
 
 

ABSTRACT 
 

GOMEZ, EMILY JANELLE. Does Status Matter?: A Skeletal Analysis of Hawikku. 
(Under the direction of D. Troy Case.) 
 
 Hawikku was a pre- and proto-historic Puebloan settlement associated with the 

Native American Zuni culture, located in the Zuni Mountains near the Arizona-New 

Mexico border. Archaeological excavations by the Hendricks-Hodge Expedition began in 

1917 and continued until 1923. Distinct burial areas are thought to represent related 

groups of individuals, including males and females who held leader or authoritative 

positions during life. Historically, the first encounter between Spanish explorers and 

Puebloan peoples took place at Hawikku and it has been proposed that this settlement 

was the location of an attack by Francisco Coronado, the legendary explorer.  

Data from previous health studies on the Hawikku skeletal population show 

health was generally poor and neither sex nor social status insulated a person from poor 

health. A study of pathological lesions was undertaken to determine whether social status 

had an effect on osteoarthritis development. After a comprehensive analysis for 

osteoarthritis prevalence, there was not evidence to suggest that high status individuals 

had significantly different levels of osteoarthritis relative to the low status individuals. 

The mortuary behavior practiced at Hawikku implies that leaders probably participated in 

similar daily activities relative to the general population, but performed special religious 

rites or rituals at particular times of the year. This study contributes valuable information 

to our knowledge of the relationship between social organization and arthritis prevalence 

in the past. 
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CHAPTER 1: INTRODUCTION 

 
 
 

Bioarchaeological and paleopathological analyses have great potential to enhance 

our knowledge about historic and prehistoric populations inhabiting North America. 

These analyses can inform us about health, nutrition, conflict, and social systems among 

non-literate societies and facets of past lifeways that are not normally recorded by past 

populations. Despite the potential of skeletal research, interest in the analysis of skeletal 

remains has not always been given the same attention as that of other archaeological 

remains. It was not until physical anthropologists sought to investigate health, behavior, 

and social complexity simultaneously that the field of bioarchaeology was established, 

thus encompassing these and other areas of related study (Buikstra 1977).  

  When ethnographic data are not available for a particular population, 

anthropologists necessarily rely on the human skeleton and associated burial artifacts to 

provide significant demographic, health, activity, and behavioral data for the human 

populations they choose to investigate. Past skeletal remains and associated burial 

artifacts excavated in the United States, including those of Native American affiliation, 

are examined in an effort to provide an accurate and complete record of everyday life.  

Recent efforts have changed the way archaeologists analyze archaeological sites 

and the treatment of items recovered that are associated with Native American 

occupation. The Native American Grave Protection and Repatriation Act of 1990 

(NAGPRA) has provided legislation to protect Native American remains and to promote 
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the repatriation of affiliated remains currently stored in museum or university collections. 

These efforts have both strengthened and weakened the field of bioarchaeology. On the 

one hand, remains are analyzed and entered into relevant databases before returning them 

to an affiliated tribe. Osteologists analyze remains to create a biological profile, but may 

not have the opportunity to research particular skeletal anomalies or pathologies since 

they have a limited time period in which to work on the material and return it for reburial. 

They also do not approach these biological profiles with a hypothesis in mind; so many 

do not collect the data in a way that is amenable to testing some kinds of hypotheses. 

Once the remains are returned, future researchers are often left with incomplete records 

from which to study a past population.  

As previously mentioned, skeletal indicators and associated burial goods can 

provide information about the social organization or the health status of a population. For 

example, an examination of osteoarthritis prevalence on specific joints has the potential 

to allow archaeologists to reconstruct activity patterns of the population being studied 

(e.g., Jurmain 1972, Pierce 1987, Nagy 2000, Wentz 2006). Sex and age differences can 

be calculated and a suite of habitual activities can be proposed. There are, however, 

limitations to this approach because many activities can produce similar marks on bone 

and definite conclusions cannot always be reached. If historical or ethnographic data are 

available as a reference, then activity (re)construction may be a valid method for 

archaeologists to pursue. For example, Merbs’ (1983) study of an Inuit population found 

a significant number of women to be affected by osteoarthritis in the upper limbs. Among 

his population of interest, he observed that women were more affected in joints like the 
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wrist, especially after they reached a particular age. He concluded that basketry and food 

preparation activities performed habitually produced a characteristic pattern of 

osteoarthritis in these Inuit women. Studies that can directly correlate skeletal markers to 

a particular activity are difficult to accomplish due to a lack of relevant historical 

ethnographic reports for many populations, but those that can be done lend valuable 

information about lifeways in the past. 

This thesis involves a bioarchaeological approach to the analysis of human 

skeletal remains from a protohistoric Native American group. In particular, this study 

focuses on skeletal markers of activity, in the form of osteoarthritis, as an approach that 

provides bioarchaeologists with the potential to reach conclusions about differences in 

physical activities in the past, relative to age, sex, and social status.  

This study has two primary goals. The first is to assess whether or not sex 

differences exist in the patterns of osteoarthritis in a Zuni population from the Native 

American archaeological site of Hawikku located near the Arizona-New Mexico border. 

Such differences might be expected if there was a substantial sexual division of labor 

among individuals at the site. A second goal is to assess whether or not social status 

distinctions previously identified among burial clusters at Hawikku are reflected in 

osteoarthritis frequency differences (Howell 1994). The previously identified burial 

clusters appear to be those of family groups or lineages. Some of these clusters contain 

individuals identified as leaders or high-status individuals through the presence of grave 

goods. Archaeological theory suggests that among societies of middle-range complexity, 

like Hawikku, differential status among individuals would develop first, but differential 
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access to resources would not present itself until later (Ames 2008). Hawikku was a 

society where status differences were present, based on research by Howell (1994), but it 

is unclear whether severe “quality of life” differences were present based on differential 

access to resources or differences in types of work tasks performed on a daily basis. 

Based on the hypothesis that high status individuals and their families could have been in 

a position to avoid strenuous labor, one would expect to find lower frequencies of 

osteoarthritis in burial clusters with high-status individuals than in burials of low-status 

individuals. The project proposed here involves an inquiry into the relationship between 

social status and labor to determine whether the presence of osteoarthritis can be shown 

to be more prevalent among low-status individuals who may have had less access to 

resources and experienced increased levels of daily strenuous activity.   

A skeletal analysis for osteoarthritis would add significant information about sex 

inequalities at Hawikku as well. Howell (1995) suggests that before Spanish contact, 

social structure at Hawikku included both men and women occupying leadership 

positions; after contact, access to leadership roles may have become restricted for 

particular individuals (i.e., women). Compared to other Puebloan groups, Hawikku was 

relatively unaffected by infectious disease at initial contact since Europeans did not have 

sustained contact with the population until Spanish Missions were established on the 

perimeter of the Hawikku settlement. Once osteoarthritis presence is established, it may 

be possible to assess whether or not status distinctions had an effect on the prevalence of 

osteoarthritis. Because kin groups have also been proposed among the burials at 
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Hawikku, it should also be possible to determine if membership in a particular high or 

low status kin group had an effect on the prevalence of osteoarthritis at Hawikku.   

With the implementation of appropriate methodological and statistical procedures, 

specific relationships between age, burial location, and the sexes can be examined and 

interpretations made about social status and labor divisions. This project is not meant to 

reconstruct specific daily activities or occupations as previously done by others (Merbs 

1983; Jurmain 1990; Lieverse et al. 2007). Rather, it seeks to determine the relationship, 

if any, between age and sex within distinct cemeteries, based on osteoarthritis prevalence, 

and to determine if membership in high status kin groups increases or decreases the 

presence of osteoarthritis. No previous studies of osteoarthritis prevalence have been 

published on this Native American group. Therefore, this study will contribute valuable 

information to our knowledge of the relationship between social organization and arthritis 

prevalence in the past.  
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CHAPTER 2: THE HAWIKKU SITE AND 
RELEVANT BIOARCHAEOLOGICAL RESEARCH  

 
The Hawikku Site 

Hawikku is a pre- and proto-historic Pueblo settlement associated with the Native 

American Zuni culture, located in the Zuni Mountains near the Arizona-New Mexico 

border. Archaeological excavations were undertaken at the site for several years by the 

Hendricks-Hodge Expedition, beginning in 1917 and continued until 1923 (Howell 

1994). The first encounter between Spanish explorers and Puebloan peoples took place at 

Hawikku pueblo in 1539. It has often been proposed that this settlement was the location 

of an attack by Francisco Coronado’s men (Ladd 1997). Eliot’s (1995) analysis of the 

excavation led to further confirmation that Hawikku was an important connector between 

the prehistoric and historic time periods. Research suggests that Spanish Contact 

undoubtedly disrupted health, social structure, and social roles to some degree during this 

period (Howell 1994, Eliot 1995, Ladd 1997).  

The settlement of Hawikku was occupied for about 300 years (~AD1350-1680), 

although the exact dates of abandonment are unclear because of changes to some of the 

architectural structures in the area. The Hawikku settlement was composed of more than 

three hundred living rooms and several ceremonial kivas (Ferugson 1996). Spanish 

Missions were constructed above abandoned Zuni residences and, during excavation, 

archaeologists mapped ten spatially distinct cemeteries around the main pueblo, as well 

as one cemetery around the later constructed Spanish Mission. Howell (1994) removed 

individuals buried in the Spanish cemetery from his study because they cannot be 
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confirmed as members of a Native American kin group (i.e., they may represent outside 

converts or Spaniards). The remaining ten cemeteries appear to represent related kin 

groups (Howell and Kintigh 1996).  Smith (1966) considered the number of rooms at the 

settlement and overall size and suggested an estimated population size of some 660 

people living at one time. It is rumored the settlement was abandoned around 1680, the 

date of the Pueblo Revolt. Tree-ring and radiocarbon dates suggest that many of the 

residences were deserted and the inhabitants of Hawikku likely moved to other areas in 

the region after the Spanish retreated (Ferguson 1996). 

During the Hendricks-Hodge Expedition, 955 burials were excavated from 

Hawikku (Howell 1994). Unfortunately, descriptions for the sets of skeletal remains at 

Hawikku were not nearly as complete as those for the artifacts. In addition, many 

skeletons were not collected. Of the 955 burials, 273 individuals are represented in the 

entire sample and less than 150 individuals are suitable for comprehensive skeletal 

analysis. Howell (1994) recorded the numbers of known males and females at 55 and 89, 

respectively; adolescents and children make up the remainder. Of the ten cemeteries 

studied by Howell (1994), two cemeteries contain remains of proposed leaders based on 

the presence of particular grave goods such as shell, turquoise ornaments, pendants, 

combs, feathers, bows and arrows, and ceramics. Within these two cemeteries, twelve 

proposed leaders have been identified: six males and six females, from both pre- and 

proto-historic time periods. There are four proposed leaders, one male and three females, 

who were analyzed for this study. The other proposed leaders do not have preserved 

skeletal remains. While not all of the cemeteries are represented in this small sample, 
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about half of the individuals can be placed within a specific cemetery area. The skeletal 

sample and written records of the excavations are housed at the Smithsonian Institution, 

Washington, D.C.  

 

Relevant Bioarchaeological Research 

 

Two doctoral dissertations have analyzed the skeletal remains from the Hawikku 

settlement, and each focused on very different research questions. Research by Howell 

(1994) is of particular interest to this study, because leadership roles and kinship patterns 

were reconstructed through an analysis of funerary goods and other biological data. 

Howell (1994), however, did not include osteoarthritis in his analysis. The second 

dissertation by Stodder (1990) examined both Hawikku and San Cristobal material for 

patterns of developmental stress, proposing that overall trends in Pueblo health were 

related to European contact and missionary expansion. According to Stodder (1990), this 

period was one of demographic, social, and economic disruption, famine, and disease in 

the Puebloan region. Compared to the other Puebloan (San Cristobal) sample she 

analyzed, health at Hawikku was generally poorer. This study did not analyze the skeletal 

sample in terms of status differences; rather, Stodder (1990) suggested that both sexes 

were highly affected by health disruptions, although significant differences were not 

present between the sexes. Her analysis also did not include data on osteoarthritis 

prevalence within the population at Hawikku. Stodder’s (1990) work is significant 

because it can be coupled with Howell’s (1994) kinship data and new skeletal data 
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collected for this project to form a better picture of the state of sex and status differences 

at Hawikku.   

The aim of Howell’s (1994) dissertation was to identify the leadership 

organization and decision-making structure present at the Hawikku settlement. A second 

goal was to determine the degree of social complexity within the population. There are 

two basic views concerning Puebloan social structure: one view is that the society was 

egalitarian and lacked centralized power and the other is that leadership was centralized 

with, perhaps, ascribed status among leaders (Howell 1994). The analysis of funerary 

goods placed with individuals in spatially distinct burials suggested to Howell (1994) that 

distinctive social roles and status differences were present among the groups; he 

established kinship ties among the individuals in the burial clusters through the presence 

of inherited dental traits. Howell (1994) examined historical records as well as artifact 

assemblages uncovered during the Hodge expeditions and determined that several 

leadership roles existed in Hawikku society and that both males and females may have 

held leadership positions. A richness measure was constructed by Howell (1994) based 

on the number of different types of grave goods and special body and grave preparations 

for each burial. To demonstrate status differences among cemetery groups, the cemeteries 

were compared to one another based on richness scores and other variables such as age, 

stature, and presence of anemia (Howell 1994). According to ethnographic work by 

Howell (1994) and Eggan (1950), inhabitants at Hawikku were ruled by a council of 

priests composed of members from particular clans who practiced matrilineal descent 

similar to most historic Zuni groups in the Southwest.  
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A recent dissertation by Nagy (2000) on osteoarthritis patterning caused by 

mechanical demands adds valuable methodological tools to the study of osteoarthritis 

within the Hawikku settlement. Her research reconstructed activity patterns and probable 

occupations among a Native American skeletal sample from Kentucky. Her method 

involves using a map of each joint surface to score osteoarthritis patterning across an 

entire joint rather than compiling several scores from separate observations. For example, 

a score is obtained from the overall prevalence of osteoarthritis on the surface instead of 

separately scoring each joint surface for eburnation, pitting, or lipping. Of course, the 

type of osteoarthritis on particular joint surfaces would be recorded, but not necessarily 

introduced into an equation. By calculating the prevalence of osteoarthritis for specific 

age or sex groups within specific cemeteries and between cemeteries, it is possible to 

make meaningful interpretations in light of previous kinship and social role analyses. 

Nagy’s (2000) analytical goal was to suggest probable behavioral patterns for the 

group/sample she investigated. In her study, it was necessary to score the degree of 

osteoarthritis on the joint surface to make interpretations about different physical 

activities practiced by the population. For the study proposed here, the degree of 

osteoarthritis (mild, moderate, severe) will not be part of my methodology, in part, 

because a study conducted by Waldron and Rogers (1990) suggested that even among 

experts, agreement on scoring severity was seldom reached. Their study consisted of 38 

participants and 11 osteological specimens with known osteoarthritis. The participants 

were asked to score the joint surface for both presence and absence and for severity (if a 

lesion was present). Based on the results of this study and others (Waldron and Rogers 
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1990), scoring for only presence or absence on joint surfaces is an effective way to 

minimize interobserver error. This scoring scheme enables more reliable data collection.  

With the data obtained from the skeletal sample, sex differences will be assessed 

to confirm or refute the presence of a division of labor in the Hawikku population. 

Skeletal data collected from burial clusters containing leaders or high status individuals 

will determine whether or not frequencies of osteoarthritis are lower, higher, or not 

significantly different from frequencies among low status burial clusters. Nagy (2000) 

also mentions that it is necessary to distinguish between primary and secondary 

osteoarthritis because secondary osteoarthritis often occurs as a result of traumatic injury 

or other disease. These observations should not be included in behavioral reconstructions 

because they do not represent normal, habitual activity and may disrupt the 

reconstruction of social roles. Therefore, it is necessary to identify fractures and other 

trauma to distinguish whether secondary osteoarthritis is present. Fortunately, Stodder 

(1990) provides data on long bone fracture location for specific individuals from the 

Hawikku site. For observations of primary osteoarthritis, recording the type of patterns 

visible rather than the severity, allows for easy comparison across a sample. It is still 

necessary to report on the dominant osteoarthritic characteristic, such as pitting, lipping, 

or eburnation, so that other age and sex relationships and/or differences can be interpreted 

(Nagy 2000). This type of analysis is relevant for a study that examined age- and sex-

specific prevalence of osteoarthritis (Rogers 1995), as is planned for the Hawikku 

sample. 
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Comparative studies can tell us much about the frequencies of various activities 

among other Native groups in geographical regions in the United States. Research 

undertaken by Jurmain (1975) and Pierce (1987) were comparative studies using 

osteoarthritis presence among various skeletal populations, including modern and 

prehistoric samples. Jurmain’s (1975) study effectively compared the frequency of 

degenerative joint disease (or osteoarthritis) among modern and historic populations to 

understand the functional stress to bone endured by these populations. In an effort to 

provide information on disease prevalence from populations that are unrelated and 

spatially distinct, Jurmain (1975) provided a wealth of data on disease prevalence and 

severity. Data from one of his skeletal samples is from the American Southwest and will 

be included as a comparative sample in my own study to compare and contrast the 

frequencies of osteoarthritis observed on the upper and lower limbs. Jurmain’s (1975: 81) 

examination suggests that “an occupational component or culturally patterned behavior,” 

may explain the sex differences between males and females within the same population.  

Another comparative study by Pierce (1987) utilized osteoarthritis as a skeletal 

indicator which was useful in understanding differences between two Native American 

populations that are both temporally and somewhat spatially distinct. Pierce (1987) relied 

on the presence of osteoarthritis to investigate differences in activity patterns based on 

the location of joint involvement, age of onset, and sex. Environmental (ecological) and 

geographical information enhanced the interpretation of the skeletal findings, since one 

skeletal population was affected with greater intensity than the other. In Pierce’s (1987) 

study, the population that occupied land where food was plentiful and varied had lower 
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levels of affectedness compared to the population that lived farther from fresh water and 

reliable food sources. One explanation for this difference was that access to resources 

factored into the presence of osteoarthrithic lesions. It was also possible that harsh 

environmental conditions factored into overall activity levels and bodily stressors. The 

integration of these factors assisted in explaining activity patterns and social structure in a 

way that laid a strong foundation for future research. These two studies provide both 

methodological data and baseline pathological data for Native American groups 

occupying a similar temporal period and with generally the same subsistence patterns as 

at Hawikku.  
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CHAPTER 3: MATERIALS AND METHODS 
 

Hawikku Skeletal Population 

The Smithsonian Institution database records the presence of 273 individuals in 

the Hawikku skeletal collection, though not all individuals include both cranial and 

postcranial material. A total of 121 individuals were analyzed for this project during May 

of 2008. Poorly preserved material and nonadults were not analyzed. Burial areas were 

known for 61 of the individuals and only these individuals were included in the status 

comparisons. Several individuals or individual joints could potentially have been 

excluded from the analysis because of recorded postcranial trauma, which might have 

produced secondary osteoarthritis. Individuals referenced by Stodder (1990) as having 

postcranial trauma include the specimen numbers: 308707, 308624, and 308655. These 

individuals did not display presence of osteoarthritis as defined by the scoring criteria and 

did not need to be excluded from the statistical analysis. The preservation of the skeletal 

material is excellent; most of the individuals analyzed included a majority of post-cranial 

elements.  

The age distribution of the population of interest is provided in Figures 2.1 and 

2.2. Both age and sex determinations were made by previous researchers or by the 

Repatriation Osteological Laboratory at the Smithsonian Institution in Washington, D.C. 

An individual’s age was taken as the midpoint of the range given so that the individual 

could be placed within a comparative age category (i.e., 20s, 30s, 40s).  
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Table 2.1 Age Distribution 
 

     
 20s 30s 40s+ Total 
Hawikku 24 51 46 121 
     

 

Table 2.2 Age Distribution by Sex 
 

     
 20s 30s 40s+ Total 

Females 13 32 25 70 
Males 11 19 21 51 

     
 
 

Table 2.3 Distribution of Sample by Cemetery (or Burial Area) 
 

            
Burial  
Area 

1 2 3 4 6  7 9 Area 
10 

Area 
11 

Area 
12 

Total 

M 5 2 3 0 3 1 15 0 1 0 30 
F 7 8 4 1 1 0 23 1 1 1 47 
 77 
20s 4 3 1 1 1 - 6 - - - 16 
30s 4 4 5 - 1 1 15 1 - 1 32 
40s 4 3 1 - 2 - 17 - 2 - 29 
Leaders 2 0 0 0 0 0 2 0 0 0 4 
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Osteoarthritis 

A great deal of research has been published concerning primary osteoarthritis, 

including its progression and the characteristic changes often seen by osteologists in dry 

bone (Jurmain 1972, Pierce 1987, Merbs 1983, Bridges 1992). It is often difficult to 

determine changes to bone that are caused by systemic factors, such as rheumatoid 

arthritis or by functional or activity factors. According to Rogers et. al (1987), 

osteoarthritis is commonly seen in joints of the upper and lower limbs and the neck. 

Systemic factors are more commonly seen in the vertebrae (DISH) and hands and feet 

(rheumatoid arthritis, gout, psoriatic arthritis). Other changes to ligaments or tendons may 

also be visible if preserved on the skeletal remains. Osteoarthritis affects synovial (or 

diarthrodial) joints since these joints allow for free motion between bone ends (Brandt 

2001).  

Disease progression tends to include particular changes involving cartilage and 

the articular joint surface, resulting in a predictable pattern of cartilage degradation, 

lipping around the joint margin, and eburnation (or bone polishing) (Rogers et. al 1995). 

It is critical for paleopathologists and osteologists to correctly diagnose the presence of 

osteoarthritis so that comparisons among groups or individuals can be made based on the 

same criteria; some have required the presence of eburnation on the joint surface to 

establish its presence. If eburnation is not observable, there are other accepted methods 

for detecting osteoarthritis: marginal osteophytes, new bone formation, and pitting or 

changes to the contour of the affected joint. If at least two such changes are visible, 
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osteoarthritis is scored as being present and the joint can be included in analyses (Rogers 

et. al 1995).  

Deciphering skeletal evidence through an examination of pathology may 

contribute valuable information in reconstructing social structure. Bridges (1993) 

highlights important parts of any paleopathological study on arthritis: proper 

determination of joints to be analyzed and explanation of the technique used to score joint 

surfaces. Finding osteoarthritis on several skeletons in a single burial may confirm 

relatedness because new genetic data suggests a genetic predisposition for primary 

osteoarthritis (Williams and Jimenez 1993; Cicuttini et al. 1997). Manek and Spector 

(2003) have discovered through twin and sibling studies an association between two 

candidate genes known to increase susceptibility to the development of osteoarthritis. 

Loughlin (2001) has analyzed genetic data in other populations and suggests that while 

individuals may have a genetic disposition for developing osteoarthritis, sex and age are 

equally important in osteoarthritic susceptibility. Therefore, if individuals at one 

cemetery are found to have high frequencies of osteoarthritis, this may be further 

confirmation that the cemeteries are kin-based in organization. Merbs’ (1983) study of an 

Inuit population also found a significant relationship between age and sex in predicting 

arthritic occurrence and prevalence. Among his population of interest, he observed that 

women were more affected in joints like the wrist, especially after they reached a 

particular age. Based on this information, an age minimum must be imposed on any 

osteoarthritis study. This particular study will only focus on individuals over the age of 

twenty since the prevalence of osteoarthritis increases with age.  
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According to Rogers (1995), paleopathologists are concerned with examining 

every joint surface in the body to help determine whether there are any bony changes 

visible during life or not. Rogers and Dieppe (2003) continue: 

This allows the recording of OA in unreported or underreported situations and of 
skeletal changes that are not apparent clinically or radiographically. Conversely, 
there is the disadvantage that all joints may not be present in every skeleton, thus 
reducing the quantity and completeness of information for analysis (2003:59). 
 
While osteoarthritis data are often used in bioarchaeological analysis, the vast 

amounts of collected observations often present difficulties for researchers interested in 

doing comparative work because subtle differences between joints do not manifest 

themselves where data from various joints are compiled without considering age 

differences among individuals. Fortunately, a new approach has been developed and 

potentially provides a useful method for this particular study.    

 

Joint Methods 

 In an effort to record all changes to the joint surface and to allow for future 

comparative studies, joint maps or grids introduced by Nagy (2000) were used in the 

analysis and one map is reproduced in Appendix B as an example of what was used 

during the data collection process. However, Nagy’s cluster analysis methodology was 

not replicated in this study because osteoarthritis was only scored for presence or absence 

and not for severity. The following upper and lower joints were analyzed for the 

Hawikku sample: shoulder, elbow, wrist, hip, knee, and ankle.  
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 The upper limb joints, shoulder, elbow, and wrist, were visually assessed and any 

osteoarthritic indicators were recorded on the grid maps. The following joint surfaces 

were observed on the upper limbs: 

 

Table 2.4 Upper Limb Joint Surfaces 

Shoulder Right and left glenoid cavity 
Elbow Right and left distal humerus, right and left proximal ulna, right and left 

proximal radius 
Wrist Right and left distal ulna, right and left distal radius 

 

   
 

 The lower limb joints, hip, knee, and ankle were also visually assessed and any 

osteoarthritis indicators were recorded on the grid maps. The following joint surfaces 

were observed on the lower limbs: 

 

Table 2.5 Lower Limb Joint Surfaces 

Hip Right and left acetabulum 
Knee Right and left distal femur, right and left patella, right and left proximal tibia 
Ankle Right and left distal tibia, right and left superior calcaneus 

 

 Osteoarthritis indicators were scored as “present” or “absent”. Each individual 

was scored according to the bones recovered at excavation. This process was repeated for 

all individuals with post-cranial material aged 20 years and older. 

 After data collection was complete, the grid maps were coded into a Microsoft 

Excel Spreadsheet. A coding system was created for this study and can be found along 
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with the coded spreadsheets in Appendix A. The advantage to analyzing the joint surfaces 

in this manner is the ability to assess sidedness within and between the sexes as well as 

an analysis of the overall presence of osteoarthritis. The spreadsheets for each joint 

analyzed are included in Appendix A. 

 Photographs of joints with osteoarthritic lesions, Figures 1 - 4, can be found at the 

end of this chapter on pages 24-27.  

 

Statistical Analyses 

 

The data findings were entered into (SISA), SPSS (version 16.0), and SAS 

(version 9.1) to determine frequency, test levels of significance, and determine if sex or 

burial location had an effect on osteoarthritis development. The bone surfaces that 

comprise a complete joint were considered together when determining presence or 

absence.  

As previously mentioned, osteoarthritis in the Hawikku skeletal sample was 

scored by means of macroscopic visual examination of individuals from the skeletal 

sample. Mean ages were constructed for this study from the age ranges given so that 

statistical results would be more robust (since osteoarthritis is a disease characteristic of 

individuals of increased age).  

After data were collected on osteoarthritis presence, basic descriptive statistics 

were calculated for all individuals to determine overall sex differences and sidedness. 

Frequencies were calculated for each joint and differences among sexes and burial 
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clusters were investigated using SPSS software using techniques such as Fisher’s Exact 

Test and Chi-squared tests (SAS 9.1). One complication that arose when comparing 

osteoarthritis frequencies among groups was that many equations did not account for 

differing age structures which undoubtedly occur in skeletal samples. Use of traditional t 

or z-tests do not always provide reliable results because of an age bias present in a 

skeletal sample. These tests are also not as powerful because they lump all scores 

together, making it difficult to detect any subtle patterns that may exist (Bridges 1993). 

Logistic regression was an effective way to draw comparisons between groups, given the 

binary response calculated for each joint (i.e., presence or absence of osteoarthritis). 

Logistic regression also controls for variation among the other predictors, such as age, 

sex, or cemetery location, when testing for statistical significance. For all statistical 

analyses, p-values between .10 and .05 were also considered significant and will be 

discussed below. The higher than normal alpha values were felt to be acceptable because 

of the relatively small sample sizes involved in some of the analyses, and with 

recognition that the risk of making a Type I error is increased.   

With a degenerative process such as osteoarthritis, age is often associated with 

prevalence and severity. It was necessary to separate individuals from the burial areas 

into several age categories to allow for a consideration of the effect of age and other 

variables such as sex and burial location on osteoarthritis prevalence. However, this 

approach made the sample groups smaller, and the results did not have strong statistical 

power. Because the focus of this study required relationships between low and high status 

individuals to be constructed and evaluated, cemeteries containing high and low status 
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individuals comprised the two groups for some comparisons. In this case, all cemeteries 

containing high-status individuals comprised one group and all cemeteries without 

recognized high status individuals comprised the second group. This analysis was 

achieved through the use of logistic regression; a statistical model was formed to 

compare the presence of osteoarthritis among individuals from the low status group and 

the high status group. Logistic regression was used for two purposes; one was to examine 

the entire population for the effects of sex and age on osteoarthritis presence and the 

second was to examine those individuals linked to either the high or low status group for 

the effect of cemetery, sex, and age on osteoarthritis presence.  

Logistic regression was first used to analyze the whole sample to determine if the 

effects of sex or age had predictive power on osteoarthritis prevalence. A dataset 

containing all individuals of known age and sex was analyzed and a model was fit to 

analyze this relationship. Cemetery or burial location was not included in this analysis 

because not all of the individuals in this sample can be traced to a burial location. A 

second statistical analysis examined those individuals who can be traced to a burial 

location. The statistical software used in this analysis was SAS (version 9.1), using the 

PROC LOGISTIC command.  

 Another analysis was conducted in order to determine whether burial location 

(i.e., low or high status) had any effect or predictive power in an individual’s likelihood 

of being affected by osteoarthritis. This analysis was accomplished through logistic 

regression, using sex, age, and cemetery as predictors and presence or absence (of 

osteoarthritis) as the binary response. The statistical software used in this analysis was 
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SAS (version 9.1), using PROC LOGISTIC and the “exactonly” option to assist the 

software in processing a data set with missing data points. This option enabled the 

analysis to be performed despite the lack of unobservable joint surfaces for some 

individuals.  
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Figure 1. Elbow 
Coronoid Process Articular Surface: Bony Accretions and Pitting on Surface 

 
 
 
 
 
 
 
 



 

 25 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 2. Shoulder 
Marginal Lipping of Glenoid 
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Figure 3. Knee 
Intercondylar Notch: Lipping; Transverse Lipping: Slight Lipping 
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Figure 4. Hip 

Fossa: Concavity; Remodeling of Rim: Lipping on Circumfrence 
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CHAPTER 4: RESULTS AND DISCUSSION 
 

Two distinct research hypotheses are discussed here; first, a general discussion of 

the results achieved through an analysis of the entire sample and second, a discussion of 

the results from those burials identified as belonging to a high or low status group. 

Finally, archaeological theory regarding social complexity, duties and roles of leaders 

and religious figures will be explored (e.g., Tainter 1978, Carr 1995, and Goodenough 

1965). Additionally, the previously collected health data are employed and integrated to 

better understand disease presence or absence and how it correlates to social status.  

Through logistic regression analysis, it was possible to confirm the presence of an 

age effect for osteoarthritis. This finding is not surprising, as it was previously mentioned 

that osteoarthritis is a degenerative process associated with increased age. The results 

from these analyses can be seen in Table 4.1.  

The results were also obtained through an analysis of the entire data set. Using 

logistic regression, the effects of sex and age on arthritis presence were examined for 

each joint. These analyses indicate that the effect of sex on overall arthritis presence is 

not significant and that the effects of sex and age were not dependent on each other. 

Since the effect of sex was not significant, it was removed and the model was re-fit with 

only the age effect. For some joints - hip, shoulder, knee, and elbow - the effect of age is 

significant at the 0.10 level, but this finding is not surprising in a degenerative process 

like osteoarthritis, as many studies have demonstrated (Jurmain 1975, Pierce 1987, Merbs 

1983, Nagy 2000).  
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Table 4.1 Chi-Square Tests for Effect of Age on Osteoarthritis Presence 

      
 Joint DF Chi-Sq p-value  
 Knee 1 15.31 <.0001  
 Hip 1 3.28 0.0703  
 Ankle 1 1.69 0.1939  
 Shoulder 1 5.54 0.0186  
 Elbow 1 7.15 0.0075  
      
      

 

The following figure, Figure 5, is illustrative in summarizing the significant differences 

in osteoarthritis prevalence in particular joints. “Skeleton 1” displays the observed 

significant differences between the sexes in the left and right elbow joint. “Skeleton 2” 

displays the observed significant differences between the sexes in the left hip and left 

knee joints. Finally, “Skeleton 3” displays the observed significant differences between 

the sexes in overall knee osteoarthritis. The following sections detail the osteoarthritis 

differences observed in the Hawikku sample.  
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Upper Limb 

 

 

 

Figure 5. Observed Differences of OA Between the Sexes 
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Upper Limb 

Osteoarthritis frequencies were calculated for the entire sample to highlight any 

differences between the sexes and the age of osteoarthritis onset. Some differences were 

found in osteoarthritis frequencies between males and females in the upper limb (see 

Tables 4.2 - 4.3), suggesting that they may have engaged in different activities or at least 

in different levels of certain activities. The wrist joint, based on the scoring criteria 

detailed in the previous section, did not display osteoarthritic characteristics for either 

sex, and no significant differences were found in the shoulder, with only four females and 

five males exhibiting any osteoarthritis of the shoulder at all.   

One of the more common places to find osteoarthritis throughout the skeleton was 

the elbow. Females were found to have significantly higher frequencies of osteoarthritis 

in both the right elbow (p-value = 0.06) and the left elbow (p-value = 0.05) compared to 

males, although both sexes showed a relatively high degree of elbow arthritis generally 

(Table 4.2; Table 4.3). Age of osteoarthritis onset is also presented. As can been seen in 

Table 4.5 and Table 4.6, there was no difference in age of onset between males and 

females in the upper limb. Historically among Native Americans, particularly those in the 

American Southwest, women participated in activities involving food preparation and 

textile production (Hodge 1918, Stodder 1990, Howell 1994, Elliot 1995). These differed 

from men’s activities, which included hunting, structure maintenance, and possibly 

warfare (Hodge 1918, Stodder 1990, Howell 1994, Elliot 1995). Given the likely 

differences in the types of activities practiced by those in the sample, it is interesting that 

the age of onset for osteoarthritis is the same. This may have resulted from social norms 
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that dictated the acceptable age when an individual could begin participating in the 

subsistence economy.  

 

Table 4.2 Upper Limb Sidedness (right) 
 

       
 Number 

Affected 
% p-value Number 

affected 
% p-value 

 Elbow  Shoulder  
Males 17 51.5 3 10.3 
Females 34 70.8 

0.06 

2 3.9 

0.25 

       
 

 
 

 
Table 4.3 Upper Limb Sidedness (left) 

 
       
 Number 

Affected 
% p-value Number 

affected 
% p-value 

 Elbow  Shoulder  
Males 17 50 2 6.1 
Females 33 70.2 

0.05 

2 4.1 

0.53 

       
 
 
 

Table 4.4 Upper Limb OA (Sides Combined) 
 

       
 Number 

Affected 
% p-value Number 

affected 
% p-value 

 Elbow  Shoulder  
Males 23 59 5 13.9 
Females 38 70.4 

0.18 

4 6.3 

0.22 
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As can be seen from Table 4.4, there was no statistically significant difference 

between osteoarthritis prevalence of males and females when the upper limb joints were 

analyzed as a whole (i.e., left and right sides combined). As previously mentioned, there 

were statistically significant differences between the left and right elbow joints when 

analyzed separately.  

 
 

Table 4.5 Sex and Age Distribution of Individuals with Elbow OA 
 

     
 Number Affected Min Age Mean Age Std. Dev. 
Males 28 22 35 8 
Females 41 22 35 7 
     

  

Table 4.6 Sex and Age Distribution of Individuals with Shoulder OA 
 

     
 Number Affected Min Age Mean Age Std. Dev. 
Males 5 31 41 7 
Females 4 30 41 8 
     

 

 

Lower Limb 

Some differences were found in osteoarthritis frequencies between males and 

females in the lower limb (see Tables 4.7 - 4.9), suggesting that they may have engaged 

in different activities or at least in different levels of certain activities. As can be seen in 

Table 4.8, there were statistically significant differences in the number of males and 

females affected by osteoarthritis on the left side, particularly in the hip and knee joints. 
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Females were more affected in the left hip (p-value = 0.03), and males were more 

affected in the left knee (p-value = 0.02). These differences on the left side imply the 

presence of physical activities related to mobility or subsistence practices that are 

particular to males or females. As can be seen from Table 4.8, males are twice as likely to 

exhibit osteoarthritis of the knee as females. Historically among male Native Americans 

residing in the Southwest, men’s activities involving the lower limb included long 

distance travel, hunting, and specific agricultural activities (Hodge 1918, Stodder 1990, 

Howell 1994, Elliot 1995). Women’s activities tended to involve aspects of child rearing 

and food processing and collection (Hodge 1918, Stodder 1990, Howell 1994, Elliot 

1995).  

The left ankle joint difference between males and females was not significant. 

Interestingly, the right lower limb did not exhibit significant differences between males 

and females (see Table 4.7). Age of osteoarthritis onset is also presented. As can been 

seen from Tables 4.10 – 4.12, there was no difference in the age of onset between males 

and females in the lower limb. 

 
 

Table 4.7 Lower Limb Sidedness (right) 
 
          
 Number 

Affected 
% p-

value 
Number 
Affected 

% p-
value 

Number 
Affected 

% p-
value 

 Hip  Knee  Ankle  
Males 5 15.2 10 30.3 6 15.8 
Females 7 12.3 

0.76 

8 19 

0.19 

6 12.8 

0.46 
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Table 4.8 Lower Limb Sidedness (left) 
 
          
 Number 

Affected 
% p-

value 
Number 
Affected 

% p-
value 

Number 
Affected 

% p-
value 

 Hip  Knee  Ankle  
Males 1 3.1 13 40.6 5 13.9 
Females 10 18.9 

0.03 

8 17 

0.02 

5 9.8 

0.40 

          
 

 
 
 

Table 4.9 Lower Limb OA (Sides Combined) 
 
          
 Number 

Affected 
% p-

value 
Number 
Affected 

% p-
value 

Number 
Affected 

% p-
value 

 Hip  Knee  Ankle  
Males 5 13.9 15 41.7 8 20.0 
Females 12 20.7 

0.29 

10 19.6 

0.02 

6 11.1 

0.18 

          
 
 
 

Table 4.10 Sex and Age Distribution of Individuals with Ankle OA 
 
 
 
 
 
 
 
 

 
 
 
 
 

     
 Number Affected Min Age Mean Age Std. Dev. 
Males 8 25 37 7 
Females 6 32 39 6 
     



 

 36 

 
 

Table 4.11 Sex and Age Distribution of Individuals with Knee OA 
 

     
 Number Affected Min Age Mean Age Std. Dev. 
Males 15 30 42 7 
Females 10 32 40 5 
     

 
 
 

Table 4.12 Sex and Age Distribution of Individuals with Hip OA 
 

     
 Number Affected Min Age Mean Age Std. Dev. 
Males 5 25 38 10 
Females 12 30 38 6 
     

 

When logistic regression was used to analyze only those individuals from known 

burial areas, no discernible effect was found in osteoarthritis presence between 

individuals from high or low status groups. While Howell’s (1994) stature analysis found 

that high status females were taller than other females, indicating that there were some 

differences in their health during the nonadult period, this does not seem to have 

translated into a difference in workload among the females in activity level as adults, as 

might be expected (Ames 2008, Kemkes-Grottenthaler 2005).  

A separate dataset was created in order to analyze the effects of age and sex on 

the high and low status groups. The following output was obtained for the knee and 

elbow joints. The ankle, hip, and shoulder joints were excluded from this analysis 

because of the great differences in sample sizes. For example, the shoulder joint sample 
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consisted of two observations for the low status group and 44 observations for the high 

status group, respectively. In cases like this, SAS will not produce useful output when 

sample sizes are too unbalanced. Several separate analyses were completed to examine 

the effects of sex, age, and cemetery on osteoarthritis presence. The reason for several 

separate analyses is to ensure that the set-to-zero constraint would not remove (clear) the 

values of the third effect. The p-values associated with the effects for sex and cemetery 

were not significant in any analysis, suggesting that neither burial location nor sex have 

predictive power in osteoarthritis presence.  

 
 
 
 

Table 4.13 Exactonly Analysis for TotKnee 
 

        
Effects p-Value  Effects p-Value  Effects p-Value 
Cemetery 1.00  Sex 1.00  Sex ---- 
Age 0.03  Age 0.03  Cemetery 1.00 
Cemetery|Age 0.63  Sex|Age 0.58  Sex|Cemetery 1.00 
        

 
 
 

Table 4.14 Exactonly Analysis for TotElbow 
 
        
Effects p-Value  Effects p-Value  Effects p-Value 
Cemetery 1.00  Sex 1.00  Sex ---- 
Age 0.12  Age 0.04  Cemetery 1.00 
Cemetery|Age 0.23  Sex|Age 0.54  Sex|Cemetery 1.00 
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Since one of the research questions was whether or not high status individuals 

(i.e., proposed leaders) had a decreased level of osteoarthritis, these individuals were 

examined individually relative to others of each sex at the site. Specimen 308601 was 

identified as a leader by Howell because this individual was the only male with weaponry 

as a grave good. This leader exhibited no signs of osteoarthritis on either upper or lower 

limbs. This is not terribly surprising, however, as this male was only approximately 27 

years of age. Generally low levels of osteoarthritis were observed among males under the 

age of 27, with only 18% affected. Examining the data in this manner shows that while 

categorized as a leader, this male was not different from most other males in the sample 

in terms of osteoarthritis presence. He was, however, buried with weaponry. Relative to 

the other males in the sample, this type of burial treatment is unique.  

 Three female burials were identified by Howell (1994) as high status based on the 

quantity of grave goods relative to other female burials in the sample. Two of the three 

high status females (308624 and 308674) exhibited signs of elbow osteoarthritis on both 

sides while the third female (308681) did not display osteoarthritis of the elbow. No 

osteoarthritis was observed on the lower limbs. Compared to other females in the sample, 

two high status females, aged 25 and 45 respectively, fall within the 70 percent of all 

women in the sample displaying elbow osteoarthritis. It suggests that these high status 

females were engaging in similar levels of daily activities relative to other females. The 

third high status female, aged 40 years, did not exhibit osteoarthritic characteristics on 

any joints. Compared to all females of known burial under the age of 40 years, 
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approximately half of all women (47%) displayed arthritis on at least one joint. Thus, 

absence of osteoarthritis in this one female could not be considered abnormal.  

 

Integration of Health Data and Archaeological Theory 

The results of this study suggest that there is no evidence to support the 

hypothesis that individuals buried in a high status cemetery had significantly lower levels 

of osteoarthritis overall. There are also no significant differences between the sexes with 

regards to overall osteoarthritis prevalence. The differences that do manifest themselves 

on the joint surfaces may be the result of the natural aging process, since age, but not sex, 

was found to have a significant effect on the development of knee and elbow 

osteoarthritis among individuals in high and low status burial areas. Based on results of 

individual joint analyses, males and females were performing different activities, which 

seem to have impacted the elbows, left knee, and hip. However, as the analysis of status 

effects suggests, activity levels probably had little to do with one’s status in life. 

It is necessary to draw attention again the frequency differences between 

particular joints in males and females. For example, females were affected more often in 

the both the right and left elbows. This type of bilaterally symmetric finding suggests that 

both natural degeneration processes and daily activities contributed to the presence of 

osteoarthritis. When asymmetry reveals itself on the joint surface, one explanation is that 

one joint or one side of the body was used more frequently or more stressed. Among the 

inhabitants at Hawikku, males were affected more often in the knee and hip joint, but 

only on the left side of the body. This finding suggests that a particular activity practiced 
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by males elevated osteoarthritis on left knee and hip at rates higher than on the right side 

of the body and higher than that of females. It was not within the scope of this study to 

determine the activity that may have caused this finding, but osteoarthritis presence is 

important in demonstrating factors like activity are causing degenerative changes.  

In order to determine whether the findings of this present study articulate with 

those of other studies of health at Hawikku, I considered the findings of Howell (1994) 

and Stodder (1990) as they related to sex and status differences. According to Howell’s 

(1994) mortuary analysis of individuals buried at the Hawikku settlement, the proposed 

leaders differ in the distribution of artifacts relative to the other male burials, but not in 

female burials. For example, the only male burials to contain items associated with 

warfare are those burials that have been proposed as being individuals holding leadership 

roles or high prestige. Unfortunately, only one of the skeletons in the sample came from 

this type of grave context, so it impossible to assess the presence of indicators for health 

and activity levels for the other male leaders. The burials of female leaders, by contrast, 

share more attributes with the other female burials. The main distinguishing feature that 

separates the high from low status female burials is the overall quantity of items buried 

with the individual, and not necessarily the rarity of the items. While these individuals 

displayed differential burial preparation and artifact assemblages, they appear to not have 

been insulated from the health issues that affected the population or from participating in 

the labor force.  

To further assess differences between status groups and between the sexes, 

previously collected health and nutrition data by Stodder (1990) and Howell (1994) was 
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integrated with the results of the present study. Based on analyses done by previous 

researchers, some comparisons were drawn between status groups while others were 

drawn between the sexes. Both types of analysis were useful in the present study and 

provide important data necessary to reconstruct the lifeways of Hawikkuan peoples.  

Physical attributes examined by Stodder (1990) and Howell (1994) were stature 

estimates, the presence of iron deficiency anemia, caries, linear enamel hypoplasias, 

dental abscesses, and skeletal infections (excluding dental infections). These health and 

stress/developmental data serve as multiple lines of evidence to suggest the existence of 

social and cultural inequalities at Hawikku. The addition of the osteoarthritis data 

provided by this study may offer a new line of evidence available to discuss the presence 

or absence of a ranked society and/or an elite group.  

One physical attribute examined by Stodder (1990) and re-examined by Howell 

(1994) to help display differences between individuals in high or low status and the low 

status groups was stature estimates. Using tibia length as the estimator, males in the high 

status group (cemeteries 1 and 9) did not differ significantly from those in the low status 

group (all other cemeteries). The same was not true for the females; a statistically 

significant difference was found between females in the high status group and females in 

the low status group (Howell 1994). This may indicate that high status females were 

healthier in childhood (Kemkes-Grottenthaler 2005). 
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Table 4.15 Stature Estimates (cm) of Males and Females from Known Burials 
 

     
 Males Std. Dev. Females Std. Dev.  
Cemeteries 1 and 9 165.5 3.38 157.7 3.79 
All other Cemeteries 164.4 5.26 152.9 4.24 
     

 

 

Skeletal analysis was also conducted between the high and low status cemeteries 

to determine presence of iron-deficiency anemia. Differences in anemia may suggest 

differential access to resources or subsistence practices (Buikstra and Beck 2006). Both 

high and low status cemeteries have increased levels of physiological stress. The analysis 

demonstrated that there is a difference in the incidence of anemia between the two 

groups, but the difference is significant at the .01 level (p-value =0.09) (Howell 1994). 

This finding may be explained by the overall larger sizes of the high status groups and the 

ability to share more resources among individuals and the ability to have more 

individuals to procure more resources. 

 

Table 4.16 Incidence of Iron-Deficiency Anemia from Known Burials 
 

  
 All  
Cemeteries 1 and 9 82.6% 
All other Cemeteries 94.4% 
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 Stodder’s (1990) analysis of the remaining physical attributes: caries, enamel 

hypoplasias, dental abscesses, and skeletal infections (excluding dental infections) 

provided information for this study that is necessary in evaluating differences between 

males and females at Hawikku. 

 
 

Table 4.17 Incidence of Dental Pathology by Sex 
 
    
 Enamel Hypoplasias Caries Dental Abscesses 
Males age of formation: 3-3.5 

years 
57% affected with at 
least one  

71% affected with at 
least one 

Females age of formation: 3.5-4 
years  

50% affected with at 
least one 

47% affected with at 
least one 

    
 

 

The remaining physical attributes presented above and below indicate a lack of 

significant differences between males and females. Both sexes were affected by enamel 

hypoplasias, caries, dental abscesses, and skeletal infections at high percentages, but it 

appears both sexes were affected at similar rates.  
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Table 4.18 Incidence of Skeletal Infection by Sex 

    
 Number with infection/number 

observable 
% Skeletal Elements Most Affected 

Males  11/32 34 --- 
Females 11/53 21 --- 
All 
Adults 

22 15 tibia (N=25), femur (N=13), 
cranium (N=4), inominate (N=5) 

    
 

 

The findings from the osteoarthritis analyses correlate well with the previous 

studies done by Stodder (1990) and Howell (1994) since dramatic differences were not 

found to exist between the sexes or between burial areas with regard to health indicators. 

Significant stature differences were found to exist between high and low status females, 

suggesting they may have been healthier as children, but results from linear enamel 

hypoplasias and iron-deficiency anemia indicate that they were not insulated from other 

health issues endured by the population during adulthood (Kemkes-Grottenthaler 2005). 

As noted above, there are several significant differences in joint areas between the sexes 

and this may be related to the differing activities performed by males and females in the 

sample. There are significant differences found in regard to associated grave goods which 

enabled Howell (1994) to conduct a complex mortuary analysis and for aspects of it to be 

incorporated into this study, particularly those relating to individuals possibly occupying 

leadership and/or high status positions. There also seems to be a significant effect for age 
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as it relates to osteoarthritis, but that would be expected since osteoarthritis prevalence 

typically increases with age.  

The question remains as to how social status, religious affiliation, kin 

membership, and personal attributes determined how an individual is treated after death. 

These dimensions, Tainter (1978) reports, are present in varying degrees depending on 

the social complexity of the population being analyzed. Additionally, environmental 

factors have a significant effect on the nature of mortuary practices (Tainter 1978:109). 

Carr (1995) also suggests that differences in societal structure can be identified through 

analysis of burial practices. Differences in the level of sociocultural complexity can 

potentially be reconstructed through an analysis of artifact frequencies and the suite of 

status positions the artifacts are meant to represent. Some artifacts are widespread in their 

frequency and found among many burials, whereas exotic or valuable artifacts are 

generally found in fewer burials. These observed inequalities in artifact frequency have 

been proposed to represent the variety and scope of social identities held by individuals in 

a society. As previously mentioned, bows and arrows were only present in a small 

number of male burials. This suggests that hunting and war were roles associated with 

males and perhaps those males who were exceptional in this role achieved higher status 

during life.  

Employing Goodenough’s (1965) role theory to better explain what is found 

bioarchaeologically among the Hawikku inhabitants can aid in understanding how leaders 

and other high status individuals interacted with the community as a whole. This is an 

effective theoretical approach because the way an individual is treated after death is often 
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reflective of their status or position during life and how the society perceived the 

individual (Tainter 1978, Howell 1994). Goodenough (1965) suggests that individuals 

gain and hold status by performing or acting their rights and duties in ways that are 

expected and accepted. For example, if a leader or religious figure is perceived as 

interacting in a manner that is beneficial to the group, they are distinguished by a higher 

social status. It is possible to view these leaders as dynamic and possessing several social 

identities (i.e., ritual leader, clan member, food processor). It is possible that many 

members of the Hawikku population possessed both high status positions and positions 

that were common to all members.  

 The presence of differential grave preparation and artifact placement suggests that 

some individuals may have had a higher status during life than others at Hawikku. This 

differential artifact assemblage is indicative of the presence of an elite group, such as 

religious or leadership/authority figures. It does not appear that these high status 

individuals had decreased or increased levels of osteoarthritis or anemia relative to the 

low status individuals, suggesting that everyone in the group had similar access to 

resources, and similar daily workloads, regardless of status. This particular mortuary 

behavior practiced at the settlement of Hawikku implies that leaders probably 

participated in similar daily activities relative to the general population, but performed 

special religious rites or rituals at particular times of the year (Ames 2008).  

Combining multiple lines of evidence, such as artifact evidence and skeletal 

evidence provides the means to interpret the possible social structure and leadership 

system of the population at Hawikku.  
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CHAPTER 5: CONCLUSIONS AND FUTURE 
DIRECTIONS 

 
As can be seen from the bioarchaeological analysis conducted here, much can be 

learned from the study of past human skeletal remains. The present study added valuable 

information concerning the inhabitants at the Hawikku settlement. Increased interest has 

been placed on the impacts of European (in this case, Spanish) intrusion on past native 

peoples. This study was unable to detect subtleties in Spanish impacts because of the 

difficulties associated with excavation techniques, dating problems, and the lack of 

accurate contextual information about the Hawikku settlement.  

This study focused on two specific research goals. The first assessed whether or 

not sex differences exist in the patterns of osteoarthritis. Such differences were expected 

if there was a substantial sexual division of labor among individuals at the site. A second 

goal was to assess whether or not social status distinctions previously identified among 

burial clusters at Hawikku are reflected in osteoarthritis frequency differences. The 

sexual division of labor hypothesis was supported, as males and females were affected in 

different joints at significantly different rates. Logistic regression analysis demonstrated 

the effect of age on osteoarthritis development, which was not surprising given past 

research on the subject (Jurmain 1972, Merbs 1983, Pierce 1987, Nagy 2000). Logistic 

regression also suggested that one’s social status at Hawikku did not have an effect on the 

presence of osteoarthritis. Data from previous health studies on the skeletal population at 

Hawikku show that health was generally poor and that neither sex nor status seems to 
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have insulated anyone in the population from overall poor health. There is not evidence 

to support the hypothesis that high status individuals had significantly different levels of 

osteoarthritis or anemia relative to the low status individuals. Rather, the evidence 

suggests that everyone in the group had similar access to resources. This particular 

mortuary behavior practiced at the settlement of Hawikku implies that leaders probably 

participated in similar daily activities relative to the general population, but performed 

special religious rites or rituals at particular times of the year (Carr 1995, Ames 2008).  

There are many avenues for future research on this sample, especially before 

more skeletal elements are repatriated to the members or descendants of members from 

the Zuni tribe. It is fortunate that the majority of the skeletal remains are in excellent 

condition. The Osteological Repatriation Laboratory at the Smithsonian’s Museum of 

Natural History has extensive records of all individuals in the collection as well as 

information collected on skeletal morphology, estimated age at death, and some 

pathology. The excellent preservation of the skeletal material provides a small, but varied 

sample of individuals with which to test other research questions.  

One such research question could test the relatedness of the individuals in the 

burial mounds. Howell (1994) used heritable dental traits to infer relatedness, but cranial 

morphology has also been shown to demonstrate relatedness among groups (Konisberg 

1990). The skeletal population contains many well preserved crania that can be measured 

using 3D techniques and tested for biological distance. One difficulty with this research 

question is that it will be difficult to determine which burial areas contain individuals 

from particular time periods.  
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The nonadult sample from the Hawikku collection would lend itself to an 

informative comprehensive growth study since few growth studies have been conducted 

on modern skeletal remains, and even fewer on archaeological remains. A large portion 

of the total sample is composed of skeletal remains classified as nonadults (N=74). The 

Smithsonian database has categorized these remains as fetus, infant, child, or adolescent. 

The skeletal remains have been well preserved and many contain both cranial and 

postcranial material. Since unremodeled childhood skeletons can provide much data 

about nutrition and disease, a study utilizing newly developed methodologies or 

previously unreplicated techniques would be useful and add more to our understanding of 

past Native American groups.  

Analyses involving measurements of long bone cross-section has been the focus 

of recent studies. Measurements taken at particular areas of the long bone shaft and 

converted into a single ratio, have the potential to provide more information about 

activity patterns and the process/rate of bone remodeling. A future study involving bone 

cross-sectional geometry would enhance the present study as it relates to levels of daily 

activities. Differences between the sexes and age categories may provide insight into 

understanding the age or sex affected most heavily from stressful activity.  

Through various methodological approaches and relevant statistical techniques, 

inferences about the population of Hawikku were made by examining a portion of its 

inhabitants. While scholars cannot be sure that the cemeteries are representative of the 

population that was living at the time, it is essential to provide as much information about 

the sample before this sample is no longer available for study.  
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Appendix A: Joint Observation and Analysis Procedure 
 

In order to detail the coding technique used for this study, and for future 
comparative study, the following explanatory “keys” are below.  

Codes for 1st Observation: 
 
X = Fragmentary Bone, joint surface unobservable 
P1 = One arthritic characteristic observed (i.e., pitting, lipping, eburnation) 
P2 = Two arthritic characteristics observed 
A = Absent Bone 
N = No arthritic characteristic observed 
* In later spreadsheets, X and A become X 
 

The coding system to determine sidedness was a two-step process. First, the code 

from the first observation was put on the left side of an equation and the code is then 

converted to a simpler system that could be manipulated in a statistical software program.  

Second, this process was completed for both left and right sides and then 

converted/combined to form a new observation.   

Codes for 2nd Observation: Frequency Spreadsheets (L & R Arth): 
 
P1 = A 
X = blank 
A = blank 
N = A 
P2 = P 
 
N + P1 = A 
N + N = A 
P1 + P1 = P 
P2 = P 
N + X = blank 
P1 + X = blank 
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L Arth + R Arth = Both Arth 
 
P + P = B (bilaterally present) 
P + A (and vice versa) = U (unilaterally present) 
A + A = A (bilaterally absent) 
P + blank = blank 
blank + A = blank 
 

A final column was created to determine if there is arthritis on either side.  This 
was useful when comparisons to other studies or between sexes were drawn.   
 
Below: 
L Arth + R Arth = Total Arth 
 
P + anything (and vice versa) = P 
A + A = A 
A + blank (and vice versa) = A 
 
 
 

Table A.1: Upper Limb Data: Shoulder (S) and Elbow (E) 
 

                        

Number Sex Age Cem 
S 
Left 

S 
Right 

S 
Both 

S 
Total 

E 
Left 

E 
Right 

E 
Both 

E 
Total 

308601 M 26.5 1         A A A A 
308602 M 45 9 A A A A P A U P 
308603 M 40 .   A   A A       
308604 F 40 9   A   A         
308605 M 37.5 9 A     A   P   P 
308606 M 27.5 . A A A A A A A A 
308608 F 32.5 9         P P B P 
308609 M 35 . A A A A   P     
308610 M 32.5 1 A A A A P A U P 
308612 F 27.5 . A A A A A A A A 
308615 F 32.5 6 A A A A A A A A 
308617 M 37 3         A A A A 
308618 M 27.5 6 A A A A A A A A 
308619 M 30 1 A     A P A U P 
308620 M 30 . A A A A A A A A 
308621 F 30 3 A A A A P P B P 
308622 F 24 9 A A A A   A   A 
308623 M 30 3 A A A A A A A A 
308624 F 25 1   A   A P P B P 
308625 F 30 3 A A A A A A A A 
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Table A.1 Continued 

308626 M 25 . A A A A A A A A 
308627 M 30 9 A A A A A     A 
308629 F 40 1 A A A A P P B P 
308630 F 33.5 9           P   P 
308631 M 30 .                 
308632 F 37.5 2   A   A P P B P 
308633 F 30 10 A A A A   A   A 
308634 M 32.5 1   A   A P A U P 
308637 F 35 9           A   A 
308639 M 40 .                 
308640 M 50 6 A     A P A U P 
308642 F 25 1 A A A A A A A A 
308643 F 25 9 A A A A A A A A 
308644 F 31 1   A   A A A A A 
308645 F 40 9 A A A A P P B P 
308646 M 36 9 A     A A A A A 
308647 F 23.5 9 A A A A P P B P 
308649 F 50 1 A A A A P P B P 
308650 F 45 11 A A A A P P B P 
308651 M 22.5 . A A A A A     A 
308653 F 50 2 A A A A   P   P 
308654 F 35 2 A A A A A A A A 
308656 F 40 9         A A A A 
308658 F 28 2 A     A         
308659 F 27.5 9 A A A A A     A 
308660 M 40 9 A A A A A A A A 
308661 M 45 2                 
308662 F 28 2 A A A A         
308663 M <50 3                 
308670 F 45 . A A A A A     A 
308671 F 40 9   A   A         
308673 F 37.5 9 A A A A         
308674 F 44.5 9 A A A A P P B P 
308675 F 37 9 A A A A A A A A 
308676 M 42.5 9   A   A A     A 
308677 M 50 9 A A A A   A   A 
308678 F 27.5 2   A   A A P U P 
308679 F 30 9 A A A A P P B P 
308680 M 40 9         A     A 
308681 F 40 9 A A A A P P B P 
308682 F 40 3         P P B P 
308683 M 42.5 6 A A A A   P   P 
308685 F 27.5 9 A A A A P P B P 
308687 F 40 9                 
308688 M 42.5 9 P A U P A P U P 
308690 M 35 2                 
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Table A.1 Continued 

314291 M 42.5 .                 
314293 M 31 . A P U P P P B P 
314294 F 40 . A A A A         
314295 F 30 . A     A         
314296 M 42.5 . P     P   P   P 
314298 M 21.5 .                 
314300 M 42.5 .         P P B P 
314301 M 27.5 . A A A A         
314302 F 35 .   A   A         
314303 F 36 . A A A A   A   A 
314305 F 35 . A A A A   P   P 
314307 M 42.5 .         P P B P 
314308 F 30 .                 
314309 F 22 .   A   A P P B P 
314310 M 50 . A P U P P P B P 
314311 M 45 .                 
314312 F 40 . A A A A P P B P 
314315 F 25 .         P P B P 
314316 F 38 . A A A A         
314317 F 45 . A P U P P P B P 
314318 F 40 . A     A P P B P 
314319 M 24.5 . A A A A P P B P 
314320 F 32.5 . A A A A         
314321 F 30 . A A A A         
314322 M 45 . A A A A P P B P 
317334 F 40 . A A A A P P B P 
317335 M 50 . A A A A P P B P 
317336 F 31.5 . A A A A P P B P 
317337 F 40 . A A A A A P U P 
326193 F 35 12 A A A A P     P 
332500 F 42.5 . A A A A P P B P 
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Table A.2: Lower Limb Data: Hip (H), Knee (K), and Ankle (A) 
 

                                

Number Sex Age Cem 
H 
Left 

H 
Right 

H 
Both 

H 
Total 

K 
Right 

K 
Left 

K 
Both 

K 
Total 

A 
Right 

A 
Left 

A 
Both 

A 
Total 

308601 M 26.5 1 A A A A A A A A A A A A 
308602 M 45 9 A A A A A P U P A A A A 
308603 M 40 .         P A U P A A A A 
308604 F 40 9 A A A A           A   A 
308605 M 37.5 9                         
308606 M 27.5 .   A   A A A A A A A A A 
308608 F 32.5 9 A A A A A     A         
308609 M 35 .         P P B P         
308610 M 32.5 1 A A A A A A A A A A A A 
308612 F 27.5 . A A A A A A A A   A   A 
308615 F 32.5 6 A A A A A A A A A A A A 
308617 M 37 3         A A A A A A A A 
308618 M 27.5 6 A A A A A A A A A     A 
308619 M 30 1         A P U P A A A A 
308620 M 30 . A     A                 
308621 F 30 3           A   A A A A A 
308622 F 24 9 A A A A   A   A A     A 
308623 M 30 3                         
308624 F 25 1 A A A A A A A A A A A A 
308625 F 30 3 A A A A A A A A A A A A 
308626 M 25 . A A A A A A A A A A A A 
308627 M 30 9 A A   A A A A A A A A A 
308629 F 40 1           A   A         
308630 F 33.5 9 A A A A A A A A A A A A 
308631 M 30 .                         
308632 F 37.5 2 A A A A A A A A A A A A 
308633 F 30 10 A A A A A A A A A     A 
308634 M 32.5 1 A A A A A     A A A A A 
308637 F 35 9 A A A A   A   A   A   A 
308639 M 40 . A     A         A     A 
308640 M 50 6         A P U P A A A A 
308642 F 25 1 A A A A   A   A A     A 
308643 F 25 9 A A A A A A A A A A A A 
308644 F 31 1 A A A A A     A A A A A 
308645 F 40 9 A A A A A A A A A A A A 
308646 M 36 9 A A A A A P U P   P   P 
308647 F 23.5 9 A A A A A A A A A A A A 
308649 F 50 1 A A A A A A A A A A A A 
308650 F 45 11 A A A A A A A A A A A A 
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Table A.2 Continued 

308651 M 22.5 . A A   A A A A A A A A A 
308653 F 50 2 A A A A                 
308654 F 35 2 A A A A   A   A   A   A 
308656 F 40 9 A A A A A A A A A A A A 
308658 F 28 2 A               A A A A 
308659 F 27.5 9 A A A A         A A A A 
308660 M 40 9 A A A A A A A A A A A A 
308661 M 45 2         P P B P A A A A 
308662 F 28 2   A   A                 
308663 M <50 3         P P B P         
308670 F 45 .                   A   A 
308671 F 40 9 A A A A         A A A A 
308673 F 37.5 9 A A A A A     A A A A A 
308674 F 44.5 9 A A A A                 
308675 F 37 9 A A A A A A A A A A A A 
308676 M 42.5 9 A A A A A A A A P A U P 
308677 M 50 9 A A A A A A A A A A A A 
308678 F 27.5 2   A   A         A A A A 
308679 F 30 9 A A A A A     A A A A A 
308680 M 40 9 A A A A   A   A P A U P 
308681 F 40 9 A A A A A A A A A A A A 
308682 F 40 3 A A A A P P B P A A A A 
308683 M 42.5 6                         
308685 F 27.5 9 A A A A A A A A A A A A 
308687 F 40 9         P P B P P P B P 
308688 M 42.5 9   A   A P     P A A A A 
308690 M 35 2 A A A A         A A A A 
308691 F 40 2                         
308692 FU 35 .                         
308701 F 35 9                         
308702 F 35 2         A A A A A A A A 
308703 M 34.5 9 A     A A A A A A A A A 
308704 F 45 9 A A A A   A   A         
308706 F 40 .         P A U P   A   A 
308707 F 37.5 9 A A A A A A A A A A A A 
308708 F 30 .   A   A                 
308767 F 50 1 P P B P P P B P P P B P 
314276 M 37.5 . A A A A P P B P A A A A 
314277 M 22.5 . A A A A A A A A A A A A 
314278 M 25 . A A A A                 
314279 M 33 . A A A A P P B P P P B P 
314280 M 37.5 . A A A A   A   A A A A A 
314281 M 25 . A A A A   A   A A A A A 
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Table A.2 Continued 

314282 F 30 . A A A A A A A A A A A A 
314283 F 35 . P P B P A A A A A A A A 
314284 F 45 . A P U P         A A A A 
314285 M 30 .         A     A A A A A 
314286 M 35 . A A A A P P B P         
314287 F 30 . P A U P           A   A 
314288 F 35 . P P B P                 
314289 M 40 .   P   P           A   A 
314291 M 42.5 . A A A A A P U P P     P 
314293 M 31 . A P U P         P P B P 
314294 F 40 . P A U P A A A A P A U P 
314295 F 30 .                 A A A A 
314296 M 42.5 .                         
314298 M 21.5 . A A A A         A     A 
314300 M 42.5 . P P B P         P P B P 
314301 M 27.5 .         A     A A A A A 
314302 F 35 . A A A A P P B P A A A A 
314303 F 36 . A A A A A A A A A A A A 
314305 F 35 . A A A A A A A A         
314307 M 42.5 . A A A A A A A A A A A A 
314308 F 30 .   A   A A A A A A A A A 
314309 F 22 . A A A A A A A A A A A A 
314310 M 50 . A A A A P P B P A A A A 
314311 M 45 .                         
314312 F 40 . P A U P A P U P A A A A 
314315 F 25 . A A A A                 
314316 F 38 . P P B P P P B P A A A A 
314317 F 45 . A A A A A P U P A A A A 
314318 F 40 . A P U P P A U P P P B P 
314319 M 24.5 .   P   P A A A A A P U P 
314320 F 32.5 . P     P   A   A         
314321 F 30 .         A A A A         
314322 M 45 . A A A A P P B P A A A A 
317334 F 40 .   A   A         A A A A 
317335 M 50 . A P U P P P B P A A A A 
317336 F 31.5 . P P B P P P B P P P B P 
317337 F 40 .   A   A   A   A         
326193 F 35 12 A A A A A A A A P P B P 
332500 F 42.5 . P A U P A A A A A A A A 
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Figure 6. Example of Joint Map 


