0.0 0.0 0.0 100.0 51 
22-30 0.0 48.5 44.1 7.4 0.0 0.0 100.0 68 
31-40 4.4 10.0 45.6 20.0 17.8 2.2 100.0 90 
41-50 0.0 10.5 47.4 21.1 15.8 5.3 100.0 19 
51+ 0.0 40.0 20.0 0.0 0.0 40.0 100.0 5 

TABLE 4-13 
MALE Ml TOOTH WEAR FREQUENCY BY AGE AND STAGE 

Age 2 a 5 6 Total N 
15-21 36.0 56.0 8.0 0.0 0.0 100.0 25 
22-30 0.0 29.0 65.8 5.3 0.0 100.0 38 
31-40 7.7 7.7 36.5 17.3 30.8 100.0 52 
41-50 0.0 15.8 42.1 31.6 10.5 100.0 19 
51+ 33.3 0.0 0.0 66.7 0.0 100.0 3 

TABLE 4.14 
Ml MEAN WEAR STAGES BY AGE AND SEX 

Age Sex Mean N Prpb Effect 5ignif? 
15-21 F 2.92 51 
15-21 M 2.72 25 0.19 .32 No 

22-30 F 3.57 68 
22-30 M 3.76 38 0.11 .32 No 

31-40 F 4.43 90 
31-40 M 4.56 52 0.55 .11 No 

41-50 F 4.58 19 
41-50 M 4.37 19 0.52 .19 No 

51+ F 4.80 5 
51+ M 4.00 3 0.58 .42 No 
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Wear Plane Angles 

Wear plane angle data for the mandibular first molars are reported two 

different ways; (1) by stage of occlusal wear (Table 4.15), and (2) by age group 

(Table 4.16). Wear stages 1 through 5 are Included in the analysis. The three 

yovmgest age groups are included in the analysis (15-21, 22-30 and 31-40). The 

sample size of mandibular first molars still present in individuals older than 

40, or greater than stage 5 of wear, is very small. 

When the sexes are compared for mean wear plane angles, the data 

indicate that only 15-21 year old males exhibit a significantly larger mean wear 

plane angle than females of the same age. The results by wear stage are not 

significant, although the data for stage 3 suggests that males exhibit larger 

mean wear plane angles than females. 

TABLE 4.15 
MANDIBULAR Ml MEAN WEAR 
PLANE ANGLES BY WEAR STAGE 

Stage Mean Range N 

1 -4.67 -9 to 2 3 
2 -0.33 -8 to 6 18 
3 1.46 -7 to 11 41 
4 4.82 -3 to 14 55 
5 5.00 -2 to 14 8 
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TABLE 4.16 
MANDIBULAR Ml MEAN WEAR 
PLANE ANGLES BY AGE GROUP 

Ag£ N 

15-21 1.47 -9 to 10 34 
22-30 3.04 -7 to 11 45 
31-40 4.08 -3 to 14 36 

TABLE 4.17 
MANDIBULAR Ml MEAN WEAR PLANE 
ANGLES BY WEAR STAGE AND SEX 

Stags ^£2^ Mean N Prob Effect Signif? 

3 F 0.52 31 
3 M 3.18 11 0.10 .607 No 

4 F 4.79 42 
4 M 4.36 14 0.73 .100 No 

TABLE 4.18 
MANDIBULAR Ml MEAN WEAR 
PLANE ANGLES BY AGE AND SEX 

Age Sex Mean N Prob Effect Signif? 

15-21 F 0.67 24 
15-21 M 3.40 10 0.05 .718 Yes 

22-30 F 3.47 32 
22-30 M 3.37 16 0.95 .022 No 

31-40 F 3.86 29 
31-40 M 2.25 8 0.63 .235 No 
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Alveolar Recession 

The distance (in mm) between the cementum-enamel junction and the 

alveolar bone is referred to as alveolar recession. The results of these 

measurements for the mandibular first molars (sexes grouped) are reported in 

Table 4.19, and for maxillary first molars in Table 4.20. Clearly, this dental 

variable is age-progressive in nature. 

In Tables 4.21 and 4.22 male and female mean alveolar recession 

distances are compared. Significant differences exist between the sexes, 

indicating that males consistently exhibit more alveolar recession than 

females. 

TABLE 4.19 
MANDIBULAR Ml MEAN ALVEOLAR 
RECESSION BY AGE 

Age Mean Range N 
15-21 1.95 1 to 5 38 
22-30 2.92 1 to 8 52 
31-40 4.26 1 toll 58 
41-50 5.71 3 to 9 17 
51+ 8.17 5 to 11 6 

TABLE 4.20 
MAXILLARY Ml MEAN ALVEOLAR 
RECESSION BY AGE 

Age Range N 
15-21 2.03 1 to 4 37 
22-30 3.05 1 to 6 55 
31-40 5.11 2 to 10 76 
41-50 6.82 4 to 12 22 



TABLE 4.21 
MANDreULAR Ml MEAN ALVEOLAR 
RECESSION BY AGE AND SEX 

Age Sex Mean N Prpl? Effect Signif? 

15-21 F 1.54 26 
15-21 M 2.83 12 0.00 1.00+ Yes 

22-30 F 2.30 33 
22-30 M 4.00 19 0.00 1.00+ Yes 

31-40 F 3.74 39 
31-40 M 5.32 19 0.00 .988 Yes 

41-50 F 5.70 10 
41-50 M 5.71 7 0.99 .006 No 

TABLE 4.22 
MAXILLARY Ml MEAN ALVEOLAR 
RECESSION BY AGE AND SEX 

Age Sex Mean N Prob Signif? 

15-21 F 1.62 24 
15-21 M 2.77 13 0.00 1.00+ Yes 

22-30 F 2.72 36 
22-30 M 3.68 19 0.00 1.00+ Yes 

31-40 F 4.89 44 
31-40 M 5.41 32 0.22 .274 No 

41-50 F 7.44 9 
41-50 M 6.38 13 0.38 .451 No 

Enamel Hypoplasia Frequencies 

The analysis of enamal hypoplasia frequencies at Grasshopper 
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performed in a step-wise fashion. The first step in the analysis of enamel 

hypoplasia data is an overview which looks at the frequencies of enamel 

hypoplasia for all teeth. Of a total of 3,647 teeth present, 749 exhibited enamel 

hypoplasia (20.5%). Of the hypoplasia total, 69.4% are linear, 3.2% are pitted, 

and 27.4% are chronic in expression. 

The second step in the analysis is to see if significant variability existed 

between the sexes for all teeth together. Female hypoplasia frequency was 

19.0% (420 of 2214), and the male frequency was 22.9% (328 of 1433). Although 

the chi-square is significant at p=0.00, the effect size is very small (phi=.05). 

This small effect size probably indicates that the chi-square is significant 

because the total tooth number is very large, and not necessarily because the 

frequencies are significantly different between the sexes. Nonetheless, 

hypoplasia frequencies of males and females are far enough apart at this time 

to keep the sexes separated in further statistical runs. In Table 4.23 the types of 

hypoplasia are listed for males and females. 

TABLE 4.23 
ENAMEL HYPOPLASIA FREQUENCY 
BY TYPE AND SEX 

^£2^ Linear Pitted ChroniC N 

F 71.7 
M 66.5 

3.6 
2.7 

24.7 
30.8 

421 
328 

Total 69.4 3.2 27.4 749 

The third step begins the analysis of intertooth variability in the 
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frequencies of hypoplasia. Grouping incisors, canines, premolars and molars 

all together can obfuscate the details that are occurring within the mouth. As 

a result, anterior-posterior tooth variability at Grasshopper was examined. 

The anterior teeth exhibit a much higher frequency of enamel hypoplasia 

than do the posterior teeth, in both the maxillae and the mandible (Table 

4.24). 

TABLE 4.24 
ENAMEL HYPOPLASIA FREQUENCY 
BY ANTERIOR-POSTERIOR TEETH 
AND ARCADE 

A-P Arcade %. N 

Ant Mand 38.7 829 
Ant Max 38.1 699 
Post Mand 8.3 1166 
Post Max 7.6 1112 

A comparison of tooth types (incisor, canine, premolar and molar) shows 

that canines exhibit the highest frequency of enamel hypoplasia (61.3%). 

Table 4.25 lists the frequencies for all tooth types. 

Further analysis which compares male hypoplasia frequency with 

female hypoplasia frequency indicates that males (72.7%) have a significantly 

higher frequency than females (54.4%). This finding is significant at p=0.00, 

with an effect size of .182. 
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TABLE 4.25 
ENAMEL HYPOPLASL\ 
FREQUENCY BY TOOTH 
TYPE 

lypfi %. N 
11 23.5 426 
12 23.5 498 
C 61.3 604 
PI 13.8 564 
P2 10.2 530 
Ml 4.3 442 
M2 4.5 422 
M3 3.4 320 

As a result of these findings, and the fact that enamel hypoplasias occur 

most frequently in the anterior teeth, this study narrows its focus to the 

anterior dentition. A further breakdown of the anterior tooth types into 

maxillary and mandibular components is presented in Table 4.26. This table 

shows that the mandibular canines exhibit a higher frequency of hypoplasia 

than the maxillary canines. On the other hand, maxillary incisors exhibit 

more hypoplasia than the mandibular incisors. 

TABLE 4.26 
ENAMEL HYPOPLASIA FREQUENCY 
BY TOOTH TYPE AND ARCADE 

MaxMan %. N 
11 Mand 15.2 224 
11 Max 32.7 202 
12 Mand 18.0 272 
12 Max 30.1 226 
C Mand 71.5 333 
C Max 48.7 271 
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Comparing male with female hypoplasia frequencies in mandibular 

canines indicates that males (81.0%) exhibit a significantly higher frequency 

than females (65.7%), to the p=0.00 level with an effect of .165. A similar 

result is seen in maxillary canines, where male frequency is 62.6% and female 

is 40.7%. This is also significant to the p=0.00 level, with an effect of .212. 

Hypoplasia frequencies for individual anterior teeth are listed in Table 

4.27. Canine teeth clearly exhibit the highest frequency of hypoplasia among 

all tooth types. For this reason, the focus of this analysis has been narrowed 

down to the an examination of canines. In comparing the sexes for the 

frequency of hypoplasia in individual canine teeth, males consistently exhibit 

significantly higher frequencies than females (Table 4.28). 

Table 4.27 
ENAMEL HYPOPLASIA 
FREQUENCY BY TOOTH 
NUMBER/TYPE 

# %. N 

06 C  45.9 133 
07 12 29.8 114 
08 11 31.2 102 
09 11 34.0 100 
10 12 30.4 112 
11 C 51.5 138 
22 C 74.1 166 
23 12 18.3 142 
24 11 14.2 120 
25 11 16.4 104 
26 12 17.7 130 
27 C 68.9 167 
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TABLE 4.28 
ENAMEL HYPOPLASIA FREQUENCY 
BY CANINE TEETH AND SEX 

Tooth# Sex %. N Pr<?l? Effect Signif? 

06 F 37.7 77 
06 M 58.8 51 0.02 .208 Yes 

11 F 43.5 85 
11 M 66.7 48 0.01 .222 Yes 

22 F 68.7 99 
22 M 83.3 60 0.04 .162 Yes 

27 F 62.6 99 
27 M 78.7 61 0.03 .168 Yes 

Enamel Hypoplasia Location and Age at Defect 

The location of an enamel hypoplasia is determined by the measurement 

(in mm) from the cementum-enamel junction to the defect. This analysis of 

hypoplasia location focuses on the maxillary and mandibular canines. The 

mean location of hypoplasias in the maxillary canines is 4.19mm, with a 

range of 0.8mm to 8.0mm. In mandibular canines the mean hypoplasia 

location is 4.12mm, ranging from 0.7 to 7.5 mm. 

In order to estimate age at defect, the mean unworn crown heights for the 

maxillary and mandibular canines were determined (Table 4.29). 

Age at defect occurrence was determined using birth as the age of crown 

initiation, and 4.5 years as the age of crown completion. The results indicate 

that significant sex differences exist for mean hypoplasia location and age at 

defect (Table 4.30). These measured differences between the sexes most likely 
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are the result of earlier crown formation times in females, or because there is 

sexual dimorphism in tooth size. 

TABLE 4.29 
MEAN UNWORN CANINE CROWN HEIGHTS 

Arcade Mean(mm) Range(mm) 

Max 11.23 10.3-11.9 
Mand 11.35 9.9 -12.5 

TABLE 4.30 
MEAN ENAMEL HYPOPLASIA LOCATIONS (mm) 
AND ESTIMATED AGE (years) AT CANINE DEFECT BY 
ARCADE AND SEX 

Arcade Sex Mean Agg Prpb Effect Signif? 

Max F 3.73 3.0 
Max M 4.73 2.5 0.00 .746 Yes 

Mand F 3.69 3.0 
Mand M 4.66 2.5 0.00 .898 Yes 

The mean age at defect occurrence of 3.0 years for females and 2.5 years 

for males falls within the range of the estimated Grasshopper age at weaning 

based on deciduous tooth wear (Fenton ms). 

Enamel Hypoplasia Width 

For the teeth that exhibit the "chronic" form of enamel hypoplasia, 

measurements were taken to determine the width of the hypoplastic band. 

This width may be a reflection of the duration of the physiological stress that 
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led to the production of the enamel defect. 

Because canines exhibit the highest frequencies of chronic hypoplasia at 

Grasshopper, they will be the focus of the investigation into the widths of 

defects. Maxillary canine mean defect width is 2.56 mm, with a range of 1.20 

mm to 4.20 mm. Mandibular canine mean defect width is 2.37 mm, ranging 

from 1.00 to 5.00. 

In the maxillary canines, the mean defect width for males (2.75 mm) is 

significantly larger than that of females (2.25 mm). The same result is seen in 

mandibular canines, where male mean defect width is 2.75 mm, and the 

female mean is 2.07 mm. 

Odontometrics: Buccal-Lingual Dimensions 

Buccal-Ungual measurements are reported here for the maxillary first 

molars and the mandibular first molars. For maxillary first molars the mean 

buccal-Ungual width is 11.54 mm. The mean mandibular first molar buccal-

Ungual width is 10.66 mm. 

Sexual dimorphism is present in the buccal-lingual dimensions in both 

the maxillary first and mandibular first molars. The mean widths for male 

first molars are significantly larger than female mean widths (Table 4.31). 
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TABLE 4.31 
Ml BUCCAL-LINGUAL WIDTHS (mm) BY SEX 

MaxMan Mean ^ S.D. Prob Effect Signif? 

Max F 11.40 122 0.53 
Max M 11.79 75 0.49 0.00 .764 Yes 

Mand F 10.56 106 0.46 
Mand M 10.87 58 0.49 0.00 .660 Yes 

Summary of Results: Sex Differences 

1. Antemortem Tooth Loss - Age-matched samples of antemortem tooth loss 

indicate that no significant differences exist between the sexes. 

2. Caries - No significant differences exist between the sexes for caries 

frequencies except within the youngest age group, 16-22 years of age. The data 

suggest that males aged 16-22 years exhibit a higher frequency of caries than 

females of that age. 

3. Occlusal Attrition - When age-matched samples of male and female mean 

wear stages for the first molars are compared, the results show that no 

significant differences exist between the sexes. 

4. Wear Plane Angles - The results for 16-22 year olds indicate that males 

exhibit significantly larger mean wear plane angles than females. The same 

trend is present in the mean wear plane angles for wear stage 3, although it is 
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not statistically significant. 

5. Alveolar Resorption - Significant differences in mean alveolar resorption 

exist between the sexes, indicating that males consistently exhibit more 

alveolar resorption than females. 

6. Enamel Hypoplasia - In comparing the sexes for the frequency of hypoplasia 

in individual canine teeth, males consistently exhibit significantly higher 

frequencies than females. 

7. Enamel Hypoplasia Location - Qear sex differences exist in mean 

hypoplasia location for both maxillary and mandibular canines. Males exhibit 

significantly larger mean h)rpopIasia location measurements than females. 

8. Enamel Hypoplasia Width - In maxillary and mandibular canines, the 

mean defect width for males is significantly larger than that of females. 

9. Buccal-Lingual Dimensions - Sexual dimorphism is present in the buccal-

lingual dimensions in both the maxillary first and mandibular first molars. 

Mean tooth widths for male first molars are significantly larger than female 

mean widths. 
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CHAPTERS 

RESULTS: 

INTRA-SITE PARTITIONING OF THE VARIABILITY 

This chapter reports the results of the intra-site dental analyses 

performed on the adult skeletons from Grasshopper Pueblo. Specifically, the 

goal of this chapter is to address the research questions posed in this 

dissertation by placing temporal and spatial overlays on the results from 

Chapter 4. That is, the dental data that were partitioned by sex and age at 

death will be further partitioned by time (early and late) and space (Room 

Block 1, 2 or 3). 

When overlaying the intra-site partitions of time and space on the age 

progressive dental variables (antemortem tooth loss, caries, wear and alveolar 

resorption), it is critical to keep the data separated by sex and age at death. 

Antemortem Tooth Loss 

It was shown in Chapter 4 that no significant differences exist between 

age-matched samples of the sexes for antemortem tooth loss frequencies. 

This is based on the overall site data without factoring in any differences 
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based on period of occupation. Thus, the next step in the analysis of 

antemortem (AM) tooth loss must be to add the early-late overlay (Table 5.1 

and 5.2). 

When individuals from the early period of occupation are separated 

from those in the late period, once again, there are no significant differences 

between the sexes for age-matched AM tooth loss frequencies. Simply put, 

when early females are compared to early males of the same age, the 

frequencies of AM tooth loss are very similar. Also, when late females are 

compared to late males, the frequencies of AM tooth loss are equally similar. 

TABLE 5.1 
EARLY ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND SEX 

Age Sex %. N Prob Effect Signif? 

15-21 F 0.6 1I31S 
15-21 M 0.5 1/192 0.88 .006 No 

22-30 F 1.4 6/416 
22-30 M 0.9 2/224 0.55 .023 No 

31-40 F 19.0 134/705 
31-40 M 21.7 136/627 0.22 .033 No 

41-50 F 53.1 372/700 
41-50 M 56.5 243/430 0.27 .033 No 

51+ F 83.4 446/535 
51+ M 81.5 150/184 0.57 .021 No 
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TABLE 5.2 
LATE ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND SEX 

Agg Sex %. N 3
 

or
 

Effect 5ignif 
15-21 F 1.1 1/95 
15-21 M 0.0 0/32 0.56 .051 No 

22-30 F 0.5 1/192 
22-30 M 0.0 0/% 0.48 .042 No 

31-40 F 16.2 70/432 
31-40 M 15.1 24/159 0.74 .014 No 

41-50 F 49.2 123/250 
41-50 M 50.7 105/207 0.75 .016 No 

51+ F 79.2 114/144 
51+ M 79.6 140/176 0.93 .006 No 

The next research question addresses whether AM tooth loss changed 

over time within each sex. This is addressed by comparing early females with 

late females using age-matched samples (Table 5.3), and then comparing early 

males with late males (Table 5.4). The results indicate that there are no 

significant changes from the early period to the late in AM tooth loss for 

either sex. 



TABLE 5.3 
FEMALE ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND TIME 

Age Time % N Prob Signif? 
15-21 E 0.6 2/320 
15-21 L 1.1 1/95 0.67 .021 N o  

22-30 E 1.4 6/416 
22-30 L 0.5 1/192 0.32 .040 N o  

31-40 E 19.0 134/705 
31-40 L 16.2 70/432 0.23 .035 N o  

41-50 E 53.1 372/700 
41-50 L 49.2 123/250 0.28 .035 N o  

51+ E 83.4 446/535 
51+ L 79.2 114/144 0.24 .045 No 

TABLE 5.4 
MALE ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND TIME 

Ag£ Time %. N Prob Effect Signif? 
15-21 E  0.5 1/192 
15-21 L  0.0 0/32 0.68 .028 No 

22-30 E  0.9 2/224 
22-30 L 0.0 0/96 0.35 .052 No 

31-40 E 21.7 136/627 
31-40 L 15.1 24/159 0.07 .066 No 

41-50 E 56.5 243/430 
41-50 L 50.7 105/207 0.17 .054 No 

51+ E 81.5 150/184 
51+ L 79.6 140/176 0.64 .025 No 
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The next step o f  analysis involves the comparison of AM tooth loss 

frequencies by sex, age group and comparing Room Blocks 1, 2 and 3 (Tables 

5.5 - 5.10). Based on these comparisons, there exist some overall trends. 

When significant differences are present between roomblocks, they indicate 

that: (1) individuals from Room Block 2 exhibit the most AM tooth loss; (2) 

individuals from Room Block 3 exhibit the least AM tooth loss; and (3) 

frequencies of AM tooth loss from Room Block 1 fall in between. 

TABLE 5.5 
FEMALE ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND RBI VS. RB2 

Age RB N Prpb Effect Signif? 

15-21 1 0.6 1/159 
15-21 2 0.0 0/160 0.32 .056 No 

22-30 1 1.6 1/63 
22-30 2 1.8 5/273 0.90 .007 No 

31-40 1 19.1 41/215 
31-40 2 24.8 78/315 0.12 .067 No 

41-50 1 56.3 144/256 
41-50 2 55.4 173/312 0.85 .008 No 

51+ 1 77.4 216/279 
51+ 2 86.9 226/260 0.004 .124 Yes 



TABLE 5.6 
FEMALE ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND RB2 VS. RB3 

Agfi KB N Prob Effect Signif? 
15-21 2 0.0 0/160 
15-21 3 no data 

22-30 2 1.8 5/273 
22-30 3 3.1 1/32 0.62 .029 No 

31-40 2 24.8 78/315 
31-40 3 13.5 28/208 0.002 .138 Yes 

41-50 2 55.4 173/312 
41-50 3 39.1 50/128 0.002 .149 Yes 

51+ 2 86.9 226/260 
51+ 3 no data — — 

TABLE 5.7 
FEMALE ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND RBI VS. RB3 

Age RR N Prob Effect Signif? 
15-21 1 1.1 1/159 
15-21 3 no data 

22-30 1 1.6 1/63 
22-30 3 3.1 1/32 0.62 .051 No 

31-40 1 19.1 41/215 
31-40 3 13.5 28/208 0.12 .076 No 

41-50 1 56.3 144/256 
41-50 3 39.1 50/128 0.001 .162 Yes 

51+ 1 77.4 216/279 
51+ 3 no data — — — 



TABLE 5.8 
MALE ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND RBI VS. RB2 

Age RB N ?TQ\? Effect Si^if? 
15-21 1 0.0 0/32 
15-21 2 0.0 0/% 1.00 .000 No 

22-30 1 0.0 0/96 
22-30 2 6.3 2/32 0.01 .218 Yes 

31-40 1 17.2 22/128 
31-40 2 21.1 52/246 0.36 .047 No 

41-50 1 36.0 40/111 
41-50 2 74.2 190/256 0.00 .363 Yes 

51+ 1 83.3 100/120 
51+ 2 64.1 41/64 0.003 .217 Yes 

TABLE 5.9 
MALE ANTEMORTEM TOOTH LOSS 
FREQUENCY BY AGE AND RB2 VS. RB3 

Age RB %. N Prob Effect Signif? 
15-21 2 0.0 0/96 
15-21 3 0.0 0/32 1.00 .000 No 

22-30 2 6.3 2/32 
22-30 3 no data — — — 

31-40 2 21.1 52/246 
31-40 3 24.6 43/175 0.41 .040 No 

41-50 2 74.2 190/256 
41-50 3 37.4 65/174 0.00 .368 Yes 

51+ 2 64.1 41/64 
51+ 3 77.1 74/96 0.07 .142 No 
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TABLE 5.10 
MALE AM TOOTH LOSS FREQUENCY 
BY AGE AND RBI VS. RB3 

Age RB %. N Prob Effect Signif? 

15-21 1 0.0 0/32 
15-21 3 0.0 0/32 1.00 .000 No 

22-30 1 0.0 0/% 
22-30 3 no data — — — 

31-40 1 17.2 22/128 
31-40 3 24.6 43/175 0.12 .089 No 

41-50 1 36.0 40/111 
41-50 3 37.4 65/174 0.82 .013 No 

51+ 1 83.3 100/120 
51+ 3 77.1 74/96 0.25 .078 No 

Ideally, the next step of analysis would be to add an early-late overlay. 

Unfortunately, when this is done most of the cells are too small to be of any 

statistical consequence. Nonetheless, in the few instances where the sample 

size is large enough to allow for analysis, the same trends exist as above. 

Specifically, when analyzing the frequencies of AM tooth loss by sex and age, 

and comparing roomblocks to one another, the data suggest that: Room Block 

2 exhibits the most AM tooth loss; Room Block 3 the least; and Room Block 1 

falls in between. 

Caries 

It was reported in Chapter 4 that sex differences in caries frequencies are 
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present only in the 15-21 year age groups, where males exhibit a significantly 

higher frequency. These results, however, are without the early-late overlay 

of time. Tables 5.11 and 5.12 show what the caries frequencies look like when 

partitioned by age, sex and time. 

Caries data from the early period show that males were experiencing 

higher frequencies than females where significant differences existed between 

the sexes. This trend is reversed in the late period, where females 

experienced significantly higher frequencies of caries than did the males. 

TABLE 5.11 
EARLY CARIES FREQUENCIES BY AGE AND SEX 

Age Sex %. N Prob Effect Signif? 

15-21 F 3.0 9/298 
15-21 M 9.7 17/176 0.002 .141 Yes 

22-30 F 10.4 36/347 
22-30 M 8.2 16/196 0.40 .036 No 

31-40 F 18.7 89/476 
31-40 M 26.2 113/432 0.007 .090 Yes 

41-50 F 35.9 101/281 
41-50 M 41.9 62/148 0.23 .058 No 

51+ F 42.7 32/75 
51+ M 50.0 16/32 0.49 .068 No 
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TABLE 5.12 
LATE CARIES FREQUENCIES BY AGE AND SEX 

Age Sex %. N ?TQb Effect Sign if? 

15-21 F 5.0 4/80 
15-21 M 0.0 Oils, 0.23 .116 No 

22-30 F 9.2 16/174 
22-30 M 4.2 4/96 0.13 .092 No 

31-40 F 22.7 70/308 
31-40 M 13.0 15/115 0.03 .108 Yes 

41-50 F 48.3 43/89 
41-50 M 27.9 24/86 0.005 .210 Yes 

51+ F 43.5 10/23 
51+ M 50.0 V7I2A 0.63 .064 No 

The intra-site analysis of caries attempts to identify changes over time by 

comparing early females with late females, and then early males with late 

males (Tables 5.13 and 5.14). The data indicate that changes over time exist for 

both sexes in the frequency of caries. For females, caries increased from the 

early period to the late. On the other hand, males did just the opposite: caries 

frequencies decreased from the early period to the late period. 



TABLE 5.13 
FEMALE CARIES FREQUENCIES BY AGE AND TIME 

Age Time %. N Pr<?b Effect 

15-21 E 3.0 9/298 
15-21 L 5.0 4/80 0.39 .044 

22-30 E 10.4 36/347 
22-30 L 9.2 16/174 0.67 .019 

31-40 E 18.7 89/476 
31-40 L 22.7 70/308 0.17 .049 

41-50 E 35.9 101/281 
41-50 L 48.3 43/89 0.04 .108 

51+ E 42.7 32/75 
51+ L 43.5 10/23 0.95 .000 

TABLE 5.14 
MALE CARIES FREQUENCIES BY AGE AND TIME 

Agg Time % H Prpl? Effect 

15-21 E 9.7 17/176 
15-21 L 0.0 0/28 0.09 .120 

22-30 E 8.2 16/196 
22-30 L 4.2 4/% 0.20 .074 

31-40 E 26.2 113/432 
31-40 L 13.0 15/115 0.00 .126 

41-50 E 41.9 62/148 
41-50 L 27.9 24/86 0.03 .140 

51+ E 50.0 16/32 
51+ L 50.0 17/34 1.00 .000 
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A comparison of caries frequencies by sex, age group and roomblock 

attempts to identify any differences between the three roomblocks in the 

frequency of caries. Unfortunately, partitioning the data to this degree creates 

sample size problems. Many of the cells contain less than 100 teeth, which 

equates with three individuals. Subsequently, the results from this analysis 

are problematic. Furthermore, significant differences in caries frequencies are 

only present between room blocks in three cases. And, in terms of 

directionality, these cases are not in agreement with one another, suggesting 

that no clear trends are apparent regarding caries data. 

Occlusal Wear 

In Chapter 4 it was reported that no significant differences exist between 

the sexes for age-matched samples of mean first molar wear stages. Tables 

5.15 and 5.16 show the comparison of the sexes for the early and late period. 

Significant differences between the sexes are present for only the 15-21 year 

olds in the late period. In this age group, females exhibit a significantly 

greater mean tooth wear than do males. 

The analysis of tooth wear comparing early females with late females, 

and early males with late males for age-matched samples are shown in Tables 

5.17 and 5.18. No significant differences exist in the tooth wear data that 

would support early-late differences within the sexes. 



TABLE 5.15 
EARLY MEAN Ml WEAR STAGES BY AGE AND SEX 

AGE SEX Mean N Prob Effect Signif? 

15-21 F 2.90 39 
15-21 M 2.86 21 0.79 .071 No 

22-30 F 3.50 44 
22-30 M 3.65 26 0.27 .254 No 

31-40 F 4.46 57 
31-40 M 4.73 41 0.22 .248 No 

41-50 F 4.40 15 
41-50 M 4.50 12 0.79 .102 No 

51+ F 3.50 2 
51+ M 5.00 1 

TABLE 5.16 
LATE MEAN Ml WEAR STAGES BY AGE A^ 

AGE SEX Mean N Prob Effect Signif? 

15-21 F 2.08 77 
15-21 M 1.57 28 0.00 .734 Yes 

22-30 F 3.71 24 
22-30 M 4.00 12 0.17 .509 No 

31-40 F 4.41 32 
31-40 M 3.91 11 0.30 .382 No 

41-50 F 5.25 4 
41-50 M 4.17 6 — — — 

51+ F 
51+ M 

5.67 
3.50 

3 
2 



TABLE 5.17 
FEMALE MEAN Ml WEAR STAGES BY AGE AND TIME 

AGE TIME Mean N Prob Effect Signif? 

15-21 E 2.90 39 
15-21 L 3.00 12 0.70 .149 No 

22-30 E 3.50 44 
22-30 L 3.71 24 0.17 .350 No 

31-40 E 4.46 57 
31-40 L 4.41 32 0.85 .044 No 

41-50 E 4.40 15 
41-50 L 5.25 4 

51+ E 3.50 2 
51+ L 5.67 3 

TABLE 5.18 
MALE MEAN Ml WEAR STAGES BY AGE AND TIME 

AGE TIME Mean N Prob Effect Signif? 

15-21 E 2.86 21 
15-21 L 2.00 4 

22-30 E 3.65 26 
22-30 L 4.00 12 0.10 .648 No 

31-40 E 4.73 41 
31-40 L 3.91 11 0.09 .661 No 

41-50 E 4.50 12 
41-50 L 4.17 6 0.50 .351 No 

51+ E 
51+ L 

5.00 
3.50 

1 
2 
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The final step in the analysis of tooth wear would ideally be of the spatial 

variability. Further partitioning of the data, however, produces cell sizes that 

are too small to be statistically meaningful. 

Wear Plane Angles 

The sample size of first molars in which wear plane angles could be taken 

is too small to allow further partitioning by time and space. 

Alveolar Recession 

Results from Chapter 4 show that males exhibit a significantly greater 

degree of alveolar recession than females. Table 5.19 and 5.20 present the 

results of temporal partitioning of these data. 

TABLE 5.19 
EARLY MAXILLARY MOLAR MEAN 
ALVEOLAR RECESSION BY AGE AND SEX 

Age Sex Mean N Prob Effect Signif? 

15-21 F 1.67 18 
15-21 M 2.73 11 0.01 1.00+ Yes 

22-30 F 2.72 25 
22-30 M 3.54 13 0.03 .750 Yes 

31-40 F 4.87 23 
31-40 M 5.57 23 0.25 .350 No 
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TABLE 5.20 
EARLY MANDIBULAR MOLAR MEAN 
ALVEOLAR RECESSION BY AGE AND SEX 

Age Sex Mean N PiTpb Effect Signif? 

15-21 F 1.50 20 
15-21 M 2.90 10 0.00 1.00+ Yes 

22-30 F 2.38 21 
22-30 M 3.77 13 0.00 1.00+ Yes 

31-40 F 3.63 27 
31-40 M 5.44 18 0.00 1.00+ Yes 

Enamel Hypoplasia 

The overall trend reported in Chapter 4 is that males consistently exhibit 

higher frequencies of enamel hypoplasia (EH) than females. The early-late 

period analysis of the temporal variability of hypoplasia frequencies for all 

teeth at Grasshopper Pueblo shows the following; individuals who lived 

during the early period experienced hypoplasia in 17.6% (457 of 2598) of their 

teeth, while individuals who lived in the late period had hypoplasia in 28.0% 

(297 of 1061) of their teeth. These early-late differences are significant as the 

chi-square probability is p=0.00 and the effect size is phi=.12. Therefore, it is 

necessary from now on to separate individuals on the early-late basis. 

Analysis of female and male teeth when placed in an early-late 

framework shows early female enamel hypoplasia frequency at 16.14% (243 of 

1506) and late female frequency at 25.96% (175 of 674), indicating a sizable 

increase in hypoplasia during the later time period. Similarly, the early male 

hypoplasia frequency of 19.88% (204 of 1026) was much lower than the late 
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male frequency of 31.52% (122 of 387). In both of these comparisons the 

differences are statistically significant (p=0.00), with effect sizes of .115 and .124 

respectively. 

Next, early female enamel hypoplasia frequency is compared with early 

male enamel hypoplasia frequency, and the late females are compared to the 

late males. The early female hj^oplasia frequency for all teeth was 16.14% 

(243 of 1506) whereas the early male frequency was 19.88% (204 of 1026). For 

the late period of occupation, female frequency was 25.96% (175 of 674) and 

male frequency was 31.53% (122 of 387). For both the early and late periods, 

males exhibit higher hypoplasia frequencies than females. The chi-square 

probabilities for both Early and Late are p<.05, but the effect sizes are too small 

to indicate real significance. 

The analysis of the EH differences between early male and early female 

anterior maxillary teeth shows a female hypoplasia frequency of 27.44% (76 of 

277) and the male fequency at 42.94% (79 of 184). The chi-square probability is 

p=0.001, with a small to medivmi effect size (phi=.16). This indicates that 

there is a reasonably significant difference between the sexes for the frequency 

of EH in the anterior maxillary dentition. Additionally, in the anterior 

mandibular teeth males have higher hj^oplasia frequencies than females in 

both the early and late periods. This trend, however, is not statistically 

significant. 

Interestingly, in the Late period there are no sex differences in the 

hypoplasia frequencies of anterior maxillary teeth, as the female frequency is 

52.31% and the male frequency is 51.52%. An explanation for this may be that 
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during the late period all children, not just males, experienced a large amount 

of stress. 

The temporal analysis of EH frequencies in female anterior maxillary-

teeth clearly shows a significant increase during the late period, as 27.4% of 

teeth from the early females exhibited hypoplasia compared to 52.3% of late 

female anterior maxillary teeth. Not only is the chi-square probability 0.00, 

there is also a medium effect size of phi = .24. Similar early-late differences in 

EH frequencies in the male anterior maxillary teeth are present, although not 

to a statistically significant level. In addition, when female and male anterior 

mandibular teeth are placed in the early-late framework, higher frequencies 

of EH are seen in the late period. Finally, enamel hypoplasia frequencies 

observed in the posterior teeth agree with the patterns for the anterior teeth. 

Of the anterior teeth, canines clearly exhibit the highest frequencies of 

enamel hypoplasia. Chapter 4 showed that male frequencies of hypoplasia for 

specific canine teeth (#6,#11,#22,#27) are significantly greater than female 

frequencies. What happens to these sex differences when the sample is 

broken into early and late components? In the early period, males exhibit 

significantly higher frequencies of canine EH than females (Table 5.21). In the 

late period, however, these differences between the sexes are no longer 

evident (Table 5.22). 
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TABLE 5.21 
EARLY CANINE ENAMEL HYPOPLASIA 
FREQUENCIES BY SEX 

# Sex %. H Prpb Effect Signif? 
06 F 30.8 52 
06 M 60.5 38 0.005 .300 Yes 

11 F 33.3 54 
11 M 67.6 34 0.002 .330 Yes 

22 F 66.2 68 
22 M 79.5 44 0.13 .140 No 

27 F 61.4 70 
27 M 77.3 44 0.08 .160 No 

TABLE 5.22 
LATE CANINE ENAMEL HYPOPLASIA 
FREQUENCIES BY SEX 

# Sex %. N Prob Effect Signif? 
06 F 54.2 24 
06 M 58.3 12 0.81 .040 No 

11 F 65.5 29 
11 M 69.2 13 0.81 .040 No 

22 F 75.0 28 
22 M 93.3 15 0.14 .220 No 

27 F 67.9 28 
27 M 81.3 16 0.34 .140 No 

Analysis of canine EH frequencies and their change over time in each 

sex are listed in Tables 5.23 and 5.24. Table 5.23 presents the early-late 

differences in female frequencies of enamel hypoplasia seen in individual 
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canine teeth, and Table 5.24 presents the early-late differences in males. In 

general, male frequencies do not change through time. On the other hand, 

female h5^oplasia frequencies do change through time, as the late period 

frequencies are significantly higher than those from the early period. 

TABLE 5.23 
FEMALE CANINE ENAMEL HYPOPLASL\ 
FREQUENCIES BY TIME 

# Time % N Prpb Effect Signif? 
06 E 30.8 52 
06 L 54.2 24 0.05 .220 Yes 

11 E 33.3 54 
11 L 65.5 29 0.005 .310 Yes 

22 E 66.2 68 
22 L 75.0 28 0.40 .090 No 

27 E 61.4 70 
27 L 67.9 28 0.55 .060 No 

TABLE 5.24 
MALE CANINE ENAMEL HYPOPLASIA 
FREQUENCIES BY TIME 

# Time %. N Prob Effect Signif? 
06 E 60.5 38 
06 L 58.3 12 0.89 .020 No 

11 E 67.6 34 
11 L 69.2 13 0.92 .020 No 

22 E 79.5 44 
22 L 93.3 15 0.22 0.160 No 

27 E 77.3 44 
27 L 81.3 16 0.74 .040 No 
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The investigation into the spatial variability of enamel hypoplasia 

frequencies uncovers some definite trends. Comparisons of Room Block 1 

vs. Room Block 2, and Room Block 2 vs. Room Block 3 for hypoplasia 

frequencies in the anterior teeth of females (Table 5.25) and males (Table 5.26) 

are presented. Based on these data, significant differences between room 

blocks are apparent. Room Block 2 exhibits significantly lower frequencies of 

hypoplasia than Room Blocks 1 and 3 for female anterior maxillary teeth. In 

males. Room Block 2 exhibits significantly lower hypoplasia frequencies than 

Room Block 3 for both maxillary and mandibular anterior teeth. 

TABLE 5.25 
FEMALE ANTERIOR TOOTH HYPOPLASDV 
FREQUENCY BY ROOM BLOCK 

MaxMan RB %. N Prpb Effect Signif? 

max 1 53.5 101 
max 2 25.4 142 0.00 .287 Yes 

max 2 25.4 142 
max 3 45.1 51 0.01 .189 Yes 

mand 1 37.0 119 
mand 2 34.8 158 0.71 .022 No 

mand 2 34.8 158 
mand 3 45.7 46 0.18 .097 No 
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TABLE 5.26 
MALE ANTERIOR TOOTH HYPOPLASIA 
FREQUENCY BY ROOM BLOCK 

MaxMan B3. %. N Prob Effect Signif? 

max 1 38.0 50 
max 2 31.1 74 0.42 .072 No 

max 2 31.1 74 
max 3 61.2 49 0.00 .298 Yes 

mand 1 36.8 76 
mand 2 33.7 83 0.68 .033 No 

mand 2 33.7 83 
mand 3 58.6 70 0.00 .249 Yes 

The above trend, where Room Block 2 exhibits the lowest hypoplasia 

frequency, is investigated further by partitioning the maxillary anterior teeth 

into early (Tables 5.27 and 5.28) and late periods. The results from the early 

period support the finding that Room Block 2 exhibits the lowest frequency of 

hypoplasia. 

TABLE 5.27 
EARLY FEMALE ANTERIOR MAXILLARY 
TOOTH HYPOPLASIA. BY ROOM BLOCK 

RB %. H Prpb Effect Signif? 

1 39.3 61 
2 25.4 142 0.05 .141 Yes 

2 25.4 142 
3 60.0 10 0.02 .192 Yes 
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TABLE 5.28 
EARLY MALE MAXILLARY ANTERIOR 
TOOTH HYPOPLASL\ BY ROOM BLOCK 

M %. N Prob Effect Signif? 

1 38.7 31 
2 31.1 74 0.45 .074 No 

2 31.1 74 
3 60.0 35 0.00 .275 Yes 

When analyzing female canine hjrpoplasia. Room Block 2 continues to 

exhibit lower frequencies of hypoplasia then Room Blocks 1 and 3, although 

the small sample sizes prohibit statistically significant findings (Tables 5.29 

and 5.30). This trend is especially clear for the maxillary canines. 

TABLE 5.29 
FEMALE CANINE ENAMEL HYPOPLASL^ 
FREQUENCY BY RBI VS RB2 

# E£ %. N Prob E£^ Signif? 

06 1 55.0 20 
06 2 29.2 24 0.08 .262 No 

11 1 80.0 20 
11 2 28.6 28 0.00 .507 Yes 

22 1 62.5 24 
22 2 65.6 32 0.81 .033 No 

27 1 52.0 25 
27 2 63.3 30 0.40 .114 No 
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TABLE 5.30 
FEMALE CANINE HYPOPLASIA 
FREQUENCY BY RB2 VS RB3 

# RB %. N Effect Sigpif? 
06 2 29.2 24 
06 3 50.0 8 0.28 .190 No 

11 2 28.6 28 
11 3 55.6 9 0.14 .243 No 

22 2 65.6 32 
22 3 70.0 10 0.80 .041 No 

27 2 63.3 30 
27 3 70.0 10 0.70 .061 No 

Enamel Hypoplasia Location 

The results of Chapter 4 show that males at Grasshopper exhibit a 

significantly larger mean hj^oplasia location measurement than females for 

maxillary and mandibular canines, indicating differences in the age at defect 

occurrence. In this next step of analysis, males and females are compared 

within the early and late time periods (Tables 5.31 and 5.32). In both early and 

late periods, males exhibit significantly larger hypoplasia location 

measurements. 

TABLE 5.31 
MAXILLARY CANINE MEAN ENAMEL 
HYPOPLASIA LOCATION BY TIME AND SEX 

Time Sex Mean H Prob Effect Signif? 
Early F 3.42 34 
Early M 4.65 46 0.00 .969 Yes 
Late F 4.07 32 
Late M 4.96 16 0.05 .597 Yes 
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TABLE 5.32 
MANDIBULAR CANINE MEAN ENAMEL 
HYPOPLASLA LOCATION BY TIME AND SEX 

Tim? Sex Mean N Prob Effect 5ignif? 
Early F 3.61 88 
Early M 4.61 69 0.00 .962 Yes 
Late F 3.89 40 
Late M 4.80 27 0.00 .784 Yes 

In Tables 5.33 and 5.34, females and males are analyzed to see if time 

variability exists in mean enamel hypoplasia location. Although no 

significant differences exist between time periods for either sex, the trend 

shows that the mean location measurements during the late period are larger 

than the early mean. 

TABLE 5.33 
MAXILLARY CANINE MEAN HYPOPLASIA 
LOCATION BY SEX AND TIME 

Sex Time Mean N Prob Effect 5ignif? 
F E 3.42 34 
F L 4.07 32 0.11 .406 No 
M E 4.65 46 
M L 4.96 16 0.42 .282 No 

TABLE 5.34 
MANDIBULAR CANINE MEAN 
HYPOPLASIA LOCATION BY SEX AND TIME 

Sex Time Mean N Prob Effect Signif? 
F E 3.61 88 
F L 3.89 40 0.21 .243 No 
M E 4.61 69 
M L 4.80 27 0.48 .181 No 
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Enamel Hypoplasia Width 

Results from Chapter 4 show that males exhibit significantly larger mean 

defect widths than females. These differences continue to be present when 

the sample is divided into early and late time periods (Table 5.35). In the 

mandibular canines, males exhibit significantly larger mean defect widths 

than females in both early and late time periods. The data from the maxillary 

canines also show this trend, although not to a statistically significant level. 

TABLE 5.35 
CANINE HYPOPLASIA MEAN 
WIDTH BY TIME AND SEX 

Time Sex Mean N Prob Effect Signif? 
E F 2.10 54 
E M 2.67 53 0.00 .713 Yes 
L F 2.00 22 
L M 3.38 9 0.00 1.00+ Yes 

One interesting trend observed in the data is that late male defect width is 

larger than early male defect width in both maxillary and mandibular canines 

(Table 5.36). Females, however, do not show this temporal variability in 

defect width. 

TABLE 5.36 
CANINE HYPOPLASIA MEAN 
WIDTH BY SEX AND TIME 

^£2^ Time Mean N Prob SigTllf 
F E 2.10 54 
F L 2.00 22 0.57 .141 No 
M E 2.67 53 
M L 3.38 9 0.01 .947 Yes 
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Buccal-Lingual Dimensions 

In Chapter 4 it was reported that the mean widths for all male first 

molars are significantly larger than the female mean widths. The results are 

somewhat different when the first molar buccal-lingual width data are 

separated into early and late periods (Table 5.37 and 5.38). Maxillary first 

molars and mandibular first molars from the early time period exhibit 

statistically significant sexual dimorphism. In the late period, however, 

female and male buccal-lingual widths are not significantly different. 

TABLE 5.37 
EARLY Ml BUCCAL-LINGUAL WIDTH BY ARCADE AND SEX 

MaxMan Sex Mean N Prpb Effect Signif? 

Max F 11.38 80 0.49 
Max M 11.85 53 0.47 0.00 .979 Yes 

Mand F 10.51 72 0.43 
Mand M 10.93 45 0.47 0.00 .933 Yes 

TABLE 5.38 
LATE Ml BUCCAL-LINGUAL WIDTH BY ARCADE AND SEX 

MaxMan Sex Mean N S.D. Prob Effect Signif? 

Max F 11.38 39 0.57 
Max M 11.63 21 0.52 0.10 .455 No 

Mand F 10.64 32 0.52 
Mand M 10.64 13 0.51 0.98 .000 No 
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Summary of Results: Time and Space 

1. Antemortem Tooth Loss 

When individuals from the early period of occupation at Grasshopper 

are separated from those that lived during the late period there are no 

significant differences between the sexes for age-matched antemortem tooth 

loss frequencies. Results indicate that no significant changes occur from the 

early period to the late in AM tooth loss for either sex. When significant 

differences are present between room blocks, they indicate that: (1) 

individuals from Room Block 2 exhibit the most AM tooth loss; (2) 

individuals from Room Block 3 exhibit the least AM tooth loss; and (3) 

frequencies of AM tooth loss from Room Block 1 fall in between. 

2. Caries 

Caries data from the early period show that males were experiencing 

higher frequencies than females when significant differences existed between 

the sexes. This trend is reversed in the late period, where females 

experienced significantly higher frequencies of caries than did the males. The 

data indicate that changes over time exist for both sexes in the expression of 

caries. For females, the data suggest that caries increased going from the early 

period to the late. On the other hand, males in the late period experienced 

less caries than did males from the early period. 
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3. Occlusal Attrition 

Significant differences between the sexes are present for only the late 15-

21 year olds. In this age group, females exhibit a significantly greater mean 

tooth wear than do males. No significant differences exist in the tooth wear 

data that would support early-late differences within the sexes. 

4. Alveolar Resorption 

In age-matched samples from the early period, males exhibit significantly 

greater alveolar resorption than females. Late period sample size is too small 

for meaningful analysis. 

5. Enamel Hypoplasia 

In the early period, males exhibit significantly higher frequencies of 

enamel hypoplasia than females. Interestingly, in the late period, no sex 

differences exist in the enamel hypoplasia frequencies of anterior maxillary 

teeth. In general, the enamel hypoplasia frequency data indicate that people 

living during the late period of occupation experienced more hypoplasia than 

did people from the early period. Female h)^oplasia frequencies are low 

during the early period and significantly higher during the late. On the other 

hand, the high early male frequencies of hypoplasia remain high in the late 

period. 

Significant differences between room blocks are apparent in the 

frequencies of enamel hypoplasias. Room Block 2 exhibits significantly lower 

frequencies of hypoplasia than Room Blocks 1 and 3 for female anterior 
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maxillary teeth. In males. Room Block 2 exhibits significantly lower 

hypoplasia frequencies than Roomblock 3 for both maxillary and mandibular 

anterior teeth. 

6. Enamel Hj^oplasia Location 

In both the early and late periods, males exhibit significantly larger mean 

hypoplasia location measurements than females. No significant temporal 

variability was present for mean location measurements, although there is a 

consistent trend indicating that late measurements are greater than early 

measurements. 

7. Enamel Hypoplasia Width 

In the mandibular canines, males exhibit significantly larger mean defect 

widths than females in both early and late time periods. In terms of changes 

through time, the mean defect width for males increased in the late period, 

whereas female widths stayed the same through time. 

8. Buccal-Lingual Dimensions 

Early maxillary first molars and early mandibular first molars exhibit 

statistically significant sexual dimorphism. In the late period, however, 

female and male buccal-lingual widths are not significantly different. 
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CHAPTER 6 

DISCXrSSION AND CONCLUSIONS 

The overall goal of this research is to analyze and assess the condition of 

the dental material from the adult skeletons (N=225) excavated at 

Grasshopper Pueblo. Dental variables in this assessment include antemortem 

tooth loss, caries, tooth wear, wear plane angles, alveolar resorption, enamel 

hypoplasia and odontometrics. The data base is partitioned along biological 

variables (sex and age) and dimensional variables (time and space), as well as 

numerous combinations of these variables. The study addresses the 

following hypotheses on dietary / tooth usage variability at Grasshopper: (1) 

female and male diet/ tooth usage was different, (2) diet/tooth usage changed 

over time, and (3) diet/tooth usage differed by spatial grouping. The 

following hypotheses on the variability of physiological stress at the pueblo 

are also adressed: (4) females and males experienced stress differentially, (5) 

stress levels increased over time, and (6) stress was differentially experienced 

by spatial grouping. Finally, patterns in the data are examined to address a 

more encompassing final hypothesis, one suggesting that (7) two culturally 

distinct groups (the MogoIIon and the Anasazi) co-existed at Grasshopper. 
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Overall Results 

A. The results on diet/ tooth usage indicate that: 

(1) Diet/tooth usage variability was a function of age at death for all 

variables. Specifically, as the age at death increased, so did the frequencies of 

antemortem tooth loss, caries, mean tooth wear, mean wear plane angles and 

mean alveolar recession. 

(2) Diet/tooth usage variability was a function of sex for some variables, 

especially when analyzed by early-late periods. During the early period, males 

exhibited greater caries frequencies and wear plane angles than females. 

During the late period, females exhibited greater caries frequencies and mean 

tooth wear than males. 

(3) Diet/tooth usage variability existed over time for some variables 

when analyzed by sex. For females, caries frequencies during the late period 

are significantly greater than during the early period. For males, caries 

frequencies are significantly greater in the early period than in the late period. 

(4) Diet/tooth usage variability was present between room blocks for 

some variables when analyzed by sex. The frequencies of antemortem tooth 

loss for Room Block 2 residents are significantly greater than those from 

Room Blocks 1 and 3. 

B. The results on physiological stress indicate that: 

(1) Stress variability was a function of sex. Males overall experienced 

stress to a greater degree than females. This variability by sex was most 

significantly exhibited in the early period. During the late period stress was 
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similarly experienced by the sexes. 

(2) Stress variability was not a function of age at death. 

(3) Stress variability existed over time (from the early period to the late 

period) when analyzed by sex. This variability is especially apparent in 

females, as their stress levels were significantly higher during the late period 

compared to the early period. Male stress levels were already high during the 

early period, and they stayed high during the late period. 

(4) Stress variability existed between room blocks when analyzed by sex. 

The data suggest that Room Block 3 inhabitants experienced the most stress. 

Room Block 2 inhabitants experienced the least stress. The people from 

Room Block 1 fell in between. 

Testing the Hypotheses on Dietary/Tooth Usage Change 

Testing the hypotheses on dietary/tooth usage change is performed 

through the analyses of multiple dental variables, including antemortem 

tooth loss, caries, occlusal attrition, wear plane angle and alveolar resorption. 

The first hypothesis proposes that significant dental differences existed 

between the sexes at Grasshopper that are indicative of dietary/tooth usage 

differences. The partitioning of male and female teeth into early and late 

components generates some definite patterns in the data. Specifically, early 

males exhibit significantly greater caries frequencies (Table 5.11) than early 

females. Conversely, late females exhibit significantly greater caries 

frequencies (Table 5.12) and mean wear stages (Table 5.16) than late males. 

The second hypothesis proposes that significant differences existed in the 



161 

dentitions of people from early and late periods that would support the 

assertion that dietary/tooth usage differences existed over time at 

Grasshopper. Patterns in the caries data indicate that change occurred over 

time at Grasshopper. First, late female caries frequencies are significantly 

greater than early female caries frequencies (Table 5.13). Second, male caries 

frequencies are significantly greater in the early period than in the late period 

(Table 5.14). 

The third hypothesis proposes that significant differences existed in the 

dental data from different room blocks at Grasshopper that are indicative of 

dietary/tooth usage differences across space. When there are significant 

patterns in the dental data, they suggest that the three main room blocks at 

Grasshopper Pueblo experienced antemortem tooth loss differently. Room 

Block 2 exhibits the highest frequencies of antemortem tooth loss. Room 

Block 3 exhibits the least antemortem tooth loss, and Room Block 1 

frequencies fall in between (Table 5.5 - 5.10). 

Testing the Hypotheses on Stress 

Testing the hypotheses on stress at Grasshopper relies on the analyses of 

enamel hypoplasia frequencies, enamel h)^oplasia locations and enamel 

hypoplasia widths. 

The fourth hypothesis set forth in this dissertation proposes that 

significant dental differences existed between the sexes at Grasshopper that are 

indicative of differing degrees of stress. Males at Grasshopper exhibit 

significantly higher overall frequencies of enamel hypoplasia than females 
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(Table 4.28). Comparing males with females from the early period, male 

enamel hypoplasia frequencies are significantly greater than females (Table 

5.21). In the late period, however, male frequencies are similar to female 

frequencies (Table 5.22). The enamel hypoplasia location measurements 

indicate that males exhibit significantly larger means than females. This 

trend is consistent in both the early and late periods (Table 5.31). In terms of 

the chronic form of enamel hypoplasia, male widths are significantly larger 

than the female widths. This trend is also consistent in both early and late 

periods (Table 5.35). Finally, first molar buccal-lingual width data indicate 

that in the early period, mean male widths are significantly greater than the 

female means (Table 5.37). In the late period, however, this sexual 

dimorphism disappears (Table 5.38). 

The fifth hypothesis proposes that significant differences are seen in the 

teeth of temporally different groups of people at Grasshopper that suggest the 

level of stress increased over time. In the comparison of early female teeth 

with late female teeth, significantly higher frequencies of enamel hypoplasia 

are observed in the late period (Table 5.23). Males, on the other hand, do not 

show temporal differences in enamel hypoplasia frequencies (Table 5.24). The 

trend in enamel hypoplasia location suggests that, in both females and males, 

the late period means are greater than the early period means (Tables 5.33 and 

5.34). In terms of chronic enamel hypoplasia widths, late males exhibit 

significantly larger means than early males (Table 5.36). 

The sixth hypothesis proposes that significant differences are present in 

the dentitions of spatially distinct people at Grasshopper that are indicative of 
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stress differences. Enamel hypoplasia frequency data indicate that Room 

Block 2 exhibits significantly lower frequencies than either Room Block 1 or 

Roomblock 3 (Tables 5.25 and 5.26). 

The seventh hypothesis proposes that the adult dental data will support 

the mean age at weaning at Grasshopper inferred from previous analyses of 

deciduous occlusal tooth wear. As discussed earlier, the occurrence of enamel 

hypoplasias may be associated with the weaning process. As such, the enamel 

hypoplasia location data, from which the mean age at defect occurrence can be 

determined, points to an age range of 2 to 4 years of age (Table 4.30). This age 

range is consistent with the proposed weaning stage based on the author's 

previous study on deciduous tooth wear at Grasshopper. On the basis of this 

compelling correlation, "it is likely that some individuals exhibit hypoplasia 

as a result of sickness associated with dietary change and loss of passive 

immunity that occurs with weaning" (Katzenberg 1996: 193). 

Testing the Hypotheses on Group Membership 

In the formative stage of building this research design, the testing of 

hypotheses on group membership was to be based solely on odontometric 

dimensions. In the data analysis phase, however, it became clear that many 

of the other dental variables could be utilized in the testing of hypotheses on 

group membership. The diet that people eat, how they utilize their dentition, 

or the degree to which they experience stress may be evidence of group 

membership. One drawback of this approach, however, is that the 

determination of the exact type of group membership may be an impossible 
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task. Patterns in the dental data may be identifying a population, an ethnic 

group, a moiety, a kin group, a status group or a sodality. 

The eighth and last hjqjothesis proposes that significant differences are 

observed in the dental data that might be suggestive of residential group 

membership at Grasshopper. The research questions on dietary change and 

increased stress over time generated patterns in the dental data that may 

indicate more than one group occupied Grasshopper Pueblo. In particular, 

the frequencies of enamel hypoplasia and the antemortem tooth loss patterns 

suggest that differences existed between room blocks in dietary intake and the 

degree to which stress was experienced. This could be evidence suggestive of 

group membership differences between residential room blocks. 

Interpretations on Diet/Tooth Usage Change 

1. Why do adult female caries frequencies increase over time, whereas 

adult male caries frequencies decrease over time? Why do adult females from 

the late period exhibit higher caries frequencies and mean wear than the 

males? Yet, in the early period, why do young adult males exhibit greater 

frequencies of caries and greater mean wear plane angles than females? 

Based on the archaeological reconstruction of subsistence at Grasshopper, 

the early period was characterized by diverse strategies, as people gathered, 

hunted and cultivated maize. It is assumed that during this early period 

game was plentiful in the immediate vicinity of Grasshopper. Therefore, 

males could hunt dose to home, and could eat more of their meals around 

the home hearth. As a result, males would have had equal access to food 
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prepared at home, and possibly would have consumed more of the processed 

food than the females. This is supported by Ezzo's isotopic analysis of human 

bone, as the early period males had greater consumption of cultigens and 

meat than females. This might also explain why early males exhibit more 

caries and greater wear plane angles than early females, as increased 

frequencies of these variables can be correlated with increased consumption 

of processed maize. 

The late period at Grasshopper is characterized by the intensification of 

maize agriculture and a reduction in the consumption of meat and wild 

plants. Accordingly, Ezzo's isotopic data from the late period indicate that 

male and female diets were quite similar, as males were consuming less meat. 

As a result, it was expected that all people would experience increased caries 

frequencies during the late period at Grasshopper. Surprisingly, the data 

indicate that male caries actually decreased during the late period. One 

explanation could be that as game became scarce in the Grasshopper area, 

males had to range much farther to successfully procure meat. This is 

supported by Speth and Scott (1989), who point out that aggregation results in 

the over-exploitation of the immediate environment, thereby depleting the 

wild game. At the same time, they assert that as the population increases and 

agriculture intensifies, there is a greater need for larger species of game to 

provide enough protein for the community. They suggest that in order to 

procure the game, the male hunters are forced to travel much greater 

distances, and perhaps engage in higher-risk hunting strategies. 

If this was the case, males dioring the late period at Grasshopper would be 
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away from home for longer periods of time than during the early period. It is 

hypothesized that males would have less access to food prepared around the 

hearth at home, and consequently might exhibit less caries and tooth wear. 

Conversely, with the intensification of increased agriculture at 

Grasshopper, females would be gathering less, tending the crops more and 

spending more time processing the maize. It is hypothesized that during the 

late period young females had increased access to this processed food, possibly 

explaining why they had greater caries frequencies and mean tooth wear than 

males. 

When the sexes were separated by early and late time periods, however. 

Female diets show an obvious shift over time, whereas male diets do not 

appear to change much over time. His data indicate that early female diets 

consisted of more wild plant foods than early males. On the other hand, early 

male diets consisted of more meat and cultigens. Late female diets and late 

male diets, however, were quite similar. Late males consumed less meat and 

much more maize, and late females consumed less wild plants and more 

maize. 

2. Why does Room Block 2 exhibit higher frequencies of antemortem 

tooth loss than Room Blocks 1 and 3? 

Titiev (1944) notes that not all Hopi clans had their own agricultural 

lands, and that some clans clearly had access to better land than others. The 

residents of Room Block 2 at Grasshopper may represent the founding 

population, and as such, may have had increased access to farmland and 
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better knowledge of hunting grounds. In his spatial analysis of diet, Ezzo 

(1991, 1992b, 1993, 1994) reports that Room Block 1 diets relied more upon 

wild plant resources. Room Block 3 diets relied primarily on agricultural 

products and Room Block 2 diets were the most balanced mix. Longacre and 

Reid (1974) point out that the burials excavated from the Great Kiva in Room 

Block 2 contained large amounts of grave goods of an exotic nature that 

suggest a relatively higher status than other roomblocks. The increased 

frequencies of antemortem tooth loss seen in Room Block 2 may possibly be 

the result of eating richer, high carbohydrate diets. This inference, however, 

is weakened by the fact that spatial analyses of the caries data shows no 

significant patterns. 

Interpretations of Stress Differences Between Sexes 

1. Why do males exhibit higher frequencies of enamel hypoplasia than 

females, especially in the early period at Grasshopper? Furthermore, why do 

males exhibit greater defect widths than females in both time periods? 

The sex differences in the hypoplasia frequencies at Grasshopper may be 

best understood in terms of cultural practices at the pueblo. Specifically, the 

higher male enamel hypoplasia frequencies may support an earlier inference 

that the inhabitants of Grasshopper Pueblo followed a matrilineal kinship 

system and practiced matrilocal residence (Birkby 1973). 

Levy (1989) has campaigned for the increased utilization of the 

ethnographic record in the reconstruction of prehistoric social organization. 

Levy (1989:1) states that "ethnographic, archaeological and linguistic data in 
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combination would provide the key to unraveling the culture history and 

development of social organization". Levy (1989:3) also points out that using 

ethnographic data is "especially appropriate in those cases where archaeology 

can give reasonable assurance that the ethnographic culture is directly 

descended from the archaeological". In the case of Grasshopper, it is unclear 

who represents the direct descendant population. The Western Pueblos (the 

Hopi and the Zuni), however, may comprise the most reasonable group of 

people to be ethnographic referants for the Mogollon people. 

The use of an ethnographic referant in archaeological reconstruction has 

become a point of contention in the debate between investigators from 

Grasshopper and those from Chavez Pass. Upham (1989:78) suggests that the 

"ethnographic model is deficient because it fails to account for dramatic 

demographic changes and important social, political, and economic 

transformations that occurred during the past 500 years as a result of 

European contact". This criticism essentially states that the prehistoric society 

was unique and therefore not necessarily best understood by analogy with 

ethnographic societies. The Grasshopper workers have been criticized for 

using ethnographic analogy to interpret the past (Upham 1987). This is a false 

accusation, as the Grasshopper researchers do not use ethnographic analogy to 

interpret Grasshopper. Instead, they strive to interpret Grasshopper using 

only archaeological data. In doing so, they also have mentioned ethnographic 

cases that may be similar for comparative purposes. 
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Hopi and Zuni 

The Hopi and the Zuni follow a matrilineal kinship system based on 

matrilineal exogamous clans and matrilocal households (Eggan 1950, 1979). 

One does not marry from one's own clan (mother's clan), or from one's 

father's clan, either. The matrilineal family at Zuni is discussed by Benedict 

(1934; 75) as follows; 

"To the women of the household, the grandmother and her sisters, her 
daughters and their daughters, belongs the house and the com that is stored 
in it. No matter what may happen to marriages, the women of the 
household remain with the house for life. They present a solid front. They 
care for and feed the sacred objects that belong to them. They keep their 
secrets together. Their husbands are outsiders..." 

In the matrilineal, matrilocal societiey at Hopi, the female children carry 

on the family line. Females remain in their parents' household and take 

husbands from an outside village. Males, on the other hand, are forced to 

move out of their parents' house and village, and into their wife's. 

At Hopi, Thompson and Joseph (1944: 50) identify clear differences 

between the social position of girls and boys, as they state; 

"although both sexes are prized, girls are considered absolutely essential on 
account of their role in the perpetuation of the clan. The central position of 
women in the Hopi kinship system and their well-defined and highly valued 
function in the household group give Hopi females, in contrast to males, a 
more stable position and greater security throughout life." 

Based on this ethnographic information, it is hypothesized here that 

Grasshopper parents may have used different weaning strategies for female 
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children than for male children. Female children may have received 

preferential treatment compared to the male children, resulting in female 

infants being pampered more, given better food and watched over more 

closely. Perhaps female children were breast-fed for longer periods of time 

than males. 

Finally, in terms of the Hopi age at wearung, Dennis (1965: 99) states that 

"the Hopi infant is invariably breast fed, is seldom weaned under one year of 

age and frequently is not weaned before two years." 

Sedentary !Kung Bushmen 

Another possible explanation comes from ethnographic analyses of 

sedentary, farming groups of the IKung Bushmen. Data from studies on 

differential treatment of the sexes in child rearing indicate that girls were 

engaged in household work more than boys, where they were more likely to 

be closely supervised by parents or grandparents. Boys, on the other hand, 

engaged in activities outside the household more than girls, resulting in less 

adult supervision (Draper 1997; Morelli 1997). More time around the hearth 

and more supervision may mean that girls had access to a better diet than the 

boys. This may help explain the differences in the enamel hypoplasia 

frequencies. 

The differences in the expression of stress indicators at Grasshopper may 

also be explained by inherent biological differences between the sexes in their 

responses to environmental stress. The increased male enamel h5^oplasia 

frequencies may be support for the hypothesis that males are less buffered 
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against environmental stresses during growth and development than 

females. Stinson (1985) points out, however, that previous studies on 

postnatal responses to stress have not clearly revealed consistent patterns that 

would indicate males are less buffered than females. She suggests this may be 

because males receive preferential treatment over females in many societies, 

thereby negating possible results. 

Interpretations of Stress Differences Over Time 

1. Why is the late period at Grasshopper more stressful than the early 

period? Why do female frequencies of enamel hypoplasia increase over 

time? Why do male frequencies of enamel hypoplasia remain the same over 

time, but their hypoplasia widths increase during the late period? Why do 

hj^oplasias in both sexes occur at an earlier age in the late period? 

Results from analyses of the subadult individuals from Grasshopper by 

Hinkes (1983) suggest that individuals from the later period of occupation 

exhibited more evidence of stress than those from the earlier period. 

It is possible that the hypothesized preferential weaning strategies for 

female children remained constant throughout the entire occupation of 

Grasshopper. As time went on, however, the ability to implement these 

strategies may have been adversely affected by the increasingly stressful 

conditions at Grasshopper. The quality of the mother's breast milk may have 

been adversely affected by deficiencies in the intake of fats and vitamins. 

Even if girls were breast-fed longer than boys, breastmilk during the late 

period may have been an inadequate source of nutrition. 
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In accordance with the stressful conditions during the late period, male 

enamel hypoplasia frequencies remain high. Furthermore, the widths of 

enamel hypoplasias in males significantly increases during the late period, 

possibly suggestive of longer stress episodes than during the early period. 

The younger mean age at defect occurrence during the late period at 

Grasshopper possibly suggests that the weaning process was started at an 

earlier age than during the early period. That is, children may have been 

breast-fed for a shorter time, possibly because of the increased nutritional 

stress of the late period. 

Interpretations of Stress Differences Across Space 

Finally, why does Room Block 2 exhibit significantly lower frequencies of 

enamel hypoplasia than Room Blocks 1 and 3? 

The archaeological model at Grasshopper Pueblo espouses that Room 

Block 2 contained the most influential group of individuals. If the residents 

of Room Block 2 do indeed represent the founding population, and had 

greater access to farmland and hunting grounds, it makes sense that they 

would exhibit the smallest frequencies of childhood stress markers. The 

dietary reconstruction of Grasshopper by Ezzo (1991,1992b, 1993, 1994) 

characterizes Room Block 2 diets as transitional between Room Blocks 1 and 

3. That is, his data suggest that Room Block 2 diets were the most balanced 

mix of agricultural products, wild plants and meat. Room Block 1 diets relied 

more upon wild plant resources, and Room Block 3 diets relied primarily on 

agricultural products. 
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Future Research Objectives 

Unfortunately, this dissertation probably represents the last study of the 

teeth from the Grasshopper Pueblo human skeletal series due to the research 

limitations imposed by the NAGPRA legislation. If future research on the 

Grasshopper skeletons is permitted, these are some suggestions: 

(1) because the overall degree of tooth wear at Grasshopper is not that heavy, 

an assessment of tooth wear using the technique developed by Scott (1979) is 

recommended. The Scott technique is more effective in assessing lesser 

degrees of tooth wear. 

(2) analyses of plant phytoliths which can be recovered from the dental 

calculus. Phytolith analysis can potentially contribute to the dietary 

reconstruction of Grasshopper pueblo. 

(3) microwear analyses of the enamel surfaces of the teeth from Grasshopper. 

Analyses of the distribution of pits and scratches can also be useful in the 

dietary reconstruction. 

(4) microstructure analyses of the enamel hypoplasias in the teeth from 

Grasshopper, including investigations of the neonatal line and Wilson bands. 

(5) a re-analysis of the enamel hypoplasias in the subadult skeletal series from 

Grasshopper using the same methods employed in this dissertation. In 

addition, the subadult teeth should be partitioned using the early-late 

temporal groupings developed by Ezzo. 

Finally, it must be noted that there is still a great deal of analyses that can 

be performed on the body of data collected for this dissertation. I am aware 
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that the data I have collected may be fruitfully subjected to more complex 

multivariate analyses. Although such analysis was outside the scope of this 

study, it is something I hope to undertake in the future. 

Summary 

The goal of this physical anthropological study on the adult skeletal series 

from Grasshopper Pueblo has been to identify changes to the enamel surfaces 

of the teeth that are associated with differences in diet and physiological stress 

over time that may have led to the abandonment of the pueblo. This 

dissertation has addressed the archaeological inferences on diet and stress at 

Grasshopper Pueblo by implementing an intra-site research design that 

identified patterns in the dental data that may explain why the overall dental 

health at Grasshopper has been characterized as poor (Berry 1984). The first 

goal was to identify patterns that may be indicative of dietary change / tooth 

usage over time, as well as dietary differences between sexes and room blocks. 

The second goal of this dissertation was to identify patterns that may be 

indicative of differences in stress over time, between sexes and across room 

blocks. 

Patterns in the dental data associated with diet/ tooth usage clearly 

indicate that (1) late period diet/tooth usage was different than early period 

diet/tooth usage, (2) early period diet/ tooth usage indicates that males 

exhibited higher frequencies of caries than females, and (3) late period 

diet/tooth usage indicates that females exhibited higher caries frequencies 

than males. 



175 

Finally, the enamel hypoplasia data indicate that (1) the late period was 

more stressful for children than the early period at Grasshopper, (2) males 

experienced more childhood stress than females, and (3) inhabitants of Room 

Blocks 1 and 3 experienced more stress than the inhabitants of Room Block 2. 

The results from this dental study that suggest diet changed and stress 

increased over time are consistent with the picture of aggregation at 

Grasshopper, in which over-population led to the over-exploitation of wild 

resources and forced agricultural intensification resulting in an increased 

reliance on a maize diet. This shift in subsistence probably resulted in a 

poorer overall level of health. Furthermore, it is inferred that over

population led to a heightened level of hygienic contamination and an 

increased pathogen load at the pueblo. 

It is believed that this dissertation has been an effective independent test 

of the archaeological inferences on dietary change and increased stress that 

were based on artifactual, faunal and isotopic analyses. As a result, we now 

have a clearer picture of how the diet/tooth usage changed over time at 

Grasshopper, and how physiological stress was experienced at Grasshopper. 



176 

APPENDIX 1: INDIVIDUAL BURIAL DATA 

il2 Burial # Sex Agfi Time Provenience 

1 001 F 20-25 E Test 
2 002 M 20-25 E Test 
3 003 F 30-40 E Test 
4 005 F 30-40 E Test 
5 006 F 30-40 L Test 
6 007 M 40-50 E Test 
7 008 M 30-40 E E Bank Draw 
8 010 M 25-35 E Test 
9 014 F 30-40 E Broadside 
10 015 F 30-40 E Broadside 
11 017 F 18-22 E Broadside 
12 020 F 40-50 E RBI 
13 026 M 30-40 L Test 
14 030 F 50+ E RBI 
15 035 F 40-50 E Broadside 
16 036 M 30-40 E Broadside 
17 038 F 30-40 E Broadside 
18 039 M 50+ E Broadside 
19 040 F 40-50 E Broadside 
20 041 F 30-40 E Broadside 
21 042 M 20-30 E Broadside 
22 043 F 30-40 L Broadside 
23 051 F 50+ E RB2 
24 052 F 50+ E RB2 
25 056 F 16-22 E RB2 
26 057 F 30-40 L RBI 
27 062 M 40-50 L RBI 
28 063 F 16-22 E RB2 
29 064 F 30-40 L Test 
30 065 M 50+ E RBI 
31 068 F 40-50 E Great Kiva 
32 073 ? 12-16 E Great Kiva 
33 076 M 40-50 E Great Kiva 
34 077 F 16-22 E Great Kiva 
35 080 F 25-30 L Plaza I 
36 081 F 16-22 E Test 
37 082 M 16-22 E Test 



38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
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Burial # Sex Agfi limfi Provenience 

083 F 20-30 E Test 
084 F 30-40 E Test 
088 F 20-30 E Test 
089 F 30+ L Test 
091 F 40-50 L Test 
093 F 40-50 L Test 
108 7 12-16 7 7 

112 F 40-50 E Great Kiva 
114 F 50+ E Great Kiva 
115 F 20-30 E RB2 
116 F 40-50 E RB2 
120 M 40-50 E Great Kiva 
128 ? 12-16 E Great BGva 
129 M 25-35 E Great Kiva 
133 F 30-40 E RB2 
140 M 40-50 E Great Kiva 
141 F 20-25 E RB2 
142 F 30-40 E Great Kiva 
143 F 20-25 E Great Kiva 
144 F 40-50 E Great Kiva 
150 F 30-40 E RB2 
152 M 16-22 E Great Kiva 
158 M 30-40 E RB2 
162 F 40+ E RB2 
163 M 40-50 E Great Kiva 
164 F 20-25 E Great Kiva 
166 M 35-45 E Test 
168 M 50+ E RB2 
171 F 50+ E Great BCiva 
174 F 50+ E Great BCiva 
175 F 50+ E Great Kiva 
178 F 25-30 E Great IGva 
184 F 30-40 E Great Kiva 
187 F 40-50 E Great Kiva 
188 F 30-40 E Great BCiva 
190 M 25-30 E Great BQva 
191 ? 12-16 ? 7 

194 F 40-50 E Great BCiva 
195 F 50+ E Great BCiva 
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T7 196 M 30-40 E Great Kiva 
78 197 F 16-22 E Great Kiva 
79 198 F 30-40 L Test 
80 199 M 25-30 L Test 
81 200 M 50+ L Test 
82 201 F 40-50 L Test 
83 203 F 20-25 L Test 
84 206 F 40-50 E Test 
85 208 M 30-40 E RB2 
86 209 M 40-50 E RB2 
87 210 F 40-50 E RB2 
88 211 M 45-55 E RB2 
89 216 F 45-55 E RB2 
90 217 F 45-55 E RB2 
91 222 M 40-50 E RB2 
92 225 F 25-30 E RB2 
93 226 F 40-50 E RB2 
94 227 F 30+ L RBI 
95 228 F 30-40 ? ? 

96 231 M 30-40 E Great Kiva 
97 232 F 20-25 E RB2 
98 233 F 25-30 E RB2 
99 236 F 20-25 E RB2 
100 246 F 30-40 E RB2 
101 248 M 16-22 E RB2 
102 250 ? 12-16 ? 7 

103 253 M 30-40 E RB2 
104 254 F 50+ E RB2 
105 255 F 50+ E RB2 
106 257 F 16-22 E Test 
107 258 F 40-50 E Test 
108 260 F 40-50 E Test 
109 262 F 40-50 E Test 
110 264 M 30-40 E Test 
111 267 M 25-30 E Test 
112 269 M 50+ E Test 
113 270 F 40-50 E Test 
114 271 F 35-45 L Test 
115 272 F 20-25 L Test 
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116 273 7 12-16 ? 7 

117 274 M 40-50 7 7 

118 276 F 30+ 7 7 

119 278 F 40-50 E Test 
120 279 7 adult L Test 
121 280 F 30-40 E Test 
122 296 M 40-50 E RB2 
123 298 M 30-40 E RB2 
124 299 F 40-50 E RB2 
125 302 M adult 7 7 

126 307 F 16-22 L RBI 
127 312 F 40-50 E RBI 
128 314 M 30-40 L Test 
129 317 F 16-22 E RBI 
130 318 F 20-30 E RB5 
131 319 F 40-50 E RBI 
132 323 M 40-50 L RBI 
133 324 F 50+ L RBI 
134 325 F 16-22 E RBI 
135 326 M 40-50 E RBI 
136 327 F 40-50 E RB5 
137 328 F 40-50 L RBI 
138 331 M 40-50 L Test 
139 335 F 40-50 E RBI 
140 338 F 16-22 L RB5 
141 344 F 20-30 E RBI 
142 352 M 20-25 E Test 
143 353 M 30-40 E Test 
144 354 F 40-50 7 7 

145 357 F 40+ E Test 
146 358 M 20-25 L Test 
147 359 F 50+ E Test 
148 363 M 16-22 L Test 
149 367 M 25-30 E RBI 
150 372 M 40-50 E RBI 
151 373 M 40-50 L RBI 
152 374 F 40-50 L RBI 
153 375 M 30-40 L RBI 
154 377 F 25-35 L RBI 
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ID. Burial # Sex Age lime Provenience 

155 380 F 30-40 L RBI 
156 381 M 50+ L RBI 
157 382 F 50+ L RBI 
158 383 F 50+ L RBI 
159 386 F 30-40 L RBI 
160 391 M 40-50 L RBI 
161 392 M 30-40 L RBI 
162 399 F 30-40 E RBI 
163 400 F 30-40 E RBI 
164 405 M 40-50 L RB3 
165 406 F 30-40 L RB3 
166 408 F 40+ E RBI 
167 412 F 40+ E RBI 
168 417 M 50+ L RB3 
169 437 F 40+ L RB3 
170 441 M 12-16 L RB3 
171 448 F 50+ L RB3 
172 450 M 50+ L RB3 
173 453 F 30-40 E RBI 
174 458 M 30-40 L RB3 
175 459 F 30-40 L RB3 
176 460 F 25-35 L RB3 
177 466 ? 12-16 E RB2 
178 468 M 35-45 E RB2 
179 473 F 40+ E RB2 
180 477 M 35-40 E RB2 
181 499 M 35-45 E RB3 
182 524 M 16-22 E RB2 
183 528 F 40-50 E RB2 
184 531 M 12-16 E RB2 
185 536 M 30-40 E RB3 
186 540 F 25-30 E RB2 
187 543 M 30-40 L RB7 
188 545 F 40+ L RBll 
189 547 F 25-30 L RB12 
190 560 F 40-50 L RB9 
191 561 F 25-30 L RB9 
192 564 F 16-22 E RB2 
193 568 E 40-60 E RBI 
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194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
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Burial # Sex Age XijiLfi Provenience 

569 M 30-40 E RBI 
572 F 50+ E RBI 
573 M 20-30 E RBI 
575 F 25-35 E Plaza n 
576 M 30-40 E Plaza n 
579 F 16-22 E Plaza n 
580 M 40-50 L RB3 
581 F 40-60 E Plaza n 
582 F 40-60 E Plaza n 
583 F 50-60 E Plaza n 
584 M 40-60 L Plaza n 
588 M 12-16 E Plaza I 
589 M 40-60 L Plaza I 
590 M 30-40 E Plaza I 
591 F 35-45 E Plaza I 
593 F 40-60 L Plaza I 
597 F 30-40 L Plaza I 
601 F 30-40 L Plaza I 
608 F 16-22 L Plaza n 
611 F 12-16 ? 7 

612 F 40-50 L Plaza n 
614 M 30-40 E RB3 
617 M 16-22 E RB3 
624 F 25-35 E RB3 
631 M 40-50 E RB3 
635 M 30-40 E RB3 
637 F 30-40 E RB3 
639 M 40-50 E RB3 
641 M 40-50 E Plaza I 
647 F 30-40 L Plaza I 
650 M 30+ E RB3 
664 M 16-22 E RBI 
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