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ABSTRACT 

Prehistoric skeletal remains from six archaeological sites in the San Francisco 

Bay Area, California, have been analyzed to evaluate temporal variation in health by 

using data on the frequency and severity of maxillary sinusitis. Recent research in central 

and northern California has been focused on issues of resource intensification and 

population growth due to multiple lines of evidence indicating a change in subsistence 

patterns, and a possible decline in health.  

An increased prevalence of maxillary sinusitis in a population may be associated 

with reduced immune systems, the creation of conditions favorable to pathogen survival, 

and/or greater exposure to a pathogen-creating source.  The prevalence of osseous 

changes of the anterior maxillary sinus was examined macroscopically and classified by 

morphological type.  Higher rates and greater severity of chronic sinusitis was expected 

in females who, ethnographically, were responsible for cooking tasks, thereby increasing 

their exposure rate to airborne pathogens.  
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CHAPTER I. INTRODUCTION 

This study examines health status in prehistoric Californians as reflected by 

incidence and frequency of maxillary sinusitis. This data is interpreted in the context of 

current theories of resource intensification, sedentism, and population growth on health 

status of local populations. Archaeological evidence has strongly suggested a change in 

subsistence from the Middle Period to the Late Period (circa 2000-1500 BP), probably 

associated with greater sedentism and population growth (Broughton 1999; Hildebrandt 

and Jones 1992; Hylkama 2002; Moratto 1984). In essence, this theory posits that as diets 

change (intensify), habitation locations becomes more permanent, populations increase, 

and health status changes.  

Early studies of prehistoric California tended to view the environment as benign 

(Jones et al. 1999; Kroeber 1925) and point to a supposed abundance of food resources as 

the means to support the very dense populations evident in California (Kroeber 1939). 

More recent archaeological evidence, however, indicates that food resources were 

actually declining over time (Broughton 1994, 2001). This theory of Resource 

Intensification, roughly stated, predicts that increasing population densities resulted in 

over exploitation of high-ranked prey with an increasing focus on smaller, less “cost-

efficient” prey (Bartelink 2006; Broughton 1999). Studies of subsistence patterns and 

organizational shifts as they relate to declining health status both within California 

(Bartelink 2001, 2006; Jurmain 1990; Lambert and Walker 1991; Schultz 1981) and 
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within agricultural-based societies (Cohen and Armelagos 1984) indicate that health 

status should decline with resource intensification.   

The ubiquity of respiratory disease in contemporary human populations suggests that 

quantifying overall health through respiratory indicators may be useful in documenting 

prehistoric population health. Specifically, the potential for chronic soft tissue infection 

to result in changes to bone morphology (Ortner and Putschar 1981), and skeletal 

evidence in some past populations (Boocock et al. 1995; Merrett and Pfeiffer 2000; 

Panhuysen et al. 1997) suggest that quantification of osseous lesions of the maxillary 

sinuses in skeletal samples may be used to infer the lifeways of past populations, 

including those of the Bay Area. This study examines differences in maxillary sinus 

lesions between males and females, geographic areas, and three broad time periods of 

Bay Area prehistoric groups to determine if changes in subsistence are reflected in 

declining biological health over time 

Background 

The presence of infectious disease is a universal phenomenon across all living 

organisms including Homo sapiens. In the past, diseases were viewed as something that 

cultural adaptations could somehow overcome. Ethnologists now see culture as less 

coherent, less problem solving, than had been conceptualized in the past.  The view that 

culture can introduce stressors rather than buffer them is consistent with the distribution 

of infectious diseases (Schell 1997).  Therefore, diseases cannot be explained as purely 
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“things in themselves,” because they must be analyzed and understood within the human 

context (Roberts et al. 1999).  

It is important to understand, however, what quantification of paleopathological 

markers can and cannot tell us: 

The importance of examining the occurrence and frequency of pathological conditions in 
skeletal populations is that it can offer insight regarding health status and past lifeways of 
past populations. Most of the pathological conditions that are recorded in skeletal 
populations record diseases that individuals are living with rather than dying from. Many 
pathological conditions then actually represent the successful response to disease rather 
than an indication of poor health. On the other hand, many of these conditions certainly 
contribute to morbidity although they may not be the proximate cause of death. (Griffin 
et al. 2006:32) 

 

Studies focusing on health status as it relates to agriculture and resource 

intensification have focused on topics such as stature, growth rates, Harris lines, 

infectious diseases, and periosteal lesions, just to name a few (Cohen and Armelagos 

1984). Previous research has shown that a number of diseases are associated with specific 

human activities and their distribution is therefore also a good indicator of sexual division 

of labor, such as toxoplamosis in individuals that handle animals of meat or when men in 

farming societies have a greater exposure to infectious agents in soil (Ortner 1998).  

Rates of infection may also tell us something about social structure.  There is a “clear, 

positive association” between rates of infection and sedentism and/or large population 

aggregates (Cohen and Bennett 1993).  

Because the diet of most mobile hunter-gathers is diverse, and the groups tend to 

remain small and dispersed, the nutrient intake is adequate and habitation is sparse 
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enough to promote good health (Cohen 1977). In general, these factors help inhibit the 

spread of infectious diseases. Significant increases in pathogen-related health problems 

would be expected for prehistoric populations who were less mobile and exploited a more 

restricted resource base, especially populations with a distinct economic shift (Lambert 

1993). The sedentary lifestyle, especially as it relates to agriculturalists, can encourage 

the spread of infectious diseases in several ways: with crowded dwellings, increased 

trade/contact with other groups, and often a less diversified and nutritional diet (Cohen 

and Armelagos 1984).  Cultural differences in access to food (Ortner 1998; Pechenkina, 

Benfer, and Zhijun 2002) as well as increased exposure to pathogens (Ellegard 1996) 

may also be factors in sex-related rates of infection.   

Dental health, specifically, can also be an indicator of health and status. Differences 

in sex-related dental health in a California prehistoric populations was noted by Jurmain 

(1990a), where dental abscesses were twice as common in males, but alveolus resorption 

was slightly more common in females. Contrasting Middle Period sites with Late Period 

sites, Walker and Erlandson (1986) were able to show how a significant resource shift 

resulted in differential (and later, similar) rates of dental caries in prehistoric skeletal 

material from the California Channel Islands. Other studies illustrate the changing 

frequencies of enamel hypoplasia as it relates to the status and general health of 

populations over time (Walker 1989). 
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Until more recently, archaeological research in Northern California has done little to 

address issues of gender/sex or biological health of prehistoric inhabitants through 

osteological analysis. Bioarchaeology of prehistoric Bay Area populations has been 

limited in part by the reliance on new data which is usually confined to skeletal samples 

recovered from cultural resource management (CRM) archaeology work, often resulting 

in a lack of detailed laboratory examination and subsequent report publication.  Notable 

exceptions to this, however, are the prehistoric Native American remains recorded in 

detail from CA-SCL-674 (Grady et al. 2001), ALA-555 (Wiberg 1996), and ALA-329 

(Jurmain 1990a, 1990b), among others. Additionally, museum and university collections 

in the Bay Area, specifically at the Phoebe Hearst Museum of Anthropology, house 

hundreds of human skeletal remains from all Bay Area counties and offer a wealth of 

research potential for qualified researchers. Notable bioarchaeological research using the 

Hearst’s skeletal collection includes Bartelink’s (2001) study of elbow osteoarthritis as it 

relates to resource intensification and division of labor, and his dissertation (2006), on 

prehistoric biological heath and diet. My research is important because it examines 

another aspect of biological health for Bay Area populations and adds insight to 

California prehistory. 

Research Questions 

Three research questions concerning cultural implications, from the more specific to 

the more general, are addressed by this study of maxillary sinusitis in osteological 
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remains from prehistoric Bay Area populations. First, ethnographic accounts indicate that 

women were largely responsible for cooking and food processing. Reportedly, sexual 

division of labor became more demarcated with time, as reliance on acorns increased 

(McGuire and Hildebrandt 1994). If this were indeed the case, it would be expected that 

female individuals would have a significantly higher frequency of chronic maxillary 

sinusitis than would males from the same group, incidents would increase with age, and 

this sex difference would be manifested throughout the Bay Area with increasing 

frequency over time. Secondly, the presence of sinusitis in archaeological skeletal 

remains could address issues of habitation and cooking practices both within and between 

native groups in different geographical areas. Archaeological evidence suggests that most 

groups in the Bay Area constructed fire pits outside of the dwellings and if so, rates of 

chronic respiratory infection should be significantly lower than in groups from other 

areas known to have lived in densely packed enclosed structures with indoor hearths 

(Merrett and Pfeiffer 2000); within the Bay Area, however, higher rates would be 

expected in the more sedentary inland groups where food storage and acorn meal 

processing were more common. Lastly, it has long been proposed (Hylkema 1998) that 

paleoenvironmental factors, combined with a more sedentary lifestyle, resulted in greater 

population density and competition for resources.  If population stress and resource 

scarcity was more acute in the last 1000-1500 years, combined with a significantly 
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greater reliance on acorn bi-products, it may be manifested in the general biological 

health of the individuals. 
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CHAPTER 2. SINUSITIS AND BIOARCHAEOLOGY 

The maxillary sinus is the largest of the paranasal sinuses, and its size varies greatly 

depending on the age of the individual (Wagenmann and Naclerio 1992a). The bone that 

surrounds the lumen of the maxillary sinus is shared in common with the floor of the 

orbit, the medial wall of the nasal fossa, and the alveolar bone surrounding the roots of 

the maxillary dentition. The maxillary sinuses function as the first line of defense against 

airborne particulates and pathogens by the creation of both physical and chemical barriers 

(Lindberg et al. 1997).   

Sinusitis, an inflammatory disease of the sinuses, is one of the most commonly 

reported infectious diseases in modern human populations, affecting an estimated 14% of 

North Americans (Kaliner et al. 1997). It is a broadly defined disease that involves 

inflammation of the paranasal sinus mucosa (Melen 1994).  Quality of life and 

productivity may be reduced with the presence of chronic sinusitis (Gliklich and Metson 

1995). One mode of pathogen transmission is often the airborne route, with the 

possibility of inhalation of pathogens resulting in diseases of the upper respiratory tract 

such as maxillary sinusitis (Merrett and Pfeiffer 2000). Positive diagnosis in modern 

populations depends on the presence of two major criteria (boney changes and 

inflammation) or one major and two minor criteria, with chronic sinusitis diagnosed 

when symptoms last more than three months (Shapiro and Rachelefsky 1992). Today, 

antibiotic treatment cures most infections, but if left untreated, sinusitis may result in 
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changes to bone morphology or even life-threatening complications (Wagenmann and 

Naclerio 1992b). 

Most infections occur in the sinuses that open into the middle meatus—the area 

between the maxillary, anterior ethmoid, and the frontal sinuses (Wagenmann and 

Naclerio 1992a). Disruption of any of the openings can result in a build up of fluid within 

the sinuses, provide an ideal environment for bacterial growth, result in tissue injury, and 

facilitate bone remodeling.  The thin layer of mucus that covers the inner surface of the 

sinuses receives the largest deposits of inhaled matter, and if muscosal transport of 

bacteria, mucus, and debris is obstructed, the sinus is susceptible to infection (Zinreich 

1992). In the maxillary sinus, mucociliary movement is toward the ostium. The ostium is 

located at the superior aspect of the maxillary sinus, and opens into the lateral wall of the 

nose; and, like the sinus itself, the size of the ostia may vary significantly.  

Maxillary sinusitis can be caused by chronic exposure to wood smoke, poor sanitary 

conditions, crowded dwellings, high population densities, fungus, and dental abscesses, 

among other things (Aufderheide and Rodriguez-Martin 1998; Gershwin and Incaudo 

1996; Merrett and Pfeiffer 2000; Wagenmann and Naclerio 1992a). Modern clinicians are 

particularly concerned with the causal associations of funguses—since there is growing 

evidence that fungal infections are more prone to complications (DeShazo et al. 1997)— 

and asthma (Slavin 1992), because of the growing rates of asthma in children. Immune-

compromised hosts, especially, are vulnerable to invasive mycoyic infections, with 
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Aspergillus species being the most commonly encountered fungal species (Antoine et al. 

1988). Studies have shown that obstruction of sinuses has resulted in adenocarcinomas in 

woodworkers (Hadfield 1970) and sqamous carninoma in nickel-exposed workers 

(Torjussen et al. 1979). In addition, rhinovirus infection may cause ostiomeatal 

obstruction, resulting in impairment of sinus ventilation and mucociliary clearance; this is 

believed to be the major contributing factor in the pathogenesis of bacterial sinusitis 

(Alho 2003). 

Dental abscesses, infection, or periodontitis can all contribute to an odontogenic 

origin of sinusitis (Huang, Lorheim, and Westesson 2006), The roots of the second molar 

are closest to the maxillary sinus and are therefore more likely to be the cause of 

secondary sinus infections (Mehra and Murad 2004).  

Since the controlled use of fire began, humans have been exposed to smoke from 

combustion of biomass fuels.  Interestingly, there is conflicting data on the effects of 

smoking. It is specifically noted as not being a causal agent in sinusitis, but passive 

(second-hand) smoke is (Gershwin and Incaudo 1996). Alternately, a more recent 

preliminary study (Lieu and Fienstein 2000) states the opposite: that tobacco use 

increases the prevalence for sinusitis while those exposed to passive smoke show no 

change. There is, however, a general consensus that the burning of wood fuels increases 

incidence of sinusitis (Albalak 1997; Boocock et al. 1995; Melen et al. 1986; Merrett and 

Pfeiffer 2000). Three risk factors for respiratory infection from wood smoke exposure are 



19 

 

 

gaseous emissions, particulates, and the reduced humidity which results when wood is 

burnt within confined spaces of dwellings (Merrett and Pfeiffer 2000). 

More specific to this proposed research, osseous lesions of the maxillary sinuses 

were mentioned in early work of pre-Columbian Peruvians in the context of dental health 

(Leigh 1937), and Gregg and Gregg (1987), as part of their study into the health of 

Dakota Indians, found a very low percentage, just 3.9%, had evidence of maxillary 

sinusitis.  In California, while it is common osteological procedure to note the presence of 

maxillary sinusitis when visible, no formal study has been undertaken. 

Wells (1977) was the first to conduct a research design around incidence of sinusitis 

in terms of general paleopathology.  In the past, the difficulty in gaining access to the 

interior maxillary sinus made many earlier studies problematic, but Wells used 

endoscopic technology for his study of past British populations.  Due to a very limited 

osteological sample, Wells combined the data from several time periods to increase the 

sample size to 37 individuals.  Using the 15 chronologically diverse samples and one 

Crow Creek massacre sample, Wells noted the prevalence of maxillary sinusitis at 7%, 

much lower than more recent studies of similar—but temporally specific—populations.  

This may reflect both the sample size as well as the more recent development of the 

discipline of paleopathology and bioarchaeology. 

More recently, Boocock, Roberts, and Manchester (1995) tested the hypothesis that 

sinusitis was more common in people with leprosy than in people without in Medieval 
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England.  The prevalence of maxillary sinusitis by age and sex was recorded from 133 

individuals, some diagnosed with having leprosy, derived from a later Medieval (twelfth 

to seventeenth centuries) urban hospital population at Sussex, England.  Using both 

macroscopic and endoscopic techniques, pitting and/or formation of new bone was 

recorded using a standardized scale of level of infection visible.  The categories noted 

were, a) pitting; b) spiculae-type bone formation; c) remodeled spicules; and d) white 

pitted bone.  The criterion used for selection of the sample was the presence of at least 

one complete anterior floor of the maxillary sinus, and when only complete skulls were 

available, endoscopy was used to view the interior of the sinus.  Of the 133 individuals, 

54.9% had evidence of bone change within the sinus.  There was no difference in 

prevalence between those with leprosy and those without, but the overall frequency 

suggests that it was a common Medieval medical complaint. 

In a similar study, air quality has been proposed to account for the observed 

prevalence differences of maxillary sinusitis in rural and urban Medieval England (Lewis, 

Roberts, and Manchester 1995).  Using the same criteria proposed by Boocock et al. 

(1995), 663 medieval individuals from the Yorkshire Wolds and 1,042 individuals from 

the city of York were examined for evidence of sinusitis.  Citing the cause as an increase 

in airborne contaminants from a Medieval urban setting, Lewis et al. found that while 

only 39% of the rural population exhibited signs of chronic sinusitis, fully 55% of urban 
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inhabitants were effected.  This was the first study whereby maxillary sinusitis was used 

to examine the environmental conditions on past population health. 

A study of maxillary sinusitis by Lew and Sirianni (1997) was conducted using 

osteological remains from Highland Park, a nineteenth century poorhouse cemetery in 

New York.   Sixty skulls were examined for the presence and stages of bone remodeling 

as the result of sinus infection.  Again, using scoring developed by Boocock (1995), the 

degree of effect was scored from trace to severe.  Additionally, dental health was 

evaluated to determine the extent to which maxillary sinusitis may be the result of dental 

infections.  The percentage of individuals showing some degree of sinusitis was 43.5%; 

this may be related to a variety of social and environmental conditions. 

Citing more modern examples of poor respiratory health, Albalak (1997) synthesizes 

data from several studies of rural areas of developing countries.  In recent years, studies 

from Asia, Africa, and Central and South America have shown that the indoor 

environment in these rural areas is often characterized by high levels of pollution as the 

result of cooking with biomass (wood and cow dung) fuels.  The slow burn of wood fuels 

combined with low temperatures increase the level of pollutants, while necessitating that 

women and children spend several hours a day over the fire.  While there is no empirical 

data to support this, it is proposed that there is a likely causal association between 

elevated particulate pollution concentrations and a wide variety of respiratory diseases in 

women and children, ultimately resulting in higher mortality from such diseases. 
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Chronic maxillary sinusitis in Medieval Netherlands was examined with particular 

attention paid to sex- and status-related differences (Panhuysen et al. 1997).  Maxillary 

sinuses of 126 individuals, representing three populations of both rural and urban 

communities of differing social status, were inspected macroscopically for osteological 

signs of infection.  A total of 39.9% of the combined populations showed evidence of 

sinusitis, with no differences between communities of different social status. Incidents of 

dental pathology/infection linked to maxillary sinusitis increased with the age of both 

sexes overall. Interestingly, however, females of all groups had higher incidence of 

maxillary sinusitis than males, perhaps the result of sex specific tasks such as cooking or 

smaller sinuses.   

A case of frontal sinusitis was reported (Armentano, Campillo, and Malgosa 1999) 

from a Bronze Age cranium found near Barcelona, Spain (Skeleton 8 from Can Filua). 

Although this report is only a scientific description of the paleopathology present, the fact 

that it was found within a Bronze Age site is intriguing because this is the earliest 

presence of documented of sinusitis and the authors suggest that there may be more 

individuals in the past that had been affected.  

A sample of 348 prehistoric Iroquoian individuals studied by Merrett and Pfeiffer 

(2000).  All individuals were from a single mortuary complex dated to ca. AD 1440 and 

skeletons were divided by age and sex.  Modern techniques for recording bone 

remodeling were used following Boocock (1995), with slight modification. Based on 
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archaeological data, it was hypothesized that fifteenth century Iroquoian populations 

were experiencing high pathogen levels due to poor indoor air quality and crowded living 

conditions.  Osseous lesions of the maxillary sinus were noted in 49.8% of the 

individuals, with frequency and degree of infection increasing with age. Due in part to the 

maize-dominated diet, infection with dental origin in adults was somewhat problematic, 

making differentiation between lesions caused by sinusitis and those caused by dental 

absences difficult.  However, 23.3% of individuals in this study exhibited evidence of 

chronic infection without any dental abscessing associated.  As with previous studies, 

females had a statistically significantly higher rate of maxillary sinusitis than males 

(30.8% and 17.7% respectively).  The findings of this study, therefore, are consistent with 

the results of other recent studies where prevalence ranges from 30 to 50% and females 

having higher frequencies of maxillary sinusitis, possibly due to sex-related tasks or 

smaller sinuses. 

The most recent, as well as detailed, study of maxillary sinusitis was conducted by 

Charlotte Roberts (Roberts 2007), where she compared rates of maxillary sinusitis in 

subjects from North American, England, and Nubia. Frequency rates varied from 17.2% 

to 51.5%, and at most sites female rates exceeded male rates. The rural site of Hardin 

Village, Kentucky, had the highest overall frequencies, with 51.5% overall exhibiting 

indications of maxillary sinusitis. Interestingly, 11 out of 15 sites showed results where 

females had higher rates of sinusitis than males, but at only two sites were the findings 
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statistically significant. People from hunter-gatherer sites were less likely than 

individuals from agricultural sites to suffer sinusitis, presumably due to higher 

concentrations of pollutants, given that dental causes were not evident.  

No systematic bioarchaeological research of respiratory diseases has been conducted 

using California populations. As osteological recording techniques for documenting 

maxillary sinusitis in past populations become standardized, questions of overall health of 

prehistoric groups and gender specific respiratory health may be answered.  No study to 

date has methodically studied the cultural implications of sinusitis within Bay Area 

populations, although recent reports have systematically recorded the frequencies and 

recorded relevant age, sex, and chronology of the site; in these sites where detailed 

recording was conducted, over 10% of the populations were found to have maxillary 

sinusitis (Grady et al. 2001; Wiberg 1996).  Indeed, currently only one detailed study of 

sinusitis (Merrett and Pfeiffer 2000) has dealt with North American indigenous groups at 

all.  Since humans have been cooking over fires since antiquity, such studies may shed 

light on concepts of continuing importance of bioarchaeology and human adaptation to 

the environment. 
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CHAPTER 3. ARCHAEOLOGICAL BACKGROUND 

Environmental Overview. 

The San Francisco Bay region encompasses the bayshore, valleys, marshes, and hills 

on all sides of the bay. The biophysical setting in which California Indians found 

themselves was an area of great ecological diversity.  The local micro-environments 

included both sandy and rocky shore coasts, estuaries, streams, freshwater marshes, 

grassland prairies, oak savannas, riparian areas, chaparral, and evergreen forests 

(Hylkema 1998).  A wide variety of plants would have been available prehistorically, 

including oaks and berries; the faunal assemblage, additionally, would have been rich and 

varied and included such game as elk, deer, waterfowl, fish, and sea mammals (Moratto 

1984). 

The San Francisco Bay complex is the largest estuarine system in the western United 

States, with a watershed draining approximately 40% of California (Conomos et al. 

1978).  Currently, the Sacramento and San Joaquin rivers supply about 90% of the 

freshwater entering into the bay while seawater enters the bay through the Golden Gate 

where it mixes with fresh water to create a unique estuary with numerous 

microenvironments (Ingram et al. 1996). High tide covers approximately 400 square 

miles (Sumner et al. 1914).  Although sea level has risen approximately three meters over 

the past 2,000 years (Atwater, Hedel, and Haley 1977), about three meters of sediment 

has been deposited in the same time period (Ingram 1998).  Filling in of San Francisco 
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Bay, dam construction, and water diversion have, since the 1850s, eliminated nearly half 

of the tidal marshes once prevalent around the bay (Allen et al. 1999). Geologic research 

indicates that somewhere between seventeen and seven thousand years ago, the warming 

of the global environment precipitated a dramatic rise in mean sea level. It has been 

proposed that approximately 10,000 years ago, the sea level near the San Francisco Bay 

region may have been as much as fully 100 meters below what it is today (Atwater, 

Hedel, and Haley 1977); a lowering of this magnitude today would connect San 

Francisco with the Farallon Islands by land.  Tidal marshes began to form inland around 

the San Francisco Bay about 6,000 years ago, and continued to form in the Southern 

regions of the bay until 2,000 years ago (Bickle 1976). 

Prehistoric Inhabitants 

All regions of the Bay Area were populated at the time of the Spanish entry.  Because 

California has been so well studied over the last century, archaeologists are able to state 

with confidence that the area has been occupied for at least nine thousand years 

(Lightfoot 1997). California was divided among many independent tribes, associations of 

families that often worked together to harvest plant and animal resources within fixed 

boundaries.  The tribes around the greater Bay Area spoke five mutually unintelligible 

languages: Ohlone, Bay Miwok, Plains Miwok, Patwin, and Wappo (Levy 1978). 

Although many cultural traits were shared among these groups, several cultural contrasts 
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were determined by geographic and environmental factors, including mortuary and ritual 

practices (Milliken 1995).   

Ohlone-speaking peoples inhabited the area from central San Francisco Bay to 

Monterey Bay and east to the crest of the Coast Ranges, including what are now 

Alameda, Santa Clara, San Francisco, San Mateo, and Contra Costa counties.  

Reconstruction of Ohlone political and village geography is quite complex, and is largely 

based on mission records (Milliken 1995).  By the time anthropologists had a chance to 

meet a few of the native residents of Central California, many of the details of their 

aboriginal way of life had been severely altered or forgotten altogether. In 1770 there 

were approximately 10,000 Ohlone living along the central coast of California in about 

fifty separate political and social units (Skowronek 1995).  They were a combination of 

sedentary and mobile groups, some of whom traveled to procurement camps for specific 

resources at certain times of the year (Parkman 1994). Traditional lifeways purportedly 

included a sexual division of labor where hunting, fishing, gathering, food processing, 

cooking and the like were practiced (Chartkoff and Chartkoff 1984; Wallace 1978). 

Although ranking and hierarchical controls of various forms are often evident 

archaeologically (Arnold 2000; Wilson 1999), subsequent missionization all but 

eliminated obvious social status (Larson et al. 1994).  Archaeological and genealogical 

data have been used to gain a more holistic understanding of prehistoric Bay Area 

populations. 
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Chronology and Dating Scheme D 

Following chronologies based on artifact typologies developed by Lillard, Heizer, 

and Fenenga in (Lillard, Heizer and Fenenga 1939), Beardsley (1948) developed a three-

horizon sequence (Early, Middle, and Late) for the San Francisco Bay area. Fitting the 

San Francisco Bay typologies into Sacramento Valley classifications, Beardsley assumed 

the two regions to be comparable. 

Heizer’s sequence in 1958 was the first radiocarbon-based Central California dating 

scheme and was relied on by Bay Area archaeologists until the 1980s. In the past twenty 

years radiocarbon dating has been radically changed by the application of calibrations 

and corrections. Groza (2002), in consultation with a consortium of archaeologists and in 

cooperation with the Indian community, directly dated 100 Olivella beads, refining 

California’s dating scheme (now termed Dating Scheme D).  Using the term “bead 

horizon” instead of phase for short time periods, Milliken et al (2007 ) used Dating 

Scheme D and evidence of trade of particular bead types across central California in 

order to classify and define units of time.  

Resource Intensification 

As a proposed precursor to sendentism, evidence of resource intensification in the 

Bay Area follows several lines of evidence, as outlined below.  While some practices, 

such as a shift from large to small game (Broughton 1994; Simons 1990) may have had 
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marginal effects on sedentism or the health of the local populations, acorn storage and the 

implications of qusi- agricultural practices may have had a greater impact.   

Middle Period Phase/Berkeley Pattern (ca. 3000-1300 years BP) cultural traits 

indicate that groups in the South Bay and more inland areas (parts of Contra Costa and 

San Mateo Counties, and all of Santa Clara and Alameda Counties) aggregated into semi-

sedentary communities with an expanding resource base.  Acorns were an increasingly 

important staple of the diet, and large ovens were apparently used to bake soaproot bulbs.  

Groups on the Pacific coast of the San Francisco Peninsula during this time period, 

however, purportedly maintained a generalized foraging economy with a more mobile 

subsistence strategy and lower population density, without much concern for food 

storage, except for occasionally drying shellfish for inland trade (Hylkema 1998).  

Middle Period sites are characterized, in part, by the presence of cobble mortars and large 

projectile points (Moratto 1984:276-277).   

Roughly 1500 to 1300 BP—corresponding with the termination of the Middle Period 

and beginning of the Late Period/Augustine Pattern (Milliken 2007)—a shift in several 

resources is apparent throughout the Bay Area with resource intensification evident in 

several environmental areas.  The Late Period is characterized by intensive fishing, 

hunting, and acorn gathering, as well as high population densities, highly developed 

exchange systems, and social stratification (Moratto 1984: 211-214).  Change in 

subsistence at this time period, to varying degrees, is seen in the archaeological record in 
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the form of species shifts in faunal bone and mollusc remains. Moreover, the artifact 

assemblage is dominated by acorn processing equipment (shaped mortars and pestles), 

bone awls for basket-making, and the bow and arrow (Fredrickson 1973).  For the 

purposes of this paper, intensification refers to the reshaping of production strategies (for 

instance, a shift from one resource to another or a greater reliance on one particular 

resource).  Taken from Bouey (1987), this includes a shift toward increasing production 

from a given areal unit.  It has been hypothesized that the change may entail more labor, 

the addition of new resources, or the inception of new technologies.  Often intensification 

is accompanied by an increase or change of social interaction, in conjunction with 

florescence of social roles and statuses (Bouey 1987). However, while increased 

sedentism does lead to the overexploitation of some of the less plentiful, more vulnerable 

species near settlements, Hayden (2000) believes that there is no real evidence that 

sedentism leads to overexploitation of the major staples on which the basic subsistence of 

those settlements is based. 
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Acorns 

The dominance of the acorn as a major food resource in prehistoric California 

because of their abundance and storability is well documented, both archaeologically and 

ethnographically (Jackson 1991). Storage is a risk reducing mechanism that influences 

hunter-gatherer mobility, and because storage may extend the use of a resource beyond 

its period of availability, it can play a significant role in facilitating greater sedentism 

(Smith 2003). In discussing information and theories regarding California Native 

Americans and balanophagy, the article by Basgall (1987) on acorn production presents a 

comprehensive analysis, and much of the following discussion is based on his article. 

There are fifteen species of oak in California, with Valley Oak (Quercus lobata), 

California Black Oak (Quercus kelloggii), Coast Live Oak (Quercus agrifolia), and 

Interior Live Oak (Quercus wislizenii) being present within this study area of Alameda 

and Contra Costa Counties (Petrides and Petrides 1998). In discussing acorn use and 

productivity, three factors are of particular importance: annual production, nutritional 

content, and storability. 

While acorn productivity can vary greatly from one year to the next, with most oaks 

generating a good crop every two or three years, acorn harvesting is thought to have been 

capable of supporting large, aggregate populations without significant shortages 

(Baumhoff 1963). Indeed, a healthy tree might provide up to 25 kg of acorns (Table 1), 

with one or two trees reportedly harvested in a day (Dubois 1935). Although acorns are 
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superior to wheat and barley in that they contain substantially more fats, they have 

similar carbohydrate content and less protein content. Lastly, and perhaps of most 

relevance to this discussion, acorn storage is fairly straight-forward, with the presence of 

pests or moisture posing the most problems (Basgall 1987). 

 

Table 1.  Productivity Estimates (in kg/ha) for California Oaks by Species. 

Species of Quercus 
Published Source Unknown Lobata Douglassii Kelloggii Agrifolina 

Wolf (1945) 
1300-
3500

--- --- --- ---

Baumhoff (1963) ---
800-
1000

600 600 ---

Menke & Fry (1980) --- --- 88-2955 36-616 614-1074
Graves (1977) 0-2200 --- --- --- ---
Koenig (1980) 0-1100 --- --- --- ---
(from Basgall 1987:24) 

 

In addition to acorn intensification, Wohlgemuth (2004) examined geophytes from 

central California and found direct evidence of bulb processing, indicating that diverse 

plant foods were more important in the diet of prehistoric Californians than previously 

thought. Although this may illustrate a discrepancy between ethnographic data and 

archaeological data, Wohlgemuth believes the data generally substantiate the theory of 

resource intensification and population pressure. 

Gender Roles 
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Acorn harvesting usually included all members of the group, and took place in the 

fall and winter months.  Transporting the acorns was typically undertaken by women 

using large baskets (Basgall 1987; Wallace 1978).  Processing, while varying to some 

degree geographically, was also done by women and generally entailed the soaking of 

whole acorns for several weeks or months. The nuts were first shelled, then pounded and 

ground into flour most commonly using mortars and pestles, and finally leached.  

Based on archaeological evidence, we know that granaries were often constructed 

near bedrock mortars and, through ethnographic accounts, that several types of granaries 

were constructed and maintained by women (Jackson 1991). In addition to granaries, 

Jackson (1991) posits that the bedrock mortars themselves were not simply the result of 

constant use, but were made by women, having a profound effect on sedentism and social 

structure of the community. Of the Cahuilla—a southern California group—Bean and 

Saubel (1972 in McGuire and Hildebrandt 1994:46) state, “The significance attached to 

ownership of mortars was such that after a woman died her mortar was broken and buried 

upside down.” McGuire and Hildebrandt (1994) note the later intensification of acorn 

technologies evident in the archaeological record while cautioning that gender related 

tasks are often not as clear-cut as typically proposed. They use several points of evidence 

to analyze multiple Milling Stone Horizon (ca. 6000 to 2000 BP) sites and state: 

In assessing how certain plants may have been gathered and processed, shellfish 
collected, and terrestrial resources procured, a consistent pattern of undifferentiated 
gender roles can be seen. Both men and women appear to have routinely engaged in these 
activities, perhaps not always together or equally, but probably without the proscriptions 
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and prohibitions apparent in later California cultures. (McGuire and Hildebrandt 
1994:51) 

 

Binford (1980) corroborates the relationship between sexual division of labor and 

population growth and states: 

“When minimal forager groups (5-10 persons) are dispersed, there is frequently a 

collapse of the division of labor and foraging parties will be made up of both 

male and female members involved in procuring largely identical resources” 

(Binford 1980:7). 

 

Although debate exists about the cause of the growing reliance on balanophagous 

economies—namely, population pressure (Basgall 1987) or the development of new 

technologies (Gifford 1940; Hildebrandt and McGuire 2002; Jackson 1991)—there is an 

overall consensus that near the transition between Middle and Late Periods, acorn 

dependency expanded dramatically, resulting in social changes throughout California 

(Basgall 1987; Bouey 1987; Gifford 1936; Hylkema 1998; Jackson 1991; Moratto 1984). 
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CHAPTER 4. FOOD STORAGE, SEDENTISM, AND HEALTH 

During the late Holocene, prehistoric groups in California developed complex levels 

of social organization comparable to that of agricultural societies. It is suggested that this 

increase in social complexity was due—at least in part—to a system of increased food 

storage and sedentism. It has been proposed (Arnold 2000; Bartelink 2006) that this 

sedentism ultimately affected the general health of these populations. If that is indeed the 

case, these changes may be reflected in the overall respiratory health of prehistoric 

populations. This study attempts to addresses these factors in Bay Area prehistoric sites.  

Sedentism 

Anthropologists have long been interested in the development of restricted residential 

mobility, or sedentism (Bar-Yoseph 2003; Basgall 1987; Bergsvik 2001; Heyden 2000; 

Stokes and Roth 1999). Because other fundamental changes such as the development of 

agricultural economies, social stratification and division of labor, food storage, 

territoriality, and the introduction of new technologies are often linked to concepts of 

sedentism, this subject has the potential to address, at least partially, all of these issues 

(Eerkens 2003). The studies and data on this subject cover a wide range of areas and 

time-periods, and the conclusions are often contradictory. 

Most definitions of sedentism concentrate on duration, and refer to year-round 

occupations of the same site for all or part of the group (Bergsvik 2001). However, 
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because this definition may be too rigid, definitions vary slightly. Many groups 

categorized as sedentary are actually mobile for half the year (Bergsvik 2001), ironically 

making mobility an important factor in sedentism.  Bar-Yosef (2003:102) states, 

“Sedentism is regarded as the essential first step for the evolution of complex societies. 

The term ‘sedentism’ implies the presence of humans in a given location is permanent 

and shows signs of ownership by the particular community. Such places could be caves, 

rocks shelters and, in particular, open air sites.” Although researchers agree that 

sedentism has both cultural and biological affects, there are divergent theories as to why 

human groups become sedentary. One theory, generally employed in California, is that if 

resources are available year-round and there exists a spatially rich area, it would 

encourage groups to stay for several months; this is sometimes called the “Pull Model” 

(Rosenberg 1998).  The other hypothesis suggests that sedentism is forced through 

economic or social causes, also referred to as the “Push Model.”  In essence, population 

pressure is “a culturally constructed concept that arises in a territorially bounded 

population which must decide, when their mobility options are reduced, either to settle 

down or expand and face physical conflicts with their neighbors” (Bar-Yosef 2003). 

The relationship between food storage and/or resource shifts, population increases, 

and health within prehistoric populations has been the subject of several studies (Basgall 

1987; Cohen 1977; Eerkens 2003; Lambert 1993; Pechenkina, Benfer, and Zhijun 2002)). 

Specifically, health deterioration associated with agricultural intensification has been 
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documented for a wide range of populations worldwide (Cohen 1984; Larsen 1997). The 

general assumption is that the adoption of agriculture (or in this case, storage 

technologies), allows for an increased caloric base and limiting of seasonal fluctuations in 

resources, which in turn leads to population increases and greater aggregation into 

population centers. As food resources became more limited, the diet narrowed while at 

the same time population growth increased the exposure of pathogens and diseases. 

Human behavioral ecologists have observed that delayed consumption calls for some 

consideration of something they term “future discounting”—reduction of value when 

payoff is deferred (Hawks 1992). Future discounting is largely a function of risk: stored 

foods are vulnerable through predation and decay (Gremillion 2004). 

Health and Sedentism 

A comparative study of modern populations in Central Mali (Fujita et al. 2004) found 

that settled men did not exhibit signs of nutritional stress but the women did, indicating 

that women may be more susceptible to seasonal stresses when the community is more 

sedentary. In central Turkana, Campbell, Leslie, Little, Brainard, and DeLuca (1999) 

found that women in settled groups tended to have more limited protein intake than men, 

and that this may, in turn, put them at higher risk during pregnancy. And as discussed 

previously, sedentism may put groups at a higher risk of infectious disease. It was noted 

that some groups in Kenya seldom used pit latrines and often drank contaminated water 

(Brainard 1990) and other groups reported higher rates of malaria infection as well as 
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higher fetal losses. Conversely, lower rates of infant mortality, higher rates of lactation 

for women (despite lower caloric intake), and lower blood pressure were recorded for 

nomadic pastoral groups in the same area (Brainard 1990; Campbell, Leslie, Little, 

Brainard, and DeLuca 1999; Fujita 2004).  

While the above studies seem to clearly illustrate a distinct shift from 

nomadic/healthier to sedentary/more vulnerable, it’s important to underscore the 

importance of considering variation in the sample composition and socioeconomic status 

when comparing communities. Shell-Duncan and Obiero (2000) looked at 1,088 children 

from a northern Kenyan group and found that while overall health declined significantly 

with sedentism, more subtle variations became evident as well. The first-born child, 

especially if male, had a significantly higher birth weight than subsequent children. 

Children reared by single mothers, also, suffered much less nutritional stress than those 

living in a male-headed household, even when economic factors were the same. 

Food storing hunter-gatherers tend to be more sedentary, have higher population 

densities, and exhibit more unequal social structure (Testart 1982). Of course, cause-and-

effect is not always that consistent, and Eerken’s (2003) study of small seed processing 

technology in the Owen’s Valley of California indicates that sedentism actually predated 

resource intensification, but he acknowledges that other studies (Basgall 1987; Stokes 

1999) clearly indicate that a shift in resource dependency and insipient agriculture were 

precursors for sedentism in Northern California and the Southwest.
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CHAPTER 5. MATERIALS & METHODS 

Materials. 

Six Bay Area archaeological sites were chosen for this study (Table 2): ALA-13, 

ALA-307 (West Berkeley), ALA-309 (Emeryville), CCO-138 (Hotchkiss), CCO-139 

(Simone), and CCO-295 (Ellis Landing). Mission (contact period) records from the area 

indicate that all three that are located in Alameda County were  associated with the 

Coatanoan/Ohlone language group of the Utian language family, while CCO-138 and 

CCO-139 are both located in the Delta Region of the San Francisco Bay and were 

associated with  Bay Miwok languages (Milliken 1995:24). 

  

Table 2.  Archaeological Sample. 

Site Sample (N)
ALA-13 21
ALA-307 29
ALA-309 7
CCO-138 21
CCO-139 17
CCO-295 34

Total 129
 

General cultural chronology of the six sites varies from Early (5500-2500 BP), 

Middle (2500-1000 BP), and Late Period (1000-300 BP).  While more refined methods 

for assessing occupation dates of archaeological sites now exist, early excavations did not 

remove burials with detailed stratigraphic information that would allow for more precise 
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dates. For this reason, the three major time periods are used in this study to account for 

variation of original excavation techniques (Table 3). 

 

Table 3.  Archaeological Site and Time Period. 

Site Time Period Dates (BP) Reference 
ALA-13 Middle Period 2500 -1000 Bickle 1981 
ALA-307 Early Period 5500-2500 Wallace and Lathrup 1975 
ALA-309 Middle Period 2500-1000 Broughton 1999 
CCO-138 Late Period 1000-300 Beardsley 1948 
CCO-139 Late Period 1000-300 Bard 1978 
CCO-295 Middle Period 2500-1000 Beardsley 1954 

 

In order to provide a large enough sample size with different variables, sites were 

chosen based on their cultural occupation period, their geographic locations, and their 

skeletal collections themselves. Because the maxillary sinuses cannot be observed if the 

cranium is complete, it was necessary to partially pre-select sites based on the number of 

adult individuals with visible maxillae. A total sample size of 129 adult individuals 

(divided for temporal periods) was used for this study. 

Site Summaries 

CA-ALA-13 

CA-ALA-13 is situated near the eastern shore of San Francisco Bay, south of 

Alameda Creek and the Coyote Hills Slough, roughly between Newark and Union City. 

CA-ALA-13 was not included in Nelson’s original survey in 1909, but was listed as a 
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University of California site record in 1949 (Bickel 1981). It was excavated in 1965 as a 

salvage effort under the direction of the National Park Service and San Francisco State 

University. The site was a roughly circular mound approximately six feet high and 300 

feet in diameter. A total of 108 burials were recovered, all but one being found in flexed 

positions.  

This site is believed to be closely associated—chronologically and culturally—with 

other nearby sites in the Coyote Hills complex: ALA-328 and ALA-12. Bickle found that 

all three sites share mortars and pestles, shell bead typologies, and burials predominantly 

in flexed positions as well as other typical Bay Area artifacts (Bickle 1976; Moratto 

1984).  

Recent chronological interpretations are based primarily on obsidian hydration 

measurements, with one carbon date from a burned tree limb closely matching the 

obsidian dates (Wilson 1999).  CA-ALA-13 has only one piece of obsidian dating to 

earlier than 2000 years BP, placing its major period of occupation in the Middle Period. It 

appears to have been abandoned in the Late Period.  

CA-ALA-307 (West Berkeley)  

West Berkeley shellmound was an enormous mound, covering approximately 20,000 

square meters, located along the eastern shore of San Francisco Bay at the base of 

Strawberry Creek in Berkeley (Moratto 1984). It was one of the first bay shellmounds to 

receive scientific attention. Working under the direction of J.C. Merriam and the 
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University of California at Berkeley, E.L. Furlong conducted limited investigations on 

the site 1902. Over two hundred artifacts were deposited in the Lowie Museum of 

Anthropology (now the Phoebe Hearst Museum), and two years later, in 1904, Peterson  

resumed intensive excavation (Wallace and Lathrap 1975) 

Faunal remains indicate that the inhabitants of ALA-307 exploited a very wide range 

of resources, with deer, coyote, and sea otter comprising 70% of the mammal remains 

and a total of eleven species of fish. Two cultural strata were identified at ALA-307, with 

similarities between the lower two-thirds of the mound with “Early” components in the 

valley, including such artifact types as perforated charmstones, grooved net sinkers, and 

distinctive abalone ornaments. Most of the burials recovered lacked mortuary artifacts 

and were buried in flexed positions (Wallace and Lathrap 1975). 

Elsasser (1978) agrees with Wallace and Lathrap that West Berkeley predominantly 

contains an Early Horizon component. Fredrickson (1973 in Moratto 1984:261) however, 

selected West Berkeley as his type-site for his Berkeley Pattern, a pattern that 

incorporates Middle Period components. For the purposes of this study, West Berkeley is 

considered an Early Period site. 

CA-ALA-309 (Emeryville) 

The Emeryville shellmound sits on the eastern shore of the San Francisco Bay, two 

miles south of CA-ALA-307 in Emeryville. The mound was “situated in a complex 

mosaic of terrestrial, semiaquatic, and aquatic habitat types, including open estuary, 
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coastal salt marsh, tidal mudflats, freshwater marsh, riparian woodland, oak woodland, 

grasslands, and redwood-fir forest” (Broughton 1999:23). 

Emeryville is perhaps the most famous of the Bay middens and, like the West 

Berkeley shellmound, this midden site was excavated under the auspices of the 

University of California Berkeley. In 1907, Uhle began small excavations at the site, 

which reached a depth of more than 30 feet with perhaps ten distinct strata (Uhle 1907). 

In 1907 Nelson conducted smaller scale excavations on the opposite side of the mound 

from where Uhle worked. Both Uhle and Nelson were interested in examining culture 

change throughout the occupational history of the mound and subsequent analysis of 

material collected from Emeryville continues to have important impacts on other 

disciplines (Broughton 1999; Scheneck 1926). Although the mound is now essentially 

gone—leveled first by the Sherwin-Williams Paint Factory, and most recently the Bay 

Street shopping mall—research of the collection continues.  

CA-CCO-138 (Hotchkiss Mound) 

The Hotchkiss site is located in the area of the Bay Delta, east of San Francisco Bay 

proper. As with the Emeryville and West Berkeley sites, this site was excavated under the 

auspices of U.C. Berkeley. Heizer and Fenenga (1939) formally recorded CCO-138 (the 

Hotchkiss Mound), though E. Johnson discovered and first excavated the site in 1936.  

The University of California conducted archaeological field classes at the site between 

1936 an 1939; unpublished field notes from these subsurface investigations are reportedly 
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on file at the Archaeological Research Facility at UC Berkeley. Between 1952-53, Heizer 

conducted excavations at the site that showed the prehistoric deposit was more than 3 

meters deep (Cook and Heizer 1962:7-9).  
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Figure 1.  Study Site Locations. 
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In 1978 the site was evaluated as eligible for inclusion in the National Register of 

Historic Places as part of the Hotchkiss Archaeological District (Bard and Busby 1978).  

Although most of the archaeological investigations at CA-CCO-138 have never been 

published, the site is famous and the artifact assemblage was integral in the formation of 

the first explanatory chronological sequence for central California (Lillard, Heizer and 

Fenenga 1939).  The site has yielded at least 250 human burials, ritual animal burials, and 

numerous artifactual and faunal data dating from circa AD 300–1800.  The Hotchkiss 

Mound is considered the type-site for Late Period Phase 1 and Phase 2 archaeological 

components (Beardsley 1948, 1954; Bennyhoff 1968). Also known as the “Augustine 

Pattern” (Fredrickson 1973), this period is characterized by small projectile points, 

intensive exploitation of acorns, a proliferation of shell beads and ornaments, and 

increased population density (Atchley 1994).  

CA-CCO-139 (Simone Mound) 

The Simone mound is located just east of the Hotchkiss Mound (CA-CCO-138) and 

is found on a similar naturally occurring Piper Sand mound (Busby 2001). First 

excavated by amateurs in 1939, Hewes lead a University of California excavation at the 

mound later the same year (Bard and Busby 1978). Hewes reported the presence of 

several burials, dance floors and/or house pit floors, and numerous artifacts (Hewes n.d.). 

Based on artifact types, this site has been associated with the Late Period Phase I, also 

known as the “Augustine Pattern” (see above). As with the Hotchkiss Mound, this site 
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may have functioned as a tribal and ceremonial center for the Julpun triblet of Bay 

Miwok (Milliken 1995). 

CA-CCO-295 (Ellis Landing) 

The Ellis Landing mound is situated on the northeast shore of San Francisco Bay, 

upon a submerged portion of a large alluvial fan. Nelson (1910) recorded and excavated 

the mound in 1907, recovering hundreds of artifacts, house floors, and human remains. 

The mound is one of the largest deposits along San Francisco Bay; originally it measured 

approximately 30 feet in height and 450 feet long. Burials were recovered from all levels 

of the midden deposit, with the majority found in a flexed position.  

This site was physically stratified, with a lower cultural level selected by Beardsley 

(1954) as the type component for the Ellis Landing Faces (Moratto 1984). Based on 

cultural material and stratigraphic layers, Nelson placed the majority of the site in the 

Middle Period. 

Methods 

Skeletal analysis was carried out on 129 individuals from six prehistoric California 

sites housed at the Phoebe Hearst Museum of Anthropology, University of California, 

Berkeley. All individuals with cranial elements present from all six sites were examined 

prior to inclusion in the study to assess their condition. The criterion used for the 

selection of the individual was the presence of at least one whole or partial maxillary 
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sinus.  In adults, the presence of a sinus floor complete above at least two permanent 

molars was required; whereas in younger adults between thirteen and eighteen years of 

age sinuses were estimated to be at least 80% complete.  Because no endoscopic work 

was permitted, all sinuses had to be clearly visible (i.e., no intact maxillae were 

included). Individuals estimated to be younger than thirteen years of age were not 

included due to the difficulty of observing pitting and bone remodeling with the presence 

of alveolar bone accommodating forming teeth (Lewis et al. 1995).  

The author created a spreadsheet in Microsoft Excel and all data was recorded 

directly into a laptop during examination of the bones. This avoided copying errors that 

would occur if observations had been recorded on paper first.   

Age of adults was verified or determined by combining post cranial fusion rates, 

auricular surface changes, suture closure, and dental wear when applicable and scored 

using the composite systems of Builstra and Ubelaker’s Standards for Data Collection 

from Human Skeletal Remains (1994). Because specific ages based on skeletal evidence 

alone can be problematic and imprecise, the categories for adult age classification were 

Young Adult, Adult, and Older Adult in order to improve accuracy.  If no postcranial 

elements were present or intact, cranial suture closure (Meindl and Lovejoy 1985) and 

dental attrition were scored for age parameters.  The three adult categories include: 18 to 

25 years (young adult), 25 to 45 years (middle adult), and greater than 45 years (older 

adult). While the author had originally planned to exclude individuals younger than 
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eighteen, two younger individuals (13 to 14 years old) originally recorded in the sample 

were kept, the author feeling that these would not bias the data in any meaningful way. 

The sample consisted of 129 individuals from six Bay Area archaeological sites. Of 

the 129 individuals, 81 (63%) were male and 41 (32%) were female, with 7 (5%) of 

indeterminate sex (see Tables 4, 5, and 6 for demographics). 
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Table 4.  Distribution by Sex and Age Class. 

Sex Male Female Indeterminate Total Count
Age N % N % N %  

Young 
Adult1 

8 6% 9 7% 2 1% 19

Adult2 57 44% 23 18% 5 4% 85
Older 
Adult3 

16 12% 9 7% 0 0% 25

Total 81 63% 41 32% 7 5% 129
1 13 to 17 years 
2 18 to 45 years 
3 46+ years 
 

Table 5. Distribution by Sex and Archaeological Site. 

Sex Male Female Indeterminate Total Count
Site N % N % N %  

ALA-13 15 12% 5 4% 1 0.8% 21
ALA-307 18 14% 9 7% 2 2% 29
ALA-309 5 4% 2 2% 0 0% 7
CCO-138 13 10% 8 6% 0 0% 21
CCO-139 6 5% 11 9% 0 0% 17
CCO-295 24 17% 6 5% 4 5% 34

Total 81 63% 41 32% 7 5% 129
 

Using Standards for Data Collection from Human Skeletal Remains sex was 

determined or verified using both pelvic and cranial morphology whenever possible.  

Pelvic data included the scoring of five criteria whenever possible: ventral arc, subpubic 

concavity, ischiopubic ramus ridge, greater sciatic notch and preauricular sulcus.  Cranial 

morphology also included scoring for five criteria when present: nuchal crest, mastoid 

process, supra-orbital margin, glabella, and mental eminence.  Because pelvic indicators 
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of sex are more reliable than cranial features (Buikstra and Ubelaker 1994), sex was 

based on the pelvic criteria whenever possible.  However, if only the cranium (or skull) 

was present or complete enough, three of the five cranial morphological features must 

have been observable to assign the individual to a sex category.  If the individual either 

lacked the required sexual dimorphic landmarks or was scored as ambiguous, it is not 

included in data concerning sex differences, but is included in overall frequency of 

maxillary sinusitis within the sample. 

 

Table 6.  Distribution by Sex and Time Period. 

Sex Male Female Indeterminate Total Count
Time Period N % N % N %  

Early1 18 14% 9 7% 2 1% 29
Middle2 44 34% 13 10% 5 4% 62

Late3 19 15% 19 15% 0 0% 38
Total 81 63% 41 32% 7 5% 129

1 4500-2500 years BP 
2 2500-1300 years BP 
3 1300-200 years BP 

 

The maxillary sinuses were observed macroscopically.  As with previous studies—

including those from formal cemeteries (Lewis et al. 1995; Merrett and Pfeiffer 2000)—

the maxillae were often fragmented with the sinuses were clearly visible.  Although plain 

film is perfectly adequate for soft-tissue diagnosis (Zinreich 1992), it has been 
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determined that radiographic examination of archaeological intact sinuses is unsuccessful 

because bone deposits could not be observed (Boocock et al. 1995). 
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Left Maxillary Sinus Right Maxillary Sinus 

Figure 3.  Anatomical View of Left and Right Maxillae, Superior View. 

Maxillary Sinus 

LI1 through LM2

Left Orbit
Left Zygomatic 

Figure 2.  Anatomical Overview of Left Maxilla. 
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The limited available clinical and paleopathological work on the bone changes of 

maxillary sinusitis suggests that the changes to the bone surfaces in the maxillary sinuses 

are similar to the changes caused by infection on other parts of the body—namely, pitting 

and new bone formation in response to the infecting agent. Therefore, maxillary sinus 

lesion classification followed Boocock et al. (1995) as closely as possible.  The original 

categories included all or a combination of “pitting,” “spicules,” “remodeled spicules,” 

“white pitted bone,” “cysts,” and “plaque.”  In any category, the absence was scored “0” 

with approximately four gradations (1-5) of severity scored when present (Boocock et al. 

1995; Lewis et al. 1995; Merrett and Pfeiffer 2000).  The above categories are defined as 

follows: 

 

a) Pitting: Fine pits on the surface that are  1 mm in diameter in association 

of other types of bone change. 

b) Spicules: Single, isolated spikes of bone that appear to have been applied 

over original bone surface. 

c) Remodeled Spicules: Formation of spicules appear to be remodeled in 

walls of the sinus, they may merge and become plaque-like. 

d) White Pitted Bone: Discrete areas of bone change, often white in color and 

highly pitted. 
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e) Cysts: Hemispherical depressions in the bone, with a smooth interior 

surface. 

f) Plaque: Often smooth and dense bone reaction covering original surface, 

not in associating with the oral cavity connecting to the sinus. 
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Figure 4.  Example of a Sinusitis Score of 0 (Catalog No. 2350) Right 
Maxilla, Superior View. 

Figure 5.  Sinusitis with Score of 0 (Catalog No. 2328) Left 
Maxilla, Lateral View. 
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Minor Sinusitis 

Minor Sinusitis 

Figure 6.  Sinusitis with Score of 1 (Catalog No. 2368) Left 
Maxilla. 

Figure 7.  Sinusitis with Score of 1 (Catalog No. 2375). 
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Figure 8.  Sinusitis with Score of 2 (Catalog No. 2361). 

Figure 9.  Sinusitis with Score of 2 (Catalog No. 5450). 
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Figure 10.  Sinusitis with Score of 3 (Catalog No. 2272). 

Figure 11.  Sinusitis with Score of 4 (Catalog No. 6031) Left 
Maxilla Superior View. 
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To distinguish between a respiratory or dental origin of maxillary sinusitis, the 

alveolar bone surrounding the molar and premolar roots was examined for morphological 

changes that suggest the presence of dental infection. In order to be conservative, a dental 

source of infection was accepted if any cloacae or abscessing was present. 

Intraobserver Error 

Assessing of replicability of this study involved evaluations of intraobserver error.  A 

total of eight, or 6%, randomly selected individuals were re-evaluated by the author using 

the same criteria listed above.  In all eight cases, presence/absence of maxillary sinusitis 

was consistent with the original assessment. Overall severity, scored from one to five, 

Major Remodeling 

Figure 12.  Sinusitis with Score of 5 (Catalog No. 10425), Right 
Maxilla, Superior View. 
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was consistent in five of the individuals; where there was a difference, it was by one 

point in the “less severe” direction (for example, an original score of three was later 

recorded as two). However, classification of pitting, spicules, pitted bone, cysts, and 

plague was more problematic. In all but two cases, the classification varied from the 

original recordation. Because intraobserver error was high for classifying types of bone 

changes in the above categories, this categorical data was not used in the statistical 

analysis. Instead, the scoring range of zero to five (for each category) was used in the 

statistical analysis as an indicator of overall severity, but qualification based on 

individual classification of types of maxillary lesions was combined to form an overall 

numeric score. To better ensure that only actual maxillary lesions were included without 

scoring for general bone irregularities  (i.e.; to help eliminate any “false-positives”), if a 

combined individual score for maxillary sinusitis was zero or one, sinusitis was not 

considered present.   

Because the populations—in terms of sites and sex—were normally distributed, all 

comparisons were made using transformed data.  Analyses were carried out using the 

SPSS package, version 13.0 (SPSS, Inc. Chicago Il.) 
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CHAPTER. 6 RESULTS 

The data for frequency of maxillary sinusitis from the 129 individuals studied are 

presented below. Comparisons of subgroups based on sex, archaeological site, time 

period, and locale were made in order to assess whether or not an individual’s sex or time 

and place where they lived affected the prevalence or severity of maxillary sinusitis. 

Profile of Study Population 

About 50% of the 129 individuals examined exhibited evidence of sinusitis. Of the 

six archaeological sites, ALA-13 had the highest percentage of individuals with sinusitis 

at 61.9% (Figure 13).  
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Figure 13.  Archeological sites are sorted in ascending order based on 
presence of sinusitis from least to most. 
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There were 102 individuals where sex could be determined and, of these, approximately 

one-third was recorded as female. Although females in general presented slightly more 

cases of sinusitis, the percentage of sinusitis was split fairly equally between male and 

female (47.9% and 54.8%, respectively).  

Comparisons of Health Status over Time 

In assessing health status over time, the presence/absence of sinusitis for all three 

time periods was analyzed using the complete sample (N=129). Severity of sinusitis was 

also computed for the smaller subset of individuals with sinusitis (N=65), to determine if 

severity increased or decreased by time period. The distribution bytime period (Early, 

Middle, or Late) and presence of sinusitis is shown in Table 7.  

 

Table 7.  Cross-Tabulation of Sinusitis by Time Period. 

 Sinusitis Present? Total Count Sinusitis Present? Total Percentage
 Yes No Yes No  

Early1 14 15 29 48.3% 51.7% 100%
Middle2 34 28 62 54.8% 45.2% 100%

Late3 17 21 38 44.7% 55.3% 100%
Total 65 64 129 50.4% 49.6% 100%

1 4500-2500 years BP 
2 2500-1300 years BP 
3 1300-200 years BP 

 

Chi-square tests were run to determine if there were significant changes over time in 

the number of individuals with sinusitis. While slightly higher counts of sinusitis were 
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present in the Middle Period (54.8%) than the Early (48.3%) or Late (44.7%), there was 

no statistical difference between time periods and sinusitis (Table 8). 

 

Table 8.  Description and Results of Sinusitis and Time Period Chi-Square Tests. 

 Value df P Value (2-sided) 
Pearson Chi-Square 1.028 2 .598 

Likelihood Ratio 1.030 2 .597 
Linear-by-Linear .141 1 .707 
N of Valid Cases 129  

 

The distribution of severity of sinusitis over time is presented below (Figure 14). It 

should be noted, however, that because the vertical scale is truncated, the differences 

appear more important than they really are: a mere point separates the Early and Late 

Periods from the Middle Period. 
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To test for differences in severity by time period, the Kruskall-Wallis test (the non-

parametric equivalent to one-way ANOVA) was used for all individuals with sinusitis 

(N=65).  Mean ranking was computed for the three variables of Early, Middle, and Late 

Periods (Table 9). There is very little difference between the mean ranks of the three time 

periods, indicating that the null hypothesis (that there is no difference in severity between 

time periods) is true. 

Figure 14.  Distribution of Mean Severity of Sinusitis Over Time 
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Table 9.  Description and Ranking of Severity of Sinusitis between Time Periods. 

 Time Period 
 Early Middle Late 

Mean 4.43 5.44 4.41 
Std. Deviation 1.950 3.404 2.293 

Minimum 1 1 2 
Median 4.00 4.50 4.00 

Maximum 9 17 9 
N 14 34 17 

Mean Rank 32.32 34.99 29.59 
 

The test statistics results (Table 10) further confirm that there is not any statistically 

significant difference in severity between time periods. 

 

Table 10.  Kruskal-Wallis Test of Severity of Sinusitis Over Time. 

 Severity of Sinusitis 
Chi-Square .975 

df 2 
Asymp. Sig.(P Value) .614 

 

Comparisons of Health Status by Locale (Inland or Coastal) 

Analysis of changes in frequency of sinusitis by locale was conducted to assess if any 

significant trends were discernable within the collected data. Although the results are 

presented below, it should be noted that the data from the two inland sites are the same 

data as the two Late Periods sites. So, in effect, the cross-classification table below 

(Table 11) is comparing Late Period sites to Early and Middle Periods sites combined. 
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Table 11.  Cross-Tabulation of Location Data. 

   Coastal Inland Total 
Count Sinusitis 

Present?
Yes 48 17 65
No 43 21 64

Total  91 38 129
Percentage Sinusitis 

Present?
Yes 52.7% 44.7% 50.4%
No 47.3% 55.3% 49.6%

Total  100% 199% 100%
 

Chi-square tests indicate that there no statistical difference between coastal and 

inland locales regarding the incidence of sinusitis (Table 12).  

 

Table 12.  Chi-Square Tests for Coastal vs. Inland Locales. 

 Value df 
Asymp. Sig. 

(2-sided)
Exact Sig.  

(2-sided) 
Exact Sig. 

(1-sided)
Person Chi-Square .688 1 .407  

Continuity Corrector .405 1 5.25  
Likelihood Ratio .689 1 .407  

Fisher’s Exact Test   .444 .262
Linear-by-Linear 

Association 
.683 1 .409  

N of Valid Cases 129   
 

Comparisons of Health Status by Sex 

The author analyzed sinusitis incidence and sex calculations across time periods and 

locale to examine relationships between possible sexual division of labor. 

First, statistical analyses were conducted on the frequency of sinusitis exhibited by 

individuals where a determination of sex could be made (N=102). Exactly half (51) of the 
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subjects had indications of sinusitis when sexes were combined. However, 54.8% of 

females were recorded with sinusitis present. The data is summarized below (Table 13). 

However, There is no statistically significant difference between females and males on 

the presence of sinusitis (Table 14). 

 

Table 13.  Distribution of Sex and Presence of Sinusitis. 

   Sex Total
   Female Male  

Count 
Sinusitis Present? 

Yes 17 34 51
No 14 37 51

Total  31 71 102

Percentage 
Sinusitis Present?  

Yes 54.8% 47.9% 100%
No 45.2% 45.1% 100%

Total  100% 100% 100%
 

Table 14.  Chi-Square Results of Sex and Sinusitis. 

 Value df Asymp. Sig. 
Exact Sig. 

(2-sided) 
Exact Sig.

(1-sided)
Pearson Chi-Square .417 1 .518  
Continuity Correction .185 1 .667  
Likelihood Ratio .418 1 .518  
Fisher’s Exact Test .667 .334
Linear-by-Linear 
Association 

413 1 .520  

N of Valid Cases 102  
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Table 15.  Sex and Time Period Cross-Tabulation. 

 Time Period Sex Sinusitis Present? Total
   Yes No  
Count Early Female 4 3 7
  Male 6 9 15
 Middle Female 6 4 10
  Male 20 18 38
 Late Female 7 7 14
  Male 8 10 18
% within Sex Early Female 57.1% 42.9% 100%
  Male 40.0% 60.0% 100%
 Middle Female 60.0% 40.0% 100%
  Male 52.6% 47.4% 100%
 Late Female 50.0% 50.0% 100%
  Male 44.4% 55.6% 100%
 

Both the frequency of sinusitis and the severity of sinusitis was also examined in relation 

to two variables—Time Period and Locale—to determine if rates of sinusitis were 

effected by either factor, or significant changes in severity were statistically significant.  
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The largest difference between males and females occurs in the Early Period (Figure 15). 

However, this difference (nor the others) is not statistically significant.  

 

The results of Chi-Square test for a correlation between time period, sex and the presence 

of sinusitis are represented below (Table 16).  

Figure 15.  Percentage of Sinusitis by Time period 

Female  
Male  



72 

 

 

 

Table 16.  Statistical Results of Time Period and Sex. 

Time 
Period 

 
Value df

Asymp. Sig. 
(2-sided) 

Exact Sig. 
(2-sided) 

Exact Sig. 
(1-sided) 

Early Person Chi-Square .566 1 .452  
Continuity 
Corrector 

.086 1 .770  

Likelihood Ratio .565 1 .452  
Fisher’s Exact Test .652 .384
Linear-by-Linear 
Association 

.540 1 .462  

N of Valid Cases 22  

   
Middle Person Chi-Square .173 1 .677  

Continuity 
Corrector 

.004 1 .953  

Likelihood Ratio .174 1 .676  
Fisher’s Exact Test .735 .479
Linear-by-Linear 
Association 

.170 1 .681  

N of Valid Cases 48  

   
Late Person Chi-Square .098 1 .4755  

Continuity 
Corrector 

.000 1 1.000  

Likelihood Ratio ..098 1 .755  
Fisher’s Exact Test 1.000 .517
Linear-by-Linear 
Association 

..095 1 .758  

N of Valid Cases 32  
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Factorial ANOVA was used to calculate the statistical results of severity of sinusitis by 

sex and time period. For males, severity is the highest during the Middle Period, when it 

is lowest for females. Conversely, severity is also lowest for males in the Early and Late 

periods, and highest in the middle period (Figure 16).  

 

However, these differences are not statistically significant as confirmed by the Tests of 

Between-Subjects Effects table below (Table 17). 

Figure 16.  Mean Severity of Sinusitis and Time Period by Sex 

Female  
Male  
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Table 17.  Tests of Between-Subjects Effects. 

Source Type III Sum of Squares df Mean Square F Sig.
Corrected Model 26.086 5 5.217 .583 .713

Intercept 831.556 1 831.556 92.959 .000
Period 2.911 2 1.456 .163 .850

Sex 1.851 1 1.851 .207 .651
Period*Sex 14.896 2 7.448 .833 .442

Error 402.542 45 8.945 
Total 1596.000 51  

Corrected Total 428.627 50  
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CHAPTER 7. DISCUSSION 

In this study, I hypothesized that resource intensification, population growth, and a 

greater reliance on acorn technologies though time would result in poorer health, and that 

this would in turn be evident through increasing instances of maxillary sinusitis. In 

addition, higher percentages of sinusitis were predicted for females over time, given that 

ethnographic accounts indicate that women were more responsible for processing food 

resources, and that more sedentary groups tend to have more clearly defined sexual 

division of labor. These predictions are not supported by the data collected. 

Although anecdotal accounts and personal observation indicate that maxillary 

sinusitis was a relatively common occurrence in the prehistoric inhabitants of the Bay 

Area, no study had been conducted.  Previous studies of Medieval Britain and The 

Netherlands, as well as a study from an Iroquoian Ossuary, suggest that chronic maxillary 

sinusitis was common in past populations with high population densities and poor air 

quality.  Research by Panhuysen et al. (1997) indicate that females had somewhat higher 

rates of infection than did males, while in the study by Merrett and Pfeiffer (2000), the 

rates for males and females were nearly identical. More recent studies with large 

geographically diverse subjects (Roberts 2007) noted results that females overall had 

higher rates of sinusitis, and that hunter-gather groups exhibited lower rates overall. 

Recent studies of modern populations in the developing world (Albalak 1997), however, 

are intriguing in that they suggest that cultural practices, such as women spending long 
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hours tending to a wood fire, have a significant impact on the respiratory health of the 

individuals. With the exception of the two earliest studies, modern studies (including the 

current study) are comparable, with roughly forty to fifty-five percent of the populations 

exhibiting bony changes indicative of sinusitis (Table 18). 

 

Table 18.  Prevalence of Maxillary Sinusitis in Past Populations. 

Time Period (years BP) Site Location 
Prevalence 

(%) 
N 

500-400  Aleutian Islands 42.91 15
Medieval (ca. 800) Britain 3.61 83
1500  South Dakota 3.92 129
900-400  Chichester, U.K. 54.93 133
900-500  Urban Yorkshire, U.K. 55.04 245
900-700. Rural Yorkshire, U.K. 39.04 268
1400-400  Maastricht, Netherlands 38.95 126
200  New York State 47.06 69
600  Southern Ontario, Canada 49.87 207
4500-500  Bay Area, California 50.08 129
1 Roberts (2007)    5 Panhuysen, Coenen, and Bruintjes (1997) 
2 Gregg and Gregg (1987)   6 Lew and Sirianni (1997) 
3 Boocock, Roberts, and Manchester (1995) 7 Merrett and Pfeiffer (2000) 
4 Lewis, Roberts, and Manchester (1995) 8 Current Study 
 

The airborne pathogen level in the environment influences the rate of inhalation of 

pathogens into the maxillary sinuses and the types of diseases that result.  The presence 

of infectious disease may contribute to, or be the result of, reduced immune function 

(Merrett and Pfeiffer 2000).  Ortner and Aufderheide (1988) caution, however, that the 

presence of infectious diseases may actually indicate a stronger immune system, in that 
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the individuals were able to survive long enough for bone remodeling to take place, 

rather than succumbing before changes in bone morphology occurred.  Although rare 

today, potentially fatal complications can lead to death of the individual even with the 

administering of antibiotics. Life-threatening complications most often occur in children 

or adults with depressed immune functions, and include orbital infections, fungal 

infections, and brain abscesses (Wagenmann and Naclerio 1992b). There are also 

questions at the moment about the immune systems of males and females.  Most data 

indicate that females naturally have a stronger and more effective immune system, 

perhaps due to hormone levels, to compensate for the high risk of pregnancy and birth.  

However, some studies paint a much more complex picture with immune response 

varying with the developmental age of either sex (Stinson 1985). 

Methodological studies of skeletal remains can shed light on many factors 

influencing bone morphology and suggest possible causal associations.  Culture may 

influence both the construction of microenvironments conducive to pathogens and the 

different rates of exposure of individuals within the community. A study was conducted 

in rural Turkey (Aydanur et al 2005) in which non-smoking women were studied for the 

presence of chronic airway disease when cooking with biomass fuels. Women cooking 

with biomass (wood) as opposed to liquid petroleum were found to have significantly 

higher rates of chronic respiratory diseases.  In Mozambique, cough symptoms are 

significantly more prevalent in individuals chronically exposed to wood smoke than to 
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emissions from other fuels (Ellegard 1996).  More problematic than studies conducted 

with contemporary populations, however, is the fact that only a small percentage of 

individuals who have an infectious disease will exhibit morphological changes.  It’s 

important to keep in mind that this means that archaeological skeletal materials will 

naturally under-represent the frequency of the disease (Ortner 1998).  Male to female sex 

ratios from prehistoric populations may also not be representative of the total population.  

Careful consideration of the biases and problems inherent to the study of human skeletal 

material is therefore of utmost importance (Roberts et al. 1999). 

Although overall rates of sinusitis in this study were comparable with other detailed 

studies of the disease, an overall infection rate of 50% was not expected. Because the 

rates of infection in most other recent studies was 39-55% in populations with a supposed 

high exposure to airborne pathogens (see Table 12), a lower rate was expected in this 

current study where individuals were not expected to spend a great deal of time in 

enclosed/indoor spaces. In addition, general air quality was expected to be quite good in 

the Bay Area study, as opposed to industrial or urban locations. The one statistically 

significant result was the fact that men in inland sites presented fewer incidents of 

sinusitis and sinusitis was less severe in those individuals.  The results of this study 

require a discussion of possible causes of maxillary sinusitis beyond simple airborne 

particulate matter.  
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As discussed previously, sinusitis may have several causes, including viral, bacterial, 

and fungal. Infectious sinusitis may be associated with meningitis, subdural empyema, 

epidural empyema, brain abscess, or osteomyelitis (Moon et al. 1986).  In addition, viral 

colds may cause osteomeatal obstruction, which results in impairment of ventilation and 

mucociliary clearance. This is thought to be a major contributing factor in the 

pathogenesis of bacterial sinusitis and, as with other causes, has even greater significance 

when considering the possibility of a weakened immune system (Alho 2003). 

There is increasing evidence that immunocompromised individuals are much more 

susceptible to any number of invasive agents, including fungus.  Aspergillus species is 

the most commonly encountered fungal genus in our environment causing paranasal 

sinus infection (Antoine et al. 1988). Left untreated or in an immune-compromised 

individual, this organism can rapidly become fatal. Those suffering from anemia can also 

be more susceptible to Aspergillus species (Drakos et al. 1993), as well as other fungi.  A 

study of the fungus Exerohilum rostratum (dematiaceous mold) and its effect on a patient 

with aplastic anemia indicated that sinusitis was more severe (Lasala et al. 2005). 

Technically, most cases of sinusitis are allergic in nature rather than true infections 

because the etiologic agent is not growing in tissue. Thus, the process is a “consequence 

of the host immunologic response to the fungus, which leads to marked inflammation, 

tissue necrosis, and severely damaged fungal hyphae” (Lasala et al. 2005:939). Currently, 
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allergic diseases constitute a major health problem in the United States with 35 million 

American affected (Massicot and Cohen 1986). 

In addition to fungus, both amoebae and parasites have been found to be associated 

with respiratory infections and sinusitis. The amoebae Acanthamoeba spp. have been 

associated with chronic sinusitis in AIDS patients and other immunocompromised 

individuals (Marciano-Cabral 2003; Marciano-Cabral, Jamerson, and Kaneshiro 2010).  

Acanthamoeba have been termed amphizoic organisms since they have the ability to exist 

both as free-living amoebae and as parasitic pathogens. Acanthamoeba spp. are among 

the most prevalent protozoa found in the environment and have been isolated from soil, 

dust, air, freshwater, seawater, bottled water, and sediments (Mergeryan 1991). They 

have also been isolated from fish (both freshwater and marine) and mammals (Dykova et 

al. 1999). The route of infection is thought to be by inhalation through the nasal passages 

and lungs, or introduction through skin lesions (Marciano-Cabral, Mensah, and LaPat-

Polasko 2003).   

Parasitic diseases—specifically helminthes—are closely related to both anemia (and 

the associated weakened immune system) and respiratory problems. Of all helminthes, 

hookworms cause the most severe anemia because of iron deficiency due to chronic 

blood loss (Santiso 1997). Anemia can significantly lower the immune system of an 

individual, making them more susceptible to other infections, including sinusitis.  
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Helminthes can also be directly associated with respiratory health issues. In Sao 

Paulo, Brazil, respiratory illness, wheezing, and asthma were recently found to be 

associated with helminthe infection in low-income households (Benicio et al. 2004). 

There is also evidence that soil helminthes migrate into the respiratory ways and can 

actually inhibit allergic responses, thereby extending the likelihood of a long life with 

their mammalian host (Mingomataj et al. 2006, Wilson et al. 2005). 

Lastly, there is evidence that exposure to various larvae and worms often used as live 

fish bait directly increases respiratory symptoms in individuals. Although this sample size 

of the study was small and no actual sinus infection was noted, the results are worth 

discussing for their implications. After exposure to live fish bait, asthmatic responses 

significantly increased in all fourteen subjects tested, demonstrating that emanations from 

larvae are sensitizers and can potentially trigger asthma (Siracusa et al. 1994).  
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CHAPTER 8. CONCLUSION 

Although this study did not result it in statistically significant results for 

presence/absence of sinusitis or severity of sinusitis over time, the overall high incident 

rate of 50% from these six Bay Area sites suggests that other causes besides or in 

addition to simple airborne pathogens should be considered.  

No evidence of differences in time period or site was realized in this study, indicating 

that whatever the cause of the high rate of maxillary sinusitis, it was present across all 

three time periods and across different sites. It’s possible that more than one cause could 

be responsible for these findings. The lower rate of sinusitis in inland males may indicate 

that in this environment, women were exposed to higher quantities of particulate matter 

from fires than were males in the inland areas. In coastal areas, however, there may have 

been less division of labor, therefore males and females would have had similar rates of 

exposure. Because individuals with possible odontogenic causes were removed from the 

study, the high frequencies are even more intriguing.  

The overall high rate of sinusitis infection may also be the result of fungus or parasite 

exposure. Potentially, both could have been very common in the Bay Area, as numerous 

studies indicate. For instance, the amoeba from the genus Acanthamoeba is very 

prevalent almost everywhere and infects an individual through the respiratory system; 

exposure would be likely. In addition, some parasites, such as hookworm, can cause 

anemia. Anemia, in turn, can have a substantial effect on one’s immune system. Multiple 
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studies have shown that immuno-compromised individuals have much higher rates of 

sinusitis than healthy individuals. 

The exact causes of maxillary sinusitis may be narrowed down with more studies and 

larger sample sizes. Clearly, high rates are not only prevalent in urban areas with poor air 

quality, but also in Bay Area populations. With a greater awareness of the cultural 

implications of infectious diseases in general, and maxillary sinusitis in particular, 

bioarchaeology can contribute to the wider understanding of past lifeways of prehistoric 

populations of California. 
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10379 Y 4 2 ALA-13 Middle Coastal f older adult 
10381 N 0 0 ALA-13 Middle Coastal m older adult 
10382 N 0 0 ALA-13 Middle Coastal i young adult 
10394 Y 3 ALA-13 Middle Coastal m older adult 
10409 Y 4 4 ALA-13 Middle Coastal m adult Burial 33 
10411 Y 5 1 ALA-13 Middle Coastal m adult Burial 35 
10412 Y 1 5 ALA-13 Middle Coastal m adult Burial 36 
10417 Y 0 3 ALA-13 Middle Coastal f adult Burial 42 
10419 Y 1 3 ALA-13 Middle Coastal i young adult Burial 44 
10420 N 1 ALA-13 Middle Coastal i adult 
10425 Y 5 5 ALA-13 Middle Coastal m older adult Burial 50 yes 
10428 Y 5 5 ALA-13 Middle Coastal f adult Burial 53 
10439 N 1 ALA-13 Middle Coastal m adult Burial 64 
10448 N 0 0 ALA-13 Middle Coastal m adult Burial 73 
10449 N 0 1 ALA-13 Middle Coastal m adult Burial 74 
10451 Y 2 1 ALA-13 Middle Coastal m older adult Burial 76 
10452 Y 1 1 ALA-13 Middle Coastal m young adult 
10462 N 0 0 ALA-13 Middle Coastal m young adult Burial 95 
10463 Y 3 9 ALA-13 Middle Coastal i adult Burial 87 
10465 N 0 ALA-13 Middle Coastal m adult 
10471 Y 2 ALA-13 Middle Coastal f young adult 

77 N 0 0 ALA-307 Early Coastal f adult 
84 N 0 ALA-307 Early Coastal m adult 

116 N 1 ALA-307 Early Coastal m adult 
557 Y 4 4 ALA-307 Early Coastal m adult 

557(a) Y 4 ALA-307 Early Coastal i adult 
559 N 0 0 ALA-307 Early Coastal f older adult 
560 N 1 0 ALA-307 Early Coastal m adult 
561 N 0 ALA-307 Early Coastal m older adult 
566 Y 4 ALA-307 Early Coastal m older adult 
601 Y 1 5 ALA-307 Early Coastal i older adult 

611(a) N 0 ALA-307 Early Coastal i adult 
5450 Y 5 5 ALA-307 Early Coastal f adult yes 
8253 Y 3 3 ALA-307 Early Coastal i adult 
8257 N 1 ALA-307 Early Coastal m adult 
8260 Y 5 ALA-307 Early Coastal f older adult 
8261 Y 3 ALA-307 Early Coastal f young adult 
8283 N 0 0 ALA-307 Early Coastal i adult 
8286 Y 3 3 ALA-307 Early Coastal m older adult 
8291 Y 5 ALA-307 Early Coastal m adult 
8292 N 0 0 ALA-307 Early Coastal m adult 
8298 N 0 0 ALA-307 Early Coastal i young adult 
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8301 N 0 0 ALA-307 Early Coastal m young adult 
8303 N 0 0 ALA-307 Early Coastal m young adult 
8310 N 1 ALA-307 Early Coastal f adult 
8319 Y 1 1 ALA-307 Early Coastal m adult 
8326 Y 4 ALA-307 Early Coastal f adult 
8321 N 0 0 ALA-307 Early Coastal m adult 
8358 Y 5 ALA-307 Early Coastal m adult 

11041 Y 4 ALA-307 Early Coastal i older adult 
1365 N 0 ALA-309 Middle Coastal f young adult 
1338 N 0 0 ALA-309 Middle Coastal m adult 
1362 N 0 0 ALA-309 Middle Coastal m adult 
1426 N 1 0 ALA-309 Middle Coastal i older adult 
2685 N 0 0 ALA-309 Middle Coastal m adult 
2686 N 0 0 ALA-309 Middle Coastal m adult 
2687 N 0 0 ALA-309 Middle Coastal m older adult 
5847 Y 3 CCO-138 Late Inland f adult Burial 25a 
5849 Y 5 CCO-138 Late Inland m adult Burial 26 
5872 N 0 CCO-138 Late Inland f older adult Burial 49 
5877 N 0 0 CCO-138 Late Inland m adult Burial 54 
5883 Y 3 CCO-138 Late Inland F young adult Acc # 727 
5893 N 0 CCO-138 Late Inland m adult Acc # 727 
5906 N 0 0 CCO-138 Late Inland m adult Acc # 727 
5909 Y 2 CCO-138 Late Inland m adult Acc # 727 

5932 Y  
2 

CCO-138 Late Inland m adult 
Burial 30-

4 
5942 N 0 CCO-138 Late Inland i young adult 
5931 N 0 0 CCO-138 Late Inland m adult missing? 

5943 Y 
5 5 

CCO-138 Late Inland i young adult 
Burial 38-

1 Yes 

6016 Y  
4 

CCO-138 Late Inland m adult 
Burial 39-

3 

6029 Y 
0 2 

CCO-138 Late Inland m adult 
Burial 45-

1 

6031 Y 
5 5 

CCO-138 Late Inland F adult 
Burial 47-

1 yes 

6093 N 
1 

 CCO-138 Late Inland i older adult 
Burial 48-

2 

6116 Y 
5 5 

CCO-138 Late Inland F adult 
Burial 50-

X 

6128 Y 
 

5 

CCO-138 Late Inland m adult 

mass 
burial pit 
10 or 11 

Acc # 756 

6244 N 
0 

 CCO-138 Late Inland m adult 
mass 
burial 

6256 N 
0 

 CCO-138 Late Inland F adult 
Burial 67-

1 
6141 Y 0 3 CCO-139 Late Inland m adult 
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6142 N 0 CCO-139 Late Inland m young adult 
6149 N 0 CCO-139 Late Inland i young adult 
6153 N 0 0 CCO-139 Late Inland i adult 
6154 N 0 0 CCO-139 Late Inland f adult 
6169 Y 4 3 CCO-139 Late Inland i adult 
6170 N 0 0 CCO-138 Late Inland m adult 
6170 N 0 0 CCO-139 Late Inland m adult 
6177 N 0 CCO-139 Late Inland f young adult 
6189 N 0 CCO-139 Late Inland m adult 
6183 Y 4 3 CCO-139 Late Inland f older adult 
6191 Y 3 CCO-139 Late Inland f adult 

6540 Y 
 

4 
CCO-139 Late Inland f adult 

Pit 4 #8 
broken by 
plough? 

6539 N 
1 

 
CCO-139 Late Inland f adult 

Pit 4 #7 
south side 

1 ft d 
6541 N 0 CCO-139 Late Inland f older adult Pit 4 #9 
6547 N 0 0 CCO-139 Late Inland m older adult 
6549 N 0 CCO-139 Late Inland f young adult Pit 5 #4 
6550 Y 4 1 CCO-139 Late Inland m adult 
2272 Y 5 CCO-295 Middle Coastal I older adult Burial 105 Yes 
2277 N 0 0 CCO-295 Middle Coastal m adult Burial 110 
2280 Y 5 4 CCO-295 Middle Coastal f adult Burial 108 
2281 Y 5 4 CCO-295 Middle Coastal f adult Burial 84 
2284 Y 6 4 CCO-295 Middle Coastal m adult Burial 93 
2285 N 0 1 CCO-295 Middle Coastal m older adult Burial 128 
2290 Y 2 CCO-295 Middle Coastal m adult Burial 120 
2295 N 1 CCO-295 Middle Coastal m adult Burial 59 
2297 N 0 CCO-295 Middle Coastal m adult Burial 124 
2304 Y 3 5 CCO-295 Middle Coastal m older adult Burial 178 
2311 Y 5 5 CCO-295 Middle Coastal m older adult Burial 193 
2312 Y 5 5 CCO-295 Middle Coastal m adult Burial 161 
2319 Y 5 5 CCO-295 Middle Coastal I adult Burial 160 
2324 Y 3 CCO-295 Middle Coastal i older adult Burial 146 

2328 N 
0 0 

CCO-295 Middle Coastal i young adult 
Burial 
204b yes 

2329 N 
0 0 

CCO-295 Middle Coastal f adult 
Burial 
204a 

2332 N 0 0 CCO-295 Middle Coastal m adult Burial 207 
2336 N 1 0 CCO-295 Middle Coastal i adult Burial 214 
2334 Y 5 5 CCO-295 Middle Coastal m older adult Burial 209 

2339 Y  
4 

CCO-295 Middle Coastal m adult 
Burial 
215b 

2350 N 
0 0 

CCO-295 Middle Coastal m adult 
Burial 
230a yes 
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2351 Y  
3 

CCO-295 Middle Coastal m adult 
Burial 
230b 

2355 Y  
5 

CCO-295 Middle Coastal m adult 
Burial 
230f 

2361 Y 3 CCO-295 Middle Coastal i adult Burial 230 yes 
2362 Y 4 1 CCO-295 Middle Coastal i adult Burial 230 

2368 Y 
5 5 

CCO-295 Middle Coastal i adult 
Burial 
234a yes 

2374 Y 3 0 CCO-295 Middle Coastal m adult 239b 

2375 Y 
3 3 

CCO-295 Middle Coastal m adult 
Burial 
239c yes 

2382 Y 3 CCO-295 Middle Coastal m young adult Burial 244 

2383 N  
1 

CCO-295 Middle Coastal m adult 
Burial 
245a 

2397 N 0 CCO-295 Middle Coastal f adult Burial 259 
2403 N 0 CCO-295 Middle Coastal f adult 
2411 N 0 1 CCO-295 Middle Coastal i adult Burial 285 
2414 Y 5 5 CCO-295 Middle Coastal m adult Burial 273 yes 

 


